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Epigenetic implication in atrial fibrillation: a potential biomarker?
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Abstract: Atrial fibrillation (AF) remains the center of attention in cardiology and vascular medicine,
besides coronary artery disease (CAD) and heart failure (HF). Not only how to manage the disease, but
how to prevent it also attract the interest of the researcher. A biomarker is still a hot topic in AF. Although
the current recommendation did not place biomarkers in a central role, the search for perfect biomarkers
for AF is still ongoing. The epigenetic mechanism seems to have a pivotal role in explaining the gap in AF
mechanism understanding. How previous cardiac condition, behavioral factor, and environmental factor
interact with each other and result in the genesis of AF can be explained by an epigenetic mechanism.
Epigenetic process altered the gene expression and, in the future, will result in the development of the
disease. Three epigenetic mechanisms that had been identified are DNA methylation, histone modification,
and microRNA (miRNA). Identification of these early changes is the subject of epigenetic biomarkers. This
review will discuss the basic understanding of the epigenetic mechanism in AF and its potential role to be the
new biomarkers.
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Introduction
Atrial Fibrillation (AF) is one of the gemstones in
cardiovascular disease (CVD). It is the most studied
arrhythmia in recent years. Everything about AF, from
bench to bedside seems very interesting to be discussed (1).
It leads to an evolving understanding of the pathogenesis
and management of a patient with AF. However, further
studies are required because AF is a very complex disease.
The initiation and the perpetuation of AF caused by atrial
electrical, cellular, and structural remodeling had been
widely described (2). In contrary, we also know that AF
has several risk factors. The understanding of how the risk
factors causing cellular and electrical remodeling lead to the
possible role of genetic influences in the mechanism of AF’s
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initiation (3). Although not popular as a genetic disorder, a
small portion (5%) of all patients with AF is believed to be
inherited. Few of familial cases of AF had been reported.
Several genes and genetic loci had been identified to be
responsible for the pathogenesis of AF (4). Another growing
knowledge showed that environmental factors manipulated
the gene expression and had a strong correlation with
the genesis of AF, such as air pollution (5). Hopefully, by
knowing and understanding gene and the system over it, we
can identify and intervene early.
In the clinical perspective, AF is a devastating disease that
has so many clinical manifestation and potential complications.
Preventing and diagnosing the disease earlier is our general
concern. Just like other disease, markers, or biomarkers
play a potential role. Many biomarkers had been found to
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have a correlation with AF such as markers of inflammation
that believed to have a major role in the genesis of AF (i.e.,
C-reactive protein), cardiac troponin and others. Although its
position in recent guidelines not well established, the searching
for perfect biomarkers continues (6).
The combining of the epigenetic process and its role as
biomarkers is not very popular in the field of arrhythmia.
However, in oncology (e.g., breast cancer) biomarkers that
indicating DNA methylation starts to help the physician to
prevent the disease, primary and secondary (7). This review
will talk about the possible role of epigenetic biomarkers in AF.
What is epigenetic?
Epigenetic consists of two words, “epi” and “genetic”.
Epigenetic is something above the genetic or on top of
genetic (8). It was not a quite new and rare topic in the field
of genetics. First, describe in the 1940s by Waddington,
and today we may see thousands of pieces of literature that
talk about this topic, spreading in many fields not only
genetic and medicine but also ecology and other topics that
may not be predicted before (9). The precise definition
of epigenetic is difficult to be defined. Epigenetic is the
process that controlled how the gene expressed without
causing any changes in the DNA itself. The gene expression
altered by turning the transcription process “on and off”
(3,8). Epigenetic explain how the gene act, maintain, and
interpret the information (10). There are several known
mechanisms on how epigenetic work to control the gene,
such as adding methyl components to the DNA structure,
microRNA (miRNA) and modified the histone.
As a supra system of our genetic information, epigenetic
had a major role in our body not only causing the disease
but also to maintain normal condition (11). Epigenetic
proven to be responsible in several disorders such as
malignancy and other neurodegenerative processes. The
epigenetic process caused alteration in gene function and
causing cell malignancy. Malignancy is the first disease
linked to the epigenetic mechanism. Cancer is believed to
be a genetic disease for a long time, but its correlation with
epigenetic first described when a study by Feinberg in 1983
showed hypomethylation of the DNA (12).
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by adding a methyl group (-CH3) to the DNA (13). For
example, adding methyl to cytosine (C4H5N3O) will change
it to 5-methylcytosine. Which in turn will cause inactive
gene expression, since only cytosine (not methylated one)
that will be transcript to guanine. The methylation process
will make methyl binding protein (MBP) prevent the
transcriptional factor (TF) bind and proceed to the next
transcriptional process.
Histones modification
Histones the are alkaline protein that pack the DNA so it
can fit in the cell nucleus. Besides its function packing the
DNA, it also has several post-translational modifications
and regulates the gene expression. Histone can be
methylated, acetylated, and other modification processes
that can alter the gene expression (14). Histones H3 and
H4 are the most obvious part of the histone that had a
clear role in transcription regulation (15). For example,
hyperacetylation by histone acetyltransferases (HATs) can
activate the transcription process of TF (TAFII250). While
deacetylation of histone will cause the gene silencing. Both
of that process had a role in gene regulation (13,16).
miRNA
miRNA is an important gene expression regulator. miRNA
is a small non-coding RNA. Its controlled gene expression
by binding to messenger RNA (mRNA) and make match
base pair. By binding with mRNA, it suppresses the mRNA
translational process. Besides, it also can promote mRNA
degradation through make a mismatch base pair. miRNA
is a gene silencer. It normally presents in mammalian
and believed to be the part of our evolution process by
silencing some primordial gene (17). Besides, it presents in
normal and physiological condition, miRNA found to be
responsible for several disorders. In cancer, several miRNAs
had been associated with the disease such as miR125b,
miR145, miR21, miR155, miR210 in breast cancer; miR155,
let7a in lung cancer; and miR29b in hepatocarcinoma.
While miR144, miR146a, miR150, miR182, miR103,
miR107 were found to be correlated with diabetes mellitus
and miR30b, miR30c, miR26a, miR133b, miR184, let7 in
neurodegenerative disease such as Parkinson (18).

