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Backgrounds: Recent studies have proven the oncogenic role of kinesin family member 20A (K1F20A) in several cancers. Tumor-
associated macrophages (TAMs) were reported to participate in tumor initiation and metastasis. In this study, we aimed to explore
the detailed mechanism underlying KIF20A in regulating the progression of ovarian cancer and its involvement with TAMs.
Methods: KIF20A and phosphatase and tensin homolog (PTEN) levels were assessed using reverse-transcription quantitative
polymerase chain reaction (RT-qPCR) and western blot. Cell Counting Kit-8 (CCK-8) assay, 5-Ethynyl-2’-deoxyuridine (EdU)
staining assay, colony formation assay, flow cytometry, and western blot were employed to evaluate cell proliferation, apoptosis,
and epithelial-mesenchymal transition (EMT). The relationship between KIF20A4 and PTEN was validated using a dual-luciferase
assay. M2 macrophage polarization was verified by detecting their markers using RT-qPCR. THP-1 cells were co-cultured with
ovarian cancer cells to format TAMs.

Results: Ovarian cancer tissues and cells exhibited upregulated KIF204 and downregulated PTEN levels (p < 0.05). Irradiation
significantly decreased KIF20A levels (p < 0.05) and blunted the progression of ovarian cancer by reducing cell proliferation
and EMT (p < 0.05) and inducing apoptosis (p < 0.05). These effects were augmented by KIF20A depletion (p < 0.05). KIF20A
depletion also suppressed ovarian cancer cell progression (p < 0.05). Our findings illustrated that KIF20A4 negatively regulated
PTEN expression in ovarian cancer cells. Moreover, the inhibitory effects of KIF'20A depletion on ovarian cancer development in
irradiated ovarian cancer cells were obviously impeded by PTEN knockdown (p < 0.05). Additionally, we observed the increased
KIF20A expression in M2-like TAMs and its ability to induce M2 macrophage polarization (p < 0.05).

Conclusion: KIF20A was found to induce M2 macrophage polarization in ovarian cancer, and KIF20A depletion regulated PTEN
to increase radiosensitivity and inhibit ovarian cancer development.
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Introduction ing knowledge about ovarian cancer, the mechanisms re-
lated to radiosensitivity are not fully understood.

Ovarian cancer is a prevalently fatal gynecologic ma-

lignancy, with approximately 22,440 new cases annually
and 14,080 deaths per year [1]. The mortality rate of ovar-
ian cancer is particularly high due to the frequency of late-
stage diagnoses, where metastasis has spread beyond pelvic
organs and ovaries to the abdominal and peritoneum organs,
including the liver, omentum, stomach, diaphragm, and in-
testines [2]. Currently, the standard therapeutic manage-
ment methods for ovarian cancer include adjuvant radio-
therapy, adjuvant chemotherapy, and cytoreductive surgery
[3,4]. Despite the significant advancement of new thera-
peutic reagents, the death rate of ovarian cancer remains
the highest among all gynecological cancers [5]. In radio-
therapy treatment, the development of treatment resistance
commonly influences the efficacy. Despite the accumulat-

Collective evidence has revealed the close correlation
between the tumor microenvironment (TME) and tumor ini-
tiation, development, metastasis, and treatment outcomes
across different types of cancers [6—8]. The intricate in-
teractions between tumor cells and other cells within the
TME play an essential role in cancer progression [9]. Var-
ious cytokines and cells have been consistently observed
in the TME, including cancer cells, non-cellular compo-
nents, cancer-associated fibroblasts, and tumor-associated
macrophages (TAMs) [10,11]. Among them, TAMs secrete
diverse mediators such as chemokines or cytokines. These
mediators stimulate angiogenesis, repress anti-cancer im-
mune responses, and boost tumor cell intravasation, prolif-
eration, and dissemination for metastasis [12]. Given the
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crucial role of TAMs in tumor development, treating them
has emerged as a novel therapeutic approach for cancer
treatment [13,14]. TAMs are typically categorized into two
main types based on different stimuli-induced polarization
programs: alternative M2 macrophages and classically ac-
tivated M1 macrophages. Interestingly, M2 macrophages
contribute to cancer progression by disrupting inflamma-
tory circuits and adaptive immunity, whereas classical
M1 macrophages exhibit pro-immunity, pro-inflammatory,
and anti-cancer functions [15-17]. Although the tumor-
promoting functions of M2-like TAMs have been well il-
lustrated, the possible mechanisms of M2-like TAMs po-
larization remain largely unclear.

