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Background: This study aimed to predict and explore the possible clinical value and mechan
ism of genetic markers in prostate cancer (PCa) using a bioinformatics analysis method.
Materials and Methods: The RNA-seq data were downloaded from The Cancer Genome 
Atlas (TCGA) database to identify the differentially expressed genes (DEGs). The hub genes 
were screened by building protein–protein interaction (PPI) subnetworks with four topolo
gical analysis methods. The overall survival analysis of hub genes was conducted using 
Kaplan–Meier curves. Furthermore, the bioinformatics results were confirmed in 102 PCa 
samples collected in our hospital. Gene Set Enrichment Analysis (GSEA) was performed to 
provide information about the molecular mechanisms underlying PCa.
Results: Among 13 hub genes, the high expression of GTSE1 or KIF18B was associated 
with worse overall survival according to the TCGA samples. Immunoreactive scores for 
GTSE1 staining were significantly higher in PCa tissues than in paracancerous tissues 
(P<0.01). The overall survival time of patients with high GTSE1 expression was shorter 
than that of patients with low GTSE1 expression (P=0.015). GSEA demonstrated that high 
GTSE1 expression was mainly enriched in the cell cycle (P<0.001), DNA replication 
(P<0.001), mismatch repair (P<0.001), and p53 signaling pathway (P<0.001).
Conclusion: GTSE1 expression was significantly high in PCa and associated with poor 
prognosis. GTSE1 may serve as a potential biomarker and therapeutic target in PCa patients.
Keywords: prostate cancer, GTSE1, bioinformatics analysis, prognosis

Introduction
Prostate cancer (PCa) is the most prevalent non-skin malignancy and the fifth 
leading cause of cancer-related mortality, affecting approximately 15% of the 
male population.1 PCa is very heterogeneous, ranging from indolent to highly 
aggressive. There are effective treatments for localized PCa, but it is significantly 
difficult to treat patients with aggressive and metastatic PCa. Serum prostate- 
specific antigen (PSA) has been widely applied as a biomarker for the diagnosis 
and prognosis of PCa. However, PSA screening has led to overdiagnosis and 
overtreatment of PCa due to a lack of specificity and poor ability to reflect the 
aggressiveness of PCa.2 In view of this limitation, PSA cannot be used as a sole 
criterion.3 Therefore, there is an urgent need for more accurate markers for the 
prognosis assessment of PCa patients.

Currently, there are two research strategies for screening prognostic biomarkers in 
cancer patients. The first is to conduct conventional experiments on the validation of 
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Figure 1 Differentially expressed genes identified in samples from the TCGA. (A) Volcano plot of the differentially expressed genes in patients with prostate 
adenocarcinoma included in The Cancer Genome Atlas database. The green vertical lines represent 4-fold upregulation and downregulation, and the horizontal line 
represents a P-value of 0.01. (B) Construction of protein–protein interaction network. Upregulated genes are marked in red; down-regulated genes are marked in green. PPI 
enrichment p value < 1.0e-16. (C) PPI network of the most significant module with 14 nodes and 89 edges. PPI enrichment p value < 1.0e-16.
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reported proteins that affect the development and progression 
of different cancers. For example, it has been reported that 
the expression levels of CtBP2 and BUB1B are closely 
related to the prognosis of PCa.4,5 The second is to screen 
and identify key genes by analyzing gene expression profiles 
in tumor tissue samples. For example, Yoshie et al identified 
PEG10 as a candidate biomarker for shorter survival of 
patients with PCa using The Cancer Genome Atlas 
(TCGA) database.6 With the advances of high-throughput 
sequencing and microarray technologies, the second strategy 
has been widely applied in screening biomarkers for the 
diagnosis and prognosis of different cancers. However, 
false-positive rates in microarray and high-throughput 
sequencing analyses make it difficult to use the results. To 
improve this disadvantage, our study analyzed the genome- 
wide data in the TCGA database using four different topolo
gical analysis methods to identify the most important hub 
genes. These different topological analysis methods can pro
vide more biological information according to different scor
ing strategies and topological features. Furthermore, we also 
collected 102 PCa samples and the paired adjacent tissues in 
our hospital to confirm the results of the bioinformatics 
analysis.

