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Abstract
Background: Methyltransferase 3 (METTL3) accelerates N6-methyladenosine (m6A)
modifications and affects cancer progression, including non-small-cell lung cancer
(NSCLC). In this study, we aimed to explore the regulatory mechanisms of METTL3
underling NSCLC.
Methods: Immunohistochemical assay, quantitative real-time polymerase chain reac-
tion (qRT-PCR) assay, and western blot assay were conducted for gene expression.
MTT assay and colony formation assay were performed to explore cell proliferation
capacity. Cell apoptosis and THP-1 cell polarization were estimated by flow cytometry
analysis. Cell migration and invasion capacities were evaluated by transwell assay.
Methylated RNA immunoprecipitation assay, dual-luciferase reporter assay, actino-
mycin D treatment and RIP assay were performed to analyze the relationships of
METTL3, insulin-like growth factor 2 mRNA binding protein 1 (IGF2BP1), and tran-
sient receptor potential cation channel subfamily V member 1 (TRPV1). The func-
tions of METTL3 and TRPV1 in vivo were investigated through establishing the
murine xenograft model.
Results: TRPV1 expression was upregulated in NSCLC and related poor prognosis.
TRPV1 silencing inhibited NSCLC cell growth and metastasis, induced NSCLC cell
apoptosis, and repressed M2 macrophage polarization. The results showed that
METTL3 and IGF2BP1 could regulate TRPV1 expression through m6A methylation
modification. Moreover, METTL3 deficiency inhibited NSCLC cell growth, metastasis,
and M2 macrophage polarization and facilitated NSCLC cell apoptosis, while TRPV1
overexpression restored the impacts. In addition, METTL3 knockdown restrained
tumor growth in vivo via regulating TRPV1 expression.
Conclusion: METTL3 bound to IGF2BP1 and enhanced IGF2BP1’s m6A recognition
of TRPV1 mRNA, thereby promoting NSCLC cell growth and metastasis, and inhibit-
ing M2 macrophage polarization.
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INTRODUCTION

Non-small-cell lung cancer (NSCLC) is the most common
type of lung cancer, with genetic and cellular heterogeneity.
The etiology of NSCLC is multifaceted and involves a
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combination of genetic and environmental influences.1,2 Cur-
rent treatment options for NSCLC include surgery, chemo-
therapy, radiation, and targeted therapy.3 Despite significant
advances in the clinical diagnosis and treatment, NSCLC is
often diagnosed at an advanced stage, which greatly reduces
treatment options and leads to a bleak prognosis.4,5 It is
therefore essential to study the underlying mechanisms and
search for possible biomarkers and new therapeutic targets
for NSCLC.

The protein encoded by the transient receptor potential
cation channel subfamily V member 1 (TRPV1) gene is the
capsaicin receptor, a non-selective cation channel that can
be activated by a variety of physical and chemical stimuli.6,7

To date, TRPV1 has been identified to serve as an essential
regulator in several tumor types, such as gastric cancer,8

breast cancer,9 and cervical cancer.10 In NSCLC, TRPV1
was identified to aggravate tumor development.11 Nonethe-
less, the exact roles and molecular mechanisms of TRPV1 in
NSCLC are largely unexplored.

Methyltransferase 3 (METTL3) is a catalytic enzyme that
plays an important role in mediating N6-methyladenosine
(m6A) modification.12 The importance of METTL3 in
tumor progression has been extensively studied in recent
years. For instance, METTL3 elevated LAMA3 expression
via m6A modification to aggravate the malignancy of oral
squamous cell carcinoma.13 METTL3 promoted esophageal
cancer development via mediating the m6A modification of
EPPK1 and modulating PI3K/AKT pathway.14 Moreover,
METTL3 acted as a tumor promoter in NSCLC via m6A
modification of SFRP2.15 Even so, very little research on the
underlying mechanisms of METTL3 in NSCLC has
been done.

Insulin-like growth factor 2 mRNA binding protein
1 (IGF2BP1) works by targeting specific gene mRNAs to
alter translation.16 IGF2BP1 has been verified to play a pro-
motional effect on NSCLC development.17,18 TFAP4/
IGF2BP1 exacerbated NSCLC development via m6A modifi-
cation of TK1.19 However, whether IGF2BP1 mediated
TRPV1 expression in NSCLC was still unclear.