Epigenetic process
DNA methylation

Epigenetic in AF

DNA methylation can change the transcriptional process

It has been our common knowledge that heart disease
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development correlated with several risk factors, such as
genetic factor, environmental factor (such as air pollution,
exposure to chemical factors and fine particulate) and
behavioral factors (19). However, how those factors
collaborate and causing biomolecular alteration, initiating,
and later, progress to heart disease is still unclear (20). The
epigenetic process seems to be the best explanation of how
those factors interact, although there is still a grey area that
needs to be understood in the future.
DNA methylation and AF
Correlation between DNA methylation and other CVDs
such as hypertension and atherosclerosis had been studied.
In hypertension, the addition of methyl component to a
specific DNA region that initiates the transcription process
of 11 beta-hydroxysteroid dehydrogenases leads to blood
pressure increasing (21). It showed how epigenetic role
in hypertension. Other epigenetic process involved in
the initiation of atherosclerosis process, by controlling
multiple gene expressions such as cellular antioxidant
superoxide dismutase (SOD), estrogen receptor (α and β),
matrix metalloproteinase (MMP)-2, MMP-7, MMP-9, p53
protein and endothelial nitric oxide synthase (eNOS) (22).
As we all know, those CVDs are known as the risk factor
of AF. However, what about the direct epigenetic role to
AF. Although the evidence not very clear, but the missing
link between epigenetic and AF maybe through the cardiac
fibrosis (3). Atrial wall fibrosis will lead to electrical,
structural, and molecular remodeling that may be the
initiator of the first AF episode (23).
In the experiment using rat, DNA methyltransferase
3A (DNMT3A) found to be significantly overexpressed
in fibrotic myocardium. DNMT3A is one of the DNMT
enzyme found in mammalian, the enzyme that catalyzes
the methylation process. Increasing methylation process to
Ras-association domain family 1 isoform A (RASSF1A) will
cause repression of its function. As RASSF1A has a negative
effect on ERK1/2 pathway, it is silencing due to the
methylation process will increase cardiac fibrosis through
that pathway (24). Other genes expression that altered by
methylation process and prone to the development of AF
are sulfonylurea receptor 2 (SUR2) overexpression (than
SUR1), Pitx2 and sarco-endoplasmic reticulum calcium
ATPase 2a (SERCA2a) (3,25).
Dietary intake (behavioral factors) which have rich
methyl donors can lead to DNA changes (through DNA
methylation) and prone to the development of CVD (20,26).
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The most popular proof of how dietary intake can increase
the risk of CVD is in the Netherlands cohort epidemiology
study. During Germany invasion on the 1940s, hunger is
spreading all of the countries. Exposure to hunger causing
the methylation in the developing fetal DNA. Moreover, in
the future, baby that born in that period significantly had a
higher number of metabolic and CVDs (27).
Histone modification and AF
The direct link between histone modification and AF
can be clearly explained through the fibrotic process.
Histone modification is linked with several kinds of fibrosis
processes, such as in the liver, mesangial cell, and lung (28).
On the other side, AF is believed to be initiated by some
degree of atrial fibrosis (29).
As previously mentioned, histone deacetylase (HDAC)
involved in histone modification (deacetylation). A study
by Kee et al. in 2006 proved that HDAC inhibitors could
inhibit cardiac myocyte hypertrophy that induced by
administration of angiotensin II (30). Angiotensin II also
had been linked to atrial fibrosis in another study (31).
Although direct study to know the effect in AF is still
ongoing, but it showed that histone modification inhibition
might have a beneficial effect on AF.
miRNA and AF
Besides DNA methylation, miRNA is the epigenetic
mechanism that becomes a point of AF’s researcher interest
in the last decade. Many miRNAs had been detected to
have a role in the development of the disease. miRNA1,
miRNA26, miRNA133, miRNA328, miRNA499, and
miRNA106b-25 had been correlated with atrial electrical
remodeling and led to AF. They are known to have several
alterations in AF, overexpressed, or suppressed (3).
For example, miRNA1 detected to be significantly
lower in inpatient with chronic AF compared to sinus
rhythm. miRNA1 and miRNA133 regulate gene function
in pacemaker cell activity such as in hyperpolarizationactivated cyclic nucleotide-gated (HCN) (32). It will
enhance the activity of funny channel (If) in atrial myocyte
and causing atrial ectopy that in turn will become the
initiator of AF (33).
Suppression of miRNA106b will increase gene expression
of ryanodine receptor (type 2). Ryanodine receptor had
a major function in Ca2+ ion transporter within the cells.
Increasing Ca 2+ leak from sarcoplasmic reticulum has
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Figure 1 How risk factor of AF interact and contribute to epigenetic alteration leading to AF. AF, atrial fibrillation; HF, heart failure; CAD,
coronary artery disease.

