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Abstract 
Objective: To identify the candidate hub genes of prostate cancer (PCa) and 
investigate the relevance of the genes on the development of PCa by bioinfor-
matics methods. Methods: The mRNA expression profile datasets GSE103512 
was collected from GEO database, and find out differential expression genes 
(DEGs) between PCa and normal tissues using the GEO2R tool. Subsequent-
ly, to further elucidate the interaction of DEGs and screen the hub genes, we 
conducted GO and KEGG enrichment analysis by DAVID 6.8 database, and 
constructed protein-protein interaction (PPI) network by the STRING data-
base. The GEPIA database was utilized to analyze the expression levels of hub 
genes in PCa and normal tissues. Results: A total of 755 DEGs were identi-
fied, including 211 upregulated genes and 544 downregulated genes. GO 
analysis was mainly enriched in extracellular exosome, glutathione metabolic 
process, and composition of organelle membranes. Fatty acid metabolism, 
metabolic pathways, and cGMP-PKG signaling pathways were mainly enriched 
signaling pathways based on KEGG analysis. Ten hub genes were obtained by 
analyzing the PPI network using cytoHubba plug-in of Cytoscape software. 
CDH1, CD24, ACACA, and SCD were upregulated in PCa tissues, whereas 
VEGFA was downregulated in PCa tissues. Conclusion: 10 hub genes of PCa 
were screened out by bioinformatical analysis in this study and are expected 
to play crucial roles in the treatment of PCa. 
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1. Introduction 

Prostate cancer (PCa) is the most frequent tumor in men worldwide and the 
second leading cause of mortality among males in Western countries [1] [2]. In 
China, the morbidity and mortality of PCa have rapidly increased in recent 
years, which is recognized as a leading and increasing health problem [3] [4]. 
Although the etiology of PCa is unclear yet, age, family history, race, lifestyle, 
and environmental factors are defined as risk factors for the development of 
disease [5]. The development of PCa mostly depends on the increased cell proli-
feration, and metastasis is often responsible for the recurrence, unsatisfactory 
prognosis, and high mortality of PCa [4] [6]. PCa is typically treated by radical 
prostatectomy (surgery), hormonal therapy, chemotherapy, and radiation ther-
apy. However, these methods can have adverse effects on patients [7]. 

With the rapid development of biotechnology and sequencing technology, 
bioinformatics analysis has been extensively used to screen and identify key 
biomarkers and potential molecular mechanisms of some diseases [8]. Gene Ex-
pression Omnibus (GEO) is a public database provided by the National Center 
for Biotechnology Information (NCBI) in 2000 that contains a massive amount 
of gene chip expression data in various diseases, and the GEO datasets could be 
used to determine differentially expressed genes (DEGs) [9].  

In this study, to obtain the potential biomarkers for the diagnosis and treat-
ment of PCa, the gene expression profile dataset GSE103512 was collected from 
the GEO database. Then, DEGs were screened between PCa samples and normal 
samples using the web tool GEO2R. The functional enrichment and network 
analysis of the DEGs were performed. Finally, we obtained the hub genes, which 
may offer inspiration for more in-depth research in prostate cancer. 

2. Materials and Methods 
2.1. Datasets Selecting and DEGs Identification 

The gene expression dataset GSE103512 used in this study was obtained from NCBI 
Gene Expression Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/). 
It contains 280 samples about normal and tumor samples of four cancer types, 
and we analyzed 60 PCa samples and 7 normal prostate samples.  

Using the GEO2R (http://www.ncbi.nlm.nih.gov/geo/geo2r) online data anal-
ysis tool to identify the differentially expressed genes (DEGs) between PCa and 
normal samples. |logFC| > 1 and P < 0.05 were considered as statistically signifi-
cant for the DEGs, we defined upregulation as logFC > 1 and downregulation as 
logFC < −1 [10]. Volcano plot of the DEGs was generated using the ggplot2 
package in R software (version3.6.3).  

2.2. GO and KEGG Analysis of DEGs 

GO and KEGG enrichment analysis were conducted using the DAVID 6.8 data-
base (https://david.ncifcrf.gov/), setting the species to “Homo sapiens” and P < 
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0.05 was considered to indicate a statistically significant difference [11]. The re-
sults were visualized by ggplot2 package in R (version3.6.3).  

2.3. PPI Network Construction and Hub Genes Identification 

The STRING database 11.5 (https://www.string-db.org/) was utilized to con-
struct the PPI network of DEGs. The organism selected for analysis was “Homo 
sapiens” and the interaction score was set to a medium confidence of 0.4 [10]. 
Subsequently, cytoHubba plugin in Cytoscape software (version 3.7.2) was used 
to visualize the hub genes in the PPI network by importing the TSV file of the 
STRING database.  

