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ABSTRACT

Ovarian cancer is one type of gynecological malignancies with extremely high lethal rate.
Abnormal proliferation and metastasis are regarded to play important roles in patients’ death,
whereas we know little about the underlying molecular mechanisms. Under this circumstance, our
current study aims to investigate the role of hub genes in ovarian cancer. Bioinformatics analysis
of the data from GEO and analyses of ovarian cancer samples were performed. Then, the results
showed that KIF23, a hub gene, was mainly related to cell cycle and positively associated with
poor prognosis. Meanwhile, both miR-424-5p and miR-503-5p directly targeted to 3'UTR of KIF23
to suppress the expression of KIF23 and inhibit ovarian cancer cell proliferation and migration.
Furthermore, we discovered that miR-424/503 was epigenetically repressed by hypermethylation
in the promoter regions, which directly modulated the expression of KIF23 to improve the
oncogenic performance of cancer cells in vitro. Together, our research certifies that miR-424/
503 cluster is silenced by DNA hypermethylation, which promotes the expression of KIF23,
thereby regulating the proliferation and migration of ovarian cancer cells. Interposing this process
might be a novel approach in cancer therapy.
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Introduction so on [11]. In the process of cell division, abnor-
mal function of kinesins may cause daughter cells
to receive aneuploidy, thereby resulting in tumor-
igenesis [12]. KIF23, also known as Kinesin-6, is
a plus-end-directed motor protein expressed in
mitosis. Via predictive analytics on GEO database,
PPI network, and Kaplan-Meier plotter, elevated
levels of KIF23 in ovarian cancer are associated
with adverse outcomes. But the regulatory
mechanism of its function and abnormal expres-
sion in ovarian cancer are not clearly understood.

A microRNA (abbreviated miRNA) is a small
non-coding RNA molecule (containing about 22
nucleotides), that mainly functions in regulating
post-transcriptional gene expression by influen-
cing the 3'UTR regions of mRNA, thereby inhibit-
ing translation and/or degrading mRNA [13-15].
MicroRNAs (miRNAs) have an important role in
several cell life activities, and aberrant miRNA
expression is associated with many diseases,
including tumourigenesis [16]. MiRNAs have

Ovarian cancer is the leading cause of death from
gynecologic malignancies. According to the cur-
rent research, about 295,414 new cases could be
identified worldwide each year [1,2]. Furthermore,
about 184,799 deaths would happen per year [1].
Although the methods of diagnosis and therapy
are developing, prognoses of patients are still so
poor [3,4]. It is known that cell growth and metas-
tasis are closely related to the high mortality of
ovarian cancer [5,6]. Hence, exploring the mole-
cular mechanisms of growth and metastasis of
ovarian cancer is essential for diagnosis, treatment,
and prognosis [7-10].

The kinesins are members of the family of
motor proteins with ATPase activity in eukaryo-
cyte, involving in many crucial cellular processes,
including mitosis and meiosis, regulation of
microtubule motion, formation of spindles and
intermediates, separation of chromosomes, and
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Table 1. Summary of microarray datasets used in this study.

Number of

samples
GEO Cancer (normal)
Accession PMID Platform tissues  tissues
GSE14407 20,040,092 GPL570 [HG- 12 12

U133_Plus_2] Affymetrix
Human Genome U133
Plus 2.0 Array
GSE18520 15,361,855 GPL570 [HG- 53 10
U133_Plus_2] Affymetrix
Human Genome U133
Plus 2.0 Array
GSE38666 23,762,861 GPL570[HG-U133_Plus_2] 18 12
Affymetrix Human
Genome U133 Plus 2.0
Array
GSE40595 23,824,740 GPL570 [HG- 32 6
U133_Plus_2] Affymetrix
Human Genome U133
Plus 2.0 Array

significant effects on regulating proliferation, inva-
sion and metastasis of tumor cells [17-21]. In
tumor, many miRNAs negatively regulate tumor-
related gene and thus influence tumor phenotype,
by means of changing the expression of themselves
[16]. Therefore, novel abnormal expression genes
in cancer cells can be searched beginning with
aberrantly expressed miRNAs.

In this study, our aim was to identify novel
therapeutic targets and prognostic markers for
ovarian cancer, KIF23, a hub gene, was mainly
related to cell cycle and positively associated with
poor prognosis by multiple bioinformatics ana-
lyses and in vitro. Given the critical oncogenic
role of KIF23 in ovarian cancer, we sought to test
whether KIF23 expression is regulated by specific
miRNAs. We found both miR-424-5p and miR-
503-5p directly targeted to 3'UTR of KIF23 to
suppress the expression of KIF23 and inhibit ovar-
ian cancer cell proliferation and migration.
Furthermore, the expression of miR-424/503 clus-
ters was significantly lower in ovarian cancer, and
their downregulation was attributed to the hyper-
methylation of its promoter.

Materials and methods
Data collection

The array data of GSE14407, GSE18520, GSE38666
and GSE40595 were downloaded from the Gene
Expression Omnibus (GEO, http://www.ncbi.nlm.

nih.gov/geo/) database, which is free to access. The
details of microarray data were given in the table as
follows (Table 1). The DEGs associated with OC
were searched in PubMed.

Data processing of DEGs

The DEGs between ovarian cancer tissues and
normal ovary tissues were analyzed by GEO2R
(https://www.ncbi.nlm.nih.gov/geo/geo2r/).  The
adjusted p value < 0.05 and | logFC | > 1.5 were
selected as the cut-off standard of statistical
significance.

PPl network and module analysis

The STRING database (http://string-db.org) was
used to develop DEGs-encoded proteins and pro-
tein—protein interaction network (PPI). The PPI
data with the combined score >0.4 and the max-
imum number of interactors = 0 were selected by
biological experiments and then visualized by
Cytoscape. In these DEGs, hub genes were chosen
with a high degree of connectivity. Using the
Molecular Complex Detection (MCODE) app in
Cytoscape to analyze the PPI network modules,
according to cut-off criteria included cut-off = 2,
node score cut-off = 0.2, k-core = 2, and max
depth = 100. The most significant functional mod-
ule was selected. The KEGG pathway analyses of
genes in different module were performed by
DAVID.

