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will cause substantial public health and econom‑
ic burden.6 Despite many advances in the under‑
standing of AF mechanisms and despite the de‑
velopment of some relatively effective treatment 
options, such as catheter ablation and warfarin, 
the prevalence of AF is still high and estimated 
to increase further. In addition, the exact molec‑
ular mechanism of AF remains uncertain. There‑
fore, it is crucial to better understand the patho‑
genesis and mechanism of the disease.

Introduction  Atrial fibrillation (AF) is 
the most common arrhythmia. Its incidence is 
about 1% to 2% in the general population and 
increases with age.1,2 The prevalence of AF has 
been predicated to reach around 6 to 12 million 
people in the United States by 2050 and 17.9 mil‑
lion people in Europe by 2060.3 It is a major risk 
factor of stroke and heart failure.4,5 As popula‑
tions continue aging and AF increases morbidi‑
ty and mortality of stroke and heart failure, AF 
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Abstract
Background  Atrial fibrillation (AF) is the most common arrhythmia. However, exact molecular mechanism 
of AF remains unclear.
Aims  Our study aimed to identify underlying biomarkers and pathways involved in AF based on 
bioinformatics analysis.
Methods  The GSE79768 human heart tissue dataset was obtained from the Gene Expression Omnibus 
(GEO) database. A total of 26 heart tissue samples including 14 AF atrium heart tissue samples and 12 
sinus rhythm heart tissue samples were used to identify the differentially expressed genes (DEGs). 
The functional enrichment analysis, protein‑protein interaction network, and miRNA-targeted gene 
regulatory network analysis were performed.
Results  A total o f 260 DEGs were identified in the AF and sinus rhythm groups, including 150 up‑regulated 
and 110 down‑regulated genes. Functional and pathway enrichment analyses of DEGs indicated that they 
were mainly involved in inflammatory response, immune response, and receptor‑mediated endocytosis. 
In addition, CXCR4, CXCR2, C3, CXCL11, CCR2, AGTR2, CXCL1, and others were the hub nodes in the protein‑protein 
interaction network and module analysis revealed that these hub nodes were also significantly enriched 
in  the  inflammatory response, cytokine‑cytokine receptor interaction, chemokine signaling, and 
neuro‑active ligand‑receptor interaction pathways. Furthermore, miRNA‑targeted regulatory network 
analysis showed that 58 miRNA were involved in 61 regulatory relationships including 9 up‑regulated 
and 5 down‑regulated genes.
Conclusions  This study identified a series of key genes, including CXCR4, CXCR2, CXCL11, CCR2, LRRK2, 
IL1B, C3, CXCL1, and important miRNAs such as miR‑3123, miR‑548g‑3p, and miR‑9‑5p, along with pathways 
that were most closely related to human AF. Our results may provide a novel molecular mechanism and 
potential therapeutic targets for AF.

Key words
atrial fibrillation, 
bioinformatics 
analysis, biomarkers, 
differentially 
expressed genes, 
miRNA

O R I G I N A L  A R T I C L E

Identification of potential novel biomarkers 
and therapeutic targets involved in human atrial 
fibrillation based on bioinformatics analysis

Gang Fan, Jin Wei

Department of Cardiology, 2nd Affiliated Hospital of Xi’an Jiaotong University, Shaanxi, China



O R I G I N A L  A R T I C L E   Key genes and pathways of AF based on bioinformatics analysis 695

(version 2.9, New York, New York, United 
States), including background correction 
and data standardization.11 Then, gene sym‑
bols were annotated according to the annota‑
tion files provided by the platform and non‑
matched probes were removed. For different 
probes matched to one certain gene, the mean 
value of different probes was calculated as 
the final expression value of this gene. Fol‑
lowing this, DEGs were screened between AF 
and SR samples with the Bayes method using 
the limma package in the R software.12 DEGs 
were considered as P values of less than 0.05 
and log |fold change (FC)| higher than 0.585.

Functional enrichment analysis of differen‑
tially expressed genes  The Kyoto Encyclo‑
pedia of Genes and Genomes (KEGG) is a pub‑
lic database of biological systems that inte‑
grates genomic, chemical, and systemic func‑
tional information.13 The Gene Ontology (GO) is 
a community‑based bioinformatics resource that 
provides information about gene sets grouped 
into families of: molecular function (MF), bio‑
logical function (BF), and cellular component 
(CC).14 In this study, the DAVID online tool15 was 
used to perform KEGG pathway and GO func‑
tional enrichment analyses of DEGs. Significant 
enrichment was considered as a gene count of 2 
or more and a P value of less than 0.05.

Construction of the protein–protein inter‑
action network  According to the STRING 
database,16 interactions among DEG‑encoded 
proteins were predicted with a threshold of 
medium confidence of 0.4 or more. Based on 
this, interaction relationships among proteins 
were visualized using Cytoscape (version 3.2, 
NIGMS,  Bethesda, Maryland, United States).16 
Moreover, the degree centrality was calculated 
and used as a topology index to assess the node 
(protein) score in the protein–protein interac‑
tion (PPI) network. The higher score the node 
obtained, the more importance the node pre‑
sented in the network, and could be used as 
the hub protein in this network. In addition, 
the KEGG pathway and GO functional enrich‑
ment of the top 20 nodes in the PPI network 
were also performed using the DAVID online 
tool.

