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Abstract 
Background: Heart failure (HF) is the most common potential cause of death, causing a huge health 
and economic burden all over the world. So far, some impressive progress has been made in the 
study of pathogenesis. However, the underlying molecular mechanisms leading to this disease 
remain to be fully elucidated. 
Methods: The microarray data sets of GSE76701, GSE21610 and GSE8331 were retrieved from 
the gene expression comprehensive database (GEO). After merging all microarray data and 
adjusting batch effects, differentially expressed genes (DEG) were determined. Functional 
enrichment analysis was performed based on Gene Ontology (GO) resources, Kyoto Encyclopedia 
of Genes and Genomes (KEGG) resources, gene set enrichment analysis (GSEA), response pathway 
database and Disease Ontology (DO). Protein protein interaction (PPI) network was constructed 
using string database. Combined with the above important bioinformatics information, the potential 
key genes were selected. The comparative toxicological genomics database (CTD) is used to explore 
the interaction between potential key genes and HF.  

Results: We identified 38 patients with heart failure and 16 normal controls. There were 315 DEGs 
among HF samples, including 278 up-regulated genes and 37 down-regulated genes. Pathway 
enrichment analysis showed that most DEGs were significantly enriched in BMP signal pathway, 
transmembrane receptor protein serine / threonine kinase signal pathway, extracellular matrix, 
basement membrane, glycosaminoglycan binding, sulfur compound binding and so on. Similarly, 
GSEA enrichment analysis showed that DEGs were mainly enriched in extracellular matrix and 
extracellular matrix related proteins. BBS9, CHRD, BMP4, MYH6, NPPA and CCL5 are central 
genes in PPI networks and modules.  

Conclusions: the enrichment pathway of DEGs and go ontology may reveal the molecular 
mechanism of HF. Among them, target genes EIF1AY, RPS4Y1, USP9Y, KDM5D, DDX3Y, NPPA, 
HBB, TSIX, LOC28556 and XIST are expected to become new targets for heart failure. Our 
findings provide potential biomarkers or therapeutic targets for the further study of heart failure and 
contribute to the development of advanced prediction, diagnosis and treatment strategies. 
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Cardiovascular disease is one of the main causes of human death, including coronary heart disease, 
hypertension, congenital heart disease, heart failure and other heart related diseases, as well as 
systemic vascular system related diseases such as atherosclerosis and lower extremity deep venous 
thrombosis. Among them, heart failure is the most common cardiovascular disease in clinic. It is 
estimated that about 64.3 million people worldwide suffer from heart failure[1]. As everyone knows, 
heart failure often follows a variety of other diseases, such as coronary heart disease, hypertension, 
diabetes, etc. these diseases are characterized by an obvious age-dependent dependency. That is, the 
higher the risk factor for age, the greater the risk of diseases. However, research shows that the 
burden of heart failure in young people may be increasing, which means that more young people 
will enter the ranks of heart failure, and its prevalence tends to be younger[2]. 
In terms of the mechanism of heart failure, the main reason is the myocardial injury (such as 
myocardial ischemia and necrosis), the overload of pressure and the overload of the volume, which 
result in the change of the structure and function of the myocardium, and eventually lead to the 
dysfunction of the blood pumping or filling of the ventricle, and the main clinical manifestations 
are fatigue, dyspnea and fluid retention. Among them, myocardial hypertrophy is the key to the 
occurrence and development of heart failure, but the exact reason for the transformation of 
myocardial hypertrophy into heart failure is not clear. In this process, it may play a role in the 
pathological increase of the circulating level of vasoactive substances (such as angiotensin II, 
catecholamine, endothelin, etc.), and the increase of the content of vasoactive substances will 
stimulate the myocardium and eventually lead to myocardial hypertrophy by stimulating their 
respective signal transduction pathways[3]; Oxygen free radicals formed in the early stage of 
pathological stimulation are involved in the occurrence and development of myocardial hypertrophy; 
Others include functional hypoxia, metabolic disorder, mitochondrial electron transport uncoupling 
and inflammation, the oxidation of catecholamine by monoamine oxidase and the activation of 
NADPH oxidase by angiotensin II and endothelin, which may be involved in the process of heart 
failure with myocardial hypertrophy as the trigger point. Conversely, cardiac hypertrophy itself can 
become a new key point to trigger heart failure. When hypertrophic cardiomyocytes are exposed to 
the environment with increased content of vasoactive substances for a long time, it will lead to 
subcellular defects, protease activation, metabolic disorders, abnormal calcium regulation, etc., 
which will increase the dysfunction of heart function, thus aggravating the occurrence and 
development process of heart failure[4]. Therefore, the cytokines and other molecular mechanisms 
involved in the occurrence and development of heart failure still need to be further studied, and its 
specific mechanism needs to be further proved at the molecular level[5]. Heart failure is a major 
health problem in the world. It is necessary to explore the potential biomarkers and molecular 
mechanisms related to the occurrence and development of heart failure, so as to provide more 
targeted and effective treatment strategies for patients and bring benefits. At present, high-
throughput technology has developed rapidly and is widely used in various fields. Integrated 
bioinformatics analysis is expected to become a key technology to clarify the etiology, pathogenesis 
and treatment of heart failure, which will benefit mankind in terms of human, material and financial 
resources. 
In this study, we analyzed three mRNA expression profiles (GSE76701, GSE21610 and GSE8331) 
of the same platform (GPL570) downloaded from GEO Database 
(https://www.ncbi.nlm.nih.gov/geo/) to determine the possible DEGs in the occurrence and 
development of heart failure, and analyzed their expression, function and interaction, so as to 



