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Abstract. The aim of the present study was to screen candi-
date genes that are closely associated with bladder cancer 
and to select the most distinct candidate target genes in order 
to provide theoretical evidence and direction for improved 
treatment of bladder cancer. The gene microarray dataset 
GSE45184 was downloaded from the Gene Expression 
Omnibus database. There were a total of six expression 
prolife microarrays from three pairs of freshly frozen bladder 
cancer tissues and corresponding normal adjacent tissues. 
Differentially expressed genes (DEGs) were identified using 
the limma package in R software and then subjected to 
further biological information analysis, including hierarchical 
clustering analysis and gene ontology enrichment analysis. 
Co‑expression networks and functional interaction networks 
were established using the up‑ and downregulated genes. 
Pathway enrichment analysis was then performed for the genes 
in the functional interaction networks. A total of 522 DEGs 
were identified, including 223 upregulated and 299 downregu-
lated genes. Functional enrichment analysis of the target genes 
indicated that downregulated genes were associated with 
the regulation of biological processes, while the upregulated 
genes participated in the processes involved in the cell cycle. 
The functional network of the upregulated genes comprised 
1,518 connections and 92 gene nodes that were associated with 
10 closely‑related functions, while the network of the down-
regulated genes consisted of 129 connections and 24 gene 
nodes involving 11 significantly related functions. Pathway 
enrichment analysis revealed that the downregulated genes 
were mainly involved in the mitogen‑activated protein kinase 
signaling pathway, while the upregulated genes were closely 
associated with the cell cycle. These DEGs and the relevant 
cell cycle pathways have the potential to be used as targets for 
the treatment of bladder cancer.

Introduction

Bladder cancer is the second most common genitourinary 
malignancy, according to a study by Stein et al  (1). It was 
estimated in 1999 that 54,200 diagnoses of bladder cancer 
were made annually, and that the annual mortality at that time 
was ~12,100 (2). Although the majority of patients are initially 
diagnosed with superficial bladder tumors, a considerable 
percentage (20‑40%) present with or develop into an invasive 
form of the disease. Locally advanced or metastatic bladder 
cancer is not easily treated, and therefore, research into the 
molecular mechanisms involved in bladder cancer is required 
in order to provide important insights into how normal cells 
become tumorigenic, and to promote the development of novel 
cancer treatment strategies.

Previously, a considerable number of studies have focused 
on bladder cancer (3,4). They have indicated that various angio-
genic factors, including vascular endothelial growth factor, 
platelet‑derived endothelial cell growth factor, acidic‑fibro-
blast growth factor (FGF) and basic‑FGF are involved in the 
tumor angiogenesis and invasion of bladder cancer (1,5‑8). 
Additionally, a study regarding transitional‑cell carcinoma 
and the growth regulation of bladder cancer cells has made 
notable progress  (1). However, the mechanism underlying 
the occurrence and development of bladder cancer remains 
unclear. Therefore, further study of the molecular mechanisms 
underlying bladder cancer is required, which has the potential 
to contribute to the development of novel treatment strategies.

In the current study, microarrays were utilized to identify 
differentially expressed genes (DEGs) between cells obtained 
from bladder cancer and normal tissues. The functional anno-
tations of DEGs were investigated to determine the biological 
process and pathways. Additionally, the study aimed to deter-
mine co‑expression and functional networks of the up‑ and 
downregulated genes.

Materials and methods

Microarray data and data preprocessing. The microarray 
dataset GSE45184  (9) was downloaded from the Gene 
Expression Omnibus (GEO) database (http://www.ncbi.nlm.
nih.gov/geo/), which included six  microarray expression 
profiles from three pairs of freshly frozen bladder cancer tissues 
and corresponding adjacent normal tissues. The platform 
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Microarray [Probe Name Version, Agilent Technologies, Palo 
Alto, CA, USA, (http://www.genome.jp/kegg/pathway.html)] 
was also downloaded from the GEO database. Subsequent to 
the input of missing data, the probe‑level data were converted 
into expression measures using the annotation information in 
the GPL14550 platform.

