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Abstract. Nitrogen 6‑methyladenosine (m6A) is the result 
of methylation of nitrogen‑6 on adenosine, and is the most 
abundant chemical modification of eukaryotic mRNA. 
Dysregulation of m6A methylation has been implicated in 
cancer development and progression through various mecha‑
nisms. This type of methylation is primarily regulated by 
methyltransferase‑like 3 (METTL3). However, the molecular 
mechanisms underlying the role of METTL3 in colorectal 
cancer (CRC) have not been extensively elucidated. The 
present study explored m6A modification and the underlying 
mechanism of m6A, which serve regulatory roles in the devel‑
opment of CRC. It was found that METTL3 is upregulated in 
CRC cell lines and tissues, and its expression positively corre‑
lated with poor overall survival (OS). Mechanistically, the 
present study demonstrated that METTL3 methylates Snail 
mRNA, thus stabilizing it to promote CRC malignancy. The 
present findings indicate that m6A modification is involved in 
CRC tumorigenesis, and highlight its potential as a therapeutic 
target against CRC.

Introduction

Colorectal cancer (CRC) is the third most common malig‑
nancy worldwide and the main cause of mortality due to tumor 
metastasis (1). CRC has a high mortality rate when detected 
at advanced stages. However, the use of stratified treat‑
ment options remains limited in standard clinical practice, 
which indicates that the curative treatment of CRC remains 
intractable (2). Furthermore, in terms of early diagnosis and 
successful treatment of CRC (achieving a high overall survival 
rate), the 5‑year survival rate can reach ≤90%, whereas this 

is reduced to 8% in the case of advanced metastases (3). 
Previous evidence showed that multistep processes play a role 
in CRC carcinogenesis, which involves a complicated and 
dynamic interplay between epigenetics and transcriptomic 
alterations (4,5). Therefore, it is essential to understand the 
epigenetic mechanisms underlying CRC to identify promising 
therapeutic targets.

Previous studies on epigenetics found that nitrogen 
6‑methyladenosine (m6A) RNA modification serves critical 
roles in the regulation of cell fate, proliferation, metabolism 
and biogenesis of tumors (6‑9). m6A modification is the 
most prevalent modification in eukaryotes, and occurs in 
mammalian mRNAs (10), long non‑coding RNAs (11) and 
microRNAs (12). It is involved in numerous post‑transcrip‑
tional functions, including mRNA stability, splicing, transport, 
localization and translation (13,14). m6A methylation is a 
dynamic epigenetic event primarily modulated by m6A 
writers, erasers and readers (15). Methyltransferase‑like 3 
(METTL3; M3) was identified as an m6A writer that forms 
a heterodimeric complex with Wilms' tumor 1‑associating 
protein (WTAP) (16) and METTL14 (17) to catalyze m6A 
methylation. By contrast, fat mass and obesity‑associated 
protein (FTO) (18) and α‑ketoglutarate‑dependent dioxygenase 
AlkB homolog 5 (ALKBH5) (19) act as m6A erasers and 
participate in m6A demethylation. Dysregulation of m6A meth‑
ylation may trigger the progression of various cancer types, 
including CRC (20). METTL3 has an oncogenic function, and 
maintains SRY‑box transcription factor 2 (SOX2) expression 
through an m6A‑insulin like growth factor 2 mRNA binding 
protein 2 (IGF2BP2)‑dependent mechanism in CRC cells (21), 
which is upregulated in human CRC and promotes CRC 
progression by enhancing MYC expression (22) and epigeneti‑
cally suppressing yippee like 5 (23), as well as by stabilizing 
cyclin E1 mRNA (24). Contrarily, METTL3 was reported as 
a tumor suppressor in CRC through regulating the p38/ERK 
signaling pathway (25). These findings reveal that METTL3 
acts as a double‑edged sword, which affects the progression 
of CRC via diverse mechanisms and targets. Thus, the role of 
METTL3 and its specific molecular mechanism in CRC needs 
to be further explored.

Snail was found to be a critical transcriptional factor 
for epithelial to mesenchymal transition (EMT), which 
could promote invasion and proliferation in several cancer 
types (26). METTL3 can increase mRNA stability and trans‑
lation efficiency to facilitate proliferation and invasion during 
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EMT in liver cancer (27), while inhibiting Snail results in the 
suppression of cell proliferation and motility in CRC (28). 
However, to the best of our knowledge, the functional link 
between m6A methylation and Snail in CRC progression has 
not been established to date. 

