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Yang Yan and Jianjun Fu*

Department of Cardiothoracic Surgery, Gaoxin Branch of The First Affiliated Hospital, Jiangxi Medical
College, Nanchang University, Nanchang, China

Background: N6-Methyladenosine (m6A) is one of the post-transcriptional
modifications and abnormal m6A is critical for cancer initiation, progression,
metastasis in Lung squamous cell carcinoma (LUSC). Ribosomal RNA (rRNA)
accounts for most of the total cellular RNA, however, the functions and molecular
mechanisms underlying rRNA modifications in LUSC remained largely unclear.

Methods: High-throughput library screening identifies the key m6A regulator
METTL5 in LUSC. Cell and animal experiments were used to identify that METTL5
promoted LUSC tumorigenesis to enhance DEP domain containing 1 (DEPDC1)
translation via m6A modification.

Results: We showed that the N6-methyladenosine (m6A) methyltransferase
METTL5 was an independent risk factor in LUSC and was associated with poor
prognosis of patients. Notedly, overexpression METTL5 promoted LUSC
tumorigenesis in an M6A modification, while METTL5 knockdown markedly
inhibited proliferation and migratory ability of tumor cells in vitro and in vivo.
Mechanistically, METTL5 promoted LUSC tumorigenesis via m6a methyltransferase
to increase the translation of DEPDCL.

Conclusion: Our results revealed that METTL5 enhances DEPDCI translation to
contribute to tumorigenesis and poor prognosis, providing a potential prognostic
biomarker and therapeutic target for LUSC.

LUSC, METTL5, DEPDC1, biomarker, m6A modification

Introduction

Lung cancer is the most common cancer and the highest mortality in the world (1).
According to the histological characteristics, lung cancers are classified into small-cell lung
carcinoma (SCLC) and non-small cell lung carcinoma (NSCLC) including lung
adenocarcinoma (LUAD), lung squamous cell carcinoma (LUSC), and large cell
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carcinomas (2). Previous studies have indicated the complex
multiple altered genes and pathways (3). Although targeted
therapy and immunotherapy have improved significantly recently,
the efficacy is still far from ideal. Hence, it is an urgent need to
further illustrate the molecular pathogenesis of LUSC to develop
new, effective therapeutic targets.

Emerging evidence has demonstrated that N 6-methyladenosine
(m6A) modification of RNA play a crucial role in the gene expression of
multiple cancers (4). The m6A modifications are dynamic and reversible
posttranscriptional RNA modifications in messengerRNA (mRNA),
transferRNA (tRNA), and ribosomalRNA (rRNA) that are mediated
by three types of effector proteins: writers (“methyltransferases™
METTL3, METTL5, METTL14, and WTAP, erasers (“demethylases”™
ALKBHS5 and FTO), and readers (“m6A-binding proteins™: YTHDs and
IGF2BPs), which regulates RNA splicing and influences the stability and
translation of modified RNAs (5).

Importantly, Methyltransferase 5, N6-adenosine (METTLS5) is
an 18S rRNA methyltransferase that increases protein translation

activity (6). Such as, METTL5 stabilizes c-Myc to reprogram
glucose metabolism in hepatocellular carcinoma (7). METTL5
promotes oncogenic mRNA translation via 18S rRNA m6A
modification (8). However, the role of METTL5 m6A writer
protein in the progression of LUSC remain poorly understood.

DEPDCI is a highly conserved protein in several species,
including Caenorhabditis elegans and mammals, and DEPDCI is
mainly expressed in testis and minimal expression in other normal
human tissues (9, 10). Previous studies have demonstrated that
DEPDCI is involved in the malignant progression of multiple
tumors, including non-small cell lung cancer (NSCLC) (11),
hepatocellular carcinoma (12).

Here, we demonstrated that METTL5 enhances DEPDCI1
translation via m6A modification to facilitate LUSC carcinoma
progression. In summary, our results revealed that METTLS is a
potential therapeutic target and prognostic biomarker for LUSC.

Materials and methods
Data collection

RNA-sequence (RNA-seq) of METTL5 knockout (KO) were
downloaded from GEO data (GSE174420), the cut-off criteria were
set as | log2 fold change (FC) | < -0.5 and p < 0.05. RNA-sequence
(RNA-seq) transcriptional data and clinical information of LUSC
were downloaded from the Cancer Genome Atlas (TCGA) database
(https://cancergenome.nih.gov/).

Differentially expressed genes analysis

Differentially expressed genes (DEGs) between high- and low-
METTLS5 expression groups were analyzed in the TCGA datasets
using the “limma” package of R software. The cutoff criteria were set
as | log2 fold change (FC) | > 0.5 and p < 0.05. DEGs between
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normal and tumor tissues were selected based on the Wilcoxon
rank test.

