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Abstract

Objectives: Cervical cancer poses a significant health
threat. While acetyl-CoA acetyltransferase 2 (ACAT2) gene is
known to promote hepatocellular carcinoma progression, its
role in cervical cancer remains unclear. This study aims to
elucidate the function of ACAT2 in cervical cancer.
Methods: ACAT2 expression in cervical cancer and adja-
cent non-cancerous tissues was assessed using Western
blotting and qPCR. The correlation between ACAT2 expres-
sion levels and patients’ pathological features as well as
survival outcomes was evaluated. The effects of ACAT2
knockdown on cell proliferation and migration were tested
in C33a and HeLa cells. TRULL an inhibitor targeting LATS1, a
downstream gene of ACAT2, was used to treat ACAT2-
overexpressing C33a and HeLa cells to assess its impact on
these processes.

Results: ACATZ2 exhibited significantly higher expression in
cervical cancer tissues compared to adjacent non-cancerous
tissues (p<0.0001). Elevated ACAT2 expression was signifi-
cantly correlated with the pathological grading (p<0.05) and
associated with poor overall survival (0S) (p<0.05) in pa-
tients. ACAT2 knockdown inhibited the proliferative activity
and migration of C33a and HeLa cells and induced apoptosis
in both cells. Furthermore, by inhibiting the expression of
the key downstream gene LATSI, the proliferation and
migration of ACAT2-overexpressing C33a and HeLa cells
were significantly reduced, while also inducing apoptosis in
both overexpressing cells.
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Conclusions: ACAT2 plays a proactive role in regulating the
development and progression of cervical cancer, likely
through its involvement with the LATSI in its downstream
pathway. Consequently, ACAT2 represents a promising po-
tential biomarker and therapeutic target for cervical cancer.
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Introduction

Cervical cancer (cervical and endocervical cancers) ranks as
the fourth most prevalent gynecological malignancy glob-
ally. In 2018, an estimated 570,000 new cases and 311,000
deaths were reported worldwide [1]. By 2020, worldwide
occurrence of cervical cancer surpassed 600,000 cases,
accompanied by more than 340,000 fatalities. Age-
standardized rates indicate an annual rate of approxi-
mately 13.3 cases per 100,000 women, with a mortality rate of
7.2 per 100,000 [2]. Recent statistics from 2022 indicate
approximately 661,021 new cases and 348,189 deaths globally
[3]. In 2022, the National Cancer Center of China released
data on cancer incidence and mortality, revealing that cer-
vical cancer is the fifth most common malignant tumor
among women, with an incidence rate of 11.34 per 100,000,
and ranks seventh in mortality at 3.36 per 100,000. Notably,
higher rates were reported in rural regions compared to
urban areas [4]. A study by the Chinese Center for Disease
Control and Prevention published in The Lancet Public
Health in 2023 revealed that cervical cancer increased in
rank from seventh place in 2005 to sixth in 2020 among the
leading causes of mortality related to cancer in Chinese
women. In women aged 20-59, cervical cancer exhibits the
third-highest fatality rate compared to other malignant tu-
mors, highlighting a troubling trend of younger onset and
persistently high rates of incidence and mortality [5]. Thus,
there is a critical demand to discover novel biomarkers and
explore potential therapeutic targets to enhance the prog-
nosis of patients with cervical cancer.

Acetyl-CoA acetyltransferase (ACAT) is an enzyme that
serves a vital function in the regulation of cellular lipid meta-
bolism and is membrane-bound to the endoplasmic reticulum.
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It facilitates the esterification reaction between cholesterol and
long-chain fatty acyl-CoA molecules, leading to the formation of
cholesteryl esters, which are then rapidly packaged into lipid
droplets [6]. This form helps maintain the dynamic balance of
intracellular lipids and provides a readily accessible lipid
reserve for cells during specific physiological needs.

The ACAT family primarily includes two important sub-
types: ACATI and ACAT2, which exhibit significant differences
in function, expression distribution, and cellular localization.
ACATI serves a pivotal role in the regulatory network about
cellular lipid metabolism and can be detectable in a variety of
tissues [7]. In contrast, ACATZ is predominantly localized in
the cytoplasm and exhibits tissue specificity. It is primarily
expressed in the intestine and fetal liver and may be involved
in the absorption and re-esterification of dietary cholesterol,
as well as lipid metabolism and lipoprotein synthesis during
developmental processes [8-10].