In this study, the functions and relations of TRPV1,
METTL3, and IGF2BP1 in NSCLC development were inves-
tigated, with the aim of discovering novel therapy targets for
NSCLC.

MATERIALS AND METHODS

Tissue samples

The clinical specimens (including tumor and adjacent non-
tumor tissues) were harvested from NSCLC patients
(N = 36) who accepted treatment at Guangzhou First Peo-
ple’s Hospital, South China University of Technology. The
procedures obtained approval from the Ethics Committee of
Guangzhou First People’s Hospital, South China University
of Technology. Written informed consents were offered by
the participants.

Immunohistochemical analysis

The formalin-fixed and paraffin-embedded tissues were cut
into 4-μm sections, which were then dewaxed and hydrated
with gradient ethanol. Next, the sections were incubated
with blocking buffer for 5 min and incubated with primary
antibodies against TRPV1 (Abcam), proliferating cell
nuclear antigen (PCNA) (Abcam) or matrix metalloprotein
2 (MMP2) (Abcam) for 24 h followed by anti-secondary
antibody (Abcam) incubation for 30 min. Next, the sections
were colored using diaminobenzidine and counterstained
using hematoxylin. The images were captured with
microscope.

Cell culture

Human bronchial epithelioid cells (16HBE) were bought
from Mingzhoubio. NSCLC cell lines (H1299 and A549)
were bought from Procell. All cells were maintained in
RPMI 1640 medium (Procell) supplemented with 10% FBS
(Procell) and 1% penicillin–streptomycin (Procell) at 37�C
in an incubator with 5% CO2.

Cell transfection

To silence TRPV1, METTL3 or IGF2BP1 expression, short
hairpin RNA (shRNA) against TRPV1, METTL3 or
IGF2BP1 (sh-TRPV1, sh-METTL3 or sh-IGF2BP1) was
transfected into NSCLC cells, and sh-NC transfected cells
were used as control. To elevate IGF2BP1 or TRPV1,
IGF2BP1 or TRPV1 overexpression vector (IGF2BP1 or
TRPV1) was constructed and empty control pcDNA was
used as control. The shRNAs and plasmids were provided
by Ribobio and cell transfections were done by Lipofecta-
mine 2000 (Invitrogen).

qRT-PCR

RNA extraction in tissues and cells was manipulated by
TRIzol (Beyotime) and RNA concentration detection was
done on a NanoDrop 2000 spectrophotometer. The RNAs
were reversely transcribed into cDNAs using M-MLV
Reverse Transcriptase Reagent (Promega). Quantitative real-
time polymerase chain reaction (qRT-PCR) was executed
with BeyoFast™ SYBR Green qPCR Mix (Beyotime) and
gene expression was estimated with the 2�ΔΔCt method. The
used primers are exhibited in Table 1.

Western blot

By using RIPA buffer (Beyotime), RNAs in tissues and cells
were extracted and examined with a BCA protein assay kit
(Tiangen). The proteins were subjected to 10% SDS-PAGE
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for electrophoresis and then blotted onto PVDF membranes.
The proteins were blocked for 1 h using 5% skimmed milk
and labeled overnight with primary antibodies against
TRPV1, METTL3, IGF2BP1, and GAPDH. Subsequently,
the proteins were probed for 2 h with HRP-bound second-
ary antibody. The bands were determined by ECL kit (Beyo-
time). The used antibodies were provided by Abcam.

MTT assay

H1299 cells and A549 cells were inoculated for 48 h in the
96-well plates and then 10 μL MTT (Solarbio) was added.
After incubation for 4 h, DMSO (Solarbio) was supplemen-
ted to dissolve the formazans. The absorbance at 570 nm
was measured.

Colony formation assay

1 � 103 H1299 and A549 cells were plated into six-well
plates and then cultured for 14 days. The medium was chan-
ged every 3 days. Before observation, the cells were fixed
using 4% paraformaldehyde (Solarbio) and dyed using 1%
crystal violet (Solarbio).

Flow cytometry analysis

H1299 and A549 cells were re-suspended in binding buffer
and dyed for 10 min using Annexin V-FITC and PI based
on the instructions of Annexin V-FITC/PI Apoptosis Detec-
tion Reagent (Vazyme). Cell apoptosis was estimated with
flow cytometry.

Transwell assay

The transwell insert chambers (Corning Incorporated) with
or without Matrigel (Corning Incorporated) covered on the
upper chamber were employed for cell invasion and migra-
tion analysis.

