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Abstract: Epithelial ovarian cancer (EOC), a common tumor of the female reproductive system, ranks first in fatali-
ties among gynecological malignancies. Most patients find tumors at late stage and have extremely poor prognoses, 
which necessitates improvements in early detection. This study applied bioinformatic methods to identify potential 
biomarkers of EOC. First, Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were 
performed on differentially expressed genes (DEGs) and hub genes, and a protein-protein interaction (PPI) network 
was constructed. The network of hub genes was analyzed using GeneMANIA, and an analysis of biological processes 
was constructed with BINGO. Lastly, hub genes were analyzed for EOC-related oncology using the Oncomine and 
TCGA databases, and the cBioPortal online platform. Overall, cell division cycle 20 (CDC20) was identified as a key 
gene in EOC. Short hairpin RNA (shRNA) was used to silence CDC20 to explore its effects on EOC cell proliferation, 
apoptosis and SRY-related HMG-box 2 (SOX2) expression. DEGs were enriched in pathways related to cell cycle 
signaling, cancer, progesterone-mediated oocyte maturation, Wnt signaling and P53 signaling. Analysis revealed 
high expression of CDC20 in EOC tissues and a correlation with histology and tumor grade. CDC20 levels are high-
est in serous adenocarcinoma, when compared to ovarian clear cell carcinoma, ovarian endometrioid carcinoma 
and mucinous adenocarcinoma. High CDC20 expression within the tumor is associated with poor EOC prognosis. 
After silencing CDC20, EOC cell proliferation and migration decreased, apoptosis increased, and SOX2 expression 
decreased. In conclusion, CDC20 is likely a key biomarker of EOC and may act as an upstream regulator of SOX2 to 
mediate the SOX2 signaling in the progression of EOC. Future application of CDC20 analysis to early detection may 
improve prognosis, and it has the potential to be a therapeutic target. 
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Introduction

Epithelial ovarian cancer (EOC) has the highest 
fatality rate of gynecological malignancies [1]. 
Due to a lack of typical symptoms in the early 
stages of EOC, tumors are often at an advan- 
ced stage at diagnosis. As such, the lesions 
show extensive invasion and metastasis, re- 
sulting in delayed treatment and poor prog- 
nosis [2, 3]. The pathogenesis of EOC is com-
plex and regulated by a variety of oncogenes 
and tumor suppressor genes [4]. Although mul-
tiple ovarian cancer (OC) genes have been iden-
tified, the mechanisms of EOC progression 
remain unclear [5, 6]. Therefore, exploring the 
key genes and signaling pathways surrounding 

proliferation and apoptosis of OC cells can pro-
vide molecular targets for use in clinical diagno-
sis and treatment.

Rapid developments in bioinformatics have 
facilitated the mining of tumor pathogenesis 
and signaling pathways from a genomic per-
spective [7, 8]. Here, this study applied bioin- 
formtatic methods to three publicly available 
microarray datasets (GSE36668, GSE18520 
and GSE54388) to find key biomarkers for EOC 
and, to uncover differentially expressed genes 
(DEGs) and hub genes in EOC tissue. This study 
applied further analyses of the DEGs using 
Gene Ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) approaches and 
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built a protein-protein interaction (PPI) network 
of DEGs to identify cellular processes impacted 
in EOC tissue. 

Six newly identified hub genes underwent  
analysis using multiple OC-related oncology 
resources, including the Oncomine and TCGA 
databases, and the cBioPortal online platform. 
Additionally, the network of hub genes and  
their coexpressed genes were explored using 
GeneMANIA. Ultimately, one of the hub genes, 
CDC20, was chosen for further testing as it 
most closely related to EOC due to its highly 
expression in EOC tissue and its relation to 
tumor pathological type, grade and prognosis 
[9, 10]. Binding of CDC20 activates the ana-
phase-promoting complex (APC) and forms an 
E3 ubiquitin ligase complex. APC/CCDC20, which 
participates in the degradation of downstream 
substrates, regulates the mitotic cycle and pro-
motes apoptosis [9, 11].

Recent studies report CDC20 involvement in 
tumor development as a tumor-promoting fac-
tor [12-14]. In glioblastomas, CDC20 acts th- 
rough SOX2 to alter the proliferation, migration, 
invasion and tumorigenic potential of tumor 
cells, while blocking the G0/G1 phase of the 
cell cycle [15, 16]. Thus, CDC20 may partici-
pate in EOC progression as an upstream regu- 
lator of SOX2. Here, we applied bioinformatic 
analysis to EOC cell datasets and assayed the 
impact of CDC20 knockdown on cellular prolif-
eration, apoptosis, and migration, as well as on 
regulation of SOX2 expression at the gene and 
protein levels.

