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Abstract 
Bladder cancer (BC)  is one of the most common male malignant tumors and the most common urological tumor. However, the 
molecular mechanism and role of PLK1 on bladder cancer were unclear. Therefore, the study aims to explore the potential part 
of the overall survival of bladder cancer through bioinformatics analysis. GSE121711 and GSE130598, from the Gene Expression 
Omnibus database. The GEO2R screened differently expressed genes, and DAVID and Metascape were used for functional 
annotation. The cytoHubba made hub genes identification and expression. A total of 50 BC participants were recruited. After 
surgery, 50 BC tumor samples from BC patients and 50 adjacent standard bladder tissue samples were obtained. The RT-qPCR 
assay was performed to verify the expression of hub genes. The Kaplan–Meier Plotter analyzed the effect of hub gene expression 
for overall survival of BC. The compulsory module of Molecular Complex Detection tool analysis was shown, which included 
CDK1, TTK, AURKB, MELK, PLK1, and BUB1. And the six hub genes were up-regulated in the BC compared with the normal 
tissues. The relative expression levels of CDK1, TTK, AURKB, MELK, PLK1, and BUB1 were significantly higher in BC samples 
compared with the regular kidney tissue groups. The result demonstrated that CDK1, TTK, AURKB, MELK, PLK1, and BUB1 
might be considered biomarkers for BC. Overall survival analysis showed that BC patients with high expression level of PLK1 had 
poorer overall survival times than those with low expression level (P < .05). The expression levels of CDK1, TTK, AURKB, MELK, 
and BUB1 was not related to the overall survival of BC patients (P > .05). The PLK1 gene might provide new ideas and evidence 
for bladder cancer research.
Abbreviations: BC = bladder cancer, BP = biological process, CC = cellular component, DEGs = differently expressed genes, 
GEO = Gene Expression Omnibus, MCODE = Molecular Complex Detection tool, MF = molecular function, Plks = polo-like 
kinases, STRING = Search Tool for the Retrieval of Interacting Genes.
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1. Introduction
Bladder cancer (BC) is the most common tumor of the uri-
nary system. Most tumors come from epithelial tissues, and 
more than 90% are transitional epithelial tumors. According 
to the American Cancer Society, bladder cancer accounts for 
5% of all new cancer cases and 3% of all cancer deaths in 
the United States. The incidence of bladder cancer will be the 
second urinary tract cancer in 2020. The 5-year survival rate 
for bladder cancer patients was only 14%.[1] Although radi-
cal cystectomy and neoadjuvant chemotherapy are currently 
used to treat bladder cancer, the prognosis is still poor due to 

its high recurrence rate.[2] Long-term exposure to carcinogens, 
smoking, and chronic bladder infections and long-term for-
eign body irritation increase the risk of bladder cancer. But the 
exact cause of bladder cancer is still unknown. Therefore, it is 
urgent to find more effective biomarkers to diagnose and treat 
bladder cancer.

Bioinformatics is widely used to process and analyze large 
amounts of complex biological data. Microarray data informa-
tion analysis have been commonly used in studying tumors and 
other diseases to explore the genetic correlation among them.[3,4] 
Microarray analysis technology can simultaneously obtain the 
expression information of tens of thousands of genes and then 
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discover the genomic changes related to the occurrence and 
development of diseases. Currently, many studies[5,6] have used 
bioinformatics techniques to analyze differentially expressed 
genes in tumor progression, then study their roles in biologi-
cal processes, molecular functions and signaling pathways, and 
elucidate diseases’ pathogenesis as a theoretical basis for early 
diagnosis and treatment.

Polo-like kinases (Plks) are a class of structurally highly con-
served serine and threonine protein kinases that play an essen-
tial regulatory role in the cell cycle process.[7] Polo-like kinase 
1 (PLK1) is one of the main subtypes of Plks. Currently, many 
studies have found that PLK1 is abnormally expressed in var-
ious tumors, including melanoma,[8] colorectal cancer,[9] and 
non-small cell lung cancer.[10] Similarly, Plk1 Overexpression 

was found in bladder cancer studies, and this Overexpression 
was associated with higher pathological grade (P = .0024) and 
multiple tumors (P = .0241).[11] But its specific mechanism of 
action has not been studied.

