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Identifying the key microRNAs implicated
in atrial fibrillation
Yuejuan Cao , Li Cui
Department of Cardiology, Tianjin Union Medical Center; Tianjin-China

ABSTRACT
Objective: This study investigated the potential microRNAs (miRNAs) having a diagnostic value in atrial fibrillation (AF).
Methods: The miRNA and mRNA expression profiles of atrial tissue from healthy individuals and patients with AF were downloaded from
the Gene Expression Omnibus database. Differentially expressed miRNAs/mRNAs (DEMis/DEMs) were identified in patients with AF.
Furthermore, an interaction network between DEMis and DMEs was constructed. The biological processes, molecular functions, and signaling pathways of DEMs were enriched. Then, the diagnostic values of candidate DECs among healthy individuals and patients with AF were
preliminarily evaluated in the GSE101586, GSEE101684, and GSE112214 datasets.
Results: Twenty DEMis were identified in patients with AF, including seven upregulated and 13 downregulated DEMis. Furthermore, 2,307
DEMs were identified in patients with AF. In the DEMi–DEM interaction network, downregulated miR-193b and upregulated miR-16 interacted with the most targeted DEMs, which interacted with 72 and 65 targeted DEMs, respectively. The targeted DEMs were significantly
enriched in biological functions including apoptosis and the PI3K–Akt, mTOR, Hippo, HIF-1, and ErbB signaling pathways. Four of the 20
DEMis (i.e., miR-490-3p, miR-630, miR-146b-5p, and miR-367) had a potential value to distinguish patients with AF from healthy individuals in
the GSE68475, GSE70887, and GSE28954 datasets. The area under the curve values for those four DEMis were 0.751, 0.719, 0.709, and 0.7,
respectively.
Conclusion: DEMis might play key roles in AF progression through the mTOR and Hippo signaling pathways. miR-409-3p, miR-630, miR-146b5p, and miR-367 had a potential diagnostic value to discriminate patients with AF from healthy controls in this study.
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Introduction
Atrial fibrillation (AF) is one of the most common types of
cardiac arrhythmias, which is characterized by irregular highfrequency excitation and contraction affecting circulation and
oxygen supply (1). The Global Burden of Disease study has
shown that the estimated number of individuals with AF was 34
million, and the estimated prevalence of AF globally is 2.5%–
3.2% (2, 3). Given the morbidity and mortality from stroke, heart
failure, and dementia, much focus has been directed toward AF
prevention.
microRNAs (miRNA) are small endogenous noncoding RNAs
with a length of 20–25 nt, which act to decrease the expression

of messenger RNAs containing stretches of sequence complementary to miRNAs (4, 5). They are crucial regulators of gene
expression and promising candidates for biomarker development (4). Recent studies have shown that miRNAs may be
involved in the pathophysiology of AF. The overexpression of
miR-27b-3p targeting Wnt3a regulates the Wnt/β–Catenin signaling pathway and attenuates atrial fibrosis in rats with AF (6).
Atrial-specific upregulation of miR-31 in human AF begets
arrhythmia by depleting atrial dystrophin and neuronal nitric
oxide synthase (7). Plasma miR-21 and miR-150 are lower in
patients with AF than those in patients without AF, and these two
miRNAs are lower in patients with paroxysmal AF than those in
patients with persistent AF; in addition, those two miRNAs are
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HIGHLIGHTS
•
•
•

Twenty DEMis were identified in AF patients compared
with healthy individuals.
mTOR and Hippo signaling pathways were significantly
enriched in AF.
miR-409-3p, miR-630, miR-146b-5p, and miR-367 had a
potential diagnostic value to discriminate AF patients
from healthy controls in this study.

significantly increased after AF catheter ablation (8). Studies
have revealed that circulating miRNAs are potential biomarkers
of AF (9-12). Liu et al. (13) have reported that reduced circulating
miRNA-150 is significantly associated with AF; furthermore,
miRNA-150 levels in patients with AF were substantially lower
than those in healthy people.
Currently, no feasible biomarker exists for early diagnosis of
AF. In this study, significantly dysregulated miRNAs in AF were
investigated based on the miRNA expression profiles obtained
from the Gene Expression Omnibus database; moreover, the
diagnostic value of dysregulated miRNAs in AF was evaluated.
This study provides valuable information for identifying a feasible biomarker for early diagnosis of AF in the future.

