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NAT10 Promotes Malignant Progression of Lung Cancer
via the NF-<B Signaling Pathway
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Background: NAT10 (N-acetyltransferase 10) is a newly identified novel acetyltransferase. Abnormal expression of NAT10 is
associated with several human disorders, including cancer, autoimmune diseases, and cardiovascular disease. This study aimed
to investigate the role of NAT10 in promoting lung cancer malignant progression through the NF-<B (nuclear factor ~B) signaling
pathway.

Methods: Cells lines BEAS-2B, NCI-H524, A549, PC-9, NCI-H23, and NCI-H258 were cultured for identification. Western
blotting and PCR assays determined gene expression within the sample cells. Cellular functionality was assayed using CCKS8
(Cell Counting Kit-8), Dual-Luciferase Reporter, and Colony formating.

Results: The PCR assay and Western blotting showed a significant elevation of NAT10 levels within tumor tissues compared
to paraneoplastic tissues (p < 0.05). Specifically, NAT10 only affected the expression and content of RelA/p65 in lung cancer.
Analysis from the TCGA (The Cancer Genome Atlas) database indicated that elevated expression levels of NAT10 in tumors can
be a good prognostic indicator for lung cancer patients. The CCKS8 assay showed that the knockdown of NAT10 significantly
suppressed the A549 cells’ progression rate (p < 0.05). The colony formation assays further confirmed that the overexpression of
NAT10 significantly increased the generation of clones in the NCI-H524 cells (p < 0.05). The proliferation rate influenced by the
overexpression of NAT10 was inhibited by blocking the NF-«<B signaling pathway (p < 0.05). Dual-luciferase reporter gene assay
results revealed NAT10’s potential in promoting the NF-<B signaling pathway’s activity in lung cancer. Immunohistochemical
staining underscored a strong link between NAT10 protein expression and the NF-xB signaling pathway in lung cancer tissues.
Conclusions: NAT10’s expression is significantly upregulated in tumor tissues, supported by PCR results. NAT10 plays a role
in the development and proliferation of lung cancer cells and can activate the NF-xB signaling pathway in lung cancer. Hence,
NAT10’s regulation of the NF-«<B signaling pathway is critical in the malignant proliferation of lung cancer.
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Introduction Among all cancers, lung cancer tops the charts in both
prevalence and mortality rates globally. Factors such as
long-term smoking [4], exposure to second-hand smoke,
environmental pollution, and occupational hazards con-
tribute significantly to its incidence [5]. Nevertheless, con-
siderable advancements have been made in its prevention
and treatment, such as developing lung cancer screening
initiatives and applying targeted therapies and immunother-
apy [6-8]. Confronting lung cancer is a collective respon-
sibility, demanding focused attention and proactive mea-
sures.

Globally, lung cancer stands as a prevalent form of
malignancy with high risk of pleural effusion [1]. World
Health Organization (WHO) has estimated that over 2 mil-
lion individuals receive a new diagnosis of lung cancer,
with approximately 1.8 million deaths annually attributed
to this disease [2]. Notably, our country ranks among those
with the highest prevalence of lung cancer worldwide [3].
Enhancing public health awareness and fostering preven-
tive measures against lung cancer is a collective imperative.
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The NF-£B (nuclear factor xB) signaling pathway is
pivotal in regulating various cellular functions, including
cell growth, apoptosis, and immune responses [9]. Its role
is particularly important in lung cancer’s onset and progres-
sion. Study underscores its significant influence on lung
cancer cell proliferation, metastasis, immune response eva-
sion, and targeted treatments [10]. Within the tumor mi-
croenvironment, certain, including chronic inflammation,
viral infection, and specific drugs, can stimulate and acti-
vate the NF-xB pathway, further leading to the progression
and metastasis of lung cancer [11]. Furthermore, recent ob-
servations suggest that the NF-xB signaling pathway can
modulate lung cancer progression by inhibiting tumor cell
apoptosis and promoting angiogenesis. The NF-xB signal-
ing pathway regulation has been extensively studied in lung
cancer therapy, and inhibiting it can amplify the effective-
ness of conventional chemotherapy, radiotherapy, and other
cancer treatments. Therapeutic strategies targeting the NF-
kB pathway incorporate small-molecule inhibitors, bioac-
tive molecules, and RNA interference [12]. To sum up,
utilizing the NF-xB pathway is crucial for comprehending
and suppressing lung cancer progression, offering promis-
ing therapeutic interventions and disease strategies.

