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Abstract

Introduction: N-acetyltransferase 10 (NAT10) mediates N4-acetylcytidine (ac4C) mRNA modification and promotes malignant tumor
progression. However, there has been limited research on its role in cervical cancer. This study aimed to decipher the role of NAT10
in cervical cancer. Methods: The prognostic value of NAT10 was explored using the cancer genome atlas (TCGA) database and im-
munohistochemistry of cervical cancer tissue. The biological actions of NAT10 in cervical cancer were investigated by cell proliferation,
transwell, wound healing, and chicken chorioallantoic membrane assays. The therapeutic action of remodelin (a NAT10 inhibitor) was
verified in a nude mouse model. Mechanistic analyses were conducted by RNA sequencing, ac4C dot blotting, acetylated RNA im-
munoprecipitation, quantitative PCR, and RNA stability experiments. Results: NAT10 was overexpressed in cervical carcinoma and its
overexpression was associated with poor prognosis. NAT10 knockout impaired proliferative and metastatic potentials of cervical cancer
cells, while its overexpression had the opposite effects. Remodelin impaired cervical cancer proliferation in vivo and in vitro. NAT10
acetylated solute carrier family 7 member 5 (SLC7A5) enhanced mRNA stability to regulate SLC7A5 expression. Conclusions: NAT10
exerts a critical role in cervical cancer progression via acetylating SLC7A5 mRNA and could represent a key prognostic and therapeutic
target in cervical cancer.
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1. Introduction
Cervical cancer, one of the major threats to women’s

health globally [1,2], has consistently high incidence and
mortality rates [3], especially in low- and middle-income
countries [4,5]. Early-stage cervical cancer can bemanaged
with radical surgery and adjuvant chemoradiotherapy. For
recurrent and metastatic cervical cancer, effective treatment
is lacking, leading to a 5-year survival rate of ~17% [6]. The
addition of bevacizumab to conventional cisplatin plus pa-
clitaxel chemotherapy can improve patients prognosis for
cervical cancer, extending their life span by 3.7 months [7].
In addition, various immunotherapies have been developed
to treat cervical cancer, which achieve a disease control
rate reaching 52% [8,9]. Despite these advances, the ef-
fective treatment of recurrent and metastatic cervical can-
cer remains a formidable challenge. Therefore, it is key for
exploring mechanisms underlying the development and oc-
currence of cervical cancer, and identifying effective drugs
to attenuate cervical cancer progression.

Acetylation of N4-acetylcytidine (ac4C) [10], an epi-
genetic modification [11], has become a research hotspot
in recent years. N-acetyltransferase 10 (NAT10) is pri-
mary enzyme that catalyzes ac4C modification on RNA
molecules, thereby enhancing RNA stability and promoting
its translation and expression [12–15]. An increasing num-
ber of literatures have reported that NAT10 is crucial in can-
cer development. For example, NAT10-mediated mRNA
ac4C modification potentiates bladder cancer progression
[13]. NAT10 facilitates cancer development via cell cycle
modulation in non-small cell lung cancer [16]. NAT10 po-
tentiates proliferative, migratory, invasive, and metastatic
capacities of colorectal cancer cells by N4-acetylation and
stabilizing ferroptosis inhibitor 1 mRNA [17]. NAT10 en-
hances cell proliferative ability by acetylating centroso-
mal protein 170 mRNA to increase translation efficiency in
multiple myeloma [12]. Although mechanism of NAT10-
mediated ac4C modification of RNA has been extensively
explored, mechanisms by which NAT10 modulates cancer,
especially cervical cancer, is not well understood. Remod-
elin is a NAT10 inhibitor that was first reported by Larrieu
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et al. in 2014 [18]. Remodelin can inhibit various tumors
progression such as bladder cancer, and multiple myeloma
[13,19,20]. Remodelin can also reverse adriamycin resis-
tance in breast cancer [21,22]; thus, it may be a promis-
ing anticancer agent. However, remodelin’s role in cervical
cancer is poorly understood.

Solute carrier family 7 member 5 (SLC7A5) amino
acid transporter is key for maintaining intracellular amino
acid pool [23], which facilitates the uptake of nutrients by
cancer cells. Recent evidence has implicated that SLC7A5
is overexpressed in several malignancies, such as colon and
breast cancers, and its overexpression predicts poor progno-
sis [24–27]. As an oncogene, SLC7A5 is key for cancer cell
progression [26]. SLC7A5 is associated with inflammatory
tumor immune microenvironment and can predict response
of patients with bladder cancer to immunotherapy, radio-
therapy, and chemotherapy. Targeting SLC7A5 along with
immunotherapy may be a potentially suitable therapeutic
strategy [28]. Loss of SLC7A5 in kirsten rat sarcoma virus
(KRAS)-mutant colorectal cancer alters intracellular amino
acid homeostasis and reduces protein synthesis and mam-
malian target of rapamycin complex 1 (mTORC1)-S6K sig-
naling. Although KRAS-mutant cells are resistant to ra-
pamycin, silencing SLC7A5 sensitizes cells to mTORC1
inhibitors [25]. SLC7A5 potentiates proliferative ability
by activating the AKT/mTORC1 signaling in breast can-
cer [29]. Modulating glutamine metabolic reprogramming
of SLC7A5 potentiates anti-programmed cell death protein
1 efficacy in triple-negative breast cancer [30]. However,
SLC7A5’s role in cervical cancer is still unknown. More-
over, relationship between NAT10 and SLC7A5 in cancer
has not been assessed.

To decipher underlying mechanisms of NAT10 in cer-
vical cancer, we conducted a series of studies. Our re-
search investigated the carcinogenic effects of NAT10 on
cervical cancer by editing its expression. We demonstrated
that NAT10 is overexpressed in cervical cancer and NAT10
overexpression is associated with poor prognosis in patients
with cervical cancer. NAT10 overexpression markedly
stimulated the proliferative and metastatic potentials of cer-
vical cancer cells. Additionally, as a NAT10 inhibitor, re-
modelin attenuated proliferative and metastatic potentials
of these cells, indicating its potential as an effective drug
for treating cervical cancer. Mechanistic studies have sug-
gested that NAT10 can positively regulate the ac4C acety-
lation level of SLC7A5mRNA, thereby enhancing SLC7A5
mRNA stability and promoting the metastasis of cervical
cancer. Therefore, NAT10 plays a key role in cervical can-
cer progression via the ac4C-SLC7A5 axis and thus may
serve as a biomarker of cervical cancer.

