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Background: This study aimed to identify the hub genes associated with prognosis of patients 
with ovarian cancer by using integrated bioinformatics analysis and experimental validation.
Methods: Four microarray datasets (GSE12470, GSE14407, GSE18521 and GSE46169) were 
analyzed by the GEO2R tool to screen common differentially expressed genes (DEGs). Gene 
Ontology, the Kyoto Encyclopedia of Genes and Genomes, the (KEGG) pathway and Reactome 
pathway enrichment analysis, protein–protein interaction (PPI) construction, and the identifica-
tion of hub genes were performed. Furthermore, we performed the survival and expression 
analysis of the hub genes. In vitro functional assays were performed to assess the effects of hub 
genes on ovarian cancer cell proliferation, caspase-3/7 activity and invasion.
Results: A total of 89 common DEGs were identified among these four datasets. The KEGG 
and Reactome pathway results showed that the DEGs were mainly associated with cell cycle, 
mitotic and p53 signaling pathway. A total of 20 hub genes were identified from the PPI 
network by using sub-module analysis. The survival analysis revealed that high expression of 
six hub genes (AURKA, BUB1B, CENPF, KIF11, KIF23 and TOP2A) were significantly 
correlated with shorter overall survival and progression-free survival of patients with ovarian 
cancer. Furthermore, the expression of the six hub genes were validated by the GEPIA 
database and Human Protein Atlas, and functional studies revealed that knockdown of 
KIF11 and KIF23 suppressed the SKOV3 cell proliferation, increased caspase-3/7 activity 
and attenuated invasive potentials of SKOV3 cells. In addition, knockdown of KIF11 and 
KIF23 up-regulated E-cadherin mRNA expression but down-regulated N-cadherin and vimen-
tin mRNA expression in SKOV3 cells.
Conclusion: Our results showed that six hub genes were up-regulated in ovarian cancer 
tissues and may predict poor prognosis of patients with ovarian cancer. KIF11 and KIF23 
may play oncogenic roles in ovarian cancer cell progression via promoting ovarian cancer 
cell proliferation and invasion.
Keywords: ovarian cancer, bioinformatics, cell cycle, hub genes, survival, prognosis

Introduction
Ovarian cancer is one of the most common gynaecological malignancies, and is one of 
the major causes of gynaecological cancer-related mortality worldwide.1,2 It is estimated 
that there were about 250,000 new cases and 160,000 deaths in 2018.3 Various risk 
factors including a family history of ovarian cancer or breast cancer, overweight, smok-
ing, earlier menstruation or later menopause and not giving birth have been suggested to 
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contribute to the development of ovarian cancer.4 The main 
treatment regimens for ovarian cancer are mainly surgical 
resection and chemotherapy. However, more than 50% of 
ovarian cancer cases are diagnosed at a late stage, as the 
effective diagnosis for ovarian cancer is still limited.5 Thus, 
the overall survival (OS) of patients with ovarian cancer is less 
than 40%.5 Therefore, it is of great importance to identify and 
understand novel biomarkers and therapeutic targets for ovar-
ian cancer, which is essential for us to improve the diagnosis 
and treatment of ovarian cancer.

High throughput technologies have been developed to 
identify novel biomarkers and therapeutic targets in different 
types of cancers including ovarian cancer.6–8 Winterhoff 
et al, used the single cell sequencing and demonstrated the 
heterogeneity within ovarian cancer epithelium and cancer- 
related stromal cells.9 Zhang et al, performed next-generation 
sequencing-based genomic profiling analysis and identified 
novel mutations for clinical diagnosis in Chinese primary 
epithelial ovarian cancer patients.10 Recently, publicly avail-
able gene profiles and gene chips have been commonly 
employed to identify differentially expressed genes (DEGs) 
in cancer studies by using bioinformatics analysis. Zhang 
et al, analyzed the datasets of GSE53012 and identified the 

hypoxia networks related to ovarian cancer progression via 
bioinformatics analysis.11 In addition, various studies have 
analyzed the Gene Expression Omnibus (GEO) datasets and 
identified hub genes associated with the prognosis of ovarian 
cancer.12–14 Based on the above evidence, re-analysis of 
GEO datasets by using bioinformatics tools can assist us to 
explore the biomarkers and mechanisms underlying the ovar-
ian cancer progression and provide novel insights into the 
current research in ovarian cancer.

