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Abstract

NAT10 in NSCLC and the underlying mechanism.

new ideas for the clinical treatment of NSCLC.

Background Abnormal expression of N-acetyltransferase 10 (NAT10) has been shown to promote the progression
of various tumors, including non-small cell lung cancer (NSCLC). This study was designed to investigate the role of

Methods Reverse transcription-quantitative polymerase chain reaction and Western blot were used to analyze

the levels of NAT10 in NSCLC cell lines. The cell viability, proliferation, and apoptosis of A549 and PC9 cell lines

were detected by cell counting kit-8, colony formation, and flow cytometry. N4-acetylcytidine (ac*C)-RNA
immunoprecipitation assay was performed to detect the level of ac*C of a-enolase (ENOT) mRNA in A549 and PC9 cell
lines. The relationship between NAT10 and ENO1 was performed by dual-luciferase reporter assay.

Results NAT10 was increased in NSCLC cell lines. The ac*C level of ENOT mRNA in A549 and PC9 cell lines was
downregulated after NAT10 inhibition. Knockdown of NAT10 inhibited cell viability and glycolysis and promoted cell
apoptosis in A549 and PC9 cell lines, and the results were reversed after ENO1 overexpressing.

Conclusions NAT10 regulated glycolysis and apoptosis in NSCLC via ac*C acetylating ENO1, which might provide
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Background

Lung cancer is the most common cause of cancer-related
deaths worldwide. More than 85% of lung cancer cases
are classified as non-small cell lung cancer (NSCLC),
with a predicted 5-year survival rate of only about 15.9%
[1]. Over the past two decades, multidisciplinary efforts
and technological advances have enhanced our under-
standing of the molecular mechanisms of NSCLC [2].
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In addition, molecularly targeted therapies and immu-
notherapy have improved the prognosis of NSCLC [3].
However, targeted therapies are only effective in fewer
than 25% of patients, and drug resistance is almost uni-
versal during treatment [4]. Besides, other treatments,
such as adjuvant chemotherapy, showed modest survival
benefits at different stages, but more than half of patients
will relapse [5]. Thus, novel treatments for NSCLC are
worth further investigation and exploration.

Various RNA modifications at the post-transcriptional
stage play key roles in regulating RNA stability, localiza-
tion, transport, and translation [6—8]. N4-acetylcytidine
(ac*C) is a newly conserved acetylation modification
discovered in both eukaryotes and prokaryotes. Early
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studies suggest that ac*C modification mainly exists on
tRNAs and 18 S rRNAs; later, it has been found that there
is also a large amount of ac*C on mRNAs [9, 10]. Ac*C
shows antiviral and anti-inflammatory effects on many
diseases [11, 12]. Importantly, ac*C is a potential bio-
marker for cancers, which is associated with the occur-
rence, progression, and prognosis of many cancers [13].
N-acetyltransferase 10 (NAT10), a nucleolar acetyltrans-
ferase, is the only known enzyme that catalyzes the ac*C
modification on its target RNAs [14]. Ac*C can promote
mRNA stability, substrate translation, and cell prolif-
eration under the catalysis of NAT10 and its auxiliary
enzymes [15]. A previous study indicates that NAT10 is a
possible prognostic marker and a potential target for the
treatment of NSCLC [16]. Additionally, a previous study
indicates that NAT10-mediated upregulation of growth
arrest-specific 5 (GAS5) facilitates immune cell infiltra-
tion in NSCLC [17]. Besides, NAT10-mediated ac*C
mRNA modification promotes the progression of various
cancers [18, 19]. NAT10 promotes cancer metastasis by
increasing related-mRNA stability in an ac*C-dependent
manner [20].