Accumulating studies link ACATI to the promotion of
tumor initiation and malignant progression [11]. The
absence of PTEN, coupled with the stimulation of the PI3K/
AKT signaling cascade, leads to an increased buildup of
cholesteryl esters in lipid droplets within aggressive and
metastatic prostate cancer. Additional studies have shown
that this buildup stems from a marked increase in the ab-
sorption of external lipoproteins and the essential process of
cholesterol ester formation. In Patient-Derived Xenograft
(PDX) mouse models, depletion of cholesterol ester stores
can markedly reduce tumor proliferation, impair cancer
invasive capability, and inhibit tumor growth. In this critical
metabolic pathway, inhibiting the expression of ACAT,
particularly ACATI, can inhibit cholesterol esterification,
thereby reducing the aggressiveness of prostate cancer [12].
While ACAT2 has limited value in cancers, some studies have
demonstrated through bioinformatics methods that ACAT2
may serve as a therapeutic biomarker for lung adenocarci-
noma [13]. However, functional validation and clinical
studies regarding ACAT2 have been scarce to date.

This study aims to evaluate and contrast the levels of
ACAT2 expression in cervical cancer tissues vs. adjacent non-
cancerous tissues, while investigating how ACATZ2 expression
correlates with the clinicopathological characteristics and
survival outcomes of individuals with cervical cancer.

Materials and methods
Clinical samples
Human cervical cancer tissue microarrays were obtained

from Shanghai Outdo Biotech Co. Ltd. (Catalog No.:
HUteS154Su01, Lot No.: XT17-039), comprising 119 cervical
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cancer cases with survival data, including 35 cases with
adjacent non-cancerous samples. The surgical samples were
collected between January 2010 and October 2011. The Ethics
Committee of Hebei North University Affiliated First Hospi-
tal approved this study (Ethics ID: K2024050), which com-
plied with the Declaration of Helsinki.

Cells culture

Human immortalized cervical epithelial cells H8 (ATCC,
United States) and cervical cancer cell lines C-33A (TCHu176),
Ca Ski (TCHu137), SiHa (TCHu113), and HeLa (TCHu187) (all
obtained from the Cell Bank of the Chinese Academy of
Sciences) were grown in RPMI 1640 or DMEM media (10-040-
CV/10-013-CV, Corning, United States) supplemented with
10 % fetal bovine serum (FBS; Wuhan Ausbian Biotechnology
Co., Ltd., China). All culture media contained Penicillin-
Streptomycin (100x) (Gibco; Thermo Fisher Scientific, Inc.,
United States). These cells were maintained in a controlled
environment with 5% CO, and a temperature of 37 °C. Each
cell line’s authenticity was verified by its supplier, and all
tested negative for mycoplasma presence.

RNA isolation and quantitative real-time PCR
(qPCR)

Total RNA was isolated from the above cell lines with TRIzol
reagent (15596026, Sigma-Aldrich, United States). Subse-
quently, cDNA was generated using the Hiscript QRT
Supermix for gqPCR kit (Vazyme, China). Gene expression
levels of target genes and internal control GAPDH was
quantified using the VII7 RT-PCR system (Thermo Fisher
Scientific, Inc., United States). The specific primer utilized in
this study are detailed in Table 1.

Construction and packaging of ACAT2
knockdown and overexpression plasmids

Three short hairpin RNA (shRNA) sequences targeting hu-
man ACATZ gene loci (ShACAT2-1, ShACAT2-2, and shACAT2-

Table 1: The specific primer sequences.

Gene Forward primer Reverse primer Size

ACAT2  GTCCAGTCAATAGGGATA CAAGTAAGCCAAGTGAGG 87
GGAGA AGC

GAPDH TGACTTCAACAGCGACACCCA CACCCTGTTGCTGTAGCCAAA 121
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3) were synthesized. The shRNA sequences (oligo DNA se-

quences synthesized by GeneScript Biotech (Shanghai) Co.,

Ltd., China) were cloned into vectors using T4 DNA Ligase

(EL0016, Fermentas, Thermo Fisher Scientific, Lithuania).

The target sequences were:

Target sequence (38598)-KD-1: 5-CATGTCCAAGCTAAAGCC
TTA-3

Target sequence (38599)-KD-2: 5-GTGCTGCAGCTGTCGTTC
TTA-3

Target sequence (38600)-KD-3: 5-CACCTTTAGCACGGATAG
TTT-3

A scrambled sequence was used as the shRNA negative
control (shCtrl). For the overexpression of the target gene
ACAT2, the ACAT2 gene sequence was synthesized (oligo
DNA sequences synthesized by GeneScript Biotech
(Shanghai) Co., Ltd., China) and cloned into vectors utilizing
the ClonExpress II One Step Cloning Kit (C112, Vazyme,
China). The human overexpression and knockdown se-
quences were cloned into fluorescent protein-based lenti-
viral vectors containing BamHI/Nhel and Agel/EcoRI
restriction sites, respectively, to generate recombinant len-
tiviral vectors. The lentiviral knockdown or overexpression
vectors were co-transfected with lentiviral packaging plas-
mids (Cat. No. #12259, Didier Trono Lab, Addgene,
United States) and envelope plasmids (Didier Trono Lab,
Addgene, Cat. No. #12260; United States) into cells.