Several members of the kinesin family (K7F) possess
adenosine triphosphate (ATP) activity and play essential
roles in various physiological functions such as substance
transport, chromosome partitioning, and intracellular spin-
dle formation. Kinesin family member 20A (KIF20A4)
mainly accumulates in the central region of the mitotic cell
spindle and contributes to cell mitosis by regulating mid-
body separation, microtubule bundle formation, and cytoki-
nesis [18,19]. KIF20A-related pathways include responses
to cytosolic Ca?* acceleration, cell mitosis, and the cell cy-
cle [20]. Previous research has verified the increased ex-
pression of KIF20A in various cancers [21-23]. For in-
stance, the K/F20A has been shown to contribute to the pro-
gression of colorectal cancer by regulating the Warburg ef-
fects [24]. However, the specific regulation of KIF204 in
ovarian cancer and its underlying mechanisms have yet to
be studied.

In the present study, we attempted to probe the func-
tional role of KIF20A in ovarian cancer. After proving
the increased expression of KIF20A4 in ovarian cancer,
we then excavated how KIF20A affected radiosensitivity,
macrophage polarization, and ovarian cancer development
to investigate its potential underlying mechanisms.

Materials and Methods

Patients and Specimens

Fifty paired samples of ovarian cancer and adjacent
normal ovarian tissues (at least 5 cm away from the tu-
mor tissues) were obtained from 50 ovarian cancer patients
during curative resection at Gansu University of Chinese
Medicine. Inclusion criteria included: no adjuvant pre-
operative radiotherapy or chemotherapy started before ad-
mission; complete medical records. Exclusion criteria in-
cluded: a history of other malignancies and recurrent ovar-
ian cancer. All patients signed the written informed con-
tents, and the project was conducted based on the Decla-
ration of Helsinki statement. This study protocol was ap-
proved by the Medical Ethics Committee of Gansu Univer-
sity of Chinese Medicine (2021-48KYSL).

Cell Culture, Transfection, and Irradiation

IOSES80 (FY-H37149; FUYUBIO, Shanghai, China),
SKOV3 (FY-G26696; FUYUBIO, Shanghai, China),
A2780 (FY-22FN0790; FUYUBIO, Shanghai, China), and
THP-1 cells (TIB-202™; ATCC, Manassas, VA, USA)
were cultured in Roswell Park Memorial Institute (RPMI)-
1640 medium (31800022; Gibco, GrandIsland, NY, USA)
and supplemented with 10% fetal bovine serum (FBS)
(10099-141; Gibco, GrandlIsland, NY, USA). Cultures were
maintained at a constant temperature of 37 °C in a humid-
ified atmosphere with 95% O2 and 5% CO,. All cell lines
had been authenticated using Short Tandem Repeats (STR)
profiling, and mycoplasma testing confirmed the absence
of contamination.

The oligonucleotides included siRNA against KIF20A4
(si-KIF204; 5'-CUGUGAAGGAGAUGGUAAATT-3';
sc-91657A; Santa Cruz Biotechnology, Santa Cruz,
CA, USA) and siRNA against phosphatase and tensin
homolog (si-PTEN; 5'-GGTCAAGTGAAGACGACAA-
3/ siB101025113730-1-5;  RiboBio, = Guangzhou,
China), and the negative control (si-NC; 5'-
CUUACGCUGAGUACUUCGATT-3’; siN0000002-1-5;
RiboBio, Guangzhou, China). The KIF20A4-overexpression
plasmid (KIF20A4; CMV-KIF20A-EGFP-SV40-Neomycin,
Genechem, Shanghai, China) was obtained by amplifying
the full length of KIF204 and inserting it into GV230
(Genechem, Shanghai, China), with an empty GV230 plas-
mid (pcDNA) as the scramble control. Lipofectamine 3000
(Invitrogen, Carlsbad, CA, USA) was used to complete
cell transfection.

Irradiation was conducted according to previous re-
search [25]. An exposure instrument, Cs-137 irradia-
tor (HWMD-2000, Siemens, Munich, Germany) was em-
ployed to carry out X-ray irradiation with the single dose
of 4 Gy on SKOV3 and A2780 cells. The irradiated cells
were collected every 6 hours for further analysis within 24
hours.

