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High expression of KIF20A in bladder cancer as 
a potential prognostic target for poor survival of 
renal cell carcinoma
Bin Liu, MDa,*, Jianzhi Su, MDa, Bo Fan, MDa, Xiaochen Ni, MDa, Tingting Jin, MDa

Abstract 
Urinary system tumors are malignant tumors, including renal cancer and bladder cancer. however, molecular target of them 
remains unclear. GSE14762 and GSE53757 were downloaded from GEO database to screen differentially expressed genes 
(DEGs). Weighted gene co-expression network analysis was performed. Gene Ontology (GO) and Kyoto encyclopedia of genes 
and genomes were used for enrichment analysis. Gene ontology and Kyoto encyclopedia of genes and genomes analyses were 
performed on whole genome, as formulated by gene set enrichment analysis. Survival analysis was also performed. Comparative 
toxicogenomics database was used to identify diseases most associated with hub genes. A total of 1517 DEGs were identified. 
DEGs were mainly enriched in cancer pathway, HIF-1 signaling pathway, organic acid metabolism, glyoxylate and dicarboxylate 
metabolism, and protein homodimerization activity. Ten hub genes (TPX2, ASPM, NUSAP1, RAD51AP1, CCNA2, TTK, PBK, 
MELK, DTL, kinesin family member 20A [KIF20A]) were obtained, which were up-regulated in tumor tissue. The expression of 
KIF20A was related with the overall survival of renal and bladder cancer. KIF20A was up-regulated in the tumor tissue, and might 
worsen the overall survival of bladder and kidney cancer. KIF20A could be a novel biomarker of bladder and kidney cancer.

Abbreviations: CTD = comparative toxicogenomics database, DEGs = differentially expressed genes, FDR = false discovery 
rate, GO = gene ontology, GSEA = gene set enrichment analysis, KEGG = Kyoto encyclopedia of genes and genomes, KIF20A = 
kinesin family member 20A, PPI = protein-protein interaction, WGCNA = weighted gene co-expression network analysis.
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1. Introduction
Urinary system tumor is a disease that occurs frequently in urol-
ogy.[1] Renal carcinoma also belongs to urinary system tumor,[2] 
there are no specific symptoms in initial clinical.[3] According 
to the epidemiological survey, the incidence of bladder cancer 
ranks fourth among all male malignant tumors worldwide.[4] 
With the increase of age of patients, the morbidity and mor-
tality showed an increasing trend.[5] There may be a strong 
link between bladder cancer and renal cancer through genetic 
inheritance or target interaction.[6] However, the pathogenesis 
of bladder cancer and kidney cancer is unknown.[7] Previously, 
we identified PLK1 as research focus of bladder cancer,[8] and 
bioinformatic analysis showed that kinesin family member 20A 
(KIF20A) has a strong correlation with PLK1. Furthermore, we 
hypothesized that KIF20A might influence development of blad-
der and kidney cancer.

Bioinformatics technology, an interdisciplinary subject of 
biology and computer, and its research focus is mainly reflected 
in Genomics and Proteomics.[9] It can design drugs based 
on analyzing data such as DNA sequencing and functional 
genomes.[10]

KIF20A, protein coding gene located on chromosome 5q31.2, 
molecular weight of about 100kda.[11,12] KIF20A is involved in reg-
ulation of microtubule bundle formation, midbody separation and 
cytokinesis.[13] Pathways associated with KIF20A include cell cycle, 
mitosis, and responses to cytosolic Ca2 + elevation.[14] Gene ontol-
ogy (GO) annotations linked to KIF20A included protein kinase 
binding and ATP hydrolysis activities.[15] However, mechanism of 
bladder cancer-related KIF20A in renal cancer is unknown.[16]

The paper analyzed renal cell carcinoma to obtain key genes, 
verify that high expression of KIF20A in bladder cancer may affect 
the survival rate of renal cancer, and verify KIF20A on renal cancer.