Lentiviral transduction of target cells

After plating healthy cells, infection media containing the
virus was added to the cells. Following 18-20 h of incubation,
the fresh medium was replaced. After 72 h, infection effi-
ciency was assessed, and fluorescence expression and cell
status were visualized under a fluorescence microscope.
qPCR and Western blotting were employed to screen for
stable cell lines expressing the target gene. Control groups
included the overexpression negative control (NC) and the
overexpression group (ACAT2). After 3-5 days of lentiviral
transduction, experiments on cell proliferation, migration,
and apoptosis were carried out sequentially.

Protein extraction and Western blot analysis

Proteins were isolated from HS8, as well as cervical cancer
cell lines C-33A, SiHa, and HeLa. The cells were collected,
washed with PBS, and lysed using a Western and IP cell lysis
buffer supplemented with PMSF (100:1 ratio). The lysates
were incubated on ice for 10-15 min and then centrifugated
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at 12,000 rpm for 10 min at 4°C. The supernatants were
collected, combined with loading buffer, and boiled at 100 °C
for 20 min. Samples were then centrifuged at 12,000 rpm for
1min at 4 °C and preserved at —20 °C until use. The concen-
tration of extracted proteins was quantified using a bicin-
choninic acid (BCA) assay (Pierce; Thermo Fisher Scientific,
United States).

A total of 20 yg of protein was loaded per lane and
separated using SDS-PAGE gel containing 10 % SDS. After
electrophoresis, proteins were transferred to PVDF mem-
branes at 300mA for 90 min at 4°C. Membranes were
blocked with 5 % non-fat milk in TBST for 1h at room tem-
perature, followed by incubation with primary antibodies
for 2h at room temperature or overnight at 4 °C. The pri-
mary antibodies used included anti-ACAT2 (14755-1-AP;
Proteintech, China) anti-LATS1 (3477S; CST, United States),
anti-SMC2 (5329S; CST, United States), anti-HAUS1 (ab243808;
Abcam, United Kingdom), anti-SPC25 (26474-1-AP; Pro-
teintech, China), and anti-RPA1 (12448-1-AP; Proteintech,
China) at 1:2,000, anti-GAPDH (60004-1-1g; Proteintech,
China) at 1:30,000. After washing with TBST, membranes
were treated with secondary antibodies (Goat Anti-Rabbit or
Goat Anti-Mouse at 1:3,000) for 1h at 23 °C. Protein bands
were detected using the Millipore immobilon Western
Chemiluminescent HRP Substrate and captured with a
chemiluminescence imaging system (RPN2232; Millipore,
United States).

Cell counting kit-8 (CCK-8) assay for cell
viability

Cell viability was evaluated using a CCK-8 assay kit (96992,
Sigma-Aldrich, USA). Cells in the logarithmic growth phase
were collected, counted, and the seeding density was opti-
mized based on their growth rate over a 5-day period. A cell
suspension containing 2,000 cells per 100 uL was plated in
each well of a 96-well plate. Following cell attachment, 10 pL
of CCK-8 solution was added to each well 2-4 h prior to the
end of the incubation period. The plates were then incubated
for 4 h, gently agitated, and the absorbance was recorded at
450 nm using a microplate reader (Synergy H1, BioTek, USA).

Colony formation assay

For the colony formation assay, cells in the logarithmic
growth phase were seeded at 400-1,000 cells/well into 6-well
plates, with three replicates per group, and maintained in
culture for 14 days or until the majority of single clones
contained >50 cells. The medium was replaced every three
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days. Cell clones were fixed with 4 % paraformaldehyde for
30-60 min and then stained with 500 uL of Giemsa solution
per well (AR-0752, Shanghai Dingguo Biotech Co., Ltd., China)
for 10-20 min, washed with ddH,0, and air-dried. Images of
the cell clones were then photographed under a fluorescence
microscope (IX71, Olympus Company, Japan), and the num-
ber of colonies (defined as clones containing more than
50 cells) was counted.

Wound-healing assay

Cells in the logarithmic growth phase were harvested,
resuspended in a complete medium, and counted. A total of
50,000 cells per well were plated in 96-well plates (100 uL/
well) to achieve >90 % confluency by the next day for
wound-healing assays. After 24h, the medium was
replaced with a low-serum medium, and a scratch was
made using a wounding tool. Cells were gently washed with
serum-free medium, and a low-serum medium (0.5 % FBS)
was added. Images of the wound area were captured every
12h under a microscope (CKX31, Olympus Company,
Japan). Migration was monitored, and images were ac-
quired at appropriate intervals using a Cellomics system
(ArrayScan VT1, Thermo Fisher Scientific, Inc,,
United States). The migration area was analyzed using
Cellomics® vHCS Scan Software v3.0.