Therefore, this paper intends to use bioinformatics analysis 
to explore the hub genes of bladder cancer and aims to explore 
the potential role in the overall survival of bladder cancer.

2. Materials and Methods

2.1. Dataset

We present the following article following the PRISMA 
Checklist. We downloaded two gene profiles, GSE121711 and 

Figure 1. Two volcano plots present the DEGs. (A) The DEGs in the GSE121711. (B) The DEGs in the GSE130598. DEGs = differently expressed genes.

Figure 2. The common DEGs between GSE121711 and GSE130598. DEGs = differently expressed genes.
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GSE130598, from the Gene Expression Omnibus (GEO) data-
base (https://www.ncbi.nlm.nih.gov/geo/). The GSE121711 
includes eight tumoral bladder tissues and ten non-tumoral 
bladder tissues, while the GSE130598 includes 24 24 non-tu-
moral bladder tissues.

2.2. Differently expressed genes identification

We applied GEO2R (http://www.ncbi.nlm.nih.gov/geo/
geo2r), an online tool based on GEOquery and limma R 
packages, to identify Differently expressed genes (DEGs) 
between esophagus cancer and normal group. The cutoff 
criteria were that P value < .05 and a log (FC) > 1 or log 
(FC) < −1.

2.3. DEGs annotation

DAVID (https://david.ncifcrf.gov/home.jsp) and Metascape 
(http://metascape.org/gp/index.html) are two powerful anno-
tation tools that can perform the biological process (BP), cel-
lular component (CC), molecular function (MF), and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) analysis on genes. 
We annotated the function of common DEGs through DAVID 
and Metascape.

2.4. Protein–protein interaction network construction

The Search Tool for the Retrieval of Interacting Genes (STRING) 
(http://string-db.org) can convert DEGs into expressed proteins 
and construct a protein–protein interaction (PPI) network. We 
got a PPI network of common DEGs through STRING and 
visualized it by Cytoscape (version 3.8.0).

2.5. Hub genes identification and expression

Molecular Complex Detection tool (MCODE) (version 1.6.1), 
an open plug-in of Cytoscape, was used to identify significant 
modules from the PPI network. The criteria were that the max-
imum depth = 100, MCODE scores > 5, cutoff = 2, k-score = 2, 
and node score cutoff = 0.2.

2.6. RT-qPCR assay

A total of 50 BC participants were recruited. After surgery, 50 
BC tumor samples from BC patients and 50 adjacent standard 
bladder tissue samples were obtained. The research conformed 
to the Declaration of Helsinki and was authorized by the 
Human Ethics and Research Ethics Committees of the Fourth 
Hospital of Hebei Medical University. Informed consent was 
obtained from all participants.

Figure 3. Enrichment analysis for the DEGs by Metascape. (A) Heatmap of enriched terms across input differently expressed gene lists, colored by P values, via 
the Metascape. (B) Network of enriched terms colored by cluster identity, where nodes that share the same cluster identity are typically close to each other. (C) 
Network of enriched terms colored by P value, where terms containing more genes tend to have a more significant P value. DEGs = differently expressed genes.

https://www.ncbi.nlm.nih.gov/geo/
http://www.ncbi.nlm.nih.gov/geo/geo2r
http://www.ncbi.nlm.nih.gov/geo/geo2r
https://david.ncifcrf.gov/home.jsp
http://metascape.org/gp/index.html
http://string-db.org
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Figure 4. The functional annotation for the DEGs based on the DAVID. (A) BP, (B) CC, (C) MF, and (D) KEGG. BP = biological process, CC = cellular component, 
DEGs = differently expressed genes, KEGG = Kyoto Encyclopedia of Genes and Genomes, MF = molecular function.