Altered energy metabolism is a biochemical finger-
print of cancer cells that represents one of the “hallmarks
of cancer” [21]. Glycolysis is a common pathway in liv-
ing cells. In cancer cells, glycolysis is always enhanced to
meet the growing energy needs [22]. Tumor glycolysis is
a major promoter of cancer occurrence and progression,
and high tumor glycolysis activity is associated with low
overall survival [23]. The genes associated with glycoly-
sis are highly expressed in cancer tissues [24]. a-Enolase
(ENOL1) is a glycolytic enzyme that exists on the cell sur-
face and cytoplasm, which can maintain tumor cell pro-
liferation and inhibit apoptosis [25]. ENO1 promotes
glycolysis and enhances lung tumor progression through
RNA modifications or related signaling pathways [26,
27]. Whereas, the role of ac*C modification of ENOI in
NSCLC is largely unknown.

This study aimed to investigate the role of NAT10 in
NSCLC, and further investigate the mechanism of down-
stream gene ENOI in glycolysis and apoptosis, which
might provide a potential therapeutic intervention strat-
egy for NSCLC.

Methods

Bioinformatics analysis

The expression of NAT10 in normal and lung squamous
cell carcinoma (LUSC) or lung adenocarcinoma (LUAD)
tissues was analyzed using the The University of ALa-
bama at Birmingham CANcer data analysis Portal (UAL-
CAN) database (https://ualcan.path.uab.edu/analysis.ht
ml). The LinkedOmics database (https://www.linkedomi
cs.org/login.php) showed genes positively and negatively
related to NAT10.
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Cell culture

The routine culture of the cells was carried out in refer-
ence to a previous study [28]. NSCLC cell lines (H157,
PC9, H460, and A549) and human bronchial epithe-
lial cells (BEAS-2B) were purchased from the Cell Bank
of the Chinese Academy of Sciences (Shanghai, China)
and cultured in Dulbecco’s modified Eagle’s medium
(DMEM, Gibco, NY, USA) containing 10% heat-inacti-
vated fetal bovine serum (FBS, Gibco), 100 U/mL penicil-
lin and 100 pg/mL streptomycin (Sigma) and incubated
in a humidified incubator at 37 °C with 5% CO,.

Cell transfection

NAT10 short hairpin (sh) RNA (sh-NAT10), negative
control shRNA (sh-NC), negative control overexpres-
sion (0e-NC), and ENO1 overexpression (oe-ENO1)
plasmids were synthesized (GenesScript Biotechnology
Co. Ltd., Nanjing, China). The cells (5x10° cells/well)
were inoculated in a six-well plate (Beyotime). After the
cell confluence reached 80%, transfection was performed
using Lipofectamine 2000 (Sigma) according to the man-
ufacturer’s instructions. Specifically, the plasmids or shR-
NAs were diluted in Opti-MEM reduced serum medium
(Gibco), and Lipofectamine 2000 was diluted in a sepa-
rate tube of Opti-MEM. The diluted plasmids or shRNAs
were then mixed with the diluted Lipofectamine 2000
and incubated at room temperature for 20 min to allow
complex formation. The transfection mixture was added
dropwise to the cells, and the plates were gently swirled
to ensure even distribution. The cells were incubated at
37 °C with 5% CO, for 48 h. After the transfection period,
the efficiency of transfection was assessed by reverse
transcription-quantitative polymerase chain reaction
(RT-qPCR) using specific primers for NAT10 and ENOI1.

RT-qPCR
Total RNA from cells was extracted by TRIzol reagent
(Yeason). Then, RNA was reverse transcribed into cDNA
using the Hifair® AdvanceFast 1st Strand cDNA Synthe-
sis Kit (Yeason), and the qPCR amplification experiment
was performed using the Hieff® qPCR SYBR Green Mas-
ter Mix (Yeason) with the reaction conditions: 95 °C for
5 min, 40 cycles of 95 °C for 10 s, 60 °C for 30 s, and a
cycle of 72 °C for 20 s. The gene expression was calcu-
lated by the 2722€T method. Primers used in this study
are listed as follows: N-acetyltransferase 10 (NAT10),
forward, 5-ATAGCAGCCACAAACATTCGC-3'
and reverse, 5-ACACACATGCCGAAGGTATTG-3%;
a-enolase (ENO1), forward, 5'-CCTGCCCTGGTTAG
CAAGAA-3' and reverse, 5'-GGCGTTCGCACCAAA
CTTAG-3'; glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), 5-TGTGGGCATCAATGGATTTGG-3’' and
reverse, 5'-ACACCATGTATTCCGGGTCAAT-3'.
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Western blot