Reverse-Transcription Quantitative Polymerase
Chain Reaction (RT-qPCR) Analysis

Total RNA extraction was conducted with Trizol
Reagent (15596018CN; Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions. Reverse
transcription to synthesize cDNA from total RNA was
executed via the Primescript™ RT reagent Kit (RRO14A;
Takara, Tokyo, Japan). RT-qPCR analysis was preceded on
the BIO-RAD CFX96 Real-time PCR machine (Bio-Rad,
Hercules, CA, USA) with the usage of the SYBR-Green
PCR Master Mix (Vazyme.Q111-02; Vazyme, Nanjing,
China). The relative expression levels were normalized by
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and
computed by the 2~24 method. The PCR program was
as follows: denaturation at 95 °C for 10 min, denaturation
at 95 °C for 30 s (40 cycles), annealing at 60 °C for 30
s, and extension at 72 °C for 1 min. The sequences of
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all primers used were: KIF204, F 5'-CAAGGGATCCT
TTCTCCGCC-3’, R 5'-GAACCTGCTGCTTGTCCTC
T-3’; PTEN, F 5'-TCCCAGACATGACAGCCATC-3'
, R5-TGCTTTGAATCCAAAAACCTTACT-3’; tumor
necrosis factor-alpha (TNF-a), F 5'-GCCTCTTCTCATT
CCTGCTTG-3', R 5'-GGCCATTTGGGAACTTCTCA-3
’; C-X-C motif Chemokine Ligand 10 (CXCL10), F 5'-C
AAATCTGCTTTTTAAAGAATGCTC-3’, R 5'-AAGA
ATTTGGGCCCCTTG-3’; human leukocyte antigen-DR
(HLA-DR), F 5-TCTGGCGGCTTGAAGAATTTG-3’, R
5'-GGTGATCGGAGTATAGTTGGAGC-3'; cluster of
differentiation 163 (CDI163), F 5'-TTGTCAACTTGAG
TCCCTTCAC-3’, R 5'-TCCCGCTACACTTGTTTTCA
C-3’; cluster of differentiation 206 (CD206), F 5'-GGG
TTGCTATCACTCTCTATGC-3’, R 5'-TTTCTTGTCT
GTTGCCGTAGTT-3'; arginase-1 (ARGI), F 5'-TGGA
CAGACTAGGAATTGGCA-3', R 5'-CCAGTCCGTC
AACATCAAAACT-3'; transforming growth factor-beta
(TGF-B), F 5'-AAGGACCTCGGCTGGAAGTGC-3’,
R 5-CCGGGTTATGCTGGTTGTA-3’; interleukin-10
(IL-10), F 5-GCCAAGCCTTGTCTGAGATGATCC-
3, R 5'-TTCACATGCGCCTTGATGTCTGG-3’;
GAPDH, F 5'-GCACCACCAACTGCTTAGCA-3’, R
5'-GTCTTCTGGGTGGCAGTGATG-3'.

Western Blot

Following total protein collection, the proteins were
separated on 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE). Subsequently, the pro-
teins were transferred onto polyvinylidene fluoride (PVDF)
membranes and blocked by 5% non-fat milk for 1.5 hours.
The membranes were then incubated with the primary an-
tibodies at 4 °C overnight, followed by incubation with
horseradish peroxidase (HRP)-conjugated secondary anti-
bodies (ab6721 and ab6789; 1:2000; Abcam, Cambridge,
UK) at room temperature for 1.5 hours. The primary anti-
bodies were anti-vimentin (ab92547; 1:2000; Abcam, Cam-
bridge, UK), anti- KIF20A (sc-374508; 1:1000; Santa Cruz
Biotechnology, Santa Cruz, CA, USA), anti-E-cadherin
(#3195; 1:1000; Cell Signaling Technology, Danvers, MA,
USA), anti-PTEN (9188; 1:1000; Cell Signaling Tech-
nology, Danvers, MA, USA), anti-N-cadherin (ab76011;
1:2000; Abcam, Cambridge, UK), and anti-GAPDH
(ab181602; 1:1000; Abcam, Cambridge, UK). Protein vi-
sualization was performed using enhanced chemilumines-
cence (WBULP-100ML; Millipore, Bradford, MA, USA).
The signals of the protein complexes were semi-quantified
by ImagelJ software (Version 1.52b, NIH, Bethesda, MD,
USA).

