Galley Proof 12/08/2024; 17:15 File: cbm-1-cbm240074.tex; BOKCTP/yn p. 1
Cancer Biomarkers -1 (2024) 1-14 1
;OS‘};ress T

KIF18A promotes cervical squamous cell
carcinoma progression by activating the
PI3K/AKT pathway through upregulation of
CENPE
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Abstract.

BACKGROUND: Cervical cancer is a prevalent malignancy that significantly contributes to morbidity and mortality rates among
women in developing nations. Although the association of KIF18A with various cancers has been established, its role in cervical
squamous cell carcinoma (CESC) remains elusive.

METHODS: The KIF18A impact on the progression of CESC and its underlying mechanism were investigated through compre-
hensive bioinformatics analysis utilizing publicly available datasets. The levels of KIF18A and CENPE were assessed in clinical
ICESC samples through western blotting and qRT-PCR. To discover the role and molecular pathways of KIF18A in CESC, a
combination of experimental approaches, including wound-healing, flow cytometry, CCK-8, and Transwell assay, were employed.
RESULTS: Our results demonstrate a significant KIF18A expression upregulation in CESC tissues in contrast to healthy tissues.
[n vitro, KIF18A upregulation was found to enhance cell growth, migration, and invasion and activate the PI3K/AKT signaling
pathway while concurrently suppressing apoptosis. Conversely, downregulating KIF18A exhibited contrasting effects. Mechanisti-
cally, we observed a positive significant connection between KIF18 A and CENPE in CESC cells.

(CONCLUSION: KIF18A promotes tumor growth in CESC by modulating the PI3K/AKT signaling pathway through regulation
of CENPE, making it a potential biomarker for diagnosis and prognosis as well as a therapeutic target.

Keywords: KIF18A, CENPE, Cervical squamous cell carcinoma, PI3K/AKT pathway

1. Introduction 2020, leading to an alarming number of over 341,831

fatalities [1]. Even though individuals diagnosed with

Cervical cancer is a malignancy tumor that affects the
reproductive system of the female and is a major health
concern for women worldwide, ranking second only
to breast cancer in its effect on women’s health. De-
spite extensive efforts to promote vaccination and im-
plement cervical cancer screening programs, the global
incidence of new cases reached a staggering 604,127 in
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cervical malignancy in early stage generally have a
favorable prognosis, the potential for an adverse out-
come escalates in cases of recurrence or metastasis.
Cisplatin-based chemotherapy is a commonly recom-
mended treatment for advanced cervical cancer, yet
its efficacy remains suboptimal, with a 5-year overall
survival rate of only 68% for patients [2,3]. Cervicall
squamous cell carcinoma (CESC) constitutes the ma-
jority of cervical malignancy cases, with approximately|
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perative to investigate the pathway underlying CESC
development, detect appropriate markers, and explore
novel targets for therapeutic intervention.

KIF18A, a kinesin superfamily member, functions
as a molecular motor powered by ATP hydrolysis to
generate force and travel through microtubules [6]. Re-
cently, there has been a rising emphasis in the field of
molecular oncology research on investigating the ex-
pression and significance of KIF18A in tumors [7]. It
is worth mentioning that recent investigations have ex-
hibited a strong connection between KIF18A and the
development, progression, invasion, and metastasis of
various malignant tumors [8,9]. Additionally, targeting
KIF18A has been recognized as a potential therapeu-
tic approach, and its significance as a prognostic indi-
cator for different kinds of cancer like hepatocellular
carcinoma, prostate cancer, and lung adenocarcinoma
has been well-documented [9,10,11]. The KIF18A gene
knockdown suppresses the growth, migration, and inva-
sion of malignancy cells of the esophagus while enhanc-
ing cellular sensitivity to radiotherapy [12]. The expres-
sion of KIF18A in CESC has not yet been investigated
for its correlation and clinicopathological significance,
highlighting the necessity for further investigation.

Consequently, the goal of this investigation was to
discover the connection between KIF18A and the med-
ical features and prognosis of CESC while also eluci-
dating the underlying molecular mechanisms.