The present study demonstrated that METTL3 is signifi‑
cantly upregulated in CRC tissues and is associated with poor 
survival. METTL3 silencing suppresses CRC proliferation 
and invasion in vitro. The present mechanistic studies revealed 
that METTL3 promotes the expression of Snail via its m6A 
methylase activity. Gain‑and‑loss of function experiments 
revealed that Snail overexpression can counteract the effects 
of METTL3 knockdown. Overall, the present findings reveal 
a critical role for the METTL3/Snail axis in CRC progression, 
thus representing a promising therapeutic strategy for CRC 
treatment.

Materials and methods

Bioinformatics analysis. Clinical data for bioinformatics 
analysis were downloaded from the following databases: The 
Cancer Genome Atlas (TCGA; https://cancergenome.nih.
gov/), Gene Expression Profiling Interactive Analysis (GEPIA; 
https://gepia.cancer‑pku.cn/) (29) and Oncomine Platform 
(www.oncomine.org) (30) analyzed with the R (v3.5.2) and R 
Bioconductor packages (edgeR; http://bioconductor.org/pack‑
ages/release/bioc/html/edgeR.html; limma; http://bioconductor.
org/packages/release/bioc/html/limma.html). 

Patients and tumor samples. Tissue specimens, including five 
paired CRC tissues and adjacent normal tissues, were obtained 
from patients with CRC who received treatment at The 
Guangdong Second Provincial General Hospital (Guangzhou, 
China) between March and July 2018. The clinical CRC 
specimens were collected, following ethics approval from the 
Institutional Research Ethics Committee of The Guangdong 
Second Provincial General Hospital (approval no. KQ201803
005‑GSPGH). All subjects were informed of the investiga‑
tional nature of the study and provided their written informed 
consent. Patients were eligible if they were over 18 years of 
age and had no other concurrent tumors, otherwise they were 
excluded. Of these patients, three were male (aged 57, 59 and 
71 years) and two were female (aged 55 and 63 years). None of 
the patients had metastatic tumors. Among them, one patient 
had stage 1 CRC, two patients had stage 2 CRC and the other 
two patients had stage 3 CRC according to the World Health 
Organization Classification (31). The tissues were immediately 
frozen in dry ice and stored at ‑80˚C until further use.

Cell culture, transfection and treatment. The human CRC cell 
lines HT‑29, HCT‑116 and SW480; the normal human colon 
mucosal epithelial cell lines NCM‑460 and HIEC‑6; and the 
human cell line 293T were obtained from the Cell Bank of 
Chinese Academy of Sciences. The HCT‑116, SW480 and 
NCM‑460 cell lines were routinely cultured in RPMI‑1640 
medium with 10% FBS and 1% penicillin‑streptomycin in a 
humidified incubator at 37˚C with 5% CO2, while the HT‑29 
cell line was cultured in McCoy's 5A medium (all from Gibco; 
Thermo Fisher Scientific, Inc.) under the aforementioned condi‑
tions. The HIEC‑6 cell line was cultured in complete growth 

medium, which contained Opti‑MEM™ Reduced Serum 
Medium, 4% FBS, 20 mM HEPES, 10 mM GlutaMAX™ and 
10 ng/ml Epidermal Growth Factor (all from Gibco; Thermo 
Fisher Scientific, Inc.). The 293T cell line was cultured in 
complete growth medium, which contained Eagle's Minimum 
Essential Medium (Gibco; Thermo Fisher Scientific, Inc.) and 
10% FBS.

A total of 1x106 HCT‑116 and SW480 cells were seeded 
into 6‑well plates 24 h prior to transfection, and 2,000 ng 
plasmid (pcDNA3‑vector or pcDNA3‑Snail; Guangzhou 
RioboBio Co., Ltd.) per well was transfected into the cells 
using Lipofectamine® 3000 (Thermo Fisher Scientific, Inc.) 
according to the manufacturer's instructions. 

For the inhibition of METTL3, the HCT‑116 and SW480 
cells were treated with S‑adenosylhomocysteine (100 nM; 
cat. no. HY‑19528; MedChemExpress) for 48 h then the samples 
were collected and analyzed using western blot analysis.