The cells in serum-free medium were appended
into the top compartment and the culture medium was
supplemented into the lower compartment. Following
24 h of incubation, the cells were fixed with 4% parafor-
maldehyde (Solarbio) and colored with 1% crystal violet
(Solarbio). The invaded and migrated cells were
photographed.

THP-1 cell polarization

THP-1 cells were planed seeded into six-well plates and then
PMA (100 ng/mL; Solarbio) was added into complete media
for 48 h of incubation to induce the maturation of macro-
phages. In the co-culture system, the pairing chambers were
used. THP-1 cells and PMA were added into the lower
chamber and the transfected NSCLC cells were inoculated
into the top chamber. Finally, 18 h later, the ratio of CD163
+ cells was analyzed using flow cytometry.

Methylated RNA immunoprecipitation assay

Magna MeRIP™ m6A reagent (Merck Millipore) was used
for this experiment as previously described.20

Measurement of m6A modification

By using EpiQuik m6A RNA methylation quantitative
reagent (Epigentek Group Inc.), TRPV1 m6A level was
examined. Briefly, H1299 and A549 cells were transfected
with sh-NC or sh-METTL3. The RNAs were extracted and
then added with the assay hole with m6A standard, followed
by the capture and TRPV1 antibody solution. After measur-
ing the optical density value of each hole at 450 nm, m6A
level was calculated through colorimetry and determined
with a standard curve.

Dual-luciferase reporter assay

The wild-type or mutant (mut) sequences of TRPV1 con-
taining or lacking m6A modification sites of METTL3 were
cloned into pmirGLO plasmid (Promega) to generate the
luciferase reporter vectors of TRPV1 and Mut-TRPV1.
H1299 and A549 cells were co-transfected with sh-NC/sh-
METTL3 and TRPV1/Mut-TRPV1 for 48 h of incubation.
Dual-Luciferase Reporter Assay Reagent (Promega) was
employed for luciferase intensity detection.

Actinomycin D treatment

H1299 cells with sh-NC, sh-METTL3 or sh-METTL3
+ IGF2BP1 transfection were exposed to actinomycin D

T A B L E 1 Primer sequences used for qRT-PCR.

Name Primers for PCR (50–30)

TRPV1 Forward AGCGTTTGTCGACTGACTGA

Reverse AGCCTCCCATGAACCTTTCG

IGF2BP1 Forward CTCTCGGAGGGGTTTCGGA

Reverse CTCTCGTTGAGGTTGCCGAT

METTL3 Forward CAGAGGCAGCATTGTCTCCA

Reverse ATGGACACAGCATCAGTGGG

GAPDH Forward GGAGCGAGATCCCTCCAAAAT

Reverse GGCTGTTGTCATACTTCTCATGG
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(Act D; Sigma-Aldrich) at 0, 3, 6, and 9 h, then TRPV1
mRNA level was determined via qRT-PCR.

RIP assay

The experiment was conducted using Magna RIP RNA-
Binding Protein Immunoprecipitation Reagent (Millipore).
The extracts of sh-NC/sh-METTL3-transfected H1299 and
A549 cells were cultured with RIP buffer containing mag-
netic beads conjugated to specific antibodies of IGF2BP1
(Abcam) or IgG (Abcam). TRPV1 enrichment in the iso-
lated beads was determined.

Murine xenograft model

Sh-NC, sh-METTL3 or sh-METTL3 + TRPV1 was injected
into BALB/c nude mice (N = 6 mice/group; Shanghai SLAC
Laboratory Animals Co., Ltd.). Starting on day 8, the xeno-
graft tumor size was examined every 3 days via
(length�width2)/2. Mice were sacrificed on day 23 and
tumors were harvested for weight and other study. The
experiments were authorized by the Ethics Committee of
Animal Research of Guangzhou First People’s Hospital,
South China University of Technology.

Statistics analysis

GraphPad Prism 7 was adopted for the analysis of data from
three independent experiments. Results were presented as
mean ± standard deviation. The survival curve was obtained
by a Kaplan–Meier plot and analyzed by the log-rank test.
Difference analysis was executed by Student’s t-test or one-
way ANOVA. The linear relationship was analyzed by
Spearman’s correlation coefficient analysis, and p < 0.05 was
thought to be significant.

