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Abstract: Paroxysmal atrial fibrillation (PAF) is one of the common arrhythmias in found adults. Radiofrequency 
catheter ablation (RFCA) is the main method to treat arrhythmias. However, the mechanism of dysfunction of in-
flammatory factors in paroxysmal atrial fibrillation during surgery has not been clearly elucidated in previous stud-
ies. Therefore, this study is based on the dysfunction module of paroxysmal atrial fibrillation mediated by multiple 
regulators in order to predict its potential dysfunction mechanisms. First, we combine differential analysis, co-
expression analysis and enrichment analysis, and construct protein interaction networks, regulator prediction, and 
network connectivity analysis. Subsequently, the function and path network of the integrated modules are analyzed. 
Finally, we performed Pivot analysis of ncRNA and TF. Results A total of 804 differentially expressed and persistently 
dysfunctional genes and 12 co-expression modules were obtained. Importantly, we identified three different sets 
of gene modules in the protein interaction network (including the inflammation module, the expression disorder 
module and the synthesis module of surgical state diseases). They are mainly involved in protein polyubiquitina-
tion, post-translational protein modification and SCF-dependent proteasomal ubiquitin-dependent protein catabolic 
process and other functional pathways. Second, using crosstalk analysis, we found a complex relationship between 
module 3 and module 5, while there is a simple crosstalk relationships between other modules. In addition, 23 
endogenous genes (such as CUL1, UBE2D2 and NEDD4) were selected through a network connectivity analysis. 
In total, 1716 ncRNAs (including FENDRR, microRNA-300 and microRNA-186-5p) and 136 transcription factors (in-
cluding BRCA1, CEBPD and MYB) were also obtained. These crucial regulators might be related to the dysfunction 
mechanism of paroxysmal atrial fibrillation. Therefore, radiofrequency ablation for paroxysmal atrial fibrillation may 
provide a new research method for patients.
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Introduction

Atrial fibrillation is a common persistent arrhy- 
thmia throughout the world. It has a high inci-
dence and can cause a series of complications 
when it is serious [1]. On the one hand, atrial 
fibrillation (AF) is a progressive disease, initially 
caused by triggering activity; and by AF chang-
ing to sustained AF, it is gradually becoming 
one of the main burdens of the health care  
system [2, 3]. On the other hand, chronic atri- 
al fibrillation can be classified as paroxysmal, 
persistent and permanent atrial fibrillation [4]. 

Paroxysmal atrial fibrillation (PAF) accounts for 
about half of all cases of atrial fibrillation, and  
is considered the early stage of disease [5]. Pa- 
roxysmal atrial fibrillation is a common clinical- 
ly related arrhythmia. Effective cure of paroxys-
mal atrial fibrillation is essential to reduce the 
risk of stroke and heart failure [6, 7]. Frozen 
headache accompanied by recurrent attacks of 
paroxysmal atrial fibrillation occurs simultane-
ously; so it can be inferred that frozen drinks 
are a initiator of arrhythmia, which has been 
confirmed by Lugovskaya et al. [8]. In addition, 
the heart is regulated by the external and inter-



Potential dysfunction of inflammatory factors in patients

3131 Int J Clin Exp Med 2020;13(5):3130-3140

nal autonomic nervous system, so the auto-
nomic nervous system also plays an important 
role in the occurrence of atrial fibrillation [9]. 
According to the research of many scholars, 
catheter ablation is an important treatment of 
atrial fibrillation, and also the only operation 
that has proved to be curative in a large pro- 
portion of patients so far [10, 11]. In clinical  
trials, CF-guided radiofrequency catheter abla-
tion has also been shown to be very suitable  
for the treatment of paroxysmal atrial fibrilla-
tion [12]. This irrigation CF-sensor catheter is 
safer and more effective in the treatment of 
PAF, and unintentional device-related adverse 
events can occur, so its use in the treatment  
of paroxysmal atrial fibrillation is more specific 
[13]. Pulmonary vein isolation is the main me- 
thod of catheter ablation for paroxysmal atrial 
fibrillation, which is the cornerstone of current 
atrial fibrillation ablation technology. It is the 
most effective independent surgery in paroxys-
mal atrial fibrillation patients [12, 14]. Radio- 
frequency ablation (RFA) antiarrhythmic drugs 
(AADS) is a first-line treatment for paroxysmal 
atrial fibrillation, so providing RFA as a first-line 
treatment for patients with high level of symp-
toms is very reasonable [15]. As radiofrequen- 
cy ablation is a common method of catheter 
ablation, improving its mapping methods can 
improve the success rate of catheter ablation 
of paroxysmal atrial fibrillation, and also help  
to improve the success rate of these complex 
operations [16].