Protein extraction was performed by lysing the cells in
RIPA buffer (Thermo Fisher Scientific, Waltham, MA,
USA). The lysates were centrifuged at 12,000 rpm for
10 min at 4 °C, and the supernatants were collected.
Protein concentrations were measured using the BCA
Protein Assay kit (Thermo Fisher). Equal amounts of pro-
tein (30 pg) were loaded onto 10% SDS-PAGE gels and
separated by electrophoresis. The proteins were then
transferred to PVDF membranes using a semi-dry trans-
fer apparatus. Membranes were blocked with 5% non-
fat milk in Tris-buffered saline with Tween-20 for 1 h at
room temperature. Primary antibodies against NAT10
(ab194297; 1/2000; Abcam Cambridge, MA, USA),
ENO1 (ab227978; 1/1000; Abcam), and [B-actin (ab8227;
1/5000; Abcam) were diluted according to the manufac-
turer’s instructions and incubated with the membranes
overnight at 4 °C. After washing three times with TBST,
the membranes were incubated with HRP-conjugated
secondary antibody (ab6721; 1/10,000; Abcam) for 1 h
at room temperature. Following additional washes, the
proteins were visualized using enhanced chemilumines-
cence (ECL) substrate (Thermo Fisher) and detected with
a ChemiDoc imaging system (Bio-Rad, Hercules, CA,
USA). GAPDH was used as a loading control to normal-
ize the protein expression levels. Band intensities were
quantified using Image J software.

Cell counting kit-8 (CCK-8) assay

Cell viability was detected using the CCK-8 kit (Beyo-
time) according to the manufacturer’s instructions.
Briefly, cells were seeded in 96-well plates at a density
of 5x 10 cells per well and allowed to adhere overnight.
Afterwards, 10 uL of CCK-8 solution was added to each
well, and the plates were incubated at 37 °C for 2 h. The
absorbance was then measured at 450 nm using a micro-
plate reader (Thermo Fisher). The results were expressed
as the percentage of viable cells compared to the control

group.

Colony formation assay

To assess the proliferation capacity of A549 and PC9
cells, the colony formation assay was conducted. A549
and PC9 cells were trypsinized and counted using a
hemocytometer. Cells were then seeded in 6-well plates
at a low density (approximately 500 cells per well) to
ensure the formation of distinct colonies. After 14 days
of incubation at 37 °C in a humidified atmosphere con-
taining 5% CO,, the medium was removed, and the cells
were gently washed with PBS. The colonies were fixed
with 70% ethanol (Beyotime) for 10 min and stained with
0.5% crystal violet solution (Beyotime) dissolved in 20%
methanol for 30 min at room temperature. Images of
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representative wells were captured using a digital camera,
and the number of colonies was quantified.

Detection of apoptosis rate

The apoptosis rate of A549 and PC9 cell lines was
assessed by fluorescein isothiocyanate (FITC) and prop-
idium iodide (PI) double staining solution using a com-
mercial Apoptosis Detection Kit (Yeason) according to
the instructions. Cells were harvested and washed twice
with cold phosphate-buffered saline (PBS), then resus-
pended in 1 x binding buffer at a concentration of 1x 10°
cells/mL. A total of 100 pL of the cell suspension was
transferred to a new tube, and 5 pL of annexin V-FITC
and 5 pL of PI were added. The samples were gently
mixed and incubated in the dark for 15 min at room tem-
perature. After incubation, 400 puL of 1 x binding buffer
was added to each tube to adjust the volume. The cell
samples were then analyzed using a FACS Cantoll flow
cytometer (BD Biosciences, CA, USA). The excitation
wavelength for flow cytometry was set at 488 nm. The
cell apoptosis rate was quantified using BD FACSDiva
software. To ensure reliability, flow cytometry was con-
ducted three times, with three biological repetitions for
each experiment.