N-acetyltransferase 10, commonly referred to as
NATI10, is a novel acetyltransferase. The protein en-
coded by the NAT10 gene protein is a nuclear protein
mainly involved in processing and modifying RNA precur-
sor molecules [13]. Abnormal expression of NAT10 has
been associated with various human disorders, including
cancer, autoimmune disorders, and cardiovascular diseases.
As aresult, NAT10 is seen as a potential therapeutic target
for cancer [14]. Concurrently, NAT10 plays a role in cell
apoptosis, DNA damage repair, cell cycle regulation, and
other vital biological processes [15].

In this study, we found that NAT10 expression was
elevated in various lung cancer tissues, and there was a
negative correlation between its expression level and pa-
tient prognosis. Further investigations have revealed that
the overexpression of NAT10 in lung cancer can directly en-
hance the function of the NF-xB signaling pathway, thereby
promoting tumor malignancy by increasing the protein con-
tent of p65. These insights offer a fresh perspective on un-
derstanding the molecular pathogenesis of lung cancer.

Materials and Methods

Cell Cultivation and Stable Cell Lines

Cell lines BEAS-2B (FH0319), NCI-H524 (FH0680),
A3549 (FH0045), PC-9 (FH0083), NCI-H23 (FH0616), and
NCI-H358 (FH0046), sourced from Fuheng Biotechnology
Co., Ltd. (Shanghai, China), were cultured in their respec-
tive medium. Each medium was supplemented with strep-
tomycin (100 pg/mL), penicillin (100 U/mL), and 10% fetal
bovine serum (FBS). All these cells were grown in a cham-
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ber set at 37 °C with 5% CO4 and controlled humidity. All
cells underwent STR (Short Tandem Repeats) identification
and were regularly tested for mycoplasma presence.

Plasmid Construction

We engaged GENEWIZ Biotechnology Co., Ltd.
(Suzhou, China), to construct NAT10 knockout and over-
expression of plasmids, using lentiCRISPR-V2-puro and
pcDNA3.1 - puro - C - 3 flag plasmid, respectively. Once
verified by sequencing, they have employed with the fol-
lowing primers:

sg-NAT10: ATTGAGAATGGAGTAGCTGAG

ov-NAT10-F: ATGCATCGGAAAAAGGTGGA

ov-NAT10-R: TTTCTTCCGCTTCAGTTTCATATC

We engaged GENEWIZ Biotechnology Co., Ltd.
(Suzhou, China) to construct a p65 knockout plasmid us-
ing pLKO.1-TRC-mCherry-T2A-BSD plasmid. After ver-
ification by sequencing, it was employed with the following
primers:

sh-p65-1: CGGATTGAGGAGAAACGTAAA

sh-p65-2: CACCATCAACTATGATGAGTT

We successfully obtained the lentiCRISPR v2-NAT10
and pcDNAS3.1-Puro-C-3Flag-NAT10 plasmids. These
plasmids and the control plasmid were transferred into the
cells using the lipo8000 transfection reagent (Beyotime,
Shanghai, China). Stable cell lines were subsequently es-
tablished by puromycin (1 ug/mL) selection. The detailed
steps include:

(1) Into an enzyme-free EP tube, we added 2 ug of the
previously sequenced-verified plasmids and 2 ug of their
corresponding plasmids.

(2) Each EP tube was supplemented with 200 uLL of
Opti-MEM transfection medium. By lightly flicking the
tube, plasmid, and Opti-MEM transfection medium were
mixed thoroughly and then left to incubate for 10 minutes.

(3) To the aforementioned mixture, we added 3 uL
lipo8000 transfection reagent. The contents of the EP tube
were thoroughly mixed and allowed to stand for 10 minutes.

(4) The resulting mixture was then added dropwise
into a culture medium containing cells (with a cell density
of 70-80%) using a pipetting pistol. Six hours later, fresh
medium was added.

(5) After 72 hours, a medium containing puromycin
(2 ug/mL) was added. Cultivation continued until no dead
cells were observed floating, indicating the successful es-
tablishment of stable cells.