Materials and methods

Data downloading and processing 

Datasets related to EOC were searched from 
the public database Gene Expression Omnibus 
(GEO) (http://www.ncbi.nlm.nih.gov/geo/) using 
the selection criteria: 1) It was a study sample 
of EOC tissue; 2) It contained gene expression 
profiles of mRNA; and 3) It contained complete 
analysis information. Chip data expression pro-
files GSE36668, GSE18520, GSE54388 were 
selected. All are the GPL570 platform (Affy- 
metrix Human Genome U133 Plus 2.0 Array). 
The GSE36668 dataset contains 4 serous OC 
samples and 4 normal ovarian samples. The 
GSE18520 dataset contains 53 serous OC 
samples and 10 normal ovarian samples. The 

GSE54388 dataset contains 16 serous OC 
samples and 6 normal ovarian samples. 

Screening for differentially expressed genes 
(DEGs) 

DEGs were screened using the GEO2R soft-
ware, an interactive web tool that allows users 
to compare two or more datasets within a  
GEO series (http://www.ncbi.nlm.nih.gov/geo/
geo2r). Probe sets without corresponding ge- 
ne symbols or genes with more than one probe 
set were removed or averaged, respectively. 
P<0.01 and the absolute value of logFC (fold 
change) greater than 2 were considered statis-
tically significant.

GO and KEGG analysis

DAVID, an online bioinformatics database that 
integrates biological data and analysis tools, 
provided gene and protein functional informa-
tion used to annotate the screened OC DEGs 
(http://david.ncifcrf.gov). The DEGs were both 
functionally classified according the GO classi- 
fication project, including molecular functions, 
cellular processes, and cellular components, 
and also viewed using KEGG signaling pathway 
analysis. 

Protein-protein interaction (PPI) networks and 
screening for important modules

PPI networks were predicted using STRING, 
which displays interacting genes (http://string-
db.org). The bioinformatic program, Cytoscape, 
displays molecular interaction networks while 
MCODE, a plug-in within Cytoscape, clusters 
networks based on topology to identify dense- 
ly connected regions. PPI networks were plot-
ted using Cytoscape, and MCODE was used to 
determine the most important modules within 
the PPI network. The selection criteria used are 
as follows: MCODE scores >5, degree cutoff =2, 
node score cutoff =0.2, k-Core =2, Max. Depth 
=100.

Screening and analysis of hub genes

Hub genes were identified using a Cytoscape 
plug-in, MCODE. The functional relationship 
network map of hub genes and their co-
expressed genes was drawn using GeneMANIA 
(https://genemania.org). Biological process an- 
alysis of hub genes was performed using a 
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Cytoscape plugin-in, BiNGO. The survival an- 
alysis of hub genes was performed on the  
cBioPortal website (http://www.cbiportal). The 
online database Oncomine (http://www.onco-
mine.com) was used to analyze the relationship 
between gene expression and tumor type and 
grade.

Cell culture and transfection

The human OVCAR3 OC cell line was obtained 
from Shanghai Cell Bank (Chinese Academy of 
Sciences). OC cells were placed in RPMI-1640 
medium (Invitrogen, USA) containing 10% FBS 
and cultured in a 37°C, 5% CO2 cell incubator. 
Adherent cells were plated at 1×105/well in 
6-well plates. The number of cells at the time  
of transfection was about 2×105/well. Cells 
were transfected using Lipofectamine 2000 
(Gema, Shanghai, China) according to the man-
ufacturer’s protocol. The experiment was di- 
vided into blank control group (control), blank 
vector group (shRNA NC) and three interferen- 
ce groups (CDC20 shRNA01, CDC20 shRNA02, 
CDC20 shRNA03) (BioGeekTM Lentiviral Packa- 
ging Kit, Hesheng, Beijing, China).

