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Abstract
Objective

the relationship between Atrial fibrillation(AF) and Ischemic cardiomyopathy(ICM) has long been widely
recognized, but no previous study explore the interaction mechanisms and method to confirm the casual
relation ship of them. this study was aimed to investigate the shared gene signatures and molecular
process between AF and ICM.

Methods

The Gene expression Omnibus(GEO) database was used to retrieve the data of AF and ICM used in this
syudy. Weighted gene co-expression network analysis(WGCNA) was performed to discover associated
genes with AF and ICM. Than intersecting the correlated genes by venn and filtered out the co-expression
gene both AF and ICM, than performed GO enrichmen analysis and PPI network analysis, than usig the
cytoscape software screened out the most significant hub genes correlated with AF and ICM, finally
validated by other dataset.

Result

using WGCNA the most correlated module with AF and ICM respectively were identified. By venn the most
correlated genes with AF and ICM filtered out 188 genes as the co-expressed genes with AF and ICM. than
performed GO enrichmen analysis and PPI network analysis, than usig the cytoscape software screened
out the three most significant hub genes(CHD1,MSH2, NIBPL) correlated with AF and ICM, finally
validated using other dataset by ROC, all of thre genes has the good discrimination ability both in AF and
ICM.

Conclusion

This work firstly revealed the three co-expression genes correlated with AF and ICM, maybe the expression
level of these genes have diagnostic value of AF and ICM and have diagnostic value to confirm the cause
of AF is ICM.

1. Introduction

AF is the most prevalent cardiac tachyarrhythmia encountered in clinical practicel'l. In 2010, it was
estimated that there were already 33 million people with AF worldwide, and projection suggest this may
exceed 70 million in Asia alone by 205012, Complications of AF include an elevated risk of stroke, heart
failure, dementia, and premature death 13l. Additionally, associated symptoms include chest pain,
palpitations, fatigue, dizziness, syncope, dyspnea, and a decrease in exercise capacity!l. Furthermore,
recent data suggest that there is an increasing burden of AF-related symptoms and complications on
healthcare systems. For example, hospitalizations for AF in Australia have demonstrated a 295% increase
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in recent years and now represent the most common cause for cardiovascular hospitalization® ©l. Tese
trends are concerning and suggest that there is a need to evaluate current management approaches and
investigate new treatments.

The population suffering from AF complicated with coronary heart disease (CHD) is rising rapidly, A
strong correlation between the two diseases has been reported. In addition, CHD can directly promote the
progression of AF by affecting reentry formation, focal ectopic activity and neural remodeling. At the
same time, AF also affects CHD through three aspects atherosclerosis, the mismatch of blood supply and
oxygen consumption, and thrombosis. In conclusion, CHD and AF can aggravate each other and seem to
form a vicious cycle Many studies have shown that patients with CHD tend to develop atrial fibrillation
(AF)[7] On the other hand, AF was an independent predictor and led a 2.2 times higher probability of new
coronary eventsl8l. According to the REGARDS study, the rate of myocardial infarction (MI) was
approximately 2-fold higher in patients with AF®. This association is particularly notable in women and
black peoplel'%. To be precise, the incidence of CHD in patients with AF was as high as 34% '], To make
things worse, patients with CHD and AF together tend to have worse outcomes, including higher
complication rates and mortality!'?, regardless of the type of CHD and AF.

Although it is reported that: CHD is correlated with AF, The lesions and severity of CHD are the significant
facrors which related to the occurrence of AF. Some studies have found a significant correlation between
infarction or lesions in the right coronary artery (RCA) and NOAF!'". 13l Controversially, several studies
have indicated that patients with NOAF are more likely to have left main coronary artery disease (CAD)[1 4,
According to a study in Israel, severe CAD in the RCA and left circumflex were significant predictors of
early AF, while left main and left anterior descending CAD were linked with late AF'5]. The blockage in
atrial branches, which usually originate from the RCA and supply blood to the atria, provides an
explanation for the association between RCA lesions and AF.

In summary, NOAF is more common in severe CHD, and the incidence of NOAF is proportional to the
degree of myocardial ischemia. Long-period of myocardial ischemia resulted in ischemic
cardiomyopathy, the Ischemic cardiomyopathy is the end stage of coronary heart disease. Although
previous studies reported the correlation between AF and coronary artery disease and myocardial
ischemia, but no study reported the correlation between AF and ischemic cardiomyopathy, and let alone
the co-expressive biomarker for diagnosis of AF and ICM. Thus this study tend to investigate the
coexpressive genes in AF and ICM, and give clinicians to a an effective toll to diagnosis of AF
complicated with ICM, and help to confirm the cause of AF is ICM.