In recent years, inflammatory factors have also 
been found to play a key role in the etiology of 
early onset and recurrence of atrial fibrillation 
[17]. Atrial fibrillation may occur and persist as 
a result of atrial remodeling caused by inflam-
mation. Inflammatory cytokines such as serum 
amyloid A continue to increase in patients with 
atrial fibrillation, indicating that inflammatory 
factors are crucial in atrial fibrillation [18]. In 
addition, Kornej et al. have shown that cathe- 
ter ablation of atrial fibrillation is associated 
with inflammation, endothelial damage and in- 
creased risk of thrombosis [19]. As far as the 
relationship between inflammatory cytokines 
and atrial fibrillation, the patient’s risk of the 
two are closely related; on the one hand, circu-
lating inflammatory factors such as increas- 
ed CRP and IL-6 increases the recurrence of 
atrial fibrillation catheter ablation. On the oth- 
er hand, other inflammatory markers, such as 

white blood cells and transforming growth fac-
tor, are also important in the occurrence and 
recurrence of atrial fibrillation [20]. In fact, the 
inflammation pathway can also be considered 
as a target for the treatment of atrial fibrilla- 
tion in an effort to reduce the clinical conse-
quences of thromboembolism and improve the 
adverse consequences of atrial fibrillation [21]. 
In Pan J’s conclusion, metoprolol can effective-
ly reduce the incidence of atrial fibrillation and 
inflammatory cytokine levels, thereby improv-
ing heart rate function and quality of life of pa- 
tients [22]. In addition to inflammatory factors, 
abnormal activation of other signal transduc-
tion and transcription activating factors has 
also been found to contribute to the promotion 
of atrial fibrosis, leading to the onset of atrial 
fibrillation [23].

Here, we propose a comprehensive analysis to 
explore the potential dysfunction mechanism 
of inflammatory factors in paroxysmal atrial 
fibrillation after radiofrequency catheter abla-
tion. These findings not only provide a new in- 
sight into the therapeutic effect of catheter 
ablation on paroxysmal atrial fibrillation, but 
also provide abundant resources to further 
design experiments.

Materials and methods

Analysis of data resources and differential ex-
pressions

We collected paroxysmal atrial fibrillation Ex- 
pression Omnibus (GEO) from the NCBI gene 
database disease samples [24], and NO GSE- 
75092 microarray expression data set. The dif-
ference between the two groups was analyzed 
for the collected disease samples, and the R 
language limma package [25] was used to cal-
culate the difference. 

Co-expression analysis and identification re-
lated functional modules

First, Weighted Gene Expression Network Ana- 
lysis (WGCNA) was used to analyze 5791 gene 
expression profiles associated with paroxysmal 
atrial fibrillation (PAF) [26] to find synergistic 
gene modules. Second, weighting coefficient 
calculation of any two genes (human factor) by 
taking the correlation coefficient between the 
N-power correlation value of the correlation 
coefficient. Then, hierarchical clustering tree by 
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the correlation between genes. Different bran- 
ches of the cluster tree represent different 
gene modules, and different colors represent 
different modules.

Protein interaction network identification disor-
der module

Observing the target interaction of genes in the 
module is helpful to understand the core mole-
cules driving module function and dysfunction. 
We collected 299 inflammatory factor-related 
genes and 656 paroxysmal atrial fibrillation-
related genes from NCBI-Gene and OMIM data-
bases, respectively. Based on String database, 
we constructed a protein interaction network 
(PPIs) [27] for each module. Twelve co-express- 
ed modules and genes related to inflammatory 
factors and diseases were introduced into the 
protein interaction network to identify the dif-
ferent roles played by different modules.

Identification of functional impairment mod-
ules and enrichment analysis of functions and 
pathway

The language we used was R cluster probe bag 
[28], in order to enrich and analyze functions 
(p-value < 0.01, q value < 0.01) and KEGG pa- 
thway (p-value < 0.05, q value < 0.2). According 
to the enrichment analysis, we determined that 
inflammatory factor dysfunction module may 
occur in paroxysmal atrial fibrillation operation.

