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METTL3 recruiting M2-type e

immunosuppressed macrophages by targeting
M6A-SNAIL-CXCL2 axis to promote colorectal
cancer pulmonary metastasis
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Abstract

Background The regulatory role of N6-methyladenosine (m6A) modification in the onset and progression of can-
cer has garnered increasing attention in recent years. However, the specific role of m6A modification in pulmonary
metastasis of colorectal cancer remains unclear.

Methods This study identified differential m6A gene expression between primary colorectal cancer and its pulmo-
nary metastases using transcriptome sequencing and immunohistochemistry. We investigated the biological function
of METTL3 gene both in vitro and in vivo using assays such as CCK-8, colony formation, wound healing, EDU, tran-
swell, and apoptosis, along with a BALB/c nude mouse model. The regulatory mechanisms of METTL3 in colorectal
cancer pulmonary metastasis were studied using methods like methylated RNA immunoprecipitation quantitative
reverse transcription PCR, RNA stability analysis, luciferase reporter gene assay, Enzyme-Linked Immunosorbent Assay,
and quantitative reverse transcription PCR.

Results The study revealed high expression of METTL3 and YTHDF1 in the tumors of patients with pulmonary
metastasis of colorectal cancer. METTL3 promotes epithelial-mesenchymal transition in colorectal cancer by m6A
modification of SNAIL mRNA, where SNAIL enhances the secretion of CXCL2 through the NF-kB pathway. Additionally,
colorectal cancer cells expressing METTL3 recruit M2-type macrophages by secreting CXCL2.

Conclusion METTLS3 facilitates pulmonary metastasis of colorectal cancer by targeting the m6A-Snail-CXCL2 axis
to recruit M2-type immunosuppressive macrophages. This finding offers new research directions and potential thera-
peutic targets for colorectal cancer treatment.

Keywords METTL3, N6-Methyladenosine, Epithelial-mesenchymal transition, Colorectal cancer pulmonary
metastases, M2-type macrophages
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site of metastasis for CRC. Epidemiological studies esti-
mate that pulmonary metastases occur in approximately
10-18% of rectal cancer patients and 5—-6% of colon can-
cer patients [3]. The mechanisms of CRPM are multifac-
eted, encompassing intracellular factors such as genetic
and epigenetic abnormalities, tumor cell heterogeneity,
and the process of epithelial-mesenchymal transition
(EMT). Furthermore, the influence of the tumor micro-
environment cannot be underestimated [4]. Given its sig-
nificance in cancer progression and treatment, in-depth
research on CRPM is imperative. This not only contrib-
utes to a better understanding of the metastatic mecha-
nisms in CRC but is also crucial for the development of
novel therapeutic strategies.

In the formation process of CRPM, the EMT plays a
crucial role [3]. EMT is a critical mechanism in the pro-
cess of tumor initiation and development, and its activa-
tion is typically regulated by transcription factors that
induce EMT. These factors include Snail family transcrip-
tional repressor 1 (SNAIL) protein, Zinc finger E-box-
binding homeobox 1 (ZEB) protein, and Twist family
bHLH transcription factor 1 (TWIST1) protein [5-8].
This activation process leads to a series of changes in
cells, including the loss of cell apical-basal polarity, dis-
ruption of cell-cell junctions, degradation of the base-
ment membrane, and remodeling of the extracellular
matrix (ECM) [9, 10]. These changes transform epithelial
cells from their original cobblestone-like appearance into
spindle-shaped mesenchymal cells [11]. At the molecu-
lar level, the characteristics of EMT include a decrease
in epithelial markers such as E-cadherin and an increase
in mesenchymal markers such as vimentin, N-cadherin,
and fibronectin [12]. Clinically, these changes enhance
the mobility and invasive capacity of tumor cells, thereby
promoting the distant metastasis of colorectal cancer
cells [13]. Therefore, in-depth research into the EMT
process is crucial for understanding the progression
mechanisms of colorectal cancer and developing effective
personalized treatment strategies.