Transwell assays for cell migration and
invasion

During the logarithmic growth phase, cells were trypsinized,
suspended in a low-serum culture medium, and counted.
The upper chambers of a 24-well Transwell plate were pre-
incubated with 100 pL of serum-deprived medium for 1-2 h.
After removing the medium, medium (600 pL) supple-
mented with FBS (30 %) was introduced into the basolateral
compartment. Matrigel (3422, Corning, United States) was
added in advance to assess invasion capability. Cell sus-
pensions, containing 100,000 to 200,000 cells in 100 pL of
medium without serum, were placed into the top compart-
ments, which were then placed into the lower chambers.
Cells were incubated for 4-24 h at 37 °C with 5 % CO,. Cells
that did not migrate were removed with a cotton swab, while
the migrated cells on the lower surface of the membrane
were stained for 5 min, washed, and air-dried. Microscopic
images (IX73 Olympus Company, Japan), and migrated cells
were quantified.
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Flow cytometry for cell apoptosis detection

C-33A and HeLa cells were gathered for apoptosis analysis.
When cells reached 70 % confluency, apoptosis was induced.
Culture supernatant and PBS-washed cells were harvested,
followed by trypsinization and centrifugation at 1,500 rpm
for 5min. The cell pellet was rinsed with PBS and resus-
pended in 1x binding buffer. Cells (1 x 10°-1 x 10°) were
stained with 5 uL annexin V-PE in the dark for 15 min, fol-
lowed by centrifugation and resuspension in 1x binding
buffer. Subsequently, 5 pL PI (diluted 10x) was added, and
the volume was adjusted to 300 uL. with 1x binding buffer.
Samples were analyzed within 15 min using a flow cytometer
(ABC250-22INT, Guava, Luminex Corp., USA) following the
manufacturer’s guidelines (10010-09, Southern Biotech-
nology Associates, Inc., United States).

The TRULI treatment

To inhibit LATS1 gene expression, the LATSI inhibitor TRULI
was used for subsequent treatments. TRULI (E1061, Selleck,
United States) was applied at a concentration of 30 uM for
24h in the CCK-8 assay, colony formation assay, wound-
healing assay, Transwell assays, and flow cytometry for cell
apoptosis detection.

Hematoxylin and eosin (HE) staining and
immunohistochemistry (IHC) staining

The tissue microarray was stained with HE (Baso Di-
agnostics, Inc., China). For IHC staining, paraffin was
removed from tissue sections using xylene, followed by
rehydration in a series of graded ethanol solutions. For an-
tigen unmasking, heat-induced epitope retrieval was con-
ducted in either citrate buffer (pH 6.0) or EDTA buffer
(pH 9.0) using pressurized heating. To block endogenous
peroxidase activity, endogenous peroxidases were incu-
bated with 3% H,0, treatment, and non-specific antibody
interactions were blocked with 5 % normal serum. The tissue
was then incubated with the primary anti-ACAT2 antibody
(14755-1-AP, Wuhan Sanying, China) at a dilution of 1:100
(optimized based on preliminary experiments), followed by
the application of a secondary antibody. Detection was
performed with DAB chromogen, and the tissue sections
were counterstained with hematoxylin. Staining results
were independently assessed by two pathologists to ensure
consistency and accuracy.
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Bioinformatics analysis

To validate the role of ACATZ2 in cervical cancer, we con-
ducted bioinformatics analyses using expression profile data
from multiple tumor-related databases such as TCGA
(https://www.cancer.gov/ccg/research/genome-sequencing/
tcga), GEO (https://www.ncbi.nlm.nih.gov/geo/), and Onco-
mine (https://www.oncomine.com/). Additionally, to further
elucidate how ACATZ2 contributes to the development and
progression of cervical malignant tumors, we performed a
comprehensive investigation of data from multiple tumor-
related databases, including TCGA, GEO, and Oncomine, to
identify the potential gene functions and downstream
pathways of ACAT2. Gene ontology (GO) were grouped into
three classification systems: biological process (BP), cellular
component (CC), and molecular function (MF).

Statistical analysis

All experiments were conducted with a minimum of three
biological replicates. Quantitative data are expressed as
mean values+standard deviation. All statistical analyses
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were conducted using SPSS version 20.0. The expression and
knockdown efficiency of ACAT2 in various groups, along
with CCK-8 assay, colony formation assay, flow cytometry
analysis, wound healing assays, and Transwell migration
assays, were assessed using T-tests or Mann-Whitney U tests.
The distribution of ACAT2 expression levels in cervical
cancer tissues and adjacent tissues, as well as the charac-
teristics of patients with cervical cancer, were analyzed us-
ing chi-square tests. Kaplan—Meier curves were employed to
evaluate OS and progression-free survival (PFS) among pa-
tients based on ACAT2 expression. p<0.05 was considered
statistically significant.