Prognostic information of hub genes

-The prognostics of hub genes were conducted by
Kaplan-Meier plotter (http://kmplot.com/analy
sis/), which is a freely available server for assessing
the effect of genes on survival, and cancer samples
contain breast cancer patients, ovarian cancer
patients, lung cancer patients and gastric cancer
patients. P < 0.05 and HR > 1 were considered as
the cut-off criteria.

Comparison among the hub genes expression
level and their relationship

We demonstrated the expression of those selected
hub genes in ovarian cancer tissues and normal
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tissues by the GEPIA (http://gepia.cancer-pku.cn/
index.html), which is an interactive web server for
the biologists exploring the datasets from the
TCGA and the GTEx projects. Then, the boxplot
was performed to compare the genes expression in
ovarian cancer tissues and normal tissues.

Patients and samples

This study was approved by the ethics committee
of Xiangya Hospital (Central South University,
Changsha, China). Written informed consents
were obtained from all of the patients. The study
methodologies conformed to the standards set by
the Declaration of Helsinki. For immunohisto-
chemical staining, we collected paraffin-
embedded ovarian tissue samples from 116
patients with ovarian tumor and 16 patients with
other diseases whose normal ovary should be
removed. Paraffin-embedded ovarian tissue sam-
ples were obtained from the pathology department
of Xiangya Hospital between May 2012 and
Nov 2017. For quantitative reverse-transcription
polymerase chain reaction (qRT-PCR), we col-
lected 41 fresh ovarian tumor samples during sur-
gical resection of the lesion between May 2015 and
Nov 2017 at the obstetrics and gynecology depart-
ment of Xiangya Hospital. We also obtained 10
normal ovarian tissue samples from patients with
other diseases whose ovaries should be routinely
removed. All collected tissue samples were imme-
diately snap-frozen using liquid nitrogen and then
stored at —80°C. Histologic diagnosis and grading
of tumors were carried out with FIGO 2009*
(FIGO Committee and Working Group
Publications) by two pathologists.

Western blot analysis

Cells were lysed with the mammalian protein
extraction reagent RIPA Lysis Buffer (Beyotime,
Haimen, China) and supplemented with
a protease inhibitor cocktail (Roche, Mannheim,
Germany) or 1% PMSF (Wuhan, China), then
clarified by centrifugation. Protein concentration
was quantified using the BCA Protein Assay Kit
(Pierce). The proteins (30 pg) were electrophor-
esed by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and then transferred
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onto PVDF membranes. Immunoblotting was per-
formed using the KIF23 (Abcam, 1:1000,
ab174304, UK), GAPDH was used as internal con-
trol proteins. Chemiluminescent signal was
detected by ECL staining (Cwbiotech, Beijing,
China).

Immunohistochemistry

Primary KIF23 (Cusabio, 1:300, CSB-PA
23569A0Rb, China) was applied for immunohisto-
chemistry (IHC) staining. Visualization reagent
was used to record the results. Tissue staining
intensity and percentage were scored. Five areas
of KIF23 positive stains were selected to estimate
at low (x40) or high (x 200) magnification. The
intensity was scored as: 0 (negative), 1 (weak), 2
(moderate), and 3 (strong); the percentage of cells
was scored into the following four categories: 1
(0-25%), 2 (26-50%), 3 (51-75%), or 4 (> 75%),
and comprehensive score = staining percentage x
intensity [22]. Finally, the expression level of
KIF23 was defined as low expression and high
expression according to the comprehensive score
(cutoff value = 6) [23].

Cell lines, cell culture

The epithelial ovarian cancer cell lines HO8910
(serous cystadenocarcinoma) and HO8910PM
(highly invasive HO8910, serous cystadenocarci-
noma) were kindly provided by Professor Wu
Xiaoying’s laboratory (Xiangya Medical School,
Central South University, Changsha, China). The
epithelial ovarian cancer cell line SKOV3 (serous
papillary cystadenocarcinoma) was offered by Li
Xiong (Xiangya Medical School, Central South
University, Changsha, China). The epithelial ovar-
ian cancer cell line A2780 was given by Professor
Zhang Yu (Xiangya Hospital, Central South
University, Changsha, China). All cell lines were
cultured in RPMI-1640 supplemented with 10%
fetal bovine serum (FBS) (Gibco, Carlsbad, CA)
at 37°C in a humidified 5% CO, incubator.

Cell transfection

About 5 x 10° cells/ml was plated for transfections.
Transient transfections of the chemically
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synthesized miRNA inhibitor, mimic, siRNAs,
scrambled controls (RiboBio, Guangzhou, China)
were performed using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) following the
manufacturer’s instructions.

The sequences of the above small molecules are
as follows:

miR-424-5p inhibitor: UUCAAAACAUGAA
UUGCUGCUG

miR-503-5p  inhibitor: CUGCAGAACUG
UUCCCGCUGCUA

miR-424-5p mimic: 5-CAGCAGCAAUUCAUG

UUUUGAA-3'
3-UUGUCGUCGUUAAGUACAAAAC-5

miR-503-5p mimic: 5-UAGCAGCGGGAACAG

UUCUGCAG-3’
3-UUAUCGUCGCCCUUGUCAAGACG-5'

KIF23 siRNAs: GGTAGATCTTGCT
GGAAGT
si-002: GGCTATTGTTACCGAACCT
si-003: CAGTCACTAATGACGCTAA
Scrambled controls: TTCTCCGAACGTGTCAC

GT

si-001:

RT-PCR and quantitative PCR

Total cell RNAs were prepared by Trizol reagent
(ambion) following manufacturer’s instructions.
Briefly, RNAs were extracted from indicated cell
lines, and reverse transcription was performed
through the GoScript Reverse Transcription
System (Promega, Madison, WI, USA) according
to the manufacturer’s instructions. Quantification
of all gene transcripts was carried out by real-time
PCR by the GoTaq qPCR Master Mix (Promega,
Madison, WI, USA). GAPDH was used as an
internal control.