2. Method

2.1. Renal cancer dataset

Renal cancer data set GSE14762 and GSE53757 configuration 
file generated from GPL4866, GPL570 GEO database (http://
www.ncbi.nlm.nih.gov/geo/). GSE14762 included 10 renal 
cancer and 12 normal tissue samples, GSE53757 included 72 
renal cancer and 72 normal tissue samples to get differentially 
expressed genes (DEGs) in renal cancer.
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2.2. Go to batch processing

GSE14762 and GSE53757 were combined using R package in 
Silico Merging [DOD:10.1186/1471-2105-13-335] to obtain 
merge matrix. Furthermore, we used remove batch effect func-
tion of R package limma (version 3.42.2,) to remove batch 
effect, finally obtained matrix after removing batch effect, which 
was applied to subsequent analysis.

2.3. Screening of DEGs

R package “limma” was used for probe summary and back-
ground correction of merged matrices for GSE14762 and 
GSE53757. Used Benjamini-Hochberg method to set raw P val-
ues. Used fold change to get false discovery rate (FDR). Cutoff 
criterion for DEG was FDR < 0.05. Volcano plot was made, 
intersection DEGs were taken by Venn diagram.

Figure 1. Analysis of differentially expressed genes. (A) 1517 DEGs were identified. Blue: Down-regulated; Red: Up-regulated (B) Draw Venn diagram and take 
intersection. DEGs = differentially expressed genes.
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2.4. Weighted gene co-expression network analysis
We got Median Absolute Deviation of each gene separately 
by post-batch merging matrices of GSE14762 and GSE53757. 
For all genes in pairs perform Pearson correlation matrix and 

average chain method. using power function A_mn = | C_mn | ̂ β 
structure weighted adjacency matrix (C_mn = Pearson correla-
tion between Gene_m and Gene_n; A_mn = adjacency between 
Gene m and Gene n). After selecting a power of 10, adjacency is 

Figure 2. Functional enrichment analysis. (A, C, E, G) functional enrichment analysis of DEGs. (B, D, F, H) GSEA analysis. DEGs = differentially expressed genes, 
GSEA = gene set enrichment analysis.
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transformed into a topological overlap matrix. Average linkage 
hierarchical clustering was performed, minimum size (genome) 
was 30. Sensitivity was set to 3. Calculated dissimilarity of mod-
ule characteristic genes, selected a cut line for module dendro-
gram, merged some modules.

2.5. Protein-protein interaction (PPI) networks

The list of differential genes was input into the STRING (http://
string db.org/) database to build a PPI network (confidence > 
0.4) for predicting core genes. PPI network was imported into 
cytoscape software, module with best correlation was found by 

Figure 3. Enrichment analysis by Metascape. (A) GO analysis, (B) enriched networks colored by enriched terms and (C) enriched networks colored by p-values. 
GO = gene ontology.

http://string
http://string
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Figure 4. Enrichment analysis by Metascape.
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Figure 5. WGCNA analysis. (A) β = 2,0.90 (B) β = 2488.33. (C) Hierarchical clustering tree, which generated three important modules. (D) Interaction 
between modules. (E) Heatmap of correlation between modules and phenotypes (F–H) Scatter plot of correlation between GS and MM for related hub genes. 
WGCNA = weighted gene co-expression network analysis.
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MCODE. Three algorithms (MCC, MNC, DMNC) were used 
to calculate 10 best correlation genes and take intersection, and 
core gene list was exported after visualization.

2.6. Functional enrichment analysis
This study will Wayne figure out the difference of gene list 
input Kyoto encyclopedia of genes and genomes (KEGG) rest 

Figure 6. Construction and analysis of protein-protein interaction (PPI) networks. (A) PPI network of DEGs (B) core gene cluster (C) union was obtained by Venn 
diagram to obtain 10 core genes (D) MCC was used to identify central genes (E) MNC was used to identify central genes (F) DMNC was used to identify central 
genes. DEGs = differentially expressed genes, PPI = protein-protein interaction.
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API (https://www.kegg.jp/kegg/rest/keggapi.html) to get lat-
est KEGG Pathway gene annotation, Used R package cluster 
Profiler (version 3.14.3) for enrichment analysis to get results 
of gene set enrichment. GO annotation of genes in R software 
package org.Hs.e.g..db (version 3.1.0) was used as background, 
genes were mapped to background set. The minimum gene set 
was 5, maximum gene set was 5000. P value of < 0.05, FDR of 
< 0.25 were considered as measures of statistical significance.

In addition, we use Metascape database (http://metascape.
org/gp/index.html), for above differences in gene enrichment of 
function analysis and export list.