provide reference for exploring biomarkers or therapeutic targets of heart failure. 
Methods 

Figure 1 clearly illustrates the flow chart of materials and methods. 
Heart failure dataset 
Download the heart failure dataset original files of three registered microarray datasets from NCBI 
GEO Database, including GSE76701, GSE21610 and GSE8331 (Table 1). All these datasets are 
from the microarray platform of  Affymetrix Human Genome U133 Plus 2.0 Array [HG-
U133_Plus_2]. In each dataset, human myocardial samples were selected only from HF and normal 
EF subjects, and finally 38 HF and 16 normal EF group samples were included for subsequent 
analysis. 
Data preprocessing 

The GSE76701 dataset contains 4 human HF samples and 4 human health samples, the GSE21610 
dataset contains 30 human HF samples and 8 human health samples, and the GSE8331 dataset 
contains 4 human HF samples and 4 human health samples. A series of matrix text files for the 
dataset have been obtained. Subsequently, the limma R software package was used for background 
correction, quartile standardization and probe summary [6-9]. See Table 1 for details. 
Identification of DEGs between HF and healthy samples 

In this study, we used the limma R package (version 3.6.3; https://www.r-project.org/ )[6]. The DEGs 
between HF samples and healthy samples were determined by the threshold standard of | log2 (FC) 
| > 1 and p.adj < 0.05. 
Function and pathway enrichment analysis of DEGs 

Gene Ontology (GO) resources (http://geneontology.org/, Accessed 20 Oct 2021) is a bioinformatics 
tool that provides a framework and a set of concepts to describe the function of all biological gene 
products[10]. Kyoto Encyclopedia of Genes and Genomes (KEGG) (https://www.kegg.jp/) is a 
database resource integrated the information of genomes, biological pathways, diseases and 
chemicals[11]. Reactome pathway database (https://reactome.org/) is a path annotation database that 
collects human biological paths and processes[12]. Enrichr (https://maayanlab.cloud/Enrichr/, 
Accessed 20 Oct 2021) is an online data processor[13-15]. Disease Ontology (DO) ( http://disease-
ontology.org, Accessed 20 Oct 2021), represents a comprehensive knowledge base of 8043 genetic, 
developmental and acquired human diseases[16]. Gene Set Enrichment Analysis (GSEA) 
(http://software.broadinstitute.org/gsea/index.jsp, Accessed 20 Oct 2021) is a computational 
method for interpreting gene expression data based on molecular signature database[17, 18]. Before 
enrichment analysis, the gene symbol code is converted into Entrez ID using the human genome 
annotation package "org. HS. eg.db". In order to better understand the biological functions and 
characteristics, the enrichment analysis is carried out with R software, using "Clusterprofiler" Go 
enrichment analysis package, reactor pathway analysis "Reactomepa" package and do enrichment 
analysis "DOSE" package. The "GOplot" and "ggplot2" packages of R software are used for visual 
mapping. The relevant go biological function map is considered to be significantly rich if it meets 
the p. adjust value < 0.05 and Q value < 0.05. For the important paths related to heart failure, the 
significance level, nominal p value and false discovery rate The cutoff value of (FDR) Q value is 
0.05. For GSEA enrichment analysis, FDR Q value < 0.25 and p.adjust value < 0.05 are used as 
screening indexes. 
Protein-protein interaction (PPI) network and potential key gene analysis 