In this study, we performed bioinformatics analysis in four 
GEO datasets including GSE12470, GSE14407, GSE18521 
and GSE46169. The common DEGs among these datasets 
were first screened. Subsequently, integrated bioinformatics 
analyses including Gene Ontology (GO) term analysis, 
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 
and Reactome pathway enrichment analysis, protein–protein 
interaction (PPI) construction, and the identification of hub 
genes were performed. Furthermore, we performed the survi-
val and expression analysis of the hub genes. Finally, in vitro 
functional assays were performed to assess the effects of hub 
genes on ovarian cancer cell proliferation, caspase-3/7 activity 
and invasion. The workflow of the present study is presented in 
Figure 1.

Figure 1 Workflow of the bioinformatics analysis.
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Materials and Methods
Collection of Data
The microarray datasets were downloaded from the GEO 
database, which is public repository for data storage. 
A total of four datasets including GSE12470, GSE14407, 
GSE18521 and GSE46169 were downloaded and pro-
cessed for analysis. The details of the collected datasets 
are presented in Table 1.

Data Processing
The GEO2R tool (http://www.ncbi.nlm.nih.gov/geo/ 
geo2r/) was used to identify the DEGs between normal 
ovarian tissues and ovarian cancer tissues in the col-
lected datasets. GEO2R is an online interactive tool that 
compares two groups of samples in the same dataset. 
The adjusted P-values (adj. P) were applied to correct 
for the occurrence of false positive results using 
Benjamini and Hochberg false discovery rate method 
by default. The |logFC| > 1.5 and adj. P < 0.05 were 
set as the cut-off criteria.

Functional and Pathway Enrichment 
Analysis
The GO, KEGG pathway and Reactome pathway enrich-
ment analysis was performed using the g: profiler, which is 
an online program that provides a comprehensive set of 
functional annotation tools for researchers to understand 
biological meaning behind plenty of genes.15 P < 0.05 was 
set as the cut-off criteria.

PPI Network Construction and 
Identification of Hub Genes
The Search Tool for Retrieval of Interacting Genes 
(STRING, http://string.embl.de/) database was used to 

construct the protein–protein interaction (PPI) network of 
DEGs and subsequently was visualized using Cytoscape 
software with confidence score ≥ 0.7 being set as the cut- 
off criteria. Molecular Complex Detection (MCODE; 
degree cutoff = 2, node score cutoff = 0.2, k-core = 2, 
and max. depth = 100) and CytoHubba16 were performed 
to screen sub-modules of PPI network and the potential 
hub genes.

Survival Analysis of Hub Genes
The survival analysis of DEGs in ovarian cancer 
patients was performed using Kaplan–Meier plotter 
(KM plotter, www.kmplot.com), which can assess the 
effect of 54,675 genes on survival using 10,188 cancer 
samples, including 4,142 breast, 1,648 ovarian, 2,437 
lung, and 1,065 gastric cancer patients.17 The patients 
with ovarian cancer were split into two groups accord-
ing to the expression of a particular gene (high vs low 
expression). The hazard ratio (HR) with 95% confidence 
intervals and log rank P-value were calculated and dis-
played on the webpage.

Expression Analysis of Hub Genes
The gene expressions of the hub genes were validated 
using the Gene Expression Profiling Interactive Analysis 
(GEPIA),18 which is based on 9,736 tumors and from the 
cancer genomic map [The Cancer Genome Atlas 
(TCGA)] and genotype-tissue expression. The protein 
expression of the hub genes in the tissues samples were 
further validated in the Human Protein Atlas (http://www. 
proteinatlas.org/).

Cell Culture and Cell Transfection
Human ovarian cancer cell line (SKOV3) was purchased 
from ATCC (Manassas, USA) and the cells were cultured 
with RPMI-1640 medium (Gibco, Waltham, USA) con-
taining 10% fetal bovine serum (FBS; Gibco) and 100 U/ 
mL penicillin and 100 μg/mL streptomycin. The SKOV3 
cells were maintained in a humidified incubator supplied 
with 5% CO2 at 37°C. Two siRNAs for KIF11 (siKIF11(i) 
and siKIF11(ii)) and KIF23 (siKIF23(i) and siKIF23(ii)) 
as well as the scrambled negative control (NC) siRNAs 
(siNC) were purchased from Ribobio (Guangzhou, 
People's Republic of China). For the cell transfection, the 
SKOV3 cells were plated on the 6-well plates, and when 
the cells reached ~80–90% confluence, the siRNAs were 
transfected by using the Lipofectamine 2000 reagent 
(Invitrogen, Carlsbad, USA) according to the 