Establishment of stable knockdown cell lines. A lenti‑
virus‑mediated method was used to stably knock down 
METTL3 expression in HCT‑116 and SW480 cells. The 
sequences used, which were synthesized by Guangzhou 
RiboBio Co., Ltd., were as follows: Small hairpin (sh) nega‑
tive control (NC), 5'‑TTC TCC GAA CGT GTC ACG T‑3'; 
shMETTL3‑1, 5'‑CGT CAG TAT CTT GGG CAA GTT‑3'; 
shMETTL3‑2, 5'‑GCA CTT GGA TCT ACG GAA TCC‑3'; 
and shMETTL3‑3, 5'‑GCA AGT ATG TTC ACT ATG AAA‑3'. 
Lentiviruses were packaged by transfecting the aforemen‑
tioned shMETTL3 or shNC transfer vector (pLKO.1), psPAX2 
and pMD2.G (all from Guangzhou RiboBio Co., Ltd.) under 
a 3:2:1 ratio into 293T cells. The released virus in the culture 
medium was collected at 48 and 72 h post‑transduction, and 
was concentrated by ultracentrifugation at 1.7x105 x g and 4˚C 
for 2 h. 

To construct stable knockdown cells, 1x105 HCT‑116 and 
SW480 cells were transduced with shNC or shMETTL3 lenti‑
virus at a multiplicity of infection of 10 with 5 µg/ml polybrene 
(MilliporeSigma; Merck KGaA) at 37˚C for 8 h. The stable 
expressing cells were screened by treatment with 1 µg/ml 
puromycin (MilliporeSigma; Merck KGaA) for 1 month.

RNA isolation and reverse transcription‑quantitative 
PCR (RT‑qPCR). A total of 5x105 HT‑29, HCT‑116, SW480, 
NCM‑460 and HIEC‑6 cells were collected for RNA extrac‑
tion using TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's instructions. Total RNA was 
reverse transcribed into cDNA using PrimeScript RT Reagent 
(Takara Bio, Inc.) according to the manufacturer's instructions. 
Quantification of mRNA expression levels was performed 
using SYBR® Premix Ex Taq™ Reagent (Takara Bio, Inc.) on a 
LightCycler® 480 Instrument II (Roche Applied Science). The 
primers were synthesized by Sangon Biotech Co., Ltd., and 
their sequences were as follows: METTL3 forward, 5'‑CTA 
TCT CCT GGC ACT CGC AAG A‑3' and reverse, 5'‑GCT TGA 
ACC GTG CAA CCA CAT C‑3'; Snail forward, 5'‑TGC CCT 
CAA GAT GCA CAT CCG A‑3' and reverse, 5'‑GGG ACA GGA 
GAA GGG CTT CTC‑3'; GAPDH forward, 5'‑GTC TCC TCT 
GAC TTC AAC AGC G‑3' and reverse, 5'‑ACC ACC CTG TTG 
CTG TAG CCA A‑3'; and 18S forward, 5'‑CGG ACA GGA TTG 
ACA GAT TGA TAG C‑3' and reverse, 5'‑GCG TCC TCC TGG 
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CTG AAG TGG‑3'. The expression level was normalized to 
the mRNA level of GAPDH and was calculated using the 
2‑ΔΔCq method (32). The following thermocycling conditions 
were used: Initial denaturation at 95˚C for 2 min, followed by 
40 cycles at 95˚C for 30 sec, 60˚C for 25 sec and 72˚C for 
25 sec.

Protein isolation and western blotting. Total protein from 
the HCT‑116 and SW480 cell lines and tissues was extracted 
upon lysis with cold RIPA buffer (Beyotime Institute of 
Biotechnology) containing protease inhibitor cocktail 
(cat. no. P9599; 1:100; Sigma‑Aldrich; Merck KGaA). 
Total protein concentration was determined by bicincho‑
ninic acid analysis (Beyotime Institute of Biotechnology). 
The proteins were then separated by 10% SDS‑PAGE and 
transferred onto polyvinylidene dif luoride membranes 
(MilliporeSigma; Merck KGaA). The membranes were 
blocked with 5% (w/v) skimmed milk at room temperature 
for 1 h, and incubated with the following primary antibodies: 
Anti‑METTL3 (cat. no. ab195352; Abcam), anti‑Snail 
(cat. no. 3879S, Cell Signaling Technology, Inc.) and 
anti‑GAPDH (cat. no. 5174Ss; Cell Signaling Technology, 
Inc.) (all at 1,1000) at 4˚C overnight, followed by incubation 
with a horseradish peroxidase (HRP)‑conjugate secondary 
antibody (cat. no. SA00001‑1; ProteinTech Group, Inc.; 
1:5,000) for 1 h at room temperature. After washing the 
membranes with 0.01 M TBS containing 0.1% Tween‑20 
(Sigma‑Aldrich; Merck KGaA) three times, the protein 
bands were visualized with an ECL reagent (Tanon Science 
and Technology Co., Ltd.) and were detected using a 
chemiluminescence system (Bio‑Rad Laboratories, Inc.). 
To quantify the change in expression levels of every target, 
the density of the METTL3 or Snail band in each lane was 
determined by densitometric analysis using ImageJ soft‑
ware (1.47v; National Institutes of Health), and the relative 
expression level was normalized to the level of GAPDH. 