2. Materials and methods
2.1. Bioinformatic analysis

We acquired gene expression data and health in-
formation from the Cancer Genome Atlas (TCGA)
dataset, available at https://portal.gdc.cancer.gov. The
information was extracted in level 3 HTSeq frag-
ments per kilobase per million (FPKM) format. The
mRNA expression profiles datasets, GSE63514 [13]
and GSE9750 [14], were acquired from the database
of GEO (http://www.ncbi.nlm.nih.gov/geo) for subse-
quent analysis. We employed the t-test function from
the R package to assess gene significance between the
tumor and normal groups. The thresholds for identi-
fying differentially expressed genes (DEGs) were set
as |logs fold change (FC)| > 1 and a FDR-adjusted
p-value < 0.05. The DEGs analysis was performed us-
ing the DESeq2 and edgeR packages in R. The clus-
terProfiler package was employed to perform enrich-
ment analyses for Gene Ontology (GQO), Kyoto Ency-

clopedia of Genes and Genomes (KEGG), and Gene
Set Enrichment Analysis (GSEA). The potential asso-
ciations between KIF18A and additional proteins were
explored by leveraging the STRING database (https:/
string-db.org/).

2.2. Clinical tissues

We obtained samples of tumors tha embedded in
paraffin from 38 patients with CESC and treated at
Weifang People’s Hospital between 2022 and 2023. We
obtained recently collected healthy tissues from eight
individuals with CESC undergoing radical resection af
Weifang People’s Hospital. All specimens of the tissue
were subjected to verification by two expert patholo-
gists. The Ethics Committee of Weifang People’s Hos-
pital provided the authorization for the investigation.
The clinicopathological characteristics of the 38 cases
diagnosed with CESC were meticulously documented
and recorded in Table 1.

2.3. Cell lines, cell culture, transfection

The cell lines of HeerEpic and three human CESC
(C-33A, CaSki, and SiHa) were obtained from the
American Type Culture Collection (ATCC). The cells
were grown in DMEM (Gibco, USA) with 1% penicillin
/streptomycin and 10% fetal bovine serum (FBS, Gibco,
USA) combination. The incubation was conducted in|
an incubator with a fixed temperature of 37°C and
under a 5% CO2 environment. The KIFI8A expres-
sion level in cervical cancer cells was assessed us-
ing western blot and qRT-PCR. SiHa cells exhibit-
ing high endogenous KIF18A expression were cho-
sen for further investigation. The targeting sequences
for KIF18A (5’-GGAGTGATGTATCTAACAATG-3")
and CENPE (5’-GAAGAAATGGAATTGAAATTA-3)
were incorporated into lentiviral vectors, respectively.
The lentiviruses for KIF18A overexpression and its neg-
ative control were generated by GeneChem (Shanghai,
China). The validation of gene suppression or over-
expression was verified by employing qRT-PCR and
western blot.

2.4. Western blotting

Tissue specimens and cells were utilized for obtain-
ing total protein employing a customized RIPA buffer
solution from Kangwei, China. The proteins have been|
extracted by 12.5% SDS-PAGE from Epizyme in China
and then transmitted to PVDF membranes from Milli
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with KIF18A expression

Table T
Clinicopathological characteristics of 38 patients with CESC and their associations

Characteristics ~ Cases (n = 38) KIF18A expression P-value
Low (n =15)  High (n =23)

Age 0.744
<50 17 [§ 11
>50 21 9 12

Tumor size 0.728
<4cm 26 11 15
>4 cm 12 8

T stage 0.021*
T1-2 20 11 9
T34 18 4 14

N stage 0.003*
NO 21 13 8
N1-2 17 2 15

FIGO stage 0.016*
1 23 13 10
I 15 2 13

pore in America with a diameter of the pore of 0.45 mM.
Following blocking with 5% skimmed milk powder for
sixty minutes, the sample was rinsed three times utiliz-
ing TBST. The membranes subjected to incubation at
4°C overnight with primary antibodies against KIF18A
(1:2000, ab72417), CENPE (1:1000, ab133583), p-
PI3K (1:500, ab182651), PI3K (1:1000, ab302958),
p-AKT (1:1000, ab38449), AKT (1:1000, ab8933),
and GADPH (1:1000, ab8245) obtained from Abcam
(Shanghai, China). Subsequently, the membranes were
subjected to incubation for 2 h with an antibody conju-
gated to horseradish peroxidase (HRP) at ambient tem-
perature. The detection of target proteins was achieved
using an enhanced ECL kit (Bio-rad, USA).