In our study, G2 and S phase-expressed-1 (GTSE1) 
was identified as the most important hub gene in PCa. 
GTSE1 is a cell cycle-related protein that has been 
reported to be associated with different kinds of cancers.7 

Subhash et al found that GTSE1 is a biomarker for che
moresistance in gastric cancer. In cisplatin-treated gastric 
cancer cells, knockdown of GTSE1 inhibited cell prolif
eration through the p53 signaling pathway.8 In non-small- 
cell lung cancer, knockdown of GTSE1 enhanced radio
sensitivity through the DNA damage repair pathway.9 Wu 
et al reported that GTSE1 promoted migration and inva
sion through epithelial-to-mesenchymal transition (EMT) 
modulation and was associated with poor prognosis in 
hepatocellular carcinoma.10 However, the role of GTSE1 
in PCa has not been studied until now.

The aims of our study were to screen and identify 
potential biomarkers related to the prognosis of PCa by 
bioinformatics analysis and to validate the identified bio
markers in patients who underwent radical prostatectomy in 
our hospital. Moreover, we used the Gene Set Enrichment 
Analysis (GSEA) to investigate the Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathways11 related to the 
identified genes. GSEA might provide information for 
future research about the molecular mechanisms underlying 
PCa to discover potential therapeutic targets.

Materials and Methods
Data Processing
RNA sequencing (RNA-seq) data were downloaded from 
the TCGA database,12 which included 483 PCa samples 
and 51 paracancerous samples. The study adheres to the 
TCGA publication guidelines. EdgerR (version 3.6) was 
downloaded from Bioconductor and used to screen differ
entially expressed genes (DEGs).13 DEGs meeting the 
criteria of |fold change|≥4 and P≤0.01 were regarded as 
statistically significant. A volcano plot was constructed to 
present the DEGs. Gene Ontology (GO)14 and KEGG 
analyses of these DEGs were performed based on the 
Database for Annotation, Visualization and Integrated 
Discovery (DAVID).15

Table 1 Presentation of Part of the GO and KEGG Pathway 
Enrichment Analysis for the DEGs Associated with Cancer 
Genesis and Progress

Term Description Count P-value

GO:0005515 Protein binding 43 3.53E-12

GO:0009987 Cellular process 55 1.09E-10
GO:0019538 Protein metabolic process 25 2.04E-07

GO:0007049 Cell cycle 6 0.000108

GO:0003677 DNA binding 10 0.000949
GO:0038128 ERBB2 signaling pathway 2 0.001077

GO:0008283 Cell proliferation 8 0.001159
GO:0198738 Cell-cell signaling by wnt 4 0.002557

GO:0016049 Cell growth 4 0.004114

GO:0008092 Cytoskeletal protein binding 4 0.009856
hsa05204 Chemical carcinogenesis 8 3.33E-07

hsa04510 Focal adhesion 9 2.43E-05

hsa04022 cGMP-PKG signaling pathway 7 0.000303
hsa04115 p53 signaling pathway 5 0.000544

hsa04512 ECM-receptor interaction 5 0.000548

hsa05200 Pathways in cancer 12 0.000699
hsa04151 PI3K-Akt signaling pathway 9 0.001481

Table 2 Presentation of GO and KEGG Pathway Enrichment 
Analysis for the Genes in the Most Significant Modules