Methods
Gene expression datasets of AF
The expression profiles of human AF were searched from
the Gene Expression Omnibus (GEO) database (http://www.
ncbi.nlm.nih.gov/geo). The keywords “Atrial fibrillation” and
“Homo sapiens” [porgn] and “gse” [Filter]” were searched in
the GEO database. The microarray datasets generated from the
heart tissue of patients with AF and healthy controls were
incorporated into our studies. The inclusion criteria for the
datasets were as follows: (1) mRNA/miRNA expression profile
generated from a whole genome and (2) datasets including
atrial tissue obtained from patients with AF and healthy controls. After manual inspection and filtration, three miRNA and
six mRNA expression profiling datasets were incorporated into
this study. The details of the datasets included in this study are
shown in Tables S1 and S2.
Differentially expressed mRNA/miRNA (DEM/DEMi) in AF
The selected datasets were analyzed individually. To minimize heterogeneity among the datasets included in integrated
analysis, normalization and log2 transformation were performed
for raw data. Then, the metaMA package in R language was
used to calculate the p value of each dataset; p values were
combined to identify DEM/DEMi in AF compared with controls.
Benjamini–Hochberg’s method was used to obtain the false
discovery rate (FDR) of multiple comparisons correction for correcting p value. mRNA with FDR <0.05 and miRNA with p<0.01
were selected as DEM/DEMi.
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miRNA–mRNA network
miRTarBase V7.0 (http://mirtarbase.mbc.nctu.edu.tw/php/
index.php) was used to predict the targeted genes of miRNA,
and miRNA–mRNA interaction was constructed using Cytoscape
(http://cytoscape.org/).
Functional enrichment
g:Profiler (http://biit.cs.ut.ee/gprofiler/gost), a web server for
functional interpretation of gene lists, was used to enrich the
Gene Ontology (GO) function of DEMs. KOBAS3.0 (http://kobas.
cbi.pku.edu.cn/index.php), a web server for gene/protein functional annotation (Annotate module) and functional gene set
enrichment (Enrichment module), was used to predict the Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of DEMs. FDR <0.05 was the cut-off for selecting
significant GO terms and KEGG pathway. The GOplot package in
R language was used to describe GO and KEGG enrichment.
Statistical analysis
The expression level of mRNA/miRNA in patients with AF
and healthy individuals was presented as mean ± standard
deviation. The unpaired Student’s t-test was used to calculate
the statistical differences between patients with AF and healthy
individuals in DEMs and DEMis.
Receiver operating characteristic (ROC) curve analysis is a
tool used to describe the discrimination accuracy of a diagnostic test or prediction model. In this study, ROC curve analysis is
used to evaluate the diagnostic value of DEMis to distinguish
patients with AF from healthy individuals in three datasets
(GSE68475, GSE70887, and GSE28954). The pROC package in R
language (version R3.3.1, https://www.r-project.org/) was used
for depicting ROC curves, and area under the curve (AUC) values
of the ROC curves were calculated to assess the performance of
DEMis. P values of <0.05 were used to denote statistical significance.

Results
Identifying DEMis
Three miRNA expression datasets of atrial tissue obtained
from patients with AF and healthy individuals retrieved from the
GEO database were used to identify DEMis in patients with AF
(Table S1). Four hundred and thirty-two miRNAs were overlapped from the three miRNA datasets. Twenty DEMis were
identified in patients with AF, including seven upregulated and 13
downregulated DEMis. miR-146b-5p and miR-99a were the most
significantly upregulated and downregulated DEMis in AF,
respectively (Table 1). Heat map analysis indicated that the 20
DEMis could distinguish patients with AF from healthy individuals (Fig. 1).
Identifying differentially expressed mRNAs
To investigate DEMs in patients with AF compared to healthy
individuals, six mRNA expression datasets of atrial tissue from
patients with AF and healthy individuals were downloaded from
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Table 1. The dysregulated miRNAs in AF
Up/downregulation

