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The aim of this study was to investigate the differentially expressed genes (DEGs) relevant to prognosis of ovar-
ian cancer by use of integrated bioinformatics analysis.

The DEGs between normal ovariy tissue and ovarian cancer tissue were screened in GSE54388, GSE14407,
and GSE18520 datasets and the overlapping DEGs were then indentified. GO and KEEG enrichment were per-
formed to analyze the biological functions and pathways of the DEGs. A protein—protein interaction (PPI) net-
work of the identified DEGs was constructed using the STRING database. Differences in prognosis between low
and high expression of the hub DEGs were also evaluated using the Kaplan-Meier Plotter database. Protein ex-
pression of 2 hub genes — BUB1B and KIF201A — was assessed by immunohistochemistry assay and evaluated
with the patient’s clinical pathology characteristics.

We identified 361 DEGs, mainly involving oncogene-induced cell senescence, cyclin B1-CDK1 complex, protein
kinase A catalytic subunit binding, cell cycle, and p53 signaling pathway. Ten hub genes were identified from
among the 361 DEGs. The overall survival (OS) and progression-free survival (PFS) of these 10 hub genes were
evaluated in the Kaplan-Meier-plotter database. Three (BUB1B, KIF11, and KIF20A) of the 10 hub genes were
found to be correlated with ovarian cancer OS and PFS. BUB1B expression level was correlated with ovarian
FIGO stage (p<0.05) and tumor differentiation (p<0.05). For KIF20A, the expression level was correlated with
FIGO stage (p<0.05) and intraperitoneal metastasis (p<0.05).

DEGs can participate in ovarian cancer development and can be used as biomarkers for prognosis. Patients
with upregulated BUB1B, KIF11, and KIF20A tend to have worse overall survival and disease-free survival com-
pared with patients who have low expression.
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Background

Ovarian cancer is one of the most frequently diagnosed malig-
nant carcinomas and is the leading cause of female reproduc-
tive-related death [1,2]. Early diagnosis of ovarian cancer is dif-
ficult due to lack of obvious symptoms and the deep location of
tumors in the pelvis. Therefore, many patients miss the best op-
portunity for surgery due to advanced clinical stage at diagnosis.
For early-stage patients who received surgery, tumor recurrence
is the leading cause of treatment failure [3-5]. According to
the ovarian cancer NCCN guidelines [6], the independent fac-
tors relevant to prognosis are clinical stage, tumor differentia-
tion and intraperitoneal metastasis. Recently, some researchers
found gene expression profile can also play an important role
in prognosis of ovarian cancer patients [7]. Qiu et al. [8] found
that Ki-67 was upregulated in ovarian cancer and was obvi-
ously correlated with poor prognosis. Sun et al. [9] found that
low expression of BCL7A can be used as a biological marker
for poor prognosis in ovarian cancer. However, most of the
studies relevant to association between gene expression and
ovarian cancer patients were mainly focused on 1 or several
single genes. It remains unclear whether gene expression pro-
files differ between the cancer tissue and normal ovary tissue
and whether the differently expressed genes played a prognos-
tic role in ovarian cancer. Therefore, in the present study, we
screened 3 differentially expressed gene data series to iden-
tify the cDEGs and to evaluate the association between DEGs
and prognosis of ovarian cancer patients.

Material and Methods

Datasets downloaded

The datasets associated with ovarian cancer were identi-
fied from the Gene Expression Ominibus (GEO) data-
base (https://www.ncbi.nlm.nih.gov/geo/). Three gene ex-
pression datasets — GSE54388 [10], GSE14407 [11], and
GSE18520 [12] — were identified and downloaded from the
GEO database and were used to detect the differentially ex-
pressed genes between ovarian cancer and corresponding nor-
mal ovary tissue.

DEGs identification and biological function enrichment

The DEGs between normal ovary tissue and ovarian cancer tis-
sue were first screened in each dataset by the selection cri-
teria of fold change >2 and p value<0.05. The DEGs identified
from each dataset were further analyzed to find the genes
that overlapped across the 3 datasets. The biological func-
tion and pathyway of the overlapped DEGs were enriched in
the aspects of biological fuction (BP), cellular component (CC),
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molecular function (MF), and KEGG pathway, as demonstrated
in a bubble plot.