2.5. RNA extraction and qRT-PCR

The TRIzol reagent (Invitrogen, USA) was em-
ployed to obtain total RNA from cells and tissues
following the directions of the manufacturer. Next,
analysis was performed utilizing reverse transcription-
PCR and the SYBR Green II kit (Takara, Japan).
The relative target gene expression was standard-
ized with respect to the GAPDH expression. The se-
quences of primer are as follows: KIF18A (forward)
5’-CTAACCGGGCAAAGGACATTA-3’ and (reverse)
5’-ATCTCTGCCTTCTGCTCATTAC-3’; CENPE (for-
ward) 5’-CACCTCATCCAGTTCGCTATT-3’ and (re-
verse) 5’-CACTCTCTGCTCCTGCATTT-3’; GADPH
(forward) 5’-CACCCACTCCTCCACCTTTG-3’ and
(reverse) 5’-CCACCACCCTGTTGCTGTAG-3’

*P < 0.05 Considered statiscally significant.

2.6. Cell proliferation assay

Cells were first placed in 96-well plates at a density|
of 1 x 10* cells per well and cultivated in full medium
for the CCK-8 assay. Following 24—72 hours of incu-
bation, each well was supplemented with 10 ul CCK-8
solution (Boster, USA). Subsequently, the plate under-
went three hours of incubation in a cell incubator, fol-
lowed by determination of the A450 absorption value
using enzyme labeling.

2.7. Cell apoptosis assay

Flow cytometry was utilized to perform the assess-
ment of cell apoptosis according to established proto-
cols. Cells underwent culturing at a density of 1 x 10°
cells per in 6-well plates well and were subsequently|
collected. Following two PBS washes, employing a
CytoFLEX flow cytometer (Beckman Coulter, USA),
the Annexin V-FITC/PI apoptosis detection kit (Bey-
otime, China) was employed to assess the apoptosis of
the cell.

2.8. Scratch wound assay

Cells underwent seeding into 6-well e-plates and
overnight culturing. The following day, a 200 ul pipette
tip was utilized to generate a straight scratch, which
subsequently underwent PBS washing. Before the cells
underwent culturing for an additional one day, a mi-
croscope was utilized to observe them, and then they
underwent further observation under the microscope
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2.9. Transwell assay

The invasion assay was conducted employing Matri-
gel-coated chambers in 24-well Transwell plates with a
pore size of 8 ym. In the superior chamber, a medium
free of serum was used to seed a total of 1 x 10° cells,
while the inferior chamber was loaded with a medium
supplemented with 10% FBS. Following incubation for
a complete period of 24 hours, in the superior cham-
ber, the cells were harvested, whereas the invaded cells
in the inferior chamber were fixed and subjected to
staining employing a solution comprising 0.1% crystal
violet.

2.10. Coimmunoprecipitation (Co-IP) assay

The exogenous Co-IP assay was performed by co-
transfecting Flag-KIF18A and HA-CENPE into HEK-
293T cells. The cells were lysed using an IP buffer
containing 20 mM Tris-HCI, 1 mM EDTA, 150 mM
NaCl, and 1% NP-40. Additionally, a 1% phosphatase
inhibitor cocktail was included in the buffer solution.
The lysis process was conducted at 4°C for a duration
of thirty minutes. Following a centrifugation step at
12,000g and 4°C for ten minutes, the supernatant was
collected. Subsequently, it was incubated overnight at
4°C with magnetic beads (20 ul) and antibodies (Flag-
tag and HA-tag, each measuring approximately 2—-3 pl).
The following day, the supernatant was extracted using
a magnetic stand. Subsequently, the beads responsible
for binding a specific antibody and the target protein
were reconstituted in 1 x loading buffer and subjected
to denaturation at 95°C for 10 minutes. Subsequently,
the specimens were subjected to centrifugation at a
speed of 12,000 g for 1-2 minutes at a temperature
of 4°C. Following this step, the resulting supernatant
was carefully preserved at —80°C in preparation for
immunoblot analysis. The endogenous Co-IP assay was
performed in SiHa cells transfected with Flag-KIF18A
using either the Flag antibody or IgG, following identi-
cal procedures as the exogenous Co-IP assay.