8F-fluorodeoxyglucose (FDG) uptake

The transfected 1x 10> A549 and PC9 cell lines were cul-
tured in six-well cell culture plates until the cells reached
approximately 80-90% confluency. Then, the cells were
incubated in 2 mL DMEM containing *F-FDG (148 kBq
[4 puCi/mL]) for 1 h at 37 °C and 5% CO,. After incuba-
tion, the media was removed, and the cells were washed
twice with ice-cold PBS to remove any unincorporated
BE_FDG. Cell lysates were prepared by adding 1 mL of
trypsin to each well and incubating the cells at 37 °C for
5 min. The trypsinized cells were collected and centri-
fuged at 1,000 rpm for 5 min at 4 °C to pellet the cells.
The supernatant was discarded, and the cell pellets were
resuspended in 1 mL of RIPA buffer containing protease
inhibitors. The radioactivity of the whole-cell lysates was
determined using a gamma counter (ZonKia Scientific
Instruments Co. LTD., Hefei, China). The protein content
of the lysates was measured using the BCA assay, and the
results were normalized to the corresponding protein
amounts. All experiments were performed in triplicate to
ensure reproducibility.

Lactate production measurement

For the measurement of lactate levels, transfected A549
and PC9 cell lines were seeded at a density of 1x10°
cells per well in six-well plates. The cells were allowed to
adhere and grow for 24 h. After this period, the cell cul-
ture medium was carefully collected and centrifuged at
1,000 rpm for 5 min at 4 °C to remove any cellular debris.
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The supernatant was then used for lactate quantifica-
tion using the lactate assay kit (Jiancheng Bioengineering
Institute, Nanjing, China) according to the manufac-
turer’s instructions. Briefly, the assay reagents were pre-
pared by mixing the lactate oxidase, peroxidase, and
color developer solutions as specified in the kit. Standard
solutions of lactate were also prepared to generate a stan-
dard curve. Aliquots of the cell culture supernatant and
standard solutions were added to a 96-well plate, and the
assay reagents were added to each well. The plate was
incubated at room temperature for 30 min to allow the
color development. The absorbance was then measured
at 530 nm using the Synergy HTX Multi-Mode Micro-
plate Reader (Agilent Technology Co. LTD., Beijing,
China). To normalize the lactate levels to protein content,
the cells remaining in the six-well plates were lysed using
RIPA buffer containing protease inhibitors. The pro-
tein concentration was determined using the BCA assay
according to the manufacturer’s instructions. The lactate
levels were then normalized to the corresponding protein
amounts. All experiments were performed in triplicate to
ensure reproducibility.

Measurement of extracellular acidification rate (ECAR) and
oxygen consumption rate (OCR)

According to previous studies [29, 30], the ECAR and
OCR of A549 and PC9 cell lines were assessed using the
Seahorse XFe24 Flux Analyzer (Seahorse Bioscience,
Agilent) to evaluate glycolytic fluxes. The glycolytic stress
test kit (Seahorse) and mitochondrial stress test kit (Sea-
horse) were used for ECAR and OCR detection, respec-
tively. Briefly, the cells were plated at a density of 1x 10°
cells/well in the Seahorse XF cell culture microplate and
allowed to adhere overnight. The next day, the media was
changed to Seahorse XF Base Medium, pH-adjusted to
7.4, and the cells were incubated at 37 °C without CO, for
1 h to equilibrate.

For the mitochondrial stress test, sequential com-
pound injections were made at the following final con-
centrations: oligomycin (1 pM), carbonyl-cyanide
p-trifluoromethoxyphenylhydrazone (FCCP) (0.3 uM),
and rotenone/antimycin A (Rote/AA) (0.1 uM). For the
glycolytic stress test, sequential compound injections
were made at the following final concentrations: glucose
(10 mM), oligomycin (0.5 uM), and 2-Deoxy-D-glucose
(2-DG) (50 mM). Each injection was also followed by a
3-minute mixing period and a 3-minute measurement
period. Post assay, wells were washed, cells lysed, and
the BCA assay was performed for protein content. These
readouts were normalized to corresponding protein
amounts.
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Ac*CRNA immunoprecipitation (RIP)