miRNA

Up-regulation

AF

Control

P-value

hsa-miR-146b-5p

0.783588

-0.66418

0.002747

hsa-miR-630

0.900664

-0.4271

0.004166

hsa-miR-184

-0.2852

-0.51578

0.004331

hsa-miR-22

1.359494

0.954209

0.00568

hsa-miR-16

1.350736

0.701235

0.005711

hsa-miR-513b

0.038484

-0.1852

0.006205

hsa-miR-17*

-0.13649

-0.41805

0.008079

Down-regulation hsa-miR-99a

0.909484

1.225932

0.000384

hsa-miR-100

0.730686

1.260344

0.000601

hsa-miR-193b

0.279992

0.761553

0.001656

hsa-miR-338-3p

0.241065

0.686402

0.002899

hsa-miR-490-3p

-0.13122

0.789981

0.003523

hsa-miR-367

-0.47095

-0.07467

0.004304

hsa-miR-302d

-0.49751

-0.27813

0.004464

hsa-miR-302a

-0.47395

-0.11171

0.00561

hsa-miR-892b

-0.4223

-0.03796

0.006323

hsa-miR125b-2*

-0.16719

0.250087

0.006389

hsa-let-7c

1.067001

1.296778

0.007283

hsa-miR-143*

-0.28559

0.194946

0.007605

hsa-miR-302c

-0.47047

-0.22427

0.00835

Atrial fibrillation and controls indicated the mean log2 expression level of certain
miRNA in atrial fibrillation group and healthy individual group, respectively.
miRNA - microRNA; AF - atrial fibrillation

Figure 1. The heatmap of DEMs in AF compared to healthy individuals
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the GEO database for further analyses. In total, 19,545 genes
were overlapped from the six mRNA datasets; furthermore, 2,307
DEMs were identified in AF, including 1,247 upregulated and
1,060 downregulated genes. ANGPTL2 and NECAP1 were the
most significantly upregulated and downregulated genes,
respectively (Table 2). In addition, heat map analysis indicated
that those DEMs could distinguish patients with AF from healthy
individuals (Fig. S1).
Investigation of the miRNA–mRNA network
To explore the associations between DEMis and DEMs, miRTarBase V7.0 was used to predict the DEMs negatively targeted
by DEMis. Four hundred and ninety-eight correlation pairs of
DEMs and DEMis were eventually obtained, including 107 correlation pairs between upregulated DEMis and downregulated
DEMs (Fig. S2) and 391 downregulated DEMis and upregulated
DEMs (Fig. S3). In the upregulated DEMi/downregulated DEM
network, miR-16, miR-17*, miR-513b had targeted the most
DEMs, which targeted 65, 11, and 10 DEMs, respectively (Fig.
2a-2c). In the downregulated DEMi/upregulated DEM network,
six DEMis targeted more than 30 DEMs, namely, miR-193b, miR302a, miR-302d, let-7c, miR-302c, and miR-143*. In addition, miR193b, miR-302a, and miR-302d targeted 72, 52, and 46 DEMs,
respectively (Fig. 2d-2f).
The enriched GO terms and pathways of DEMs targeted by
DEMis
To determine the biological functions of DMEs targeted by
DEMis, the GO terms and KEGG pathway of the targeted DEMs
were enriched. The targeted DEMs were significantly enriched
in the biological processes of GO terms including apoptosis, cellular metabolic process, and intracellular transport (Fig. 3a).
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Table 2. Top 20 up-regulated and down-regulated DEMs in AF
Up-regulated

Down-regulated

Gene ID

Gene symbol

FDR

Gene ID

Gene symbol

FDR

23452

ANGPTL2

3.54E-09

25977

NECAP1

0

54476

RNF216

1.17E-08

100507477

C1orf105

1.20E-08

10652

YKT6

1.20E-08

92346

TLL2

1.20E-08

3275

PRMT2

3.20E-08

7093

TRDN

1.20E-08

10577

NPC2

1.29E-07

10345

FAM181B

1.99E-08

10170

DHRS9

2.62E-07

220382

RGS6

5.14E-07

8668

EIF3I

4.49E-07

9628

SMTNL2

6.98E-07

51260

PBDC1

7.47E-07

342527

ANKRD23

9.84E-07

2487

FRZB

2.84E-06

200539

OTOGL

1.90E-06

81606

LBH

3.59E-06

283310

HOOK1

2.84E-06

10189

ALYREF

6.28E-06

51361

KCNJ3

2.84E-06

252969

NEIL2

7.06E-06

3760

AQP4

2.84E-06

3608

ILF2

7.08E-06

361

SYT13

2.98E-06

8048

CSRP3

7.67E-06

57586

DEGS1

3.32E-06

1114

CHGB

9.60E-06

8560

SLC26A9

3.59E-06

80851

SH3BP5L

1.30E-05

115019

KIAA0895

4.53E-06

55850

USE1

1.36E-05

23366

SUSD4

4.99E-06

11015

KDELR3

1.36E-05

55061

NSDHL

4.99E-06

10093

ARPC4

1.37E-05

50814

LGR6

5.06E-06

27338

UBE2S

1.60E-05

9097

USP14

5.59E-06

DEM - differentially expressed mRNA; FDR - false discovery rate; AF - atrial fibrillation

