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Abstract
Background: Though considerable efforts have been made to improve the treatment of epithelial ovarian
cancer (EOC), the prognosis of patients has remained poor. Identifying differentially expressed genes
(DEGs) involved in EOC progression and exploiting them as novel biomarkers or therapeutic targets for
EOC is highly valuable.

Methods: Overlapping DEGs were screened out from three independent gene expression omnibus (GEO)
datasets and subjected to Gene ontology (GO) and Kyoto encyclopedia of genes and genomes (KEGG)
pathway enrichment analyses. The protein-protein interactions (PPI) network of DEGs was constructed in
the STRING database. The top 20 hub genes were selected using cytoHubba. The expression of hub
genes was detected in GEPIA, Oncomine, and human protein atlas (HPA) databases. The relationship of
hub genes with the pathological stage and the overall survival and progression-free survival in EOC
patients was investigated using the cancer genome atlas data.

Results: A total of 306 DEGs were identi�ed, including 265 up-regulated and 41 down-regulated. Through
the PPI network analysis, the top 20 genes were screened out, among which 4 hub genes were selected
after literature retrieval, including CDC45, CDCA5, KIF4A, ESPL1. The four genes were up-regulated in EOC
tissues and the expression of these four genes decreased gradually with the continuous progression of
EOC. Survival curves illustrated that patients with a lower level of CDCA5 and ESPL1 had better overall
survival and progression-free survival.

Conclusions: Two hub genes, CDCA5 and ESPL1, identi�ed as playing tumor-promotive roles, could be
utilized as potential novel therapeutic targets for EOC treatment. 

Background
Ovarian cancer has the highest mortality in gynecologic cancers and most patients are diagnosed at
advanced stages [1]. Many patients would still relapse even if they are treated with satis�ed cytoreductive
surgery (CRS) combined with standard platinum-based chemotherapy. The 5-year survival rate for
patients with advanced ovarian cancer is about 30% [2]. Thus, investigating reliable and effective
molecular markers and understanding essential genes involved in the biological process of ovarian
cancer is urgently needed.

The Gene Expression Omnibus (GEO) database is a free online database that stores a multiple of high-
throughput microarrays, chips, and next-generation sequence functional genomic data sets [3]. The GEO
database could be utilized to screen out differentially expressed genes (DEGs), to explore molecular
signals and correlations, and to analyze gene regulatory networks. However, due to high expenses and
limited sample tissues, the analysis results of individual experiments may be biased and unreliable.
Therefore, integrated analyses of multiple datasets may improve the accuracy and reliability of the
analysis and hence produce a more comprehensive and well-rounded discovery of DEGs in a variety of
cancers.
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In this study, original data from microarray analysis conducted on epithelial ovarian cancer (EOC)
samples were downloaded from the GEO database, and integrated analysis was implemented. A total of
20 overlapping DEGs were screened out by the intersection of three independent datasets. Then, gene
ontology (GO) and Kyoto encyclopedia of genes and genomes (KEGG) pathway analysis, and protein-
protein interactions (PPI) were performed to evaluate the underlying molecular mechanisms involved in
carcinogenesis and tumor progression. The hub genes that may play essential roles in EOC were
identi�ed, and the relative expression level of hub genes and their relationship with EOC patient survival
were validated in multiple online databases.

Materials And Methods
Microarrays and bioinformatics analysis

The original CEL �les of three independent GEO datasets (GSE119056, GSE54388, GSE66957) were
downloaded and analyzed using R language. We utilized the affy package to perform the background
correction and data normalization, including conversion of raw data formats, imputation of missing
values and background correction. Then, the samples were subjected to differential expression analysis
using the Limma package. p < 0.05 and |log FC |>1 were set as the threshold, and the genes that met the
criteria were screened out as DEGs. The intersection of DEGs from three datasets was performed using
the VennDiagram package in R language.