The ac*C RIP assay was performed according to a previ-
ous study [31] using a GenSeq ac*C RIP kit (Cloudseq
Biotech, Shanghai, China) following the manufacturer’s
instructions. Protein A/G magnetic beads (Thermo
Fisher) were activated with purification buffer and conju-
gated with 5 pg of anti-ac*C antibody (Abcam), and 5 pg
of rabbit IgG antibody (Abcam) at room temperature
for 2 h. After that, the beads were washed with purifica-
tion buffer three times. In addition, 10% of the cell lysate
was saved as input at -80 °C. Antibody-conjugated A/G
magnetic beads were incubated with 45% of cell lysate,
0.25 M EDTA, and RNase inhibitor (Sigma) at 4°C for 4 h
separately. Then, the beads were washed with purifica-
tion buffer another three times, and all the solution was
discarded. Later, the A/G magnetic beads were incubated
with lysis buffer, 10% SDS, and 10 mg/ml proteinase K
at 55 °C for 30 min to purify mRNA. Moreover, reverse
transcription was performed, and qPCR was followed to
test the binding of target RNA.

Dual-luciferase reporter assay

The cDNA containing full-length 3’-untranslated regions
(UTR) of ENO1 was cloned into the pGL3 luciferase
reporter vector (Promega, USA), to obtain pGL3-ENO1-
wild type (WT). pGL3-ENO1-mutant type (MUT) plas-
mid was obtained by the introduction of mutations into
pGL3-ENO1-WT using the QuikChange II Site-Directed
Mutagenesis kit (Agilent). Next, the sh-NAT10 or a
sh-NC were co-transfected with either pGL3-ENO1-
WT or pGL3-ENO1-MUT into A549 and PC9 cell lines
using Lipofectamine 2000 according to the manufactur-
er’s instructions. Cells were seeded in 24-well plates at
a density of 5x 10* cells per well and allowed to adhere
overnight. For transfection, 1 pg of each plasmid and 50
nM of shRNA were mixed with 2.5 pL of Lipofectamine
2000 in Opti-MEM reduced serum medium and incu-
bated for 20 min at room temperature. The transfection
mixture was then added to the cells, and the cells were
incubated at 37 °C with 5% CO, for 48 h. Afterwards, the
cells were lysed using the Passive Lysis Buffer provided in
the Dual-Luciferase® Reporter Assay System (Promega).
Then, luciferase activity was measured using Dual-Lucif-
erase” Reporter Assay System (Promega) and normalized
to the activity of Renilla luciferase. The ratio of firefly/
Renilla luciferase activity was used as the relative lucifer-
ase activity.

RNA stability assessment

RNA stability assessment was performed to verify the
stability of ENO1 after NAT10 silencing in A549 and
PC9 cell lines. A549 and PC9 cell lines were treated with
actinomycin (Act) D (0.5 pg/ml, Sigma), an inhibitor for
RNA transcription, then existing ENO1 expression was



Yuan et al. BMC Pulmonary Medicine (2025) 25:75

detected at different time points (0, 8, 16, and 24 h) using
qPCR.

Statistical analysis

The SPSS 21.0 software was used to analyze data. Data
are expressed as mean tstandard deviation (SD). Stu-
dent’s t-test was used for comparison between the two
groups. One-way analysis of variance (ANOVA) was
used for comparison among groups. Statistical analyses
were performed using GraphPad Prism software (v8.0.1,
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GraphPad Software Inc., San Diego, CA, USA). p<0.05
indicates that the difference is statistically significant.