Construction of the miRNA‑targeted gene 
regulatory network  For further investigation, 
miRNAs targeting the top 20 nodes in the PPI 
network were predicted using the miRDB online 
tool17 with the cutoff target score of 85 or higher. 
Next, the miRNA‑targeted regulatory network 
was visualized using Cytoscape.

Statistical analysis  Data were expressed as 
mean (SD) and were analyzed using the SPSS 
software, version 17.0 (IBM, New York, New York, 

Gene mutations involved in cardiac ion chan‑
nels, structure proteins, and transcription fac‑
tors were found to be associated with AF.7 MiR‑
NAs are a novel class of endogenous noncod‑
ing RNAs which play a key role in the gene 
expression regulatory network at  the post

‑transcriptional level.8 Several studies demon‑
strated that miRNAs take part in the genesis of 
AF by regulating electrical and structural remod‑
eling in the atrium.9 As the body of data about 
gene expression profiles has increased rapidly in 
recent years, we take the advantage of bioinfor‑
matics analysis to identify the key genes, miR‑
NAs, and pathways in AF. Based on the bioinfor‑
matics analysis in this study, novel biomarkers 
for the diagnostic workup of AF as well as ther‑
apeutics for treatment may be provided.

Materials and methods D ata sourcing  
The GSE79768 human heart tissue dataset was 
downloaded from the Gene Expression Omni‑
bus (GEO) database of the National Center for 
Biotechnology Information (NCBI).10 A total of 
26 human heart tissues were included in this 
study, including 14 AF samples and 12 sinus 
rhythm (SR) samples. Patients in the SR group 
were older than in the AF group (mean [SD] age, 
62 [13.59] years and 48.91 [12.8] years, respec‑
tively; P <0.05). There were 5 men and 5 wom‑
en in the SR group, and 5 men and 6 women in 
the AF group. Paired right and left specimens of 
atrial appendages were obtained from patients 
undergoing surgery for mitral valve or with cor‑
onary artery disease. In the AF group, more pa‑
tients presented with rheumatic heart disease. 
However, in the SR group, more patients had hy‑
pertension and coronary artery disease. All sam‑
ples were sequenced on the GPL570 [HG‑U133_
Plus_2] Affymetrix Human Genome U133 Plus 
2.0 Array (Affymetrix, Santa Clara, California, 
United States).

Identification of differentially expressed 
genes  Raw CEL profiles were download‑
ed from the GEO database and processed us‑
ing the Affy package (version 3.2, New York, 
New York, United States) in the R software 

What’s new?
We applied bioinformatics analysis to explore the potential mechanism of 
atrial fibrillation. A total of 260 differentially expressed genes were successfully 
identified in the atrial fibrillation and sinus rhythm groups, including 150 
up‑regulated and 110 down‑regulated genes. The hub genes were mainly 
enriched in the  following biological processes: inflammatory response, 
cytokine‑cytokine receptor interaction, chemokine signaling, and neuroactive 
ligand‑receptor interaction. We also found that miR‑3123 up‑regulated LRRK2 
and P2RY14, and miR‑548g‑3p up‑regulated CCR2 and CXCR4. The identified key 
genes, pathways, and critical miRNA may provide potential novel therapeutic 
targets for atrial fibrillation.
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pathway (P = 0.01), and nucleotide-binding, 
oligomerization domain–like receptor signal‑
ing pathway (P = 0.03). In addition, downreg‑
ulated DEGs were significantly enriched in 26 
GO terms, including 11 BP terms (inflamma‑
tory response, etc), 8 CC terms (extracellular 
exosome, etc), and 7 MF terms (hemoglobin 
binding, etc) (Figure 3B).

Protein–protein interaction network analysis  
The PPI network was constructed according to 
the STRING database, including 125 nodes and 
236 interaction pairs (Supplementary material, 
Figure S1A). The top 20 nodes involved in the PPI 
network were summarized in Table 3. Subsequent‑
ly, functional enrichment analyses of the top 20 
nodes were conducted. The results revealed that 
the top 20 nodes were apparently enriched in 
8 KEGG pathways, such as cytokine‑cytokine 
receptor interaction (P <0.001), chemokine sig‑
naling pathway (P <0.001), and neuroactive 
ligand‑receptor interaction (P = 0.003) (Table 4); 
and 42 GO terms, including 33 BP terms (in‑
flammatory response, etc), 6 CC terms (extra‑
cellular space, etc), and 3 MF terms (chemokine 
activity, etc) (Supplementary material, Figure 
S1B and Table 4).

miRNA‑targeted regulatory network  
Furthermore, miRNA was predicted to target top 
20 nodes in the PPI network using the miRDB. 
Then, the regulatory network was visualized us‑
ing Cytoscape, including 9 upregulated genes, 
5 downregulated genes, 58 miRNAs, and 61 regu‑
latory relationships were found (Supplementary 
material, Figure S2). What is more, our analysis 

United States). A P value of less than 0.05 was 
considered significant. The ethics approval was 
not required for this study.