Results

Upregulation of ACAT2 in cervical cancer
tissues and cell lines

By intersecting the differential expression genes identified
from these databases, we found that expression of the
ACAT?2 gene is significantly upregulated in cervical cancer
(p=0.000984<0.01, Figure 1A).
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Figure 1: The expression of ACAT2 in cervical cancer and normal tissue or cell lines. (A) RNA-seq counts data of squamous carcinoma of the cervix and
human normal tissue specimens from the TCGA, GEO, and oncomine databases were normalized to compare expression levels. (B) Quantitative
polymerase chain reaction (qPCR) analysis of ACAT2 relative expression in human cervical cancer cell lines C-33A, CASKI, SiHa, and HelLa compared to
human immortalized cervical epithelial H8 cells. GAPDH was used as the internal reference gene. (C) ACAT2 protein expression levels were assessed by
western blotting in human cervical epithelial cell line H8 and the human cervical cancer cell lines C-33A, SiHa, and Hela. (D) HE staining in cervical cancer
tissues (sample F9) is more intense than in adjacent noncancerous tissues (sample A6). Representative images at 200x and 400x magnifications are
shown. Scale bar, 200 and 100 pm. (E) ACAT2 staining in cervical cancer tissues (sample F9) is stronger than in adjacent noncancerous tissues (sample A6).
Representative IHC images at 200x and 400x magnifications are shown. Scale bar, 50 and 20 pm. (F) Corresponding statistical analyses for IHC. *p<0.05,
**p<0.01, ***p<0.001, ****p<0.0001.
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To further examine the expression of ACATZ in cervical
cancer cell lines, qPCR and Western blot analyses were
performed to assess ACATZ expression in H8 cells and C-33A,
CASKI, SiHa, and HeLa cell lines. As expected, ACAT2
expression was significantly higher in C-33A, CASKI, SiHa,
and HeLa cell lines compared to H8 cells (Figure 1B and C).

To further investigate ACAT2 expression in cervical
cancer tissues, we compared ACAT2' expression in 88 cer-
vical cancer tissues as well as partially matched 25 adjacent
non-cancerous tissues from a total of 119 samples due to
incomplete pathological data for some specimens (Supple-
mentary Figure S1). IHC analysis revealed a higher ACAT2
levels in tumor tissues compared to normal tissues
(p<0.001, Table 2; p<0.0001, Figure 1D-F; Supplementary
Figure S2).

Upregulation of ACAT2 is associated with
pathological grading and survival in cervical
cancer patients

To further elucidate the role of ACAT2 in cervical cancer,
we used the median expression level of ACATZ in cervical
cancer tissues as a threshold to assess its correlation with
clinical-pathological attributes of cervical cancer. It was
found that the proportion of high ACAT2 expression was
notably higher in cervical cancer compared to normal
tissues, and high ACAT2 expression was markedly associ-
ated with tumor pathological grading (p=0.041, Tables 2
and 3).

Additionally, regarding the impact of ACAT2 expression
on prognosis, Kaplan-Meier survival analysis indicated that
patients with high ACAT2 expression exhibited significantly
worse OS compared to those with low ACAT2 expression
(93.99 months vs. not reached, HR=1.83 (95 % CI, 1.11-3.01),
P<0.05; Figure 2A), while there was no significant difference
in PFS (HR=1.37 (95 % CI, 0.85-2.22), p=0.198; Figure 2B). These
findings imply that high ACAT2 expression may indicate a
higher pathological grade and poorer survival outcomes in
cervical cancer patients.

Table 2: Distribution of ACAT2 expression levels in cervical cancer tissues
(n=88) and adjacent non-cancerous tissues (n=25).

Para-carcinoma
tissue

ACAT2 expression Tumor tissue p-Value

Cases Percentage Cases Percentage

Low 42
High 46

47.7% 22
523% 3

88.0 %
12.0%

<0.001
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Table 3: Characteristics of patients with cervical cancer (n=88).

Features No. of patients ACAT2 p-Value
expression
Low High
All patients 88 42 46
Age 0.839
<45 years 45 21 24
>45 years 43 21 22
Grade 0.041
I 1 1 0
I 1" 8 3
I 76 33 43
Tinfiltrate 0.285
T 45 24 21
T2 26 1" 15
T3 16 7 9
T4 1 0 1
Lymphatic metastasis (N) 0.549
NO 71 35 36
N1 17 7 10
Stage 0.285
I 45 24 21
I 26 1 15
I 16 7 9
v 1 0 1
Lymph node positive? 0.549
0 71 35 36
1 17 7 10

%0 indicates NO (no lymph node metastasis); 1 indicates lymph node
metastasis positivity, including N1, N2, N3, etc.

ACAT2 positively regulates proliferation in
cervical cancer

To explore the biological functions of ACAT2 in cervical
cancer, lentiviruses for ACAT2 knockdown were first con-
structed and these viruses were used to infect C-33A cells and
HeLa cells. Subsequently, the effect of ACAT2 knockdown
was validated using Western blot and qPCR. The findings
revealed that both the gene and protein expression levels of
ACAT2 were notably decreased in C-33A and HeLa cells
(p<0.01; Figure 3A-D). Additionally, fluorescence imaging
indicated that the infection efficiency of the viruses excee-
ded 809%, and the infected cells maintained normal
morphology (Figure 3E and F).