Immunohistochemistry (IHC). The CRC and adjacent normal 
tissue were harvested and fixed with 4% paraformaldehyde 
overnight at 4˚C then cut into 5‑µm thick sections at ‑20˚C. 
The tissue slides were then deparaffinized, rehydrated using 
an alcohol gradient (100, 96 and 70% volume) and subjected 
to antigen retrieval with sodium citrate buffer. The tissues 
sections (5‑µm) were then blocked with 5% normal goat serum 
(Vector Laboratories, Inc.; Maravai LifeSciences) with 0.1% 
Triton X‑100 and 3% H2O2 in PBS for 60 min at room tempera‑
ture, and then incubated with an anti‑METTL3 antibody 
(1:200 dilution; cat. no. ab195352; Abcam) at 4˚C overnight. 
IHC staining was performed with a HRP conjugate (1:1,000 
dilution; cat. no. SA00001‑1; ProteinTech Group, Inc.) using 
DAB detection. Cell nuclei were counterstained with Hoechst 
(1:1,000; cat no. 33342; Invitrogen) for 10 min at room tempera‑
ture. Images were obtained with a Nikon E800 light microscope 
(magnification, x200; Nikon Corporation) and analyzed 
with ImageJ software (1.47v; National Institutes of Health). 
A non‑specific antibody (1:200 dilution; cat. no. ab126820; 
Abcam) was used as a negative control, densitometric analysis 
of the IHC staining signal of METTL3 was used to analyze 
any potential significant differences between CRC tissues and 
adjacent normal tissues by ImageJ software.

Cell proliferation assay. Cell Counting Kit‑8 (CCK‑8; 
Dojindo Molecular Technologies, Inc.) assay was used to 
detect the cellular proliferation of shMETTL3 and shNC cells. 
The HCT‑116 and SW480 cell lines transfected with shM3 
and Snail overexpression or NC vector were seeded into a 
96‑well plate at a density of 5,000 cells per well and cultured 
at 37˚C with 5% CO2. CCK‑8 reagent was added to each well 
at 0, 24, 48 and 72 h, and then incubated at 37˚C for 2 h. Next, 
the absorbance was read at 450 nm using the PowerWave‑X 
spectrophotometer (BioTek Instruments, Inc.).

Transwell invasion assay. Transwell Matrigel invasion assays 
were performed using 24‑well Transwell inserts with an 
8‑µm pore size (Corning, Inc.). Briefly, the shNC or shM3 of 
The HCT‑116 and SW480 cell lines transfected with shNC 
or shM3, or with Snail overexpression vector or NC were 
seeded into 24‑well culture plates pre‑coated with Matrigel 
(BD Biosciences) at 37˚C for 4 h for evaluating cell invasion 
ability. After 24 h, 1x105 cells in 200 µl culture medium without 
FBS were plated in the upper chambers, while 700 µl culture 
medium containing 10% FBS was placed in the corresponding 
bottom chamber and incubated for 24 h at 37˚C. The invaded 
cells were fixed with 4% paraformaldehyde for 15 min and 
stained with 0.5% crystal violet solution for 30 min at room 
temperature. Images were randomly obtained from different 
fields of view, with a Nikon light microscope (magnification, 
x200; Nikon Corporation). The mean number of invaded cells 
was calculated by ImageJ software (1.47v; National Institutes 
of Health) and used to evaluate the invasion capability of the 
cells.

Wound healing assay. The HCT‑116 and SW480 cell lines 
transfected with shNC or shM3 at a density of 5x106 cells 
per well were seeded into 6‑well plates and grown to 90% 
confluence in complete medium prior to scratching. Scratches 
were made in the cell monolayer using a Woundmaker™ 
tool (Essen Bioscience), and RPMI‑1640 medium containing 
10% FBS was replaced with medium containing 1% FBS. 
Images were captured immediately and after wounding at the 
indicated time points (0, 12, 24 and 48 h), and closure of the 
wound was monitored using a Nikon light microscope (magni‑
fication, x200; Nikon Corporation) and analyzed with ImageJ 
software (1.47v; National Institutes of Health).