Epigenetic abnormalities play a crucial role in the
occurrence of CRPM [3]. Indeed, N6-methyladenosine
(m6A) modification is one of the most common forms
of epigenetic modifications found in messenger RNA
(mRNA) [14, 15]. Recent research has indicated that
m6A plays a crucial role in various aspects of mRNA,
including splicing, nuclear export, translation, and stabil-
ity. Its significance extends to the development of many
human diseases, including cancer [16, 17]. This modifi-
cation is controlled by a group of specialized enzymes,
including "writers" that add methyl groups and "eras-
ers" that remove methyl groups [18]. In this context, the
‘writers’ complex comprises enzymes such as methyl-
transferase-like 3 (METTL3) and methyltransferase-like
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14 (METTL14), which are responsible for transferring
methyl groups onto RNA [19-22]. The demethylation
of m6A is facilitated by enzymes such as obesity-related
protein (FTO) and alkB homologue 5 (ALKBHS5) [23, 24].
These modifications are recognized and interpreted by a
group of proteins known as 'readers, which include YTH
domain family proteins and insulin-like growth factor 2
mRNA-binding proteins (IGF2BP) [25, 26]. These intri-
cate interactions influence the behavior and function of
RNA, thereby playing crucial roles in the development of
CRPM.

During the development of tumors, m6A often exerts
its influence on the expression of key genes associ-
ated with EMT, either directly or indirectly, leading to
the promotion of tumor cell EMT and facilitating their
progression and metastasis. [27-30]. The relationship
between m6A and EMT in cancer cells has been exten-
sively studied, but its role in CRPM remains unclear. In
our study, we conducted transcriptome sequencing,
quantitative PCR (qPCR), Western blotting (WB), and
immunohistochemical (IHC) analysis on clinical speci-
mens of colorectal primary tumors and their lung meta-
static tumors. Additionally, we integrated data from The
Cancer Genome Atlas (TCGA) database and observed
an increased expression of m6A-related genes, such as
METTL3 and YTHDF1. These observations prompted
us to further explore the potential link between these
changes and colorectal cancer lung metastasis. Through
in vivo and in vitro experiments, we found that METTL3
could enhance the expression of SNAIL protein through
m6A modification, thereby promoting EMT in tumor
cells. Furthermore, we observed that tumor cells overex-
pressing SNAIL could promote the secretion of CXCL2
by activating the NF-kB pathway. Secreted CXCL2,
upon binding to CXCR2 on the surface of M2-type mac-
rophages, facilitated the infiltration of these immune
cells into the tumor center. These findings provide a new
perspective on understanding the molecular mecha-
nisms underlying colorectal cancer lung metastasis and
may have significant implications for the development of
novel therapeutic strategies.

Materials and methods

Specimens, cell culture and treatment

The transcriptome sequencing data for CRC in this study
were sourced from The Cancer Genome Atlas (TCGA)
data portal (accessible at https://portal.gdc.cancer.gov/).
Chromatin immunoprecipitation (ChIP) sequencing
data were obtained from the Gene Expression Omni-
bus (GEO) database (see https://www.ncbi.nlm.nih.gov/
gds/). In situ carcinoma and lung metastatic carcinoma
tissue specimens from colorectal cancer lung metastasis
patients were provided by the First Affiliated Hospital
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of Jinan University. Collection of all specimens received
approval from the ethics committee of the First Affiliated
Hospital of Jinan University, and written informed con-
sent was obtained from the patients before collection.
CRC cell lines used in this study, including RKO and
SW480, as well as the human monocytic cell line THP-
1, were all obtained from the American Type Culture
Collection (ATCC, Manassas, USA) (details available at
https://www.atcc.org/). THP-1 cells were treated with
100 ng/ml phorbol 12-myristate 13-acetate (PMA,
Sigma, Darmstadt, Germany) for 48 h to induce their dif-
ferentiation into mature macrophages. Subsequently, the
cells were incubated for over 48 h under conditions con-
taining 20 ng/ml interleukin-4 (IL-4, Sigma, Darmstadt,
Germany) and 20 ng/ml interleukin-13 (IL-13, Sigma,
Darmstadt, Germany) to promote their polarization
towards the M2 phenotype. All cell lines were cultured
following the guidelines recommended by ATCC.