In the case of constructing A549-sg-NAT10 cells, we
initially obtained mixed clone cells. After equalizing cell
counts and equal dilutions, a cell suspension (10 cells/mL)
was prepared. 100 uL of this cell suspension was then
seeded into each well of a 96-well plate for single-cell
cloning. Following WESTER verification, we successfully
established the NAT10 knockout A549 cell line.
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Western Blotting Assay

Cellular extracts were meticulously prepared and
subsequently analyzed through the western blotting, us-
ing appropriate antibodies, as detailed in the refer-
ence methodologies [16]. The primary antibodies used
in our study included: anti-NAT10 (1:1000, 13365-1-
AP, Proteintech, Wuhan, China), anti-RelA/p65 (1:1000,
8242, CST, Boston, MA, USA), anti-Flag-tag (F1804,
Sigma, St. Louis, MO, USA), anti-IKba (1:1000, 4814,
CST, Boston, MA, USA), anti-phospho IKba (Ser32/36)
(1:1000, 9426, CST, Boston, MA, USA), anti-NF-xB p65
(Ser536) (1:1000, 3033, CST, Boston, MA, USA), anti-
IKKB (1:1000, 15649—1-AP, Proteintech, Wuhan, China),
anti-IKK-alpha (1:1000, GB11923, ServiceBio, Wuhan,
China), and anti-3-actin (1:10,000, 66009-1-AP, Protein-
tech, Wuhan, China). The employed secondary antibod-
ies were Horseradish peroxidase-labeled goat anti-rabbit
IgG (H + L) (A0208, Beyotime, Shanghai, China) and
Horseradish peroxidase-labeled goat anti-mouselgG (H +
L) (A0216, Beyotime, Shanghai, China).

For subsequent quantitative analysis, we used image
J (V1.8.0.112, Rawak Software Inc., Stuttgart, Germany)
software to assess the grayscale intensities of bands in
each lane, with the grayscale value of [-actin as control.
GraphPad Prism7 (GraphPad Software Inc., San Diego,
CA, USA) facilitated our graphic representation statistical
analysis.

Lung Cancer Tissue Samples

In adherence to the Declaration of Helsinki, lung can-
cer tissue samples were procured from three cohorts at The
Affiliated Taizhou People’s Hospital of Nanjing Medical
University. The written informed consent was collected
from the patients, and the experimental protocol was per-
mitted by the institutional ethics review board of The Affili-
ated Taizhou People’s Hospital of Nanjing Medical Univer-
sity (KY2021-008-01). The identity of each specimen was
confirmed through pathologic analysis. Prior to the surgery,
none of the patients underwent chemotherapy or radiation
treatments.

PCR Assay

RNAs were extracted from fresh clinical tissues
and cell samples utilizing an RNA-easy Isolation reagent
(R701, Vazyme, Nanjing, China). After that, HiScript III
Ist Strand cDNA Synthesis Kit (+gDNA wiper) (R312,
Vazyme, Nanjing, China) has been utilized in order to
perform reverse transcription, and AceQ Universal SYBR
gPCR Master Mix (Q511, Vazyme, Nanjing, China) was
employed to detect corresponding genes [15] quantita-
tively. The 2~22CT method was used to analyze the dif-
ferences between the experimental and control groups.

RT-NAT10-F: 5-GCCTCTTGTAAGAAGTGTCTCG-
3/

RT-NAT10-R: 5'-TCTTTTCAGAGATGCCCTCGAT-
3/

RT-j-actin-F: 5'-TCCCTGGAGAAGAGCTACG-3’
RT-f-actin-R: 5’'-GTAGTTTCGTGGATGCCACA-3’
RT-p65-F: 5'-ATGTGGAGATCATTGAGCAGC-3’
RT-p65-R: 5'-CCTGGTCCTGTGTAGCCATT-3'

Cell Function Related Experiments
CCKS (Cell Counting Kit-8) Assay

Approximately 1 x 102 cells were inoculated into in-
dividual wells of a 96-well plate, which was then incubated
for 2 hours. After this incubation, the optical density (OD)
at 450 nm was measured by the Synergy HTX Multifunc-
tional Microplate Detector (Synergy HTX, BioTek, VT,
USA). This procedure was replicated on days 2, 3, and 4 to
draw the proliferation curve. Concurrently, the Cell Count-
ing Kit-8 Kit (A311, Vazyme, Nanjing, China) was used
in accordance with its provided instructions for the corre-
sponding experiments.