Furthermore, the targeted DMEs were significantly enriched in
the following molecular functions of GO terms: protein binding,
protein kinase binding, and actin binding (Fig. 3b). For the KEGG
pathway, the targeted DMEs were significantly enriched in the
PI3K–Akt, mTOR, Hippo, HIF-1, and ErbB signaling pathways
(Table 3).
The diagnostic value of DEMis in AF
To evaluate the diagnostic value of DEMis in AF, ROC analyses of the GSE68475, GSE70887, and GSE28954 datasets including the miRNA expression data from patients with AF and
healthy controls were performed. 2018 DEMis had diagnostic
value in AF, except for miR-99a and let-7c; the AUC values of the
18 DEMis were more than 0.6 (Fig. S4 and Fig. 4). miR-490-3p,
miR-630, miR-146b-5p, and miR-367 had a higher diagnostic
value than other DEMis in distinguishing patients with AF from
healthy controls; the AUC values of those 4 DEMs were 0.751,
0.719, 0.709, and 0.7, respectively (Fig. 4a-4d).

Discussion
The GSE28954 and GSE70887 datasets involving data from
patients with chronic AF and GSE68475 dataset involving data
from patients with persistent AF were incorporated into this

study to identify DEMis that might be potential biomarkers for
early detection of AF (14-16). This study revealed that 20 DEMis
were dysregulated in atrial tissue of patients with AF compared
with healthy controls. Four DEMis, namely, miR-490-3p, miR146b-5p, miR-630, and miR-367, had a potential diagnostic value
to distinguish patients with AF from healthy controls.
In a recent study, Zhang et al. (17), have used the GSE68475
dataset, which was also included in this study, and have shown
that miR-204-5p, miR-31-5p, and miR-223-3p are key miRNAs in
AF, which have more target genes based on the results of prediction of miRNA-target genes. However, these three miRNAs
were not differentially expressed in AF compared with healthy
individuals in this study. Furthermore, Larupa Santos et al. (18)
have found that miR-130b-3p, miR-338-5p, and miR-208a-3p are
differentially expressed in AF tissue samples. Although miR130b-3p, miR-338-5p, and miR-208a-3p were not differentially
expressed in AF, miR-338-3p as the homolog miRNA of miR-3385p was significantly downregulated in AF in this study. Wang et
al. (19) have identified 10 DEMis in AF tissue samples, including
miR-146b-5p, miR-193b, and miR-155. In this study, both miR146b-5p and miR-193b were differentially expressed in AF as
well. Fan and Wei (20) have reported that miR-3123, miR-548g3p, and miR-9-5p are most closely related to human AF. These
miRNAs were not identified as DEMis in AF in this study. The
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Figure 2. The subnetwork of up-regulated and down-regulated DEMis
in AF. a: miR-16; b: miR-513b; c: miR-17*; d: miR-193b; e: miR-302a; f:
miR-302d. The red nodes indicate up-regulated DEMis, blue nodes
indicated down-regulated DEMis, green nodes indicated downregulated DEMs and pink nodes indicated up-regulated DEMs

discordant DEMis between this study and other studies might
be attributed to several factors. First, different expression profiles of miRNAs between studies were used. Some studies
have used only one dataset to identify DEMis in AF. Second,
different criteria for screening DEMs were used. Third, some
key miRNAs in AF were predicted based on the results
retrieved from the GEO database, which were not identified by
comparing the different expressions between patients with AF
and healthy individuals.
miR-146b-5p was the most significantly upregulated DEMi in
AF; moreover, it could discriminate patients with AF from healthy
controls. This study is the first to report the dysregulation of miR146-5p in AF. Published data have shown that microRNA-146a-5p
levels are associated with circulating trimethylamine-N-oxide
(TMAO) after atherogenic diet in animal models, such as liverspecific insulin receptor knockout mice fed a chow diet and
African green monkeys fed a high-fat/high-cholesterol diet.
TMAO is associated with increased atherosclerotic lesion formation and cardiovascular disease risk (21). miR-146b-5p is
overexpressed in the atherosclerotic lesions of patients with AS
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Table 3. The enriched KEGG pathway of DEMs targeted by DEMis
Number
of DEMs