Construction of a protein-protein
interaction network

The mRNAs were included in a PPI network using the STRING
database (https://string-db.org/) with a confidence score of > 0.8.
Cytoscape (version 3.8.1) was used to visualize the PPI
network (13).

Gene set variation analysis

The variation in biological processes between low- and high-
METTL5 groups were performed by GSVA analysis using the R
package ‘GSVA’.

Survival analysis

Kaplan-Meier survival analysis was used to evaluate the
difference in overall survival (OS) between the two groups using
the log-rank test.

Cell culture and cell culture

Human LUSC cells lines (SK-MES-1 and NCI-H226) were
obtained from the American Type Culture Collection and
cultured in L-15 medium containing 10% fetal bovine serum
(Gibco) at 5% CO2 and 37°C.

CCK-8 assay, colony formation assay,
wound healing assay, and transwell
migratory experiment

For the CCK-8 assay, LUSC cells (2 x 10° cells, 100 UL per well)
were seeded into 96-well plates, and then CCK-8 reagent was used
to assess tumor cells viability following the manufacturer’s
instructions at 24, 48, 72, and 96 hours. The absorbance at 450
nm was measured using a microplate reader.

For the colony formation assay, cells were seeded in 6-well
plates at a density of 1 x 10° cells per well and cultured for the 7-10
days. The colonies were then stained with 0.2% crystal violet
and documented.

For the wound healing assay, Cells were seeded in 6-well plate
and incubated overnight. Next day, the inserts were removed, and
serum-free medium was added. After 36 h. Image] was used to
calculate the migratory rate.

For the transwell migratory experiment. To evaluate cell
migratory ability, tumor cells (5 x 10* cells) were seeded into the

frontiersin.org


https://cancergenome.nih.gov/
https://string-db.org/
https://doi.org/10.3389/fonc.2025.1522157
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Yan and Fu

upper chamber of Transwell inserts. The lower chamber was filled
with 500 UL of complete medium containing 10% FBS to induce cell
migration. After 24 hours of incubation, cells that migrated through
the membrane were stained with 0.2% crystal violet and
photographed by microscopy.

Western blot

We extract total protein from cells using RIPA buffer
(Beyotime, Shanghai), then the BCA kit (Beyotime, China) was
used to detect the protein concentration. We separated lysates by
utilizing 10% SDS-PAGE and transferred onto polyvinylidene
difluoride (PVDF) membranes. Membranes were incubated
overnight at 4°C with primary antibodies. After washing,
membranes were incubated with the corresponding secondary
antibodies at room temperature for 2 hours.

Chemical reagents, antibodies,
and transfection

Anti-METTLS5 (proteintech, China, Cat# 16791-1-AP); DEPDCl
(bs-6525R, Bioss); METTL5 and DEPDCI overexpression plasmids
and short hairpin RNA (shRNA) METTL5 (Supplementary Table S4)
were purchased from GeneChem (Shanghai, China). All transfections
were performed according to the manufacturers’ instructions.

Quantitative RT-PCR

Total RNA was extracted from cells using TRIzol Reagent
(ThermoFisher, Waltham, MA, USA) according to the
manufacturer’s instructions. 1 pug of RNA was applied for reverse
transcription (Cat. #R323-01, Vazyme). qRT-PCR reactions were
carried out using the ABI 7500 system (Applied Biosystems; Foster
City, CA, USA). The amplification primers were listed in
Supplementary Table S5.

Analysis of modified nucleosides by liquid
chromatography-mass spectrometry

The 18S rRNAs and mRNA were purified from cells by 10-50%
sucrose velocity centrifugation. Briefly, 1 x 107 cells were seeded
and detached in PBS at 0°C and resuspended in 500 ul Buffer. The
cell suspension was centrifuged at 20 000 x g for 20 min at 4°C, and
extracts were thawed on ice and loaded on a 10-50% sucrose density
gradient and centrifuged at 23 000 x g for 20 h in a Beckman L-90K
centrifuge with a SW41Ti rotor. RNA was extracted from peak
fractions with TRIreagent (Sigma #T9424). LC/MS was used to
analyze the m6A levels of 185 rRNAs and mRNA (7).
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Dual-luciferase assay

Luciferase reporter expression was performed using the Dual
Luciferase Assay Kit (Promega, Madison, WI, USA). METTL5-WT
and METTL5-KD were transfected into SK-MES-1 and NCI-H226
cells using Lipofectamine 3000 (Thermo Fisher, Carlsbad, CA, USA)
according to the manufacturer’s instructions. The results were
normalized for transfection efficiency using Renilla luciferase activity.