Results

High expression of NAT10 in NSCLC

Bioinformatic analysis using the UALCAN database
showed that the expression of NAT10 was upregulated
in LUAD (Fig. 1A) and LUSC (Fig. 1B) tissues compared
with that in normal tissues. NAT10 mRNA and protein
levels were increased in NSCLC cell lines (PC9, A549,
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Fig. 1 High expression of NAT10 in NSCLC. A, The UALCAN database was used to analyze the NAT10 expression in LUAD (n=515) and normal tissues
(n=59); B, The UALCAN database was used to analyze the NAT10 expression in LUSC (n=503) and normal tissues (n=52); C, RT-qgPCR and D, Western blot
were used to analyze the expression levels of NAT10 in NSCLC cell lines (H157, H460, A549, and PC9) and BEAS-2B cells (n=3). NAT10, N-acetyltransferase
10; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; NSCLC, non-small cell lung cancer; UALCAN, The University of ALabama at Bir-
mingham CANcer data analysis Portal; RT-qPCR, reverse transcription-quantitative polymerase chain reaction
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H460, and H157) compared with that in BEAS-2B cells
(Fig. 1C and D). PC9 and A549 cell lines were chosen for
followed experiments.

Knockdown of NAT10 inhibited cell viability and glycolysis
and promoted cell apoptosis of A549 and PC9 cell lines

To further verify the effect of NAT10 on NSCLC cellular
processes, we transfected sh-NAT10 into A549 and PC9
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cell lines, and its mRNA and protein levels were down-
regulated (Fig. 2A and B). The cell viability of A549 and
PC9 cell lines was suppressed after NAT10 inhibition
(Fig. 2C). Colony formation assay results showed that
NAT10 knockout decreased the colony number of A549
and PC9 cell lines (Fig. 2D and E). Besides, flow cytom-
etry results showed that NAT10 knockdown increased
the apoptosis rate of A549 and PC9 cell lines (Fig. 2F
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Fig. 2 Knockdown of NAT10 inhibited cell viability and glycolysis and promoted cell apoptosis of A549 and PC9 cell lines. The transfection efficiency
of sh-NAT10 in A549 and PC9 cell lines was detected by A, RT-qPCR and B, Western blot; C, CCK-8 assay was performed to assess the cell viability of
A549 and PC9 cell lines; D, Colony formation assay was conducted to analyze the cell proliferation in A549 and PC9 cell lines; E, Quantification of colony
number of A549 and PC9 cell lines in each group; F, Flow cytometry was performed to detect the apoptosis of A549 and PC9 cell lines; G, The apoptosis
rate of A549 and PC9 cell lines; H, The '8F-FDG uptake in A549 and PC9 cell lines; I, The lactate production of A549 and PC9 cell lines was detected by
specific kit; The ECAR in J, A549 and K, PC9 cell lines. The OCR in L, A549 and M, PC9 cell lines. (n=3). NAT10, N-acetyltransferase 10; RT-qPCR, reverse
transcription-polymerase chain reaction; CCK-8, cell counting kit-8; ECAR, extracellular acidification rate; OCR, oxygen consumption rate; '8F-FDG, '®F-
fluorodeoxyglucose; sh-RNA, short hairpin RNA
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and G). In addition, silencing NAT10 decreased the '®F-  ENO1 was a downstream regulatory target of NAT10-

FDG uptake (Fig. 2H), lactate production (Fig. 2I), ECAR  mediated ac®C acetylation in A549 and PC9 cell lines

(Fig. 2] and K) and OCR (Fig. 2L and M) in A549 and The LinkedOmics database was used to analysis the genes