Table 1 Information of the Selected GEO Datasets

GEO 
Datasets

Samples 
(Normal vs 
Cancerous)

Platform

GSE12470 10 vs 35 GPL887 Agilent-012097 Human 

1A Microarray (V2) G4110B

GSE14407 12 vs 12 GPL570 Affymetrix Human 
Genome U133 Plus 2.0 Array

GSE18521 10 vs 53 GPL570 Affymetrix Human 

Genome U133 Plus 2.0 Array
GSE46169 3 vs 27 GPL1261 Affymetrix Mouse 

Genome 430 2.0 Array

Cancer Management and Research 2021:13                                                                               submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
709

Dovepress                                                                                                                                                            Zhao et al

http://www.ncbi.nlm.nih.gov/geo/geo2r/
http://www.ncbi.nlm.nih.gov/geo/geo2r/
http://string.embl.de/
http://www.kmplot.com
http://www.proteinatlas.org/
http://www.proteinatlas.org/
http://www.dovepress.com
http://www.dovepress.com


manufacturer’s protocol. At 24 hours after transfection, the 
SKOV3 cells were collected for in vitro functional assays.

Quantitative Real-Time PCR (qRT-PCR) 
Assay
Total RNA was isolated from cells using TRIzol reagent 
(Invitrogen) according to a standard protocol. The reverse 
transcription products of total RNA were obtained by 
using the Prime-Script RT reagent kit (Takara, Dalian, 
People's Republic of China). The real-time PCR was per-
formed on an ABI 7900 real-time PCR system (Applied 
Biosystems, Foster City, USA) using SYBR Real-time 
PCR Master Mix kit (Takara). Data generated by qRT- 
PCR were analyzed by the 2−ΔΔCt method, and GAPDH 
was used as the internal control normalizing the expression 
of detected genes.

Cell Counting-8 Kit (CCK-8) Assay
The SKOV3 cell proliferative potential was evaluated by 
the CCK-8 assay (Beyotime, Beijing, People's Republic of 
China). Briefly, the transfected SKOV3 cells were incu-
bated with the CCK-8 solution at the indicated time. After 
that, the cell proliferative potential was assessed by mea-
suring optical density (OD) values at 450 nm.

Caspase-3/7 Activity Assay
The caspase-3/7 activity of the SKOV3 cells was deter-
mined by Caspase-Glo 3/7 assay (Promega, Madison, 
USA). Briefly, cells with different treatments were 
seeded in 96-well plates and cultured for 24 hours. 
After that, the cells were incubated with 100 µL of 
Caspase-Glo 3/7 reagent for 3 hours at room tempera-
ture. The caspase-3/7 activity was determined by mea-
suring the luminescence.

Transwell Invasion Assay
The invasive potential of SKOV3 cells was determined by 
using the Transwell invasion assay. Briefly, the transfected 
SKOV3 cells were seeded onto the upper chamber 
(Matrigel-coated inserts with 8 µm pore size, Merck 
Millipore, Burlington, USA). The upper chamber was 
filled with RPMI-1640 medium without FBS, and the 
lower chamber was filled with 10% FBS-RPMI-1640 med-
ium. After culturing for 24 hours, the SKOV3 cells 
invaded into the lower surface of the inserts were stained 
with gentian violet (Beyotime), and the stained invading 
cells were counted using a light microscope.

Statistical Analysis
All the data from the in vitro functional studies is presented 
as mean ± standard deviation. The data was processed using 
the GraphPad Prism Software (Version 6.0, GraphPad 
Software, La Jolla, USA). Significant differences among 
the different groups was determined by one-way analysis 
of variance followed with Bonferroni’s post hoc test. P < 
0.05 was considered to statistically significant.