2. Materials and Methods

2.1 Data acquisition and preprocessing. In this study, two microarray expression datasets of
ICM(GSE1869, GSE5406) and other two microarray expression datasets of AF(GSE41177, GSE14975)
were acquired from the Nationnal Center for Biotechnology Information Gene Expression Omnibus
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database(NCBI-GEO; https://www.ncbi.nlm.nih.gov/geo/) . in order to obtain a larger sample size, two
GEO datasets of ICM (GSE1869 and GSE5406) were merged, samely merged the two GEO datasets of
AF(GSE41177 and GSE14975). And ICM datasets and AF datasets are standardized and normalized
using the “limma” package seperately, Used the "sva" package to conduct the batch effect. And download
the another ICM datasets(GSE116250 and GSE9128) and AF dataset(GSE79768) to use for the validation
cohort.

2.2 Weighted gene Co-expression network analysis, The Weighted gene Co-expression network
analysis(WGCNA) is an algorithm that can find the co-expression gene modules with high biological
significance and explore the relationship between gene networks and diseasel'%l. Therefore, we used the
WGCNA to obtain the ICM and AF associated modules. The “WGCNA" package in R 4.0.3 software were
used to perorm the WGCNA analysis. Before analysis, the hierarchial clustering analysis was performed
using the Hclust function in Rlanguage to exclude the outlier samples. Then the appropriate

softpowers B(ranged from 1 to 20) was selected using the function of “picksoft ” in the WGCNA package
according to the standard of scale free network. Next, the soft power value B and gene correlation matrix
among all gene pairs calculated by pearson analysis were used to build adjacency matrix. Then the
topological overlap matrix(TOM) and the corresponding dissimilarity(1 - TOM) was transformed from the
adjacency matrix. A hierarchical clustering dendogram was further built and similar gene expression were
devided into different modules. Finally, The expression profiles of each module were summarized by the
module enginee(ME), and correlation between the ME and clinical features was calculated. Therefore, the
modules with high correlation coefficient with clinical features were focused and the genes in these
modules were selected subsequent analysis. In this study, the soft thresholdBwas 6 in the WGCNA
analysis of ICM and AF.

2.3 Identification of Shared and Unique Gene signatures in ICM and AF and performed pathway
enrichment analysis. We selected the modules that were highly relevant to ICM and AF. The shared genes
in modules positively associated with ICM and AF were overlapped using vennl'”]. Then performed the
protein-protein interaction(PPI) network analysis on these overlapped gene in venn and make it visualize
by Cytoscape. then the GO(BP, CC,MF) analysis and KEGG analysis of these genes were performed. the P-
value< 0.05 was considered significant.

we performed Subnetwork extraction, on overlapped genes by venn, By using the “cytohubba” algorithm
in cytoscape in cytoscape software version 3.7.2 Four topological analysis methods are used, and
extract the top 10 genes in the every subnetwork. The Four topological analysis methods are EPC Edge
Percolated component , DMNC Density of Maximum Neighborhood Component MCC Maximal Clique
Centrality and MNC Maximum neighborhood component . These topology analysis methods rank and
select the top 10 according to the attributes of nodes in the network. Then the every ten genes retained by
Four topological analysis methods were overlapped using venn.

2.4 then we performed Lasso regression analysis on 7 hub genes in ICM merged dataset and AF merged
dataset, then performed intersection by venn.
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2.5 Lollipop chart of correlation between single gene and immune cell and immune process. Calculate the
enrichment fraction of 29 immune cells and immune processes in the ICM combined gene set and AF
combined gene set separately by using ssGSEA method. Then performed correlation analysis between
enrichment fraction and expression level of hub genes, and displayed the Lollipop chart.

2.6 Validation, drawed ROC curve and calculated the AUC value of hub genes in the ICM combined gene
set and AF combined gene set separately. And developed ROC and calculated AUC both in the validation
dataset of ICM(GSE116250 and GSE9128) and validation dataset of AF(GSE79768).

2.7 predict and developed the PPl map of the genes which express the Protein-protein interaction with
three hub genes. and performed functional enrichment analysis of these genes then displayed the top five
genes. And Histogram of the potential transcription factors of the three genes jointly predicted by six
databases, and according to the Mean rank displayed top ten transcription factors.

3. Results

Our study collected and merged two ICM expression profiling datasets (GSE1869, GSE5406) and two AF
expression profiling datasets(GSE41177, GSE14975), All datasets are standardized and normalized using
the “limma” package, and by using the “sva” package batch effects were performed both on the ICM
dadasets and AF datasets for subsequent analyses (Figure1 A, B)

3.1 Co-expression modules in ICM and AF

In the ICM combined dataset(GSE1869 and GSE5406), When 0.8 was used as the correlation coefficient
threshold, the soft-thresholding power was selected as seven (Figure 1A). Through WGCNA analysis, 7 co-
expression modules were identified. And It clearly indicated that the Red module was most significantly
associated with ICM(P=0.004), and it include 1307 genes.