Results  Identification of differentially ex‑
pressed genes  Finally, a total of 260 DEGs 
were identified between the AF and SR groups, 
including 150 upregulated genes and 110 down‑
regulated genes. Bidirectional clustering heat 
map of DEGs presented that these DEGs could 
obviously distinguish the AF samples from 
the SR samples (Figure 1A). A volcano plot of DEGs 
is presented in Figure 1B. According to log|FC| val‑
ue, the top 10 upregulated and downregulated 
DEGs were separately tabulated in Table 1.

Functional enrichment results of differen‑
tially expressed genes  After DEG identifi‑
cation, KEGG pathway enrichment analyses of 
both upregulated and downregulated DEGs 
were performed (Table 2 and Figure 2). Specifically, 
the upregulated DEGs were significantly en‑
riched in 5 KEGG pathways, including the in‑
testinal immune network for IgA production 
(P = 0.005), cytokine‑cytokine receptor inter‑
action (P = 0.01), and renin‑angiotensin system 
(P = 0.01). Moreover, the upregulated DEGs 
were significantly enriched in 21 GO terms, in‑
cluding 11 BP terms (inflammatory response, 
etc), 7 CC terms (antigen binding, etc), and 3 
MF terms (integral component of membrane, 
etc) (Figure 3A). For down‑regulation, DEGs were 
significantly enriched in 6 KEGG pathways 
such as cytokine‑cytokine receptor interaction 
(P = 0.004), tumor necrosis factor signaling 

�Figure 1  Heat map (A) and volcano plots (B) of differentially expressed genes.
�Abbreviations: AF, atrial fibrillation; logFC, log fold change; SR, sinus rhythm
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Table 1  Top 20 upregulated and downregulated differentially expressed genes

DEGs logFC P value Adjusted P value

Upregulated

TRDN‑AS1 1.636580 5.97 × 10–8 9.57 × 10–5

S100A12 1.422056 2.47 × 10–4 6.76 × 10–3

CHGB 1.418162 1.36 × 10–5 1.29 × 10–3

FAM216B 1.397223 6.20 × 10–5 3.12 × 10–3

B3GALT2 1.287522 4.35 × 10–6 7.78 × 10–4

DHRS9 1.280910 1.41 × 10–7 1.42 × 10–4

CXCR2 1.254837 1.33 × 10–4 4.80 × 10–3

RELN 1.222239 1.13 × 10–4 4.39 × 10–3

LBH 1.204157 2.66 × 10–10 2.68 × 10–6

MNDA 1.167431 3.92 × 10–5 2.42 × 10–3

JCHAIN 1.155933 3.10 × 10–2 1.26 × 10–1

LYZ 1.116696 1.45 × 10–2 7.92 × 10–2

PHACTR3 1.085895 8.05 × 10–3 5.53 × 10–2

NRAP 1.049841 7.39 × 10–4 1.26 × 10–2

TCIM 1.017547 4.98 × 10–7 2.28 × 10–4

ZNF208 1.017184 1.22 × 10–4 4.59 × 10–3

MYL3 1.013453 4.82 × 10–3 3.98 × 10–2

RGS18 1.000141 2.90 × 10–6 6.09 × 10–4

PKIB 0.980199 3.09 × 10–7 1.95 × 10–4

ATP1B4 0.978 339 6.38 × 10–3 4.80 × 10–2

Downregulated

PRG4 –2.181992 2.73 × 10–2 1.16 × 10–1

MSLN –1.942843 6.38 × 10–3 4.80 × 10–2

ITLN1 –1.850739 1.76 × 10–2 8.92 × 10–2

HP –1.844829 1.69 × 10–2 8.70 × 10–2

SLPI –1.816258 1.53 × 10–2 8.17 × 10–2

UPK1B –1.778626 3.03 × 10–3 2.97 × 10–2

SYT4 –1.686477 2.08 × 10–2 9.86 × 10–2

PRR9 –1.619296 2.15 × 10–3 2.44 × 10–2

CXCL1 –1.457485 2.14 × 10–3 2.43 × 10–2

BNC1 –1.411299 6.80 × 10–3 5.00 × 10–2

KLK11 –1.393466 2.79 × 10–3 2.84 × 10–2

FAM110C –1.387659 1.23 × 10–4 4.61 × 10–3

AADAC –1.380442 7.45 × 10–3 5.25 × 10–2

FLRT3 –1.343362 7.28 × 10–3 5.18 × 10–2

LRRN4 –1.287621 3.72 × 10–3 3.38 × 10–2

TCEAL2 –1.235198 7.03 × 10–5 3.37 × 10–3

ACTA1 –1.220157 7.55 × 10–4 1.28 × 10–2

IL1B –1.197718 7.23 × 10–3 5.15 × 10–2

BEX2 –1.179566 1.28 × 10–6 4.05 × 10–4

DNER –1.160800 2.45 × 10–3 2.64 × 10–2

Abbreviations: DEGs, differentially expressed genes; others, see Figure 1
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hsa-04672: Intestinalimmune network for IgA production

hsa04060: Cytokine receptor interaction

hsa04614: Renin-angiotensin system

hsa04261: Adrenergic signaling in cardiomyocytes

hsa05410: Hypertrophic cardiomyopathy

hsa05134: Legionellosis

hsa04060: Cytokine-cytokine receptor interaction 

hsa05143: African trypanosomiasis

hsa04668: TNF signaling pathway

hsa04621: NOD-like receptor signaling pathway

hsa04610: Complement and coagulation cascades

Figure 2  Kyoto Encyclopedia of Genes and Genomes pathway analysis of differentially expressed genes
�Abbreviations: see Tables 1 and 2