Cell Proliferation

The cell viability of SKOV3 and A2780 cells was as-
sessed using the Cell Counting Kit-8 (CCK-8) kit (C0038;
Beyotime, Shanghai, China). Initially, 4000 SKOV3 and
A2780 cells were plated on the 96-well plate. After irradia-
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tion under 4 Gy and transfection with the oligonucleotides,
the treated cells were co-cultured with the CCK-8 solution.
After 2 hours, cell viability was evaluated by assessing the
absorbance at 450 nm through a microplate reader (Mul-
tiskan MK3; Thermo Labsystems, Waltham, MA, USA).
For the 5-Ethynyl-2’-deoxyuridine (EdU) assay, co-culture
of EdU regent (C10338; RiboBio, Guangzhou, China) and
the treated SKOV3 and A2780 cells was also carried out
for 2 hours. Subsequently, the cells were stained with 4’,6-
diamidino-2-phenylindole (DAPI) for 15 minutes to label
the nuclei. The EdU-positive cells were observed and quan-
tified using a fluorescent microscope (ZEISS Axioscope 5,
Carl Zeiss AG, Heidenheim, Germany).

Colony Formation Assay

SKOV3 and A2780 cells (500 cells) were cultured
in 6-well plates for 14 days. The colonies were then ob-
served, fixed, and dyed with crystal violet (C0121; Bey-
otime, Shanghai, China). Finally, the number of colonies
was counted (clones with over 50 cells) using a fluorescent
microscope (ZEISS Axioscope 5, Carl Zeiss AG, Heiden-
heim, Germany).

Flow Cytometry

The apoptotic cells were determined using the An-
nexin V-fluorescein isothiocyanate (FITC) apoptosis detec-
tion kit (C1062L; Beyotime, Shanghai, China) according
to the manufacturer’s instructions. The treated SKOV3 and
A2780 cells were suspended in a cell suspension and incu-
bated with Annexin V-FITC and propidium iodide (PI). Af-
ter incubation for 15 min without light, the apoptotic cells
were analyzed via flow cytometry (FACSymphony™A3;
BD, Franklin Lakes, NJ, USA). The rate of apoptosis was
presented as the percentage of early and late apoptotic cells
relative to the total number of cells. Early apoptotic cells
were identified as (AnnexinV-FITC)+/PI-, while late apop-
totic cells were identified as (AnnexinV-FITC)+/PI+.

Determination of Promoter Activity Using a
Dual-Luciferase Reporter Assay

To generate the pGL3-PTEN construct, the promoter
region of PTEN was amplified and inserted into the pGL3-
Basic vector. Subsequently, the KIF20A-overexpressing
vector, pGL3-PTEN, and renilla luciferase vector (pRL-
TK; Promega, Madison, WI, USA) were transfected into
HEK293T cells to detect the influence of luciferase activity
with the usage of Dual-Luciferase Reporter Assay System
(Promega.c1960, Promega, Madison, WI, USA).

Macrophage Generation and Polarization

THP-1 cells were treated with phorbol-12-myristate-
13 acetate (PMA; 100 ng/mL; P1585; Sigma-Aldrich, St.
Louis, MO, USA) for 24 hours to induce differentiation
into MO macrophages. Subsequently, MO macrophages
were further polarized into M1 macrophages by treat-
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Fig. 1. KIF20A was reduced by radiation in ovarian cancer cells. (A) Determination of K/IF’204 mRNA expression in ovarian cancer

tissues (n = 50) and normal ovarian tissues (n = 50) using RT-qPCR. (B) KIF20A protein expression in ovarian cancer tissues and

normal ovarian tissues was detected by western blot (n = 3). (C,D) Assessment of KIF20A mRNA and protein expression in IOSE80

cells and ovarian cancer cells using RT-qPCR and western blot, respectively (n = 3). (E,F) Measurement of KIF204 mRNA levels in
SKOV3 and A2780 cells after 4 Gy radiation using RT-qPCR (n = 3). *p < 0.05. KIF20A4, kinesin family member 20A; RT-qPCR,

reverse-transcription quantitative polymerase chain reaction; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

ment with 50 ng/mL of lipopolysaccharide (LPS; 1L.8274;
Sigma-Aldrich, St. Louis, MO, USA) and 20 ng/mL
of interferon-gamma (IFN-v; SRP3058; Sigma-Aldrich,
St. Louis, MO, USA), or into M2 macrophages with 25
ng/mL of interleukin-4 (IL-4; SRP3093; Sigma-Aldrich,
St. Louis, MO, USA) and 20 ng/mL of interleukin-13 (IL-
13; SRP3274; Sigma-Aldrich, St. Louis, MO, USA) for
48 hours. Following polarization, TAMs were formatted
by co-culturing M0 macrophages with ovarian cancer cells
(SKOV3 and A2780 cells). After 48 hours, TAMs were ac-
quired by collecting the co-cultured macrophages.