Results
Screening of the DEGs Among 
GSE12470, GSE14407, GSE18521 and 
GSE46169
The DEGs were analyzed using the GO2R tool, and the 
DEGs were presented using volcano plots. The volcano 
plots for the respective GEO datasets are presented in 
Figure 2A–D. A total of 2,241, 2,343, 2,383 and 3,617 
genes were identified in the GSE12470 (1,491 up- 
regulated and 750 down-regulated), GSE14407 (1,042 up- 
regulated and 1,301 down-regulated), GSE18521 (1,264 
up-regulated and 1,119 down-regulated) and GSE46169 
(2,321 up-regulated and 1,296 down-regulated), respec-
tively. The Venn diagram illustrated the common up- 
regulated and down-regulated DEGs among these datasets 
(Figure 2E and F). A total of 89 common DEGs with 56 
up-regulated genes and 33 down-regulated genes were 
identified among these datasets.

GO, KEGG and Reactome Pathway 
Enrichment Analysis
The common DEGs among these datasets were firstly 
evaluated by the GO enrichment analysis. As shown in 
Figure 3A, the DEGs were significantly enriched in 
“spindle pole,” “spindle microtubule,” “spindle” and 
“nuclear chromosome” in the cellular component cate-
gory. In the biological process category, the DEGs were 
significantly enriched in “sister chromatid segregation,” 
“regulation of cell cycle process,” “regulation of cell 
cycle,” “organelle fission” and so on (Figure 3B). In 
the molecular function category, the DEGs were mark-
edly enriched in “protein binding,” “histone kinase 
activity,” “tubulin binding,” “carbohydrate derivative 
binding” and so on (Figure 3C). The analysis of 
KEGG pathway showed that the DEGs were mainly 
enriched in the pathways including “progesterone- 
mediated oocyte maturation,” “P53 signaling pathway,” 
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“oocyte meiosis,” “cellular senescence” and “cell cycle” 
(Figure 3D). Furthermore, the Reactome pathway 
revealed that DEGs were significantly enriched in the 
pathways including “cell cycle,“ “mitotic cell cycle,” “ 
regulation of mitotic cell cycle,” “APC/C-mediated 
degradation of cell cycle proteins” and so on 
(Figure 3E).

PPI Network Construction and Hub 
Genes Identification
The STRING database was used to construct the PPI net-
work of the DEGs. The constructed network was 

illustrated in Figure 4A and B, and there are 89 nodes 
and 768 edges in the PPI network. Furthermore, the PPI 
network was further analyzed by using MCODE and 
CytoHubba to identify key sub-modules in the PPI net-
work. Based on the MCODE analysis, a network with 30 
nodes was identified (Figure 5A); by using the CytoHubba 
module, the top 20 genes with the highest scores were 
identified from the PPI network (Figure 5B). Thus, the 
genes that were identified both in MCODE and 
Cytohubba analysis were defined by hub genes, and 
a total of 20 hub genes were identified and chosen for 
survival analysis.

Figure 2 Identification of common DEGs in the GSE12470, GSE14407, GSE18521 and GSE46169. Volcano plots of DEGs in GSE12470 (A), GSE14407 (B), GSE18521 (C) 
and GSE46169 (D) are shown. (E) Venn diagram shows the common up-regulated DEGs in the datasets. (F) Venn diagram shows the common down-regulated DEGs in the 
datasets. 
Abbreviations: Adj.P.val, adjusted P-values; UP, up-regulated genes; DOWN, down-regulated genes; NOT, genes without significant changes; FC, fold change.
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Survival Analysis of Hub Genes in Patients 
with Ovarian Cancer
The prognostic role of hub genes in ovarian cancer was 
analyzed by the online database (http://kmplot.com/ana 
lysis/index.php?p=serviceandcancer=ovar). As shown in 
Figure 6, a total of 1,656 ovarian cancer patients were 
included in the overall survival (OS) analysis. Among 
these hub genes, high expression of AURKA (Figure 
6A), BUB1 (Figure 6B), BUB1B (Figure 6C), CENPF 
(Figure 6D), KIF11 (Figure 6E), KIF23 (Figure 6F) and 
TOP2A (Figure 6G) was significantly correlated with 
shorter OS of the patients with ovarian cancer; whereas 

the other hub genes had no significant correlation with 
OS of the patients with ovarian cancer (data not shown). 
As shown in Figure 7A, a total of 1,435 patients with 
ovarian cancer were included in progression-free survi-
val (PFS) analysis. Among these hub genes, high 
expression of AURKA (Figure 7A), BUB1B (Figure 
7B), CENPF (Figure 7C), KIF11 (Figure 7D), KIF23 
(Figure 7E) and TOP2A (Figure 7F) was significantly 
correlated with shorter PFS of patients with ovarian 
cancer; whereas the other hub genes were not signifi-
cantly correlated with PFS of patients with ovarian 
cancer (data not shown).