Table 2  Kyoto Encyclopedia of Genes and Genomes pathway analysis of upregulated and downregulated 
differentially expressed genes

ID Name Count P value Genes

Upregulated DEGs

hsa04672 Intestinal immune network for IgA 
production

4 5.81 × 10–3 CXCR4, TNFRSF17, ITGA4, 
HLA‑DRA

hsa04060 Cytokine‑cytokine receptor 
interaction

7 1.14 × 10–2 PPBP, CXCR4, CCR2, TNFRSF17, 
TNFRSF19, CXCR2, CXCL11

hsa04614 Renin‑angiotensin system 3 1.38 × 10–2 AGTR2, CMA1, ENPEP

hsa04261 Adrenergic signaling in 
cardiomyocytes

5 2.26 × 10–2 AGTR2, MYL3, ATP1B4, 
RAPGEF4, SCN7A

hsa05410 Hypertrophic cardiomyopathy 4 2.30 × 10–2 MYL3, ITGA1, PRKAA2, ITGA4

Downregulated DEGs

hsa05134 Legionellosis 4 1.76 × 10–3 CXCL1, C3, IL18, IL1B

hsa04060 Cytokine‑cytokine receptor 
interaction

6 4.23 × 10–3 LIF, CXCL1, CCL20, IL18, IL1B, 
BMPR1B

hsa05143 African trypanosomiasis 3 9.51 × 10–3 IL18, IL1B, HPR

hsa04668 TNF signaling pathway 4 1.20 × 10–2 LIF, CXCL1, CCL20, IL1B

hsa04621 NOD‑like receptor signaling pathway 3 2.60 × 10–2 CXCL1, IL18, IL1B

hsa04610 Complement and coagulation 
cascades

3 3.82 × 10–2 C3, CFB, BDKRB1

Abbreviations: NOD, nucleotide-binding, oligomerization domain; TNF, tumor necrosis factor; others, see Table 1
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the genetic and molecular mechanisms of AF 
is of great importance to improve prognosis. 
The rapid development of microarray technolo‑
gies provided an opportunity to explore the po‑
tential biomarkers and therapeutic targets of AF 
by bioinformatics analysis.

In this study, a total of 260 DEGs were iden‑
tified between the AF and SR groups, including 

showed that miR‑3123 upregulated LRRK2 and 
P2RY14, miR‑548g‑3p upregulated CCR2 and 
CXCR4 (Supplementary material, Figure S2).

Discussion  Incidence and prevalence of AF is 
continuously increasing, and the disease usually 
leads to severe clinical outcomes. Understanding 

Table 3  The top 20 nodes involved in the protein–protein interaction network

Hub‑gene Regulation Degree

CXCR4 Up 19

IL1B Down 18

CXCR2 Up 17

C3 Down 17

CXCL11 Up 15

CCR2 Up 15

LRRK2 Up 15

CXCL1 Down 14

CCL20 Down 14

AGTR2 Up 14

BDKRB1 Down 13

PPBP Up 12

NPY1R Up 12

FPR3 Up 12

P2RY14 Up 12

ACTA1 Down 12

IL18 Down 8

WT1 Down 8

CALB2 Down 7

S100A8 Up 6

Table 4  Kyoto Encyclopedia of Genes and Genomes pathway analysis of the top 20 differentially expressed genes

ID Name Count P value Genes

hsa04060 Cytokine‑cytokine receptor 
interaction

9 2.18 × 10–8 CXCL1, PPBP, CCL20, CXCR4, IL18, 
CCR2, IL1B, CXCR2, CXCL11

hsa04062 Chemokine signaling pathway 7 2.30 × 10–6 CXCL1, PPBP, CCL20, CXCR4, CCR2, 
CXCR2, CXCL11

hsa05134 Legionellosis 4 2.38 × 10–4 CXCL1, C3, IL18, IL1B

hsa04080 Neuroactive ligand‑receptor 
interaction

5 3.19 × 10–3 AGTR2, P2RY14, BDKRB1, FPR3, 
NPY1R

hsa04621 NOD‑like receptor signaling 
pathway

3 7.26 × 10–3 CXCL1, IL18, IL1B

hsa05132 Salmonella infection 3 1.55 × 10–2 CXCL1, IL18, IL1B

hsa05323 Rheumatoid arthritis 3 1.73 × 10–2 CCL20, IL18, IL1B

hsa04668 TNF signaling pathway 3 2.50 × 10–2 CXCL1, CCL20, IL1B

Abbreviations: see Table 2
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inflammation, angiogenesis, wound healing, tu‑
morigenesis, and cell motility through regulat‑
ing CXCR2, CXCL1.31 The mammalian WT1 gene 
is 50 kb in length, and there are at least 36 po‑
tential WT1 isoforms. In the developing heart, 
it has been shown that WT1 expression is main‑
ly restricted to the epicardium. Study shows 
that WT1 knockout mice have smaller ventri‑
cles, thinner epicardium, and a much more re‑
duced coronary vascular system.32 WT1 also in‑
fluences epicardial cell migration and myocar‑
dial proliferation through the inhibitory che‑
mokines CXCL10 and CCL5.33