Polysome profiling

Briefly, cells were incubated with Cycloheximide (CHX; Sigma-
Aldrich) for 5 min at 37°C, and then the cells were washed with PBS
containing 100 ug/mL CHX after removing the medium. Next, 400
UL of Triton X-100-containing lysis buffer were added and
incubated with the cells for 15 min. Each cell suspension was
centrifuged, and the supernatant was collected. Subsequently, a
10%-50% sucrose gradient was prepared in lysis buffer without
Triton X-100. Cell lysates were loaded onto a sucrose gradient and
centrifuged at 30000 rpm for 4h at 4°C. The samples were then
fractionated and analyzed with a Gradient Station.

Tumor xenograft model

Male BALB/c nude mice (4-6 weeks, 18-22 g) purchased from
the animal center of Biotechnology Co., Ltd (Beijing, China) were
maintained under specific pathogen-free conditions. Treated Huh-7
cell suspensions (1 x 10° cells) were mixed 1:1 and injected
subcutaneously into the right axillae of nude mice. Quantification
of immunohistochemical staining was performed using Image-Pro
Plus 6.0 software. Tumor volume was calculated as follows: (longest
diameter) x (shortest diameter)2 x (1/6). All animal experimental
procedures used in this study were approved by the Animal Ethics
Committee of Gaoxin Branch of The First Affiliated Hospital,
Jiangxi Medical College, Nanchang University.

Statistical analysis

Statistical analyses were performed using R, version 4.2.3. For
comparisons, Student’s t-test and Wilcoxon test were applied to
compare the differences between groups; one-way ANOVA was
used for comparisons among three or more groups. Correlations
were analyzed by using Pearson’s correlation. Univariate and
multivariable survival analysis were performed using Cox
regression analysis. Survival analysis was performed by the
Kaplan-Meier method with a log rank test. All experiments were
performed for at least 3 times independently under similar
conditions, unless otherwise specified in the figure captions. In all
cases, p value < 0.05 was considered statistically significant.
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Results

High-throughput library screening
identifies METTLS as a core m6A regulator
in LUSC

The process of N 6-methyladenosine (m6A) modification of
RNA was dynamically and reversibly regulated by these m6A
regulators (Figure 1A, Supplementary Table S1). A total of 26
m6A regulators including 10 writers, 3 erasers and 13 readers
were performed for subsequent studies based on TCGA data. The
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investigation of CNV alteration frequency showed a prevalent CNV
alteration in 26 regulators and most were focused on the
amplification in copy number. YTHDF1 and VIRMA showed
amplification frequencies, whereas ZC3H13 and RBM15 had
CNV copy number deletions (Figure 1B). Compared to normal
tissues, m6A regulators with amplificated CNV demonstrated
remarkedly higher expression in LUSC tissues, and vice versa
(Figures 1B, C). The comprehensive landscape of m6A regulator
interactions, regulator connection and their prognostic significance
for LUSC patients was depicted with the m6A regulator network
(Figure 1D). We found that not only exhibited significant
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correlations in expression within the same functional category but
also among writers, erasers, and readers. Importantly, based on risk
and survival analysis, the 3 best hints, METTL5, HNRNPC, and
IGF2BP3 (Figures 1E-G), were screen, of which METTL5 mRNA
expression was the highest in LUSC cells lines (SK-MES-1 and NCI-
H226) (Figure 1H). Taken together, these data highlight the
oncogenic role of METTL5 in LUSC progression.

METTLS is an independent prognostic
factor in LUSC

Based on the TCGA dataset, high METTL5 expression was
related with higher risk score and poorer OS status in LUSC patients
(Figure 2A). The areas under the curves (AUCs) for 0.5-, 1-, and
1.5-year OS were 0.613, 0.611, and 0.620, respectively using the
receiver operating characteristics (ROC) analysis, which showing
the predictive ability for METTL5 (Figure 2B). In univariate Cox
analysis revealed that METTL5 was an independent prognostic
factor (Figure 2C). In multivariate Cox analysis, the METTL5 was
significantly better than those of other clinicopathological
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indicators (Figure 2D). Together, these data illustrate METTLS5 is
an independent prognostic factor in LUSC.