To thoroughly assess the impact of ACAT2 on cell
viability, proliferation, apoptosis, and migration, we con-
ducted CCK-8 assays, which revealed that ACAT2 knockdown
notably decreased the viability of C-33A and HeLa cells
(p<0.01; Figure 3G, and H). Additionally, colony formation
assays demonstrated a significant reduction in the colony-
forming capacity of both cell lines following ACAT2 knock-
down (p<0.01; Figure 3I and J).
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Figure 2: Kaplan-Meier curves for OS and PFS among patients based on ACAT2 expression. (A) OS and (B) PFS among patients stratified by ACAT2

expression level. HR, hazard ratio; p value by log-rank analysis.
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Figure 3: ACAT2 mediates proliferation in cervical cancer cell lines. gPCR analysis showing the knockdown efficiency of ACAT2 in the C-33A cell line (A) and
HeLa cell line (B). Evaluation of ACAT2 protein expression levels via Western blot (WB) in C-33A cells (C) and HeLa cells (D). Lentiviral transduction of ACAT2
knockdown in C-33A cells (E) and Hela cells (F). Scale bar, 100 pm. ACAT2 knockdown significantly inhibited the proliferation of C-33A cells (G) and HeLa
cells (H), as measured by the CCK-8 assay. Colony formation assay showed that ACAT2 knockdown reduced the colony-forming ability of C-33A cells (I) and

Hela cells (J). *p<0.05, **p<0.01, ***p<0.001.
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Figure 4: ACAT2 mediates proliferation in cervical cancer cell lines. Flow cytometry analysis of apoptosis levels in ACAT2-knockdown C-33A cells (A) and Hela
cells (B). Wound healing assays showed attenuated migration abilities in ACAT2-knockdown C-33A cells (C) and Hela cells (D). Scale bar, 100 pm. Transwell
migration assays indicated reduced migratory capacity in ACAT2-knockdown C-33A cells (E) and Hela cells (F). Scale bar, 50 um *p<0.05, **p<0.01, ***p<0.001.

To elucidate the role of ACAT2 in apoptosis, we con-
ducted flow cytometry analysis. The results demonstrated
that ACAT2 knockdown promoted apoptosis in C-33A and
HelLa cells (p<0.05; Figure 4A and B).

To investigate the impact of ACAT2 knockdown on cell
migration in C-33A and HeLa cells, wound healing and

Transwell assays were performed. The wound healing as-
says indicated that ACAT2 knockdown significantly inhibi-
ted the migration of C-33A and HeLa cells (p<0.01; Figure 4C
and D). Furthermore, Transwell assays confirmed that
ACAT2 knockdown reduced the migratory capability of
C-33A and HelLa cells (p<0.01; Figure 4E and F).
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The mechanism through which ACAT2 drives
the development and progression of cervical
cancer

To further elucidate how ACAT2 influences the development
and progression of cervical cancer, we conducted an inte-
grated examination from multiple tumor-related databases,
including TCGA, GEO, and Oncomine, to identify the poten-
tial gene functions and downstream pathways of ACAT2.
Bioinformatics analysis based on GO in three aspects, BP, CC,
and MF, revealed that ACAT2 frequently participates in
mitosis-related biological processes and cellular compo-
nents, particularly those associated with chromosomes
(Supplementary Figure S3). It is well-known that LATS1/2
serves as central regulators of cell fate, playing crucial roles
in modulating a range of oncogenic and tumor-suppressive
agents, participating in the canonical Hippo effectors [14].
Interestingly, the enriched GO biological process CHROMO-
SOME_SEGREGATION includes the LATSI gene in this anal-
ysis. Previous investigation has indicated that the Hippo
signaling pathway is regulated by ACATZ2 deficiency [15].
Thus, we hypothesized that LATSI might be an important
downstream gene of ACAT2.

Therefore, we decided to use Western blotting to vali-
date the LATS1 protein expression in ACAT2 knockdown
C-33A and HeLa cells. The results revealed a marked reduc-
tion in LATSI expression compared to control group
(Figure 5A and B). This observation from protein-level ex-
periments supports our hypothesis that ACAT2 promotes the
development of cervical cancer by positively regulating
LATS1 expression in mitosis-related biological processes.

To further clarify how ACAT2 influences cell viability,
proliferation, apoptosis and migration in C-33A and HeLa
cells through the regulation of LATSI expression, we con-
structed an ACAT2-overexpressing lentivirus to infect both
cell lines. Next, the cells were treated with the LATSI in-
hibitor TRULI, and CCK-8 assays was conducted. TRULI
significantly inhibited the proliferation of ACAT2-
overexpressing C-33A and HeLa cells (p<0.001; Figure 5C
and D). Similarly, the results from the colony formation as-
says indicated that TRULI significantly reduced the colony-
forming capability of ACAT2-overexpressing C-33A and HeLa
cells (Figure 5E and F). Additionally, Flow cytometry analysis
showed that TRULI treatment significantly promoted
apoptosis in ACAT2-overexpressing C-33A and HeLa cells
(p<0.01; Figure 6A and B).