A total of 5 ug RNA was synthesized with
the All-in-One™ miRNA FirstStrand c¢DNA
Synthesis Kit (GeneCopoeia, Rockville, MD,
USA). miRNA qPCR was performed with for-
ward primers specific for miR-424/503 using
the All-in-One™ miRNA ¢RT-PCR Detection
Kit (GeneCopoeia, Rockville, MD, USA) and
their respective All-in-One™ miRNA qPCR
Validation primer (GeneCopoeia, Rockville,

MD, USA). The reaction mixtures were incu-
bated at 95°C for 15 min, followed by 44
amplification cycles at 94°C for 15 s and 60°C
for 60 s. Each sample was run in triplicate. U6
primer was chosen as the endogenous standard.
qPCR was carried out to detect the expression
levels of candidate miRNAs with the
StepOnePlus™ Real Time System (Applied
Biosystems).

Dual-luciferase reporter assays

HEK-293T cells were co-transfected with luciferase
reporter plasmid, thymidine kinase promoter-
Renilla luciferase reporter plasmid, KIF23-WT
/MUT plasmids (200 ng) and miR-424/503
mimic (50 nM), according to the Lipofectamine
2000 transfection system protocol. After 48 h of
incubation, cells were lysed using 1 x PLB and
transfected into 96-well plates (Nunc™, Thermo
Fisher Scientific, Danmark), luciferase activities
were measured by the Dual-Luciferase® reporter
assay system (Promega, Madison, WI, USA)
according to the manufacturer’s instructions.

Cell viability

Cell proliferation was determined with the Cell
Counting Kit-8 (CCK-8; Dojindo, Dojindo
Chemical Laboratories, Kumamoto, Japan) assay.
Briefly, after cell transfection 24 h, infected cells
were seeded into the wells of a 96-well plate and
cultured for 6-72 h. After indicated times (6, 24,
48, and 72 h), added 10 pl of CCK8 solution to
each well and incubated for 2 h. Then, the optical
density (OD) at 450 nm was measured using a Bio-
Rad imark™ microplate absorbance reader (Bio-
Rad Laboratories, Hercules, CA, USA).

Colony formation assay

For the colony formation assay, infected cells were
seeded in 6-well plates at a density of 200 cells per
well and allowed to grow for 2 weeks. Cell colonies
were washed twice with 1 x PBS, fixed with 70%
ethanol for 30 min, and stained with 0.1% crystal
violet (Sigma-Aldrich) for 5 min. Cell colonies
were photographed by microscope (Olympus,
Tokyo, Japan) and counted by Image].



Transwell

1 x 10° cells in serum-free media were placed into
the upper chamber of each insert (24-well plates, 8
um pore size, Corning). Media containing 20% FBS
was placed in the lower chamber. After incubation
for 12 h, the cells on the upper surface were scraped
off with a cotton swab. The migration cells on the
lower surface were fixed with 4% paraformaldehyde
and stained with 5% crystal violet. After washed by
PBS, the number of migration cells was observed
and counted in five randomly selected fields using
a light microscope (Olympus, Tokyo, Japan).

Wound healing

Infected cells were seeded in 6-well plates, and
grown to 100% confluency. The confluent mono-
layer of cells was scratched with aplastic apparatus
to create a clear cell-free zone. Subsequently, the
cells were incubated in free-serum medium and
cultured for 48 h. Wound closure was photo-
graphed under the light microscope (Olympus,
Tokyo, Japan).

Cell cycle analysis

Forty-eight hours after transfection, 1 x 10
HO8910PM or HO8910 cells were harvested and
fixed with 70% ethanol overnight at 4°C followed
by two washes with phosphate buffer saline (PBS).
The DNA fragment staining with PI (propidium
iodide) solution using a cell cycle phase detection
kit (BD Bioscience, USA) for 15 min. Cell cycle
was determined by FACS Calibur flow cytometer
(BD Biosciences, USA).

Decitabine treatment and bisulfite
sequencing

Cells were cultured with decitabine (0 pM, 1 uM,
20 pM,) for 24 or 48 h, and then were harvested
for the detection of miRNA and KIF23 expression.
Bisulfite-converted genomic DNA was amplified
by using bisulfite sequencing primers. The PCR
products were cloned and three individual clones
were subjected to DNA sequencing.
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Statistical analysis

All data were shown as mean + SEM. Statistical
significance was calculated by Student’s t-test
using GraphPad Prism 5 software (GraphPad
Software, Inc., La Jolla, CA, USA).

Results

Seeking for hub genes of ovarian cancer through
bioinformatics analyses

Searching gene expression profiles of ovarian cancer
and normal tissues which include four gene expres-
sion profiles of GSE14407, GSE18520, GSE38666 and
GSE40595. Using GEO2R to detect DEGs online (P <
0.05 and | logFC | = 1.5), 717 differentially expressed
genes related to ovarian cancer were found in those
four profiles, including 243 up-regulated and 474
down-regulated (Figure 1A). Based on STRING data-
base and Cytoscape software, we constructed PPI net-
work of these DEGs in which the Top10 genes were
found, including TOP2A, CDK1, CCNB1, AURKA,
BUB1, MELK, CDKN3, PBK, FOXM1 and KIF23
(Figure 1B). Assessing the impact of aforesaid genes
on ovarian cancer survival rates through Kaplan
Meier-plotter  (http://kmplot.com/analysis/), — we
found that AURKA (HR 1.26[1.09-1.45], P =
0.0015), BUB1 (HR 1.17 [1.02-1.33], P = 0.024),
KIF23 (HR 126 [1.11-143], P = 0.00038) and
TOP2A (HR 1.2 [1.05-1.37], P = 0.0069) were corre-
lated with poor prognoses of patients with ovarian
cancer (Figure 1C). Meanwhile, we used GEPIA to
verify that there were significant positive correlations
between any two in ovarian cancer (Figure S1A).
Through reviewing relevant literatures and searching
the gene-radar of GCBI, we found AURKA, BUB1
and TOP2A among those four had been reported in
ovarian cancer [24-30], but exactly how KIF23 affects
ovarian cancer is still unclear (Figure S1B). GEPIA is
an interactive web server for the biologists exploring
the datasets from the TCGA and the GTEx projects,
and GEPIA was also used to verify the expression
levels of KIF23 in ovarian cancer. We found that
KIF23 had a higher expression level in ovarian cancer
when compared to normal control (Figure 1D). To
verify that the results from the four datasets in GEO
and GEPIA are reliable, we measured the expression
of KIF23 in various cell lines. As shown in Figure 1E,
KIF23 was overexpressed in a variety of ovarian cancer
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Figure 1. KIF23 expression is significantly up-regulated in ovarian cancer and predicts poor prognosis for ovarian cancer patients.