already known as the initiator of AF (34).
Another mechanism that involved in the genesis of AF
is structural remodeling of the atrial wall. Several miRNA
changes were identified, i.e., miRNA21, miRNA133,
miRNA590, miRNA30, miRNA146b-5p, and miRNA206.
Expression of miRNA133 correlated with the expression of
TGF 1. Gene suppression of miRNA133 will increase the
signaling pathway of TGF 1. TGF 1 signaling pathway had
a major role in the AF’s structural remodeling by inducing
atrial fibrosis (35). Figure 1 schematically summarizes the
relation of some risk factors in epigenetic process of AF.
Epigenetic as a potential biomarker
What is epigenetic biomarker?
Any changes in the epigenetic mechanism (DNA methylation,
histone modification, and mRNA) that can be detected in
the tissue and body fluid is called epigenetic biomarker (36).
Just like any other biomarkers, it should be had a role in
diagnosing, predicting, and forecasting the disease outcome
and the response to the therapy. There are some benefits of
using epigenetic changes as a biomarker compared to other
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usual biomarkers. Epigenetic biomarkers can supply more
individual gene functions that may be characterized by an
environmental factor, diet, and habit. The study showed
that epigenetic biomarker is stable in body fluid or tissue
preparation. However, the standardized procedure had to be
defined in further clinical trials, since Glinge in 2017 found
that there is a decremental level of miRNA (miRNA21 and
miRNA29b) after stored in room temperature (37).
Another thing that has to be considered is the cost
since for screening cost-effectiveness is everything. In
the future, epigenetic biomarkers seem to have a major
role in theragnosis therapy. A biomarker that not only
used as diagnostic tools but also had an important role in
determining targeted therapy.
Available epigenetic biomarkers in the market
Recently, there were only two epigenetic biomarkers
approved by FDA, i.e., Epi proColon and Cologuard. Both
are used in colorectal carcinoma. It works by detecting
DNA methylation (an epigenetic process) in septin 9, taken
from a peripheral blood sample. This method showed high
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sensitivity and specificity 75–81% and 91–96%, respectively.
However, it still not had a good position in the current
guideline’s management of colorectal carcinoma. The
European guideline did not mention any recommendation
about using this method in inpatient screening. While some
of the Chinese guidelines recommended using septin 9 in
screening colorectal carcinoma (36).
Epigenetic biomarker in other CVD
Based on recent major guidelines, both European and
American, there is no single recommendation to use
epigenetic biomarkers in term of diagnostic and screening.
Bringing it from bench to bedside, there is still a need for
further studies and more robust evidence.
Coronary artery disease (CAD)
CAD is known to be related to the inflammation process.
Interleukin-6 (IL-6) plays an important role in this process.
Hypomethylation of IL-6 promoters has shown to increase
the risk of atherosclerosis process (38). This methylation
is caused by several previously known CAD risk factors,
such as air pollution and methyl rich donor diet (20).
Besides IL-6, another hypomethylation that related to
atherosclerosis is long interspersed nuclear element-1
(LINE-1) hypomethylation. In the Chinese population,
hypomethylation of LINE-1 associated with increased