Production of lentiviruses

The lentiviral transfection vectors used in this study were
obtained from GenePharma (Shanghai, China). Experi-
mental groups included sh-METTL3 (METTL3 knock-
down group), sh-YTHDF1 (YTHDF1 knockdown group),
sh-SNAIL (SNAIL knockdown group), and Ov-SNAIL
(SNAIL overexpression group), along with their cor-
responding negative control group sh-NC. To establish
stable colorectal cancer cell lines, cell selection was per-
formed using 400 pg/ml of neomycin.

Wound-healing assays

In this experiment, cells were initially seeded in 6-well
plates. When the cells reached approximately 80% con-
fluence, sterile 200 ul pipette tips were gently used to
create scratches in the cell monolayer. Subsequently,
these treated cells were incubated for an additional 48 h
in serum-free culture medium. The healing process of
cell injuries was observed using an inverted microscope
produced by Olympus Corporation, Japan. Finally, quan-
titative analysis of the wound area was performed using
Image] software to assess cell migration and healing
ability.

Transwell invasion assay

In our cell invasion experiments, we utilized Transwell
chambers and Matrigel from Corning, USA. Initially, a
layer of extracellular matrix gel was coated in the upper
chamber of the Transwell, and medium containing 20%
FBS was added to the lower chamber. Once the gel had
completely solidified, we added 200 uL of medium con-
taining 1x1075 cells to the upper chamber. Subse-
quently, the cells were incubated at 37 °C with 5% CO2
for 48 h. After the incubation period, we fixed the cells in
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the upper chamber with 4% paraformaldehyde and then
stained them with 1% crystal violet. Finally, we observed
the cells that had invaded from the upper chamber to the
lower chamber using an inverted microscope produced
by Olympus Corporation, Japan, and conducted quanti-
tative analysis using Image] software.

Cell counting kit-8 (CCK-8) and EDU assay

In the CCK-8 experiment, cells were evenly distributed in
a 96-well plate and cultured for 1, 2, 3, 4, and 5 days. Sub-
sequently, 10 pL of CCK-8 solution was added to each
well. To assess cell viability, the optical density (OD450)
of each well was measured using a microplate reader
from Thermo Fisher, USA.

For the EDU experiment, cell suspensions were evenly
distributed in a 96-well plate to achieve a cell count of
1x 1074 cells per well. The culture dishes were then incu-
bated overnight in a CO2 incubator to allow the cells to
adhere to the surface. After a 2-h incubation with 10 uM
EDU (Beyotime, Shanghai, China), the culture medium
was removed, and 1 mL of fixation solution (Beyotime,
Shanghai, China) was added to each well. The fixation
solution was left at room temperature for 15 min and
then removed. The cells were subsequently washed three
times with 1 mL of washing solution. After removing
the washing solution, 1 mL of Triton X-100 (Beyotime,
Shanghai, China) was added to each well and incubated
at room temperature for 10—15 min. Next, the Click reac-
tion solution (Beyotime, Shanghai, China) was added and
incubated in the dark at room temperature for 30 min.
Finally, Hoechst 33,342 (Beyotime, Shanghai, China) was
used for nuclear staining. Cell counting and photography
were performed using a fluorescence inverted micro-
scope, and quantitative analysis was conducted using
Image] software.

Clone formation assays

To collect cells during the logarithmic growth phase, a
cell suspension was prepared using standard digestion
and centrifugation methods. After cell counting, the cells
were seeded into a 6-well plate at a concentration of 500
cells per well. Once the cells reached the 6th generation,
culturing was stopped. The culture medium was dis-
carded, and cells were washed twice with PBS solution.
Subsequently, the cells were fixed in methanol for 15 min
and stained with 1% crystal violet solution for 10 min.
After capturing photographs with a camera, quantitative
analysis was performed using Image] software.