In the situation of one gene corresponding with more than 
one probe (multiple expression values), the average value was 
calculated as the only corresponding expression value. The 
gene expression data were transformed to a normal distribu-
tion from a skewed distribution using log base‑2 and were then 
normalized with the median method (10).

Differential expression analysis. The limma package 
(Affymetrix, Santa Clara, California http://www.affymetrix.
com/analysis/) (11) was used to identify DEGs between the 
bladder cancer and control samples. Genes with P≤0.05 and 
|logFC|>1 were selected as the DEGs for further analysis. 
Hierarchical clustering was then performed for all DEGs (12) 
and the clusters were visualized with TreeView software 
(http://treeview1.software.informer.com/) (13).

Construction of co‑expressed gene networks. COXPRESdb 
(http://coxpresdb.jp/), is a database of co‑expressed gene 
sets that provides valuable information for a wide variety of 
experimental procedures, including the targeting of genes for 
functional identification, gene regulation and protein-protein 
interactions (14). In the present study, the DEGs were divided 
into two sets, the upregulated and the downregulated genes. 
The co‑expression networks of these two groups of genes were 
established based on the information from COXPRESdb. The 
coexpressed genes that presented a correlation coefficient >0.7 
were selected for further analysis.

Gene Ontology function enrichment analysis. WebGestalt 
(http://bioinfo.vanderbilt.edu/webgestalt/) was used for the 
function enrichment analysis of up‑ and downregulated 
genes (15). P≤0.05 was considered to indicate a statistically 
significant difference.

Establishment of functional interaction networks. The infor-
mation on GO functions that was obtained was integrated into 
the co‑expression networks using COXPRESdb database to 
form functional interaction networks of the up‑ and downregu-
lated genes.

Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 
analysis for the genes in the functional interaction networks. 
According to the pathway information from the Database for 
Annotation, Visualization and Integrated Discovery (DAVID; 
DAVID Bioinformatics Resources 6.7, http://david.abcc.ncifcrf.
gov/home.jsp), all genes constituting a functional network were 
subjected to pathway analysis based on the KEGG (http://www.
genome.jp/kegg/pathway.html) (16). P≤0.05 was considered to 
indicate a statistically significant difference.

Results

Differential expression analysis. Following preprocessing of 
data, difference comparison was performed using the normal-

ized data. All DEGs with P≤0.05 and |logFC|>1 were selected, 
with the normal samples as the control group. In total, 
522 genes, including 299 downregulated and 223 upregulated 
genes were identified (Table I).

Hierarchical clustering based on the expression measures 
of the DEGs generated a tree with a clear distinction between 
the cancer samples and normal samples (Fig. 1).

Establishment of co‑expression networks of up‑ and down‑
regulated genes. The DEGs were split into two sets, one with 
299 downregulated genes and the other with 223 upregulated 
genes. Co‑expression networks were constructed among 
the DEGs in each set with the COXPRESdb database. The 
co‑expression gene network of the upregulated gene set 
consisted of 4,021 connections and the network of the down-
regulated genes consisted of 111 connections.

GO enrichment analysis of DEGs. WebGestalt software was 
applied to perform GO functional enrichment analysis for 
the DEGs in the two sets. Table I and Fig. 1 indicate that the 
up‑ and downregulated genes were mainly enriched in the cell 
cycle and regulation of system processes, respectively.

Establishment of functional interaction networks. The data of 
the GO nodes were integrated with that of the co‑expression 
networks in order to construct functional interaction networks 
for the up‑ and downregulated genes. The network of upregu-
lated genes comprised 1,518 connections and 92 gene nodes 
that were associated with 10 closely‑related functions, while 
the downregulation network consisted of 129 connections and 
24 gene nodes, which involved 11 significantly related func-
tions (Fig. 2).