RESULTS

TRPV1 was highly expressed in NSCLC tissues
and cells

As predicted by The Cancer Genome Atlas (TCGA) data-
base, TRPV1 expression was upregulated in lung adenocar-
cinoma (LUAD) (Figure 1a). Immunohistochemical (IHC)
assay indicated that TRPV1 expression was higher in
NSCLC tissues than normal tissues (Figure 1b). We detected
the mRNA expression of TRPV1 in the collected NSCLC tis-
sues (N = 36) and adjacent normal tissues. The results
showed that TRPV1 was highly expressed in NSCLC tissues
compared to normal tissues (Figure 1c). Moreover, the

F I G U R E 1 TRPV1 was upregulated in NSCLC tissues and cells. (a) TCGA database predicted TRPV1 expression in LUAD. (b) The expression of
TRPV1 was estimated by immunohistochemical assay. (c) The mRNA expression of TRPV1 in NSCLC tissues and normal tissues was detected by
quantitative real-time polymerase chain reaction (qRT-PCR). (d) The overall survival of NSCLC patients in the low expression group and the high expression
group was analyzed. (e) The protein level of TRPV1 in NSCLC tissues and normal tissues was measured by western blot. (f) The TRPV1 protein level in
human bronchial epithelioid cells, H1299, and A549 cells was measured through western blot. *p < 0.05.
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NSCLC patients (N = 36) were divided into two groups
according to TRPV1 expression: a low expression group and
a high expression group. We found that the high expression
of TRPV1 predicted worse overall survival compared to the
low expression group (Figure 1d). Additionally, the TRPV1
protein level was elevated in NSCLC tissues in comparison
with normal tissues (Figure 1e). Compared to 16HBE cells,
the TRPV1 level was increased in H1299 cells and A549 cells
(Figure 1f). Taken together, TRPV1 was abnormally elevated
in NSCLC.

Silencing of TRPV1 hampered NSCLC cell proliferation,
migration and invasion, and polarization of M2 macrophages.

To explore the functions of TRPV1 in NSCLC, sh-
TRPV1 was introduced into NSCLC cells to silence TRPV1
expression. As shown in Figure 2a, sh-TRPV1 introduction
markedly reduced the TRPV1 protein level in H1299 and
A549 cells, indicating the successful introduction of sh-
TRPV1. MTT assay suggested that the viability of H1299
and A549 cells was impeded by TRPV1 knockdown

(Figure 2b). Similarly, TRPV1 deficiency led to the signifi-
cant suppression of the colony formation of H1299 and
A549 cells (Figure 2c). Flow cytometry analysis showed that
TRPV1 silencing promoted the apoptosis of H1299 and
A549 cells compared to the sh-NC control group
(Figure 2d). As verified by transwell assay, knockdown of
TRPV1 markedly repressed the migration and invasion
of H1299 and A549 cells in comparison with sh-NC-trans-
fected cells (Figure 2e,f). Additionally, sh-TRPV1 transfected
H1299 and A549 cells reduced the ratio of CD163+ cells,
indicating that TRPV1 knockdown inhibited M2 macro-
phage polarization (Figure 2g). These findings illustrated
that TRPV1 deficiency suppressed NSCLC cell growth and
metastasis, promoted NSCLC cell apoptosis, and repressed
M2 macrophage polarization.

Moreover, TRPV1 overexpression vector transfection ele-
vated the TRPV1 level in H1299 and A549 cells compared to
the pcDNA control group (Figure S1A). MTT assay and col-
ony formation assay showed that the viability and colony

F I G U R E 2 Effects of TRPV1 knockdown on NSCLC cell proliferation, apoptosis, migration, invasion, and M2 macrophage polarization. H1299 and
A549 cells were transfected with sh-NC or sh-TRPV1. (a) The TRPV1 protein level in H1299 and A549 cells was measured through western blot. (b) H1299
and A549 cell viability was examined by MTT assay. (c) H1299 and A549 cell colony formation ability was tested by colony formation assay. (d) H1299 and
A549 cell apoptosis was analyzed by flow cytometry analysis. (e and f) The migration and invasion of H1299 and A549 cells were explored by transwell assay.
(G) The ratio of CD163+ cells was analyzed by flow cytometry analysis. *p < 0.05.
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formation abilities of H1299 and A549 cells were promoted
by TRPV1 overexpression (Figure S1B,C). Transwell assay
showed that TRPV1 overexpression facilitated the migration
and invasion of H1299 and A549 cells (Figure S1D,E). Addi-
tionally, TRPV1 overexpression promoted M2 macrophage
polarization (Figure S1F). These results indicate that TRPV1
overexpression promoted NSCLC cell growth and metastasis
and M2 macrophage polarization.