risk of CAD. With odds ratio ranging from 1.9–2.3 (39).
Thus, it can be concluded that in the future, these two
hypomethylation processes can be used as future biomarkers
of CAD.
Circulating miRNA also can be used in the detection
of CAD, since they both are correlated. Downregulation
of miRNA155, miRNA145, miRNA17, miRNA126 and
miRNA92a and up-regulation of miRNA133a, miRNA208a,
and miRNA370 correlated with CAD through the
inflammatory pathway.
However, none of those epigenetic biomarkers had been
mentioned in the guideline’s recommendation.
Heart failure (HF)
Epigenomic mapping of the cardiomyopathic and normal
heart showed a specific pattern. Platelet/endothelial
cell adhesion molecule-1 (PECAM-1) promoter
hypermethylation was observed in HF patients. Several
pieces of DNA hypomethylation was also observed and
known to reduce some gene expression in the failing heart.
Such as methylation alteration in the lymphocyte antigen
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75 (Ly75) promoter found in diabetic cardiomyopathy
patient. Ly75 can affect cardiac myocyte contractility (40).
Study in cancer had concluded that the epigenetic process
had a major role in controlling the cell’s mitochondrial
function. The mitochondrial function itself had a major
role in the pathogenicity of HF (41). Several cellular
metabolism intermediates such as NAD, β-hydroxybutyrate,
ketoglutarate are found in HF patients. Those metabolic
intermediate are the substrate for epigenetic changes and
alter the signaling process and end up with pathological
remodeling in the failing heart (40). If the DNA
methylation and other epigenetic process are suspected to
be the initiator of pathological changes in HF, its role in
biomarkers is clear in predicting and screening. Besides
that, it supposed to have a theragnostic role in this field.
Hypertrophic cardiomyopathy (HCM)
DNA methylation suppresses several genes that correlated
with HCM, such as TNNI3 and BNP. Histone modification
also detected in HCM, such as covalent modification
(H3K9me3). Its role of targeted therapy was clear, but no
evidence shows its role as diagnostic (biomarkers) tools (42).
How about epigenetic biomarkers in AF?
Biomarkers’ role in AF is receiving a new position in
the guidelines. ESC guidelines 2016 mentioned that
biomarkers could be used to determine the risk of
stroke and bleeding risk in AF patients with the class
recommendation of IIb and level of evidence of B (43).
Previously, no recommendation is found despite many
studies talking about it. High sensitivity troponin (Hs trop),
natriuretic peptide, angiotensin II, and others are some of
the biomarkers related to AF diagnostic (6). As mentioned
previously, many potential biomarkers had been identified
in the setting of AF. No epigenetic biomarkers had been
validated to be used in the clinical setting until now. Table 1
lists some epigenetics alterations based on its mechanism.
Barrier and future direction of epigenetic biomarker in AF
Although it seems to be very promising, the widely available
clinical use of epigenetic biomarker still need a long way to
go, and further studies need to be conducted if we want to
include it in major guidelines recommendation of AF. Some
major obstacles in this field also need to be addressed. Some
gaps in the global understanding of epigenetic mechanisms
had to be defined. Standardized procedures need to be
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Table 1 Some of the epigenetic alteration in AF
DNA methylation