Term Description Count P-value

GO:1903047 Mitotic cell cycle process 11 2.31E-12

GO:0007049 Cell cycle 12 7.99E-11
GO:0140014 Mitotic nuclear division 6 4.03E-08

GO:0007017 Microtubule-based process 7 5.37E-06

GO:1901989 Positive regulation of cell cycle 
phase transition

4 1.91E-05

Hsa04110 Cell cycle 7 6.44E-06

hsa04115 p53 signaling pathway 2 0.001544
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Building the Protein–Protein Interaction 
(PPI) Network and Identifying Hub Genes
The protein–protein interaction (PPI) network of the DEGs 
was performed by the Search Tool for the Retrieval of 
Interacting Genes (STRING) online database,16 and an 
interaction with a combined score>0.4 was considered sta
tistically significant. Cytoscape (version 3.7.2) was applied 
to visualize the PPI network.17 The plug-in Molecular 
Complex Detection (MCODE) plugin was used to identify 
the most significant module in the PPI network (MCODE 
scores >5, degree cut-off=2, node score cut-off=0.2, max 
depth=100, and k-score=2).18 Four subnetworks were con
structed using different topological analysis methods, 
namely the maximum neighborhood component (MNC), 
density of maximum neighborhood component (DMNC), 
maximal clique centrality (MCC) and degree method.19 The 
biological process analysis of hub genes was conducted by 
the Biological Networks Gene Oncology tool (BiNGO) 
plugin of Cytoscape.20 Hierarchical clustering of hub 
genes was performed by the heatmap.2 function of R 

software. The overall survival analysis of hub genes was 
conducted using Kaplan–Meier curves in the Gene 
Expression Profiling Interactive Analysis (GEPIA) online 
tool.21 The relationship between expression patterns and 
Gleason scores was analyzed using the UALCAN online 
tool.22

Patients and Tissue Specimens
Tissue samples, including 102 PCa and paired adjacent 
tissues, were collected from patients who underwent radi
cal prostatectomy at the Department of Urology of Peking 
Union Medical College Hospital from May 2010 to March 
2012. None of the patients had received chemotherapy or 
radiation therapy prior to surgery. The Gleason scores and 
pathological stages of the PCa specimens were confirmed 
by two pathologists. Clinical data were collected from the 
medical records of these patients. The study was approved 
by the Medical Ethics Committee of Peking Union 
Medical College Hospital (No. S-214) and was performed 
in accordance with the Declaration of Helsinki and its later 

Figure 2 Hub genes identified in samples from the TCGA. (A) Subnetworks obtained by four different topological analysis methods. Color labelling from red to yellow 
represented the importance of the protein in the module. (B) Venn diagram representing the intersection set of hub genes obtained from the four topological analysis 
methods. (C) Interaction net work of hub genes and their co-expression genes. Nodes with yellow diamond represent hub genes. Nodes with blue ellipse represent the co- 
expression genes. (D) Biological process analysis of the hub genes constructed by GiNGO. The size of nodes refers to the numbers of genes that are involved in the 
ontologies. The color depth of nodes refers to the corrected p-value of ontologies. P<0.01 was considered statistically significant. 
Abbreviations: MCC, maximal clique centrality; DMNC, density of maximum neighbourhood component; MNC, maximum neighbourhood component.
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amendments. All the patients provided informed consent 
for their tissues and data to be used in the study.

Immunohistochemical Staining
Immunohistochemistry (IHC) staining was performed to 
detect the GTSE1 expression in PCa tissues. Briefly, after 
being placed in an oven (65°C) for 40 min, the paraffin- 
embedded tissues were cut into 4 um sections, deparaf
fined with xylene and rehydrated with graded alcohol. 
Next, endogenous peroxidase blocking and antigenic 
retrieval were conducted sequentially. The tissue slides 
were incubated with anti-GTSE antibody (1:100, Abcam, 
USA) in a moist chamber at 4°C for 12 h, and then, anti- 
rabbit secondary antibody was added to the slides, which 
were then incubated at 37°C for 30 min. After that, sam
ples were further incubated with streptavidin-horseradish 
peroxidase conjugate, developed with DAB, stained with 
Mayer’s hematoxylin, and dehydrated. Finally, the slides 
were sealed with neutral size and visualized under an 
Olympus CX31 microscope (Olympus, Center Valley, 
PA). The IHC results were assessed independently by 
two pathologists who were blinded to the clinical features 
of the PCa patients. The H-score system was used to 
semiquantify the results of IHC. The intensity of GTSE1- 
positive cells was scored as 0 (negative), 1 (weak), 2 
(moderate), or 3 (strong). The percentage (0–100%) of 
stained cells was multiplied by the dominant intensity 
pattern of staining (0–3). Thus, the H-score values ranged 
from 0 to 300. The expression of GTSE1 was dichoto
mized by median value.