Colony Formation Assays

A total of 500 cells were evenly seeded into each well
of'a 6-well plate. These plates were then incubated at a con-
sistent temperature of 37 °C for 3 weeks. Following incuba-
tion, the cell colonies were fixed using a 4% paraformalde-
hyde solution and stained with crystal violet. Once stained,
the plates were photographed against a white background
under natural light. The acquired images were sorted and
analyzed using Image J software (V1.8.0.112, Rawak Soft-
ware Inc., Stuttgart, Germany).

Dual-Luciferase Reporter Assay

We utilized the pGL4.10-hRluc reporter vector, which
carries sea kidney and firefly fluorescence proteins. The
vector underwent sequential enzymatic digestion and
gelling recovery, first with Kpnl (R3142, NEB, Ipswich,
SD, USA) followed by BglIl (R0144, NEB, Ipswich, SD,
USA). A synthetic insert containing the p65 binding se-
quence “GGGAATTTCCGGGAATTTCCGGGAATTTC-
CGGGAATTTCC” was generated. After annealing, this
fragment was ligated into a pGL4.10 - hRluc reporter vec-
tor using T4 ligase (M0202, NEB, Ipswich, SD, USA)—
subsequent transformation into bacteria allowed for colony
selection. The positive clones were confirmed via sequenc-
ing.

These constructed reporter plasmids were transfected
into A549-sg-NAT10/H524-0v-NAT10 cell lines and their
corresponding control cells.  Forty-eight hours post-
transfection, fluorescence was assessed using the Promega
kit (E1910, Promega, Madison, WI, USA) with a Mul-
tifunctional Microplate Detector (Synergy HTX, BioTek,
VT, USA).

Immunohistochemistry (IHC)

Immunohistochemistry (IHC) was conducted as fol-
lows. Paraffin-embedded tissue sections were treated with
3% acetic acid and 0.1% trypsin solution at 37 °C for
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15 minutes. The sections were incubated in 5% (v/v)
normal goat serum for 2 hours at room temperature to
block non-specific binding. The sections were treated
with primary antibodies anti-NAT10 (1:100, 13365-1-AP,
Proteintech, Wuhan, China) and anti-RelA/p65 (1:200,
8242, CST, Boston, MA, USA)-which were diluted in
5% (v/v) normal goat serum. The incubation was set
overnight at 4 °C in a humidified chamber. HRP-labeled
Goat Anti-Rabbit IgG(H+L) (A0208, Beyotime, Shanghai,
China) were used per the manufacturer’s recommendations.
The antibody-antigen complex was visualized using 3,3-
Diaminobenzidine (DAB) staining.

Statistical Methods

Data were analyzed using the GraphPad Prism7 soft-
ware (GraphPad Software Inc., San Diego, CA, USA). Both
one-way ANOVA and the student’s #-test were utilized to
assess the differences between groups. At the same time,
for comparisons involving multiple factors like cell types,
treatments, or time durations, a two-way ANOVA was em-
ployed. The relative intensity of NAT10 staining in com-
parison to NF-xB-p65 was determined utilizing Image-Pro
Plus software (V6.0, Media Cybernetics Inc, San Diego,
CA, USA). Levels of significance were denoted as follows:
*p < 0.05, ¥*p < 0.01, ***p < 0.001. The abbreviation
“ns” indicates no statistical significance.

Results

Elevated Expression of NATI10 in Lung Cancer
Tissues

In our initial investigation of fresh clinical lung can-
cer tissue samples, western blotting assays have revealed
elevated NAT10 expression levels in tumor tissues com-
pared to their corresponding para-cancer tissues (Fig. 1A).
This finding was corroborated by qPCR (Real-time Quan-
titative PCR Detecting System) assays, which further con-
firmed the increased expression (p < 0.05) (Fig. 1B). Rein-
forcing our findings, an analysis of lung cancer data from
the TCGA (The Cancer Genome Atlas) database (https:
//portal.gdc.cancer.gov) aligned with our conclusions, in-
dicating that NAT10 is highly expressed in tumor tissues
(p < 0.05). Additionally, the data showed a negative asso-
ciation between NAT10 expression and patient prognosis.
The ROC curve, with an AUG = 0.855, further substanti-
ated that NAT10 serves as a valuable prognostic marker for
lung cancer (Fig. 1C).