Quantitative real-time polymerase chain reac-
tion (qRT-PCR)

Total RNA was extracted with Trizol (Invitrogen, 
USA) from the five groups of OC cells. Using 1 
μg RNA as template, cDNA was synthesized by 
qPCR reverse transcription kit. Using 1 μL cDNA 
as template, the expression levels of CDC20 
and SOX2 mRNA were detected by qPCR. PCR 
amplification setting conditions are as follows: 
Amplification curve: 95°C 5 min 1 cycle; 95°C 5 
s, 60°C 31 s 40 cycles; Melting curve: 95°C 15 
s, 60°C 30 s, 95°C 15 s. The primer sequences 
used for PCR amplification are as follows: for 
CDC20: 5’-GACCACTCCTAGCAAACCTGG-3’ (for-
ward), 5’-GGGCGTCTGGCTGTTTTCA-3’ (reverse; 
for SOX2: 5’-TACAGCATGTCCTACTCGCAG-3’ (for-
ward), 5’-GAGGAAGAGGTAACCACAGGG-3’ (re- 
verse).

Western blot analysis

After addition of lysis buffer to each group of 
OC cells, total protein was extracted and the 
protein concentration was measured. 20 μL of 
the protein sample was loaded and transfer- 
red to the membrane after sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-

PAGE). The samples were blocked at room tem-
perature for 2 hours and incubated overnight 
with CDC20 and SOX2 monoclonal antibodies 
(Affinity, USA). After 1 hour incubation with sec-
ondary antibody, ECL chemiluminescence was 
used to determine the expression levels of 
CDC20 and SOX2 proteins. β-actin was used as 
an internal reference, and the protein expres-
sion level was calculated using the gray value 
of the target protein divided by the gray value of 
the β-actin protein.

Cell Counting Kit-8 (CCK8) 

After transfection, the five groups of OC cells 
were plated and the cell density was adjusted 
to 1000 cells/100 μL. Cell proliferation was 
assessed after incubation (37°C, 5% CO2) for 
various times (24 h, 48 h, 72 h, 96 h, 120 h, 
168 h) using the following protocol: 10 μL of 
CCK8 (Gema, Shanghai, Company) was added 
to each well, the cells were incubated at 37°C 
for 4 hours, and the OD was read at 450 nm 
using a microplate reader. 

Annexin-V FITC/PI double staining 

Cells were washed twice with PBS (centrifuga-
tion at 1000 rpm, 5 min) and 5×105 cells were 
resuspended in 500 μL of Binding Buffer. Next, 
5 μL of Annexin V-FITC (KGI, Jiangsu, China) was 
added followed by 5 μL of Propidium Iodide. 
After 5-15 min, cell apoptosis was detected by 
flow cytometry.

Transwell chamber migration assays

Transwell assays were carried out using migra-
tion chambers with 8 μm membranes (Millipore, 
Billerica, MA, USA). The well-grown cells were 
routinely digested and centrifuged with DMEM 
medium containing 5% FBS, resuspended and 
counted, and inoculated into transwell cham-
bers. About 2000 cells were added to each 
chamber. After 24 h, the cells were gently 
washed three times with PBS buffer and fixed 
with 4% paraformaldehyde for 30 min. Cells 
were stained with hematoxylin, sliced, photo-
graphed, and counted.

Statistical analysis

SPSS software (version 23.0) was used for 
data analysis. Each experiment was repeated 
at least three times. Measurement data are 
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expressed as mean ± standard deviation. 
Western blot results were analyzed and com-
pared by semi-quantitative western blot an- 
alysis. The independent samples t test was 
used to compare the differences between two 
groups, the one-way analysis of variance (F 
test) was used to compare the differences 
between three groups or more, and the q test 
was used to compare the differences between 
groups. A difference of P<0.05 was considered 
statistically significant.

Results

DEGs screening 

To highlight key genes and pathways involved in 
EOC, publicly available microarray datasets of 
EOC tissue underwent bioinformatic analysis. 
After normalization of the microarray results, 
DEGs were identified within the datasets using 
GEO2R software. The program identified 1729 
DEGs in GSE54388, 3769 DEGs in GSE36668, 
and 1151 DEGs in GSE18520 when OC tissue 
was compared to the normal ovarian tissue 
within each dataset. Of note, 285 genes were 
differentially expressed across all datasets 
(Figure 1A), of these DEGs, 130 genes were 
upregulated between OC tissues and normal 
ovarian tissue, and 155 genes were downregu- 
lated. 