Apoptosis assays

In the apoptosis experiment, the detection of cell apop-
tosis was performed using the FITC Annexin V Cell
Apoptosis Detection Kit (provided by BD Biosciences).
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The experimental steps were as follows: After 48 h of
shRNA viral infection, the cells were seeded into 6 cm
culture dishes. Cells were then cultured in medium con-
taining 1% fetal bovine serum for 5 days. Following this,
cells were digested using trypsin and mixed with the cul-
ture supernatant. After digestion was completed, cells
were centrifuged, and the cell pellet was washed with
PBS buffer to remove trypsin. Subsequently, the cells
were resuspended and subjected to Annexin V/PI double
staining. Finally, flow cytometry analysis of the samples
was performed using the BD LSRII flow cytometer (BD
Biosciences). Throughout the entire experiment, precau-
tions should be taken to avoid exposure to light, and strict
adherence to laboratory safety regulations is essential.

M2-type macrophage migration assay

M2-type macrophage (1 x 1075 cells per well) were plated
in the upper compartment of a transwell with a pore size
of 0.8 mm, in 100 mL of 1640 medium. The lower com-
partment was filled with 600 mL of conditioned medium
collected from RKO or SW480 cells, excluding fetal
bovine serum. Following a 4-h incubation period, the
migrated cells in the lower chamber were quantified.

RNA stability

Add Act-D to the cell culture medium at a concentra-
tion of 5 pg/mL when the cells have reached a confluence
of 70—80%. Collect cell samples at different time points
after Act-D treatment. Use TRIzol reagent (Invitrogen) to
extract total RNA from the collected samples. Quantify
the RNA and assess its purity using a NanoDrop spectro-
photometer. Convert the extracted total RNA into cDNA
using a reverse transcription reagent kit (Vazyme, Nan-
jing, China) following the manufacturer’s instructions.
Perform quantitative reverse transcription-polymerase
chain reaction (QRT-PCR) analysis to detect the mRNA
levels of specific genes (please specify the genes of inter-
est). Normalize the data using GAPDH as the reference
gene. Calculate the relative expression levels using the
27A-AACT method. Create line graphs illustrating the
change in RNA levels over time to reflect RNA stability.
Ensure that you follow the manufacturer’s protocols for
reagent usage and experimental procedures.

Western blotting and immunohistochemistry

Cell and tissue samples were processed using RIPA
buffer from Servicebio Technology, Wuhan, China. Pro-
tein extraction was carried out following the instruc-
tions provided in the radio-immunoprecipitation assay
(RIPA) kit. Protein concentrations were quantified using
the bicinchoninic acid (BCA) assay kit also provided by
Servicebio Technology, Wuhan, China. The protein sam-
ples were subsequently separated by electrophoresis and
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transferred onto membranes. After washing the mem-
branes three times with tris-buffered saline containing
Tween (TBST), they were incubated with the primary
antibody overnight at 4 °C. Following incubation, the
membranes were washed again and incubated with the
secondary antibody. Finally, protein bands were visual-
ized using the enhanced chemiluminescence (ECL) assay
kit provided by Servicebio Technology, Wuhan, China.

Immunohistochemistry and immunofluorescence as
previously described [31]. In our study, immunohis-
tochemistry was conducted using a range of primary
antibodies with the following detailed information: 1.
METTL3, Vimentin, E-Cadherin, YTHDF1, YTHDEF2,
SNAIL, and ARG1 antibodies were all obtained from
Abcam (Cambridge, UK), each with the following prod-
uct codes: METTL3 (ab195352), Vimentin (ab92547),
E-Cadherin (ab40772), YTHDF1 (ab252346), SNAIL
(ab180714), and CD163 (ab316218). 2. P65, Phospho-
P65, GAPDH, and Tubulin antibodies were sourced
from Proteintech Group (Chicago, USA) and were iden-
tified by the specific product codes: P65 (80,979-1-RR),
Phospho-P65 (82,335-1-RR), GAPDH (10,494-1-AP),
and Tubulin (11,224-1-AP). 3. Goat anti-rabbit IgG was
purchased from Biosharp Life Sciences (Beijing, China)
and had the product code BL052A. The quantification of
all proteins and determination of average optical density
were performed using Image ] software.