Gene Set Enrichment Analysis
The expression profile data of PCa patients from the 
TCGA database were classified into the high and low 
GTSE1 expression groups and then analyzed with GSEA 
(version 4.0).23 The kegg.v6.1.symbols.gmt was down
loaded from the MsigDB database of the GSEA website. 
In our study, GSEA was performed with 1000 random 
combinations.

Statistical Analysis
Data were analyzed with SPSS 19.0 (IBM, USA). 
Student’s t-test was conducted to analyze the measurement 
data. The counting data were analyzed with the chi- 
squared test or Fisher’s exact test. Survival curves were 
constructed with the Kaplan–Meier method and analyzed 
with the Log rank test. Gene clusters with a false 

discovery rate (FDR)<0.25 and P value<0.05 were 
regarded as significantly enriched genes for GSEA.

Results
Identification of DEGs
Based on the RNA-seq data from the TCGA Prostate 
Adenocarcinoma (TCGA-PRAD) project, 428 DEGs 
were obtained. Among these DEGs in PCa, 130 DEGs 
were upregulated and 298 DEGs were downregulated. A 
volcano plot was constructed to visualize the distribution 
of these DEGs (Figure 1A).

GO and KEGG Analyses of DEGs
To analyze the biological function of these DEGs, GO and 
KEGG analyses were conducted using DAVID. GO ana
lysis demonstrated that these DEGs were significantly 
enriched in protein binding, cellular process, protein meta
bolic process, DNA binding, cell cycle, and cell prolifera
tion (Table 1). KEGG pathway analysis revealed that the 
DEGs were significantly enriched in chemical carcinogen
esis, focal adhesion, cGMP-PKG signaling pathway, and 
p53 signaling pathway (Table 1).

PPI Network Construction and Module 
Analysis
The PPI network of DEGs was constructed using the String 
database and visualized with Cytoscape (Figure 1B). The 
PPI enrichment P value was less than 1.0E-16, which indi
cated that the interaction between these proteins was greater 

Table 3 Hub Gene Score According to the Four Topological 
Analysis Methods

Gene MCC DMNC MNC Degree

CDC25C 5.19E+08 0.97 13 15

GTSE1 5.19E+08 0.97 13 14

HJURP 5.19E+08 0.85 15 17
UBE2C 5.19E+08 0.95 14 16

DLGAP5 5.19E+08 0.95 14 15

MELK 5.19E+08 0.95 14 15
BIRC5 5.19E+08 0.95 14 14

KIF18B 5.19E+08 0.95 14 14
KIF4A 5.19E+08 0.95 14 14

RRM2 5.19E+08 0.95 14 14

CENPA 5.19E+08 0.97 13 14
TROAP 4.79E+08 0.95 13 13

MYBL2 4.79E+08 0.96 12 13

Abbreviations: MCC, maximal clique centrality; DMNC, density of maximum 
neighbourhood component; MNC, maximum neighbourhood component.
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than that of a group of random proteins. These proteins were 
at least partially bioconjugated as a group. The most impor
tant module was obtained using MCODE (Figure 1C). The 
GO and KEGG analyses of genes in this module demon
strated that these genes were significantly enriched in the 
cell cycle, mitotic nuclear division, microtubule-based pro
cess, and p53 signaling pathway (Table 2).

Hub Gene Selection and Analysis
It is important to search for hub genes with different topolo
gical analysis methods due to the heterogeneity of the PPI 
networks. Four topological analysis methods (MCC, DMNC, 
MNC and degree) were used to analyze the DEGs 
(Figure 2A). Thirteen hub genes were obtained from the top 
25 genes scored by the four topological methods (Figure 2B). 
The hub gene scores according to the different topological 
analysis methods are listed in Table 3. The network of these 13 
hub genes and their coexpressed genes are shown in 
Figure 2C. The biological process analysis of these hub 
genes is shown in Figure 2D. Hierarchical clustering demon
strated that these hub genes could differentiate PCa samples 
from the noncancerous samples (Figure 3). Subsequently, the 
survival analysis of the hub genes revealed that the high- 
expression levels of GTSE1 or KIF18B were associated with 
worse overall survival according to the TCGA database 

(Figure 4A). Based on the data of PCa patients in the TCGA 
database, the expression of GTSE1 was more closely related to 
the Gleason score than that of KIF18B (Figure 4B). Thus, we 
then validated GTSE1 expression in 102 PCa tissue samples 
and paired adjacent tissues.