2.7. Gene set enrichment analysis (GSEA) analysis

For GSEA, we derived from GSEA (DOI: 10.1073/ pnas. 
0506580102, http://software.broadinstitute.org/gsea/index.
jsp) web site for GSEA software (version 3.0). Samples were 
divided into 2 groups based on renal cancer and normal tis-
sue and derived from Molecular Signatures Database (DOI: 
10.1093/ bioinformatics/btr260, http://www.gsea-msigdb.org/
gsea/downloads.jsp) to download c2.cp.kegg.v7.4.symbols.
gmt. Based on gene expression profile and phenotype grouping, 
a minimum gene set of 5, a maximum gene set of 5000, 1000 
resampling.

2.8. Heat map of gene expression

By R package heatmap to make a heatmap of expression degree 
of core genes found by the 2 algorithms in PPI network in 
GSE14762 and GSE53757 visually displayed expression dif-
ferences of core genes between renal cancer and normal tissue.

2.9. Survival analysis

We obtained clinical survival data and corresponding gene 
expression data from TCGA to verify whether the core genes had 
predictive power in survival. Used R software package maxstat 
(version:0.7–25) to calculate optimal cutoff value of Risk Score 
of 10 core genes, best cutoff value is calculated, Survfit function 
of the R package survival was further used to find prognostic 
differences. We also used R package forest to make a forest map 
of 10 core genes to observe whether each independent core gene 
had a significant effect on prognosis of renal cancer.

2.10. Comparative toxicogenomics database (CTD) analysis

We entered the core genes into CTD website, found most rel-
evant diseases to core genes, used Excel to draw differential 
expression radar map for each gene.

Figure 7. Prognostic score relationship and gene expression heat map. (A, B) The survival time and survival rate of the low-risk group were significantly higher 
than those of the high-risk group. (C) 10 core genes (TPX2, ASPM, NUSAP1, RAD51AP1, CCNA2, TTK, PBK, MELK, DTL, KIF20A) were obtained with high 
expression in tumor tissue samples and low expression in normal tissue samples. KIF20A = Kinesin family member 20A.

https://www.kegg.jp/kegg/rest/keggapi.html
http://metascape.org/gp/index.html
http://metascape.org/gp/index.html
http://software.broadinstitute.org/gsea/index.jsp
http://software.broadinstitute.org/gsea/index.jsp
http://www.gsea-msigdb.org/gsea/downloads.jsp
http://www.gsea-msigdb.org/gsea/downloads.jsp
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2.11. RT-qPCR assay
Homogenize tissue samples in 1 ml of RNA Extraction per 
20 mg of tissue using power homogenizer. The sample volume 
should not exceed 10% of the volume of RNA Extraction used 
for the homogenization.

After thawing, mix and briefly centrifuge the components of 
the kit. Add the following reagents into a sterile, nuclease-free 
tube on ice in the indicated order:

Template RNA 2 µg, Primer Oligo (dT) 18 primer 0.5 µL and 
Random Hexamer primer 0.5 µL or gene-specific primer 1 µL, 
5X Reaction Buffer 4 µL, Servicebio®RT Enzyme Mixa 1 µL, 
Water, nuclease-free to 20 µL, Total volume 20 µL. Incubate for 
5 minutes at 25°C, 30 minutes at 42°C. Terminate the reaction 
by heating at 85°C for 5 seconds.

The results of processing:
∆∆CT method:

Figure 8. Survival analysis. (A) Forest plot of core genes (TPX2, ASPM, NUSAP1, RAD51AP1, CCNA2, TTK, PBK, MELK, DTL, KIF20A) related to renal cancer 
(B–J) survival curves of the 10 core genes. KIF20A = Kinesin family member 20A.
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A = CT (target gene, sample) - CT (internal standard gene, 
sample)

B = CT (target gene, control) - CT (internal standard gene, 
control)

K = A to B
RNA Expression = 2-K

The primer of KIF20A:
Forward Primer: TCTGTCGTCTCTACCTCCCTA
Reverse Primer: CAAGGGCCTAACCCTCAAGTA

3. Results

3.1. Differential gene analysis

1517 DEGs were found based on DEGs identified in debatching 
merge matrix of GSE14762 and GSE53757 (Fig. 1A).

3.2. Functional enrichment analysis

3.2.1. Functional enrichment analysis of DEGs. In GO 
analysis, they were mostly concentrated in organic acid 
metabolic process, metabolic pathway, cancer pathway, HIF-1 
signaling pathway, glyoxylate and dicarboxylate metabolism, 
protein homodimerization activity (Fig. 2A, C, E, G).