A: Venn diagrams showed DEGs that had common changes from the four cohort profile data sets (GSE14407, GSE18520, GSE38666
and GSE40595). The DEGs consisting of 243 up-regulated (Left) and 474 down-regulated genes (Right) were detected with p < 0.05
and [logFC] > 1.5 as the cut-off criterion. The overlaps meant the commonly changed DEGs. Different colors were used to distinguish
different data sets; B: The protein—protein interaction network of top 10 hub genes; C: Prognostic value of four genes (AURKA, BUBT,
KIF23 and TOP2A) in ovarian cancer patients (HR: hazard ratio); D: The expression level of KIF23 in 426 ovarian cancer tissues and 88
normal ovarian tissues from GEPIA (OV: Ovarian serous cystadenocarcinoma; T: Tumor; N: Normal); E: The expression levels of KIF23
mRNA and protein in ovarian epithelial normal cell line and ovarian cancer cell lines; F: The expression levels of KIF23 mRNA and
protein in normal ovarian tissues and ovarian cancer tissues (T: Tumor; N: Normal); G: Immunohistochemical analyses of KIF23 in
normal ovarian tissues (n = 16) and ovarian cancer tissues (n = 116) (x100); Expression of KIF23 was significantly up-regulated in
ovarian cancer tissues; H: Bar plot showed the proportion of high or low expression of KIF23 in normal or ovarian cancer tissues; I:
Overall survival analysis of KIF23 expression revealed that high expression of KIF23 is associated with poor prognosis in 116 ovarian
cancer patients (p = 0.0095); Blue and orange represented the high and low expression of KIF23, respectively. (Data were shown by
mean + SEM from three independent experiments; *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001, as compared to date from
control groups).

cell lines compared with IOSE cells (an immortalized ~ cancer patients, we used qRT-PCR and western blot to
ovarian epithelial normal cell line) (Figure 1E). To  test KIF23 expression in 41 ovarian cancer tissues as
further determine the expression of KIF23 in ovarian ~ well as 10 normal ovarian tissues. The KIF23 was



overexpressed in ovarian cancer tissue of patients,
both on mRNA and protein levels, which was consis-
tent with chips (Figure 1F). After immunohistochem-
istry (IHC), the percentage of high expression of
KIF23 in ovarian cancer (56.03%) was higher than
that in normal paraffin-embedded tissues (6.25%)
(Figure 1G, 1H). We divided all patients into two
groups, the high KIF23 expression group (n = 65)
and the low KIF23 expression group (n = 51), and
the Kaplan-Meier analysis revealed a poorer prognosis
for ovarian cancer patients with high KIF23 expres-
sion compared to those with low KIF23 expression
(Figure 1I).

KIF23 had significantly positive correlations
with cell cycle-related proteins

In order to study the important modules found in
the PPI network, we selected the most significant
one by MCODE plug-in (Figure 2A). Kyoto
Encyclopedia of Genes and Genomes (KEGG)
pathway showed that module 1 was mainly related
to cell cycle and p53 signaling pathway,
Progesterone-mediated oocyte maturation,
Oocyte meiosis (Figure 2B). Meanwhile, KIF23
existed in module 1. For seeking the correlations
between KIF23 and cell cycle-related genes, we
constructed the PPI network of KIF23 and cell
cycle-related proteins, based on STRING database
and Cytoscape software (Figure 2C). Through
GEPIA, we found positive correlations between
KIF23 and eight cell cycle-related proteins which
included CDK1 (Cyclin-Dependent Kinase 1),
CCNB1 (Cyclin B1), BUB1 (Budding uninhibited
by benzimidazole 1), CCNB2 (Cyclin B2), TTK
(TTK protein kinase), BUB1B (BUBI mitotic
checkpoint serine/threonine kinase B), PTTGI
(Pituitary tumor-transforming 1) and MCM2
(Minichromosome maintenance complex compo-
nent 2) (Figure 2D). We also analyzed the correla-
tion between KIF23 and Ki67, which is confirmed
as an indicator of tumor proliferation. As shown
in Figure 2E, KIF23 expression was positively asso-
ciated with Ki67. Consistently, Gene set enrich-
ment analysis (GSEA) of a publicly available
ovarian cancer dataset (TCGA) also revealed that
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KIF23 expression was positively associated with
the cell cycle (Figure 2F).