2. Materials and Methods
2.1 Data Source and Preprocessing

We retrieved public gene expression data and full
clinical annotations of Cervical Squamous Cell Carcinoma

and Endocervical Adenocarcinoma (CESC) from The Can-
cer Genome Atlas (TCGA) (https://portal.gdc.cancer.gov/).
This study enrolled 297 patients with cervical cancer, in-
cluding 245 with squamous cell carcinoma of the cervix,
48 with adenocarcinoma of the cervix, and 4 patients
with other pathological types. The baseline data is shown
in Supplementary Table 1. The transcripts per million
(TPM) format was log2 transformed and processed for anal-
ysis using R version 4.2.2 (Lucent Technologies, Murray
Hill, NJ, USA). Using the function “surv_categorize” of
R package “survminer” (v0.4.9), the expression levels of
NAT10 and SLC7A5 mRNA were divided into “high” or
“low” groups. Survival analysis was carried out for pa-
tients with CESC using the expression data of tumors with
“survminer” and the R package “survival” (v3.4.0), with or-
dinate representing survival rate and abscissa representing
survival time. The p values were adjusted for multiple test-
ing using the Benjamini–Hochberg method.

2.2 Immunohistochemistry of NAT10
A cervical cancer tissue microarray (HUteS136Su01,

Shanghai Outdo Biotech Co, China) was dewaxed in xy-
lene for 20 minutes; then hydrated in different gradients
of ethanol for 5 minutes each. Following this, it was sub-
jected to high-pressure fixation with sodium citrate for 5
min followed by blocking with 5% bovine serum albumin
(BSA, CCS30014.01, MRC, Cincinnati, OH, USA) for 1
hour. Slides were dried, and NAT10 monoclonal antibody
(1:100, SC-271770, Santa Cruz, Dalas, TX, USA) was in-
cubated at 4 °C overnight. Slides were incubated with the
mouse secondary antibody (1:5000, SA00001-1, Protein-
tech, Chicago, IL, USA) at room temperature for 0.5 h. Af-
ter incubation, DAB (DA1010, Beijing Solaibao Technol-
ogy Co., LTD, Beijing, China) was added for 3–5 minutes
to lightly counterstain with hematoxylin. Staining inten-
sity was measured using H-score method as described pre-
viously [13]. In short, scoring was based on percentage and
frequency of positive staining cells as follows: 0 indicates
no positive staining cells; 1–100 indicates 1–100% of cells
stained. Staining intensity was scored as follows: 0 repre-
sents no staining, 1 represents weak positive staining, 2 rep-
resents medium positive staining, and 3 representes strong
positive staining.

2.3 Cell Culture and Reagents
SiHa and CaSki human cervical cancer cells were pur-

chased from Procell Company (Wuhan, China). C33A and
HeLa human cervical cancer cells were kindly donated by
Professor Zhang Bingzhong. The cell lines were cultured
in Dulbecco’s Modified Eagle Medium (DMEM; Gibco,
Grand Island, NY, USA) supplemented with 10% fetal
bovine serum (FBS; Procell) and 5% CO2. All cell lines
were validated by short tandem repeat (STR) analysis, and
mycoplasma testing was negative.
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2.4 Cell Proliferation Assay
TheCell CountingKit-8 (CCK-8) assay (Dojindo, Ku-

mamoto, Japan) was performed to assess proliferative po-
tential. Cells (3 × 103) were seeded in 96-well plates and
cultured for 0, 24, 48, 72, and 96 h. Absorbance was
recorded at 450 nm using microplate reader (Thermo Fisher
Scientific, Waltham, MA, USA) after 2-h incubating with
10 µL CCK-8. Three independent experiments were per-
formed.

2.5 Cell Transfection and RNA Interference
Lentiviral vectors containing short hairpin RNA

(shRNA) and the NAT10 coding sequence were purchased
from Genechem (Shanghai, China). ShRNA sequence for
NAT10 was: AGGGCCCTCCTTTCCTATAAG. HeLa and
SiHa cells were infected with lentivirus. Small interfering
RNA (siRNA; KeScience, Shanghai, China) was utilized
to knock out NAT10 in cells using Lipofectamine 3000 (In-
vitrogen, Waltham, MA, USA). The siRNA sequence was:
GCUGUGGUGUUAUAAGAAATT.

2.6 Cell Migration and Cell Invasion
Cell monolayer was scratched using a pipette tip, and

wound width at 0, 24 h was captured using the DMC4500
digital microscope (Leica, Wetzlar, Germany). Migration
distance was evaluated by ImageJ software (version 1.53t,
National Institutes of Health [NIH], Bethesda, Rockville,
MD, USA).

Transwell assays were performed with 8 µm cham-
bers (Falcon; Corning Inc., Corning, NY, USA). 5 × 104
cells were suspended in DMEM containing 2% FBS and
added to upper chambers. Lower chambers were filled
with 20% FBS-DMEM. Remodelin (Selleck Chemicals,
Shanghai, China) or dimethyl sulfoxide (DMSO; Sigma, St.
Louis, MO, USA) was added to the upper chambers. For
invasion assay, each insert was coated with 50 µL diluted
Matrigel (BD Biosciences, Franklin Lakes, NJ, USA). Af-
ter a 48-h incubation, unmigrated cells on inner surface of
upper chambers were removed with cotton swabs. Upper
chambers were fixed in 4% paraformaldehyde (Biosharp,
Hefei, China) and stained with 0.1% methylene blue (So-
larbio, Beijing, China) for 30 min. Images were captured
and analyzed using ImageJ software (NIH). Three indepen-
dent experiments were performed.

2.7 Western Blot
Total cell proteins were extracted, resolved by sodium

dodecyl polyacrylamide gel electrophoresis (EpiZyme,
Cambridge, MA, USA), and transferred electrophoretically
to polyvinylidene fluoride (PVDF) membranes (Millipore-
Sigma, Burlington, USA). Then PVDF membranes were
blocked in rapid sealing fluid (NCM Biotech, Suzhou,
China), cut by predicted molecular weight, and incubated
overnight at 4 °CwithNAT10monoclonal antibody or poly-
clonal antibodies against SCL7A5 (1:1000, 28670-1-AP;

Proteintech, Chicago, IL, USA), vimentin (1:1000, 10366-
1-AP; Proteintech), N-cadherin (1:1000, YT2988; Im-
munoway, Plano, TX, USA), GAPDH (1:20,000; AP0063;
Bioworld, Minneapolis, MN, USA), and tubulin (1:30,000,
AP0064; Bioworld, Irving, TX, USA). After wash-
ing, membranes were incubated at room temperature for
120 min with horseradish peroxidase (HRP)-conjugated
goat anti-rabbit secondary antibody (1:5000, AP0063;
Bioworld) or HRP-conjugated anti-mouse secondary anti-
body (1:5000, SA00001-1; Proteintech). The Tanon 5200
Chemiluminescent Imaging System (ChampChemi 610;
Sage Creation, Beijing, China) was used for immunoblot
analysis. The original images of the western blot are pre-
sented as Supplementary Materials.