To examine the impact of TRULI on the migration levels of
ACAT2-overexpressing both cell lines, we again conducted
wound healing and Transwell assays. The transwell assays
confirmed that TRULI inhibited the migratory capacity of
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ACAT2-overexpressing both cells (p<0.001; Figure 6C and D).
Furthermore, the wound healing assays demonstrated that
TRULI led to a marked reduction in the migration ability of
ACAT2-overexpressing both cell lines (p<0.05; Figure 6E and F).

Discussion

Our findings demonstrate that ACAT2 plays a critical role in
cervical cancer progression by regulating the downstream
gene LATS1, which is involved in mitosis-related biological
processes. The upregulation of ACAT2 in cervical cancer
tissues and its association with higher pathological grading
and poorer OS highlights its value as a prognostic indicator
and a potential target for therapy. These results align with
emerging evidence that lipid metabolism, particularly
cholesterol regulation, is intricately linked to tumorigen-
esis and cancer progression [16]. ACAT family proteins,
including ACAT2, can prevent the excess accumulation of
free cholesterol by converting it into cholesteryl esters [17].
Cholesterol metabolism may influence the immune
response of CD8" T cells against tumors. Targeting choles-
terol esterification in T cells through ACATI inhibition can
improve the efficacy and infiltration of CD8" T cells. The
ACAT inhibitor avasimibe showed promising results in
treating melanoma in mice, particularly when combined
with immune checkpoint blockade (ICB) therapy resulted
in even better antitumor effects. Therefore, ACATI may
represent a potential target, especially for cancer immu-
notherapy [18]. Abnormal accumulation of cholesteryl es-
ters has been found in human pancreatic cancer specimens
and cell lines. A possible mechanism is that the inhibition of
ACATI1 increases intracellular levels of free cholesterol,
leading to a reduction in apoptosis [19]. Additionally, the
deficiency of p53 affects cholesterol esterification and ex-
acerbates the development of liver cancer [20]. Cholesterol
metabolism plays a crucial role in cancer immune evasion,
drug resistance, and autophagy dysfunction, all of which
relate to various forms of cell death. Despite its importance,
current research has yet to fully uncover how cholesterol
metabolism regulates cell death and tumor formation,
making it difficult to completely understand. Therefore,
there remains a significant gap in identifying biomarkers
for dysregulated cholesterol metabolism in cancer [21].
Given its role in these conditions, ACAT has emerged as a
promising target for cancer therapies [22].

A hallmark metabolic feature of neoplastic tissues is
their marked accumulation of cholesteryl esters, a lipid
species rarely observed in normal parenchyma. This
phenotypic divergence stems from ACATI-mediated
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esterification of free cholesterol, with the resultant choles-
teryl esters being sequestered within cytoplasmic lipid
droplets. Emerging therapeutic strategies targeting this
pathway demonstrate that pharmacological suppression of
ACATI activity can effectively suppress the growth of various
tumors [23]. However, the precise mechanistic contributions
of ACAT2 to lipid metabolic dysregulation in malignant
contexts continue to represent a significant gap in current
oncological understanding. Some studies have reported po-
tential molecular or biochemical regulatory pathways
involving ACATZ2. Research has found that ACAT2 plays a

role in the oxidative pentose phosphate pathway, influ-
encing the proliferation of cancer cells and tumor growth
through the acetylation of K76 and K294 sites on6-
phosphogluconate dehydrogenase (6PGD) [24]. Addition-
ally, in lung adenocarcinoma, ACAT2 may participate in
mitosis-related biological processes, such as DNA replica-
tion, chromosome segregation, and DNA helicase activity
[13]. This aligns with our findings, which revealed that
ACAT2 frequently participates in mitosis-related biological
processes and cellular components, particularly those asso-
ciated with chromosomes. Notably, ACAT2 may also be
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involved in the Hippo signaling pathway, suppressing the
ubiquitination of YAP1 to enhance the proliferation and
metastasis of gastric cancer [15]. Interestingly, in our study
on cervical cancer, the enriched GO biological process
CHROMOSOME_SEGREGATION includes LATS1, a key gene
in the Hippo signaling pathway. Therefore, this compelling
evidence prompted a systematic exploration of ACAT2-
mediated biological processes in cervical cancer, including
its signaling networks and metabolic pathways. First, the
results from the knockdown experiments indicated that
ACAT2 knockdown in C-33A and HeLa cells notably
decreased cell viability, proliferation, and migration.
Conversely, in our established ACAT2 overexpression virus-
infected C-33A and HeLa cells, ACAT2 overexpression
markedly increased cell viability, enhanced the cell clono-
genic ability, inhibited apoptosis, and improved cell migra-
tion. To delineate the molecular mechanisms underlying
ACAT2-mediated cervical cancer progression, we silenced its
downstream gene, LATS, at the cellular level. Treatment of
both cell lines with the LATS? inhibitor TRULI resulted in a