Gene ontology (GO) and Kyoto encyclopedia of genes and genomes (KEGG) pathway analysis

KOBAS v 3.0 (http://lobas.cbi.pku.edu.cn) is a web server for gene/protein functional annotation and
functional gene set enrichment [4]. The overlapping DEGs from three GEO datasets were subjected to GO
and KEGG pathway analysis by this online tool. p < 0.05 was considered as statistically signi�cant.

Identi�cation of top modules and hub genes in a protein-protein interaction (PPI) network

Exploring the functional interactions between proteins is essential for understanding the molecular
mechanisms of EOC. The Search Tool for the Retrieval of Interacting Genes (STRING v 11.0) is an online
tool (http://string-db.org) designed to establish potential interactions among a good number of genes [5].
The overlapping DEGs were put into the software to construct the PPI network and were then visualized
using Cytoscape software 3.7 (http://www.cytoscape.org) [6]. In addition, the Molecular Complex
Detection (MCODE) in Cytoscape software (Cytoscape v 3.7.1) was applied to screen out top modules
inside the PPI network with degree cut-off = 2, node score cut-off = 0.2, Max depth = 100 and k-score = 2.
CytoHubba, a plugin in the Cytoscape software, was adopted to calculate the degree of each protein
node. In our study, the top twenty genes were selected as hub genes.

Validation of hub gene expression levels in multiple database

To validate the mRNA level of hub genes in EOC, we examined the relative expression of these genes in
two databases, namely, GEO and GEPIA. GEO (Gene Expression Omnibus;

http://lobas.cbi.pku.edu.cn/
http://string-db.org/
http://www.cytoscape.org/
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http://www.ncbi.nlm.nih.gov/geo/), an online platform providing microarray datasets and data-mining
functions, could be applied to validate the expression of speci�c genes in multiple diseases including
cancers, thereby facilitating the discovery of potential essential genes involved in disease development
and progression [7]. GEPIA (Gene Expression Pro�ling Interactive Analysis; http://gepia.cancer-pku.cn/), a
web-based tool based on the cancer genome atlas (TCGA) and GTEx data, could be utilized to conduct
differential expression analysis, correlation analysis, patient survival analysis, similar gene detection and
dimensionality reduction analysis [8]. In the current study, we detected the relative expression of three hub
genes in these two databases with a threshold of p < 0.05 and a fold change of 2.

Survival analysis and tumor stage/grade analysis of hub genes

UCSC Xena v 1.0 (http://xenabrowser.net/) is an online database from which users could obtain
functional genomic data sets to make correlations between genomic and/or phenotypic variables. In this
study, we utilized this free online tool to detect whether the expression of hub genes was correlated with
the overall survival and tumor stage/grade of EOC patients from TCGA samples. Patients were grouped
into a relatively high expression group and a low expression group according to the median, and p < 0.05
was considered as statistically signi�cant.

Statistical analysis

All the statistical analysis in this study was performed using SPSS 21.0 software. Comparisons between
the two groups were performed using Student’s two-tailed t test. Kaplan-Meier survival analysis was
performed to compare EOC patient survival based on hub gene expression using log-rank test. p < 0.05
was considered statistically signi�cant.

Results

1. Identi�cation of DEGs from GEO datasets analysis
Raw data from three independent datasets (GSE119056, GSE54388, GSE66957) were downloaded from
GEO and then subjected to differential expression analysis using R language.. Genes screened from the
criteria set as p < 0.05 plus |log FC |>1 were plotted using R language to visualize the distribution of DEGs
between EOC and compared normal controls from three datasets. The volcano plot of each gene
expression pro�le data was shown in Fig. 1a-c. Red or blue dots represent signi�cantly up-regulated or
down-regulated genes, respectively. Afterwards, three hundred and six overlapping DEGs in total,
including 265 up-regulated genes and 41 down-regulated genes, were found in EOCs compared with
adjacent ovarian tissues under the criteria (Fig. 1d-1e).