Figure 3 Functional and pathway enrichment analysis. GO enrichment analysis of common DEGs: (A) cellular component, (B) biological process and (C) molecular 
function. (D) KEGG pathway enrichment analysis of common DEGs. (E) Reactome pathway enrichment analysis of common DEGs.
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Expression Analysis of Hub Genes 
Associated with Prognosis of Patients 
with Ovarian Cancer
Based on the OS and PFS analysis, six hub genes includ-
ing AURKA, BUB1B, CENPF, KIF11, KIF23 and TOP2A 

had prognostic potential in patients with ovarian cancer, 
and the expression of these six hub genes in the ovarian 
tissues and normal ovarian tissues were analyzed by 
GEPIA. As shown in Figure 8A, a total of 426 ovarian 
cancer tissues and 88 normal ovarian tissues were included 
in the expression analysis, and the expression levels of 
AURKA (Figure 8A), BUB1B (Figure 8B), CENPF (Figure 
8C), KIF11 (Figure 8D), KIF23 (Figure 8E) and TOP2A 
(Figure 8F) were significantly higher in the ovarian tissues 
than in the normal ovarian tissues. Furthermore, the pro-
tein expression of hub genes including AURKA (Figure 
9A), CENPF (Figure 9B), KIF11 (Figure 9C), KIF23 
(Figure 9D) and TOP2A (Figure 9E) was analyzed by 
using the Human Protein Atlas, and the protein expression 
levels of these genes were significantly higher in the 
ovarian cancer tissues than that in the normal ovarian 
tissues.

Effects of KIF11 and KIF23 Knockdown on 
the Proliferation, Caspase-3/7 Activity 
and Invasion of Ovarian Cancer Cells
Among the six hub genes, the role of AURKA, BUB1B, 
CENPF and TOP2A in ovarian cancer has been well- 
documented in various reports;19–26 however, the role of 
KIF11 and KIF23 in ovarian cancer is less understood. In 
this regard, we further validated the biological functions of 
two hub genes KIF11 and KIF23 in the SKOV3 ovarian 
cancer cell line. As shown in Figure 10, the transfection of 
siRNAs respectively targeting KIF11 and KIF23 signifi-
cantly down-regulated the expression of KIF11 and KIF23 

Figure 4 Construction of PPI network of common DEGs. (A) PPI network constructed using STRING database. (B) The interactions among different genes are further 
presented using Cytoscape software.

Figure 5 Sub-module analysis of PPI network. (A) Sub-module network analyzed by 
MCODE. (B) Sub-module network analyzed by cytoHubba, and top 20 genes are shown.
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in SKOV3 cells (Figure 10A and B). The CCK-8 assay 
showed that silence of KIF11 and KIF23 both significantly 
repressed the SKOV3 cell proliferation (Figure 10C and 
D). Furthermore, the knockdown of KIF11 and KIF23 both 
significantly increased the caspase-3/7 activity of SKOV3 
cells (Figure 10E and F). Consistently, transwell invasion 
assay revealed that silence of KIF11 and KIF23 remark-
ably suppressed the invasive potential of SKOV3 cells 
(Figure 10G and H). In order to further explore the 
KIF11- and KIF23-mediated SKOV3 cell invasion, we 
examined the epithelial-mesenchymal transition (EMT)- 
related biomarkers, and the results showed that the silence 
of KIF11 and KIF23 both remarkably up-regulated the 
mRNA expression of E-cadherin, but down-regulated the 
mRNA expression of N-cadherin and vimentin in SKVO3 
cells (Figure 10I and J)