Inter-module crosstalk and internal driving 
force analysis

We generated a random network 1000 by us- 
ing Python and string (score > 950) [29], while 
maintaining the same size of the network, ea- 
ch node maintains a constant degree. Second, 
in order to get the interaction times between 
the interaction times, the interaction times be- 
tween the important modules and the interac-
tion times under the random background are 
statistically compared, using the random net-
work. The logarithm of interactions between 
modules is called crosstalk. The methods to 
calculate crosstalk are: the number of interac-
tion networks N random among modules larger 
than the real network in the context of a ran-
dom network. When the p value is less than 
0.05, there is interaction between the module’s 
crosstalk (P=n/N). Then, Cytoscape revealed 
clear crosstalk, and directly observed the com-

plex regulatory relationship between the mod-
ules [30]. Further, Cytoscape networks (includ-
ing computational communications) for display 
and analysis. Finally, communication with the 
strongest gene is selected to adjust the pro-
cess module core molecule, and determines 
the intrinsic gene. These genes could be key 
factors in molecular surgical treatment of par-
oxysmal atrial fibrillation.

Identification of transcription factors and 
ncRNA regulation of modules

The Internet TRRUST V2 database [31] with 
predictive analysis was used for all the people 
in the transcription factor target data down-
load. Human ncRNA protein data (score > 0. 5) 
was download by RAID2.0 prediction database 
[32]. Then, pivot analysis was performed in 
these transcription factors and ncRNAs. The 
importance of the driving module pivoting 
means was to search and analyze the interac-
tion between at least two pairs and calculate 
the driver hypergeometric test module and the 
target interaction. TF and RNA (P < 0.01) is the 
fulcrum important regulation module. Finally, 
for statistical analysis, the hub is identified as 
the core hub.

Result

Differential expression of genes related to par-
oxysmal atrial fibrillation

In order to explore the potential dysfunction 
mechanism of inflammatory factors in paroxys-
mal atrial fibrillation (PAF) after radiofrequency 
catheter ablation (RFCA), we selected two gro- 
ups of gene expression profiles related to PAF 
to conduct an in-depth study. The difference  
in genes between the two groups were 4632 
and 2023, respectively. In addition, we screen- 
ed two groups of differentially expressed genes 
with positive or negative expression values, for 
a total of 804 (Table S1). This group of genes 
are believed to be genes with persistent disor-
ders during surgery.

Differential gene co-expression in paroxysmal 
atrial fibrillation

Through the difference of gene expression be- 
tween the two groups, we obtained the disor-
der-related genes of paroxysmal atrial fibril- 
lation under surgery. However, the regulatory 
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mechanism remained unclear. The expression 
profiles of paroxysmal atrial fibrillation disease 
samples were co-expressed by WGCNA. A total 
of 12 modules containing co-expressed genes 
were found (Figure 1A, 1B). These 12 modules 

the same module are clustered together and 
distinguished by color. Three modules were 
identified, including the inflammation module, 
the PAF imbalance module and the synthesis 
module. 

Figure 1. Clustering Module of Co-expression Relations of Genes Associated with Paroxysmal Atrial Fibrillation. A. 
According to the co-expression relationship of differentially expressed genes, 12 modules are clustered, one color 
represents one module. B. Thermogram of Modular Gene Expression in Samples. The disease samples of paroxys-
mal atrial fibrillation showed the phenomena of grouping expression intuitively. 

Figure 2. Protein Interaction Network Map (PIN) characterizing the underly-
ing pathogenesis of paroxysmal atrial fibrillation (PAF). Coffee represents the 
genes related to inflammatory factors, green represents the first group of dif-
ferentially expressed genes, purple represents the second group of differen-
tially expressed genes, and yellow represents the two groups of differentially 
expressed genes.

may represent different me- 
chanisms mediating the po- 
tential dysfunction of inflam-
matory factors in paroxysmal 
atrial fibrillation during radio-
frequency catheter ablation.