2.11. Statistical analysis

SPSS 25.0 and GraphPad Prism 8.0.1 were employed
to conduct analysis for all experimental data. All assays
were performed three times, and the outcomes were
represented as the mean + standard deviation (SD).
The Student’s ¢-test was employed for normally dis-
tributed data, while the Mann-Whitney test was em-
ployed for data with independent distribution. Out-
comes were deemed statistically significant if the P
value was less than 0.05

3. Results

3.1. KIF18A expression is significantly upregulated in
cervical cancer

To discover the underlying molecular pathways of]
cervical cancer, we conducted an analysis of gene ex-
pression profiles obtained from three different datasets:
TCGA-CESC, GSE63514, and GSE9750. By conduct-
ing a threshold of adjusted p-value < 0.05 and |log
FC| > 1, we determined differentially expressed genes
(DEGs). A Venn diagram illustrating the overlapping
region of the 180 DEGs identified from TCGA-CESC,
GSE63514, and GSE9750 datasets (Fig. 1A). KIF18A
expression levels were significantly elevated in many|
kinds of cancers compared to their respective control
tissues in TCGA (Fig. 1B). The volcano plot of the
TCGA-CESC dataset revealed that out of the 4139
DEGs, 2564 genes were upregulated, while 1575 genes
were downregulated in CESC tissues in contrast to
healthy tissues (Fig. 1C). The Volcano plot revealed the
identification of 1089 DEGs (596 upregulated and 493
downregulated) from the GSE63514 dataset (Fig. 1D).
The analysis using the Volcano plot identified a set of]
2006 DEGs (1126 upregulated and 880 downregulated)
from the GSE63514 dataset (Fig. 1E). The KIF18A
gene was identified as a common DEG and selected
for further analysis. Notably, KIF18A expression lev-
els were significantly upregulated in cervical malig-
nancy tissues in contrast to healthy tissues in TCGA,
GSE63514, and GSE9750 datasets (Fig. 1F-H). The|
protein expression of KIFI8A in tumor tissues and
corresponding normal tissues from 3 pairs of CESC
patients was evaluated through western blot analysis
(Fig. 1I). Moreover, we performed RNA extraction from|
38 CESC tissues and 9 normal tissues, along with 9
paired CESC tissues and their corresponding normal
tissues, followed by mRNA expression analysis using
qRT-PCR (Fig. 1], Fig. S1). The results revealed ele-
vated levels of KIFI8A protein and mRNA expression|
in CESC tissues compared to normal tissues.

3.2. KIF18A promotes cell growth and suppresses
apoptosis in CESC cells

The KIF18A mRNA and protein expression were
subsequently investigated in CESC cell lines and nor-
mal cervical epithelial cells. Significantly elevated
KIF18A mRNA and protein levels were observed in|
CESC cells in comparison with normal cervical epithe-
lial cells (Fig. 2A, B). To further investigate the KIF18
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[Fig. 1. The KIF18A expression is significantly upregulated in cervical cancer. (A) Venn diagram illustrating the overlapping DEGs obtained from|
TCGA-CESC, GSE63514, and GSE9750 datasets. (B) The expression of KIF18A was analyzed across multiple cancer types using data obtained
ffrom the TCGA. (C-E) Volcano plots were employed to identify DEGs in the TCGA-CESC, GSE63514, and GSE9750 datasets, respectively.,
(F—H) The KIF18A expression level exhibited a significant rise in TCGA-CESC, GSE63514, and GSE9750 datasets. (I, J) KIF18A expression
levels were assessed and quantified in CESC samples and their corresponding normal tissues using Western blot analysis and qRT-PCR. *p <
0.05; **p < 0.01; ***p < 0.001.
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impact, the SiHa cell line was transfected with KIF18A
overexpressing lentivirus and shKIF18A lentivirus. The
levels of protein and mRNA expression were conse-
quently evaluated to validate the overexpression and
knockdown (Fig. 2C, D). The KIF18A impact on the
erowth of SiHa cells was further investigated using
CCK-8 assays. The KIF18A group exhibited signifi-
cantly enhanced cell viability, whereas a noticeable de-
crease in cell viability was observed in the ShKIF18A
group (Fig. 2E). The upregulation of KIF18A expres-
sion was observed to significantly mitigate the occur-
rence of apoptotic cells in SiHa cells, and this impact
could be reversed by downregulating the expression of
KIF18A (Fig. 2F).