FDR

PI3K-Akt signaling pathway

16

1.78E-06

hsa04922

Glucagon signaling pathway

9

7.77E-06

hsa05200

Pathways in cancer

16

9.84E-06

hsa04910

Insulin signaling pathway

10

1.00E-05

hsa04150

mTOR signaling pathway

10

2.20E-05

hsa04390

Hippo signaling pathway

10

2.20E-05

hsa05169

Epstein-Barr virus infection

10

1.83E-04

hsa05205

Proteoglycans in cancer

10

1.89E-04

hsa04152

AMPK signaling pathway

8

2.09E-04

hsa04728

Dopaminergic synapse

8

2.62E-04

hsa04213

Longevity regulating pathway
- multiple species

6

3.00E-04

hsa00010

Glycolysis / Gluconeogenesis

6

3.72E-04

hsa01100

Metabolic pathways

26

3.91E-04

hsa04066

HIF-1 signaling pathway

7

4.35E-04

hsa01521

EGFR tyrosine kinase inhibitor
resistance

6

8.67E-04

hsa04141

Protein processing in
endoplasmic reticulum

8

1.08E-03

hsa04022

cGMP-PKG signaling pathway

8

1.12E-03

hsa05222

Small cell lung cancer

6

1.13E-03

hsa04012

ErbB signaling pathway

6

1.26E-03

hsa04666

Fc gamma R-mediated
phagocytosis

6

1.61E-03

ID

Term

hsa04151

KEGG - Kyoto Encyclopedia of Genes and Genomes; DEM - differentially
expressed mRNAs; DEMi - differentially expressed microRNAs

and is induced by oxidized low-density lipoprotein (oxLDL) in
human macrophages; blockade of 146b-5p has a damaging role
in AS-associated foam cell formation by targeting TRAF6 to promote chronic inflammation in vitro (22). In this study, among the
four DEMs targeted by miR-146b-5p, only KDM6B, which was
significantly downregulated in AF, implicated in cardiovascular
disease has been reported. Bone marrow with myeloid Kdm6b
deficiency (Kdm6bdel) in mice results in more advanced AS (23).
Moreover, KDM6B is implicated in the developing heart where
co-expressed Kdm6b proteins promote cardiomyocyte proliferation coupled with the initial stages of cardiac trabeculation (24).
However, the biological roles of miR-146b-5p and its targets are
uncovered, and in vitro and in in vivo studies should be performed to investigate the biological functions of miR-146-5p and
its targets in the development of AF.
miR-630 is the top two significantly upregulated DEMi in AF,
which targeted six DEMs, namely, IL6R, BTLA, MRO, LSAMP,
DIP2A, and TMTC3, in this study. Studies have revealed that
miRNA-630 participates in the regulation of epithelia-to-mesenchymal transition, tumorigenesis, metastasis, and radioresis-
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a
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Figure 3. The enrichment GO terms. a: the enrichment of biological processes
of GO terms; b: the enrichment of molecular functions of GO terms
a

b

c

d
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but not in African–Americans, and no association is observed
between rs4845625 and stroke in Caucasians (28). Moreover,
rs11265611, in intronic to IL6R, is significantly associated with AF
(29). IL6R polymorphism rs4845625 is associated with the recurrence of AF after catheter ablation in a Han Chinese population
(30). This and other studies indicated that miR-630 plays vital
roles in AF pathogenesis, and further experiment needs to be
performed to investigate its roles in AF.
miR-490-3p and miR-367 were upregulated in AF, and both
DEMis could distinguish patients with AF from healthy controls.
Those two DEMis involved in AF have not been reported. miR490-3p is implicated in AS progression. A study has revealed that
miR-490-3p modulates the proliferation of vascular smooth muscle cells (VSMCs) induced by oxLDL by targeting pregnancyassociated plasma protein-A (31). In AS, linc00299 acts as a
sponge for miR-490-3p to upregulate aurora kinase A, increasing
the proliferation and migration of VSMCs and human umbilical
vein endothelial cells (32); in addition, HOTTIP knockdown suppresses cell proliferation and migration by regulating the miR490-3p/HMGB1 axis and PI3K–Akt signaling pathway in oxLDLinduced VSMCs (33). The PI3k–AKT and Hippo signaling pathways were significantly enriched in the KEGG pathway in AF.
Published data have shown that the PI3k–Akt signaling pathway
is implicated in AF progression and a potential target of drugs.
Ibrutinib increases the risk of AF, potentially by inhibiting cardiac
PI3K–Akt signaling pathway (34). Telmisartan reduces the susceptibility to atrial arrhythmia and reverses imbalances in the
RAS–ERK and PI3K–Akt–eNOS pathways in spontaneously
hypertensive rats (35). Resveratrol reduces AF susceptibility in
the failing heart by activating the PI3K/AKT/eNOS signaling pathway (36). In a study, weighted gene co‑expression network
analysis revealed that the Hippo signaling pathway is associated
with AF (37). For miR-367, the downregulation of long noncoding
RNA linc00961 promotes proliferation and inhibits apoptosis of
VSMCs by sponging miR-367 in patients with coronary heart disease (38).