Statistics Analysis

All results were presented as means =+ standard de-
viation from three independent replicates. Data were ana-
lyzed using GraphPad Prism 7.0 (GraphPad Software Inc.,
San Diego, CA, USA). A paired ¢-test was used to compare
tumor tissues with adjacent tissues. The difference in mea-
surement data was compared using Student’s z-test between
groups or one-way analysis of variance (ANOVA) with post
hoc Tukey’s test for multiple groups. A statistically signif-
icant difference was obtained when p < 0.05.

Results

KIF20A4 was Reduced by Radiation in Ovarian
Cancer Cells

To identify the role of KIF20A in ovarian cancer,
we initially analyzed KI/F20A4 expression in ovarian can-
cer tissues. The elevated mRNA and protein expression of

KIF20A was demonstrated in ovarian cancer tissues (n =
50) collected from ovarian cancer patients in comparison
to the adjacent normal ovarian tissues (n = 50) (p < 0.05)
(Fig. 1A,B). Furthermore, we also examined the mRNA
and protein levels of KIF20A in ovarian cancer cell lines
(SKOV3 and A2780 cells) and human ovarian epithelial
cell lines (IOSES8O cells). The mRNA and protein expres-
sion of KIF20A were significantly increased in SKOV3 and
A2780 cells (p < 0.05) (Fig. 1C,D). Additionally, the data
in Fig. 1E,F displayed that 4 Gy radiation caused a remark-
able reduction of KIF20A4 in SKOV3 and A2780 cells (p <
0.05).

KIF20A4 Depletion Enhanced Radiation-Caused
Suppressive Effects on Cell Proliferation and
Epithelial-Mesenchymal Transition (EMT), as well
as Enhancement Effect on Apoptosis in Ovarian
Cancer Cells

The western blot analysis revealed a significant reduc-
tion in KIF20A protein expression after transfection of si-
KIF204 in SKOV3 and A2780 cells (p < 0.05) (Fig. 2A).
Additionally, the CCK-8 assay demonstrated a notable de-
crease in cell viability in SKOV3 and A2780 cells after
exposure to 4 Gy radiation (p < 0.05), which was fur-
ther exacerbated after downregulating KIF204 (p < 0.05)
(Fig. 2B). Similar results were found in both the EAU and
colony formation assays (p < 0.05). Specifically, the EdU-
positive cells and colonies of SKOV3 and A2780 cells sig-
nificantly decreased followed exposure to 4 Gy radiation
(» < 0.05), and knockdown of KIF20A aggravated its ef-
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Fig. 2. KIF20A depletion aggravated radiation-caused suppressive effects on cell proliferation and EMT in ovarian cancer cells.
(A) The knockdown efficiency of si-KIF20A was tested using a western blot (n = 3). (B-D) SKOV3 and A2780 cells were treated with
0 Gy radiation, 4 Gy radiation, 4 Gy+si-NC, or 4 Gy+si-KIF20A. (B) CCK-8 assay for detecting cell viability (n = 3). (C) EdU staining
assay for assessing the EdU-positive cells (n = 3). Scale bar: 50 um. (D) Colony formation assay for determining the number of colonies
(n=3). *p < 0.05. EMT, epithelial-mesenchymal transition; CCK-8, Cell Counting Kit-8; EdU, 5-Ethynyl-2’-deoxyuridine.
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fects on cell proliferation (p < 0.05) (Fig. 2C,D). Moreover,
4 Gy radiation triggered cell apoptosis was further facili-
tated by KIF20A depletion in SKOV3 and A2780 cells (p
< 0.05) (Fig. 3A). Furthermore, our results demonstrated
that KIF204 depletion also could augment the repressive
impact of 4 Gy radiation on EMT (p < 0.05), as evidenced
by lower vimentin and N-cadherin levels, and increased E-
cadherin levels in SKOV3 and A2780 cells treated with
4 Gy+si-KIF20A4 compared to cells treated with 4 Gy ra-
diation alone (p < 0.05) (Fig. 3B,C). These findings re-
vealed that KIF20A4 depletion could elevate radiosensitivity
in ovarian cancer cells.