3.3. KIF18A promotes the capability of migration and
invasion of CESC cells

Consequently, we evaluate the KIF18A impact on
CESC cells’ capability of migration and invasion. The
migratory capacity of SiHa cells in the wound healing
experiment was significantly increased by the overex-
pression of KIF18A, while the knockdown of KIF18A
resulted in a notable reduction in SiHa cell migra-
tion (Fig. 3A). The Transwell assay exhibited that the
KIF18A upregulation significantly augmented the inva-
sive potential of SiHa cells, while inhibition of KIF18A
led to a remarkable reduction in cell invasion (Fig. 3B).

3.4. Identification of KIF18A-related genes and
conducting functional enrichment analysis using
the TCGA database

The TCGA-CESC dataset was utilized to identify
618 up-regulated and 17 down-regulated genes that ex-
hibited a strong association with KIF18A based on a
screening criterion of [logoFC| > 1.5 (Fig. 4A, B).
These genes were subsequently subjected to a com-
prehensive analysis using GO and KEGG. The KEGG
analysis revealed a significant up-regulated gene enrich-
ment primarily in the PI3K/AKT signaling pathway,
while the GO analysis demonstrated enrichment of up-
regulated genes predominantly in processes associated
with organelle fission and nuclear division (Fig. 4C, D).
The KEGG analysis identified a notable enrichment of
down-regulated genes mainly within the IL-17 signal-
ing pathway, whereas the GO analysis exhibited that
these down-regulated genes were primarily enriched
in processes related to antimicrobial humoral response

nd defense response to bacterium (Fig. 4E, F)

3.5. The function of KIF18A in CESC cells is mediated
through the PI3K/AKT pathway modulation

A further discovery from gene set enrichment analy-
sis (GSEA) unveiled a significant PI3K/AKT pathway
enrichment in cervical cancer samples exhibiting high
expression levels of KIF18A (Fig. 5A). According to
the results obtained from KEGG and GSEA analyses,
we performed western blot analysis in SiHa cells to
explore the KIF18A impact on the PI3K/AKT signaling
pathway. The western blot analysis findings provided
compelling evidence that the upregulation of KIF18A
caused a significant rise in p-PI3K and p-AKT levels
while exerting no discernible impact on the total levels
of PI3K and AKT expression (Fig. 5B). Furthermore,
the downregulation of KIF18A resulted in a reduction
in the expression levels of p-PI3K and p-AKT (Fig. 5C).

3.6. The expression of CENPE in CESC cells is
regulated by KIF18A

The TCGA database was utilized to identify co-
expressed genes associated with KIF18A in CESC,
aiming to obtain a comprehensive understanding of its
molecular pathway in CESC. The creation of a heatmap
was employed to visually represent the top 20 genes that
exhibit a high correlation with KIF18A (Fig. 6A). Our
outcomes exhibited a significant positive connection be-
tween KIF18A and CENPE expression levels in CESC
(Fig. 6B). Additionally, the database of STRING was
utilized to generate a protein-protein interaction (PPI)
network for KIF18A, unveiling a potential interaction|
between KIF18A and CENPE (Fig. 6C). The CENPE
expression levels were significantly upregulated in cer-
vical malignancy tissues in contrast to healthy tissues in
TCGA, GSE63514, and GSE9750 datasets (Fig. 6D-F).
The protein expression of KIF18A in tumor tissues and
corresponding normal tissues from 3 pairs of CESC
patients was evaluated through western blot analysis
(Fig. 6G). Moreover, we performed RNA extraction|
from 38 CESC tissues and 9 normal tissues, along with
9 paired CESC tissues and their corresponding normall
tissues, followed by mRNA expression analysis using
qRT-PCR (Fig. 6H, Fig. S2). The results revealed el-
evated levels of KIF18A protein and mRNA expres-
sion in CESC tissues compared to normal tissues. The
lentiviral infection was utilized to induce stable CENPE
knockdown in SiHa cells, thereby confirming the ef-
fectiveness of knockdown through qRT-PCR analysis
(Fig. 6]). As a consequence, we proceeded to confirm|
the direct interaction between KIF18A and CENPE
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[P assays conducted in SiHa cells (Fig. 6J) as well as
exogenous Co-IP assays performed in HEK293T cells
(Fig. 6K). Furthermore, Western blot analysis indicated
that upregulation of KIF18A expression in SiHa cells
led to a significant rise in CENPE levels. Conversely,
KIF18A expression downregulation resulted in a no-
table decrease in CENPE expression (Fig. 61.)
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wound-healing assays. (C, D) The invasive capacity of SiHa cells was assessed utilizing Transwell invasion assays. *p < 0.05.
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3.7. KIF18A promotes invasion and proliferation and
activates the PI3K/AKT pathway through its
interaction with CENPE in CESC cells