2.8 Quantitative PCR

Total RNA was extracted using TRIzol reagent
(Thermo Fisher Scientific) and reverse transcribed to
cDNA using PrimeScript RT Master Mix (Yeasen Biotech,
Shanghai, China). Quantitative PCR (qPCR) was per-
formed using cDNA as the template and SYBR Pre-
mix Ex Taq (Yeasen Biotech). Data were normalized to
GAPDH expression. The primers for qPCR (Generay
Biotech Co., Shanghai, China) were as follows: GAPDH
(forward): GGAGCGAGATCCCTCCAAAAT, GAPDH
(reverse): GGCTGTTGTCATACTTCTCATGG; NAT10
(forward): ATAGCAGCCACAAACATTCGC, NAT10
(reverse): ACACACATGCCGAAGGTATTG; SCL7A5
(forward): CCGTGAACTGCTACAGCGT, SCL7A5 (re-
verse): CTTCCCGATCTGGACGAAGC.

2.9 RNA Sequencing and Data Analysis

We employed the phenol-chloroform method to iso-
late and purify the total RNA from the Siha ShNAT10
vector and its OE-NAT10 cell line. RNA-seq of the Siha
ShNAT10 vector and its OE-NAT10 cell line was conducted
by Guangzhou Epibiotek Co., Ltd., China. Prepare Epi™
mRNA Capture Beads (Epibiotek, cat. no. R2020-96) by
balancing them at room temperature for 0.5 h. One µg
RNA and Beads Binding Buffer were added to the beads,
then heated at 65 °C for 5 minutes and 25 °C for another
5 minutes. After magnetically clarified with the beads,
the supernatant was discarded. Tris Buffer was added and
heated at 80 °C for 2 minutes. We re-added Beads Bind-
ing Buffer and repeated the heating process at 65 °C and
25 °C. After the reaction was over, the mixture was mag-
netically clarified, and supernatant was discarded. Beads
were washed with Beads Wash Buffer, and finally, Elution
Buffer was added, incubated at 95 °C for 5 minutes. Su-
pernatant was collected, which contains the mRNA elution
solution. The Epi™ mRNA Library Fast kit (Epibiotek,
#R1810, Guangzhou, Chia) was used to prepare the library.
The library quality with the Bioptic Qsep100 Analyzer was
checked to ensure the size distribution matches theoreti-
cal expectations. Library preparation was done using the
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VAHTS Stranded mRNA-seq Library Prep Kit for Illumina
V2 (Vazyme Biotech, Nanjing, China, NR612-02). Reads
were aligned to the GRCh38 human genome using Hisat2
aligner with the “rna-strandness RF” parameter. Feature
counts were utilized to calculate reads mapped to genome,
and DEGSeq R-package (version 1.44.0) was applied for
differential gene expression analysis.

2.10 ac4C Dot Blot
Total RNA (5 µg) was heated at 75 °C for 5 min

and then cooled to 0 °C for 1 min. Then the membranes
were loaded with Amersham Hybond-N+ (0.22 µm, 66485;
Pall Co., Port Washington, NY, USA) and crosslinked
twice with ultraviolet light. After blocking membranes
in 5% skim milk (BD Biosciences, Franklin Lakes, NJ,
USA), they were incubated overnight at 4 °C with anti-
ac4C antibody (1:1000, ab252215; Abcam, Cambridge,
UK). Membranes were washed with Tris-buffered saline
with Tween 20 (NCM Biotech) and incubated at room
temperature with anti-rabbit secondary antibody (1:5000,
AP0063; Bioworld). Proteins were detected by incubat-
ing the membranes with a chemiluminescent HRP substrate
(NCM Biotech), followed by staining with methylene blue
buffer (Solarbio) for 30 min.

2.11 Acetylation Site Prediction
We used the prediction of N4-acetylcytidine (ac4C)

modification sites in mRNA (PACES) tool to analyze po-
tential acetylation sites of SLC7A5mRNA coding sequence
(http://rnanut.net/paces).

2.12 ac4C RNA Immunoprecipitation
For the ac4C RNA immunoprecipitation assay, cells

were lysed using NP40 (Beyotime, Jiangsu, China) at 4 °C
overnight. Twenty µL of solution was stored at –80 °C.
Next, 200 µL lysate was mixed with anti-ac4C antibody
(1:50, ab252215; Abcam), and another 200 µL lysate was
mixed with normal rabbit IgG (1:50, 30000-0-AP; Protein-
tech) at 4 °C for 4 h. Protein A/G beads (MedChemExpress,
Monmouth Junction, NJ, USA) were incubated with lysate
at 4 °C overnight. Next morning, the beads were washed
with buffer. Finally, the RNA was extracted and tested by
qPCR.

2.13 mRNA Stability Assay
Actinomycin D (a transcription inhibitor) was used to

evaluate RNA stability. Actinomycin D at a concentration
of 200 nM was added to culture medium and co-cultured
with cells as the experimental group, whereas cells cultured
in complete medium served as control group. At 0, 6, and
12 h after actinomycin D treatment, cells were collected for
extracting RNA. Total RNA was used for qPCR, and the
level of SLC7A5 was detected at each time point.

2.14 BALB/c Nude Mouse Xenograft Model

BALB/c nude mice have a mutation in the FOXn1
gene, which leads to the absence or degeneration of the
thymus and the lack of mature T cells, making them able
to accept foreign transplanted cells without producing an
immune rejection response. This characteristic makes
BALB/c nude mice an ideal model for studying tumor
growth and metastasis. BALB/c nude mouse tumor mod-
els can retain the morphological and genetic characteris-
tics of the primary tumor, which is of great significance
for studying the biological characteristics of tumors and tu-
mor therapy. Therefore, we selected BALB/c nude mice as
a xenograft model to explore the anti-tumor effects of Re-
modelin in vivo. All animal experiments followed rules of
the Ethics Committee on Animal Experiments of Zhujiang
Hospital (Guangzhou, China). Female mice (BALB/c, 5–6
weeks old, 16–19 g; Gongsimingzi, Zhaoqing, China) were
housed under pathogen-free conditions. Animal experi-
ments were performed as previously reported [31]. Briefly,
12 mice were subcutaneously injected in the right axil-
lary fossa with SiHa cells (2 × 106) in 100 µL phosphate-
buffered saline. Ten mice developed tumors. Mice were
randomized into two groups: remodelin (5mg/kg) (Selleck)
or DMSO (Sigma) vehicle (control group) administered in-
traperitoneally every 3 days. We measured the size of the
subcutaneous transplant tumors with calipers every other
day. Tumor volume (mm3) = 0.5 × long diameter × short
diameter2. All mice were anesthetized by intraperitoneal
injection of 80 mg/kg pentobarbitone (Cat# DORMINAL
20%; Macklin, Shanghai, China. The stock concentration
is 200mg/ml, and is diluted with saline to a concentration of
16 mg/ml, and administered at 5 ml/kg to give a dose of 80
mg/kg) after almost 3 weeks of treatment and sacrificed by
cervical dislocation after being photographed. Their neo-
plasms were dissected.