NATI0 Enhances Proliferation of Lung Cancer Cells

To delve deeper into the function of NAT10 within
lung cancer tissues, we analyzed its protein expression
across human bronchial epithelial cells (Beas-2B cells) and
several lung cancer cell lines. Our findings indicated that
NAT10 was most prominently expressed in A549 cells
and had the lowest expression in H524 cells (Fig. 2A).
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Based on these results, we engineered NAT 10 knockout cell
lines from A549 cells and NAT10 overexpressed cell lines
from NCI-H524 cells (Fig. 2B). Utilizing these tailored cell
lines, our CCKS assays demonstrated a significant progres-
sion rate of A549 cells post NAT10 knockout (p < 0.05),
whereas NCI-H524 cells showed a marked increase in pro-
liferation upon NAT10 overexpression (Fig. 2C). The pat-
terns are also consistent in our Colony formation assays
(Fig. 2D).

NATI10 Promotes Lung Cancer through the
Activation of NF-kB Signaling Pathway

Previous studies have suggested a significant involve-
ment of the NF-xB signaling pathway in lung cancer pro-
gression [16,17]. Exploring NAT10’s influence on the ac-
tivation of the NF-xB signaling pathway, we used Dual-
luciferase reporter gene assays on our previously estab-
lished stable cell lines. The data showed a significant in-
hibition in the activity of NF-xB signaling pathway post-
NAT10 suppression in A549 cells. Conversely, enhanc-
ing NAT10 in NCI-H524 cells enabled the NF-xB signaling
pathway activity (p < 0.05), as shown in Fig. 3A. We then
employed western blotting to assess the key components
within the NF-xB signaling pathway. Among these, only
RelA/p65 protein content exhibited significant alterations
in tandem with its phosphorylated form (p-p65) (Fig. 3B
and Fig. 3D). Complementing this, qPCR experiments re-
vealed that NAT10 knockout led to a reduction in p65
mRNA levels in A549 cells, while its amplification in NCI-
H524 resulted in elevated p65 mRNA levels (p < 0.05),
as illustrated in Fig. 3C. Collectively, these results point to
NAT10’s potential in modulating the activity of the NF-xB
signaling pathway through its influence on RelA/p65 in the
context of lung cancer.

NAT10 Modulates Lung Cancer Development
through the NF-xB Signaling Pathway

In order to further explore the function of the NF-
kB signaling pathway and NAT10’s role in the aggressive
malignant proliferation of lung cancer, we administered
the NF-xB signaling pathway inhibitors (Bay11-7082) and
small hairpin RNA (shRNA) to the engineered H524-ov-
NAT10 cells. This aimed to suppress the activation of
the NF-xB signaling pathway prompted by NAT10 overex-
pression (Fig. 4A,B). Subsequent colony formation assays
confirmed that suppressing the NF-xB signaling pathway
could effectively negate the proliferation rate stimulated
by NAT10 (Fig. 4C). Histochemical staining of previously
procured paraffin-embedded lung cancer tissue specimens
illustrated a marked association between NF-xB pathway
activation (evidenced by p-p65) and NAT10 protein levels
in lung cancer samples (Fig. 4D). The data compellingly
suggested that NAT10 enhances lung cancer malignant pro-
gression via the NF-xB signaling pathway.


https://www.discovmed.com/
https://portal.gdc.cancer.gov
https://portal.gdc.cancer.gov

940

A B
N1 T1 N2 T2 N3 T3 N4 T4 N5 T5 N6 T6 C|inica| tissues_qPCR
NAT10 Sl e s aae i s il =l «= W 110kDa
. o 0.08+ JOTORS
B-actin = w» - - o o> @ @ W = w» W —42kDa -—
ke
1.0- Z 5 0.06 s
Hhk "6 (F
0.8 - ek - o
[Ore) 0.04+
>
0.6 (OIS
. - - |<T: -
0.4 <Zf > 0.024 ®
Fedek N
0.2 x
: j * rl . III Ill € .00 — .
0.0- T T T T T Non-tumor Tumor
N1 T1 N2 T2 N3 T3 N4 T4 N5 T5 N6 T6
C
- 1.04 NAT10 1.0 ——
i - ! - Low e Lo
8 ' — High e o
o Z 081 081 7 ”
= 7 - = E 4
< 2 ; _ ( v
Z = Median survival time:1421 & J 4
ksl <] = 064 .
] < i g i g
.5 61 (—‘: 06 Median survival time:1862 g -1
13 b =
B | 2 B
g 57 @ 0.4 & e
o I — 0.2 4 3 NAT10
= 44 OveralfSErvival |/ AUC: 0.855
: ' 0291 og-rgnkiP = 0.019 00 P
31 . . 0 2000 4000 6000 000 025 05 075 100
Normal Tumor Time (days) 1-Specificity (FPR)