METTLS promotes tumor progression
in LUSC

To explore the biological function of METTL5 in LUSC, we
transfected METTL5 knockdown or overexpression in SK-MES-1
and NCI-H226 cells. Transfection efficiency was evaluated by
western blot and qPCR (Figures 3A-D). Colony formation assays
and CCK-8 showed that METTL5 overexpression promoted cell
proliferation and colony formation ability, whereas METTL5
knockdown decreased those (Figures 3E, F). In addition, our
research verified that METTLS5 also regulated the migration and
invasion capabilities of LUSC cells (SK-MES-1 and NCI-H226 cells)
(Figures 3G-I). The SK-MES-1 cell suspension mixtures were used
to establish an in vivo xenograft model. During the observation of
flank xenografts in BALB/c nude mice for 28 days, METTL5
knockdown significantly decreased tumor volume compared with
that of control tumors (Figures 3J, K). The nude mice were
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METTLS5 promotes tumor progression in LUSC. (A—D) Transfection knockdown or overexpression efficiencies was validated by western blot and
gPCR, respectively. (E, F) Colony formation assay and CCK-8 was used to analyze the proliferation viability of METTL5 in LUSC cell. All the data are
presented as the mean + standard deviation (n = 3). *P <0.05, **P <0.01, compared with the control group. (G-I) Transwell migration assay and
wound healing assay was used to analyze the migration viability of METTL5 in LUSC cell. All the data are presented as the mean + standard deviation
(h=3). *P<0.05, **P < 0.01, compared with the control group. (J) The image of mice bearing subcutaneous tumors derived from SK-MES-1 cells
treated with different treatment (shNC, sShMETTL5#1, or shAMETTL5#2) at the indicated times. (K) The xenograft growth curves for the ShMETTL5#1,
ShMETTL5#2, and shNC groups were plotted by measuring the tumor size (width2 x length x ©/6) with a Vernier caliper every 7 days. (L) Nude mice

were sacrificed, and xenografts were harvested and weighed.

sacrificed, and the xenografts were harvested and weighed, the results
showed tumor weights was significantly reduced (Figure 3L).
Therefore, these results suggested that METTL5 promotes tumor
progression in LUSC.

The correlations between
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Functional annotations of METTL5 in LUSC

METTL5 expression and clinical

properties were evaluated in the TCGA dataset, we found that
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METTL5 expression level was positive with older age, gender, and
tumor stage (Figure 4A). Immune cell infiltration analysis showed that
high-METTL5 patients were more increased immune activity
compared to the low-METTL5 patients using single-sample GSEA
(ssGSEA) algorithm (Figure 4B). To explore the underlying molecular
mechanisms of METTL5 in TNBC patients, we evaluated the
biological function differing in the high-METTL5 and low-METTL5
subgroups of LUSC patients using gene set variation analysis (GSVA),
which the results showed that high- METTL5 patients were mainly
related with mitotic spindle, G2M checkpoint, E2F targets (Figure 4C),
and cell cycle signaling pathway in the TCGA dataset (Figure 4D).

Protein—protein interaction network and
univariate cox regression analyses

The limma package was used to screened DEGs to investigate
the potential biological behavior of METTL5 modification pattern
between high-METTL5 and low-METTL5 expression groups.
STRING database (confidence value > 0.8) was used to show the
PPI network of the interactions among DEGs (Figure 5A), which
were visualized in Cytoscape v3.8.2 (Figure 5B). Importantly, the

10.3389/fonc.2025.1522157

top 30 genes were represented based on the number of nodes using
bar plots, which may serve as hub nodes in the network (Figure 5C;
Supplementary Table S2). Finally, a total 31 genes were of
prognostic significance among the DEGs using univariate Cox
regression analyses (Figure 5D; Supplementary Table S3).

METTLS promoted DEP domain containing
1 translation in an m6A-dependent manner

The GEO data (GSE174420 and GSE179657) was employed to
screen the METTL5 modified substrate genes with the cut-off criteria
were set as | log2 fold change (FC) | < -0.5 and p < 0.05, and then
DEPDCI was identified through the intersection analysis of the 31
prognostic significance and the top 30 hub genes in the PPI network
(Figure 6A). Subsequently, differential analysis showed DEPDCI1
expression was significantly increased in LUSC comparing normal
tissue using the TCGA dataset (Figures 6B, C). K-M analysis revealed
that DEPDCI1 overexpression in LUSC patients were poor survival
(Figure 6D). Notedly, METTL5 knockdown or overexpression
regulated DEPDCI protein expression but did not significantly alter
mRNA levels of DEPDCI (Figures 6E, F). METTLS5 regulates ribosome
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Protein—protein interaction network and univariate cox regression analyses. (A) The PPl network based on the STRING confidence score > 0.8.
(B) The visualization of the PPI network. (C) The top 30 genes ordered by the number of nodes. (D) Univariate Cox analyses of DEGs.