2.15 Chicken Chorioallantoic Membrane Assay

Fertilized eggs (Eggsiao, Suzhou, China) were devel-
oped for 10 days. Then they were laid on their side and
the shell were punctured on the air bag side (the top side).
After sucking the air from the airbag, the chicken chorioal-
lantoic membranes (CAMs) were dropped. Next, 100 µL
cell suspension containing 1,000,000 cells was inoculated
per CAM. Tumors were collected after incubation at 37 °C
in an incubator for 6 days.

2.16 Statistical Analyses

Data were analyzed using GraphPad Prism 9 software
(GraphPad Software Inc., San Diego, CA, USA). Data are
presented as the mean± standard deviation. t-test was used
to compare differences between two groups, if data fol-
lowed a normal distribution. For more than three groups,
one- or two-way analysis of variance followed by Bonfer-
roni’s post-hoc tests were used. If the data did not follow
a normal distribution or were categorical, non-parametric
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Table 1. Relationship between NAT10 expression and clinicopathological characteristics of 110 patients with cervical cancer.

Clinical parameter Total (cases%)
NAT10 expression level

χ2 p
High expression Low expression

Total 110 62 48

Age (years)
<50 76 38 (50%) 38 (50%)

4.048 0.042
≥50 34 24 (70.59%) 10 (29.41%)

Histological type
Squamous cell cancer 100 56 (56%) 44 (44%)

0.137 0.934Adenocarcinoma 3 2 (66.67%) 1 (33.33%)
Others 7 4 (57.14%) 3 (42.86%)

Pathological stage
I–II 91 52 (57.14%) 39 (42.86%)

0.13 0.72
III–IV 19 10 (52.63%) 9 (47.37%)

Pathological grading
I/II/I–II 14 10 (71.43%) 4 (28.57%)

0.38 0.76
II–III/III 78 49 (62.82%) 29 (37.18%)

Lymph node metastatic
Negative 92 52 (56.52%) 40 (43.48%)

0.0057 0.94
Positive 18 10 (55.56%) 8 (44.44%)

Recurrent condition
Yes 36 22 (61.11%) 14 (38.89%)

0.49 0.48
No 74 40 (54.05%) 34 (45.95%)

NAT10, N-acetyltransferase 10.

tests such as the Wilcoxon rank-sum test or chi-square test
were applied. To ensure statistical power, each experiment
was repeated three times. Survival curves were analyzed
using the Kaplan–Meier method. Statistical significance
was set at p < 0.05.

3. Results
3.1 NAT10 is Overexpressed in Cervical Cancer and is
Correlated with Poor Prognosis

We found that NAT10 mRNA high expression was
closely correlated with shorter disease-free survival (DFS)
and overall survival (OS) of patients with CESC in TCGA
(Fig. 1A,B). Clinical characteristics of patients were shown
Supplementary Table 1. Furthermore, association be-
tween NAT10 mRNA expression and OS of patients with
cervical adenocarcinomawas assessed, and high expression
of NAT10 mRNA was correlated with shorter OS of pa-
tients with cervical adenocarcinoma (Supplementary Fig.
1). To further explore NAT10 expression and its associa-
tion with patient prognosis, a commercial cervical cancer
tissue chip was used to detect NAT10 protein levels by im-
munohistochemistry (IHC). The chip included 110 cervi-
cal cancer tissues and 25 adjacent non-cervical cancer tis-
sues. Results showed NAT10 protein expression in nuclei
and cytoplasm of cervical cancer cells (Fig. 1C), which was
significantly higher in cervical cancer tissues than in nor-
mal ones (Fig. 1C,D). Kaplan–Meier curves revealed that
patients with high NAT10 expression had lower OS and
DFS (Fig. 1E,F), suggesting that NAT10 might predict poor
prognosis. Interestingly, we found that NAT10 was over-
expressed in older patients compared with young patients
(Table 1), consistent with evidence showing involvement
NAT10’s involvement in age-related disorders [32]. How-
ever, we found that NAT10 was not correlated with lymph
node metastasis, pathological stage, or pathological grade
(Table 1).

3.2 NAT10 Potentiates Cervical Cancer Cell Proliferative
and Metastatic Potentials

To evaluate NAT10’s role in cervical cancer, four cer-
vical cancer cell lines (SiHa, CaSki, C33A, and HeLa) were
used to detect NAT10 expression. NAT10 was detected in
all of these cell lines and was overexpressed in Caski and
SiHa cells (Fig. 2A). ShNAT10 and SiNAT10 were used to
repress NAT10 expression in CaSki and SiHa cells, respec-
tively. NAT10 expression was significantly reduced after
NAT10 knockdown (Fig. 2B,C). The proliferative ability of
SiHa and CaSki cells was decreased after silencing NAT10
(Fig. 2D).Wound healing assays showed that NAT10 down-
regulation slowed wound healing in these cells (Fig. 2E).
Silencing of NAT10 also decreased the migratory and inva-
sive abilities of SiHa and CaSki cells (Fig. 2F,G). Subse-
quently, we found that NAT10 knockdown attenuated cer-
vical cancer cell proliferation in vivo in CAMs (Fig. 2H,I).