String database (http://string-db.org/, Accessed 20 Oct 2021) is used to construct PPI network to 
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reveal the general organization principle of functional cell system and predict protein-protein 
interaction[19]. Through molecular complex detection (MCODE) of Cytoscape, the results of PPI 
network are modularized analyzed and visualized. Default parameters (degree cutoff) ≥ 2, node 
score cut-off ≥ 2, K nucleus ≥ 2, maximum depth = 100). In order to select potential key genes, we 
synthesized the above important bioinformatics information for subsequent analysis. If DEG meets 
the inclusion criteria (adjusted p value < 0.05 and | log2 FC | ≥ 1), it is considered as potential key 
genes. In addition, genes with connectivity greater than 5 in PPI network are also included. 
Identification of potential key genes associated with heart failure 

The Comparative Toxicogenomics Database (CTD, http://ctdbase.org/, Accessed 20 Oct 2021) 
synthesize information, including chemical gene / protein interactions, chemical diseases and gene 
disease relationships, to develop hypotheses related to disease mechanisms[20]. Use data in CTD to 
analyze the association between potential key genes and the risk of heart failure, atrial fibrillation, 
hypertension and sudden cardiac death. 
Results 

Dataset evaluation 

The gene expression level of the combined GEO series with adjusted batch effect is standardized, 
and the results before and after standardization are shown in Figure 2. Probes corresponding to 
21655 genes in GSE76701, GSE21610 and GSE8331 datasets were identified, and DEGs of heart 
failure were confirmed. The total number of filtered molecules was 21655, of which 85 IDS met the 
threshold of | log2 (FC) | ≥ 1 & p.adj < 0.05. Under this threshold, 60 were highly expressed in HF 
group and 25 in normal group; 22 IDS met the threshold of | log2 (FC) | ≥ 1.5 & p.adj < 0.05. Under 
this threshold, 16 IDS were highly expressed in HF group and 6 IDS were highly expressed in 
normal group; There are 10 IDs that meet the threshold of | log2 (FC) | ≥ 2 & p.adj < 0.05. Under 
this threshold, there are 7 highly expressed IDS in HF group (EIF1AY, RPS4Y1, USP9Y, KDM5D, 
DDX3Y, NPPA and HBB) and 3 highly expressed IDS in normal group (TSIX, LOC28556 and 
XIST). See Table 2 for details. Figure 3 shows the Heatmap plot, Volcano plot, PAC plot and UMAP 
plot. 
 

Figure 2 Boxplots of gene expressions before and after standardization for 3 selected GEO Database. 
(A. Before standardization; B. After standardization. NG: Normal Group; HF: Heart Failure Group) 
Figure 3 The PCA plot, UMAP plot, Volcano plot and Heatmap plot of gene expressions for 3 
selected GEO Database with a screening criteria of |log2 FC| ≥ 1 and adjust P value < 0.05. 
(A. PCA plot; B. UMAP plot; C. Volcano plot; D. Heatmap plot. PCA: Principal Component 
Analysis; UMAP: Uniform Manifold Approximation and Projection; NG: Normal Group; HF: Heart 
Failure Group) 
 