2. GO analysis and KEGG analysis of the overlapping DEGs

To gain a more in-depth understanding of the common DEGs from three datasets, GO analysis and KEGG
pathway enrichment analysis were performed in KOBAS. The top 10 biological processes that these DEGs

http://www.ncbi.nlm.nih.gov/geo/),
http://gepia.cancer-pku.cn/
http://xenabrowser.net/
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involved in was presented in Fig. 2a, among which cell division, cell proliferation, adhesion, and response
to drug were closely associated with cancer progression. Regarding cellular component, GO analysis
results showed that the overlapping DEGs were mainly enriched in cytoplasm, nucleus, cell membrane,
and extracellular exosome (Fig. 2b). It was well-established that extracellular exosome could participate
in the malignant progression of cancer including EOC. For molecular function classi�cation, the DEGs
were signi�cantly enriched in the following functions: protein binding, ATP binding, poly A RNA binding,
and chromatin binding (Fig. 2c). The results from KEGG analysis showed that these DEGs were
particularly enriched in pathways in cancer, cell cycle, and carbon metabolism (Fig. 2d). The above
�ndings consistently indicated that these DEGs might modulate EOC proliferation and metastasis
through multiple signaling pathways.

3. PPI netwok of common DEGs and hub gene identi�cation

To further explore the unerlying association between DEGs, a PPI network was constructed by using the
STRING database (Fig. 3a). Then, the top two modules inside the PPI network were identi�ed with the
MCODE application in Cytoscape (Fig. 3b-c). Overall, the number of nodes was 306, the number of edges
was 1105, the average node degree was 7.22, the average local clustering coe�cient was 0.424, and the
PPI enrichment p-value was < 1.0e-16. For details, module 1 consisted of 30 nodes and 416 edges. For
module 2, 12 nodes and 46 edges existed. Furthermore, cytoHubba was applied to screen out hub genes,
and the top 20 genes were selected by using the MCC method (Fig. 3d). The top 20 hub genes included
BUB1, CDK1, CCNB2, TPX2, KIF11, CDC45, CENPF, DLGAP5, CDCA5, UBE2C, TOP2A, ASPM, MELK, KIF4A,
SPAG5, MKI67, CEP55, ESPL1, KIF14, and NEK2.

4. Literature retrieval of DEGs in Pubmed

Literature retrieval of the 20 DEGs screened from the three datasets showed that there were 5 genes
having only 1 or 2 research papers published in Pubmed until now, including CDC45, CDCA5, KIF4A,
SPAG5, and ESPL1. Although there was only 1 research paper found focusing on the gene SPAG5, the
correlation of SPAG5 with the ovarian cancer had been explored deeply in the paper. Thus, we selected
the other four genes, CDC45, CDCA5, ESPL1, and KIF4A, as the hub genes in our subsequent research.

5. Validation of hub gene expression levels in multiple database

We determined the transcriptional expression differences of hub genes between EOC tissues and normal
tissues in datasets of GEO and GEPIA. As shown in Fig. 4 (GEO) and Fig. 5 (GEPIA), mRNA levels of four
hub genes, CDC45, CDCA 5, ESPL1, and KIF4A, were signi�cantly up-regulated in EOC samples compared
with normal ovarian tissues.

6. Clinical Stage Analysis Of The Hub Genes
The expression levels of the 4 hub genes at different stages were shown in Fig. 6. According to the result,
it was easy to �nd that there were signi�cant variations in the expression levels of CDC45 [Pr(> F) = 
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0.000554], CDCA5 [Pr(> F) = 0.00668], KIF4A [Pr(> F) = 0.0217], and ESPL1 [Pr(> F) = 0.00966]. The overall
trends indicated that the expression of these four genes decreased gradually with the continuous
progression of OC.