2.4. Expression Analysis of Hub Genes in PCa  

GEPIA database (http://gepia.cancer-pku.cn/) is a comprehensive online tool 
that integrates TCGA cancer big data and GTEx normal tissue projects [12]. In 
our study, GEPIA was employed for analyzing the expression levels of hub genes 
in PCa and normal tissues.  

3. Results 
3.1. Screening of DEGs  

During an analysis of the GSE103512 dataset, a total of 755 DEGs were identified 
by using the GEO2R online tool, including 211 upregulated genes and 544 
downregulated genes (Figure 1).  
 

 
Figure 1. Volcano plot of the DEGs. Blue dots indicate downregulated genes, red dots in-
dicate upregulated genes and grey dots indicate not significant genes. X-axis represents 
fold change (log2) and Y-axis represents P (−log10).  
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3.2. Functional Annotation of DEGs 

The 755 DEGs were imported into DAVID for GO and KEGG pathway analysis 
with a setting of P < 0.05. We obtained 158 GO terms and the top 15 terms from 
biological process (BP), cellular component (CC) and molecular function (MF) 
ranked by P-value were visualized (Table 1, Figure 2).  
 
Table 1. GO enrichment analysis.  

Ontology Description Gene counts P-value 

BP GO:0043066~negative regulation of apoptotic process 34 4.21E−07 

BP GO:0001666~response to hypoxia 18 1.63E−06 

BP GO:0010628~positive regulation of gene expression 31 7.83E−06 

BP GO:0098609~cell-cell adhesion 16 4.88E−05 

BP GO:0010629~negative regulation of gene expression 21 6.50E−05 

CC GO:0070062~extracellular exosome 144 2.67E−32 

CC GO:0005576~extracellular region 89 2.30E−08 

CC GO:0005615~extracellular space 81 1.20E−07 

CC GO:0016020~membrane 132 2.15E−07 

CC GO:0048471~perinuclear region of cytoplasm 41 1.06E−06 

MF GO:0042802~identical protein binding 74 7.51E−07 

MF GO:0005178~integrin binding 15 3.12E−05 

MF GO:0003779~actin binding 21 1.89E−04 

MF GO:0008236~serine-type peptidase activity 8 4.78E−04 

MF 
GO:0098641~cadherin binding involved in cell-cell 
adhesion 

5 7.37E−04 

 

 
Figure 2. Bar charts of GO terms. The x-axis represents the number of genes and the y-axis represents the GO terms. Red, 
green, and blue boxes represent GO terms of BP, CC, and MF, respectively. 
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KEGG analysis revealed that DEGs were enriched in 14 pathways, the top 10 
enrichment pathways were shown (Table 2, Figure 3). Fatty acid metabolism, 
glutathione metabolism, and metabolic pathways were mainly enriched signaling 
pathways.  

3.3. PPI Network and Hub Genes Analysis 

In order to analyze the interaction between these DEGs in PCa, the PPI network 
was constructed by the STRING database (Figure 4). We constructed a network 
contained 431 nodes and 1370 edges with the interaction score set to 0.4 and 
hide the disconnect nodes. Furthermore, the top 10 hub genes in the PPI net-
work were identified based on the MCC method by the cytoHubba plugin of 
Cytoscape (Figure 5). 
 
Table 2. KEGG pathways enrichment analysis.  

Pathway Gene counts P-value 

hsa01212: Fatty acid metabolism 10 1.87E−05 

hsa00480: Glutathione metabolism 9 2.06E−04 

hsa00061: Fatty acid biosynthesis 5 6.10E−04 

hsa01100: Metabolic pathways 57 0.003046016 

hsa04141: Protein processing in endoplasmic reticulum 14 0.003226595 

hsa04022: cGMP-PKG signaling pathway 13 0.005089719 

hsa04972: Pancreatic secretion 9 0.010282206 

hsa04978: Mineral absorption 6 0.013283839 

hsa04970: Salivary secretion 8 0.021069272 

hsa04974: Protein digestion and absorption 8 0.023588205 

 

 
Figure 3. Bubble plot of KEGG pathways enrichment. The x-axis shows P-value and the y-axis shows the names 
of pathways. The size of the circle represents the number of genes, and the colour represents the P-value.  
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Figure 4. PPI network. The nodes represent genes, lines represent the interaction of proteins be-
tween genes, and the content within the nodes represent the 3D structure of proteins.  

 

 
Figure 5. Hub genes. The redder the colour of the node, the higher degree of connectivity.  
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3.4. Expression Analysis of Hub Genes 

To evaluate the expression level of the hub genes between PCa tissues and nor-
mal tissues, the hub genes were analyzed by GEPIA. In the GEPIA datasets, 152 
normal tissues and 492 PCa tissues were used for the expression analysis. As 
presented in Figure 6, CDH1, CD24, ACACA, and SCD were obviously upregu-
lated in PCa tissues, whereas VEGFA was downregulated in PCa tissues. 