Discussion
Although great efforts have been invested in the manage-
ment of ovarian cancer, the prognosis of ovarian cancer 
patients is still poor.4 Thus, it is necessary to identify novel 
biomarkers and detailed mechanisms for early diagnosis, 
treatment and prognosis of ovarian cancer. Recently, with 
the progress in bioinformatics analysis, analysis of micro-
array and sequencing data has been regarded as a useful 
strategy for investigating general genetic alterations and 

deciphering the pathophysiology of ovarian cancer. In our 
study, we screened the DEGs from four GEO datasets 
(GSE12470, GSE14407, GSE18521 and GSE46169) and 
identified 89 DEGs including 56 up-regulated and 33 
down-regulated DEGs. Furthermore, GO, KEGG and 
Reactome pathway of the DEGs were performed by g: 
Prolifer. The KEGG and Reactome pathway results 
showed that the DEGs were mainly associated with cell 
cycle, mitotic and p53 signaling pathway. These results 
provided insightful clues to examine the molecular inter-
actions in the pathophysiology of ovarian cancer. 
Furthermore, the PPI network with 89 nodes and 768 
edges was constructed and 20 hub genes were identified 
from the PPI network by using sub-module analysis. The 
survival analysis revealed that high expression of six hub 
genes (AURKA, BUB1B, CENPF, KIF11, KIF23 and 
TOP2A) were significantly correlated with shorter OS 
and PFS of patients with ovarian cancer. Furthermore, 
the expression of the six hub genes were validated by the 
GEPIA database and the Human Protein Atlas, and the 
results were consistent with those from GEO datasets. In 
summary, the dysregulation of these hub genes has been 
associated with the tumorigenesis and progression of ovar-
ian cancer.

AURKA is mainly located in the centrosomes and 
mitotic spindles and plays a key role in mediating mitotic 

Figure 6 The correlation analysis between hub genes and OS of patients with ovarian cancer. The association between the expression levels of AURKA (A), BUB1 (B), BUB1B 
(C), CENPF (D), KIF11 (E), KIF23 (F) and TOP2A (G) and the OS of patients with ovarian cancer was analyzed by KM plotter (www.kmplot.com). 
Abbreviation: HR, hazard ratio.
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progression and chromosomal stability.27 AURKA is 
overexpressed in various types of cancers, leading to 
acquisition of alternate non-mitotic functions.27 In ovar-
ian cancer, AURKA can promote epithelial ovarian cancer 
cell migration and adhesion.28 Mechanistically, AURKA 
can promote ovarian malignant transformation by regu-
lating telomerase activity via c-Myc.29 Yang et al also 
demonstrated that AURKA promoted ovarian tumorigen-
esis via dysregulation of the cell cycle and suppression of 
BRCA2.30 In clinical settings, AURKA overexpression is 
detected in the majority of late stage epithelial ovarian 
cancers, most likely due to increased AURKA DNA copy 
numbers and/or chromosome 20 aneusomy,31 and 
AURKA expression correlates with poor prognosis of 
patients with ovarian cancer.32 AURKA expression pre-
dicts platinum-resistance and adverse outcome in high- 
grade serous ovarian carcinoma patients.33 Consistently, 
our results showed that AURKA was up-regulated in 
ovarian cancer tissues, and high expression of AURKA 
was correlated with poor prognosis of patients with 

ovarian cancer, suggesting the good reliability of the 
bioinformatics analysis using these datasets in our study.

BUB1B is the mammalian homolog of yeast Mad3, but 
differs significantly since Bub1B has a kinase domain that 
is absent in Mad3.34 Loss of BUB1B can cause embryonic 
death in the mouse germline.35 Down-regulation of 
BUB1B can induce massive chromosome loss and apopto-
tic cell death in human cancer cells.36 BUB1B has been 
identified as oncogenes in the various types of cancers 
including lung cancer,37 gastric cancer,38 bladder 
cancer,39 and prostate cancer.40 In ovarian cancer, the 
gene co-expression network reveals BUB1B is related to 
grade in serous ovarian cancers;41 bioinformatics analysis 
also revealed that BUB1B was up-regulated in the ovarian 
cancer tissues and was correlated with poor prognosis of 
patients with ovarian cancer.14,21 Consistently, our analysis 
also identified the up-regulation of BUB1B in ovarian 
tissues and high expression of BUB1B was correlated 
with poor prognosis of patients with ovarian cancer. 
However, the exact role of BUB1B in ovarian cancer still 
requires further examination.