Luciferase reporter assays

The dual-luciferase reporter gene assay was conducted
using the Dual-Luciferase® Reporter Gene Assay Sys-
tem provided by Promega Corporation. To standardize
transfection efficiency, a co-transfection approach with
the pRL-TK reporter gene (also supplied by Promega)
was employed. Relative luciferase activity was calculated
based on the activity of Renilla luciferase.

mRNA-sequencing and methylated RNA
immunoprecipitation quantitative reverse transcription
polymerase chain reaction (MeRIP gRT-PCR)

Total RNA was extracted from colorectal cancer cell
lines using the TRIzol reagent provided by Invitrogen
Corporation (Carlsbad, CA, USA). Subsequently, mRNA
sequencing and analysis were carried out by the HaploX
Genomics Center in Shenzhen, China.

For RNA immunoprecipitation (MeRIP) analysis of
m6A modification, we initially subjected the RNA to
fragmentation using the riboMIP™ m6A Transcriptome
Analysis Kit (Ribobio, Guangzhou, China) and then per-
formed immunoprecipitation with m6A antibodies. The
RNA isolated after immunoprecipitation was analyzed
using qRT-PCR to investigate the m6A modification sta-
tus of RNA.
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RNA Extraction and quantitative reverse transcription
polymerase chain reaction (QRT-PCR)

Total RNA was extracted using TRIzol (Invitrogen,
Carlsbad, USA), while cytoplasmic and nuclear RNA
were extracted using cytoplasmic & nuclear RNA puri-
fication (Amyjet Scientific, Wuhan, China). qRT-PCR
was performed following the protocol (Vazyme, Nan-
jing, China).

ELISA

The cell culture medium was transferred to a sterile cen-
trifuge tube and centrifuged at 1000 X g for 10 min at 4 °C.
Aliquots of the supernatant were then dispensed into EP
tubes for further use. The CXCL2 protein was detected
using the manufacturer’s protocols for the CXCL2 ELISA
kit (Solarbio, Beijing, China).

Animal studies

The experiments conducted in this study received ethi-
cal approval from the Ethics Committee of South China
Agricultural University. Female nude mice aged 4 to
5 weeks were procured from the Animal Experiment
Center of Southern Medical University for the experi-
mental procedures. During the experimentation, a total
of 10 nude mice were randomly divided into two groups,
each consisting of 5 mice (n=5). they were subcutaneous
injected with 2x107"6 RKO/SW480 cells stably silenc-
ing METTL3 or control cells. Additionally, six nude
mice were randomly assigned to two groups (n=3), and
they were intravenously injected with 2x10"6 RKO/
SW480 cells stably silencing METTL3 or control cells.
These nude mice were housed under standard laboratory
conditions with access to ample food and water. Tumor
size and volume were monitored weekly throughout
the study. Before sample collection, humane euthanasia
was administered to all mice using a 2% pentobarbital
sodium solution at a dose of 150 mg/kg. After a 2-week
interval, mice from the subcutaneous tumor group were
euthanized due to tumor development. Similarly, mice
from the intravenous tumor group were euthanized at
the 4-week mark. The tumors were documented through
photographic imaging and weighed. Subsequently, all
collected tumor specimens were stored either in liquid
nitrogen or fixed using a 4% formaldehyde solution for
subsequent analysis.

Statistical analysis

In this study, all statistical analyses were performed using
SPSS 19.0 software and R language (version 4.2.1). Graphs
and data visualization were carried out using GraphPad
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Prism 9.5 software. We defined a p-value of less than 0.05
as indicating statistically significant differences.

Results

METTL3 and YTHDF1 are highly expressed in CRPM

To assess the expression profiles of m6A WERs (writers,
erasers, and readers) in colon adenocarcinoma (COAD),
this study analyzed data from The Cancer Genome Atlas
(TCGA) database. The analysis results revealed that sev-
eral m6A WERs exhibited abnormal expression in CRC
(Fig. 1a). To further investigate the status of these dif-
ferentially expressed genes in colorectal cancer in situ
and lung metastatic cancer, we conducted sequenc-
ing on both types of cancer samples. The sequencing
results indicated a significant increase in the expression
of METTL3, wilms tumor 1 associated protein (WTAP),
METTL14, and YTHDF1 in lung metastatic cancer. It’s
noteworthy that METTL14 did not show expression dif-
ferences in the TCGA database (Fig. 1b).