function by methylating 18S rRNA, resulting in changing indicated
proteins levels (14). Then, polysome fractionation analysis was used to
determine whether METTL5 had an impact on DEPDCI translation in
METTL5-WT and METTL5-KD cells, the results showed that
METTL5 knockdown had no effect on the profile of GAPDH
mRNA, whereas DEPDC1 mRNA was transferred from the heavier
polysomal fractions to the lighter fractions (Figures 6G, H), which
revealed that METTL5 regulated DEPDC1 mRNA translation.
Therefore, we investigated whether DEPDCI translational activity is
dependent on METTL5 methylase activity. Importantly, LC/MS
showed that METTL5 knockdown reduced the m6A level of 18S
rRNA but had no effect on the m6A level of mRNA after separation of
rRNA and mRNA (Figures 6], ]). Then, we constructed a METTL5
mutant without enzymatic activity (“NPPF” to “APPA”, Mut) (7), the
results showed that METTL5 mutation decreased polysomes and
accumulated 80S monosomes (Figures 6K, L), meanwhile
overexpression of HA-METTL5-Mut remarkedly attenuated the
expression of DEPDCI protein compared to METTL5-WT
(Figure 6M). These results suggested that the translation of DEPDC1

Frontiers in Oncology

is directly dependent on METTL5 18S rRNA methyltransferase
activities. In addition, METTL3-METTL14 complex, as a well-known
mRNA m6A methyltransferase, has been demonstrated to mediates
DNA m6A methylation (m6dA) in vitro (15). Notably, we were unable
to find modification changes in the méda region of genomic DNA
following METTL5 knockdown (Figure 6N), which demonstrated that
METTLS5 was not involved in DNA methylation. Subsequently, the
luciferase reporter assay determined that METTL5 had no effect on
DEPDCI promoter activity (Figure 60). Taken together, these dates
reveal that METTL5 was a pure RNA methylase and exhibited no
regulatory effect on DNA methylation.

METTLS promotes LUSC progression
through DEPDC1 expression
Due to silencing METTL5 could reduce DEPDCI expression.

To verify the interaction between METTL5 and DEPDCI in LUSC
progression, rescue experiments were carried out. As expected,
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DEPDCI overexpression could partially counteract the antitumor
effects of MEETL5 knockdown on cell viability (Figure 7A), colony
formation (Figure 7B) and migration (Figures 7C, D). In addition,
overexpression of DEPDCI also promoted cell proliferation, colony
formation and migration in SK-MES-1 and NCI-H226 cells,
confirming the oncogenic effects of DEPDC1 (Figures 7A-D).
Importantly, in BALB/c mice’s model, MEETL5 overexpression-
induced tumor progression could be partially abrogated by
DEPDCI1 knockdown (Figures 7E-G). Collectively, METTL5
promotes LUSC progression through DEPDCI1 expression.

10.3389/fonc.2025.1522157

Discussion

N6-methyladenosine (m6A) modification, as crucial regulators
of LUSC progression, highlights the importance of understanding
the crosstalk between these biological processes (16). Accumulating
evidence has indicated that METTL5 is highly expressed and
promotes tumor progression (6, 8, 14, 17), however, the role of
METTLS5 in LUSC is not explored.

In this study, among 26 m6A regulators (writers:10, erasers:3
and readers:13), we firstly identified the key m6A regulator
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FIGURE 7

METTLS5 promotes LUSC progression through DEPDC1 expression. (A) Cell viability was measured in METTLS5 silencing cells with or without
overexpression of DEPDCL1. (B) Colony formation assay indicated the rescue effect of DEPDC1 on METTL5 silencing. (C, D) Transwell migration
assays and wound healing assays were performed in METTL5-deficient cells with or without overexpression of DEPDCL1. All the data are presented as
the mean + standard deviation (n=3). **P<0.01, compared with the control group. (E) The image of mice bearing subcutaneous tumors derived from
SK-MES-1 cells treated with different treatment (Ctrl, METTL5 overexpression, or METTL5 overexpression+DEPDC1 knockdown) at the indicated
times. (F) The xenograft growth curves for the METTL5 overexpression, METTL5 overexpression+ DEPDC1 knockdown, and Ctrl groups were plotted
by measuring the tumor size (width2 X length x ©t/6) with a Vernier caliper every 7 days. (G) Nude mice were sacrificed, and xenografts were

harvested and weighed.
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METTL5 may be a crucial gene in LUSC using through CNV
alteration frequency, differential analysis, correlation analysis,
survival analysis, and qPCR essay. Then, we demonstrated that
METTLS5 was an independent prognostic factor in LUSC based on
ROC curve, univariate analysis, and multivariate analysis. METTL5
has been confirmed to be overexpressed in a variety of tumors and
affects patient prognosis, such as hepatocellular carcinoma (7, 18),
Intrahepatic cholangiocarcinoma (ICC) (8), and breast cancer (14).
We confirmed bioinformatically that the METTL5 expression was
significantly higher in LUSC than in normal samples, and patients
with high METTL5 expression had a worse prognosis. In vitro
experiments, we demonstrated that METTL5 promotes tumor
progression in LUSC via CCK-8, colony formation assay,
transwell migration assay, and wound healing assay.