Immunohistochemical Staining of GTSE1 
in PCa Tissue Samples
Immunohistochemical staining was performed to detect 
the expression of GTSE1 in 102 paired PCa tissues col
lected at Peking Union Medical College Hospital 
(Figure 5A). The median H-score in PCa tissues was 
84.5 (interquartile range, 65–105.75), whereas the median 
H-score in the paracancerous tissues was 61 (interquartile 
range, 43.25–84). Immunoreactive scores for GTSE1 
staining in PCa tissues were significantly higher than 
those in paracancerous tissues (P<0.01).

Association Between GTSE1 Expression 
and Clinicopathological Characteristics of 
PCa Patients
The clinicopathological features of PCa patients are dis
played in Table 4. The association of GTSE1 expression 
was statistically irrelevant to patient age, serum PSA and 

Figure 3 Hierarchical clustering of hub genes constructed using heatmap.2 function of R software. The samples under the orange bar are prostate cancer samples and the 
samples under the blue bar are non-cancerous samples. Upregulation of genes is marked in red; downregulation of genes is marked in blue.
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surgical margin. In contrast, the high expression of GTSE1 
was closely associated with the Gleason score (P=0.001), 
pathological stage (P=0.017), lymph node involvement 
(P=0.03) and bone metastasis (P=0.017). The overall sur
vival time of patients with high GTSE1 expression was 
shorter than that of patients with low GTSE1 expression 
(Figure 5B, P=0.015).

GSEA of PCa Samples in the TCGA 
Database
GSEA demonstrated that high GTSE1 expression samples 
were mainly enriched in the cell cycle (P<0.001, FDR=0, 
ES=0.661), DNA replication (P<0.001, FDR=0, ES=0.759), 
mismatch repair (P<0.001, FDR=0, ES=0.738), and p53 
signaling pathway (P<0.001, FDR=5.026E-4, ES=0.533) 
(Figure 6).

Discussion
In our study, the expression profile data of 483 PCa and 
51 paracancerous tissues from the TCGA database were 
analyzed to detect the DEGs. A PPI network was con
structed using the STRING database. Four different topo
logical analysis methods, including the DMNC, MNC, 
MCC and degree, were performed to build subnetworks 
to identify the hub genes. It has been reported that it is 
more accurate to use four topological analysis methods in 
PPI network analysis.24 Thirteen hub genes were identi
fied in the four subnetworks, namely, CDC25C, GTSE1, 
HJURP, UBE2C, DLGAP5, MELK, BIRC5, KIF18B, 
KIF4A, RRM2, CENPA, TROAP and MYBL2. GTSE1 
was selected as the key hub gene based on the results of 
survival analysis. The expression of GTSE1 was signifi
cantly higher in PCa tissues than in the paired adjacent 

Figure 4 The expression of GTSE1 and KIF18B in samples from the TCGA. (A) Kaplan–Meier curves indicating the correlation of the overall survival of prostate cancer 
patients with the expression of GTSE1 (P=0.038) and KIF18B (P=0.036). The patients were divided into two groups according to the expression of hub genes. The blue 
curve represents the low-expression group, while the red curve represents the high-expression group. (B) Expression of GTSE1 and KIF18A in PRAD based on patient’s 
Gleason score according to the TCGA samples. The expression of GTSE1 was more closely related to Gleason score than that of KIF18A. GTSE1: P=6.96e-04 Gleason 6 vs 
7, P=3.80e-03 Gleason 7 vs 8, P=0.044 Gleason 8 vs 9, P=0.058 Gleason 9 vs 10; KIF18B: P=2.43e-03 Gleason 6 vs 7, P=0.008 Gleason 7 vs 8, P=0.293 Gleason 8 vs 9, 
P=0.303 Gleason 9 vs 10.
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Figure 5 GTSE1 expression in samples from our hospital. (A) The expression of GTSE1 in PCa tissues and paracancerous tissues. Immunoreactive scores for GTSE1 
staining in PCa tissues were significantly higher compared with those in paracancerous tissues (P<0.01). (B) Overall survival curves according to the expression level of 
GTSE1. The overall survival time of patients with high GTSE1 expression was shorter than those with low GTSE1 expression (P=0.015).
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tissues in IHC analysis of 102 PCa patients in our hospi
tal. Furthermore, the expression of GTSE1 was also 
correlated with overall survival in the 102 PCa patients, 
which indicated that GTSE1 might be a potential biomar
ker in PCa patients.