Figure 7 The correlation analysis between hub genes and PFS of patients with ovarian cancer. The association between the expression levels of AURKA (A), BUB1B (B), 
CENPF (C), KIF11 (D), KIF23 (E) and TOP2A (F) and the PFS of patients with ovarian cancer was analyzed by KM plotter (www.kmplot.com). 
Abbreviation: HR, hazard ratio.
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CENPF was first discovered in the serum from patients 
with systemic diseases and is mainly located in the outer 
surface of the outer kinetochore plate.42 A growing 
amount of studies have shown the oncogenic role of 
CENPF in various types of cancers including breast 
cancer,43 prostate cancer,44 liver cancer,45 and so on. In 
ovarian cancer, Xu et al showed that high expression of 
CENPF in ovarian cancer tissues was associated with 
worse OS of patients with ovarian cancer by using bioin-
formatics analysis.46 AKT3-mediated effects in the ovar-
ian cancer growth and metastasis is associated with 
CENPF.47 A recent study by Chong et al showed that 
deregulation of CENPF is associated with paclitaxel resis-
tance in ovarian cancer.23 Consistently, our results showed 
that CENPF was up-regulated in the ovarian cancer tissues 
and high expression of CENPF was correlated with shorter 

OS and PFS of patients with ovarian cancer, suggesting 
that CENPF may be a prognostic biomarker in ovarian 
cancer.

TOP2A encodes DNA topoisomerase and plays a key 
role in regulating the topological state of DNA during 
transcription, replication, and repair.48 A growing amount 
of studies revealed that TOP2A is involved in carcinogen-
esis in different types of cancer including breast cancer, 
lung cancer, liver cancer and so on and high expression of 
TOP2A was associated with poor prognosis in these 
patients.49 In ovarian cancer, TOP2A promotes tumorigen-
esis of high-grade serous ovarian cancer by regulating the 
TGF-β/Smad pathway.50 The clinical data suggested that 
TOP2A status might predict activity of pegylated liposo-
mal doxorubicin in patients with epithelial ovarian 
cancers.25 A study by Gulec et al showed that TOP2A 

Figure 8 Expression analysis of hub genes. The expression levels of AURKA (A), BUB1B (B), CENPF (C), KIF11 (D), KIF23 (E) and TOP2A (F) in ovarian cancer tissues and 
normal ovarian tissues were analyzed by GEPIA tool. *P < 0.05. 
Abbreviations: OV, ovarian cancer; num (T), number of tumor tissues; num (N), number of normal tissues.
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expression was found to be related to poor OS of ovarian 
cancer patients, and was associated with platinum 
resistance.51 In combination with the above results, our 
study showed that TOP2A was up-regulated in ovarian 
cancer tissues and predicted poor prognosis in ovarian 
cancer patients.

KIF11 belongs to the kinesin family and plays an 
important role in centrosome separation in the mitotic 
spindle.52 KIF11 overexpression has been identified to 
promote the progression of different types of cancer such 
as lung cancer,53 breast cancer,54 glioblastoma,55 and so 
on. Inhibition of kinesin spindle proteins have been found 
to be effective in attenuating the progression of ovarian 
cancer.56 Shi et al showed that KIF11 was up-regulated in 
ovarian cancer tissues and KIF11 overexpression elimi-
nated the suppression of ovarian cancer cell migration by 
death receptor 6 knockdown.57 Recent studies found that 
KIF11 was associated with the prognosis of patients with 

ovarian cancer by using bioinformatics analysis.58 In com-
bination with the above evidence, our results suggested 
that high expression of KIF11 in ovarian tissues predicts 
poor prognosis of patients with ovarian cancer. KIF23 also 
belongs to the kinesin family and plays a key role in 
regulating cytokinesis. In ovarian cancer studies, 
Engqvist et al indicated that KIF23 may serve as a novel 
prognostic biomarker for early-stage clear-cell, endome-
trioid and mucinous ovarian carcinomas using 
immunohistochemistry.59 Mechanistic studies revealed 
that KIF23 that was targeted by miR-424/503 cluster pro-
moted oncogenic performance of ovarian cancer cells in -
vitro.60 Collectively, our results suggested that the 
oncogenic role of KIF23 in ovarian cancer and KIF23 
may be a poor prognostic biomarker in ovarian cancer. 
Consistently, our in vitro functional studies showed that 
KIF11 and KIF23 knockdown suppressed the proliferation 
of the SKOV3 cells, which may be associated with the 