7. Survival analysis of DEGs expression in patients with EOCs

To further investigate the prognostic values of DEGs in EOC patients, we conducted a survival assay
based on the TCGA data downloaded from the UCSC Xena database. As suggested in Fig. 7(a-d), the
relatively higher expression of CDCA5 and ESPL1 was associated with poor prognosis of EOC patients,
coherent with higher expression in EOC tissues vs. lower expression in normal ovarian tissues, while the
other two genes, CDC45 and KIF4A, had no statistical in�uence on patients’ overall survival.

Furthermore, we also detected whether these genes were related to the progression-free survival of EOC
patients, and survival curves illustrated that CDCA5 and ESPL1 notably affected the progression-free
survival time of EOC patients (Fig. 7(e-h)). Evidently, patients with a lower level of CDCA5 and ESPL1 had
better progression-free survival compared to patients with higher CDCA5 and ESPL1 expression.

From the analysis above, we concluded that CDCA5 and ESPL1 might be closely correlated with EOC
overall and progression-free survival, implying the essential roles that these two genes might play in EOC
progression.

Discussion
Despite signi�cant advances in EOC treatment, including surgery, chemotherapy, radiotherapy, and novel
targeted agents, EOC had remained an intractable cancer over the past several decades. Therefore,
uncovering the etiological and molecular mechanisms underlying EOC is of vital importance for cancer
therapy and prevention. For many years, bioinformatics analysis has been playing crucial roles in cancer
study, and it facilitates the understanding of carcinogenesis by integrating data at the genome level with
systematic bioinformatics methods. Among the multiple bioinformatics strategies, DNA microarray gene
expression pro�ling has been widely applied to explore DEGs involved in tumorigenesis, diagnosis, and
therapeutic approaches [9].

In this study, we �rst screened DEGs from three independent GEO datasets, and implemented GO-KEGG
pathways enrichment analysis. A PPI network was constructed in the STRING database and the top 20
hub genes were selected in Cytoscape. We then implemented literature retrieval of the 20 genes in
Pubmed. Five genes were found having only one or two research papers published previously, including
CDC45, CDCA5, KIF4A, ESPL1, and SPAG5. Although there was only one research paper found focusing
on the gene SPAG5, the correlation of this gene with the ovarian cancer had been explored deeply in the
paper. Therefore, we focused on the other four hub genes in our subsequent research. The relative
expression of the four genes, CDC45, CDCA5, KIF4A, and ESPL1, was detected in Oncomine and GEPIA
databases, suggesting that all the four hub genes were up-regulated in EOC tissues with statistical
signi�cance. Clinical stage analysis indicated that the expression of these four genes decreased
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gradually with the continuous progression of OC. Survival curves illustrated that patients with a lower
level of CDCA5 and ESPL1 had better overall survival and progression-free survival compared to patients
with higher expression. Therefore, these two hub genes, CDCA5 and ESPL1, could be utilized as potential
diagnostic indicators for EOC.

Cell-division cycle-associated 5 (CDCA5), also known as sororin, is thought to play a critical role in
ensuring the accurate separation of sister chromatids during the S and G2/M phases of the cell cycle
through interactions with cohesin and cdk1 [10, 11]. CDCA5 has also been shown to interact with ERK as
well as cyclin E1, a critical regulator of the G1/Smitotic checkpoint [10–12]. Recent studies have
correlated the expression of CDCA5 with tumorigenesis and tissue invasion in several cancers.

Regarding lung cancer, several researches con�rmed that CDCA5, exhibiting high speci�city and
sensitivity to distinguish malignant lesions from non-malignant tissues and associated with poor
survival, could be identi�ed as predictive biomarkers for tumorigenesis and poor prognosis of lung
adenocarcinomas [13, 14]. In study performed by Nguyen et al, suppression of CDCA5 expression
inhibited the growth of lung cancer cells; concordantly, induction of exogenous expression of CDCA5
conferred growth-promoting activity in mammalian cells. Their data suggested that transactivation of
CDCA5 and its phosphorylation at Ser209 by ERK played an important role in lung cancer proliferation,
and that the selective suppression of the ERK-CDCA5 pathway could be a promising strategy for cancer
therapy [12].