Pathway enrichment analysis of genes in the functional 
network. The 82 upregulated and 36 downregulated genes 
of the functional networks were input into DAVID to iden-
tify the overrepresented KEGG pathways. As presented in 
Table II, the downregulated genes were mainly associated 
with four pathways, and the most significantly overrepresented 
pathway was the mitogen‑activated protein kinase (MAPK) 
signaling pathway. A total of 9 pathways were enriched by the 
82 upregulated genes, among which the cell cycle was the most 
significant, involving 24 genes.

Discussion

Bladder cancer is one of the most common malignancies 
of the urinary system. The occurrence and development of 
bladder cancer are regulated by multiple genetic and biological 
processes. However, the mechanism of its occurrence and 
development have not been elucidated by previous studies. 
The present study selected candidate genes that were closely 
associated with bladder cancer by comparing the expression 
profiles of samples from cancer and control tissues. A total of 
522 genes, including 299 downregulated and 223 upregulated 
genes were obtained. Functional networks for the upregulated 
and downregulated genes were constructed, and pathway 
enrichment analysis revealed that the up‑ and downregulated 
genes were mainly enriched in the cell cycle and the MAPK 
signaling pathway, respectively.
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Table I. GO enrichment analysis of up‑ and downregulated genes.

A, Downregulated genes

GO term ID	 GO term description	 P‑value

GO:0044057	 Regulation of system processes	 4.17E‑06
GO:0006937	 Regulation of muscle contraction	 2.63E-03
GO:0006940	 Regulation of smooth muscle contraction	 2.71E-03
GO:0007517	 Muscle organ development	 8.56E-03
GO:0003012	 Muscle system process	 1.96-E02
GO:0009725	 Response to hormone stimulus	 2.68E-02
GO:0006936	 Muscle contraction	 4.30E-02
GO:0008201	 Heparin binding	 1.24E-02
GO:0030247	 Polysaccharide binding	 1.55E-02
GO:0001871	 Pattern binding	 1.55E-02
GO:0005539	 Glycosaminoglycan binding	 3.35E-02

B, Upregulated genes

GO term ID	 GO term description	 P‑value

GO:0007049	 Cell cycle	 9.90E‑52
GO:0000279	 M phase	 3.33E‑47
GO:0022403	 Cell cycle phase	 4.56E‑45
GO:0007067	 Mitosis	 7.28E‑43
GO:0000280	 Nuclear division	 7.28E‑43
GO:0000087	 M phase of mitotic cell cycle	 1.85E‑42
GO:0048285	 Organelle fission	 5.79E‑42
GO:0022402	 Cell cycle process	 1.80E‑41
GO:0000278	 Mitotic cell cycle	 3.01E‑40
GO:0051301	 Cell division	 4.02E‑35

GO, gene ontology.

Figure 1. Clustering and GO enrichment analyses of the DEGs. Left: Clustering analysis. The red color represents genes with high expression values, while 
green represents low expression values. The color change from green to red indicated the change of expression values from low to high. The horizontal axis 
represents DEGs and the vertical axis represents the different samples. Right: GO enrichment analysis. The top half includes GO functions enriched by 
upregulated genes and the bottom half indicates those enriched by downregulated genes. GO, gene ontology; DEG, differentially expressed gene.
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Regardless of the complexity and individuality of each 
type of cancer, there are a limited number of critical events 
that promote the tumor cell and its progeny into uncontrolled 
expansion and invasion (17). One of these is the deregulated 
cell cycle. Cell cycle progression is a highly ordered and 
tightly‑regulated process that involves multiple checkpoints 
that assess extracellular growth signals, cell size and DNA 
integrity  (18). In normal tissues, cells have established a 
series of systems to ensure the normal functioning of the cell 
cycle. However, when a cell becomes a neoplasm, its normal 

cell cycle is disturbed, alongside the suppression of growth 
and apoptosis required to support it (19). As such, it is not 
surprising that deregulation of the cell cycle in bladder cancer 
is one of the most frequent abnormal occurrences during its 
development (20). Therefore, skillful targeting of these critical 
events may lead to the development of potent and specific 
therapeutic strategies for use in bladder cancer.