GO enrichment and KEGG pathway analysis of 
DEGs

To uncover the biological functions of DEGs in 
the EOC microarray datasets, functional and 
pathway enrichment analysis was performed 
using DAVID Bioinformatic Resource. GO analy-
sis describes genes across three biological 
domains: biological processes (BP), cellular 
component (CC), and molecular function (MF). 
The BP enriched the DEGs were cell division, 
mitotic and nuclear division, cell proliferation, 
positive regulation of RNA polymerase II pro-
moter transcription, and protein localization to 
the kinetochore (Table 1). The CC enriched in 
the DEGs included the midbody, the spindle, 
cell surface, spindle microtubule, and the an- 
choring component of the cell membrane. The 
MF GO analysis results focused mainly on the 
binding of sequence-specific DNA, microtu-
bules, kinesin, protein kinase, and heat shock 
protein (HSP70). Additionally, KEGG pathway 
analysis showed that DEGs were enriched in 

the following pathways: cell cycle, cancer, pro-
gesterone-mediated oocyte maturation, Wnt 
signaling, and P53 signaling (Table 1). 

PPI network and module analysis 

The analysis of functional interactions between 
proteins can provide mechanistic insight into 
disease occurrence and development. The bio-
informatic tool Cytoscape was used to con-
struct a PPI network of the DEGs with important 
modules within the network highlighted (Figure 
1B). The most important module identified in 
the network had 43 nodes and 854 edges 
(Figure 1C). Interestingly, functional analysis of 
the genes in this module revealed a concentra-
tion of genes in pathways related to mitotic 
nuclear division, cell division, and cell cycle 
(Table 2).

Selection and analysis of hub genes 

Within the constructed PPI network of the 
DEGs, hub genes were identified using Cyto- 
scape’s plug-in MCODE. The six candidate hub 
genes, defined as genes with many interacting 
partners, were as follows: CDC20, Lysophos- 
phatidic acid receptor 3 (LPAR3), CD24, LY/
PLAUR domain containing 6B (LYPD6B), local-
ized glutamic acid rich protein (MGARP), and 
Aldehyde oxidase1 (AOX1) (Table 3). The net-
works of hub genes and their co-expressed 
genes were analyzed using GeneMANIA (Figure 
2A). Using BINGO, a biological process analysis 
was constructed, indicating the top5 involved 
BPs includes positive regulation of ubiquitin-
protein ligase activity, activation of anaphase-
promoting complex activity, regulation of cellu-
ar protein metabolic process, regulation of pro-
teasomal ubiquitin-dependent protein catabol-
ic process, regulation of molecular function 
(Figure 2B). Taken together, analysis of the six 
hub genes showed CDC20 to be most closely 
related to EOC as it was highly expressed in 
EOC tissue, correlated with tumor pathological 
type, grade, and prognosis [9, 10, 17-21].

Validation of CDC20 expression in EOC

Datasets within the Oncomine database were 
used to verify CDC20 expression in EOC. The 
difference in CDC20 expression between can-
cer tissues and control groups across four data 
sets was found to be statistically significant 
(P<0.001) (Figure 3A). Additionally, analysis of 
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Figure 1. (A) Venn diagram of 3 datas (B) PPI network of DEGs. Up-regulated genes are marked with light red, and 
down-regulated genes are marked with light blue. (C) The most important module in the PPI network.
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CDC20 expression in cancer tissue and normal 
tissue within the TCGA database showed a  

significant statistical difference (P=2.44E-6) 
(Figure 3B). 

Table 1. GO and KEGG pathway enrichment analysis of DEGs in OC samples

Term Description Count in 
gene set P-value

Biological process GO:0051301 cell division 18 8.7E-6
GO:0007067 mitotic nuclear division 15 1.0E-5
GO:0008283 cell proliferation 18 1.6E-5
GO:0045944 positive regulation of transcription from RNA polymerase II promoter 29 2.5E-4
GO:0034501 protein localization to kinetochore 4 3.0E-4

Cellular component GO:0030496 midbody 11 1.3E-5
GO:0005819 spindle 10 5.0E-5
GO:0031225 anchored component of membrane 9 1.9E-4
GO:0005876 spindle microtubule 6 3.5E-4
GO:0009986 cell surface 17 4.0E-3

Molecular function GO:0043565 sequence-specific DNA binding 19 3.4E-4
GO:0008017 microtubule binding 11 6.6E-4
GO:0019894 kinesin binding 5 1.3E-3
GO:0019901 protein kinase binding 13 6.4E-3
GO:0030544 HSP70 protein binding 4 1.1E-2