We explored the role of NAT10 by overexpressing
NAT10 in a SiHa NAT10-knockdown cell line (ShNAT10
cell line) using the lentivirus method. NAT10 expression in
the SiHaShNAT10 overexpression (OE) cell line was sig-
nificantly increased after transfection with OE lentivirus
(Fig. 3A,B). Cell proliferative ability was significantly en-
hanced after NAT10 overexpression (Fig. 3C). Moreover,
overexpression of NAT10 promoted wound healing in SiHa
cells (Fig. 3D). NAT10 overexpression promoted SiHa cell
metastasis and invasion in transwell assays (Fig. 3E,F). We
also overexpressed NAT10 in HeLa cervical cancer cells.
Similarly, NAT10 expression in the HeLa-NAT10 OE cell
line was increased after transfection with OE lentivirus
(Fig. 3A,B). Together, NAT10 overexpression promoted
proliferation, wound healing, invasion, and metastasis abil-
ities of HeLa cells (Fig. 3C–F), indicating that NAT10 is an
oncogene in cervical cancer.
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Fig. 1. NAT10 is overexpressed in cervical cancer. (A) Effect of NAT10 expression level on DFS of patients with cervical cancer
based on TCGA dataset. (B) Effect of NAT10 expression level on OS of patients with cervical cancer based on TCGA dataset. (C)
Representative IHC images of cervical microarrays showing NAT10 expression in cervical tumors and corresponding normal tissues.
Scale bar for the images is 20×, 100 µm. (D) NAT10 expression in cervical cancer and adjacent tissues. (E) Effect of NAT10 on OS
of patients with cervical cancer. (F) Effect of NAT10 on DFS of patients with cervical cancer. TGCA, the cancer genome atlas; IHC,
immunohistochemistry; TPM, transcripts per million; OS, overall survival; DFS, disease-free survival; NAT10, N-acetyltransferase 10.
Note: *p < 0.05.
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Fig. 2. Knockout of NAT10 expression impaired proliferative and metastatic potentials of cervical cancer cells. (A) Expression
of NAT10 in four cervical cancer cell lines. (B) Knockdown efficiency of NAT10 determined by Western blotting. (C) Validation of
NAT10 mRNA knockdown by qPCR (n = 3). (D) NAT10 silence impaired proliferative potential of SiHa (n = 4) and CaSki cells (n
= 3). (E) NAT10 silence inhibited wound healing of SiHa (n = 3) and CaSki cells (n = 3). Scale bar = 200 µm. (F) Cell migratory
capacity was reduced after NAT10 knockdown) (n = 3). Scale bar = 200 µm. (G) Knockdown of NAT10 expression reduced the invasion
capability of SiHa (n = 3) and CaSki cells (n =3). Scale bar = 200 µm. (H) Representative images of tumors in CAMs after knockdown
of NAT10 expression in SiHa cells. (I) Knockout of NAT10 expression in SiHa cells inhibited the proliferation of tumors in CAMs (n
= 3–5). NAT10, N-acetyltransferase 10; ShNC, negative control short hairpin RNA; ShNAT10, short hairpin RNA targeting NAT10;
SiNC, negative control small interfering RNA; SiNAT10, small interfering RNA targeting NAT10; OD, optical density; CAMs, chicken
chorioallantoic membranes; qPCR, quantitative PCR. Note: *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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Fig. 3. Upregulation of NAT10 expression in SiHa and HeLa cells promoted proliferative and metastatic potentials of cervical
cancer cells. (A) NAT10 protein overexpression as confirmed by Western blotting. (B) Determination of NAT10mRNA overexpression
by qPCR (n = 3). (C) Promotion of cell proliferation after overexpressing NAT10 in SiHa (n = 5) and HeLa cells (n = 3). (D) Effect of
NAT10 overexpression on migration of SiHa (n = 3, scale bar = 200 µm) and HeLa cells (n = 3, scale bar = 200 µm) was evaluated using
a wound healing assay. (E) Migration capability of SiHa and HeLa cells overexpressing NAT10 as evaluated by transwell assays (n =
3, scale bar = 200 µm). (F) Invasion capability of SiHa and HeLa cells overexpressing NAT10 as evaluated by transwell assays (n = 3,
scale bar = 200 µm). NAT10, N-acetyltransferase 10; OE-NAT10, NAT10 overexpression; OD, optical density. Note: *p< 0.05, **p<
0.01, ***p < 0.001, ****p < 0.0001.
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3.3 NAT10 Regulates Progression of Cervical Cancer
Cells by ac4C Acetylation

NAT10 acts as an acetyltransferase that can catalyze
ac4C modification on mRNA, thereby improving mRNA
stability and translation efficiency [13,17,33]. We per-
formed an acetylation dot blot assay to investigate whether
NAT10 exerts its biological effects by acetylating mRNA in
cervical cancer cells. Inhibiting NAT10 in SiHa cells signif-
icantly reduced the mRNA ac4C acetylation level (Fig. 4F),
consistent with previous reports [13,17]. Increased ac4C
acetylation level was detected when NAT10 was overex-
pressed in SiHa cells (Fig. 4F).

3.4 Exploration of Downstream Factors of NAT10 in
Cervical Cancer

To decipher mechanisms by which NAT10 affects cer-
vical cancer cell progression, RNA-seq was performed on
NAT10-overexpressing SiHa and control cells. The se-
quencing results showed that 1146 genes were upregulated
and 1097 genes were downregulated after NAT10 overex-
pression in SiHa cells (Fig. 4A). The top 10 significantly en-
riched gene ontology terms are summarized in Fig. 4B. The
results showed that NAT10 was related to several biologi-
cal processes such as “the C21-steroid hormone metabolic
process”, “progesterone metabolic process”, “homophilic
cell adhesion via plasma membrane adhesion molecules”,
and “carboxylic acid transport”. Kyoto encyclopedia of
genes and genomes pathway enrichment analysis indicated
that the differentially expressed genes were significantly
enriched in “ATP-binding cassette transporters”, “neuroac-
tive ligand-receptor interactions”, and “protein digestion
and absorption” (Fig. 4C).

SLC7A5 upregulation is correlated with increased ac-
tivity in the carboxylic acid transport and organic anion
transport pathways [23]. Based on data from TCGA web-
site, NAT10 mRNA expression was positively correlated
with SLC7A5 mRNA expression (Fig. 4D). NAT10 can re-
portedly function by acetylating target mRNA [34]. There-
fore, we consulted an acetylation site prediction website,
which showed that there are acetylation sites at nucleotides
120 and 134 of SLC7A5 mRNA, with a specificity of 99%
(Fig. 4E). Consequently, we speculate that SLC7A5mRNA
is a potential downstream target of NAT10.

3.5 SLC7A5 Plays a Carcinogenic Role in Cervical Cancer

By analyzing the public database, SLC7A5 mRNA
was highly expressed in cervical cancer tissues (Fig. 5A).
Overexpression of SLC7A5 was associated with a low OS
rate in cervical cancer (Fig. 5B), both in squamous cell car-
cinoma (Fig. 5C) and adenocarcinoma (Fig. 5D). More-
over, patients with high NAT10 and SLC7A5 mRNA ex-
pression had worse OS than those with low levels accord-
ing to bioinformatics analysis (Fig. 5E), both in squamous
cell carcinoma (Fig. 5F) and adenocarcinoma (Fig. 5G).
We also found that samples with overexpressed NAT10 and

SLC7A5 had a higher degree of M2 macrophage infiltration
and lower degree of M1 macrophages (Fig. 5H). Knock-
down of SLC7A5 (Fig. 5I,J) in SiHa cells significantly re-
duced wound healing (Fig. 5K), migration, and invasion
abilities (Fig. 5L).

3.6 NAT10 can ac4C Acetylate SLC7A5 mRNA and
Regulate its Stability

Next, qPCR was performed for verification pur-
poses. SLC7A5 was significantly decreased after knock-
down of NAT10 but was significantly increased after
overexpression of NAT10 (Fig. 6A). Western blot anal-
ysis showed similar results (Fig. 6B). The acetylated
RNA immunoprecipitation-qPCR results further showed
that NAT10 downregulation in cervical cancer cell lines sig-
nificantly decreased acetylation level of SLC7A5 mRNA
(Fig. 6C). The results of the mRNA stability assay showed
that knocking down NAT10 expression reduced SLC7A5
mRNA stability (Fig. 6D).