Functional enrichment results of DEGs indi‑
cated that inflammatory response is crucial for 
AF. Weymann et al34 reported that inflammatory 
factors such as levels of C‑reactive protein (CRP) 
and interleukins (such as interleukin 6, 8, and 
10) were increased significantly in AF and can 
help to predict and monitor AF. Xu et al35 found 
that blood interleukin 17A level was elevated in 
patients with recurrent AF after catheter abla‑
tion. MiRNAs are small noncoding RNAs which 
regulate gene expression at post‑translational 
level.8,36 Based on our miRNA‑targeted regulato‑
ry network analysis, we found that miR‑3123 up‑
regulated the expression of LRRK2 and P2RY14, 
miR‑548g‑3p increased the CCR2 and CXCR4 
levels. The exact mechanism of AF is still un‑
certain. Our study may provide new insight into 
the mechanism of AF. It is critical to determine 
risk factors for the prediction and prevention of 
AF. Previous studies revealed that, compared 
with healthy subjects, renalase,37,38 leptin, ad‑
iponectin, tumor necrosis factor α,39 and NT

‑proBNP40 were elevated in patients with AF. 
Appropriate management of AF41 and treatment 
based on the current theory may help to reduce 
the mortality of AF. Our study may provide nov‑
el potential therapeutic targets for AF.

Conclusions  The  present study identi‑
fied a series of key genes, including CXCR4, 
CXCR2, CXCL11, CCR2, LRRK2, IL1B, C3, CXCL1, 
CALB2, and others. In addition, we also dis‑
covered important miRNAs such as: miR‑3123, 
miR‑548g‑3p, and miR‑9‑5p, along with path‑
ways that were most closely related with hu‑
man AF. Our results may provide a more detailed 
molecular mechanism and potential therapeu‑
tic targets for AF.

Supplementary material

Supplementary material is available at www.mp.pl/kardiologiapolska.
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150 upregulated genes and 110 downregulated 
genes. In order to study the biological function 
of DEGs, we performed further analyses of GO, 
KEGG, PPI and miRNA‑targeted gene regulato‑
ry network. We screened potential key genes for 
AF, including upregulated genes: CXCR4, CXCR2, 
CXCL11, CCR2, LRRK2, AGTR2, PPBP, NPY1R, 
FRR3, P2RY14, SL00A8, and downregulated 
genes: IL1B, C3, CXCL1, CCL20, BDKRB1, ACTA1, 
IL18, CALB2, WT1, and others. CXCR4 belongs 
to the super‑family of the 7‑transmembrane do‑
main, heterotrimeric G‑protein‑coupled recep‑
tors and is involved in cell survival, prolifera‑
tion, and migration.18 CXCR4 is an α‑chemokine 
receptor specific for stromal cell‑derived factor 
1 (SDF‑1, also called CXCL12). It has been re‑
ported that plasma SDF‑1 was increased in pa‑
tients with AF compared with those with SR.19 
CXCR2 is another member of superfamily of 
the 7‑transmembrane domain, heterotrimer‑
ic G‑protein‑coupled receptors, and the major 
chemokine receptors of neutrophils. CXCR2 is 
the receptor for 7 chemokines: CXCL1, CXCL2, 
CXCL3, CXCL6, and CXCL8.20 Several studies re‑
vealed that CXCR2 participates in tumor pro‑
gression and numerous inflammatory reac‑
tions.21 CXCL11 is a selective ligand for CXCR3 
and is secreted by monocytes, endothelial cells, 
and fibroblasts.22 CXCL11 is usually expressed 
at low levels in physiological conditions, but el‑
evated by cytokine stimulation and plays an im‑
portant role in immune cell migration, differ‑
entiation, and activation.23 This mechanism 
may help delay the structural remodeling of 
AF. CCR2 is expressed on the surface of mono‑
cytes, endothelial cells, leukocytes, and smooth 
muscle cells. CCR2 also presents in basophils, 
dendritic and natural killers cells, and activat‑
ed T cells.24 CCR2 is the main chemokine recep‑
tor of CCL2 and plays a pivotal role in several 
physiological and pathological processes, includ‑
ing the migration of endothelial cells, monocyte 
recruitment to inflammatory sites.25 Han et al26 
found that CCR2 expression was increased in pa‑
tients with hypercholesterolemia and promot‑
ed the chemotactic motility and recruitment of 
monocytes to the vessel wall and might acceler‑
ate the progression of atherosclerosis. LRRK2 
belongs to the human Roco proteins family, it 
catalyzes 2 distinct biochemical activities, phos‑
photransfer and GTP hydrolysis, and is strong‑
ly associated with PD, Alzheimer disease, and 
immune disorders.27 LRRK2 has been implicat‑
ed in a wide range of cellular processes includ‑
ing mitochondrial maintenance, synaptic ves‑
icle cycling, autophagy, lysosomal biology, and 
translational control.28,29 IL1B is part of a clus‑
ter of genes on chromosome 2 coding for a fam‑
ily of interleukin 1 proteins. It has been shown 
to be an important modulator of inflammato‑
ry pathways and is involved in the pathogenesis 
of cardiovascular diseases.30 CXCL1 modulates 