KIF23 could promote the proliferation and
migration of ovarian cancer cells

To better understand the biological functions of
KIF23, we transfected siRNA and full-length
KIF23 vector into HO8910PM and HO8910 cell
lines. The expression of KIF23 was verified by
qRT-PCR and WB analysis (Figure S2A, S2B).
KIF23 was significantly and positively correlated
with cell cycle-related proteins by multiple bioin-
formatics analyses. With the aim of verifying the
effect of KIF23, we detected the multiplication
capacity of ovarian cancer cells by CCK8 assays
and colony formation assays. The data showed
that KIF23 knockdown markedly impeded the
proliferation of HO8910PM cells, while KIF23
overexpression promoted the growth of HO8910
cells (Figure 3A, 3B). Consistent with this obser-
vation, the knockdown of KIF23 affected cell
cycle distribution and the percentage of cells in
G1 phase significantly increased, while the per-
centage of cells in S phase markedly decreased;
conversely, the overexpression of KIF23 pro-
moted cell cycle progression, which was evident
by a significant decrease in the G1 phase and
a remarkable increase in S phase (Figure 3C).
These results suggested that the downregulation
of KIF23 could arrest ovarian cancer cells in G1
phase. Kinesin-6 subfamily is comprised of
KIF20A [31], KIF20B (MPP1) [32] and KIF23
[33]. In Figure 2A, KIF23 and KIF20A both
existed in module 1. After KIF20A had been
silenced, cell cycle progression was arrested in
Gl phase and apoptosis was increased in lung
cancer cells [34]. KIF23 may play a similar role
like KIF20A and participate in regulating Gl
arrest. Because KIF23 has MT-binding activity
and function of transiting particles in cells
[35,36]. Next, to examine the effect of KIF23 on
cell migration capacity, transwell and wound
healing assays were performed. (Figure 3D, 3E).
Notably, the knockdown of KIF23 in HO8910PM
significantly ~decreased the cell migration,



1608 (&) T.LIETAL.

E2F8
FAMS83D b

[P Module 1
/) 0 \ Cell cycle hsa04110
T/T 7 N ‘NIJFZ \CDCAS Oocyte meiosis hsa04114

K HMMR p53 signaling pathway hsa04115

n{ Progesterone-mediated hsa04914
EN

oocyte maturation -log(p-Value)
|

0 2 4 6 810

C
Module 1
P value<0.001 P value<0.001 P value<0.001 P value<0.001
§ ° “.-.«R=0.72 E © " R§0.74 go ~R=0, 59_ gﬂ R=0:81
o o . o o g
(= (=g - -
™ ™ ©® ™
N [N I N
L - L - - -
< A £ <
N« N N~ &
o o o o
o o o o
-l - d - - i
° ° J ° °
o 1 2 3 4 s 6 o 1 2 3 4 s s o 2 . o o o 1 2 3 4 s & 1
Log2(BUB1 TPM) Log2(BUB1B TPM) Log2(CCNB1 TPM) Log2(CCNB2 TPM)
P value<0.001 P value<0.001 P value<0.001 P value<0.001
=" ;R=0.66 - L R=0.52 0 R=0.42 _~ R=0.63
= 3 = : = R = oy
a . a . . Q. :
- = = =
™ ™ © ™
N~ N - N - N~
L w w w
X X . X X
& I I I
o o o o
o - o - o- o-
- | - -
0 2 . . 0 2 . . 0 2 . . . o 1 2 3 a4 s
Log2(CDK1 TPM) Log2(MCM2 TPM) Log2(PTTG1 TPM) Log2(TTK TPM)
f KEGG_CELL CYCLE
€ © P value<0.001 | Los6
.. R=0.67 | Sos
o i 8l
',: . | £o02
© o ) | ‘Z0.1
X E wo0.0 !
N o
o 23, |
o AR | l l
= : | I
o | KIF23 High Low
LA ; g i = P=0.003 FDR=0.03

1 2 3 4
Log2(KIF23 TPM)

Figure 2. The correlation analyses between KIF23 and cell cycle-related proteins.

A: Using the STRING online database, total of 717 DEGs were filtered into the DEGs protein—protein interaction (PPI) network
complex. PPI network modules were screened by Molecular Complex Detection (MCODE) plug-in. The most significantly functional
module in the protein—-protein interaction network was showed; B: Enrichment of signaling pathways of DEGs conducted in the
module; C: The PPI network of KIF23 and cell cycle-related genes (BUB1, BUB1B, CCNB1, CCNB2, CDK1, MCM2, PTTG1 and TTK); D:
The correlation analyses from GEPIA between KIF23 and cell cycle-related genes. Significant correlations were observed between
KIF23 mRNA expression and mRNA expression of BUB1 (R = 0.72, P < 0.001), BUB1B (R = 0.74, P < 0.001), CCNB1 (R = 0.59, P < 0.001),
CCNB2 (R = 0.81, P <0.001), CDK1 (R = 0.66, P < 0.001), MCM2 (R = 0.52, P < 0.001), PTTG1 (R = 0.42, P < 0.001), TTK (R = 0.63, P <
0.001) (R: Pearson Correlation Coefficient); E: The expression of KIF23 mRNA is positively correlated with the expression of Ki67 mRNA
analysed by GEPIA in ovarian serous cystadenocarcinoma tissues from TCGA (R = 0.67, P < 0.001); F: GSEA indicating KEGG CELL
CYCLE signatures pathways was more correlated with patients with KIF23 high versus KIF23 low patients (FDR: False Discovery Rate).
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Figure 3. The effect of KIF23 on proliferation, migration and cell cycle.

A-C: The CCK8 assays (A), Colony formation assays (B) and Flow cytometric analysis (C) were carried out in HO8910PM cells
expressing the negative control or siRNA of KIF23 and in HO8910 cells expressing the vector control or KIF23; D-E: The transwell
assays (D) and wound healing assays (E) shows that inhibition or overexpression of KIF23 can inhibit or promote cell migration,
respectively. (Data were shown by mean + SEM from three independent experiments; **p < 0.01, ***p < 0.001, as compared to the
control groups).
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whereas the overexpression of KIF23 in HO8910
significantly ~increased the cell ~migration.
Therefore, as noted above, KIF23 could promote
cell proliferation and migration in vitro.