To further validate these findings, we conducted qPCR
analysis on colorectal cancer in situ and lung metastatic
cancer samples. The qPCR results demonstrated that the
expression of METTL3 and YTHDF1 was significantly
higher in colorectal cancer lung metastases compared to
in situ cancer, while WTAP expression showed no signifi-
cant difference (Fig. 1c). Additionally, through WB and
IHC experiments, we further confirmed the high expres-
sion of METTL3 and YTHDF1 in colorectal cancer lung
metastases (Fig. 1d-f).

Silencing the METTL3 gene inhibited the proliferation,
invasion, and migration abilities of CRC cells

while promoting apoptosis

In the initial stages of this study, we successfully silenced
the METTL3 gene in RKO and SW480 cell lines using
lentiviral infection technology. To assess the silencing
effect, we performed Western blot analysis (Fig. 2g). Sub-
sequent cell proliferation experiments, including CCK-8,
EDU staining, and plate colony assays, showed that after
METTL3 knockdown, the OD450 values significantly
decreased, the number of EDU-positive cells and cell
colony formation were reduced (Fig. 2c-e). These results
indicate that downregulation of METTL3 weakened the
proliferation ability of RKO and SW480 cells. We fur-
ther investigated the impact of METTL3 on apoptosis in
CRC cells. Through Annexin V-APC/PI staining experi-
ments, we observed a significant increase in cell apopto-
sis rate after METTL3 inhibition (Fig. 2f). Additionally,
in vivo experiments using a nude mouse model showed
that silencing METTL3 significantly reduced the size
of subcutaneous tumors (Fig. 31). In wound healing and
Transwell experiments, we found that METTL3 knock-
down in CRC cell lines resulted in weakened migration
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and invasion abilities (Fig. 2a-b). Another in vivo experi-
ment also confirmed that inhibiting METTL3 signifi-
cantly reduced the number of lung metastases in nude
mice (Fig. 3b). To assess whether cells underwent EMT,
we conducted Western blot analysis, which revealed
that after METTL3 knockdown, the expression of VIM
and Snail proteins significantly decreased, while E-cad-
herin protein expression significantly increased (Fig. 2g).
Immunohistochemistry on tumor specimens from in vivo
experiments also suggested that in the low-expression
METTL3 group, both subcutaneous tumors and lung

metastases showed significantly reduced expression of
VIM and SNAIL proteins (Fig. 3c-d).

METTL3 regulates tumor EMT process via m6A-Snail

According to previous studies, SNAIL plays a crucial
role in the tumor microenvironment [31]. Furthermore,
existing research suggests a mutual regulatory relation-
ship between METTL3 and Snail in various types of can-
cer [28]. Based on this background, our study aimed to
investigate whether METTL3 in colorectal cancer (CRC)
exhibits a similar regulatory relationship with Snail. Our
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hypothesis is that METTL3 controls epithelial-mesen-
chymal transition (EMT) in tumors through the m6A-
Snail pathway. To validate this hypothesis, we conducted
Snail overexpression experiments (ov-Snail) in sh-NC
(control group) and sh-METTL3 (METTL3 silenced
group) cells. Western blot analysis showed that silencing
METTLS3 attenuated Snail expression, and the EMT pro-
cess could be reversed, while overexpressing Snail could
restore EMT (Fig. 4a). This finding strongly supports
the hypothesis that METTL3 regulates the EMT process
through Snail. Additionally, we conducted SNAIL over-
expression experiments in sh-METTL3 RKO and SW480
cell lines. The results showed that SNAIL overexpression
reversed the inhibitory effect of silenced METTL3 on the
proliferation, migration and invasion of CRC cells and its
promotion of apoptosis (Fig. 4b-g).

To further explore how METTL3 regulates Snail, we
first observed that silencing METTL3 led to a decrease

in m6A modification levels on SNAIL mRNA using
m6A qPCR technology (Fig. 5a). Subsequently, to inves-
tigate the impact of m6A modification on SNAIL RNA,
we detected the expression levels of SNAIL precursor
mRNA (pre-mRNA) and mature mRNA in sh-METTL3-
treated cells. The results showed that both pre-mRNA
and mature mRNA levels of SNAI1 were significantly
higher in the sh-METTL3 group than in the control
group (Fig. 5b). Furthermore, subcellular localization
analysis of SNAI1 mRNA in sh-METTL3 and sh-NC
cells revealed no significant differences between the two
groups (Fig. 5¢).