Functional enrichment analysis of DEGs 

GO enrichment analysis 

In order to further study the biological functions of 10 DEGs, functional enrichment analysis was 
carried out, and the results are shown in Table 3. GO enrichment analysis showed that the functions 
of differentially expressed genes were mainly concentrated in the following 11 aspects: GO: 
0030509 ~ BMP signaling pathway; GO: 0071772 ~ response to BMP; GO: 0071773 ~ cellular 
response to BMP stimulus; GO: 0003012 ~ muscle system process; GO: 0007178 ~ transmembrane 
receptor protein serine / threonine kinase signaling pathway; GO: 0062023 ~ collagen containing 

http://ctdbase.org/


extracellular matrix; GO: 0005604 ~ basement membrane; GO: 0005614 ~ interstitial matrix; GO: 
0008201 ~ heparin binding; GO: 0005539 ~ glycosaminoglycan binding; GO: 1901681 ~ sulfur 
compound binding. For the above GO meeting the requirements, the R language GOplot and ggplot 
2 package are used for visual presentation (Fig. 4). According to the adjusted screening criteria of 
P value < 0.05 and Q value < 0.05, there was no enrichment pathway in KEGG. 
 

Figure 4 Enrichment plots by GO. 
(A. GO Bar graph, B. Bubble plot, C. Bar graph of GO enrichment pathways, D. chord diagram, E. 
loop graph. BP: Biological Process; CC: Cellular Component; MF: Molecular Function) 
 

GSEA enrichment analysis 

GSEA was used to test the combined GEO dataset to identify functional gene sets associated with 
heart failure. Finally, five groups of HF related expressions were determined (Table 4), of which 
only three data sets met FDR Q value < 0.25 and p.adjust value < 0.05. These data sets include: (1) 
involved in encoding core extracellular matrix (including ECM glycoprotein, collagen and 
proteoglycan), (2) involved in encoding structural ECM glycoprotein, and (3) involved in encoding 
extracellular matrix and extracellular matrix related proteins (Fig. 3). According to the visualization 
results of GSEA, the eligible GSEA gene sets are as follows: (1) in NABA_ CORE_ Matrix gene 
set was significantly enriched (NES = 2.199; p.adjust = 0.037; FDR = 0.035); (2) At NABA_ ECM_ 
The glycoproteins gene set was significantly enriched (NES = 2.050; p.adjust = 0.037; FDR = 0.035) 
(Fig. 5). 
 

Figure 5 Enrichment plots by GSEA. 
(A. GSEA Visual Analysis, B. GSEA ridgeplot. NES: Normal Enrichment Score; FDR: False 
Discovery Rate) 
 

Enrichment analysis by Enrichr and Reactome 

Using Enrichr through online enrichment analysis, it was identified that 7 highly expressed IDS in 
HF group (EIF1AY, RPS4Y1, USP9Y, KDM5D, DDX3Y, NPPA and HBB) were related to 
Erythrocytes take up oxygen and release carbon dioxide, Physiological factors, Erythrocytes take 
up carbon dioxide and release oxygen, O2/CO2 exchange in erythrocytes, HDMs demethylate 
histones, YAP1-and WWTR1 (TAZ)-stimulated gene expression; 7 highly expressed IDS in normal 
group (TSIX, LOC28556 and XIST) were related to Fatty acid metabolism (Fig. 6). The ten DEGs 
identified were enriched and analyzed by Reactome database(https://reactome.org/), and the related 
biological processes of HF were not enriched.  

 

Figure 6 Enrichment pathways by Enrichr. 
(Upper: Related enrichment pathways of up-regulated genes; Lower: Related enrichment pathways 
of down-regulated genes) 
 

PPI network construction and Hub gene selection 

PPI analysis was performed on these DEGs using the string platform, and 42 nodes and 41 
interactions were finally determined (Fig. 7). In addition, an important module with 3 nodes and 3 
edges is selected through MCODE. Two important modules with 6 nodes and 7 edges are selected 



through MCODE. BBS2, BBS7 and BBS9 are the hub nodes in module B, FRZB, CHRD, BMP4, 
MYH6, SLN and NPPA are the hub nodes in module C, and KLRB1, CD3D, CCL5, C3, CFH and 
FCN3 are the hub nodes in module D. Only BBS9, CHRD, BMP4, MYH6, NPPA and CCL5 were 
selected as hub genes. In addition, combined with the results of differential expression, enrichment 
analysis and PPI, BBS9, CHRD, BMP4, MYH6, NPPA and CCL5 were considered as Hub genes 
for further analysis. 
 