In the AF combined dataset(GSE41177 and GSE14975), When 0.8 was used as the correlation coefficient
threshold, the soft-thresholding power was selected as five (Figure 1A). Through WGCNA analysis, 7 co-
expression modules were identified. And It clearly indicated that the Blue module was most significantly
associated with ICM(P= 4*10-4), and it include 3154 genes(Figure2).

3.2 Interaction of genes interacted correlated genes screened by WGCNA from ICM combined dataset
and AF combined dataset by venn. And filtered out 188 correlated Comorbidity genes(Figure3,A), and
performed protein-protein interaction network(PPI) analysis and visualized it by Cytoscape(Figure3,B).

3.3 Enrichment analysis of Comorbidity genes. Performed GO(Figure4 A.BP B.CC C.MF) and
KEGG(Figure4 D. ) enrichment analysis on these 188 Comorbidity genes. Enrichment analysis suggested
that they were mosly involved in pathways of regulation of histone H3-K9methylation(BP), vacuolar
membrane(CC), single-stranged DNA binding(MF) and Steroid biosynthesis(KEGG).
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than performed Subnetwork extraction, on overlapped genes by venn, By using the “cytohubba” algorithm
in cytoscape in cytoscape software version 3.7.2 Four topological analysis methods are used, and
extract the top 10 genes in the every subnetwork. The Four topological analysis methods are EPC Edge
Percolated component , DMNC Density of Maximum Neighborhood Component MCC Maximal Clique
Centrality and MNC Maximum neighborhood component . These topology analysis methods rank and
select the top 10 according to the attributes of nodes in the network(Figure5 A,B,C,D). Then the every ten
genes retained by Four topological analysis methods were overlapped using venn Figure5 E and filtered
out 7 hub genes.

3.4 Performing Lasso regression analysis, we filtered out the expression matrix of 7 hub genes both form
ICM combined datasets and AF combined datasets, and performed Lasso regression analysis with 7 hub
genes on ICM combined datasets and filtered out 5 hub genes(Figure6,A,B), samely performed Lasso
regression analysis with 7 hub genes on AF combined datasets and filtered out 4 hub genes(Figure6,C,D),
than intersected by venn, finally screened ou 3 hub genes(CHD1, MSH2, NIPBL),(Figure6,E).

3.5 Lollipop chart of correlation between single gene and immune cell and immune process. Calculate
the enrichment fraction of 29 immune cells and immune processes in the ICM combined gene set and AF
combined gene set separately by using ssGSEA method. Then performed correlation analysis between
enrichment fraction and expression level of three hub genes, and displayed the Lollipop chart Figure7 .

3.6 Validation, we drawed ROC curve and calculated the AUC value of hub genes in the ICM combined
gene set, the AUC value of three hub genes are 0.846 (CHD1), 0.722 (MSH2) and 0.885(NIPBL)
separately(Figure8,A,B,C), The result indicated that these genes has the good diagnostic value in
diagnosing ICM.

And in AF combined dataset we also drawed ROC curve and calculated the AUC value of three hub genes,
the AUC value of three hub genes are 0.83 (CHD1), 0.869 (MSH2) and 0.882(NIPBL)
separately(Figure8,D,E,F), The result indicated that these genes has the perfect diagnostic value in
diagnosing AF.

And we validated the discermination ability of these genes by other dataset. We darawed the ROC curve
and calculated the AUC value of three hub genes in the ICM genesets, GSE116250 dataset and GSE9128
dataset(Figure8,G,H). and darawed the ROC curve and calculated the AUC value of three hub genes in the
AF dataset ,GSE116250 dataset,(Figure8,l), these results indicated that these three hub genes has the
good discrimination ability both in ICM and AF.

3.7 we predict and developed the PPl map of the genes which have the Protein-protein interaction with
three hub genes and performed functional enrichment analysis of these genes then displayed the top five
genes(Figure8,A). And Histogram of the potential transcription factors of the three genes jointly predicted
by six databases, and according to the Mean rank displayed top ten transcription factors(Figure9,B).

Discussion
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A strong correlation between the AF and CHD has been reported, and can aggravate each otherand the

many common risk factors they share may play prominent roles in their development!'8, after long
period of CHD result in ICM, namely ICM is the end satge of CHD, thus ICM make AF heavier then
CHD.Although the objective relationship between ICM and AF has been proven by a series of studies, the

underlying mechanisms are uncleal’®.AF is correlated to several factors that either individually or in
combination promote the initial development of the arrhythmia and the episodes that characterize the

diseasel'92% |ncluding:arterial hypertension, obesity, diabetes mellitus and genetic factors.