PTEN was Downregulated in Ovarian Cancer, and
KIF20A4 Negatively Regulated PTEN Expression in
Ovarian Cancer Cells

PTEN mRNA and protein expression were signif-
icantly lower in ovarian cancer tissues relative to nor-

mal ovarian tissues (p < 0.05) (Fig. 4A,B). In SKOV3
and A2780 cells, PTEN mRNA and protein levels were
markedly reduced compared to IOSE80 cells (p < 0.05)
(Fig. 4C,D). Moreover, we observed an elevated PTEN
protein expression in KIF20A-silenced SKOV3 and A2780
cells (p < 0.05) (Fig. 4E). Radiation (4 Gy) significantly
increased PTEN mRNA expression in SKOV3 and A2780
cells (p < 0.05) (Fig. 4F). Additionally, dual-luciferase as-
say revealed that K/F'20A4 suppressed the promoter activity
of PTEN in HEK293T cells (p < 0.05) (Fig. 4G).

PTEN Knockdown Could Partially Reverse the
Promotion Effect of KIF20A Depletion on
Radiosensitivity in Ovarian Cancer Cells

To investigate the regulatory mechanism between
KIF20A and PTEN in ovarian cancer progression, SKOV3
and A2780 cells were treated with 4 Gy+si-NC, 4 Gy+si-
KIF204, 4 Gy+si-KIF20A+si-NC, or 4 Gy+si-KIF20A+si-
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PTEN. The knockdown efficacy of si-PTEN was demon-
strated in SKOV3 and A2780 cells (p < 0.05) (Fig. 5A).
Moreover, the increase in PTEN expression resulting from
KIF204 depletion was blocked by transfection of si-PTEN
in 4 Gy irradiated SKOV3 and A2780 cells (p < 0.05)
(Fig. 5B). The results from Fig. SC-E demonstrated that
the decrease in cell proliferation caused by PTEN upreg-
ulation in SKOV3 and A2780 cells exposed to 4 Gy radi-
ation was counteracted by PTEN knockdown (p < 0.05).
KIF20A4 depletion resulted in the enhancement of apopto-
sis in SKOV3 and A2780 cells exposed to 4 Gy radiation
(p < 0.05), which was restored by PTEN knockdown (p <
0.05) (Fig. 6A). Moreover, PTEN downregulation attenu-
ated the inhibitory effect of KIF20A4 depletion on EMT in
SKOV3 and A2780 cells exposed to 4 Gy radiation (p <
0.05) (Fig. 6B,C).

KIF20A4 was Highly Expressed in M2-Like TAMs and
Induced M2 Macrophage Polarization

To validate the effect of KIF204 on macrophage po-
larization, an in vitro TAM model was generated accord-
ing to previous reports [26]. In brief, human THP-1 mono-
cytes were stimulated with PMA for 24 h to differenti-
ate into MO macrophages, which were then co-cultured
with ovarian cancer cells (SKOV3 and A2780 cells) for 48
hours to generate TAMs. TAMskovs and TAMaj7g9 exhib-
ited increased expression of M2 markers (ARG1, TGF-0,
IL-10, CD206, and CD163) and decreased expression of
M1 markers (TNF-a, CXCLI10, and HLA-DR) (p < 0.05)
(Fig. 7A). Moreover, our data indicated the upregulation
of KIF204 in TAMgkovz and TAMas7g0 (p < 005), as
well as M2 macrophages (p < 0.05) (Fig. 7B). To eval-
uate the role of KIF20A4 in macrophage polarization, M0
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macrophages were transfected with KIF 204 overexpression
plasmids. The results revealed significantly higher lev-
els of CD206 and CD163 in KIF20A4-overexpressed MO
macrophages compared to untreated MO macrophages (p <
0.05) (Fig. 7C). These findings illustrated the promotional
role of KIF20A in M2 macrophage polarization.

Discussion

In this study, the results illustrated that KIF20A4 de-
pletion promoted radiosensitivity and blunted the progres-
sion of ovarian cancer. KIF20A depletion could upregu-
late PTEN expression, a known tumor suppressor. Fur-
thermore, we observed that the effects of KIF20A4 on ra-
diosensitivity and progression of ovarian cancer were medi-
ated by PTEN. Moreover, KIF20A4 induced M2 macrophage
polarization.  Collectively, our findings suggested that
KIF20A depletion impeded the development of ovarian
cancer by regulating PTEN expression and regulating M2
macrophage polarization.