Figure 7 PPI network construction. 
(A. The complete PPI network, B-D. The three modules of hub genes) 
 

Identification of potential key genes associated with heart failure 

CTD is used to explore the interaction between potential key genes and heart failure. As shown in 
Figure 8, potential key genes for heart failure, atrial fibrillation, hypertension, myocardial infarction, 
sudden cardiac death and myocarditis. The reasoning score in CTD reflects the association between 
chemicals, diseases and genes. The results of interaction showed that NPPA, HBB, DDX3Y and 
XIST had higher scores with heart failure. 
 

Figure 8 The CTD analysis between potential key genes and diseases. 
 

Discussion 

In this study, we integrated the gene expression profiles of 38 HF samples and 16 normal samples 
from 3 geo databases, and analyzed the data using bioinformatics tools. 85 IDS met the threshold 
of | log2 (FC) | ≥ 1 & p.adj < 0.05. Under this threshold, 60 IDS were highly expressed in HF group 
and 25 IDS were highly expressed in normal group; 22 IDS met the threshold of | log2 (FC) | ≥ 1.5 
& p.adj < 0.05. Under this threshold, 16 IDS were highly expressed in HF group and 6 IDS were 
highly expressed in normal group; There are 10 IDs that meet the threshold of | log2 (FC) | ≥ 2 & 
p.adj < 0.05. Under this threshold, there are 7 highly expressed IDS in HF group (EIF1AY, RPS4Y1, 
USP9Y, KDM5D, DDX3Y, NPPA, HBB) and 3 highly expressed IDS in normal group (TSIX, 
LOC28556, XIST). These 10 potential key genes (EIF1AY, RPS4Y1, USP9Y, KDM5D, DDX3Y, 
NPPA, HBB, TSIX, LOC28556, XIST) and some important pathways related to the risk of heart 
failure have been identified, indicating that these may play an important role in the mechanism of 
the occurrence and development of heart failure. 
Specific genes on the Y chromosome may be a risk factor for heart failure 

EIF1AY, RPS4Y1, USP9Y, KDM5D[21] and DDX3Y, which are highly expressed in HF group, are 
located on Y chromosome. Considering that men account for a high proportion in the sample, such 
as data set GSE21610. However, gender is indeed a factor that cannot be ignored in cardiovascular 
diseases, especially in cardiovascular calcification[22]. In male sex hormones, there is a positive 
correlation between elevated testosterone and cardiovascular calcification, while in female sex 
hormones, the cardioprotective effect of estrogen is widely recognized. Therefore, when women 
enter menopause, the risk of cardiovascular disease will increase due to the decrease of estrogen 
level. When mineral components in the blood are deposited in blood vessels or heart valves, 
cardiovascular calcification can occur, including vascular calcification and heart valve calcification. 
According to its location, cardiovascular calcification can be divided into three types: 
atherosclerotic intimal vascular calcification, medial vascular calcification and aortic valve 



calcification[23]. Studies have shown that the occurrence of cardiovascular calcification has become 
a predictor of cardiovascular disease-related risks[24]. The deposition of maladjusted calcium may 
lead to coronary atherosclerotic heart disease, aortic stenosis, hypertension and even heart failure, 
and become the first trigger to push down dominoes. Studies have shown that in vascular smooth 
muscle cells, estrogen receptors α (ERα). The expression of estrogen receptor was higher than that 
of estrogen receptor β (ERβ). Estrogen is mainly through ERα Inhibit RANKL signal, so as to reduce 
osteogenic differentiation and calcification of vascular smooth muscle cells by up regulating BMP 
and down regulating MGP[25]. In addition, estrogen and aromatase in blood vessels may also play 
the same role[26]. On the other hand, studies have shown that matrix vesicles (MVS) produced by 
the outer membrane of cardiovascular cells It also plays a role in cardiovascular calcification. When 
they are ingested by vascular smooth muscle receptors, they can cause changes in MAPK signal and 
calcium metabolism. The regulatory response process of calcium binding annexin is activated, while 
the expression of calcification inhibitors such as MGP and fetuin A is at a low level[27, 28]. 
In conclusion, some key genes in this study may affect the cardiovascular system with the help of 
gender related factors, and finally play a promoting role in the occurrence and development of heart 
failure. 
Possible relationship between BMP, extracellular matrix and heart failure 