https://www.doi.org/10.33963/KP.15339


KARDIOLOGIA POLSKA  2020; 78 (7-8)702

27  Kumari U, Tan EK. LRRK2 in Parkinson’s disease: genetic and clinical studies 
from patients. FEBS J. 2009; 276: 6455-6463.
28  Kalogeropulou AF, Zhao J, Bolliger MF, et al. P62/SQSTM1 is a novel leucine
‑rich repeat kinase 2 (LRRK2) substrate that enhances neuronal toxicity. Biochem 
J. 2018; 475: 1271-1293.
29  Cookson MR. The role of leucine‑rich repeat kinase 2 (LRRK2) in Parkinson’s 
disease. Nat Rev Neurosci. 2010; 11: 791-797.
30  Maruyama Y, Nordfors L, Stenvinkel P, et al. Interleukin‑1 gene cluster poly-
morphisms are associated with nutritional status and inflammation in patients 
with end‑stage renal disease. Blood Purif. 2005; 23: 384-393.
31  Amiri KI, Richmond A. Fine tuning the transcriptional regulation of the CXCL1 
chemokine. Prog Nucleic Acid Res Mol Biol. 2003; 74: 1-36.
32  Kreidberg JA, Sariola H, Loring JM, et al. WT‑1 is required for early kidney de-
velopment. Cell. 1993; 74: 679-691.
33  Velecela V, Lettice LA, Chau YY, et al. WT1 regulates the expression of inhibi-
tory chemokines during heart development. Hum Mol Genet. 2013; 22: 5083-5095.
34  Weymann A, Popov AF, Sabashnikov A, et al. Baseline and postoperative lev-
els of C‑reactive protein and interleukins as inflammatory predictors of atrial fi-
brillation following cardiac surgery: a systematic review and meta‑analysis. Kar-
diol Pol. 2018; 76: 440-451.
35  Xu L, Wang N, Liang Y, et al. Interleukin‑17A contributes to atrial fibrillation 
recurrence and left atrial reservoir function after catheter ablation. Pol Arch Intern 
Med. 2019; 129: 432-435.
36  Potaczek D. P, Harb H, Michel S, et al. Epigenetics and allergy: from basic 
mechanisms to clinical applications. Epigenomics. 2017; 9: 539-571.
37  Wybraniec MT, Wieczorek J, Woźniak‑Skowerska I, et al. Renalase is associat-
ed with adverse left atrial remodelling and disease burden in patients with atrial 
fibrillation undergoing pulmonary vein isolation. Kardiol Pol. 2018; 76: 1232-1241.
38  Schlaich MP, Lambert GW, Eikelis N. Renalase – a potential biomarker for 
risk of atrial fibrillation? Kardiol Pol. 2018; 76: 1201-1202.
39  Anaszewicz M, Wawrzeńczyk A, Czerniak B, et al. Leptin, adiponectin, tumor 
necrosis factor α, and irisin concentrations as factors linking obesity with the risk 
of atrial fibrillation among inpatients with cardiovascular diseases. Kardiol Pol. 
2019; 77: 1055-1061.
40  Streb W, Mitręga K, Szymała M, et al. The  intracardiac concentrations of 
the N‑terminal‑pro B‑type natriuretic peptide (NT‑proBNP) and the determinants 
of its secretion in patients with atrial fibrillation. Kardiol Pol. 2018; 76: 433-439.
41  Potpara TS, Mujovic N. Integrating multiple aspects of care for better man-
agement of atrial fibrillation: teamwork between physicians and patients. Kardi-
ol Pol. 2019; 18: 415-416.

and share them with others, provided the original work is properly cited, not 
changed in any way, distributed under the same license, and used for noncom-
mercial purposes only. For commercial use, please contact the  journal office 
at kardiologiapolska@ptkardio.pl.

How to cite  Fan G, Wei J. Identification of potential novel biomarkers and 
therapeutic targets involved in human atrial fibrillation based on bioinformatics 
analysis. Kardiol Pol. 2020; 78: 694-702. doi:10.33963/KP.15339