Methylated RNA immunoprecipitation (MeRIP). m6A 
qPCR was performed using Magna MeRIP™ m6A Kit 
(MilliporeSigma; Merck KGaA) in accordance with the manu‑
facturer's protocol. Briefly, total RNA was extracted from 
shMETTL3‑ or shNC‑transduced cells with TRIzol® reagent 
and then treated with DNase R (Qiagen, Inc.). Next, it was 
randomly fragmented by treatment with chemical reagents, 
followed by IP with 10 µg anti‑m6A antibody (1:200 dilution; 
cat. no. ab151230; Abcam) or mouse IgG, which was linked to 
Magna ChIP™ Protein A+G Magnetic Beads (cat. no. 16‑662; 
MilliporeSigma). After washing with IP buffer [10 mmol/l 
Tris‑HCl, 150 mmol/l NaCl and 0.1% (v/v) IGEPAL® CA‑630 
(cat. no. I8896; Sigma‑Aldrich; Merck KGaA)] three times, the 
beads were treated with proteinase K (75 µg/ml; cat. no. P2306; 
Sigma‑Aldrich) for 10 min at 55˚C with a vortical shaker. 
Following phenol extraction and ethanol precipitation, the 
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IgG and m6A‑enriched RNA was reversely transcribed with 
random hexamers and the enrichment was determined using 
RT‑qPCR (33).

RNA stability assay. To measure the half‑life of Snail 
mRNA, shMETTL3 or shNC cells were seeded at a density 
of 5x106 cells per well onto 6‑wells plates. The CRC and 
adjacent normal cells were extracted from the tissues using 
sterile surgical instruments in a biological safety cabinet, then 
cultured in RPMI‑1640 medium supplemented with 10% FBS. 
These cells were harvested for total RNA isolation and subse‑
quent RT‑qPCR analysis as aforementioned at 1, 2, 4 and 8 h 
after the addition of actinomycin D (Act‑D; MilliporeSigma; 
Merck KGaA) at a final concentration of 5 µg/ml. The regres‑
sion slope (k) was used to calculate the half‑life of Snail mature 
mRNA according to the equation t1/2=ln2/k (34) and 18S was 
used for normalization.

Statistical analysis. Data are presented as the mean ± standard 
deviation. Every experiment was performed independently 
3 times. Kaplan‑Meier survival curve was analyzed with 
the log‑rank test and the patients were divided into low and 
high expression level group based on the median expression 
level (cut‑off value, 4.725). Comparisons between CRC and 
adjacent normal tissues were analyzed with two‑tailed paired 
Student's t‑test, whereas data obtained from the cell lines were 
analyzed by two‑tailed unpaired Student's t‑test in the case 
of comparisons between two groups, or by one‑way ANOVA 
followed by Bonferroni correction in the case of multiple 
comparisons. Statistical analysis was performed with SPSS 
19.0 software (IBM Corp.), and graphical representations 
were conducted with GraphPad Prism version 8.0 software 
(GraphPad Software, Inc.). P<0.05 was considered to indicate 
a statistically significant difference.

Results

METTL3 is markedly upregulated in CRC and is associated 
with poor prognosis. To study the effects of m6A modi‑
fication on the progression and development of CRC, the 
expression of m6A‑related enzymes, including METTL3, 
METTL14 and WTAP, and that of demethyltransferases 
(FTO and ALKBH5), was evaluated using TCGA data‑
base. The results showed that METTL3 expression was 
significantly upregulated in 222 primary CRC tissues 
compared with that of 41 normal colonic tissues, while 
the expression of other enzymes showed negligible differ‑
ences (Fig. 1A). The GEPIA database, an online tool used 
for analyzing cancer clinical data originated from TCGA 
database, showed that METTL3 expression was gradually 
increased according to clinical stage classification: Clinical 
stages 1, 2, 3 and 4 (Fig. 1B). Kaplan‑Meier curves of OS 
obtained from the GEPIA database revealed that high 
expression of METTL3 was associated with less favorable 
survival (Fig. 1C). Furthermore, increased expression of 
METTL3 was observed in CRC tissues compared with that 
in normal tissues using the Oncomine platform (Fig. 1D). 
Taken together, these bioinformatics outcomes predict that 
METTL3 is significantly upregulated in CRC and was 
negatively correlated with clinical stage and OS.