Construction of protein inter-
action networks in paroxys-
mal atrial fibrillation

To further clarify the gene  
disorder networks in pati- 
ents with paroxysmal atrial 
fibrillation undergoing radio-
frequency catheter ablation 
under inflammatory microen-
vironment, we constructed a 
protein interaction network 
PPIs using functional modu- 
les derived from co-expres-
sion analysis. In total, 14184 
interaction pairs of 527 mod-
ule genes were obtained (Fig- 
ure 2). In addition, we integrat-
ed genes related to paroxys-
mal atrial fibrillation and infla- 
mmatory factors into the net-
work module. The genes of  
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Figure 3. Modular genes are involved in the function and pathway identification of paroxysmal atrial fibrillation 
dysfunction modules. A. GO functional enrichment analysis of module genes (excerpts). The darker the color, the 
stronger the significance of enrichment. The larger the circle, the larger the proportion of module genes in GO func-
tional entry genes. B. KEGG pathway enrichment analysis of modular genes (excerpts). The darker the color, the 
stronger the significance of enrichment. The larger the circle, the larger the proportion of module genes to KEGG 
pathway entry genes.

Identification of dysfunction modules in parox-
ysmal atrial fibrillation

Dysfunction modules in paroxysmal atrial fibril-
lation results found 11083 functions and 386 

KEGG pathways were enriched (Figure 3A, 3B; 
Table S2). There are 1202 molecular functions 
(MF), 109 cell components (CC) and 8784 bio-
logical processes (BP). It is noteworthy that 
these signaling pathways, protein polyubiquiti-

http://www.ijcem.com/files/ijcem0109888suppltab2.xls
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nation, post-translational protein modification 
and SCF-dependent proteasomal ubiquitin-de- 
pendent protein catabolic process might be  
the core signaling pathways in disorder me- 
chanisms. Above all, these signaling pathways 
may correlate with the imbalance mechanism 
of inflammatory factors in paroxysmal atrial 
fibrillation during surgery.

Modular interaction analysis of paroxysmal 
atrial fibrillation

To explore the crosstalk relationship between 
modules, it is helpful to deepen our under-
standing of the potential dysfunction mecha-
nism of module regulation of paroxysmal atri- 
al fibrillation. Therefore, we conduct cross talk 
analysis among modules based on the rela- 
tionship between module genes. The results 
show that there is a complex interaction be- 
tween module 3 and module 5 (Figure 4). This 
crosstalk may play a driving role and regulate 
the imbalance mechanisms of inflammatory 
factors in paroxysmal atrial fibrillation.

The ncRNA and TF mediating paroxysmal atrial 
fibrillation dysfunction module

Transcriptional regulation of genes in the devel-
opment of disease is crucial, and non-coding 
RNA are also important to predict the module 
dysfunction caused by ncRNA regulatory fac-

factor of paroxysmal atrial fibrillation, the pivot 
block 193 relates to the interaction with a sig-
nificant role in transcriptional regulation (Fig- 
ure 6). Statistical analysis shows that STAT1 
and CITA have significant regulatory effects on 
a dysfunctional module. These data suggest 
that transcription factors are critical functions 
of paroxysmal atrial fibrillation barriers mecha-
nisms. These transcription factors may be the 
core transcription factors of paroxysmal atrial 
fibrillation. Besides, we analyzed the network 
connection through functional modules and 
identified 20 key endogenous genes, including 
CUL1, UBE2D2 and NEDD4. These genes have 
a high intrinsic connectivity network module,  
as well as the mechanism underlying dysfunc-
tion paroxysmal atrial fibrillation playing a sig-
nificant regulatory role.

Discussion

Atrial fibrillation is one of the common persis-
tent arrhythmias in found clinical practice, and 
its risk factors include stroke and heart failure 
[33]. Paroxysmal atrial fibrillation is a signifi-
cant manifestation of atrial fibrillation. More 
and more evidence shows that catheter abla-
tion is superior to antiarrhythmic drugs in con-
trolling atrial fibrillation [10]. On the other hand, 
according to Lesaka et al., inflammation plays 
an important role in the etiology of early recur-
rence of atrial fibrillation (ERAF) [17]. Although 

tors. We analyzed the rela- 
tionship between critical and 
non-coding RNA gene tar- 
geting. We obtained 1716 
ncRNAs with regulatory effe- 
cts on these modules, involv-
ing 2951 ncRNA module inter-
action pairs (Figure 5). Statis- 
tical analysis showed that the 
modules of small RNA-146B-
5P dysfunction have a strong 
regulatory role and may be- 
come the core of ncRNA. miR-
300 also plays an important 
role in regulating 5 dysfunc-
tional modules and dysfunc-
tional modules. Next, we pre-
dicted from the analysis using 
pivot transcription factor gene 
module. The results show that 
the mechanism of 136 dys-
functions of the transcription 

Figure 4. Cross talk analysis between paroxysmal atrial fibrillation modules, 
the red part represents a complex crosstalk relationship.
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in recent years, the exploration of paroxysmal 
atrial fibrillation has made some progress. How- 
ever, the detailed mechanism remains unclear. 
Co-expression analysis, protein interaction net-
work, transcription and post transcriptional 
regulation, and multidimensional module inter-
action analysis were used to explore the poten-
tial dysfunction mechanisms of inflammatory 
factors in patients with paroxysmal atrial fibril-
lation undergoing radiofrequency ablation.