References
1  Hirsh J, Fuster V, Ansell J, Halperin JL; American Heart Association / American 
College of Cardiology Foundation. American Heart Association / American College 
of Cardiology Foundation guide to warfarin therapy. J Am Coll Cardiol. 2003; 41: 
1633-1652.
2  Wong CX, Brown A, Tse HF, et al. Epidemiology of atrial fibrillation: the Austra-
lian and Asia‑Pacific perspective. Heart Lung Circ. 2017; 26: 870-879.
3  Schnabel RB, Yin X, Gona P, et al. 50 year trends in atrial fibrillation preva-
lence, incidence, risk factors, and mortality in the Framingham Heart Study: a co-
hort study. Lancet. 2015; 386: 154-162.
4  GBD 2013 Risk Factors Collaborators; Forouzanfar MH, Alexander L , et al. 
Global, regional, and national comparative risk assessment of 79 behavioural, en-
vironmental and occupational, and metabolic risks or clusters of risks in 188 coun-
tries, 1990-2013: a systematic analysis for the Global Burden of Disease Study 2013. 
Lancet. 2015; 386: 2287-2323.
5  Kotecha D, Piccini JP. Atrial fibrillation in heart failure: what should we do? Eur 
Heart J. 2015; 36: 3250-3257.
6  Panchal G, Mahmood M, Lip GYH. Revisiting the risks of incident atrial fibrilla-
tion: a narrative review. Part 2. Kardiol Pol. 2019; 24: 515-524.
7  Tucker NR, Ellinor PT. Emerging directions in the genetics of atrial fibrillation. 
Circ Res. 2014; 114: 1469-1482.
8  Fu S, Zhuo R, Yao M, et al. MicroRNA basis of physiological hypertrophy. Front 
Genet. 2013; 4: 253.
9  Lu Y, Zhang Y, Wang N, et al. MicroRNA‑328 contributes to adverse electrical 
remodeling in atrial fibrillation. Circulation. 2010; 122: 2378-2387.
10  Barrett T, Troup DB, Wilhite SE, et al. NCBI GEO: mining tens of millions of 
expression profiles – database and tools update. Nucleic Acids Research. 2007; 
35: 760-765.
11  Gautier L , Cope L , Bolstad BM, I rizarry RA. Affy‑analysis of Affymetrix 
GeneChip data at the probe level. Bioinformatics. 2004; 20: 307-315.
12  Smyth GK. Limma: linear models for microarray data. In: Gentleman R, Carey 
V, Dudoit S, et al, eds. Bioinformatics and Computational Biology Solutions Using 
R and Bioconductor. New York, NY: Springer; 2011: 397-420.
13  Ogata H, Sato K, Fujibuchi W, et al. KEGG: Kyoto Encyclopedia of Genes and 
Genomes. Nucleic Acids Res. 1999; 27: 29-34.
14  Ashburner M, Ball CA, Blake JA, et al. Gene ontology: tool for the unification 
of biology. The Gene Ontology Consortium. Nat Genet. 2000; 25: 25-29.
15  Huang da W, Sherman BT, Lempicki RA. Systematic and integrative analy-
sis of large gene lists using DAVID bioinformatics resources. Nat Protoc. 2009; 4: 
44-57.
16  Damian S. The STRING database in 2011: functional interaction networks 
of proteins, globally integrated and scored. Nucleic Acids Res. 2011; 39: 561-568.
17  Wong N, Wang X. MiRDB: an online resource for microRNA target prediction 
and functional annotations. Nucleic Acids Res. 2015; 43: D146‑D152.
18  Cojoc M, Peitzsch C, Trautmann F, et al. Emerging targets in cancer man-
agement: role of the CXCL12/CXCR4 axis. Onco Targets Ther. 2013; 6: 1347-1361.
19  Stellos K, Rahmann A, Kilias A, et al. Expression of platelet‑bound stromal 
cell‑derived factor‑1 in patients with non‑valvular atrial fibrillation and ischemic 
heart disease. J Thromb Haemost. 2012; 10: 49-55.
20  Ha H, Debnath B, Neamati N. Role of the CXCL8‑CXCR1/2 Axis in Cancer and 
Inflammatory Diseases. Theranostics. 2017; 7: 1543-1588.
21  Bizzarri C, Beccari AR, Bertini R, et al. ELR+ CXC chemokines and their recep-
tors (CXC chemokine receptor 1 and CXC chemokine receptor 2) as new therapeu-
tic targets. Pharmacol Ther. 2006; 112: 139-149.
22  Ohmori Y, Schreiber RD, Hamilton TA. Synergy between interferon‑gamma 
and tumor necrosis factor‑alpha in transcriptional activation is mediated by coop-
eration between signal transducer and activator of transcription 1 and nuclear fac-
tor kappaB. J Biol Chem. 1997; 272: 14 899-14 907.
23  Cambien B, Karimdjee BF, Richard‑Fiardo P, et al. Organ‑specific inhibi-
tion of metastatic colon carcinoma by CXCR3 antagonism. Br J Cancer. 2009; 100: 
1755-1764.
24  Schecter AD, Calderon TM, Berman AB, et al. Human vascular smooth muscle 
cells possess functional CCR5. J Biol Chem. 2000; 275: 5466-5471.
25  Hoyer FF, Giesen MK, Nunes Franca C, et al. Monocytic microparticles pro-
mote atherogenesis by modulating inflammatory cells in mice. J Cell Mol Med. 
2012; 16: 2777-2788.
26  Han KH, Green SR, Tangirala RK, et al. Role of the first extracellular loop in 
the functional activation of CCR2. The first extracellular loop contains distinct do-
mains necessary for both agonist binding and transmembrane signaling. J Biol 
Chem. 1999; 274: 32055-32062.