substantial reduction in apoptosis in ACAT2-overexpressing
cells, along with marked reductions in cell proliferation and
migration. Collectively, these data establish ACAT2 as a key
regulator of cervical cancer pathogenesis, potentially
through modulation of mitosis-related biological processes
involving the LATSI gene. Consequently, the regulation of
lipid metabolism by ACATZ2 in cervical cancer may occur
through its involvement in the Hippo signaling pathway.
Although the tumorigenic mechanisms of ACAT2 have
not been fully elucidated, ACAT2 has been reported to pro-
mote neoplastic transformation and development. ACAT2 not
only exhibits a trend of specific expression in the liver but also
drives the progression of hepatocellular carcinoma (HCC).
Emerging preclinical and translational evidence highlights
ACAT2 as a critical metabolic regulator in hepatocellular
carcinoma (HCC), where its overexpression drives oncogenic
progression. Mechanistically, pharmacological inhibition of
ACAT2 disrupts cholesterol homeostasis, resulting in the
intracellular accumulation of unesterified oxysterols. This
metabolic perturbation exerts potent anti-tumor effects,
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significantly impairing the proliferation of HCC cell lines
invitro and inhibiting xenograft tumor growth in vivo [25, 26].
Patients with ACAT2-high tumors exhibited significantly
shorter disease-free survival (DFS) and OS compared to
ACAT2-low counterparts [13]. High ACAT2 expression predicts
a poor platinum-free interval, PFS, and OS in epithelial
ovarian cancer patients [27]. Endometrial malignancies
exhibit marked upregulation of ACAT2 expression compared
to normal endometrium, with elevated ACAT2 levels corre-
lating significantly with adverse patient prognosis [28]. Larger
tumor size, extensive lymph node metastasis, and later clin-
ical stages are linked to higher ACATZ expression, predicting a
worse 5-year OS in colorectal cancer (CRC) patients [29]. In this
study, we detected the expression of ACAT2 in cervical cancer
tissues and matched adjacent normal tissues. Western blot
and gPCR analyses indicated that the relative expression of
ACAT2 in cervical cancer tissues was significantly upregu-
lated compared to adjacent normal tissues. Further investi-
gation revealed that high ACAT2 expression was associated
with histological grade. At the cellular level, ACAT2 expres-
sion was higher in four cervical cancer cell lines compared to
the H8 cellline. These findings indicate that ACATZ2 expression
is consistently upregulated in cervical cancer, both at the
tissue and cellular levels, and is associated with poor survival
in patients with cervical malignancies.

However, ACATZ2 expression is not consistently elevated
in tumors. For instance, ACAT2 exhibits reduced expression
in clear cell renal cell carcinoma, and its downregulation
correlates with unfavorable prognosis in affected patients
[30]. Additionally, while androgen agonists can upregulate
ACATI expression, ACAT2 expression remains unchanged in
androgen-independent prostate cancer cells [31]. These find-
ings highlight the ongoing controversy surrounding ACATZ, a
lipid metabolism enzyme, in the study of cancer mechanisms.

A limitation of this study is the relatively small sample
size of cervical cancer cases, which restricts the broader
applicability of the findings. Second, the mechanistic link
between ACATZ2 and LATSI requires further validation in vivo
to confirm its relevance in clinical settings. Additionally, the
therapeutic potential of targeting ACAT2 in combination with
existing treatments, such as immunotherapy or chemo-
therapy, remains to be investigated. Addressing these limi-
tations in future studies will strengthen the clinical relevance
of ACAT2 as a therapeutic target.

In summary, the proliferative and invasive effects of
ACAT?2 in cervical cancer may be inhibited by regulating its
downstream gene LATSI. Therefore, blocking the relevant
genes involved in the downstream mitosis-related biological
processes of ACAT2, particularly LATS1, could promote the
apoptosis in malignant cells for cervix, and regulate the
occurrence and development of cervical cancer.

DE GRUYTER

Conclusions

ACAT2 may be a crucial regulatory factor involved in cer-
vical cancer cell proliferation and could potentially repre-
sent a promising therapeutic target, especially in patients
with cervical cancer. Its role may be linked to the regulation
of the downstream gene LATS! within mitosis-related bio-
logical processes. However, whether ACATZ2 can serve as a
therapeutic target needs further exploration of the deeper
potential molecular mechanisms of ACAT2, as well as
further investigation into the regulatory mechanisms of this
gene in cervical cancer animal models.
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