METTL3 expression is markedly increased in CRC. The 
expression of METTL3 was examined using two human 
colonic epithelial cell lines (HIEC‑6 and NCM‑460) and in 
three CRC cell lines (HT‑29, HCT‑116 and SW480). RT‑qPCR 
showed that METTL3 was significantly elevated in CRC cell 
lines compared with its expression in normal epithelial cell 
lines at the mRNA level (Fig. 2A). The cell lines exhibiting the 
most significant differences vs. the controls (namely, HCT‑116 
and SW480) were used in subsequent experiments. 

In addition, the mRNA levels of METTL3 were increased 
in five CRC tissues compared with those in their corre‑
sponding adjacent normal tissues according to the results of 
RT‑qPCR (Fig. 2B). Western blotting further confirmed that 
METTL3 protein expression was significantly increased in 
five CRC tissues relative to that in normal tissues (Fig. 2C). 
Furthermore, increased METTL3‑positive staining in 
primary CRC tissues compared with that in normal tissues 
was detected by IHC (Fig. 2D). Overall, these data indicated 
that the expression of METTL3 is increased in clinical CRC 
tissues and cell lines.

METTL3 facilitates the proliferation and migration of CRC 
in vitro. Based on the results of bioinformatics analysis and 
the upregulation of METTL3 observed in CRC cell lines and 
tissues, it was hypothesized that RNA m6A modification is 
closely associated with clinicopathological features, and that 
the m6A regulator METTL3 may serve an oncogenic role in 
CRC. Therefore, the effects of METTL3 on the proliferation 
and migration of CRC cell lines were evaluated. 

A scrambled shRNA and three METTL3‑silencing 
shRNAs were constructed, and their knockdown efficiency 
was evaluated by assessing the mRNA expression level 
of METTL3 after being transfected into the HCT‑116 and 
SW480 cell lines (Fig. 3A). The results revealed that shM3‑3 
knockdown was the most efficient shRNA; thus, it was used 
for constructing the recombinant lentivirus. Upon transduc‑
tion of the lentivirus in wild‑type CRC cell lines, RT‑qPCR 
(Fig. 3B) and western blotting (Fig. 3C) confirmed significant 
knockdown efficiency of the lentivirus. 

Next, stable METTL3 knockdown and corresponding NC of 
HCT‑116 and SW480 cells were generated to analyze the influ‑
ence on cell proliferation of METTL3 depletion. The results 
revealed that the proliferation rate of shMETTL3‑transduced 
cells was significantly decreased compared with that of shNC 
cells (Fig. 3D). In addition, compared with that of shNC cells, 
shM3 cells exhibited a decreased invasion ability according to 
the results of Transwell assay (Fig. 3E). Consistently, wound 
healing assay showed that the downregulation of METTL3 in 
CRC cell lines suppressed cell migration (Fig. 3F). Collectively, 
these results indicated that METTL3 promotes the prolifera‑
tion, migration and invasion of CRC cell lines.

METTL3 promotes the expression of Snail in CRC. In a 
previous study, Snail exhibited oncogenic roles, and its m6A 
modification influenced the progression of liver cancer (24). 
The present study hypothesized that METTL3 regulates the 
expression of Snail in a m6A‑dependent manner, thus contrib‑
uting to CRC malignancy. Initially, the m6A modification 
of Snail was assessed in shNC and shM3 cells by MeRIP 
assay, which identified the presence of m6A modification in 
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shNC HCT‑116 cells, while this enrichment was significantly 
decreased in shM3 HCT‑116 cells (Fig. 4A). Consistently, m6A 
enrichment was increased in shNC SW480 cells compared 
with that in shMETTL3‑infected SW480 cells (Fig. 4B). 

Furthermore, western blotting revealed that the expres‑
sion of Snail was elevated in shNC cells compared with that 
in shM3 cells (Fig. 4C). The mRNA expression level of Snail 
was also evaluated in shNC‑ and shMETTL3‑infected cells, 
and, similarly, it was observed that the mRNA level of Snail 
in shMETTL3‑infected cells was downregulated (Fig. 4D). 
Inhibiting METTL3 could decrease Snail expression by addi‑
tion of an METTL3 inhibitor, akin to METTL3 knockout 
(Fig. 4E). To investigate the potential mechanism responsible 
for the downregulation of Snail in shM3 cells, the decay rate 
of Snail mRNA in shNC and shM3 cells was determined by 
adding Act‑D at the indicated time points, and the results 
showed that the mRNA stability of Snail was significantly 
reduced in shMETTL3‑infected cells (Fig. 4F). As expected, 
the mRNA stability of Snail in CRC tissues was higher than 
that in colon normal tissues (Fig. 4G).