Figure 5. The PPI network and hub genes. (A) PPI network. (B) The key module of MCODE analysis with six hub genes CDK1, TTK, AURKB, MELK, PLK1, and 
BUB1. MCODE = Molecular Complex Detection tool, PPI = protein–protein interaction.
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Total RNA was extracted from 50 BC tumor samples and 
50 adjacent standard bladder tissue samples by the RNAiso 
Plus (Trizol) kit (Thermofisher, Waltham, MA) and reverse 
transcribed to cDNA. RT-qPCR was performed using a Light 
Cycler® 4800 System with specific primers for genes. The RQ 
values (2−ΔΔCt, where Ct is the threshold cycle) of each sam-
ple were calculated and are presented as fold changes in gene 
expression relative to the control group. GAPDH was used as 
an endogenous control.

2.7. Effect of hub gene expression for overall survival of BC

The Kaplan–Meier Plotter analyzed the effect of hub gene 
expression for overall survival of BC.

3. Results

3.1. DEGs

Two volcano plots present the DEGs in the GSE121711 and 
GSE130598 (Fig.  1A and B). The Venn diagram revealed 39 
DEGs shared by the two datasets (Fig. 2).

3.2. DEGs annotation

Enrichment analysis by Metascape is displayed in Figure  3. 
The DEGs related to BP, CC, MF, and KEGG enrichment anal-
ysis were shown in bubble diagrams separately (Fig. 4A–D). 
The variations in DEGs linked with BP were mainly enriched 
in protein amino acid phosphorylation, phosphorylation, 
phosphorus metabolic process, phosphate metabolic process, 
enzyme-linked receptor protein signaling pathway, transmem-
brane receptor protein tyrosine kinase signaling pathway, intra-
cellular signaling cascade, regulation of protein modification 
process, cell division, and positive regulation of cell prolifera-
tion (Fig. 4A). The spindle, microtubule cytoskeleton, plasma 
membrane part, plasma membrane, spindle pole, membrane 
raft, cytoskeletal component, and extrinsic membrane were 
the critical regions of the plasma membrane where the alter-
ations in DEGs associated with CC were enriched (Fig. 4B). 

The variations in DEGs linked with MF were mainly enriched 
in protein kinase activity, ATP binding, adenyl ribonucleotide 
binding, adenyl nucleotide binding, purine nucleoside binding, 
nucleoside binding, ribonucleotide binding, purine ribonu-
cleotide binding, protein serine/threonine kinase activity, and 
purine nucleotide binding (Fig. 4C). The variations in DEGs 
linked with KEGG were mainly enriched in MAPK signaling 
pathway, Focal adhesion, Vascular smooth muscle contraction, 
Pathogenic Escherichia coli infection, Cell cycle, Regulation 
of actin cytoskeleton, Axon guidance, Pathways in cancer, 
Progesterone-mediated oocyte maturation, ErbB signaling 
pathway (Fig. 4D).

3.3. Protein–protein interaction network and hub genes

PPI was displayed in Figure  5A. The key MCODE analysis 
module was shown, including CDK1, TTK, AURKB, MELK, 
PLK1, and BUB1 (Fig. 5B). Two heat maps showed the expres-
sions of the hub genes in GSE121711 (Fig. 6A) and GSE130598 
(Fig.  6B). And the six hub genes were up-regulated in the 
tumoral compared with the normal tissues.

3.4. Results of RT-qPCR analysis

As presented in Figure 7, the relative expression levels of CDK1, 
TTK, AURKB, MELK, PLK1, and BUB1 were significantly 
higher in BC samples compared with the regular kidney tissue 
groups. The result demonstrated that CDK1, TTK, AURKB, 
MELK, PLK1, and BUB1 might be considered biomarkers for 
BC.

3.5. Association between hub gene expression and overall 
survival

Overall survival analysis showed that BC patients with high 
expression level of PLK1 had poorer overall survival times than 
those with low expression level (P < .05). The expression levels 
of CDK1, TTK, AURKB, MELK, and BUB1 was not related to 
the overall survival of BC patients (P > .05, Fig. 8).