Next, we further explored the function of METTL5 in LUSC,
the results showed older age, gender, and tumor stage were positive
with METTL5 expression level. Surprisingly, high-METTL5
expression were no obvious immune activity compared to low-
METTL5 patients. METTL5 is an enzyme that belongs to the S-
adenosylmethionine (SAM)-dependent methyltransferase family
(7). The main function of METTLS5 is to regulate the stability,
processing, and translation of RNA by methylating RNA molecules.
Specifically, METTL5 adds methyl groups to certain positions of
RNA (such as ribosomal RNA at the 5’ end), thereby affecting the
structure and function of these RNAs, and thus playing an
important role in the regulation of gene expression (14, 19). The
role of METTL5 in cells may include: (1) rRNA methylation: One of
the most well-known functions of METTLS5 is to methylate specific
positions of ribosomal RNA (rRNA), which is essential for the
maturation and function of ribosomes. (2) Regulation of translation:
By regulating the methylation state of rRNA, METTL5 may affect the
efficiency of protein synthesis during translation. (3) Cell growth and
proliferation: The activity of METTLS5 is closely related to cell growth,
proliferation, and response to environmental changes (20-22). Studies
have found that METTL5 may be related to various biological
processes such as cell stress response and cancer, so its function and
regulatory mechanism are still one of the hot topics in current
biomedical research. Our GSVA showed high-METTL5 patients
were mainly related with G2M checkpoint, E2F targets, and cell cycle
signaling pathway.

To further investigate the modification pattern of METTL5,
DEGs are screened between high-METTL5 and low-METTL5
expression groups, and then subjected to the PPI network
analysis, univariate Cox regression analyses, and differential
analysis between METTL5 WT and METTLS5 KO. Finally,
screening DEPDC1 may be regulated by METTL5. DEPDCI1
(DEP domain containing 1) is a protein that belongs to the DEP
(Dishevelled, Egl-10, and Pleckstrin) domain family. The function
of DEPDCI is still under investigation, but existing studies have
shown that it plays an important role in the occurrence,
development, and metastasis of various cancers (23, 24). DEPDCI1
is not only an important target for cancer biology research, but also
provides potential clinical application prospects for early diagnosis
and targeted treatment of cancer. Recent studies revealed that

Frontiers in Oncology

11

10.3389/fonc.2025.1522157

DEPDC1 promoted NSCLC development via TGF-f signaling
pathway (11). DEPDCI also play an essential role in the growth
of bladder cancer cells (9). We confirmed bioinformatically that
DEPDCI1 was significantly upregulated in LUSC comparing normal
tissue, and DEPDCI overexpression showed poor survival. Notably,
our results demonstrated that translation of DEPDCI is directly
dependent on METTL5 18S rRNA methyltransferase activities. In
vitro experiments, rescue experiments were carried out to verify
METTL5 promotes LUSC progression through enhancing DEPDC1
translation. Above data suggested METTL5-DEPDCI axis has an
important role in LUSC progression and provides a novel potential
prognostic biomarker for LUSC.

Conclusion

In summary, we demonstrated that the m6A writer METTL5
contributes to the tumorigenesis and poor prognosis of LUSC by
enhancing DEPDCI translation, providing a distinct mechanistic
insight in m6A-dependent, which should be helpful for developing
DEPDCI signaling-targeted inhibitors.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Ethics statement

Ethical approval was not required for the studies on humans in
accordance with the local legislation and institutional requirements
because only commercially available established cell lines were used.
Ethical approval was not required for the studies on animals in
accordance with the local legislation and institutional requirements
because only commercially available established cell lines were used.

Author contributions

JF: Funding acquisition, Writing - review & editing. YY: Data
curation, Investigation, Software, Visualization, Writing -
original draft.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the Science and Technology Plan of Jiangxi
Provincial Health Commission, China (SKJP220212042).

frontiersin.org


https://doi.org/10.3389/fonc.2025.1522157
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Yan and Fu

Acknowledgments

The reviewers are grateful for their helpful comments on
this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

References

1. Yang X, Bai Q, Chen W, Liang J, Wang F, Gu W, et al. m(6) A-dependent
modulation via IGF2BP3/MCM5/notch axis promotes partial EMT and LUAD
metastasis. Adv Sci (Weinh). (2023) 10:¢2206744. doi: 10.1002/advs.202206744

2. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer ]
Clin. (2022) 72:7-33. doi: 10.3322/caac.21708

3. Pan Y, Han H, Labbe KE, Zhang H, Wong KK. Recent advances in preclinical
models for lung squamous cell carcinoma. Oncogene. (2021) 40:2817-29. doi: 10.1038/
s41388-021-01723-7