PPI network construction

A PPI network of the identified 361 DEGs was constructed
through the STRING (Search Tool for the Retrieval of Interacting
Genes/Proteins) database under the condition of: (1) mini-
mum required interaction score of 0.4; (2) active interaction
sources of text-mining, experiments, databases, co-expres-
sion, neighborhood, gene fusion, and co-recurrence; and
(3) human species.

Survival analysis

The overall survival (OS) and progression-free survival (PFS)
were analyzed based on the Kaplan-Meier Plotter database.
The 10 identified hub genes were divided into a low-expres-
sion group and a high-expression group according to the me-
dian expression level of the tumor tissue. The OS and PFS
of the low- and high-expression groups were compared and
demonstrated by hazard ratio (HR) and corresponding 95%
confidence interval (95%Cl).

Immunohistochemistry assay

Fifty patients with confirmed diagnosis of ovarian cancer were
included in our study. All patients provided written informed
consent, and the study was approved by the Ethics Committee
of the First Affiliated Hospital of Fujian Medical University,
China. The protein expression was assessed by immunohisto-
chemistry assay. The protein expression score was evaluated by
2 pathologists independently according to the following criteria:
0 points: non-staining; 1 points: weak staining (light yellow);
2 points: medium staining (yellow brown); and 3 points: strong
staining (brown). The positive rate of tumor cells was as fol-
lows: 0 points: no positive tumor cells; 1 point: less than 25%
positive tumor cells; 2 points: 25-50% positive tumor cells;
3 points: 50-75% positive tumor cells; 4 points: more than
75% positive tumor cells. The final staining index (SI) was ob-
tained by multiplying the percentage of positive tumor cells
with the staining fraction. According to this method, tumors
with SI (>4) were defined as high expression, Sl <4 as low ex-
pression, and SI=0 as negative expression.

Statistical analysis

STATA12.0 statistical software was used for data analysis.
One-way ANOVA or the t test was used to evaluate differences
in expression between cancer tissue and corresponding nor-
mal tissues. The log-rank test was applied for survival analysis.
A 2-tailed P value of less than 0.5 was deemed as statisti-
cally significant.
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Figure 1. Identification of differentially expressed genes. (A) Volcano plot of of GSE54388; (B) Volcano plot of of GSE14407;
(€) Volcano plot of of GSE18520; (D) Venn diagram of the overlapping genes.

Results

DEGs identification

We first screen the DEGs in each data series of GSE54388,
GSE14407, and GSE18520 independently. We initially identi-
fied 751, 1718, and 1153 DEGs from GSE54388, GSE14407,
and GSE18520, respectively, and there were 361 DEGs that
overlapped across the 3 gene expression series (Figure 1).
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GO and KEGG analysis

Gene ontology (GO) enrichment showed the 361 DEGs mainly
involved oncogene-induced cell senescence (Figure 2), cyclin
B1-CDK1 complex (Figure 3), and protein kinase A catalytic sub-
unit binding (Figure 4) for the aspects of biological process, cel-
lular component, and molecular function, respectively. Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway anal-
ysis indicated the 361 DEGs were mainly enriched in cell cy-
cle, p53 signaling pathway, and cellular senescence (Figure 5).
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Figure 2. GO analysis of the differentially expressed genes in the aspect of biological process.
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Figure 3. GO analysis of the differentially expressed genes in the aspect of celular component.

PPI network construction and hub gene identification

A PPI network was constructed using the STRING database.
In the network, there were 322 nodes and 1069 edges, with
an average node degree of 6.64 and local clustering coefficient
of 0.43, which indicated the PPI enrichment was statistically
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significant (Figure 6). Ten hub genes were identified from
among the 361 DEGs by Cytoscape (Figure 7).