Figure 6. The expression analysis for the hub genes. (A) The heat map showed the expressions of the hub genes in GSE121711. (B) The heat map showed 
the expressions of the hub genes in GSE130598.
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4. Discussion
Bladder cancer is one of the most common male malignant 
tumors and the most common urological tumor.[12] The biolog-
ical behavior of bladder cancer is complex and has the char-
acteristics of easy recurrence and metastasis. Local progression 
and distant metastasis occur in approximately 33% of primary 
bladder cancers,[13] but the specific mechanism of occurrence 

and development has not been studied. In-depth exploration 
of the molecular mechanism of bladder cancer is significant for 
researching targeted drugs. This study used bioinformatics to 
analyze bladder cancer and normal tissues and screened core 
genes. The main result of this study was that the PLK1 gene 
was highly expressed in bladder cancer, and when this gene was 
highly expressed, the prognosis of patients was poor.

Figure 7. Relative expression of CDK1, TTK, AURKB, MELK, PLK1, and BUB1 by RT-qPCR analysis. *P < .05, compared with normal bladder tissues.
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Polo-like kinase 1 (PLK1), a member of the silk/threonine 
protein kinase family, plays various roles in the cell cycle. PLK1 
is critical for precisely regulating cell division and maintaining 
genomic stability in mitosis, spindle assembly, and DNA damage 
responses.[14] Studies have found that it is highly expressed in 
prostate cancer,[15] neuroblastoma cells,[16] acute myeloid leuke-
mia,[17] cervical cancer,[18] and other malignant tumors, plays an 
essential role in the initiation, maintenance and completion pro-
cess of mitosis, and is closely related to survival and prognosis. 
Studies have suggested that blocking PLK1 expression by using 
antibodies, RNA interference or kinase inhibitors can effectively 
inhibit tumor cell proliferation and induce cell apoptosis.[19] 

Inhibition of PLK1 expression can lead to tumor cell death by 
interfering with multiple stages of mitosis, and PLK1 is expected 
to be a potential target for cancer therapy.[20,21]

PLK1 is overexpressed in cisplatin-resistant gastric cancer 
cells, and the sensitivity of tumor cells to chemotherapy is 
increased after the transfer of SI-PLk1 and BI2536.[20] Li et 
al[15] showed that Overexpression of PLK1 activates prostatic 
cancer oncogenesis and affects the cell reprogramming process, 
leading to increased migration and invasion of prostate cancer 
cells. PLK1-specific inhibitor BI2536 has been used in phase II 
clinical trials for some cancers.[22] Studies have shown[23] that 
PLK1 expression in bladder urothelial carcinoma and highly 

Figure 8. The effect of gene expression on overall survival.
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invasive bladder T24 cells were significantly higher than in 
normal bladder tissues and superficial bladder BIU-87 cells. 
After increasing PLK1 inhibitor (Scytonemin) concentration, 
tumor cell proliferation and invasion activity were significantly 
decreased, and G2/M phase arrest occurred. PLK1 expression 
is associated with critical histopathological features (grade 
and stage) and recurrence and metastasis of urothelial carci-
noma of the bladder. In the nude mouse model, PLK1 inhib-
itor RO3280 inhibited the growth and cell cycle progression 
of bladder cancer cells and blocked xenograft growth of blad-
der cancer.[24] Wu et al[25] used four PLK1 inhibitors to inhibit 
PLK1 expression and found that various bladder cancer cells 
were more sensitive to radiotherapy and chemotherapy. At the 
same time, the proliferation ability of tumor cells decreased. 
The above literature review is consistent with our results, the 
PLK1 gene is highly expressed in bladder cancer, and when the 
gene is highly expressed, the prognosis of patients is poor. It 
is speculated that the PLK1 gene plays an essential role in the 
growth and development of bladder cancer.

Despite the rigorous bioinformatics analysis in this paper, 
there are still some deficiencies. In this study, no animal exper-
iments of gene overexpression or knockout were conducted 
to verify its function further. Therefore, in future research, we 
should explore this aspect in-depth.

5. Conclusion
PLK1 gene may provide new ideas and evidence for targeted 
bladder cancer therapy.
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