Combining go enrichment analysis and PPI analysis, we pay attention to that BMP and extracellular 
matrix are relatively high-frequency keywords. 
Bone morphogenetic protein BMP is involved in the regulation of embryogenesis and organogenesis, 
and can participate in the development of cardiovascular structure and function in embryonic stage. 
When individuals mature, BMP can be used as an important endocrine regulator to participate in 
cardiovascular, metabolic and hematopoietic activities[29, 30]. Studies have shown that BMP is a 
transforming growth factor β (TGF-β), a member of the family carries out signal transmission with 
adjacent cells by means of paracrine or autocrine. Therefore, it plays a role in promoting the early 
development of organs. On the other hand, some BMP can also play a role in signal transmission in 
blood circulation, so as to affect distant tissues and organs, and finally complete the role of BMP in 
cardiovascular, metabolic and hematopoietic functions[31, 32]. Studies have shown that BMP 
signaling pathway plays an important role in cardiovascular diseases, increasing its activity in 
vascular inflammation and atherosclerosis, while decreasing its activity in pulmonary hypertension 
and hereditary hemorrhagic telangiectasia[32]. BMP has TGF-β, the commonness of the family is to 
bind to serine threonine kinase type I and type II receptors. Among them, the affinity for binding to 
type I receptors is higher, forming BMPRⅠA, also known as ALK3, BMPRⅠB, also known as ALK6, 
ACVRL1, also known as ALK1, and ACVR1, also known as ALK2 heterotetramer complexes; 
binding with type II receptors to form BMPR Ⅱ, ACTRⅡA, and ACTRⅡB heterotetramer complexes, 
which can be widely expressed in mesenchymal stem cells In the tissues derived from, especially 
BMPR Ⅱ is highly expressed in endothelial and endocardial tissues[33]. Studies have shown that 
when myocardial pathological hypertrophy is induced by pressure overload, the expression of 
BMP4 increases, but it does not increase in physiological hypertrophy induced by exercise[34, 35], 
and this effect can be inhibited by BMP inhibitors[35, 36]. BMP7 has been proved to inhibit cell 
apoptosis, myocardial fibrosis and anti calcification, and can improve the cardiac function of 
patients[37]. Studies have shown that BMP is closely related to the development of the heart during 
embryonic development. In the process of cardiac development, it needs to undergo endocardial to 
mesenchymal transition (EMT) And migrate as mesenchymal cells to fill the extracellular matrix 