These findings demonstrate that Snail is a direct 
downstream effector of METTL3‑induced malignancy. To 
characterize the potential role of Snail in CRC malignancy, 
gain‑ and loss‑of‑function experiments were performed by 
overexpressing Snail in shM3 and shNC cells. It was observed 
that Snail overexpression promoted the proliferation rate of 
HCT‑116 cells and reversed the effects of METTL3 knock‑
down in HCT‑116 cells (Fig. 4H). Consistently, overexpression 

of Snail alleviates the shMETTL3‑induced proliferation 
suppression in SW480 cells (Fig. 4I). Furthermore, Snail over‑
expression rescued the invasive potential of METTL3‑silenced 
HCT‑116 cells (Fig. 4J). Taken together, these results indicate 
that METTL3 promotes the growth and invasion of CRC 
through regulating the level of Snail mRNA in vitro.

Discussion 

Recently, m6A modification has gained attention in the field 
of epigenomics (35). Previous studies have indicated that 
m6A regulators serve important regulatory roles in diverse 
biological processes in various human cancer types, including 
breast and lung cancer and CRC (36‑38). METTL3, as the 
most important writer of m6A, is upregulated in numerous 
malignancies and can epigenetically increase gene expression 
by specifically editing m6A sites modification, thus eliciting 
a potential malignant function (39). Previous studies have 
demonstrated that METTL3 is frequently upregulated in CRC, 
where it maintains high m6A modification levels (40‑42). 
Consistently, the present data showed that METTL3 is elevated 
in five paired CRC tissues and CRC cell lines. Together with 
the previously published results in the literature, the present 
findings supported that m6A and elevated METTL3 may 
participate in CRC progression. However, the number of 
clinical samples is too small in the present study; therefore, 
additional paired clinical CRC tissues are required to further 
support the conclusions in future studies.

Figure 1. METTL3 is significantly upregulated in CRC on TCGA and Oncomine databases. (A) Nitrogen 6‑methyladenosine‑related enzymes mRNA expres‑
sion levels in CRC vs. normal tissues according to TCGA database. (B) METTL3 expression levels in different clinical stages of CRC exhibited the following 
order: Clinical stages 1, 2, 3 and 4, as represented by the violin plots. (C) The overall survival of patients with CRC who exhibited high (n=135) vs. low (n=134) 
levels of METTL3 was plotted by the Kaplan‑Meier method. (D) METTL3 mRNA expression levels in CRC and normal tissues according to the Oncomine 
database ‘Skrzypczak colorectal’. Error bars represent standard deviation. *P<0.05, **P<0.01. METTL3, methyltransferase‑like 3; CRC, colorectal cancer; 
TCGA, The Cancer Genome Atlas; TPM, transcript count per million; ns, not significant; WTAP, Wilms' tumor 1‑associating protein; ALKBH5, α‑ketogluta
rate‑dependent dioxygenase AlkB homolog 5; FTO, fat mass and obesity‑associated protein.
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The present study evaluated the effects of METTL3 in CRC 
using lentivirus‑mediated METTL3 knockdown assays, and 
the results showed that the suppression of METTL3 decreased 
the invasion, migration and proliferation of the CRC cell 
lines in vitro. A previous study demonstrated that METTL3 
silencing in CRC patient‑derived organoids and transgenic 
mouse models exhibited anticancer effects by inhibiting the 
translation of glucose transporter 1 in vivo (43). Furthermore, 
knockdown of METTL3 suppressed cell proliferation and 
migration in SW620 and HT29 cells (23). These findings 
indicate that METTL3 serves oncogenic and pivotal roles in 
CRC carcinogenesis in vitro and in vivo, which suggests that 
targeting METTL3 and developing m6A inhibitors may be a 
novel approach for CRC therapy.