The cell cycle of eukaryotic cells is regulated by a family of 
protein kinases termed cyclin-dependent kinases (CDKs) (21,22). 
Cell cycle progression is determined by the proteins that are 

Table II. Kyoto Encyclopedia of Genes and Genomes pathway enrichment analysis of the genes in the functional interaction networks.

A, Downregulated genes

Term	 Count	 P‑value

hsa04010:MAPK signaling pathway	 9	 5.22E-03
hsa05414:Dilated cardiomyopathy	 5	 1.40E-02
hsa04610:Complement and coagulation cascades	 4	 3.29E-02
hsa05020:Prion diseases	 3	 4.92E-02

B, Upregulated genes

Term	 Count	 P‑value

hsa04110:Cell cycle	 24	 2.18E‑25
hsa04114:Oocyte meiosis	 14	 1.14E‑11
hsa04914:Progesterone‑mediated oocyte maturation	 10	 7.25E‑08
hsa04115:p53 signaling pathway	   8	 2.66E‑06
hsa03030:DNA replication	   5	 3.30E‑04
hsa03410:Base excision repair	   4	 4.18E-03
hsa00240:Pyrimidine metabolism	   5	 1.19E-02
hsa03440:Homologous recombination	   3	 2.82E-02
hsa00790:Folate biosynthesis	   2	 9.92E-02

Figure 2. Functional interaction networks constructed for the (A) upregulated and (B) downregulated genes. Triangle nodes represent the common function of 
related genes and the cycle nodes represent genes.
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activated or inactivated, which is a result of the activity of the 
CDKs during that stage. In normal cells, a succession of kinase 
subunits (CDK4, CDK6, CDK2 and CDC2) are expressed along 
with a succession of cyclins (cyclin D, E, A and B). Therefore, 
CDKs and their cyclin partners are positive regulators or accel-
erators that induce cell cycle progression (20). A previous study 
indicated that CDK1 may have an important role in a diverse 
range of biological processes, including cancer‑cell invasion and 
osteogenic differentiation of mesenchymal stem cells (23). In 
the current study, GO function and KEGG pathway enrichment 
analysis demonstrated that CDK1 was involved in the cell cycle 
and may be the critical target gene required for bladder cancer, 
providing novel approaches for the treatment of bladder cancer.

Furthermore, MAPK cascades associated with the func-
tions of downregulated genes are crucial in cancer as they 
influence the cell regulation system. Cyclin  D regulates 
G1 phase progression in cancer cells and is overexpressed in 
various malignant neoplasms (24). As a result, it is a potential 
target for cancer therapeutics (18). Transcriptional regulation 
of cyclin D has been extensively investigated and is well under-
stood (25‑27). It is stimulated when various mitogenic signals 
activate the Ras/Raf/MEK/ERK (MAPK) cascade. Following 
synthesis, subsequent to MAPK cascade activation, cyclin D 
acts with CDK4 and CDK6 in the cyclin D‑CDK4/CDK6 
pathway, to regulate the cell through the critical point of the 
G1 stage (28,29). Therefore, the Ras‑MAPK pathway is impor-
tant for orchestrating cell responses to external and internal 
stimuli. This pathway is commonly deregulated in cases of 
cancer, including those of bladder cancer  (30). Numerous 
drugs that target the Ras‑MAPK pathway are being investi-
gated in phase II clinical trials for bladder cancer, alone or in 
combination with other chemotherapeutic agents (31).

The up‑ and downregulated genes were closely associ-
ated with cell cycle functions in bladder cancer. Therefore, 
understanding the molecular mechanisms underlying the 
deregulation of cell cycle progression in bladder cancer may 
provide important insight into how normal cells become 
tumorigenic, in addition to how treatment strategies can be 
designed to target bladder cancer.
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