3.7 Knockdown of SLC7A5 Expression Partially Reverses
the Effect of NAT10 Overexpression on Cervical Cancer
Progression

We speculated that NAT10 exerts its biological func-
tion by acetylating SLC7A5 mRNA. To further explore
SLC7A5’s role, we silenced SLC7A5 in cervical cancer
NAT10overexpressing stable cell lines (Fig. 6E,F). The re-
sults showed that after downregulating SLC7A5, the wound
healing ability, which increased by NAT10 overexpression,
decreased to a certain extent (Fig. 6G). Migration capac-
ity of cervical cancer cells was also reduced to some extent
following SLC7A5 downregulation (Fig. 6H).

3.8 Remodelin Inhibits Proliferative and Metastatic
Abilities of Cervical Cancer Cells in Vitro and in Vivo

Remodelin is a NAT10 inhibitor [35,36]. Thus, we
used remodelin to determine if NAT10 could be used as
a therapeutic target for cervical cancer. CCK-8 assays re-
vealed that remodelin significantly attenuated SiHa, CaSki,
and C33A cell proliferation (Fig. 7A). Remodelin signifi-
cantly weakened the wound healing ability of Siha, CaSki,
and C33A cells compared to controls (Fig. 7B–D). Remod-
elin decreased migratory (Fig. 7E–G) and invasive abilities
of SiHa, CaSki, and C33A cells (Fig. 7H–J). These results
further confirmed that NAT10 is a potential target for cer-
vical cancer, and that remodelin is a promising therapeutic
drug that might attenuate cervical cancer progression.

We found that remodelin attenuated growth and re-
duced the weight of cervical tumors (Fig. 8A–C). IHC
showed that Ki67 expression (marker of tumor prolifera-
tion) was reduced after remodelin treatment (Fig. 8F).West-
ern blotting showed that remodelin significantly decreased
N-cadherin and vimentin levels (Fig. 8E), indicating that
remodelin inhibits the epithelial–mesenchymal transition in
cervical cancer tumors in vivo. More importantly, treatment
with remodelin had little effect on organ damage in mice
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Fig. 4. Exploration of the impact of NAT10 on downstream factors. (A) Transcriptomic comparison was carried out to analyze the
dysregulated genes between the vector control and OE-NAT10 (NAT10 overexpressing) SiHa cells. (B) Representative pathway analysis
terms according to Gene Ontology analysis. (C) Representative pathway analysis terms according to Kyoto Encyclopedia of Genes and
Genome analysis. (D) Scatter plot of TPM values of NAT10 and SLC7A5 mRNA in TCGA-CESC data. Spearman’s correlation analysis
showed the association between NAT10mRNA and SLC7A5mRNA expression levels (log2 [TPM + 1]) (R = 0.26, p = 4.3× 10−6). (E)
Prediction conserved acetylation sites in the SLC7A5 coding sequence in PACES tools (http://rnanut.net/paces/). (F) Detection of ac4C
acetylation on mRNA of cervical cancer cells using an ac4C dot blot assay. NAT10, N-acetyltransferase 10; SLC7A5, solute carrier
family 7 member 5; TPM, transcripts per million; TCGA, the cancer genome atlas; CESC, cervical squamous cell carcinoma; ac4C,
N4-acetylcytidine; PACES, prediction of N4-acetylcytidine (ac4C) modification sites in mRNA.

(Fig. 8G), indicating its safety. SLC7A5 expression was re-
duced after remodelin treatment in vivo by qPCR and IHC
(Fig. 8D,F).

4. Discussion

NAT10 is a member of epigenetic modifications and
exerts essential functions in cancer development. Here, we
confirmed that NAT10 is overexpressed in cervical can-
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Fig. 5. SLC7A5 is a carcinogenic factor in cervical cancer. (A) SLC7A5 mRNA was overexpressed in cervical cancer compared with
normal cervical tissue. (B) Overexpression of SLC7A5mRNA corelated with poor OS in cervical cancer. (C) Overexpression of SLC7A5
mRNA corelated with poor OS in squamous cell carcinoma of the cervix. (D) Overexpression of SLC7A5 mRNA corelated with poor
OS in cervical adenocarcinoma. (E) Patients with high NAT10 and SLC7A5 mRNA expression had worse OS than those with low levels
according to bioinformatics analysis. (F) Patients with high NAT10 and SLC7A5mRNA expression in cervical squamous cell carcinoma
had worse OS than those with low levels according to bioinformatics analysis. (G) Patients with high NAT10 and SLC7A5 mRNA
expression in cervical adenocarcinoma had worse OS than those with low levels according to bioinformatics analysis. (H) Differences in
abundance of 10 immune cell types enriched in the TCGA-CESC dataset based on quanTIseq algorithm; blue indicates the “low NAT10
& low SLC7A5” group, red indicates the “high NAT10 & high SLC7A5” group; the horizontal axis indicates the 10 immune cell types,
and the vertical axis the abundance of immune cell infiltration. (I) Validation of SLC7A5mRNA knockdown level by qPCR in SiHa cells
(n = 3). (J) Knockdown efficiency of SLC7A5 determined by Western blotting in SiHa cells. (K) Knockdown of SLC7A5 expression
inhibited the wound healing of SiHa cells (n = 3, scale bar = 200 µm). (L) Cell migratory and invasive capacities of SiHa cells were
reduced after SLC7A5 knockdown (n = 3, scale bar = 200 µm). OS, overall survival; NAT10, N-acetyltransferase 10; SLC7A5, solute
carrier family 7 member 5; TCGA-CESC, the cancer genome atlas cervical squamous cell carcinoma and endocervical adenocarcinoma;
qPCR, quantitative PCR; ns, not significant. Note: *p < 0.05; **p < 0.01; ***p < 0.001, ****p < 0.0001.
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Fig. 6. NAT10 affected the biological behavior of cervical cancer cells by ac4C acetylation of SLC7A5 mRNA. (A) Validation of
the mRNA level of SLC7A5 by qPCR after regulating NAT10 expression (n = 3). (B) Detection of SLC7A5 protein levels by west-
ern blotting after regulating NAT10 expression in cervical cancer cells. (C) Detection of SLC7A5 mRNA level by acetylated RNA
immunoprecipitation-qPCR after knocking down NAT10 in SiHa cells (n = 3). (D) Reducing NAT10 expression in SiHa decreased the
stability of SLC7A5 mRNA (n = 3). (E) Determination of the knockout efficiency of SLC7A5 mRNA by qPCR in SiHa OE NAT10 cell
lines (n = 3). (F) Determination of the knockout efficiency of SLC7A5 by western blotting in SiHa OE NAT10 cell lines. (G) The cell
migration capability, which increased by NAT10 overexpression, decreased to a certain extent after SLC7A5 knockdown, as determined
by wound healing assays (n = 3, scale bar = 200 µm). (H) The cell migration/invasion capability, which increased after NAT10 overex-
pression, decreased to a certain extent after knocking down SLC7A5 by transwell assays (n = 3, scale bar = 200 µm). SLC7A5, Solute
carrier family 7 member 5; ac4C, N4-acetylcytidine; NAT10, N-acetyltransferase 10; OE, overexpression; ShNC, Negative control short
hairpin RNA; ShNAT10, short hairpin RNA targeting NAT10; SiSLC, small interfering RNA targeting SLC7A5; qPCR, quantitative
PCR. Note: *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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Fig. 7. Remodelin, inhibitor of NAT10, impaired proliferative and mestatic potentials of cervical cancer cells. (A) Remodelin
impaired proliferation of cervical cancer cells (SiHa, CaSki, and C33A) as shown by CCK-8 assays (n = 3). (B) Remodelin impaired the
migration capability of SiHa cells by wound healing assays (n = 3, scale bar = 200 µm). (C) Remodelin impaired the migration capability
of CaSki cells as shown by wound healing assays (n = 3, scale bar = 200 µm). (D) Remodelin impaired the migration capability of C33A
cells as shown by wound healing assays (n = 3, scale bar = 200 µm). (E) Remodelin impaired the migration capability of SiHa cells as
shown by transwell assays (n = 3, scale bar = 200 µm). (F) Remodelin impaired the migration capability of CaSki cells as shown by
transwell assays (n = 3, scale bar = 200 µm). (G) Remodelin impaired the migration capability of C33A cells as shown by transwell
assays (n = 3, scale bar = 200 µm). (H) Remodelin impaired the invasion capability of SiHa cells as shown by transwell assays (n = 3,
scale bar = 200 µm). (I) Remodelin impaired the invasion capability of CaSki cells as shown by transwell assays (n = 3, scale bar = 200
µm). (J) Remodelin impaired the invasion capability of C33A cells as shown by transwell assays (n = 3, scale bar = 200 µm). CCK-8,
cell counting kit-8; NAT10, N-acetyltransferase 10. Note: *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, ns, not significant.