The KIF18 A-CENPE axis was further investigated in
our study to explore its impact on CESC. The Western
blot analysis indicated that the CENPE downregula-

tion effectively attenuated the upregulation of p-PI3

367

368

369

370

371

372

373



Galley Proof

12/08/2024; 17:15

File: cbm-1-cbm240074.tex; BOKCTP/yn p. 9

10

~Log, P value

PDZKIIPI

| I ESS———— S——— A ———— S " S

g
S frmrm e

KIFI8A|
. ’ [
owir-regulation
& e
Up-regulation

0.584962500721156 0.584962500721156

Lo nL (fold change)
KEGG pathway (Up)

02 03 04
Enrichment Ratio

V
»\

i ) mq "

i 4’...

D

015

i

0.20
Enrichment Ratio

p33 signaling pathway ] spindle organization @
Small cell lung cancer [ ] sister chromatid segregation< [ ]
Regulation of actin cytoskeleton [ ] regulation of mitotic nuclear division1
Proteoglycans in cancer [ ] regulation of mitotic cell cycle phase transition+ [ ]
Progesterone—mediated oocyte maturation{ @ regulation of cell cycle phase transition{ [>) log10(p.adjust)
PI3K-Akt signaling pathway organelle fission 1 19
Oocyte meiosis [ ] nuclear division{ it
MicroRNAs in cancer [ J nuclear chromosome segregation [ ] 12
Human papillomavirus infectionq negative regulation of mitotic cell cycleq ° i
Human T-cell leukemia virus 1 infection L] mitotic spindle organ .
Hippo signaling pathway — multiple species{+ mitotic sister chromatid segr ]
Hippo signaling pathway ° mitotic nuclear division{ [ ] Count
Gap junction{ @ 75 w b mitotic Tll cyele LhL&,L aint{ @ o 3
FoxOsignaling pathway 73 icrotubule cytos! croln osgmlz tion| o o
Focal adhesion{ { ] 3 Chr()ll\lt';;1§:1:§ scl_lg‘r‘cléhlmn- ® ®
ECM-receptor interaction [ ] 25 cell eycle checkpointt ° o«
Cellular senescence | [ ] A phase transition L]
Cell cycle ) phase transition+ [ ]
AGE-RAGE sigxﬂﬁﬂg?ﬂ‘n L . G1/S transition ol'mil(.)lic cclll c)}lw L]
in diabetic complicmion-s e D feplication hd
002 004 006 0.08 010 004 0.06 008 olo
Enrichment Ratio Enrichment Ratio
E KEGG pathway (Down) F GO (Down)
i ) . zinc ion homeostasis
Primary immunodeficiency* transition metal ion homeostasis+ °
sequestering of metal ion+ [ ]
Pentose and glucuronate interconversions< * =
Commt peptidyl—cysteine S—nitrosy .
Neuroactive ligand-receptor interaction{* ; : K: "6“‘{0I3h“ mi . °
° :'0 neutrophil L’cgranulxlll()n-
IL-17 signaling pathway ® ¢ o nc.ulr.nphnl chemotaxis (]
0 neutrophil activation involved in immune response
Glycerolipid metabolism+ qul\«':mgl“l]w‘"“'lh(r’\' lmﬁlml 1
~log10(p.adjust) in mll matory respon
35 lcu‘L yic aggregation +
Galactose metabolism- + 30 humoral immune respon:
i; granulocyte migration L]
Fructose and mannose metabolism++ IS granulocyte chemotaxis )
10 defense response to bacterium+
Folate biosynthesis{ chronic inflammatory response*
cellular zinc ion homeostasis{ *
B cell receptor signaling pathway{ + cellular transition metal ion homeostasis+ [ ]
antimicrobial humoral response{