Fig. 1. NAT10 (N-acetyltransferase 10) exhibits overexpression in tumor tissues. (A) The results obtained from western blotting
assays demonstrated a significant elevation in the different levels of NAT10 in tumor tissue compared to para-cancer tissue (S3-actin as
the loading control; N: non-tumor; T: Tumor). (B) gPCR assays revealed that the content of NAT10 within tumor tissue demonstrates
significant elevation compared to para-cancer tissue (5-actin as the loading control). (C) TCGA (The Cancer Genome Atlas) database

analysis revealed that the elevated expression of NAT10 within the tumor tissue can be a reliable predictive marker for lung cancer. ***p

< 0.001.

Discussion

Lung cancer remains a health concern globally, pri-
marily attributable to its elevated prevalence and death rates
[17]. A prevalent challenge with lung cancer is its latent
detection, often only identified in advanced stages [18]. Its
clinical manifestations, such as persistent cough, chest pain,
and shortness of breath, lack specificity and are attributed to
other pulmonary disorders [19]. While low-dose computed
tomography (LDCT) has shown promise in early detection
among high-risk demographics, such as current and for-
mer smokers [20], the widespread adoption of these screen-
ing initiatives is curtailed by financial and operational con-
straints. Another challenge is the heterogeneity of lung
cancer, with different subtypes having different treatment
options and response rates. Non-small cell lung cancer
(NSCLC), the predominant form, offers multiple therapeu-
tic strategies like surgery, radiation therapy, chemotherapy,
targeted, or immunotherapy, each contingent upon the can-

cer disease progression and specific genetic mutations [21].
Conversely, small cell lung cancer (SCLC) is rare but more
virulent and chemotherapy and radiation therapies are pri-
marily poor on it. Continued research focused on identify-
ing biomarkers that could pave the way to develop personal-
ized treatment approaches for lung cancer [22]. However,
treatment of lung cancer poses significant challenges, in-
cluding treatment-induced complications, development of
resistance to therapies, and steep expenses of cutting-edge
targeted and immunotherapy drugs. Consequently, there is
a compelling need to deepen the understanding of lung can-
cer progression and treatment resistance roots and to inno-
vate more potent and patient-friendly therapeutic strategies.

The NF-xB signaling pathway regulates several cel-
lular processes, encompassing inflammation [23], cell pro-
liferation [24], and differentiation [25]. Disruption in the
regulation of this particular pathway has been implicated in
the initiation and advancement of various cancers, notably
lung cancer. Several studies have revealed the activation of


https://www.discovmed.com/

941

A B
R > % Q
v S
& @ RN ® &
F & & & & & & N
Q < e 4 < < S P
NAT10 s - S s e —1100a NAT10 ‘S —110kDa
B-aCHN s S S —— — 00, B-actin wee W _ o0,
Lung cancer-cell lines A549
5
€ Q
8 PO
5 & ¥
g I
Qo
o
£ Flag M- — 110kDa
[3}
°
= i "
< B-actin W - —120a
H524
C D o 1.2+
@ ns
A549 A549 g
~ 4 2 o8
c -®- sg-vector o)
S 3] ® sg-NAT10 5
g © *k Kk
3, o 0.4
2 2
§ *kk '9 %
R -, k
[a] - Y ) S Q
O o v Wild-type sg-vector sg-NAT10 N & &
0 1 2 3 4 \@6 q&‘" \a
Time (Days) % Er
H524 o 5 -
Qo
’é . -@- ov-vector i H524 g
= -8 ov-NAT10 S 24
B, )
N S
© ns
» o 14
ER 2
g 3
o s o
O o v T T T L. —— 0-
1 2 3 4 Wild-type ov-vector ov-NAT10 &g N
Time (Days) .\S'Qx & e‘?“\
A

Fig. 2. NAT10 regulates the development and proliferation of lung cancer cells. (A) Western blotting analyzed the protein content
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(C) In CCKS8 (Cell Counting Kit-8) assays, the knockdown of NAT10 significantly inhibited the proliferation rate of A549, while its
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significance.

the NF-«B pathway within lung cancer cells [26], spurring
tumor growth [27] and enhancing cell survival [28]. The
regulatory role of this pathway in modulating gene expres-
sion is implicated in cell cycle progression, angiogenesis,
and anti-apoptotic activities, all of which amplify the ag-
gressive nature of lung cancer.