13

https://www.imrpress.com


Fig. 8. Remodelin prevented cervical cancer growth in vivo. (A) Tumor images of a xenograft nude mouse model subcutaneously
injected with SiHa cells and treated with remodelin or NC. (B) Weight of tumors in the remodelin and NC groups at the experiment
endpoint. (C) Growth rate of the tumors with or without remodelin treatment. (D) Validation of SLC7A5 mRNA levels in samples with
or without remodelin treatment. (E) Expression of vimentin and N-cadherin after treatment with remodelin or NC as assessed byWestern
blotting. (F) Representative images for H&E and IHC staining of the Ki-67 (marker of proliferation) and SLC7A5 in nudemouse sections.
Scale bar = 20×, 100 µm. (G) Representative H&E images of lung/liver/spleen/kidney from mice treated with remodelin or from the NC
group. Scale bar is 20×, 100 µm. H&E, hematoxylin and eosin; IHC, immunohistochemistry; SLC7A5, solute carrier family 7 member
5; NC, negative control; Note: n = 5, *p < 0.05, ***p < 0.001, ****p < 0.0001.

cer, which predicted poor DFS and OS. Functionally, we
showed that NAT10 plays an oncogenic role by promot-
ing their proliferation and migration. By this mechanism,
NAT10 induces the ac4C acetylation of mRNA in cervical
cancer cells. We further showed that NAT10 N4-acetylates
SLC7A5 mRNA and enhances its mRNA stability in cer-

vical cancer, thus positively regulating the expression of
SLC7A5. Remodelin may serve as a promising targeted
agent by inhibiting cervical cancer progression both in vitro
and in vivo.

Through mRNA-seq analysis, SLC7A5 mRNA was
upregulated in cervical cancer cells after overexpression of
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NAT10. We further found that SLC7A5 and NAT10 mRNA
levels were closely related in cervical cancer, indicating that
NAT10 and SLC7A5 might have a mutual regulatory rela-
tionship. An acetylation site on SLC7A5 mRNA was pre-
dicted to have a probability of 0.76. Based on this, we hy-
pothesize that SLC7A5mRNAmay be a downstream target
of NAT10. Through analysis of public databases, we found
that SLC7A5mRNA is overexpressed in cervical cancer tis-
sues and is a predictor of poor OS in cervical cancer. Pa-
tients with highNAT10 and SLC7A5mRNA expression had
the lowest OS. By downregulating SLC7A5 in SiHa cervi-
cal cancer cells, it can inhibit migratory and invasive abili-
ties.

We investigated the relevant mechanisms of NAT10
and SLC7A5 in cervical cancer. The results of qPCR
and Western blotting confirmed that NAT10 positively
regulated SLC7A5 expression. Further, ac4C RNA
immunoprecipitation-qPCR analysis revealed that NAT10
silence reduced SLC7A5mRNA acetylation, indicating that
SLC7A5mRNA is an ac4C target of NAT10.Through RNA
stability experiments, silencing NAT10 in cervical cancer
cells reduced SLC7A5 mRNA stability. Together, these
results showed that NAT10 can induce ac4C modification
of SLC7A5 mRNA, thereby enhancing its mRNA stability
and positively regulating the expression of SLC7A5. Fur-
thermore, by knocking down the expression of SLC7A5 in
cervical cancer NAT10overexpressing stable cell lines, we
found that the wound healing, migration, and invasion abil-
ities, which were increased by NAT10 overexpression, de-
creased to a certain extent. NAT10 can induce ac4C mod-
ification of SLC7A5 mRNA, enhance its mRNA stability,
and promote SLC7A5 expression, thereby promoting the
metastasis of cervical cancer. However, contrary to ex-
pectations, the proliferative ability of cervical cancer cells
enhanced by NAT10 overexpression was not reduced after
SCL7A5 knockdown. We speculated that other ac4C tar-
gets might exist to promote the proliferative ability of cells.
Indeed, Nat10-mediatedmodification ofmRNA acetylation
is a complex biological process involving multiple molec-
ular mechanisms and possible cofactors or cellular condi-
tions. NAT10 is the only known enzyme that catalyzes
ATP-dependent RNA acetylation to form ac4C [37]. It be-
longs to G-protein subunit alpha transducing protein su-
perfamily of N-acetyltransferases and catalyzes the acety-
lation of histone and non-histone proteins [38]. Cofactors
required for ac4C formation in mRNA have not been iden-
tified. The expression and activity of NAT10 may be reg-
ulated by a variety of transcription factors. In addition,
NAT10 activity may be affected by cell energy state. For
example, deacetylase sirtuin 1 was found to promote the
shift of NAT10 from ribosomal RNA biosynthesis to au-
tophagy, suggesting that the function of NAT10may change
under conditions of energy stress [15,38]. In summary,
NAT10-mediatedmRNAacetylationmodification is a com-
plex process involving multiple molecular levels and cellu-

lar conditions, and its specific mechanisms and influencing
factors are still being studied and discovered.