separating the endocardial layer and the outer layer of myocardium[38, 39], and finally complete the 
development of the heart[40-42]. Therefore, the enriched pathways in this study are closely related to 
these mechanisms, which may provide some new evidence for these mechanisms[43]. 
Extracellular matrix (ECM) It plays an important role in stabilizing the structure, transmitting 
signals and stress of cardiomyocytes, vascular cells and stromal cells. Therefore, the regulatory role 
of ECM is closely related to the occurrence and development of heart failure. When cardiomyocytes 
are stimulated by external stimuli or their own dysfunction, it can affect the regulatory role of ECM 
and reduce stress The increase of load can cause the transformation of cardiac fibroblasts into 
myofibroblasts, that is, "interstitial fibrosis" And promote the synthesis of extracellular matrix, so 
as to reduce cardiac compliance, myocardial remodeling and accelerate the impairment of diastolic 
function[44]. Interstitial fibrosis is accompanied by the expansion of collagen area around cardiac 
microvascular adventitia, secondary to myocardial ischemia and hypoxia, aggravate the imbalance 
between supply and demand of blood oxygen under stress, and promote the occurrence and 
development of heart failure[45, 46]. Clinically, angiotensin converting enzyme inhibitors, angiotensin 
receptor inhibitors β[47, 48]. The application of adrenergic receptor antagonists and diuretics is to 
regulate the abnormal changes of ECM in patients with heart failure by reducing the load on the 
heart[49]. Among them, proteoglycan located in ECM plays a role in ECM, which belongs to 
glycosylated protein[50]. Research shows that fibroblasts' response to mechanical stress may include 
the following mechanisms: (1) After fibroblasts perceive the increase of mechanical load, they 
amplify the signal through intracellular cascade reaction and induce myocardial fibrosis by 
activating transcription factor myocardial related transcription factor (MRTF)[51]; (2) mechanical 
stress stimulates the key medium in the transformation of myofibroblasts - transforming growth 
factor TGF-β After treatment, it can promote matrix synthesis[52, 53]; (3) increased pressure load can 
directly activate renin angiotensin aldosterone system (RAAS), and stimulate fibroblast 
proliferation and ECM protein synthesis through angiotensin II type 1 receptor (AT1R) signal[54, 55]; 
(4) The increase of pressure negative charge can induce the expression of miRNA in fibroblasts, 
further activate MAPK signaling pathway, and finally promote the synthesis of matrix[56]. 
In the current research, the possible mechanisms of 10 potential key genes involved in the 
occurrence and development of heart failure have been discussed in the occurrence and development 
of heart failure. The results show that the above genes may become potential biomarkers and 
therapeutic targets of heart failure, hoping to provide some ideas for further exploration and research 
of heart failure Yes, this study still has some limitations: (1) the included samples have limitations: 
in the included data set, the age, gender, race, nationality, region, living habits and family history of 
the samples can be called influencing factors. (2) the potential key factors obtained from the analysis 
need to be experimentally verified in clinical samples, such as RT-qPCR, Western blot, etc. 
Conclusions 

Our study integrated relatively large sample size data from multiple geographic data sets and 
identified 10 potential key genes (EIF1AY, RPS4Y1, USP9Y, KDM5D, DDX3Y, NPPA, HBB, 
TSIX, LOC28556, XIST) by bioinformatics analysis The exploration of potential key genes of heart 
failure may provide some potential help for further identifying new biomarkers and useful 
therapeutic targets of heart failure susceptibility. 
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Figures

Figure 1

Study design (�ow diagram of study). PPI Protein-protein interaction; DO Disease Oncology; CTD The
Comparative Toxicogenomics Database; GSEA Gene Set Enrichment Analysis; GO Gene Oncology.



Figure 2

Boxplots of gene expressions before and after standardization for 3 selected GEO Database. (A. Before
standardization; B. After standardization. NG: Normal Group; HF: Heart Failure Group)



Figure 3

The PCA plot, UMAP plot, Volcano plot and Heatmap plot of gene expressions for 3 selected GEO
Database with a screening criteria of |log2 FC| ≥ 1 and adjust P value < 0.05. (A. PCA plot; B. UMAP plot;
C. Volcano plot; D. Heatmap plot. PCA: Principal Component Analysis; UMAP: Uniform Manifold
Approximation and Projection; NG: Normal Group; HF: Heart Failure Group)



Figure 4

Enrichment plots by GO. (A. GO Bar graph, B. Bubble plot, C. Bar graph of GO enrichment pathways, D.
chord diagram, E. loop graph. BP: Biological Process; CC: Cellular Component; MF: Molecular Function)



Figure 5

Enrichment plots by GSEA. (A. GSEA Visual Analysis, B. GSEA ridgeplot. NES: Normal Enrichment Score;
FDR: False Discovery Rate)



Figure 6

Enrichment pathways by Enrichr. (Upper: Related enrichment pathways of up-regulated genes; Lower:
Related enrichment pathways of down-regulated genes)



Figure 7

PPI network construction. (A. The complete PPI network, B-D. The three modules of hub genes)



Figure 8

The CTD analysis between potential key genes and diseases.
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