[Fig. 4. Detection of genes related to KIF18A and conducting functional enrichment analysis using TCGA database. (A, B) Volcano plot and|
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and p-AKT levels induced by KIF18A overexpression
(Fig. 7A). Reversal of the enhanced cell invasion result-
ing from KIF18A overexpression was observed upon si-
lencing of CENPE, as evidenced by the Transwell assay
(Fig. 7B). The CCK-8 results demonstrated that the en-
hanced cellular proliferation induced by KIF18A over-
expression was effectively counteracted upon silencing

of CENPE (Fig. 7C)
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Western Blotting assay revealed the expression of p-PI3K, PI3K, p-AKT, and AKT in SiHa cells. *p < 0.05.
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4. Discussion

Cervical cancer is the fourth most common reason for|
deaths linked to cancer in women globally, presenting
a substantial risk to their health and life [15]. In 2017,
owing to its vast population, China represented 11.9%
of worldwide cervical cancer mortality and 12.3% of]
life years adjusted for disability linked to cervical can-
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[Fig. 6. The expression of CENPE in CESC cells is regulated by KIF18A. (A) The heatmap demonstrates the top 20 genes displaying a strong|
positive correlation with KIF18A in TCGA-CESC. (B) The expression of CENPE exhibited a significantly positive correlation with KIF18A|
expression (correlation_spearman = 0.604). (C) The interaction between KIF18A and CENPE was identified by performing a protein-protein
interaction (PPI) analysis employing the STRING database. (D-F) The expression level of CENPE demonstrated a significant increase in the|
TCGA-CESC, GSE63514, and GSE9750 datasets. (G, H) CENPE expression levels were evaluated and quantified in CESC samples and their
corresponding normal tissues using Western blot and qRT-PCR. (I) The effects of CENPE knockdown were verified using qRT-PCR. (J) The
endogenous Co-IP technique was employed to validate the physical interactions between KIF18A and CENPE in SiHa cells. (K) The Co-IP|
approach was utilized to discern the protein-protein interactions between exogenously expressed KIF18A and exogenously expressed CENPE|
in HEK293T cells. (L) The CENPE expression in SiHa cells was assessed by Western blot analysis following overexpression or knockdown of|
KIFI8A. *p < 0.05; ***p < 0.001.
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cer [1]. The histopathology findings categorize cervical
cancer into subtypes, including CESC, and less com-
mon kinds, like neuroendocrine carcinoma, adenosqua-
mous carcinoma, and smooth muscle sarcoma. Squa-
mous cell carcinoma of the cervix is the most com-
mon subtype, representing around 80% of cases [16].
Despite the implementation of HPV vaccination and
cervical cancer examination in numerous nations, there
has been a persistent upward trend observed in both
the incidence and mortality rates associated with this
disease [17,18]. Therefore, it is imperative to promptly
ddress the urgent clinical issues of identifying novel
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[Fig. 7. KIF18A promotes invasion, growth, and activates the PI3K/AKT pathway through its interaction with CENPE in CESC cells. (A) The|
protein expression levels of p-PI3K, PI3K, p-AKT, and AKT in SiHa cells were assessed by Western blot analysis following the overexpression of
IKIF18A and/or knockdown of CENPE. (B) After transfection, the invasive possible of SiHa cells was evaluated using the Transwell assay. (C) The
proliferation of SiHa cells following transfection was evaluated using the CCK-8 assay. *p < 0.05 vs. the Vector 4+ ShCENPE group; #p < 0.05
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biomarkers in CESC and discovering effective target
molecules for early detection.