Numerous studies have recently displayed a remark-
able elevation of KIF20A in various tumors, including gas-
tric, breast, liver, and lung cancers, thereby demonstrat-
ing the essential role of KIF20A4 in cancer progression
[20,24,27,28]. In line with these results, our data also

showed a pronounced increase in KIF204 expression in
ovarian cancer tissues and cells. Moreover, a report indi-
cated that K/F'204 might dramatically boost ovarian clear-
cell carcinoma cell proliferation [29]. In colorectal cancer,
KIF204 modulated the JAK/STAT3 signaling pathway to
affect cell growth [30]. Additionally, its significance in tu-
morigenesis, progression, and metastasis in prostate cancer
has been confirmed [31]. It was reported that KIF204 was
associated with the activity of bladder cancer cells, and even
affected survival level [32]. In this study, the data revealed
a significant decrease in KIF20A expression in ovarian can-
cer cells, and KIF20A was decreased in irradiated ovarian
cancer cells, suggesting that K/F204 might be a regulator
involved in radiosensitivity in ovarian cancer. To identify
the relationship between KIF20A4 and radiosensitivity, as
well as the functions of KIF20A on ovarian cancer progres-
sion, KIF204 was knocked down in ovarian cancer cells.
Our results showed that irradiation markedly suppressed the
development of ovarian cancer. Furthermore, K/F204 de-
pletion could suppress cell proliferation and EMT, while in-
ducing apoptosis in irradiated ovarian cancer cells, demon-
strating that K/F204 depletion significantly increased ra-
diosensitivity in ovarian cancer and further retarded its de-
velopment.
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*p < 0.05.

PTEN, as a well-known tumor suppressor gene, was
demonstrated as a key regulator in tumor apoptosis, differ-
entiation, and proliferation [33-35]. PTEN exerts its tumor-
suppressive effects by negatively modulating the phos-
phatidylinositol 3-kinase (PI3K)/protein kinase B (AKT)
pathway, thereby influencing processes such as EMT, apop-
tosis, and DNA damage during tumor development [36—
38]. Multiple studies indicated that downregulated PTEN
levels were observed in various types of cancers, including
ovarian cancer [39,40]. Consistently, our data exhibited a
significant reduction in PTEN levels in ovarian cancer tis-
sues and cells. Moreover, the negative correlation between
KIF20A4 and PTEN was obtained, and KIF20A depletion re-
markably elevated PTEN expression. Besides, the effects

of KIF20A depletion on radiosensitivity and cancer progres-
sion in ovarian cancer cells were mitigated by PTEN knock-
down, suggesting the vital role of KIF204A/PTEN axis in
ovarian cancer radiosensitivity and development.

M2 polarization of TAMs is a complex pathologi-
cal process involving multiple steps and factors in the
TME. Previous research has indicated that colorectal can-
cer cells secrete IL-4, which can promote M2 polarization
of TAMs [41]. Furthermore, factors like exosomes [42] and
granulocyte-macrophage colony-stimulating factor (GM-
CSF) [43] from tumor cells, and fatty acids were verified to
participate in the induction of macrophage M2 polarization.
Thus, multiple factors from TME or tumor cells were able
to impact the M2 polarization of macrophages in cancer
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progression. M2 macrophages are known to accelerate tu-
mor immune escape and suppress inflammatory responses,
thereby demonstrating their tumor-promoting function [44].
Recent research reported that wingless-type MMTV inte-
gration site family member Sa (WNT5a), a highly expressed
gene in colorectal cancer, caused M2 polarization of TAMs,
thereby boosting the progression of colorectal cancer [45].
In the present study, overexpressed K/F204 resulted in M2
polarization of TAMs, which might contribute to the pro-
motional effects of KIF20A on ovarian cancer progression.

Conclusion

The findings of our study revealed that KIF20A deple-
tion and irradiation both impede the development of ovar-
ian cancer. Additionally, K/F204 knockdown dramatically
increases the radiosensitivity and further suppresses the de-
velopment of ovarian cancer by regulating PTEN expres-
sion. Moreover, our data indicated that KIF20A could in-
duce M2 polarization of TAMs. These findings suggested

that KIF'20A could accelerate ovarian cancer progression by
regulating PTEN expression and inducing M2 polarization,
providing novel possibilities for ovarian cancer treatment
development.
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