KEGG pathway hsa04110 Cell cycle 9 2.3E-4
hsa05200 Pathways in cancer 13 5.8E-3
hsa04914 Progesterone-mediated oocyte maturation 6 6.0E-3
hsa04310 Wnt signaling pathway 7 1.0E-2
hsa04115 p53 signaling pathway 5 1.2E-2

Table 2. GO and KEGG pathway enrichment analysis of DEGs in the most significant module

Term Description Count in 
gene set P-value

Biological process GO:0007067 mitotic nuclear division 15 5.8E-16
GO:0051301 cell division 16 2.7E-15
GO:0007062 sister chromatid cohesion 8 6.0E-9
GO:0008283 cell proliferation 11 1.7E-8
GO:0000086 G2/M transition of mitotic cell cycle 7 1.1E-6

Cellular component GO:0030496 midbody 10 1.2E-11
GO:0005654 nucleoplasm 26 6.4E-11
GO:0005819 spindle 9 2.9E-10
GO:0005634 nucleus 32 4.5E-9
GO:0005876 spindle microtubule 6 5.2E-8

Molecular function GO:0005515 protein binding 40 1.7E-9
GO:0005524 protein binding 17 1.6E-7
GO:0008017 microtubule binding 8 6.1E-7
GO:0004674 protein serine/threonine kinase activity 8 3.0E-5
GO:0003777 microtubule motor activity 5 4.1E-5

KEGG pathway hsa04110 Cell cycle 8 1.6E-10
hsa04114 Oocyte meiosis 5 1.9E-5
hsa04115 p53 signaling pathway 4 1.4E-4
hsa04914 Progesterone-mediated oocyte maturation 4 3.0E-4
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Furthermore, analysis of the CDC20 levels in 
OC tissues of different pathological types were 
highest in serous adenocarcinoma, as com-
pared to levels in ovarian clear cell carcinoma, 
ovarian endometrioid carcinoma, and muci-
nous adenocarcinoma (P<0.001) (Figure 3C). 
In the Sieben ovarian database, CDC20 was 
significantly positively correlated with tumor 
grade (P<0.001) (Figure 3D). Additionally, dis-
ease-free survival time of the group with abnor-
mal CDC20 was significantly shorter than that 
of the control group (P<0.001), as shown using 
the cBioPortal online platform (Figure 3E).

The expression of CDC20 and SOX2 in EOC 
cell lines 

The efficacy of CDC20 shRNA knockdown was 
tested in human OVCAR3 ovarian cancer cells. 
SOX2 was used as a downstream control for 
CDC2O knockdown. The mRNA levels of CDC20 
and SOX2 across all groups were similar in 
trend (Figure 4A). No significant difference was 
found in CDC2O and SOX2 mRNA levels be- 
tween the control group and the shRNA NC con-
trol group. Yet, CDC20 expression was signifi-
cantly decreased within the CDC2O shRNA01, 
shRNA02, and shRNA03 groups as compared 
to controls (P<0.05). Protein levels of CDC20 
and SOX2 in the CDC2O shRNA02 group were 
significantly lower than those in the other 
groups (P<0.05) (Figure 4B).

The effect of silencing CDC20 on proliferation 
of EOC cells 

The CCK8 assay was used to determine the 
effect of CDC2O knockdown on cell prolifera-

tion. Cell proliferation in the CDC20 shRNA02 
group was significantly lower than that in the 
other groups (P<0.05). There was no statistical 
difference between the CDC20 shRNA01 and 
shRNA03 groups compared with the control 
and shRNA NC groups (P≥0.05) (Figure 4C). 
Additionally, decreased mRNA levels of the 
Cyclin D1 and Cyclin D2 genes, which regulate 
tumor cell proliferation, were observed after 
CDC20 knockdown (Figure 4F).

The effect of silencing CDC20 on apoptosis of 
EOC cells 

The CDC20 shRNA02 group showed a signifi-
cantly higher number of apoptotic cells than 
other groups (P<0.05). There was no statistical 
difference between the CDC20 shRNA01 gro- 
up and the CDC20 shRNA03 group compared 
with control and shRNA NC groups (P≥0.05) 
(Figure 4D). Furthermore, mRNA levels of the 
pro-apoptotic gene BAX were increased and 
mRNA levels of the anti-apoptotic gene BCL-2 
were decreased after CDC20 knockdown (Fig- 
ure 4F).