METTL3 mediated the m6A methylation
modification of TRPV1

By using a methylated RNA immunoprecipitation assay, we
precipitated the RNAs contained m6A methylation and

found that TRPV1 was enriched in m6A methylation
(Figure 3a). As presented in ENCORI and TCGA databases,
TRPV1 was found to be positively correlated with METTL3
(Figure 3b,c). Moreover, te TCGA database showed that
METTL3 was upregulated in LUAD tissues compared to
normal tissues (Figure 3d). The qRT-PCR assay showed that
the METTL3 mRNA level was increased in NSCLC tissues
in comparison with normal tissues (Figure 3e). There was a
positive correlation between the levels of METTL3 mRNA
and TRPV1 mRNA in NSCLC tissues, as estimated by
Spearman’s correlation coefficient analysis (Figure 3f). Sub-
sequently, sh-METTL3 was transfected into H1299 and
A549 cells to knock down METTL3 expression, which was
demonstrated by western blot (Figure 3g). METTL3 knock-
down led to the reduction of TRPV1 mRNA expression in

F I G U R E 3 METTL3 modulated TRPV1 expression via m6A methylation modification. (a) After methylated RNA immunoprecipitation assay, TRPV1
enrichment was determined by qRT-PCR. (b and c) ENCORI and TCGA databases showed the positive correlation between the TRPV1 and METTL3
expression. (d) TCGA database showed that METTL3 was upregulated in LUAD. (e) The mRNA expression of METTL3 in NSCLC tissues and normal
tissues was determined by qRT-PCR. (f) The correlation between the levels of METTL3 and TRPV1 in NSCLC tissues was analyzed by Spearman’s
correlation coefficient analysis. (g and h) After sh-NC or sh-METTL3 transfection, the METTL3 protein level and TRPV1 mRNA level in H1299 and A549
cells were determined by western blot and qRT-PCR, respectively. (i) THE TRPV1 m6A level in H1299 and A549 cells transfected with sh-NC or sh-
METTL3 was examined. (j) SRAMP predicted TRPV1 mRNA contained m6A modification sites of METTL3. (k and l) The interaction relationship between
METTL3 and TRPV1 was verified by dual-luciferase reporter assay. (m) After actinomycin D treatment for 0, 3, 6, and 9 h, TRPV1 expression in sh-NC or
sh-METTL3-transfected H1299 cells was determined by qRT-PCR. *p < 0.05.
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H1299 and A549 cells (Figure 3h). Furthermore, we demon-
strated that METTL3 knockdown reduced the TRPV1 m6A
level in both H1299 and A549 cells (Figure 3i). According to
the SRAMP website (http://www.cuilab.cn/sramp/), we
found that the mRNA of TRPV1 contained m6A modifica-
tion sites of METTL3 (Figure 3j). Dual-luciferase reporter
assay showed that sh-METTL3 and TRPV1 co-transfection
significantly restrained the luciferase activity in H1299 and
A549 cells compared to sh-NC and TRPV1 co-transfected
groups, but the luciferase activity in the Mut-TRPV1 group
was not affected by sh-METTL3 (Figure 3k,l). In addition,
Act D treatment showed that METTL3 knockdown
repressed the stability of TRPV1 mRNA (Figure 3m). Col-
lectively, METTL3 mediated m6A modification of TRPV1
to alter TRPV1 expression in NSCLC cells.

METTL3 bound to IGF2BP1 and enhanced the stability
and expression of TRPV1 mRNA.

By detecting several methylated reading proteins
(IGF2BP1, IGF2BP1, IGF2BP3, YTHDF1, YTHDF2, and
YTHDF3), IGF2BP1 was found to affect TRPV1 expression
(Figure 4a). RIP assay showed that METTL3 knockdown
decreased the enrichment of IGF2BP1-bound TRPV1 in
both H1299 and A549 cells, illustrating that METTL3
knockdown had an influence in the interaction between

IGF2BP1 and TRPV1 (Figure 4b,c). Next, sh-IGF2BP1 and
IGF2BP1 overexpression vector were transfected into H1299
and A549 cells to silence and enhance IGF2BP1 expression,
and the results were demonstrated by western blot
(Figure 4d). Act D treatment showed that METTL3 knock-
down reduced TRPV1 expression in H1299 cells after Act D
treatment, while IGF2BP1 overexpression reversed the effect
(Figure 4e). Moreover, our results showed that METTL3
silencing decreased the TRPV1 protein level in H1299 and
A549 cells, with IGF2BP1 overexpression ameliorating the
impact (Figure 4f). Collectively, METTL3 bound to
IGF2BP1 and enhanced IGF2BP1’s m6A recognition of
TRPV1 mRNA, thereby increasing the stability and expres-
sion of TRPV1 mRNA.