4. Wang Y, Wang Y, Patel H, Chen J, Wang J, Chen ZS, et al. Epigenetic
modification of m(6)A regulator proteins in cancer. Mol Cancer. (2023) 22:102.
doi: 10.1186/s12943-023-01810-1

5. Deng L], Deng WQ, Fan SR, Chen MF, Qi M, Lyu WY, et al. m6A modification:
recent advances, anticancer targeted drug discovery and beyond. Mol Cancer. (2022)
21:52. doi: 10.1186/512943-022-01510-2

6. van Tran N, Ernst FGM, Hawley BR, Zorbas C, Ulryck N, Hackert P, et al. The
human 18S rRNA m6A methyltransferase METTLS5 is stabilized by TRMT112. Nucleic
Acids Res. (2019) 47:7719-33. doi: 10.1093/nar/gkz619

7. Xia P, Zhang H, Lu H, Xu K, Jiang X, Jiang Y, et al. METTLS5 stabilizes c-Myc by
facilitating USP5 translation to reprogram glucose metabolism and promote
hepatocellular carcinoma progression. Cancer Commun (Lond). (2023) 43:338-64.
doi: 10.1002/cac2.12403

8. DaiZ, Zhu W, Hou Y, Zhang X, Ren X, Lei K, et al. METTL5-mediated 18S rRNA
m(6)A modification promotes oncogenic mRNA translation and intrahepatic
cholangiocarcinoma progression. Mol Ther. (2023) 31:3225-42. doi: 10.1016/
jymthe 2023.09.014

9. Kanehira M, Harada Y, Takata R, Shuin T, Miki T, Fujioka T, et al. Involvement of
upregulation of DEPDC1 (DEP domain containing 1) in bladder carcinogenesis.
Oncogene. (2007) 26:6448-55. doi: 10.1038/sj.onc.1210466

10. Guo W, Li H, Liu H, Ma X, Yang S, Wang Z. DEPDCI drives hepatocellular
carcinoma cell proliferation, invasion and angiogenesis by regulating the CCL20/CCR6
signaling pathway. Oncol Rep. (2019) 42:1075-89. doi: 10.3892/0r.2019.7221

11. Lv M, Li X, Zheng C, Tian W, Yang H, Yin Z, et al. Exosomal miR-130b-3p
suppresses metastasis of non-small cell lung cancer cells by targeting DEPDCI1 via
TGF-beta signaling pathway. Int J Biol Macromol. (2024) 275:133594. doi: 10.1016/
j.ijbiomac.2024.133594

12. Tian C, Abudoureyimu M, Lin X, Chu X, Wang R. Linc-ROR facilitates
progression and angiogenesis of hepatocellular carcinoma by modulating DEPDC1
expression. Cell Death Dis. (2021) 12(11):1047. doi: 10.1038/s41419-021-04303-5

Frontiers in Oncology

12

10.3389/fonc.2025.1522157

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2025.1522157/
full#supplementary-material

13. Yu W, Ma Y, Hou W, Wang F, Cheng W, Qiu F, et al. Identification of immune-
related IncRNA prognostic signature and molecular subtypes for glioblastoma. Front
Immunol. (2021) 12:706936. doi: 10.3389/fimmu.2021.706936

14. Rong B, Zhang Q, Wan J, Xing S, Dai R, Li Y, et al. Ribosome 185 m(6)A
methyltransferase METTL5 promotes translation initiation and breast cancer cell
growth. Cell Rep. (2020) 33:108544. doi: 10.1016/j.celrep.2020.108544

15. Woodcock CB, Yu D, Hajian T, Li J, Huang Y, Dai N, et al. Human MettL3-
MettL14 complex is a sequence-specific DNA adenine methyltransferase active on
single-strand and unpaired DNA in vitro. Cell Discovery. (2019) 5:63. doi: 10.1038/
541421-019-0136-4

16. Li N, Zhan X. Identification of pathology-specific regulators of m(6)A RNA
modification to optimize lung cancer management in the context of predictive,
preventive, and personalized medicine. EPMA J. (2020) 11:485-504. doi: 10.1007/s13167-
020-00220-3

17. Leismann J, Spagnuolo M, Pradhan M, Wacheul L, Vu MA, Musheev M, et al. The
18S ribosomal RNA m(6) A methyltransferase Mettl5 is required for normal walking
behavior in Drosophila. EMBO Rep. (2020) 21:¢49443. doi: 10.15252/embr.201949443

18. Peng H, Chen B, Wei W, Guo S, Han H, Yang C, et al. N(6)-methyladenosine (m
(6)A) in 18S rRNA promotes fatty acid metabolism and oncogenic transformation. Nat
Metab. (2022) 4:1041-54. doi: 10.1038/s42255-022-00622-9