https://doi.org/10.1111/j.1742-4658.2009.07344.x
https://doi.org/10.1111/j.1742-4658.2009.07344.x
https://doi.org/10.1042/BCJ20170699
https://doi.org/10.1042/BCJ20170699
https://doi.org/10.1042/BCJ20170699
https://doi.org/10.1038/nrn2935
https://doi.org/10.1038/nrn2935
https://doi.org/10.1159/000087196
https://doi.org/10.1159/000087196
https://doi.org/10.1159/000087196
https://doi.org/10.1016/S0079-6603(03)01009-2
https://doi.org/10.1016/S0079-6603(03)01009-2
https://doi.org/10.1016/0092-8674(93)90515-R
https://doi.org/10.1016/0092-8674(93)90515-R
https://doi.org/10.1093/hmg/ddt358
https://doi.org/10.1093/hmg/ddt358
https://www.doi.org/10.5603/KP.a2017.0242
https://www.doi.org/10.5603/KP.a2017.0242
https://www.doi.org/10.5603/KP.a2017.0242
https://www.doi.org/10.5603/KP.a2017.0242
https://doi.org/10.20452/pamw.4489
https://doi.org/10.20452/pamw.4489
https://doi.org/10.20452/pamw.4489
https://doi.org/10.2217/epi-2016-0162
https://doi.org/10.2217/epi-2016-0162
https://doi.org/10.5603/KP.a2018.0108
https://doi.org/10.5603/KP.a2018.0108
https://doi.org/10.5603/KP.a2018.0108
https://doi.org/10.5603/KP.2018.0163
https://doi.org/10.5603/KP.2018.0163
https://www.doi.org/10.33963/KP.14989
https://www.doi.org/10.33963/KP.14989
https://www.doi.org/10.33963/KP.14989
https://www.doi.org/10.33963/KP.14989
https://www.doi.org/10.5603/KP.a2017.0206
https://www.doi.org/10.5603/KP.a2017.0206
https://www.doi.org/10.5603/KP.a2017.0206
https://www.doi.org/10.33963/KP.14807
https://www.doi.org/10.33963/KP.14807
https://www.doi.org/10.33963/KP.14807
https://doi.org/10.1016/S0735-1097(03)00416-9
https://doi.org/10.1016/S0735-1097(03)00416-9
https://doi.org/10.1016/S0735-1097(03)00416-9
https://doi.org/10.1016/S0735-1097(03)00416-9
https://doi.org/10.1016/j.hlc.2017.05.120
https://doi.org/10.1016/j.hlc.2017.05.120
https://doi.org/10.1016/S0140-6736(14)61774-8
https://doi.org/10.1016/S0140-6736(14)61774-8
https://doi.org/10.1016/S0140-6736(14)61774-8
https://doi.org/10.1016/S0140-6736(15)00128-2
https://doi.org/10.1016/S0140-6736(15)00128-2
https://doi.org/10.1016/S0140-6736(15)00128-2
https://doi.org/10.1016/S0140-6736(15)00128-2
https://doi.org/10.1016/S0140-6736(15)00128-2
https://doi.org/10.1093/eurheartj/ehv513
https://doi.org/10.1093/eurheartj/ehv513
https://doi.org/10.33963/KP.14846
https://doi.org/10.33963/KP.14846
https://doi.org/10.1161/CIRCRESAHA.114.302225
https://doi.org/10.1161/CIRCRESAHA.114.302225
https://doi.org/10.3389/fgene.2013.00253
https://doi.org/10.3389/fgene.2013.00253
https://doi.org/10.1161/CIRCULATIONAHA.110.958967
https://doi.org/10.1161/CIRCULATIONAHA.110.958967
https://doi.org/10.1093/nar/gkl887
https://doi.org/10.1093/nar/gkl887
https://doi.org/10.1093/nar/gkl887
https://doi.org/10.1093/bioinformatics/btg405
https://doi.org/10.1093/bioinformatics/btg405
https://doi.org/10.1007/0-387-29362-0_23
https://doi.org/10.1007/0-387-29362-0_23
https://doi.org/10.1007/0-387-29362-0_23
https://doi.org/10.1093/nar/27.1.29
https://doi.org/10.1093/nar/27.1.29
https://doi.org/10.1038/75556
https://doi.org/10.1038/75556
https://doi.org/10.1038/nprot.2008.211
https://doi.org/10.1038/nprot.2008.211
https://doi.org/10.1038/nprot.2008.211
https://doi.org/10.1093/nar/gkq973
https://doi.org/10.1093/nar/gkq973
https://doi.org/10.1093/nar/gku1104
https://doi.org/10.1093/nar/gku1104
https://doi.org/10.1111/j.1538-7836.2011.04547.x
https://doi.org/10.1111/j.1538-7836.2011.04547.x
https://doi.org/10.1111/j.1538-7836.2011.04547.x
https://doi.org/10.7150/thno.15625
https://doi.org/10.7150/thno.15625
https://doi.org/10.1016/j.pharmthera.2006.04.002
https://doi.org/10.1016/j.pharmthera.2006.04.002
https://doi.org/10.1016/j.pharmthera.2006.04.002
https://doi.org/10.1074/jbc.272.23.14899
https://doi.org/10.1074/jbc.272.23.14899
https://doi.org/10.1074/jbc.272.23.14899
https://doi.org/10.1074/jbc.272.23.14899
https://doi.org/10.1038/sj.bjc.6605078
https://doi.org/10.1038/sj.bjc.6605078
https://doi.org/10.1038/sj.bjc.6605078
https://doi.org/10.1074/jbc.275.8.5466
https://doi.org/10.1074/jbc.275.8.5466
https://doi.org/10.1111/j.1582-4934.2012.01595.x
https://doi.org/10.1111/j.1582-4934.2012.01595.x
https://doi.org/10.1111/j.1582-4934.2012.01595.x
https://doi.org/10.1074/jbc.274.45.32055
https://doi.org/10.1074/jbc.274.45.32055
https://doi.org/10.1074/jbc.274.45.32055
https://doi.org/10.1074/jbc.274.45.32055