Survival analysis

The OS and PFS of the 10 hub genes were evaluated in the
KMPLOTTER database (Table 1). Three hub genes (BUB1B,

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]



CLINICAL RESEARCH

Zhang L et al.:
Integrated bioinformatics analysis of ovarian cancer
© Med Sci Monit, 2019; 25: 9902-9912

Protein kinase A catalytic subunit binding

Kinesin binding

Collagen binding-

Glycosaminoglycan binding4

heparin binding4

Sulfur compound binding-

Microtubule binding4

DNA-binding transcription activator activity, RNA polymerase II-specific{
Tubulin binding4

Calcium ion binding-

DNA-binding transcription factor binding-

Proximal promoter sequence-specific DNA binding

RNA polymerase Il proximal promoter sequence-specific binding
RNA polymerase Il regulatory region sequence-specific binding+

Transcription regulatory region sequence-specific binding4

Qvalue

0.04
!o.oz
® 002

001

Count
® e 10
® 20
®30

0.1 02

Figure 4. GO analysis of the differentially expressed genes in the aspect of molecular function.
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KIF11, and KIF20A) were identified as being correlated with
ovarian cancer overall survival (OS) and progression-free sur-
vival (PFS) (Figure 8).

Immunohistochemistry

BUB1B and KIF20A expression was examined by immunohis-
tochemistry assay (Figure 9). Of the 50 included ovarian can-
cer patients, 24 had high expression of BUB1B and 31 had
high expression of KIF20A. The BUB1B expression level was
correlated with ovarian FIGO stage (p<0.05) and tumor dif-
ferentiation (p<0.05). For KIF20A, the expression level was

correlated with FIGO stage (p<0.05) and intraperitoneal me-
tastasis (p<0.05) (Table 2).

Discussion

Epidemiological data show that epithelial ovarian cancer ac-
counts for about 80% of all ovarian malignant tumors [13].
Epithelial ovarian cancer is the leading cause of death in gy-
necological malignant carcinoma patients in North America,
ranking fifth among all cancer-related causes of death [14,15].
An epidemiological study showed that 22 530 people in the
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Figure 6. Protein—protein interaction (PPI) network of the dysregulated genes.

United States were diagnosed with ovarian cancer in 2019, In the present study, we identified 361 DEGs between can-
while 13 980 people died of ovarian cancer that year, and cer tissue and normal ovary tissue of ovarian cancer patients
only about 40% of patients with ovarian cancer could be through searching 3 different data series (GSE54388, GSE14407,
cured [16]. Therefore, early diagnosis of ovarian cancer is and GSE18520) relevant to ovarian cancer. Of the 361 identi-
one of the most important factors for prognosis. According  fied DEGs, 10 hub genes were found to play important roles in
to the NCCN guidelines, clinical stage, tumor differentiation, ovarian cancer development and to be closely correlated with
and intraperitoneal metastasis are the independent factors patient prognosis. Survival analysis also found that BUB1B,
associated with ovarian cancer prognosis [17]. However, KIF11, and KIF20A were correlated with patient OS and DFS.
in recently years, many studies have also found that dysreg- Immunohistochemistry demonstrated that BUB1B expres-
ulated genes can also play a role in cancer patient progno- sion level was correlated with ovarian FIGO stage (p<0.05)
sis [18-20]. Therefore, it is important to discover the dysreg-  and tumor differentiation (p<0.05). For KIF20A, the expres-
ulated genes that are associated with ovarian cancer patient sion level was correlated with FIGO stage (p<0.05) and intra-
prognosis and to assess their clinical value as biomarkers for peritoneal metastasis (p<0.05). The KIF20A gene is located on
predicting patient survival [21,22]. human 5g31.2 chromosome and plays an important role in
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Table 1. Survival analysis of the 10 hub genes between low- and high-expression groups.