Mir-424/503 cluster can specifically suppress
KIF23 expression at its 3UTR

MicroRNAs negatively regulate tumor-related genes,
thus influencing tumor phenotype, by means of
changing the expression of themselves. To investi-
gate whether KIF23 expression is regulated by
miRNAs, we researched on gene expression profile
GSE47841 firstly. DEGs were discovered by GEO2R
(P < 0.05, | logFC | > 1.5). When compared in
normal, 41 microRNAs were up-regulated and 92
microRNAs were down-regulated. Because of the
elevated expression of KIF23 in ovarian cancer, our
next step pointed to 92 down-regulated microRNAs.
So, we predicted the microRNAs which targeted to
KIF23 through mirwalk (http://zmf.umm.uni-
heidelberg.de/apps/zmf/mirwalk/index.html). Then,
we found that, in GSE47841, overlaps between the
above-mentioned microRNAs and down-expressed
microRNAs indicated five microRNAs, which con-
sisted of hsa-miR-135a, hsa-miR-381, hsa-miR-424,
hsa-miR-485 and hsa-miR-503. These microRNAs
might regulate KIF23 and were also down-regulated
in ovarian cancer (Figure 4A, 4B, 4C). Next, we
transfected the five candidate microRNAs mimics
to HO8910PM. As shown in Figure 4D, among the
five microRNAs candidates, hsa-miR-424 and hsa-
miR-503 significantly decreased KIF23 expression
compared to a non-targeting control (miR-Ctrl
mimic). We identified the potential miR-424-5p
and miR-503-5p binding site on the 3X-UTR of
KIF23 (Figure 4E). Furthermore, we found the
expression of miR-424-5p was a positive correlation
with miR-503 in GSE4784 (Figure 4F). According to
the results, we hypothesized that miR-424-5p and
miR-503-5p could target KIF23 gene.

Through qRT-PCR, we found that miR-424-5p
and miR-503-5p were down-regulated in fresh
tumor tissues (Figure 4G). Negative correlations,
respectively, existed between KIF23 to miR-503-5p
and miR-424-5p (Figure 4H). Simultaneously,
miR-503-5p and miR-424-5p were positively
related to each other (Figure 4H). qRT-PCR
revealed that miR-424-5p and miR-503-5p

expression were all significantly lower in ovarian
cancer cell lines compared to IOSE (Figure 4I).
The transfection efficiencies for miR-424-5p and
miR-503-5p overexpression or downregulation
were confirmed by qRT-PCR after 48 h (Figure
S3A). Furthermore, mRNA and protein expression
level of KIF23 was significantly downregulated in
HO8910PM cells transfected with miR-424-5p or
miR-503-5p mimic, whereas upregulated in
HO8910 cells transfected with miR-424-5p or
miR-503-5p inhibitor (Figure 4]). The results of
CCK8 and colony formation assays showed that
overexpression miR-424-5p or miR-503-5p signif-
icantly inhibited the growth of HO8910PM cells,
while knockdown miR-424-5p or miR-503-5p pro-
moted the growth of HO8910 cells (Figure S4B,
S4C). Transwell and wound healing assays
revealed that, by using mimics, overexpressing
either miR-424-5p or miR-503-5p indeed inhibited
the migration of HO8910PM cells. Simultaneously,
with the aid of inhibitors, inhibiting either one of
those promoted the migration of HO8910 cells
(Figure S4D, S4E).

These results raise the question of whether
KIF23 could be the direct target gene of miR-
424-5p and miR-503-5p. To address this question,
we used the dual-luciferase to confirm the exis-
tence of binding sites. Comparing with mimic NC,
we found that fluorescent signal of 3'-UTR of
wildtype KIF23 was signally inhibited by miR-
424-5p and miR-503-5p (P < 0.05), while the sig-
nal of KIF23 mutant had no change (Figure 4K).
All the above results confirm that KIF23 is the
direct target gene of miR-424-5p and miR-503-5p
indeed, and both of them could negatively regulate
KIF23.

Mir-424/503 cluster influences proliferation
and migration through regulating KIF23

In order to test whether miR-424/503 could influ-
ence the effect of KIF23 on cell proliferation and
migration or not. Firstly, relative KIF23 expression
in both si-KIF23 co-transfected with miR-424/503
inhibitor in HO8910PM cell and oe-KIF23 vector
with miR-424/503 mimics HO8910 cells was con-
firmed by qRT-PCR and western blot, the result
revealed that KIF23 silencing co-transfected with
miR-424/503 inhibitor in HO8910PM suppressed
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Figure 4. KIF23 is directly targeted by miR-424-5p and miR-503-5p in vitro.

A: Venn diagram displayed intersection of miRNAs computationally that predicted to target KIF23 by mirwalk and 92 down-requlated
microRNAs from the GSE47841 cohort profile data; B: The five candidates were computationally predicted to target KIF23 by mirwalk;
This software program incorporates the following online tools: DIANAmMT, PicTar4, PicTar5, miRanda, miRWalk, miRDB, RNAhybrid,
RNA22, PITA and TargetScan. The candidates could be predicted by at least five or more online tools mentioned above were chose
for further study; C: The expression levels of five candidates in normal ovarian tissues and ovarian cancer tissues from the GSE47841
cohort profile data; D: HO8910PM cells were transfected with five candidate microRNAs mimics or miR-Ctrl mimic and KIF23 mRNA
levels were analyzed after 48 h; E: Schematic of predicted miR-424-5p and miR-503-5p binding sites on the 3"-UTR of KIF23; F: The
expression of miR-424-5p mRNA is positively correlated with the expression of miR-503-5p mRNA in normal ovarian tissues and
ovarian cancer tissues from the GSE47841 cohort profile data (R = 0.8689, P < 0.001); G: The expression of miR-424-5p and miR-503-
5p were significantly down-regulated in 41 ovarian cancer tissues, compared with normal (***p < 0.001); H: The correlation
coefficient heatmap for miR-424-5p, miR-503-5p and KIF23 in normal ovarian tissues (n = 10) and ovarian cancer tissues (n = 41).
The upper triangular part of heatmap indicated raw correlation coefficient which represented by the number in box and color of the
box. The lower triangular part is the scatter plots of miR-424-5p, miR-503-5p and KIF23. MiR-424-5p and miR-503-5p were obviously
positively correlated with each other (R = 0.5578, P < 0.001). KIF23 was negatively correlated with miR-424-5p (R = -0.4405, P =
0.0014) and miR-503-5p (R = -0.3938, P = 0.0017); I: The expression levels of miR-424-5p (top part) and miR-503-5p (bottom part) in
ovarian epithelial normal cell line and ovarian cancer cell lines; J: HO8910PM cells were transfected with mimics or miR-Ctrl mimic
and HO8910 cells were transfected with inhibitors or miR-Ctrl inhibit, the mRNA and protein levels of KIF23 were analyzed after 48 h;
K: Schematic of luciferase reporter constructs with the wild-type or mutated (altered residues in purple) KIF23 3" untranslated region
(3'UTR) downstream of the Firefly luciferase reporter gene (top panel). Luciferase activity was assayed and calculated by the ratio of
firefly/Renilla luciferase activity (bottom panel). (Data were shown by mean + SEM from three independent experiments. R: Pearson
Correlation Coefficient; *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001, as compared to control groups).
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the decrease of KIF23 expression induced by si-
KIF23, compared with siRNA controls. High
expression of KIF23 transfected with miR-424/
503 mimic in HO8910 cells reversed the increase
of KIF23 expression promoted by oe-KIF23 vector,
compared with controls (Figure 5A). Furthermore,
miR-424/503 inhibitor dramatically restored the
inhibitory effects of KIF23 silencing in
HO8910PM cell proliferation (Figure 5B, 5C) and
migration (Figure 5D, 5E), whereas miR-424/503
mimic remarkably restored the promoting effects
of KIF23 up-expression in HO8910 cell prolifera-
tion (Figure 5B, 5C) and migration (Figure 5D,
5E). Flow cytometry analysis indicated that miR-
424/503 inhibitor significantly counteracted cell
cycle Gl phase arrest in KIF23 silencing
HO8910PM cell, and miR-424/503 mimic remark-
ably increased cell cycle G1 phase arrest in KIF23
upregulated HO8910 cells (Figure 5F).