PC9 cell lines. positively and negatively related to NAT10 (Fig. 3A).
ENOL1 is a gene positively related to NAT10, which has
not been researched in NSCLC before. In addition, ENO1
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Fig. 3 ENO1 was a downstream regulatory target of NAT10-mediated ac*C acetylation in A549 and PC9 cell lines. A, Genes positively and negatively
related to NAT10 were obtained using the Linkedomics database; The mRNA and protein levels of ENO1 in A549 and PC9 cell lines were detected by B,
RT-gPCR and C, Western blot after NAT10 knockdown; Ac*C-RIP assay was performed to detect ENO1 ac*C expression in D, A549 and E, PC9 cell lines;
Dual-luciferase reporter assay was used to evaluate the binding of NAT10 and ENO1 in F, A549 and G, PC9 cell lines; RNA stability assay was used to
detect the existing NAT10 expression when actinomycin D treated at different time points (0, 8, 16, and 24 h) in H, A549 and I, PC9 cell lines. (n=3).
NAT10, N-acetyltransferase 10; RT-qPCR, reverse transcription-polymerase chain reaction; ENO1, a-enolase; NSCLC, non-small cell lung cancer; RIP, RNA
immunoprecipitation; ac*C, N4-acetylcytidine
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is a glycolysis-related enzyme. Thus, ENO1 was chose
as the downstream target of NAT10 in this study. The
mRNA and protein levels of ENO1 were inhibited after
NAT10 inhibition in A549 and PC9 cell lines (Fig. 3B
and C). Besides, ac*C-RIP assay indicated that silence of
NAT10 showed a lower level of ac*C of ENO1 mRNA in
A549 and PC9 cell lines (Fig. 3D and E), compared with
that in the sh-NC group. Dual-luciferase reporter assay
results indicated that the significant reduction in lucifer-
ase activity in the WT constructs compared to the MUT
constructs supports that NAT10 interacted with ENO1
through the ac*C modification in A549 and PC9 cell
lines (Fig. 3F and G). The observed differences in ENO1
mRNA stability between sh-NC and sh-NAT10 groups
were statistically significant at all time points, indicating
silencing NAT10 resulted in accelerated degradation of
ENO1 mRNA in A549 and PC9 cell lines (Fig. 3H and I).

Overexpression of ENO1 reversed the decreases of cell
viability and glycolysis and the increase of apoptosis in
A549 and PC9 cell lines

Compared with the oe-NC group, ENO1 mRNA and
protein levels were upregulated in the oe-ENO1 group
(Fig. 4A and B). CCK-8 and colony formation assays
results showed that relative to the oe-NC group, ENO1
overexpression increased the cell viability and prolifera-
tion (Fig. 4C-E). Additionally, compared with the oe-NC
group, the apoptosis rate was upregulated in A549 and
PC9 cell lines after ENO1 overexpressing (Fig. 4F and
G). Moreover, compared with the oe-NC group, the '°F-
FDG, lactate production, ECAR, and OCR in A549 and
PC9 cell lines were upregulated when ENO1 was overex-
pressed (Fig. 4H-M).

Discussion

NAT10 is a therapeutic target for a variety of cancers [19,
32, 33]. In our study, NAT10 was upregulated in NSCLC
cell lines. Similarly, Guo et al. [34] reveal high NAT10
expression in NSCLC tissues, cell lines and mouse xeno-
graft models. In addition, Xu et al. [35] demonstrate that
depletion of NAT10 inhibits the growth of xenograft
tumors in nude mice. Moreover, an in vivo study implys
that deficient NAT10 reduces tumor burden in xeno-
grafts and transgenic mouse models of bladder cancer
[18]. Besides, high expression of NAT10 is associated
with hepatitis, cirrhosis, and poor prognosis in patients
with hepatocellular carcinoma [32]. These results sug-
gested that NAT10 promoted the progression of various
cancers including NSCLC.

To further explore the effect of NAT10 on biological
behaviors of NSCLC cells, we successfully constructed
NAT10 silenced A549 and PC9 cell lines. The results
indicated that silencing of NAT10 inhibited cell viabil-
ity and glycolysis and promoted apoptosis of A549 and

Page 8 of 11

PC9 cell lines, suggesting that the knockdown of NAT10
inhibited the progression of NSCLC in vitro. Similarly,
a recent study finds that NAT10 knockdown curtails
proliferation, invasion, and migration, whereas NAT10
overexpression yields contrary effects in NSCLC [34].
Besides, another research has indicated that the prolif-
eration ability, the healing of scratches, and invasion are
suppressed, whereas apoptosis is promoted in tumor cells
after NAT10 inhibition [18]. There are few studies on the
effects of NAT10 on glycolysis. Interestingly, a recent
study demonstrated that NAT10-mediated ac*C-modifi-
cation enhances hypoxia tolerance of gastric cancer cells
by promoting glycolysis addiction [36].