According to the literature, NAT10 facilitates the
acetylation of ac4C to affect the stability and translation ef-
ficiency of mRNA, thus playing a role in cervical cancer.
Specifically, NAT10 can stimulate the ac4C modification
of forkhead box protein P1 (FOXP1) mRNA to enhance its
translation efficiency, leading to the induction of glucose
transporter 4 and ketohexokinase, which are related to gly-
colysis metabolism. The active NAT10/ac4C/FOXP1 axis
results in increased glycolysis and sustained lactate secre-
tion in cervical cancer cells, amplifying immunosuppres-
sive characteristics of tumor-infiltrating regulatory T cells
(Tregs) in lactate-rich tumor microenvironment (TME)
[39]. Another study demonstrated that NAT10’s target in
cervical cancer is heterogeneous nuclear ribonucleoprotein
U-like 1 (HNRNPUL1). NAT10 regulates HNRNPUL1 ex-
pression in cervical cancer cells by catalyzing ac4C forma-
tion and increasing HNRNPUL1 mRNA stability [40]. Our
study reveals the novel regulatory mechanism of NAT10-
SLC7A5 axis in cervical cancer cells. Based on quanTIseq
algorithm, there were more B cells, M2 macrophages and
Tregs in tumor tissues of “high NAT10 & high SLC7A5”,
and less M1 macrophages. M2 macrophages appear to con-
tribute to cancer initiation and malignant progression and
immune suppression [41], whereas M1 macrophages can
phagocytose tumor cells and plays a role in antitumor [42].
Consistent with previous research, we found that samples
with high NAT10 expression and SLC7A5 had higher de-
gree of M2 macrophages infiltration and lower degree of
M1 macrophages. B cells in the TME may exert key func-
tions in immunotherapy [43]. B cell-derived metabolites
such as gamma-aminobutyric acid [44] and adenosine [45]
have been shown to suppress the immune response against
cancer. We suspect that elevated B cells in the “high NAT10
& high SLC7A5” group contribute to tumor development
by suppressing anti-tumor immunity. Tregs are a double-
edged sword as they regulate immune homeostasis and in-
hibit cancer immune responses [46]; thus, the function of
elevated Tregs in the “high NAT10 & high SLC7A5” group
needs further exploration. Accordingly, we hypothesize
that NAT10 may affect the expression of SLC7A5, and that
SLC7A5may play a pro-cancer role by regulating the TME,
which still needs further investigation.

Remodelin, a NAT10 inhibitor, was used to decipher
NAT10’s therapeutic potential in cervical cancer. Our re-
sults showed that remodelin effectively inhibited progres-
sion of cervical cancer cells in vitro and inhibited the growth
of cervical cancer cells in vivo. We also found that remod-
elin functions independently of NAT10 protein levels. Our
results showed that remodelin acted as a tumor suppressor
even in C33A cells with low NAT10 expression, possibly
because remodelin acts by blocking the action of the lysine
acetyltransferase activity of NAT10 according to the litera-
ture [18]. Nat10-targeted therapy, especially the use of re-
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modelin, has shown potential clinical significance and ther-
apeutic potential in the treatment of cervical cancer. How-
ever, more studies are needed to validate these findings and
further explore the specific mechanisms and efficacy of re-
modelin in cervical cancer treatment.

Our study has demonstrated that NAT10 promotes cer-
vical cancer progression through the acetylation of SLC7A5
mRNA, offering valuable insights for ongoing and future
clinical trials in the fields of metabolic diseases and cancer
treatment. NAT10 is upregulated in cervical cancer tissues
and correlates with poor prognosis. Consequently, the ex-
pression level of NAT10 may serve as a biomarker to pre-
dict the prognosis of cervical cancer patients, aiding clin-
icians in developing personalized treatment plans. Addi-
tionally, this finding indicates that NAT10 could be a po-
tential therapeutic target, and inhibiting its activity or the
acetylation it mediates may suppress cervical cancer pro-
gression. As a key enzyme in mRNA acetylation, NAT10
opens new avenues for drug development in the context
of cervical cancer. Future research could focus on devel-
oping small molecule inhibitors (like remodelin) or RNA
interference (RNAi) technologies to block the oncogenic
role of NAT10 in cervical cancer. The promotion of cer-
vical cancer progression by NAT10 through the acetylation
of SLC7A5 mRNA underscores the critical role of amino
acid metabolism in tumor development. This suggests that
future clinical trials should investigate inhibitors of tumor
metabolic pathways, such as the glutamine metabolism in-
hibitor JPH203, to enhance the efficacy of tumor therapy.
Bioinformatics analysis further suggests that the acetylation
of SLC7A5 mediated by NAT10 may influence the tumor
microenvironment, promoting cervical cancer progression.
This provides scientific evidence for future clinical trials to
explore strategies to improve the tumor microenvironment
and enhance immune responses.

This study had some limitations. The research tools
used in the study were mainly mature cervical cancer cell
lines. Although they were all identified by STR and my-
coplasma detection, cultured cells may undergo dediffer-
entiation and selection, causing cells to lose some of their
biological characteristics of the original cells and affect-
ing the accuracy of the research results. In addition, the
in vitro culture environment is not completely the same as
in vivo, especially the lack of regulation by the nervous
and endocrine systems, which may cause changes in cell
metabolism and function. In the study, we adopted strict
simulation of in vivo environmental conditions, (e.g., con-
trolling the number of passages of tumor cells) to reduce the
degree of dedifferentiation of cervical cancer cells. We con-
firmed the role of remodelin in vivo through nudemouse ex-
periments. Future experiments should use patient-derived
tumor xenograft models to study mechanisms of NAT10 in
cervical cancer and establish a more accurate and reliable
experimental platform for tumor research and drug devel-
opment.

5. Conclusions
In summary, we confirmed that high NAT10 expres-

sion is a poor prognostic indicator of cervical cancer and
NAT10 expression affects cervical cancer cell progres-
sion. Furthermore, NAT10 potentiates proliferative and
metastatic potentials of cervical cancer cells via ac4C acety-
lation of SCL7A5 mRNA. Remodelin is a promising ther-
apeutic agent for inhibiting progression of cervical cancer
cells.
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