3.2.2. GSEA analysis. GSEA enrichment analysis terms were 
similar to GO and KEGG enrichment terms of DEGs, which were 
mostly concentrated in organic acid metabolism, glyoxylate and 
dicarboxylate metabolism, protein homodimerization activity 
(Fig. 2B, D, F, H).

3.2.3. Enrichment analysis by Metascape. Among the enrichment 
items of Metascape, GO has inflammatory response, cytokine 

signaling in the immune system, immune response regulation 
signaling pathways (Fig. 3A), and has enrichment networks colored 
by enrichment terms and p-values (Fig. 3B, C, Fig. 4).

3.2.4. Weighted gene co-expression network analysis 
(WGCNA) analysis. Soft threshold power in WGCNA analysis 
was set to 9, which is lowest power for a scale-free topological 
fit index of 0.9 (Fig.  5A, B). Hierarchical clustering trees were 
constructed for all genes and yielded 3 significant modules 
(Fig. 5C). Interactions between these modules were then analyzed 
(Fig.  5D). Heatmaps of correlation between modules and 
phenotypes (Fig. 5E) and scatter plots of correlation between GS 
and MM for related hub genes (Fig. 5F–H) were also generated.

We calculated module characteristic vector correlation with 
expression of genes for MM, according to cutting standard (|MM| > 
0.8), in clinical significant module has 3 high connectivity gene was 
identified as hub. We also drew a Venn diagram by WGCNA with 
differential genes screened by DEGs and took intersection (Fig. 1B)

3.3. Protein-protein interaction networks

Analyzed by Cytoscape software (Fig. 6A) to obtain core gene 
clusters (Fig. 6B). Three different algorithms were used to con-
firm core genes (Fig. 6D–F). Venn diagram was used to obtain 
union (Fig. 6C), which resulted in 10 core genes (TPX2, ASPM, 
NUSAP1, RAD51AP1, CCNA2, TTK, PBK, MELK, DTL, 
KIF20A).

3.4. Prognostic score relationship and gene expression 
heat map

We found survival time and survival rate were significantly 
higher in low-risk group than in high-risk group (Fig. 7A, B). We 

Figure 9. Box plot of core genes in renal cell carcinoma.
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obtained 10 core genes (TPX2, ASPM, NUSAP1, RAD51AP1, 
CCNA2, TTK, PBK, MELK, DTL, KIF20A) and found that 
these core genes were highly expressed in tumor tissue samples 
and poorly expressed in normal tissue samples (Fig. 7C).

3.5. Survival analysis

We obtained forest plots of core genes (TPX2, ASPM, NUSAP1, 
RAD51AP1, CCNA2, TTK, PBK, MELK, DTL, KIF20A) associ-
ated with renal cancer (Fig. 8A) and survival plots of the 10 core 

Figure 10. CTD analysis. 10 genes (TPX2, ASPM, NUSAP1, RAD51AP1, CCNA2, TTK, PBK, MELK, DTL, KIF20A) were related to necrosis, inflammation, 
adenoid cystic carcinoma, kidney disease, and tumor. CTD = comparative toxicogenomics database, KIF20A = Kinesin family member 20A.
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genes (Fig. 8B–J). Box plots of core genes in renal carcinoma 
were also obtained (Fig. 9).

3.6. CTD analysis

We found 10 genes (TPX2, ASPM, NUSAP1, RAD51AP1, 
CCNA2, TTK, PBK, MELK, DTL, KIF20A) were linked to 
necrosis, inflammation, adenoid cystic carcinoma, renal disease, 
and tumor. (Fig. 10)

3.7. The correlation between PLK1 and KIF20A in the 
bladder cancer

There was strong correlation between PLK1 and KIF20A in the 
bladder cancer (R = 0.65, P < .001) (Fig. 11A). Compared with 
the normal tissue, the expression of KIF20A was higher expres-
sion in the bladder cancer (Fig. 11B).