Abnormal expression of mir-424-503-kif23
axis is regulated by DNA methylation

A final question remained as to why the downregu-
lation of miR-424/503 cluster occurs in the ovarian
cancer. The existing research showed that the expres-
sion of miRNA could be regulated by the methyla-
tion of an upstream promoter sequence, and DNA
methylation could dysregulate the expression of
miRNA in a variety of tumors such as colorectal,
liver, oral, breast cancer and gynecological oncology
[37-40]. Analyzing the CpG islands of pre-miRNAs,
researchers found that 20% of epigenetically regu-
lated miRNAs had CpG islands within the range of
5kb upstream, among them, 14% of miRNAs resided
within the CpG islands [41]. Through MethPrimer
(http://www.urogene.org/methprimer/), we forecast
the CpG islands of miR-424/503 cluster within the
range of 5 kb in their promoter. To understand this,
we analyzed the DNA methylation of the four CpG
islands in ovarian cancer cell lines by using BSP. As
compared with normal control IOSE cells, in
HO8910 and A2780 cells, the CpG islands 2 and
islands 3 were highly methylated (Figure 6A, 6B),
which approximately agreed with the corresponding
miR-424 and miR-503 expression data (Figure 4H).
Simultaneously, the methylation level of the miR-
424/503 cluster in the CpG islands 2 and islands 3
was significantly higher in ovarian cancer tissue than

normal tissue (Figure 6C, 6D). In support, miR-424
and miR-503 expression were significantly increased
in HO8910PM and HO8910 cells treated with the
DNA methyltransferase inhibitor Decitabine, and
the expression KIF23 reduced (Figure 6E, 6F).
Together, these findings proposed that the DNA
hypermethylation suppressed miR-424/503 cluster
expression and resulted in the high expression of
KIF23, which could be significantly reversed by
Decitabine.

Discussion

The fact that ovarian cancer remains the major
reason for deaths from gynecologic malignancies
is associated with adverse prognosis for most
patients and high mortality at a late stage. In
recent years, as molecular biology technology
advances, researching on target therapy and seek-
ing for a biomarker of ovarian cancer have
attracted considerable attention. With the aim of
improving the survival rates of patients, we have
dedicated ourselves to study pathogenesis and pro-
gression of ovarian cancer at the molecular level.
Bioinformatics analysis of the data from GEO and
in vitro analyses of ovarian cancer samples were
performed. The results show that KIF23, a hub
gene, was mainly related to cell cycle and posi-
tively associated with poor prognosis by multiple
bioinformatics analyses and in vitro.

Existing studies showed that KIF23 was necessary
for midbody formation and completion of cell cyto-
kinesis in proliferative cells [42,43], accumulating to
the central antiparallel overlap zone of the microtu-
bule-based structures and recruiting various down-
stream cytokinesis factors to the site of division
[36,44]. During cell division, that Kinesin functions
abnormally may lead to daughter cells receive aneu-
ploidy, thereby resulting in tumor [12]. In neuro-
spongioma, overexpression of KIF23 was associated
with poor prognosis, and reducing the expression of
KIF23 could suppress cell proliferation and develop-
ment of xenograft [45]. KIF23 was broadly distrib-
uted on normal cells at a relatively low level, while
high-expressed on lung cancer cells [46], and was
essential for the development and survival of cancer
cells [47]. Inhibiting KIF23 expression via RNAi
could suppress tumorigenesis and promote apopto-
sis in lung cancer [48]. We found that silencing
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MiR-424-5p and miR-503-5p regulate KIF23 to influence proliferation, migration and cell cycle of ovarian cancer cells.

A: The mRNA and protein levels of KIF23 were examined after transfected miR-424-5p and miR-503-5p mimics or inhibitors on KIF23
silencing or overexpressing in HO8910PM and HO08910 cells; B-C: The CCK8 assays (B) and Colony formation assays (C) were
performed after transfected miR-424-5p and miR-503-5p mimics or inhibitors on KIF23 silencing or overexpressing in HO8910PM and
HO8910 cells; D-E: The transwell assays (D) and wound healing assays (E) were performed after transfected miR-424-5p and miR-503-
5p mimics or inhibitors on KIF23 silencing or overexpressing in HO8910PM and HO8910 cells; F: Flow cytometric analysis was
performed after transfected miR-424-5p and miR-503-5p mimics or inhibitors on KIF23 silencing or overexpressing in HO8910PM and
H08910 cells, while the graph shows quantification for each phase. (Data were shown by mean + SEM from three independent
experiments; **P < 0.01; ***P < 0.001; ****P < 0.0001, as compared to the control groups).
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Figure 6. Restoration of miR-424/503 expression and downregulation of KIF23 by demethylation.