TRPV1 overexpression restored the effects of METTL3
knockdown on NSCLC cell proliferation, apoptosis, migra-
tion and invasion, and M2 macrophage polarization.

We further explored the relationship between METTL3
and TRPV1 in NSCLC malignant phenotype progression. As
verified by western blot, METTL3 deficiency decreased the
TRPV1 protein level in H1299 and A549 cells, while TRPV1
overexpression restored the impact (Figure 5a). MTT assay
and colony formation assay demonstrated that METTL3
knockdown repressed the viability and colony formation

F I G U R E 4 METTL3 bound to IGF2BP1 and enhanced the expression of TRPV1 mRNA. (a) TRPV1 mRNA expression in H1299 cells transfected with
sh-NC, sh-IGF2BP1, sh-IGF2BP2, sh-IGF2BP3, sh-YTHDF1, sh-YTHDF2 or sh-YTHDF3 was determined by qRT-PCR. (b and c) The interaction between
TRPV1 and IGF2BP1 was estimated by RIP assay in sh-NC or sh-METTL3 transfected H1299 cells. (d) After H1299 and A549 cells were transfected with sh-
NC, sh-IGF2BP1, pcDNA or IGF2BP1, the TGF2BP1 protein level was measured by western blot. (e) After actinomycin D treatment for indicated times,
TRPV1 mRNA level in H1299 cells transfected with sh-NC, sh-METTL3 or sh-METTL3 + TGF2BP1 was determined by qRT-PCR. (f) The protein
expression of TRPV1 in H1299 and A549 cells transfected with sh-NC, sh-METTL3 or sh-METTL3 + TGF2BP1 was measured through western
blot. *p < 0.05.
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ability of H1299 and A549 cells, with TRPV1 enhancement
ameliorating the effects (Figure 5b,c). As illustrated by flow
cytometry analysis, METTL3 silencing facilitated H1299 and
A549 cell apoptosis, whereas the effect was rescued by upre-
gulating TRPV1 expression (Figure 5d,e). Transwell assay
indicated that METTL3 silencing impeded the migration and
invasion of H1299 and A549 cells, while TRPV1 overexpres-
sion abated the effects (Figure 5f,g). In addition, our results
showed that METTL3 knockdown inhibited the polarization
of M2 macrophages, but the impact was weakened by TRPV1
overexpression (Figure 5h). These outcomes suggested that
METTL3 could modulate TRPV1 expression, thereby regulat-
ing NSCLC cell progression.

METTL3 knockdown repressed tumor growth in vivo
via regulating TRPV1 expression.

Finally, the functions of METTL3 and TRPV1 in NSCLC
progression were investigated by in vivo experiments.
METTL3 knockdown suppressed the xenograft tumor
growth (including tumor volume and weight), while TRPV1
overexpression partly restored the impacts (Figure 6a,b). We
detected the expression of TRPV1 in the xenograft tumors.
As a result, the TRPV1 protein level was reduced in the col-
lected tumors in the sh-METTL3 group, while the TRPV1
level was reversed in the sh-METTL3 + TRPV1 group
(Figure 6c,d). In addition, IHC assay showed that PCNA,
MMP2, and TRPV1 expression in the tumors of the sh-
METTL3 group was reduced, while their expression was
restored in the sh-METTL3 + TRPV1 group (Figure 6e).
Taken together, TRPV1 could reverse the inhibitory effect of
METTL3 knockdown in tumor growth in vivo.