The effect of silencing CDC20 on metastasis of 
EOC cells 

Transwell experiments tested the effects of 
CDC20 on cell motility. After CDC20 knock-
down, the number of EOC cells penetrating the 
membrane was significantly less than those in 
the shRNA NC group (Figure 4E). In all trans-
fected groups, mRNA levels of E-cadherin, an 
epithelial-mesenchymal transition-related ge- 
ne, increased (Figure 4F).

Table 3. Functional roles of 6 HUB genes
Gene symbol Full name Function
CDC20 Cell division cycle 20 It is required for two microtubule-dependent processes, nuclear move-

ment prior to anaphase and chromosome separation.
LPAR3 Lysophosphatidic acid 

receptor 3
This protein functions as a cellular receptor for lysophosphatidic acid 
and mediates lysophosphatidic acid-evoked calcium mobilization.

CD24 CD24 molecule This gene encodes a sialoglycoprotein that is expressed on mature 
granulocytes and B cells and modulates growth and differentiation 
signals to these cells.

LYPD6B LY/PLAUR domain  
containing 6B

Cell proliferation, migration, cell-cell interaction, immune cell matura-
tion, macrophage activation and cytokine production.

MGARP Mitochondria localized 
glutamic acid rich protein

Architecture and organization of mitochondria.

AOX1 Aldehyde oxidase1 Aldehyde oxidase produces hydrogen peroxide and, under certain 
conditions, can catalyze the formation of superoxide.
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Discussion

Tumors are heterogeneous diseases character-
ized by multiple genetic abnormalities. Despite 

years of research, the pathogenesis of EOC 
remains unclear. Recent decades have seen 
high-throughput techniques widely applied to 
cancer research, such as those to measure 

Figure 2. A. Hub genes and their co-expression genes were analyzed using GENEMANIA. B. The biological process 
analysis of hub genes was constructed using BINGO. The color depth of each node refers to the corrected P value of 
the ontology. The size of each node refers to the number of genes involved in the ontology. P<0.01 was considered 
statistically significant.
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Figure 3. A. Oncomine analysis of cancer Vs. nor-
mal tissue of CDC20. A heat map of CDC20 gene 
expression in ovarian cancer samples Vs. normal 
tissues. B. CDC20 expression in ovarian serous 
cystadenocarcinoma compared to normal liver tis-
sues in the TCGA ovarian dataset. C. The expres-
sion level of CDC20 in different pathological types 
of ovarian cancer. D. The expression of CDC20 in 
different tumor grades in Sieben Ovarian data-
set. E. Disease-free survival analyses of CDC20 
were performed using cBioPortal online platform. 
P<0.05 was considered statistically significant.
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RNA intermediates and epigenetic marks, in- 
cluding  protein modifications and DNA me- 
thylation [22]. The rapid development of gene 
chip and bioinformatic analysis technologies 
have allowed extensive mining of genome level 
expression changes to identify genes and path-
ways related to tumorigenesis and prognosis 
[23].

This study found over 6,000 genes differential-
ly expressed between EOC tissue and normal 
ovarian tissue, with 259 genes shared across 
three independent samples. Importantly, bioin-
formatic analysis uncovered six hub genes: 
CDC20, LPAR3, CD24, LYPD6B, MGARP, and 
AOX1, which show high interconnectedness to 
other genes within the PPI network. Of these 
hub genes, CDC20 shows high expression in 
EOC tissue, and correlates with tumor patho-
logical type, grade, and prognosis [10, 19-21, 
24]. CDC20 is a prospective key biomarker for 
EOC with possible uses in early clinical detec-
tion, prognostic evaluation, and therapeutic 
targeting [25].

The regulatory role of CDC20 in the cell cycle 

As a regulator of anaphase-promoting complex 
or cyclosome (APC/C), CDC20 plays a key re- 
gulatory role in chromosome segregation and 
mitotic exit [11]. The many roles APC/C plays in 
the cell make it of great interest to research 
oncologists. Initially thought only to regulate 
the cell cycle, the multifunctional ubiquitin pro-
tein ligase APC/C ubiquitinates various sub-
strates to regulate cell division, differentiation, 
genome stabilization, energy metabolism, cell 
death, autophagy and carcinogenesis, and 
other cellular processes [26, 27]. The APC/C 
function of cell cycle regulation is mainly con-
trolled by two co-activators: CDC20 and E-cad- 
herin (CDH1). Although APC/CCDC20 and APC/
CCDH1 have some substrate overlap, APC/CCDC20 
mainly controls metaphase-to-anaphase shift 
and mitotic exit, whereas APC/CCDH1 is active 
primarily in anaphase of mitotic exit and early 
G1 [28].