m6A modification is a complex regulatory network that 
participates in various stages of the RNA life cycle and metab‑
olism, including RNA processing, nuclear output, regulation of 
translation and RNA degradation (44). Using m6A‑RIP‑qPCR 
and Act‑D assays, the present study demonstrated that 
METTL3‑mediated m6A enrichment enhances the stability 
of Snail mRNA during RNA processing. However, other 

post‑transcriptional processes were not evaluated and remain 
to be investigated further. m6A reader proteins, including 
IGF2BP1/2/3, eukaryotic initiation factor 3 and YTH domain 
family, members 1/2/3, can bind to an m6A‑modified motif 
indirectly or directly, thus affecting RNA function (45). A 
previous study reported that IGF2BP2 can recognize meth‑
ylated SOX2 transcripts in the coding sequence regions to 
prevent SOX2 mRNA degradation, which contributes to the 
malignant behavior of CRC (21). The present findings demon‑
strate that m6A can stabilize Snail mature mRNA. However, 
further studies are required to characterize the Snail mRNA 
m6A editing sites and m6A readers are involved in their mRNA 
degradation.

Snail activates EMT signals and pathways as a tran‑
scriptional factor, which can affect cancer progression and 
the metastatic potential of tumors (46). The present study 
confirmed that overexpression of Snail could increase 
the proliferation and migration of the CRC cell lines. 
Phosphorylation and ubiquitination of Snail induce protein 
degradation, which can reverse tumorigenesis (47). The 
present study has showed that METTL3 depletion can repress 

Figure 2. METTL3 is significantly upregulated in CRC tissues compared with its expression levels in the corresponding adjacent normal colon tissues. 
(A) METTL3 mRNA expression levels in the human CRC cell lines, HT‑29, HCT‑116 and SW480, the normal cell lines NCM‑460 and HIEC‑6. (B) Relative 
mRNA expression levels of METTL3 in CRC tissues compared with those in the corresponding adjacent normal tissues (n=5). (C) Protein expression of 
METTL3 in CRC vs. the corresponding adjacent normal tissues. GAPDH was used as a loading control. The right panel shows the quantitative analysis of the 
western blot results, as analyzed by paired Student's t‑test. (D) The expression of METTL3 in CRC and adjacent normal tissues was detected by IHC staining 
(magnification, x100; n=5). Error bars represent standard deviation. *P<0.05, **P<0.01, ***P<0.001. METTL3, methyltransferase‑like 3; CRC, colorectal cancer; 
P, patient; N, normal; T, tumor.
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Snail in an m6A‑dependent manner at the RNA level, indi‑
cating that targeting Snail mRNA m6A sites to induce the 
suppression of expression may be a novel method to prevent 
CRC progression.

The present study used bioinformatics analysis to screen 
potential targets, including Snail and METTL3, which were 
confirmed in clinical tissues, and explored the mechanisms 
and functions of the targets involved in CRC progression. The 
present findings provide novel information on the participa‑
tion of the m6A epitranscriptome in cancer progression.

In summary, the present study confirmed that METTL3 
acts as a critical m6A methyltransferase capable of facilitating 
CRC progression, and revealed a novel mechanism by which 
METTL3 promotes CRC cell proliferation and invasion 
via stabilizing Snail mRNA in an m6A‑dependent manner. 
Additionally, the present results indicated that the upregula‑
tion of METTL3 may be a major driver of CRC progression 
in vitro and in vivo. Overall, these results suggest that targeting 
METTL3 and Snail may represent promising therapeutic strat‑
egies for the treatment of CRC.

Figure 3. M3 knockdown represses cell proliferation, invasion and migration in vitro. (A) Protein levels (right, quantitative analysis) of M3 in HCT‑116 and 
SW480 cells upon transfection with a scrambled shRNA or with one of three different M3‑silencing shRNAs. (B) mRNA levels of M3 in HCT‑116 and 
SW480 cells infected with lentivirus carrying the indicated shRNA. (C) Protein levels of M3 in HCT‑116 and SW480 cells infected with lentivirus carrying 
the indicated shRNA (right, quantitative analysis). (D) The proliferation rate of stable scrambled shRNA (shNC) and stable METTL3 knockdown (shM3) 
cells was evaluated by Cell Counting Kit‑8 assay in HCT‑116 and SW480 cells. (E) Transwell assay (right, quantitative analysis) was employed to analyze the 
difference in the invasion ability of shNC and shM3 cells. (F) Wound healing assay (magnification, x200; right, quantitative analysis) revealed differences 
in the migration ability of shNC and shM3 cells. Each experiment was repeated three times independently. Error bars represent standard deviation. *P<0.05, 
**P<0.01, ***P<0.001. M3, methyltransferase‑like 3; sh, small hairpin RNA; NC, negative control; ns, not significant.
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