To assess the stability of SNAI1 pre-mRNA and mature
mRNA, we used Act-D to inhibit new RNA transcrip-
tion. The experimental results showed that the half-life
of pre-mRNA and mature mRNA in the sh-METTL3
group was significantly longer than that in the control
group (Fig. 5d). Given that YTHDF2 is known to mediate
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the degradation of m6A-modified mRNA, we hypoth-
esized that the observed phenomenon might be related
to YTHDF2-mediated mRNA degradation. Therefore,
we silenced YTHDF2 in colorectal cancer cell lines and
observed an increase in the stability of SNAIL mRNA
(Fig. 5e).

However, we also found some contradictory phe-
nomena. Despite the increased expression of SNAIL
mRNA in the sh-METTL3 group, previous research

indicated a decrease in SNAIL protein expression in
this group. We speculated that this difference might be
due to the influence of m6A on SNAIL mRNA trans-
lation efficiency. Therefore, we investigated YTHDFI,
which serves as a "reader” of m6A and can recognize
m6A-modified mRNA, enhancing its translation [32].
To further explore this mechanism, we conducted
experiments with si-YTHDF1 in colorectal cancer
cell lines. The results showed that knocking down
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YTHDF1 significantly reduced SNAIL protein expres-
sion (Fig. 5f).

SNAIL induces CXCL2 expression via the NF-kB pathway

Our previous research has revealed a regulatory rela-
tionship between SNAIL and CXCL2, but the specific
regulatory mechanism remains unclear. In previous
sequencing analyses, we noticed significant changes in
the NF-kB pathway in the context of lung metastasis
cancer (CRPM) compared to colorectal cancer (CRC).
Furthermore, through gene set enrichment analy-
sis (GSEA) of CRC data from the TCGA database, we

found that in samples with high SNAIL expression, the
NF-«B pathway and chemokine signaling pathway were
activated, accompanied by epithelial-mesenchymal
transition (EMT) (Fig. 5g). Based on these preliminary
findings, we proposed a hypothesis: Snail may regulate
the expression of CXCL2 through the NF-«kB pathway.
To validate this hypothesis, we conducted silencing
experiments using sh-Snail in SW480 and RKO cell
lines and observed a significant decrease in phospho-
rylated P65 (Phospho-P65) levels (Fig. 5h). Additionally,
we treated control group cells with the NF-kB inhibi-
tor BAY11-7082 and found that CXCL2 expression
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also significantly decreased (Fig. 6¢). Furthermore, we
analyzed CHIP-seq data (GSE61198) from the Gene
Expression Omnibus (GEO) database and found that
Snail could bind to the transcription start site (TSS)
upstream of CXCL2 (Fig. 6a). To further explore the
direct regulatory relationship between SNAIL and
CXCL2, we constructed luciferase reporter gene vec-
tors for different lengths of the CXCL2 promoter (pGL-
CXCL2-1606 bp, 942 bp, and 457 bp, respectively). The
experimental results showed that silencing Snail signifi-
cantly reduced the activity of the CXCL2-1606 bp pro-
moter, while it had no significant effect on the activity

of the CXCL2-942 bp and CXCL2-457 bp promoters
(Fig. 6b).

METTL3-expressing CRC cells recruits M2-type
macrophage via secreting CXCL2

Immunohistochemical analysis of subcutaneous
tumors and lung metastatic tumors in mice from the
sh-METTL3 and sh-NC groups indicated that silenc-
ing METTL3 significantly reduced the expression of the
M2 macrophage marker CD163 protein (Fig. 6e). Simi-
larly, in clinical samples, the protein expression of the
M2 macrophage marker CD163 was significantly higher
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in lung metastatic tumors compared to primary tumors
(Fig. 6f). Next, we evaluated the role of the METTL3-
CXCL2 axis in the chemotaxis of M2 macrophages in
an in vitro M2 macrophage migration assay. METTL3
knockout significantly reduced the migration of M2
macrophages toward conditioned media derived from