In researches of hepatocellular carcinoma (HCC), CDCA5 was also found to be up-regulated in HCC cells,
and related to poor prognosis [15]. CDCA5 participated the promotion of HCC cells proliferation,
migration, and invasion, palying a tumor-promotive role and being a potential therapeutic target for
patients with HCC [16, 17]. Besides, CDCA5 was found to be transcribed by E2F1, and could promote
oncogenesis by enhancing cell proliferation and inhibiting apoptosis via the AKT pathway in HCC [18].
Another research found that increased CDCA5 expression was associated with increased tumor diameter
and microvascular invasion in HCC [19]. Furthermore, silencing of CDCA5 inhibited cell proliferation and
induced G2/M cycle arrest in vitro, and CDCA5 down-regulation in xenograft model impeded HCC growth
in vivo. CDCA5 depletion decreased the levels of ERK 1/2 and AKT phosphorylation in vitro and in vivo.
Taken together, theses results indicated that CDCA5 might act as a novel prognostic biomarker and
therapeutic target for HCC [20].

In addition, it has also been con�rmed that CDCA5 was signi�cantly upregulated in breast cancer, bladder
cancer, oral squamous cell cancer, urinary tract carcinoma, head and neck squamous cell carcinoma, and
esophageal squamous cell carcinoma, and the high expression of CDCA5 was closely related to
pathological stages and poor prognosis of patients [21–26].

ESPL1, also known as extra spindle poles-like 1 protein or separin, plays a central role in chromosome
segregation by cleaving the cohesin complex at the onset of anaphase [27], and altered ESPL1 activity is
correlated with aneuploidy and cancer [28]. At present, the results on the roles of ESPL1 in cancers are
con�icting.
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ESPL1 expression has been found to be upregulated in a wide range of cancers and high expression of
ESPL1 is associated with a loss of key tumor suppressor gene P53, which further contributes to the
progression of mammary adenocarcinomas [29, 30]. The research conducted by Finetti et al reinforced
that ESPL1 was a candidate oncogene in luminal B breast cancer, and the expression of ESPL1 might
represent a promising therapeutic approach for the poor-prognosis tumors [31]. Genomic analysis of
transitional cell carcinoma (TCC) by both whole-genome and whole-exome sequencing of 99 individuals
with TCC found frequent alterations in ESPL1 [32]. Chen et al found that ESPL1 may be associated with
bladder cancer development and recurrence [33]. In addition, Liu et al. identi�ed 7 pivotal genes involved
in endometrial cancer prognosis and constructed a prognostic gene signature, among which ESPL1 was
one of the genes that were viewed as risky prognostic genes [34]. ESPL1 expression was found to be
increased in endometrial cancer tissues, but the clinical signi�cance and functional mechanism of ESPL1
in EC remains to be veri�ed [34]. Nevertheless, it has also been reported that ESPL1 plays an opposite role
in gastric adenocarcinoma. ESPL1 expression was negatively correlated with gastric adenocarcinoma
pathologic stage progression, and the high expression of ESPL1 was signi�cantly correlated with
favorable outcomes [35]. Further work is required to resolve the con�icting roles of ESPL1 in cancer and
determine its functions in cancers including the ovarian cancer.

There are several limitations in our study as follows. First, there is an urgent need for biological
experiments to validate our results because our research is based on data analysis. Second, we lack the
molecular mechanisms for these genes, and we will incorporate these for further exploration. In the
future, we will further design experiments (including PCR, Western Blot, immunohistochemistry, etc.)
based on speci�c mechanisms, conduct in-depth research, and improve the inadequacies.