Overall survival PFS

Median Median Median Median

HR (95% CI) P value survival survival HR (95% CI) P value survival survival

(low) (high) (high) (low)

AD51AP1 0.83 (0.66-1.05) 0.12 45.17 4493 1.11 (0.87-1.42) 0.40 20.07 18.30
CDKI 082 (065-104) 010 4097 4839 077 (0.60-099) 004 1707 2093
NCAPG 117 (092-149) 019 4517 4413 087 (0.69-110) 025 1837 1943
CONBI 135 (L17-157)  44E5 4800 3860 112 (097-130) 012 2056 1810
CONB2 115 (100-132) 005 5000 4397 111 (097-125) 012 2053 1913
D20 112 (099-128) 008 4700 4197 093 (0.82-105) 026 1900 2113
BUBIB 126 (110-144) <0001 4806 3987 120 (105-1.36) 0005 2093 1900
CKIFIT 124 (109-143) 0002 5000 4183 133 (118-151)  69e6 2260 1800
KIF20A 134 (L14-156) <0001 5277 4258 125 (1.09-143) 0002 2100  19.00
NUSAPT 121 (106-138) 0004 4827 4300 112 (099-127) 007 2100 1900
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Figure 7. Identified hub genes by CytoHubba among the 361 DEGs.
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Figure 8. Kaplan-Meier plot of overall survival and progression-free survival for BUB1B, KIF11, and KIF20A high- and low-expression
groups. (A) Overall survival compared between BUB1B high- and low-expression groups; (B) Progression-free survival
compared between BUB1B high- and low- expression groups; (C) Overall survival comparison compared between KIF11
high- and low-expression groups; (D) Progression-free survival compared between KIF11 high- and low-expression groups;
(E) Overall survival comparison compared between KIF20A high- and low-expression groups; (F) Progression-free survival
compared between KIF20A high- and low-expression groups.
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Figure 9. Immunohistochemistry in evaluation BUB1B and KIF20A expression of ovarian cancer. (A) HE staining of ovarian cancer;
(B) BUB1 negative expression; (C) BUB1 low expression; (D) BUB1 high expression; (E) HE staining; (F) KIF20A negative
expression; (G) KIF20A low expression; (H) KIF20A high expression (x200).
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Table 2. Correlation between BUB1B and KIF20A expression and patient clinical characteristics.

Character

KIF20A

Age (years)

=50 28 14
"""" o 2 1
AGOstage
"""" )16 12
"""" I Ve
Pathologytype
"""" Serous adenocarcinoma 22 10
"""" Mucinous cystadenocarcinoma 18 10
"""" Ovarian endometrioid carcinoma 10 6
Differentiaton
"""" Highand moderate 25 14
"""" tow 2312

No 17 8
e 3 17
Ccats
"""" asum. 8 4
CossUme 2 2

>0.05 >0.05
W ou
1w s 14
""""""""""" 2 Y
""""" s+ 10 &
"""" 20 9 2
"""""""""""" 005 005
T s 14
""""" s 7 u
""""" s 4 e
""""""""""" P0OS 005
,,,,,,,,,, o L e
e
"""""""""""" 005 P05
""""" o 10 7
s o %
"""""""""""" 005 005
""""" 4 3 s
"""" 20 1 2

tumorigenesis and development by binding to microtubules,
hydrolyzing ATP to produce mechanical energy, and interfering
with cell mitosis. Many studies have shown that KIF20A is
abnormally expressed in human malignant tumors such as
malignant melanoma [6,23], breast cancer [24,25], nasopha-
ryngeal carcinoma [26], pancreatic cancer [27,28], and lung
cancer [29], and is closely related to the proliferation, inva-
sion, and prognosis of tumors. However, its correlation with
ovarian cancer is unclear. In the present study, we confirmed
that ovarian cancer patients with high expression of KIF20A
tended to have worse prognosis, overall survival, and pro-
gression-free survival. BUBIB, as one of the important pro-
teins in mitotic detection sites, is a multi-domain protein ki-
nase that responds to centromeric tension. It has been found
that BUBIB is overexpressed in renal and breast cancer, and
its mutation and overexpression are closely related to chro-
mosomal instability [30]. We found that BUBIB was correlated

with ovarian cancer prognosis and can be used as a predictor
of poor overall survival and progression-free survival of ovar-
ian cancer patients.

Conclusions

Ovarian cancer is a leading cause of malignant carcinoma-
related death for women. DEGs can participate in ovarian can-
cer development and can be used as biomarkers for prognosis.
Patients with high expression of the BUB1B, KIF11, and KIF20A
genes tend to have worse overall survival and disease-free sur-
vival compared with low-expression patients.
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