Histone modification

miRNA

Overexpression of DNMT3A

H3, H4 acetylation on MHC

miRNA1, 26, 133, 328, 499, 106b-25 (electrical remodeling)

PitX2c promoter methylation

Phosphorylation of HDAC5

miRNA21, 133, 590, 30, 146b-5p, 206 (structural remodeling)

Methylation dependent on
suppression of SUR2

H3K9 demethylation

–

DNA methylation in the SERCA2a

–

–

AF, atrial fibrillation; DNMT3A, DNA methyltransferase 3A; SUR2, sulfonylurea receptor 2; SERCA2a, sarco-endoplasmic reticulum calcium
ATPase 2a; MHC, major histocompatibility complex; HDAC, histone deacetylase; miRNA, microRNA.

No standardized procedure
Lack of clinical evidence
High cost
Bench

Technical facilities required for a
standard application

Bedside

Gap in recent understanding
Existing biomarkers

Figure 2 Current barrier for clinical application of epigenetic biomarkers in AF. AF, atrial fibrillation.

established to prevent variability in the result. Evidence
had been shown that different preparation would be had a
different result. For example, in miRNA examination, there
are extremely strict criteria that had to be met in order to
give the perfect and standard result. Bringing laboratory
results to the hospital for clinical use had some problems
in the lab preparation. Technology such as new generation
sequencing (NGS) and mass spectrometry need not only
the high cost but also specific staff education (36). To be a
biomarker, it should fit what is called “perfect biomarker”.
The perfect biomarker should be detected as early as
possible before the pathological process happened. It should
be had high sensitivity and high specificity.
Moreover, for clinical use, it also had to be easily
accessible, such as specimen that taken from peripheral
blood flow is more clinically available than specimen from
myocardial biopsy (44). What are some criteria that had to
be met by the future epigenetic biomarkers? Another thing
that had to be considered in order to become “biomarkers
of choice”, epigenetic biomarker had to compete with
existing and established biomarkers in AF such as cardiac
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troponin, atrial natriuretic peptide, and others. It had to
give better performance. Figure 2 summarizes barriers on
epigenetic applications.
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