In 1998, Utrera et al discovered a new p53-inducible gene 
during the screening of tumor-associated DEGs and named it 
B99.25 Two years later, a study by Collavin et al showed that 
the B99 gene encodes a protein specifically expressed in the 
G2 and S phases. According to the expression feature, B99 

was named GTSE1.26 GTSE1 regulates p53 by stimulating 
the relocalization of p53 to the cytoplasm, subsequently 
inhibiting p53-induced apoptosis.27 The overexpression of 
GTSE1 has been reported to be involved in the progression 
of many cancers, such as gastric cancer,8 breast cancer,28 

liver cancer,29 non-small-cell lung cancer,9 acral melanoma7 

and bladder cancer.30 However, the role and underlying 
molecular mechanism of GTSE1 in PCa remain unknown. 
In the present study, we identified GTSE1 as a hub gene in 
PCa using bioinformatics analysis methods and predicted it 

Figure 6 GTSE1 correlated enrichment gene analysis with GSEA. Cell cycle: P<0.001, FDR=0, ES=0.661; DNA replication: P<0.001, FDR=0, ES=0.759; Mismatch repair: 
P<0.001, FDR=0, ES=0.738; p53 signaling pathway: P<0.001, FDR=5.026e-4, ES=0.533.
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as a potential biomarker in PCa. Furthermore, we validated 
the bioinformatics results in 102 PCa patients and revealed 
that the high expression of GTSE1 was closely correlated 
with the Gleason score, pathological stage, lymph node 
involvement and bone metastasis. The high expression of 
GTSE1 was also associated with poor prognosis in patients 
with PCa. In addition, the majority of the TCGA samples 
were from Caucasian patients, while samples from Chinese 
patients were further analyzed in the present study. The 
results indicated that GTSE1 might be highly expressed in 
PCa across different ethnic groups.

It has been reported that GSEA has significant advan
tages compared with traditional gene expression 
analysis.19 GSEA could identify biological processes in 
the whole gene profile by focusing on gene sets. In our 
study, GSEA revealed that the high expression of GTSE1 
was related to some signaling pathways, such as the cell 

cycle and p53 signaling pathway. Thus, we speculated 
that the high expression of GTSE1 might promote the 
development and progression of PCa through the cell 
cycle and p53 signaling pathway, and these results are 
in accordance with those from previous studies on other 
cancers.28,30 Many antineoplastic drugs are associated 
with the cell cycle mechanism, while GTSE1 promotes 
tumor growth by influencing the cell cycle. Therefore, 
GTSE1 may act as a cell cycle-specific therapeutic target. 
However, this conclusion still needs to be validated in 
further experiments. Moreover, studies have also demon
strated that GTSE1 could promote breast cancer cell 
growth through the AKT pathway28 and enhance hepato
cellular carcinoma metastasis by regulating the EMT 
pathway.10 In addition, GTSE1 was proven to be asso
ciated with tumor multidrug resistance,30 which also 
deserves to be explored in PCa.

In conclusion, the current study found that the expres
sion of GTSE1 was significantly high in PCa tissues, and 
the high expression of GTSE1 was associated with poor 
prognosis in PCa patients. Furthermore, GTSE1 might be 
involved in the development and progression of PCa by 
influencing the cell cycle. Therefore, GTSE1 may serve as 
a potential biomarker and therapeutic target in patients 
with PCa. However, further studies are needed to validate 
the underlying mechanism of GTSE1 in the development 
and progression of PCa.
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