4. Discussion 

In the present study, we identified 755 DEGs based on the GSE103512 dataset 
from the GEO database, including 211 up-regulated genes and 544 down-regulated 
genes. These genes were involved in extracellular exosome, perinuclear region of 
cytoplasm, negative regulation of apoptotic process, perinuclear region of cy-
toplasm, serine-type peptidase activity and cadherin binding involved in cell-cell 
adhesion based on GO analysis. 

KEGG analysis revealed that DEGs were mainly involved in pathways like fat-
ty acid metabolism, glutathione metabolism, metabolic pathways, cGMP-PKG 
signaling pathway. Changes of fatty acid glutathione metabolic pathways have 
been recognized as hallmarks of cancer, fatty acid metabolism plays an impor-
tant role in cancer progression, survival, and metastasis [13] [14]. Metabolic 
pathways are dysregulated in different types of cancer to meet the energetic and 
biosynthetic demands of cancer cells [15]. cGMP-PKG signaling pathway plays 
 

 

 
Figure 6. Expression analysis of 10 hub genes between PCa and normal tissues based on GEPIA. The red and gray boxes represent 
tumor and normal tissues, respectively.  
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an essential role in cell proliferation, survival, cycle progression and apoptosis 
[16].  

Based on the PPI network, we identified 10 hub genes, including MYC, CDH1, 
VEGFA, CD24, CXCR4, CXCL12, ACOX1, ACSL1, ACACA and SCD. MYC 
gene belongs to a group of classical oncogenes, including c-MYC, n-MYC and 
l-MYC [17], and encodes a nuclear phosphoprotein that plays a role in cell cycle 
progression, apoptosis and cellular transformation. Amplification of this gene is 
frequently observed in numerous human cancers. There is evidence to show that 
MYC was activated at the earliest phases of prostate cancer in prostatic intraepi-
thelial neoplasia, a key precursor lesion to invasive prostatic adenocarcinoma, so 
MYC is a key role in developing the PCa [17] [18] [19]. CDH1 encodes a classic-
al cadherin of the cadherin superfamily and loss of or reduced expression of 
CDH1 is thought to contribute to more invasive tumors, it was regarded as a 
critical target in PCa [20]. Gene expression products of VEGFA not only stimu-
late tumor growth, survival and metastasis, but also stimulate hemopoietic cells, 
endothelial cells and neuronal cells [10]. Some genetic variants in the VEGFA 
gene may influence the risk of high-grade late rectal toxicity after radiotherapy 
for PCa [21]. CD24 is over-expressed in cancers and serves as a marker for poor 
prognosis of PCa [21]. CD24 protected cancer cells escaped engulfing by ma-
crophages and its expression is associated with aggressive and metastatic in PCa 
[22] [23]. CXCR4 is over-expressed in PCa, it is a cell surface receptor for the 
chemokine CXCL12, induction of the CXCL12/CXCR4 axis has been implicated 
in the progression and metastasis of PCa [24] [25]. Prostate cancer preferentially 
metastasizes to bone; CXCL12 signaling through CXCR4 enhances the adhesion 
of PCa cells to bone marrow endothelial cells and stimulates PCa migration to-
ward a CXCL12 gradient [24]. ACOX1 involved in the catabolism of very 
long–chain fatty acids, saturated long-chain fatty acids involved in the activation 
of inflammatory and innate immune responses in immune cells [26]. Immune 
cells and inflammation have vital roles in tumorigenesis to metastasis [27]. 
ACSL1 involved in the biosynthesis of complex lipids and fatty acid metabolism 
can enhance tumor progression [28]. Knockdown of ACACA expression inhibits 
cell proliferation in PCa cell-lines [29]. SCD is essential for the survival of cancer 
cell, also plays a key role in the initiation and progression of PCa [30] [31].  

5. Conclusion  

This study mainly included the acquisition of differentially expressed genes from 
GSE103512, functional annotation of DEGs, identification of hub genes, and 
further analysis of the expression level of hub genes between PCa tissues and 
normal tissues. Here are some conclusions drawn from the study. A total of 755 
DEGs were obtained from GSE103512, mainly enriched in some metabolic 
pathways (fatty acid metabolism, glutathione metabolism and fatty acid biosyn-
thesis). 10 hub genes (MYC, CDH1, VEGFA, CD24, CXCR4, CXCL12, ACOX1, 
ACSL1, ACACA and SCD) were further analyzed, which were expected to have a 
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certain effect on prostate cancer. Although this study lacked experimental veri-
fication, it still provides theoretical guidance in the treatment of PCa.  
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