To fully explore the potential dysfunction mech-
anism of paroxysmal atrial fibrillation, we first 
integrated two groups of related genes of par-
oxysmal atrial fibrillation under surgical condi-
tion and analyzed the differences. We screened 
804 genes related to persistent disorders in 
the two groups. We found that KCNA5 is up-
regulated in both groups of DEG, and the up-
regulated multiple genes are large. In Sattiraju’s 
study, KCNA5 mutation is a new risk deficiency 

Figure 5. ncRNA regulatory network 
map of paroxysmal atrial fibrillation. 
The blue circle represents the mod-
ule and the pink circle represents the 
ncRNA corresponding to the module.
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factor for atrial fibrillation, which plays an im- 
portant role in the occurrence and develop-
ment of atrial fibrillation [34]. Secondly, we 
found 12 co-expression modules, in which the 
genes are considered to be co-expressed. Sub- 
sequently, in view of the results of enrichment 
analysis, we found that the genes in the 12 
modules obtained from paroxysmal atrial fibril-
lation mainly participate in protein polyubiquiti-
nation, post-translational protein modification 
and SCF-dependent proteasomal ubiquitin-de- 
pendent protein catabolic process and other 
functional pathways. We then found that STAT1 
has an important regulatory role in the 12 dys-
function modules, suggesting that STAT1 has 
an important role in paroxysmal atrial fibrilla-
tion. Cttsai et al. concluded that STAT1 activa-
tion may lead to inflammation and structural 
changes, leading to atrial fibrillation [35]. In ad- 
dition, CIITA has also been found to be associ-
ated with chronic inflammation. The down-regu-
lation of CIITA and the interaction of transcrip-
tion between cells are related to STAT1 expres-
sion [36]. Therefore, STAT1 and CITA may be the 
core transcription factors regulating the mech-
anism of paroxysmal atrial fibrillation disorder.

In addition, non-coding RNA is considered as 
the crucial regulator of the development and 
progression of the disease. According to the 
target relationship between ncRNA and genes, 
we made a pivot analysis. The results show that 
1716 of the predicted, non-coding RNA mod-
ules played significant regulatory roles. On the 
one hand, miR-146b-5p was found to regulate 
these two dysfunctional modules.

According to Roldn et al., we found that miR-
146b-5p is an important negative regulatory 
factor for inflammation, which can be used as a 
prognostic biomarker for atrial fibrillation [37]. 
Therefore, miR-146b-5p is considered as a key 
regulator in many aspects of paroxysmal atrial 
fibrillation and plays a key role in the disorder 
mechanism of the whole disease. On the other 
hand, miR-300 has been found to regulate five 
dysfunction modules, which are also the core 
regulators of diseases. Overexpression of miR-
300 can inhibit cell apoptosis and enhance 
vascular endothelial cells in cell growth cycle, 
thereby reducing inflammation and playing a 
role in endothelial cells by regulating apoptosis 
and anti-apoptotic factors [38]. At the same 
time, we found that 20 endogenous genes may 

Figure 6. The regulatory network of transcription factors 
in paroxysmal atrial fibrillation. The green hexagon repre-
sents the module and the blue hexagon represents the 
transcription factors corresponding to the module.
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be the main potential obstacles of inflammato-
ry factors in surgical treatment of paroxysmal 
atrial fibrillation.

A series of regulatory factors predict the poten-
tial dysfunction of the mechanism of paroxys-
mal atrial fibrillation. However, other unreport-
ed ncRNAs and transcription factors may play  
a role in the dysfunction mechanism of parox-
ysmal atrial fibrillation, which needs further 
exploration. Overall, our study is based on the 
mechanism of inflammatory cytokines in pati- 
ents with paroxysmal atrial fibrillation undergo-
ing radiofrequency ablation, in order to explore 
the potential of dysfunction. In the future, we 
will further explore the molecular mechanism  
in patient samples, which will provide a new 
pathway for the treatment of paroxysmal atrial 
fibrillation.
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