RKO and SW480 cells. The addition of recombinant
CXCL2 protein rescued M2 macrophage migration in
METTL3 knockout cells. On the other hand, block-
ing the CXCL2 receptor CXCR2 eliminated the differ-
ence in mediating M2 macrophage migration between
the control and METTL3 knockout conditioned media
(Fig. 6d).
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Discussion

METTL3, as a core component of the multifaceted m6A
methyltransferase complex (MTC), has been reported to
play critical roles in various cancer types [33—38]. While
alternative views have been proposed by other studies
[39-43], our research findings reveal a significant onco-
genic role for METTL3 in the process of tumorigenesis.
Previous research has suggested that in certain cancers,
METTL3 may function as a tumor suppressor gene.
Given the controversies surrounding the roles of m6A
modification and METTLS3 in different cancer types, our
study underscores the potential involvement of METTL3
in colorectal cancer. Our findings demonstrate that
METTL3 promotes proliferation, invasion, migration,
and inhibits apoptosis in colorectal cancer, highlight-
ing its oncogenic potential. This further emphasizes the
widespread impact of METTL3 and m6A methylation in
cancer development and precision therapy.

In the field of oncology, epithelial-mesenchymal tran-
sition transcription factors (EMT-TFs) such as SNAIL
play pivotal roles. SNAIL suppresses the expression of
E-cadherin by binding to the e-boxes in the CDH1 pro-
moter and recruiting the multisubunit repressor com-
plex, a crucial process in tumor cells [44, 45]. Aberrant
Snail expression is closely associated with EMT, which,
in turn, is linked to the invasion, migration, metastasis,
settlement, and growth capabilities of tumors, ultimately
promoting the formation of CRPM [46]. In the field of
colorectal cancer research, prior investigations have
already elucidated the regulatory relationship between
METTL3 and SNAIL [47]. However, these studies were
limited to in vitro research, leaving unanswered the ques-
tion of whether METTL3 continues to exert a similar
influence in the context of colorectal cancer lung metas-
tasis. Consequently, our study is focused on elucidating
the m6A modification of SNAIL mRNA by METTL3 and
its subsequent ramifications in this specific context. We
found that m6A modification enhances the degradation
of SNAIL mRNA, which may be related to YTHDEF2 spe-
cifically recognizing m6A-modified SNAIL mRNA and
promoting its degradation [48]. However, this finding
contradicts our experimental results, where m6A modi-
fication of SNAIL is associated with increased protein
expression, raising our concern. Additionally, through
sequencing and clinical sample testing, we observed
elevated expression levels of METTL3 and YTHDF1 in
samples of colorectal cancer lung metastasis. YTHDFI,
another m6A "reader," has been found to recognize m6A-
modified mRNA and enhance the translation of its tar-
gets [32]. To validate the role of YTHDF1, we silenced
YTHDF]I, and the results showed a significant reduc-
tion in SNAIL protein expression, suggesting that m6A
methylation regulation of SNAIL is a dynamic process
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involving multiple factors that require further discussion.
Furthermore, our research has also revealed the role of
SNAIL in regulating the tumor microenvironment [31].
SNAIL not only recruits M2 macrophages to infiltrate
the tumor center by promoting the secretion of CXCL2
but also indirectly regulates the expression of CXCL2
through the NF-kB pathway and directly modulates
CXCL2 expression by binding to its promoter region.
Moreover, colorectal cancer cells expressing METTL3
recruit M2 macrophages by secreting CXCL2, a find-
ing confirmed through in vitro experiments and in vivo
experiments with METTL3-silenced colorectal cancer
cells. These findings provide a new perspective for clini-
cal treatment, such as disrupting this malignant cycle
using CXCR?2 inhibitors.

In summary, our study aimed to elucidate the role and
mechanism of RNA m6A methyltransferase METTL3 in
CRPM. The results indicate that METTL3 plays a critical
role in promoting the development of CRPM by targeting
the m6A-Snail-CXCL2 axis, which is involved in recruit-
ing M2 immunosuppressive macrophages. It is worth
noting that we also observed a significant reduction in
tumor migration upon inhibiting METTL3, suggesting
that therapeutic strategies targeting METTL3 may be an
effective approach for treating CRPM.
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