As a kinesin superfamily member, KIF18A serves as
a microtubule depolymerase that depends on ATP and
binds to microtubules, ensuring efficient intracellular
transport and mitotic activities [19]. Given the pivotal
role of KIF18A in maintaining chromosomal stability|
and facilitating cellular division, it is highly plausible|
that targeting KIF18A at a molecular level could have
significant implications for addressing aberrant cell pro-
liferation and cancer development [7]. Additionally, a
growing body of evidence has demonstrated signifi-
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cant expression levels of KIF18A in various human ma-
lignant tumors, underscoring its pivotal role in tumor
initiation, progression, and prognosis across multiple
cancer kinds comprising breast cancer, clear cell re-
nal carcinoma, carcinoma of liver cells, and colorec-
tal cancer [11,20,21]. Liu et al. [22] demonstrated that
KIF18A functions as a PTEN mediator and facilitates
the PI3K/AKT signaling pathway activation, thereby
promoting colorectal cancer progression. In this study,
the analysis of CESC using TCGA, GSE63514, and
GSE9750 data exhibited a significant upregulation in
the KIF18A expression, which was further validated
through examination of clinical specimens. KIF18A
expression levels were significantly upregulated in sub-
jects diagnosed with CESC. In vitro, upregulation of
KIF18A was observed to enhance cell growth, pro-
mote migration and invasion, and suppress apoptosis.
Conversely, downregulating the levels of KIF18A had
opposite effects.

The PI3K/AKT pathway modulates several mech-
anisms of the cell, comprising cell growth, prolifera-
tion, metabolism, motility, survival, and apoptosis [23,
24]. The PI3K/AKT signaling pathway is often sub-
ject to modifications in malignancy, rendering targeted
suppression of AKT activation a potentially efficacious
strategy for cancer treatment [25]. The present study
employed KEGG and GSEA analyses, revealing a sig-
nificant connection between the upregulated expres-
sion of KIF18A and the PI3K/AKT signaling path-
way stimulation. Thus, we conducted additional anal-
yses on the protein expression patterns linked to the
PI3K/AKT signaling pathway. The overexpression of
KIF18A resulted in an upregulation of phosphorylation
levels in both PI3K and AKT, while the suppression
of KIF18A caused PI3K/AKT signaling pathway inhi-
bition. Hence, our outcomes substantiate the involve-
ment of KIF18A in augmenting the PI3K/AKT signal-
ing pathway, thereby facilitating the acquisition of a
malignant phenotype in CESC cells.

The Centrosome-associated protein E (CENPE) is
a plus end-directed kinetochore motor protein that ex-
hibits G2 phase-specific accumulation and has a pivotal
function in the mitosis mechanism [26]. A comprehen-
sive analysis across multiple cancer types reveals a sig-
nificant connection between CENPE expression and tu-
morigenesis. Enhanced CENPE expression is connected
with an unfavorable prognosis in colorectal, non-small
cell lung, and breast cancers [27,28,29]. Furthermore,
CENPE plays a crucial role in the malignant growth
and migration of pulmonary adenocarcinoma as well as
malignancy of the ovaries [30]. To elucidate the under-

lying molecular mechanisms driving CESC progression
mediated by KIF18A, we have identified a potential
interaction between KIF18A and CENPE. Furthermore,
in vitro investigations demonstrate a positive associa-
tion between the KIF18A and CENPE expression lev-
els in CESC. Furthermore, the inhibition of CENPE
led to the reversal of KIF18A-induced augmentation in
cell proliferation, invasion, and phosphorylation levels
of PI3K and AKT. Collectively, the findings suggest
that KIF18A-mediated regulation of CENPE promotes
PI3K/AKT pathway activation in CESC.

5. Conclusion

The findings of this investigation indicate that
KIF18A enhances the growth, motility, and infiltration|
of CESC cells while suppressing apoptosis by modulat-
ing the PI3K/AKT signaling pathway through CENPE
regulation. Our investigation has revealed a novel find-
ing indicating the involvement of KIF18A in promot-
ing tumor growth in CESC. This significant discovery
highlights the potential utility of KIF18A as an invalu-
able biomarker for both diagnosing and prognosticat-
ing CESC while also emphasizing its potential as a
treatment target.
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