3.8. The expression of KIF20A via the RT-PCR

Compared with the normal tissues, the expression of KIF20A 
was up-regulated in the bladder cancer through the RT-PCR 
(P < .05, Fig. 12)

4. Discussion
The main symptoms of urinary system tumors were frequent 
urination, hematuria, urgency, dysuria, abdominal pain, etc. The 
typical manifestation was painless and progressive gross hema-
turia. Bladder cancer is very harmful, which can cause fibro-
sis of the bladder, reduce the capacity of the bladder, and even 
reflux of the ureter and urine. It is also invasive and metastatic, 
which can endanger life and even lead to death.[17] One of most 
common hazards of renal cell carcinoma is hematuria. There 

may also be fever, anemia, hypertension, cachexia, metastatic 
symptoms of other sites, and bone pain.[18] We found KIF20A 
is highly expressed in bladder cancer, also highly expressed in 
renal cancer, and resulted in a poor survival prognosis of renal 
cancer patients.

KIF20A is 1 of motor protein-6 subfamily, mainly respon-
sible for regulating intracellular motility and cell division.[19–22] 
KIF20A is a microtubule-associated motor protein, generating 
mechanical forces through coupling to adenosine triphosphate 
hydrolysis that are central to mitosis and cytokinesis.[23–26] 
KIF20A cross-links plasma membrane to microtubule cyto-
skeleton, which in turn promotes establishment of intracellular 
Bridges,[27] also preventing cross-linking and unpolymerization 
of cytoplasmic microtubules.[28]

KIF20A and other kinesin mitosis might be in cell fate deter-
mination factor is very important for transportation, may lead-
ing to cell division symmetrical or asymmetrical results.[29–34]

KIF20A is an important regulator of cytokinesis.[35,36] There 
is evidence that KIF20A linked to cancer.[37,38] Related studies 
have shown that ARAP1-AS1 regulates expression of KIF20A 
by infiltrating miR-3918, thereby helping bladder cancer cells 
activity,[39] affecting survival level of bladder cancer.[16] KIF20A 
is also responsible for intracellular trafficking of vesicles and 
organelles, and cell mitotic spindle formation.[40–44]

KIF20A can encode a mitogenic kinesin-like molecule with 
ATP activity that can move toward the microtubule anode. 
The gene functions as a microtubule-associated motor protein 
at telophase of meiosis and is also involved in mediating the 
transport of vesicles.[45,46] Abnormal expression of KIF20A is 
associated with chromosomal instability. It has been shown 
that KIF20A accumulates in the nucleus during the G2 phase of 
the cell cycle, leading to enhanced proliferation of pathological 
cells.[47] Xu’s research found that the KIF20A was 1 hub bio-
marker of renal cancer, and identified as an independent RCC 
prognostic factor.[48]

Figure 11. The role of PLK1 and KIF20A in the bladder cancer. (A) The strong correlation between PLK1 and KIF20A in the bladder cancer. (B) The expression 
of KIF20 A in the bladder cancer tissues. Compared with the normal tissue, the expression of KIF20A was higher expression in the bladder cancer. KIF20A = 
Kinesin family member 20A.
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KIF20A is important for immune cell infiltration. KIF20A 
increased infiltration levels of T cells follicular helper and T 
cells regulatory (Tregs).[48,49] KIF20A is overexpressed in many 
types of tumors,[15] it is related to occurrence of tumors, which 
is a stimulating factor for their malignant phenotype.[50] KIF20A 
may also be a useful biomarker in progression of nasopharynx 
cancer.[51] KIF20A can help colorectal cancer cells become active 
and enhances their resistance to chemotherapy by regulating 
JAK/STAT3 signaling pathway.[52] KIF20A levels affect sensitiv-
ity of hepatoma cells to chemotherapy drugs, have better prog-
nosis.[53] KIF20A also have abnormal performance in prostate 
cancer.[54] KIF20A promotes fibrosarcoma development through 
PI3K-Akt signaling pathway.[55] Combine the above survey 
results, it is possible that KIF20A has a certain effect on renal 
cell carcinoma.

Our investigation also has some shortcomings, we have not 
conducted animal studies on expression or knockout to support 
it. We should go into more exploration of this later. KIF20A 
gene may be an important factor affecting renal cancer.
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