Just because the many factors result in AF, Thus, we can’t confirm whether the ICM is the cause of AF or
not in AF patients complicated with ICM. Thus clinitians unable to confirm the treatmen stategy of AF,
about have to ablation therapy or treating ICM by percutaneous coronary intervention and improve
cardiac function. And no previous study reported the efficient diagnostic method to fonfirm this.

In this study we screned the three co-expression genes which correlated with AF and ICM.these three
genes include:CHD1, MSH2, NIPBL.

CHD1,located Chr: 98,853,985 - 98,929,007, is the founding member of the CHD family and is conserved
across all eukaryotes?'l . CHD1 is capable of assembling nucleosomes, remodeling chromatin structure,

modulating histone turnover, and regulating gene transcription22231. And it plays multifaceted roles in

prostate cancer, the CHD1 protein is stabilized and contributes to cancer progression, tumor

microenvironment remodeling, and drug resistancel24261

Carriers of an MSH2 gene mutation have the highest cancer risks across the spectrum, especially for the
development of urinary tract cancer?’]. Accordingly, the patient and her relatives should be followed-up
closely to discover these new-onset cancers early, especially urinary tract cancerl?7!,

NIPBL gene plays an important role in cancer cell proliferation, migration, and infiltration in the GO/ G1
phase of cell cycle, preventing from apoptosis or autophagy and generating cell resistance to drugs!2®!

By searching we found that no previous study reported the correlation between the three genes and
cardiovascular disease. And foud these three genes correlated with tumor, this is the first study pupose
the notion of these three genes are the co-expressed genes of AF and ICM. By the result of this clinitians
can diagnose AF complicated with ICM, and can confirm the cause of AF is ICM.

However, this study still has some limitations: we screened out the three co-expression genes of AF and
ICM by bioinformatic analysis, but we did not validated mechanism and function of these genes about
how these genes correlated with AF and ICM, Thus further in vitro and in vivo research need to perform to
identify these mechanism.

To sum up, three genetic biomarkers closely related to AF and ICM were screened by bioinformatic
analysis, and used in clinic to diagnose AF combined with ICM, and confirm the cause of AF is ICM.
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A. PCA map of ICM dataset before performing batch effects. B. PCA map of ICM dataset after performing
batch effects. C.PCA map of AF dataset before performing batch effects. D. PCA map of AF dataset after
performing batch effects
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(A) Analysis of the scale-free fit index for various soft-thresholding powers in ICM(Left) and analysis of
the mean connectivity for various soft-thresholding powers (Right); (B) Analysis of the scale-free fit index
for various soft-thresholding powers in AF(Left) and analysis of the mean connectivity for various soft-
thresholding powers in AF (Right);(C) cluster dendrogram of co-expression genes in ICM. (D)cluster
dendrogram of co-expression genes in AF.(E) Module-trait relationship in ICM,Each cell contains the
corresponding correlation and Pvalues. (E) Module-trait relationship in Af, Each cell contains the
corresponding correlation and Pvalues.
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Figure 3

(A) venn map of correlated genes of ICM filtered by the highest correlated module(red) of WGCNA and
correlated genes of AF filtered by the highest correlated module(red) of WGCNA. (B)PPI map of these
intersected genes.
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Figure 4

GO enrichment analysis(A:biological process, B:cellular component, C:molecular function) of 188 shared
genes of ICM and AF. D:KEGG enrichment analysis of shared genes.
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Figure 5

Topological analysis methods performed by the “cytohubba” algorithm in cytoscape, (A) Edge Percolated
component, (B) Density of Maximum Neighborhood Component, (C)Maximal Clique Centrality,
(D)Maximum neighborhood component, (E) venn map of screened genes by four topological analysis
methods.
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Figure 6

A Lasso regression analysis of ICM combined dataset B , LASSO regression tenfold cross validation of
ICM, lambda value is 0.01692637 C Lasso regression analysis of AF combined dataset.(D) LASSO
regression tenfold cross validation of ICM, lambda value is 0.03566359.
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Figure 7

Correlation Coefficient

Correlation Coefficient

Correlation Coefficient

Lollipop chart of correlation between the enrichment fraction of 29 immune cells and immune processes
in the ICM combined gene set and expression level of hub genes (A) CHD1, B MSH2,(C) NIPGL. In the AF
combined gene set (D) CHD1, E MSH2, (F) NIPGL.
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ROC curve and AUC value of three hub genes in ICM combined gene set, (A)CHD1 (B)MSH2 (C) NIPGL.
ROC curve and AUC value of three hub genes in AF combined gene set, (D)CHD1, (E)MSH2, (F)
NIPGL.ROC curve and AUC value of three hub genes in ICM validation dataset(G and H), ROC curve and
AUC value of three hub genes in AF validation dataset(l)
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Figure 9

A: PPl map of the genes which have the protein-protein interaction with three hub genes B: Histogram of
potential transcription factors of three hub genes.
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