Conclusion
In summary, in this study, we found that four miRNAs had a
diagnostic value to distinguish patients with AF from healthy
individuals, namely, miR-490-3p, miR-146b-5p, miR-630, and miR367. The biological roles of those four miRNAs in AF progression
have not been elucidated, which needed to be explored in further studies. In addition, the prognostic value of those four
miRNAs is needed to be further validated in a prospective, large
cohort of patients with AF and healthy individuals.

Figure 4. The ROC analysis of 4 DEMis in AF and healthy individuals in
GSE68475, GSE70887 and GSE28954 datasets. a: miR-490-3p; b: miR-630;
c: miR-146b-5p; d: miR-367

tance of cancers (25-27), but its biological roles in AF remain
elusive. Among the six targets of miR-630 in this study, only IL6R
involved in pathogenesis and prognosis of AF was reported.
rs4845625 in the IL6R gene is associated with AF in Caucasians,
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Supplementary data
Table S1. Details of miRNA expression profiling datasets in our study
GEO ID
NC
AF
Platform
GSE68475
20
14
GPL15018 Agilent-031181 Unrestricted_Human_miRNA_
V16.0_Microarray 030840 (Feature Number version)
GSE70887
4
4
GPL19546 Agilent-021827 Human miRNA Microarray
[miRBase release 17.0 miRNA ID version]
GSE28954
11
10
GPL8227 Agilent-019118 Human miRNA Microarray 2.0 G4470B
(miRNA ID version); GPL10850 Agilent-021827 Human miRNA
Microarray (V3) (miRBase release 12.0 miRNA ID version)

Country
Japan

Author
Masaki Morishima

Year
2017

PMID
27180889

Spain

Susana Cañón

2015

-

Australia

Mark Cowley

2011

22147268

NC - normal controls; AF - atrial fibrillation

Table S2. Details of mRNA expression profiling datasets in our study
GEO ID
NC
AF
Platform
GSE115574 31
28
GPL570 [HG-U133_Plus_2] Affymetrix Human
Genome U133 Plus 2.0 Array
GSE31821
2
4
GPL570 [HG-U133_Plus_2] Affymetrix Human
Genome U133 Plus 2.0 Array
GSE62871
9
7
GPL17077 Agilent-039494 SurePrint G3 Human GE v2
8x60K Microarray 039381 (Probe Name version)
GSE79768
12
14
GPL570 [HG-U133_Plus_2] Affymetrix Human
Genome U133 Plus 2.0 Array
GSE41177
6
32
GPL570 [HG-U133_Plus_2] Affymetrix Human
Genome U133 Plus 2.0 Array
GSE14975
5
5
GPL570 [HG-U133_Plus_2] Affymetrix Human
Genome U133 Plus 2.0 Array

Country
Turkey

Author
Gunseli Cubukcuoglu Deniz

Year
2019

PMID
-

France

Emmanuelle Meugnier

2018

-

France

Lefebvre Philippe

2017

23644086

china taiwan

Yun-Shien Lee

2016

27494721

china taiwan

Yun-Shien Lee

2013

23183193

Germany

Sabine Ameling

2010

20117462

NC - normal controls; AF - atrial fibrillation

Figure S1. The heatmap of DEMs in AF compared to healthy individuals

Figure S3. The interaction network between dow-regulated DEMis and
up-regulated DEMs in AF. The blue nodes indicated down-regulated DEMis
and pink nodes indicated up-regulated DEMs

Figure S2. The interaction network between up-regulated DEMis and downregulated DEMs in AF. The red nodes indicate up-regulated DEMis and green
nodes indicated down-regulated DEMs
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Figure S4. The ROC analysis of 16 DEMis in AF and healthy individuals in GSE68475, GSE70887 and GSE28954 datasets