Figure 9 Protein expression of hub genes. The protein expression of AURKA (A), CENPF (B), KIF11 (C), KIF23 (D) and TOP2A (E) in ovarian cancer tissues and normal 
ovarian tissues were extracted from the Human Protein Atlas (http://www.proteinatlas.org/).
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enhanced SKOV3 cell apoptosis, as KIF11 and KIF23 
knockdown increased the caspase-3/7 activity of SKOV3 
cells. Furthermore, KIF11 and KIF23 suppressed the inva-
sion of SKOV3 cells, which may be associated with the 
attenuated EMT of SKOV3 cells, as the E-cadherin 
mRNA expression was up-regulated, and the N-cadherin 
and vimentin mRNA expression was down-regulated in 
SKOV3 cells with KIF11 and KIF23 knockdown. 
Collectively, these results suggest that KIF11 and KIF23 
may exert enhancing effects on ovarian cancer 
progression.

This study has several limitations. Firstly, only one 
dataset in the four had prognostic information in our 
study, and further studies should analyze more datasets 
with prognostic information to fully address the impor-
tance of the hub genes in ovarian cancer prognosis. 
Secondly, the present study examined the effects of 
KIF11 and KIF23 knockdown on ovarian cancer prolifera-
tion and invasion, and further studies may examine the 
role of KIF11 and KIF23 on the stemness and chemo- 
sensitivity of the ovarian cancer cells. Thirdly, the regula-
tory mechanisms of KIF11 and KIF23 in ovarian cancer 

Figure 10 Effects of KIF11 and KIF23 knockdown on the proliferation and invasion of ovarian cancer cells. (A) KIF11 and (B) KIF23 mRNA expression levels in SKOV3 cells 
being transfected with siRNAs for KIF11 (siKIF11(i) and siKIF11(ii)) and the scrambled siRNA (siNC) were determined by qRT-PCR. (C) The proliferation of SKOV3 cells 
after being transfected with siNC, siKIF11(i) and siKIF11(ii) was determined by CCK-8 assay. (D) The proliferation of SKOV3 cells after being transfected with siNC, siKIF23 
(i) and siKIF23(ii) was determined by CCK-8 assay. (E) The caspase-3/7 activity of SKOV3 cells after being transfected with siNC, siKIF11(i) and siKIF11(ii) was determined 
by the caspase-3/7 activity assay kit. (F) The caspase-3/7 activity of SKOV3 cells after being transfected with siNC, siKIF23(i) and siKIF23(ii) was determined by the caspase-3/ 
7 activity assay kit. (G) The invasion of SKOV3 cells after being transfected with siNC, siKIF11(i) and siKIF11(ii) was determined by transwell invasion assay. (H) The invasion 
of SKOV3 cells after being transfected with siNC, siKIF23(i) and siKIF23(ii) was determined by transwell invasion assay. (I) The mRNA expression levels of E-cadherin, 
N-cadherin and vimentin in SKOV3 cells after being transfected with siNC, siKIF11(i) and siKIF11(ii) were determined by qRT-PCR. (J) The mRNA expression levels of 
E-cadherin, N-cadherin and vimentin in SKOV3 cells after being transfected with siNC, siKIF23(i) and siKIF23(ii) were determined by qRT-PCR. siNC = scrambled negative 
control siRNA, siKIF11 = KIF11 siRNA, siKIF23 = KIF23 siRNA. N = 3; *P < 0.05, **P < 0.01 and ***P < 0.001 compared to the siNC group.
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are still largely unknown, and future studies should con-
sider investigating the up-stream and down-stream targets/ 
signaling pathways to fully address the biological actions 
of KIF11 and KIF23 in ovarian cancer.

In summary, a total of 89 DEGs including 56 upregulated 
DEGs and 33 downregulated genes in ovarian cancer were 
identified by using integrated bioinformatic analysis, and six 
hub genes namely AURKA, BUB1B, CENPF, KIF11, KIF23 
and TOP2A were up-regulated in ovarian cancer tissues and 
may predict poor prognosis of patients with ovarian cancer. 
KIF11 and KIF23 may play oncogenic roles in ovarian cancer 
cell progression via promoting ovarian cancer cell prolifera-
tion and invasion. Future studies are required to determine 
mechanistic actions of these hub genes in ovarian cancer.
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