F I G U R E 5 METTL3 knockdown repressed NSCLC cell growth, migration, and invasion and facilitated apoptosis and restrained M2 macrophage
polarization. H1299 and A549 cells were transfected with sh-NC, sh-METTL3 or sh-METTL3 + TRPV1. (a) The protein level of TRPV1 in H1299 and A549
cells was measured via western blot. (b and c) The viability and colony formation of H1299 and A549 cells were estimated by MTT assay and colony
formation assay, respectively. (d and e) The apoptosis of H1299 and A549 cells was analyzed by flow cytometry analysis. (f and g) The migration and
invasion of H1299 and A549 cells were evaluated by transwell assay. (H) The ratio of CD163+ cells was estimated through flow cytometry analysis. *p < 0.05.
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METTL3/IGF2BP1-mediated m6A modification of
TRPV1 promoted NSCLC progression.

Through the above findings, we concluded that
METTL3/IGF2BP1 mediated m6A methylation of TRPV1
to promote NSCLC cell proliferation, migration, and inva-
sion, inhibited NSCLC cell apoptosis and facilitated macro-
phage M2 polarization (Figure 7).

DISCUSSION

The occurrence and development of NSCLC are closely
related to epigenetic abnormalities, and m6A is a common
and extremely important epigenetic change.21 In the present
research, METTL3, the key enzyme related to m6A methyla-
tion, was demonstrated to aggravate NSCLC malignancy
and the METTL3/IGF2BP1–TRPV1 axis in NSCLC was
discovered.

TRPV1 played vital roles in the development of multiple
human cancers, including NSCLC. Wang et al. unrevealed
that TRPV1 was aberrantly elevated in NSCLC and
enhanced tumor growth and impeded the antitumor
immune response.11 Li et al. found that TRPV1 facilitated
chemoresistance in NSCLC.22 In this paper, high expression
of TRPV1 in NSCLC was verified and predicted poor prog-
nosis. Corresponding to the previous studies, TRPV1 defi-
ciency impeded proliferation and motility, promoted the
apoptosis of NSCLC cells, and repressed M2 macrophage
polarization.

The involvement of m6A in various human cancers has
attracted researchers’ attention.23,24 Thus, we further investi-
gated whether the m6A modification of TRPV1 was related
to NSCLC progression. By using the SRAMP website, it was

F I G U R E 6 METTL3 regulated TRPV1 expression to affect tumor growth in vivo. (a) Tumor volume was monitored every 3 days after 8 days of sh-NC,
sh-METTL3 or sh-METTL3 + TRPV1-transfected A549 cells introduction. (b) Tumor weight was examined after 23 days. (c and d) The TRPV1 protein level
in the collected tumors was measured by western blot. (e) The expression of proliferating cell nuclear antigen (PCNA), matrix metalloprotein 2 (MMP2), and
TRPV1 in the collected tumors was examined by immunohistochemical assay. *p < 0.05.

F I G U R E 7 The overview diagram of METTL3/IGF2BP1-TRPV1 in
NSCLC progression. METTL3 bound to IGF2BP1 and enhanced IGF2BP1’s
m6A recognition of TRPV1 mRNA, thereby promoting NSCLC cell
proliferation, migration, invasion, and M2 polarization and inhibiting
NSCLC apoptosis.
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found that TRPV1 mRNA contained m6A modification
sites of METTL3 and METTL3 positively altered TRPV1
expression. In NSCLC, METTL3 has been reported to act as
a tumor promoter via the m6A methylation modifications
of ZDHHC16,25 SFRP2,15 MALAT1,26 and YTHDF1.27

Moreover, previous studies demonstrated that METTL3
contributed to NSCLC cell metastasis and growth, and
tumorigenesis.28,29 Similarity, in the current study, METTL3
deficiency restrained NSCLC cell proliferation, metastasis,
and M2 macrophage polarization and promoted NSCLC cell
apoptosis, but the effects were restored by elevating TRPV1
expression. Additionally, METTL3 knockdown repressed
tumorigenesis in vivo, with TRPV1 enhancement ameliorat-
ing the impact. Our findings illustrated that METTL3 played
a tumor-promotional effect on NSCLC via modulating the
m6A methylation modification of TRPV1.

Our results show that IGF2BP1 mediated METTL3
expression via m6A methylation modification. Xu et al.
demonstrated that IGF2BP1 facilitated the migration, inva-
sion, and proliferation of NSCLC cells.30 Our study firstly
investigated the relation between IGF2BP1 and METTL3,
however, we did not explore the exact functions of IGF2BP1
and METTL3 in NSCLC.

In summary, METTL3/IGF2BP1 mediated TRPV1
expression via m6A methylation modification, thereby pro-
moting NSCLC progression. This study provided an excel-
lent basis for discovering novel therapeutic strategies for
NSCLC.
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