19. Li Z, Jiang A, Fang ], Jiang Y, He W, Yan L, et al. METTL5-mediated 18S rRNA
m(6)A modification promotes corticospinal tract sprouting after unilateral traumatic
brain injury. Exp Neurol. (2025) 383:115000. doi: 10.1016/j.expneurol.2024.115000

20. Shinde H, Kadam US. Growing prospects of RNA therapeutics: A case of
METTL5 and 18S rRNA m(6)A modification. Mol Ther. (2024) 32:11-2.
doi: 10.1016/j.ymthe.2023.12.005

21. ZhangX,ZhengH, DongY, ZhangH, LiuL, ZhangY, et al. Dust mite antigens endow
dendritic cells with the capacity to induce a Th2 response by regulating their methylation
profiles. Cell Commun Signal. (2024) 22:606. doi: 10.1186/512964-024-01986-z

22. Li X, Yang G, Ma L, Tang B, Tao T. N(6)-methyladenosine (m(6)A) writer
METTL5 represses the ferroptosis and antitumor immunity of gastric cancer. Cell
Death Discovery. (2024) 10:402. doi: 10.1038/s41420-024-02166-1

23. Di SC, Chen W], Yang W, Zhang XM, Dong KQ, Tian YJ, et al. DEPDCI as a
metabolic target regulates glycolysis in renal cell carcinoma through AKT/mTOR/
HIFlalpha pathway. Cell Death Dis. (2024) 15:533. doi: 10.1038/s41419-024-06913-1

24. Wei T, Zeng C, Li Q, Xiao Z, Zhang L, Zhang Q, et al. FOXM1/DEPDC1
feedback loop promotes hepatocarcinogenesis and represents promising targets for
cancer therapy. Cancer Sci. (2024) 115:3041-53. doi: 10.1111/cas.v115.9

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2025.1522157/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2025.1522157/full#supplementary-material
https://doi.org/10.1002/advs.202206744
https://doi.org/10.3322/caac.21708
https://doi.org/10.1038/s41388-021-01723-7
https://doi.org/10.1038/s41388-021-01723-7
https://doi.org/10.1186/s12943-023-01810-1
https://doi.org/10.1186/s12943-022-01510-2
https://doi.org/10.1093/nar/gkz619
https://doi.org/10.1002/cac2.12403
https://doi.org/10.1016/j.ymthe.2023.09.014
https://doi.org/10.1016/j.ymthe.2023.09.014
https://doi.org/10.1038/sj.onc.1210466
https://doi.org/10.3892/or.2019.7221
https://doi.org/10.1016/j.ijbiomac.2024.133594
https://doi.org/10.1016/j.ijbiomac.2024.133594
https://doi.org/10.1038/s41419-021-04303-5
https://doi.org/10.3389/fimmu.2021.706936
https://doi.org/10.1016/j.celrep.2020.108544
https://doi.org/10.1038/s41421-019-0136-4
https://doi.org/10.1038/s41421-019-0136-4
https://doi.org/10.1007/s13167-020-00220-3
https://doi.org/10.1007/s13167-020-00220-3
https://doi.org/10.15252/embr.201949443
https://doi.org/10.1038/s42255-022-00622-9
https://doi.org/10.1016/j.expneurol.2024.115000
https://doi.org/10.1016/j.ymthe.2023.12.005
https://doi.org/10.1186/s12964-024-01986-z
https://doi.org/10.1038/s41420-024-02166-1
https://doi.org/10.1038/s41419-024-06913-1
https://doi.org/10.1111/cas.v115.9
https://doi.org/10.3389/fonc.2025.1522157
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	The human 18S rRNA m6A methyltransferase METTL5 promotes tumorigenesis via DEPDC1 in lung squamous cell carcinoma
	Introduction
	Materials and methods
	Data collection
	Differentially expressed genes analysis
	Construction of a protein-protein interaction network
	Gene set variation analysis
	Survival analysis
	Cell culture and cell culture
	CCK-8 assay, colony formation assay, wound healing assay, and transwell migratory experiment
	Western blot
	Chemical reagents, antibodies, and transfection
	Quantitative RT–PCR
	Analysis of modified nucleosides by liquid chromatography&dash;mass spectrometry
	Dual&dash;luciferase assay
	Polysome profiling
	Tumor xenograft model
	Statistical analysis

	Results
	High-throughput library screening identifies METTL5 as a core m6A regulator in LUSC
	METTL5 is an independent prognostic factor in LUSC
	METTL5 promotes tumor progression in LUSC
	Functional annotations of METTL5 in LUSC
	Protein–protein interaction network and univariate cox regression analyses
	METTL5 promoted DEP domain containing 1 translation in an m6A&dash;dependent manner
	METTL5 promotes LUSC progression through DEPDC1 expression

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