CDC20 plays another important role in cell 
cycle control as a target of the spindle assem-
bly checkpoint (SAC). The SAC is a complex sig-
naling system that monitors the mitotic process 
to ensure all chromosomes properly attach to 
spindle microtubules. The SAC response in- 
volves interaction with the kinetochore, which 
is a multi-protein structure that connects chro-
mosomes to microtubule polymers to pull sister 
chromatids apart during cell division. Defects 
in this chromosome segregation process can 
lead to aneuploidy, a common feature of can-
cer cells [29]. Recruitment of the SAC protein  
to the centromere induces a conformational 
change in mitotic arrest deficient-like 2 (MAD2) 
to the closed conformation (C-MAD2). C-MAD2 
promotes the production of the mitotic check-
point complex (MCC), which is composed of 
CDC20, BubR1 and Bub3. MCC promotes the 
inactivation of APC/CCDC20 [9, 30]. Once all kine- 
tochores properly attach to microtubules, the 
degradation of MCC permits APC/CCDC20 to al- 
low mitosis to continue and achieve the G2/M 
phase transition [31].

CDC20 regulation of apoptosis

In addition to regulating mitotic progression, 
CDC20 also participates in apoptosis. CDC2O 
targets both Myeloid cell leukemia-1 (MCL-1) 
and Bcl-2 interacting mediator of cell death 
(BIM) [32]. Members of the B-cell lymphoma-2 
(BCL-2) protein family influence apoptosis path-
ways both positively and negatively. Anti-apo- 
ptotic members include BCL-2, BCL-xl, BCL-w, 
and MCL-1, while Bax, Bak, and BH3-Only pro-
teins, such as BIM, play pro-apoptotic roles 
[33]. Notably, BIM has attracted attention as  
a key regulator of apoptosis. E3 ligases have 
been reported to negatively regulate the sta- 
bility of BIM [34]. Interestingly, research has 
shown APCCDC20, an E3 ligase, controls the ubiq-
uitination and destruction of BIM. During mito-
sis, when APCCDC20 is most active, the abun-
dance of BIM decreased significantly. Addi- 
tionally, depletion of CDC20 in different cell 
lines significantly upregulated BIM abundance 

Figure 4. A. qRT-PCR detection of CDC20 and SOX2 expression in ovarian cancer cell lines. B. Western blot detec-
tion of CDC20 and SOX2 expression in ovarian cancer cell lines. C. Proliferation ability of ovarian cancer cells after 
silencing CDC20. D. Quadrant of apoptosis in flow cytometry. E. Transwell assays to investigate migratory ablilities 
of ovarian cancer cell lines transfected with shRNA-NC or shRNA01, 02, 03. Sample size =4. F. qRT-PCR detection of 
E-cadherin, BAX, BCL-2, Cyclin D1 and Cyclin D2 expression in ovarian cancer cell lines. ****P<0.0001, ***P<0.001, 
*P<0.05, compared with shRNA-NC.
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[35]. Also, CDC20 has been shown to interact 
with BIM through its C-terminal WD40 domain 
[36].

The role of CDC20 in human malignancies

In addition to the cell cycle and apoptosis, 
CDC20 also influences cancer initiation and 
progression. CDC20 plays a role in pancreatic 
cancer [37], breast cancer [38], prostate can-
cer [39], lung cancer [14], colorectal cancer 
[40], liver cancer [41, 42], glioma [43], gastric 
cancer [44], bladder cancer [45], cervical can-
cer [46] and other human tumors [12, 24]. 
Overexpression of CDC20 can be associated 
with poor prognosis in tumor patients [47]. 
Meta-analysis of eight studies (n=1856 cases) 
revealed a relationship between CDC20 overex-
pression and overall survival (OS) in human 
solid tumors. Univariate and multivariate sur-
vival analysis showed that patients with high 
CDC20 expression had significantly shorter OS. 
In univariate analysis, the hazard ratio (HR) for 
OS was 1.75 (95% CI: 1.07-2.86, P=0.03). The 
HR of OS multivariate analysis was 2.48 (95% 
CI: 2.10-2.94, P<0.001) [24]. Thus, in addition 
to being an important marker to determine 
prognosis, CDC2O may also serve as a thera-
peutic target for solid tumors.