A: BSP analysis of CpG islands methylation status in miR-424/503 cluster promoter region: Four CpG islands, from —4557 to —4150
(CpG island1), from —3383 to —2460 (CpG island2), from —2279 to —2177 (CpG island3) and from +50 to +503 (CpG island4) in miR-
424/503 promoter region (the transcriptional start site was set as +1), were predicted via online software “methprimer”; Top part
shows the coordinate active histone modification state from ENCODE; B: The statistical results of methylation levels of ovarian
epithelial normal cell line and ovarian cancer cell lines; C-D: The statistical results of methylation levels of normal ovarian tissues and
ovarian cancer tissues; E-F: Effects of decitabine (1 um, 20 um) on the miR-424-5p and miR-503-5p expression in HO8910PM (E) and
HO08910 (F) cells. The mRNA and protein levels of KIF23 were analyzed after adding decitabine (1 um, 20 um) into HO8910PM (E) and
HO8910 (F) cells; G: Proposed Regulatory Model for miR-424/503 cluster/KIF23 Axis in ovarian cancer Progression: Expression of miR-
424-5p and miR-503-5p was silenced by hypermethylation of its promoter in ovarian cancer. MiR-424-5p and miR-503-5p inhibit cell
proliferation and migration by directly targeting KIF23. (Data were shown by mean + SEM from three independent experiments; *P <
0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001, as compared to the control groups).



KIF23 inhibited proliferation and migration, and cell
cycle progression (these features are associated with
poor prognosis in ovarian cancer patients), whereas
overexpressing KIF23 in ovarian cancer cells pro-
moted proliferation and migration, and cell cycle
progression. KIF23 and KIF20A, both existed in
module 1, are members of Kinesin-6 subfamily
[31,33]. In lung cancer, reducing the expression of
KIF20A could affect cell cycle distribution and
induce G1 phase arrest, thus promote cell apoptosis
[34]. KIF23 may play a similar role like KIF20A and
participate in regulating G1 arrest.

MiRNAs are proved to be associated with gene
regulation and varieties of tumourigenic processes.
In order to find the microRNA that could target
KIF23, we searched for putative microRNA by some
bioinformatics analyses available online. Through
luciferase assays, we discovered that KIF23 was the
direct target gene of miR-424-5p and miR-503-5p in
ovarian cancer cells, and the expression of miR-424-
5p and miR-503-5p exhibited an inverse relationship
with the expression of KIF23 in ovarian cancer tissues.
MiR-424/503 clusters, the members of the miR-16
family, participate in regulating and controlling cell
cycle [49]. According to the different types of tumor,
miR-424/503 clusters play the part of tumor suppres-
sors or oncomiRs. miR-424 and miR-503 simulta-
neously suppressed Smad7 and Smurf2, two key
inhibitory factors of TGFp signaling, leading to
enhanced TGFp signaling and metastatic capability
of breast cancer cells [50]. In neuroblastoma (NB),
a high level of ALK protein has been associated with
metastatic NB cases and with a worse prognosis. Both
miR-424-5p and miR-503-5p are involved in regulat-
ing ALK expression in NB, and may thus serve as
potential therapeutic tools in ALK dependent NB
[51]. Lower miR-424 levels are also associated with
epithelial ovarian cancer [52,53]. Liu ] found that
miR-424 could directly target at CCNEI, resulting in
G1 arrest, which means suppressing cell proliferation
[52]. MiR-503 is an intragenic miRNA clustered with
miR-424 [54], we have found that miR-503 was also
downregulated in ovarian cancer. In this research, we
demonstrated that miR-424 and miR-503 were both
down-regulated in ovarian cancer and inhibited cell
proliferation, migration and cycle distribution via
specifically targeting KIF23.

The existing research showed that the expres-
sion of miRNA could be regulated by the
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methylation of an upstream promoter sequence,
and DNA methylation could dysregulate the
expression of miRNA in a variety of tumors such
as colorectal, liver, oral, breast cancer and gyneco-
logical oncology [37-40,55]. Promoter region
hypermethylation causing silencing of miR-424
and miR-503 was previously observed in cancer
[56,57], and our work found that the CpG island
2 and island 3 high methylation of the miR-424/
503 cluster promoter region in ovarian cancer
compared with normal tissues. Using Decitabine,
an inhibitor of DNA methylation, in ovarian can-
cer cells, we discovered that the expression of miR-
424 and miR-503 increased, and the expression of
KIF23 reduced. In order to further validate the
particularity of CpG island 2 and island 3 corre-
sponding with histone modifications in miR-424/
503 cluster promoter region as specified by
ENCODE, we found the high methylation regions
were the sites where the histone markers of tran-
scription  activation were extremely highly
expressed. Thus, we hypothesize that hypermethy-
lation of the CpG island affects the structure of
DNA, and then directly obstructs the binding of
transcription factors to target genes, which needs
to be further studied.

In short, the existing research results indicated
that elevated levels of KIF23 in ovarian cancer
tissues were strongly correlated with the inferior
rates of survival in patients and KIF23 could
promote the proliferation, migration and cell
cycle progression of cancer cells. For the first
time, our study has shown that KIF23 is
a target for miR-424-5p and miR-503-5p, and
that DNA methylation decreases the expression
of miR-424-5p and miR-503-5p in ovarian can-
cer. Although further studies are needed, our
results suggest that KIF23 may function as
a novel target spot for treating patients with
ovarian cancer. A further detailed study of the
miR-424/503 cluster promoter region is required
to identify the transcriptional machinery respon-
sible for miR-424/503 expression.
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