Recent studies have drawn attention to the interplay
between inflammation and lung cancer, with the NF-xB
pathway at the nexus of this interaction [29,30]. The induc-
tion of Inflammatory cytokines and chemokines activates
the pathway, sparking the release of reactive oxygen species
(ROS) and sustained release of pro-inflammatory media-
tors, which potentially augment tumor growth and metas-
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Fig. 3. NAT10 enhances the NF-xB (nuclear factor xB) signaling pathway in lung cancer. (A) The improvement of the NF-xB
signaling pathway activity by NAT10 in the context of lung cancer was confirmed using dual luciferase reporter gene assays (¥***p <
0.001). (B,D) Western blotting revealed that NAT10 only affected RelA/p65 differential expression in lung cancer. (C) qPCR assays
revealed that NAT10 only affected RelA/p65 mRNA content in lung cancer. ***p < 0.001; “ns” indicates no statistical significance.
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Fig. 4. NAT10 modulates the malignant progression of lung cancer via the NF-xB signaling pathway. (A) Western blotting were
employed to test the impact of NF-xB signaling pathway inhibitor (Bay11-7082) and small hairpin RNA (shRNA) to inhibit the NF-xB
signaling pathway. (B) The effect of an inhibitor (Bay11-7082) of the NF-xB signaling pathway was confirmed using dual luciferase
reporter gene assays and small hairpin RNA (shRNA) to block the NF-«B signaling pathway. (C) Colony formation assays confirmed
that suppression of NF-xB signaling pathway could block the increase of proliferation rate caused by overexpression of NAT10 , Scale
bar, 1 cm. (D) Immunohistochemical staining showed the NAT 10 protein expression in lung cancer tissues is indeed strongly associated
with the NF-xB signaling pathway (demonstrated by p65), Scale bar, 100 um. **p < 0.01, ***p < 0.001; “ns” indicates no statistical
significance.
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tasis [31]. However, advancing our understanding of the
research progress in the NF-xB pathway in lung cancer has
encountered some challenges. A primary obstacle lies in
the identification of specific targets within the pathway that
could improve the effectiveness of the therapeutic interven-
tions. While some inhibitors targeting the pathway are in
the developmental stages, their clinical efficacy and safety
profiles demand rigorous scrutiny.

Our study found an upregulation of NAT 10 expression
in lung cancer, which displayed an inverse relationship with
the patient’s prognosis. Delving deeper into the associated
mechanisms, our findings suggest that NAT10 can directly
potentiate the function of the NF-xB signaling pathway, pri-
marily through elevating p65 levels. This study enriched
our grasp of lung cancer’s molecular pathology and serves
as a solid foundation for further studies. Nevertheless, our
study has certain limitations. For example, it’s recognized
that NAT10 acts as an executor protein for mnRNA AC4C
modifications [32]. Our study illustrated that NAT10 can
activate the NF-xB signaling pathway by enhancing p65
mRNA content. However, the precise modus operandi still
needs to be discovered. In particular, whether NAT10 ex-
erts its corresponding function directly through the mRNA
of p65 or other pathways requires additional studies. In
summary, lung cancer stands as a formidable health adver-
sary. There is an imperative need to improve early detection
methods, better understand the complexity of the disease,
and innovate more potent therapeutic interventions to opti-
mize patient outcomes.

Conclusions

We identified that NAT10 was highly expressed in
lung cancer and has an inverse correlation with patient prog-
nosis. From a mechanistic perspective, NAT10 amplifies
the malignant progression of lung cancer by enhancing the
content of p65 within the tumor, subsequently activating the
NF-xB signaling pathway. This is conducive to deepening
our comprehension of lung cancer and establishes a solid
theoretical foundation for future clinical applications and
more comprehensive investigations.
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