CDC20 overexpression allows tumor cells to 
bypass SAC surveillance and exit the mitotic 
process prematurely, resulting in genomic 
instability [13]. CDC20 overexpression also 
associates with Wnt/β-catenin pathway activa-
tion, a pathway closely related to cancer pro-
gression [12, 48]. Activated Wnt protein in- 
duces the nuclear translocation of β-catenin, 
which interacts with the T-cell factors/lymphoid 
enhancing factor (TCF/LEF) family to activate 
genes including stromelysin, fibroblast growth 
factor, epidermal growth factor, cyclin D, and 
CD44 [49]. Inhibition of CDC20 expression in 
skin cancer by interfering RNA results in de- 
creased β-catenin [12]. Although a direct in- 
teraction between CDC20 and β-catenin was 
not shown, it is clear that CDC20 influences 
β-catenin regulation.

In addition, CDC20 may play an important role 
in tumor recurrence and metastasis through 
cancer stem-like cells (CSCs)/tumor initiating 
cells (TICs) [50]. The tumor-promoting mecha-
nism of CDC20 in CSCS/TICs may be achieved 
through the SOX2 signaling pathway [51]. As an 

important transcription factor, SOX2 is asso- 
ciated with the stemness of pluripotent stem 
cells and also plays a key role in regulating  
the self-renewal and stemness in CSCs [52]. In 
glioblastoma, APC/CCDC20 forms a complex with 
SOX2 and maintains its stability, which contrib-
utes to the self-renewal of tumor cells [16].

The relationship between CDC20 and SOX2

This study explored a potential role of CDC20 
as an upstream regulator of SOX2 in EOC. Yet, 
additional experiments are needed to confirm 
the effects of CDC20 on the proliferation and 
apoptosis of EOC cells through SOX2 signaling. 
Future experiments to explore CDC20 overex-
pression effects on SOX2 levels, as well as  
the effects of overexpression or knockdown of 
CDC20 in EOC cell lines would further elucidate 
the relationship between CDC20 and SOX2 in 
cancer progression. 

The mechanism by which CDC20 could regu-
late SOX2 remains unknown. t APC/CCDC20 could 
have an indirect influence on SOX2 through 
ubiquitination-mediated disruption of the key 
E3 ligase targeting SOX2 [16]. Another possi- 
bility is that APC/CCDC20 alters SOX2 stability 
through alterations to post-translational modifi-
cations on SOX2 [53]. Interestingly, the APC/
CCDC20 inhibitor, proTAME reduces SOX2 levels, 
which suggests involvement of APC/CCDC20 in 
SOX2 regulation [27]. Understanding how APC/
CCDC20 mediates SOX2 in EOC progression re- 
quires further cellular and animal experiments. 

Study limitations 

The bioinformatic nature of this study, although 
informative, creates some limitations. Only one 
tumor type, EOC, was analyzed in this study 
because of the availability of complete datas-
ets and large numbers of specimens. Althou- 
gh EOC accounts for the majority (60-90%) of 
tumor types, there are other histological types 
of ovarian tumors. To address this limitation, 
CDC20 expression was analyzed in other OC 
histopathological types using the TCGA data-
base. Higher CDC20 expression was found in 
serous OC than that in other types. Another 
limitation, due to lack of access to patients, is 
that this study has not validated CDC20 expres-
sion levels in patients with OC. More clinical 
and experimental work is needed to assess 
CDC20 levels in serum, cancer tissues, and 
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adjacent tissues in patients with different types 
of OC. Only after large-scale, multi-center clini-
cal research CDC2O will be ready for use in 
early screening and prognostic evaluation.

Conclusions

In summary, bioinformatics analysis of three 
public databases revealed significant upregu- 
lation of CDC2O levels in EOC tissues. These 
CDC2O levels correlated with tumor pathologi-
cal type, grade, and prognosis. Furthermore, 
the effects of CDC20 on OC cell proliferation, 
apoptosis, metastasis and possible signaling 
pathways were explored in an OC cell line. 
Taken together, these findings can help build a 
knowledge base for clinicians to facilitate early 
diagnosis, individualize treatment options, and 
improve prognosis for OC patients.
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