Then, we analyzed the genes related to NAT10. ENO1
is a gene positively related to NAT10, which has not been
researched in NSCLC before; thus, we investigated the
role of ENOL1 in the present study. ENO1 is an oncogene
[27, 37]. In this study, we found that silencing NAT10
inhibited the expression of ENO1 in A549 and PC9 cell
lines, implying that ENO1 is a downstream regulatory
target of NAT10 in NSCLC. Then, we found that the ac*C
level of ENO1 mRNA was decreased after NAT10 knock-
down in A549 and PC9 cell lines. ac*C mRNA modifica-
tion catalyzed by NAT10 is associated with a variety of
human diseases, especially cancers. Besides, the RNA
stability of ENO1 was suppressed after NAT10 knock-
down, suggesting that NAT10 could regulate the stabil-
ity of ENO1 mRNA to improve the efficiency of mRNA
transcription through NAT10-mediated ac*C-modified
ENO1 mRNA acetylation. The findings are consistent
with the reported studies indicating that NAT10-medi-
ated ac*C mRNA plays regulatory roles in different dis-
eases via acetylating target genes [32, 38].

In conclusion, our study demonstrated the role of
NAT10-mediated ac'’C modification of ENOI mRNA
acetylation in NSCLC, implying that NAT10 can be used
as a biomarker to study the development and progression
of NSCLC, or as a potential target for future treatment
of NSCLC. The novelty of this study lies in the follow-
ing points: While previous studies have explored the
oncogenic functions of NAT10 in NSCLC, few research
studies have linked its effects on glycolysis. Besides, we
provide a detailed mechanistic understanding of how
NAT10 mediates ac*C modification, which regulates the
expression and activity of ENOI, a key glycolysis enzyme.
This novel pathway offers new insights into the meta-
bolic reprogramming driven by NAT10 in NSCLC. Thus,
developing NAT10 or ac*C modification inhibitors could
be promising therapeutic strategies for NSCLC clinical
treatment. Moreover, combining NAT10 inhibitors with
existing therapies, such as chemotherapy or immuno-
therapy, might enhance treatment efficacy.

However, there are some limitations to this study. For
example, this study lacked clinical studies to explore
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Fig. 4 Overexpression of ENO1 reversed the decreases of cell viability and glycolysis and the increase of apoptosis in A549 and PC9 cell lines. The
transfection efficiency of ENO1 overexpression plasmids in A549 and PC9 cell lines was detected by A, RT-gPCR and B, Western blot; C, CCK-8 assay was
performed to assess the viability of A549 and PC9 cell lines in each group; D, Colony formation assay was conducted to analyze the cell proliferation of
A549 and PC9 cell lines in each group; E, Quantification of colony number of A549 and PC9 cell lines in each group; F, Flow cytometry was performed
to detect the apoptosis of A549 and PC9 cell lines in each group; G, The apoptosis rate of A549 and PC9 cell lines in each group; H, The '®F-FDG uptake
of A549 and PC9 cell lines in each group; I, The lactate production of A549 and PC9 cell lines in each group was detected by specific kit; The ECAR in J,
A549 and K, PC9 cell lines in each group; The OCR in L, A549 and M, PC9 cell lines in each group. (n=3). NAT10, N-acetyltransferase 10; RT-qPCR, reverse
transcription-polymerase chain reaction; CCK-8, Cell counting kit-8; ECAR, extracellular acidification rate; OCR, oxygen consumption rate; 18E_FDG, '®F-
fluorodeoxyglucose; sh-RNA, short hairpin RNA

whether expression of NAT10 was associated with sur- Conclusions

vival in patients with NSCLC. In addition, including
additional NSCLC cell lines or primary tumor samples in
future studies could enhance the generalizability of find-
ings. These limitations will be further improved in our
future research.

NAT10 regulated glycolysis and apoptosis in NSCLC
via ac*C acetylating ENO1, implying that NAT10 can be
used as a biomarker to study the development and pro-
gression of NSCLC, or as a potential target for future
treatment of NSCLC.
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