Conclusions
Our study provided a comprehensive bioinformatics analysis of DEGs, which may have the potential to
serve as reliable molecular biomarkers for the diagnosis and prognosis of EOC. Two genes, CDCA5 and
ESPL1, were validated to be up-regulated in EOC samples, and high expression of these two genes were
related with poor overall survival and progression-free survival. CDCA5 and ESPL1 may act as e�cient
biomarkers and potential therapy targets in EOC. Further studies are merited to explore the biological
functions of these genes and to clarify the underlying molecular mechanisms involved in the
pathogenesis of EOC.
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interactions; STRING:Search Tool for the Retrieval of Interacting Genes; MCODE:Molecular Complex
Detection; GEPIA:Gene Expression Pro�ling Interactive Analysis; TCGA:tool based on the cancer genome
atlas.
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Figure 1

Identi�cation of differentially expressed genes (DEGs) in three gene expression omnibus (GEO) datasets.
(a) Volcano plot of DEGs in GSE119056. (b) Volcano plot of DEGs in GSE54388. (c) Volcano plot of DEGs
in GSE66957. Red, blue and gray color represent relatively high, low and equal expression of genes in the
corresponding group, respectively. (d) Venn diagram of 265 overlapping up-regulated genes from
intersection of three independent GEO datasets. p < 0.05 and |log FC |>1 were set as the threshold. (e)
Venn diagram of 41 overlapping down-regulated genes from intersection of three independent GEO
datasets. p < 0.05 and |log FC |>2 were set as the threshold.
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Figure 2

GO analysis and KEGG pathway analysis of the overlapping DEGs. (a) Top 10 of biological process. (b)
Top 10 of cellular component. (c) Top 10 of molecular function. (d) Top 10 of KEGG pathway enrichment.
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Figure 3

Protein-protein interactions (PPI) network, module analysis, and hub gene identi�cation. (a) PPI network
of overlapping differentially expressed genes was constructed in STRING database. (b-c) Top two
modules screened using Molecular Complex Detection (MCODE) in Cytoscape software. (d) Top twenty
hub genes selected by the CytoHubba in Cytoscape based on the degree of each protein node.
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Figure 4

Validation of hub gene expression levels in GEO The expression of CDC45, CDCA5, KIF4A, and ESPL1 in
EOC tissues were signi�cantly elevated compared with adjacent ovarian tissues. (a) CDC45; (b) CDCA5;
(c) KIF4A; (d) ESPL1; *p < 0.05.
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Figure 5

Validation of hub gene expression levels in GEPIA The expression of CDC45, CDCA5, KIF4A, and ESPL1 in
EOC tissues were signi�cantly elevated compared with adjacent ovarian tissues. (a) CDC45; (b) CDCA5;
(c) KIF4A; (d) ESPL1; *p < 0.05.
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Figure 6

The expression level of hub genes in EOC tissues at different stages. To further verify the expression level
of the hub genes in EOC tissues at different stages, the hub genes were analyzed by the GEPIA2 online
database. ANOVA was performed to assess the statistical signi�cance of the variations. Pr (>F) < 0.05
was considered statistically signi�cant. According to the result, there were signi�cant variations in the
expression levels of CDC45, CDCA5, KIF4A, and ESPL1 (a-d). The overall trends indicated that the
expression of these four genes decreased gradually with the continuous progression of OC.
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Figure 7

Overall survival and progression-free survival curves of DEGs in patients with EOCs from TCGA database.
(a) The relatively higher expression of CDC45 had no statistical in�uence on patients’ overall survival. (b)
The relatively higher expression of CDCA5 was associated with poor prognosis of EOC patients. (c) The
relatively higher expression of KIF4A had no statistical in�uence on patients’ overall survival. (d) The
relatively higher expression of ESPL1 was associated with poor prognosis of EOC patients. (e) The
relatively higher expression of CDC45 had no statistical in�uence on patients’ progression-free survival.
(f) The relatively higher expression of CDCA5 was associated with poor prognosis of EOC patients. (g)
The relatively higher expression of KIF4A had no statistical in�uence on patients’ progression-free
survival. (h) The relatively higher expression of ESPL1 was associated with poor prognosis of EOC
patients.


