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Abstract. Non‑small cell lung cancer (NSCLC) is one of the 
most malignant cancer types. N6‑methyladenosine (m6A), an 
abundant eukaryotic mRNA modification, has been observed in 
multiple diseases, particularly cancer. Methyltransferase‑like 14 
(METTL14) is a central component of the m6A methyltrans‑
ferase complex and has been reported to promote tumor 
development in several cancer types. The present study aimed 
to investigate the role of METTL14 in NSCLC. Relevant clin‑
ical and mRNA sequencing data for m6A‑related genes were 
downloaded from The Cancer Genome Atlas database. R soft‑
ware was used to evaluate the expression of m6A regulators in 
NSCLC. The biological functions of METTL14 were evaluated 
using Cell Counting Kit‑8, colony formation, Transwell migra‑
tion and western blot analyses. The results demonstrated that 
METTL14 expression was upregulated in NSCLC tissues and 
cell lines, and its expression was high in cancer tissues from 
patients with NSCLC with all four stages (I, II, III and IV) 
of disease. METTL14 downregulation inhibited cell prolif‑
eration and migration in A549 and SK‑MES‑1 lung cancer 
cell lines. Knockdown of METTL14 in lung cancer cell lines 
increased E‑cadherin expression and suppressed N‑cadherin 
expression. Furthermore, METTL14 downregulation reduced 
the expression levels of the transcription factor Twist and the 
p‑AKT/AKT ratio. In conclusion, the present findings revealed 
that silencing of METTL14 suppressed NSCLC malignancy by 
inhibiting Twist‑mediated activation of AKT signaling. These 
data suggest that METTL14 may be a potential therapeutic 
target for NSCLC.

Introduction

Lung cancer is the most common malignancy and cause of 
cancer‑related mortality worldwide (1). Furthermore, ~85% 
of lung cancer cases are non‑small cell lung cancer (NSCLC) 
cases (1). Despite advances in diagnosis and clinical therapy, 
the prognosis of NSCLC remains unfavorable, with an overall 
5‑year survival rate of 17% in 2016 in North America (2). The 
poor prognosis is mainly ascribed to cancer metastasis (3). 
Therefore, it is critical to determine the mechanisms under‑
lying NSCLC progression and metastasis.

Epithelial‑mesenchymal transition (EMT) is a reversible 
process by which epithelial cells acquire a migratory and inva‑
sive mesenchymal phenotype, which promotes metastasis (4,5). 
The process of EMT is generally accompanied by decreased 
expression levels of E‑cadherin and increased expression levels 
of N‑cadherin (5), which results in increased cellular inva‑
siveness. Therefore, it is essential to explore the mechanisms 
underlying the EMT process involved in NSCLC metastasis.

N6‑methyladenosine (m6A) is the most abundant chemical 
modification of RNA in eukaryotes (6). It is a dynamic and revers‑
ible process, which is mediated mainly by methyltransferase‑like 
(METTL)3  (7) and 14  (8), and erased by the demethylases 
fat‑mass and obesity‑associated protein (9) and alkylation repair 
homolog protein 5 (ALKBH5) (10). The m6A modification is 
recognized by YTH domain‑containing family proteins 1/2/3 
(YTHDF1/2/3) (11). Recently, multiple studies have demonstrated 
that m6A modifications are associated with the development 
and progression of diverse cancer types, including cervical (12), 
prostate (13) and gastric (14) cancer, hepatocellular carcinoma 
(HCC) (15), colon cancer (16), and NSCLC (17). A number of 
m6A regulators are upregulated in NSCLC (18‑20). For example, 
METTL3 is upregulated in NSCLC tissues, and METTL3 
enhances NSCLC progression by modulating the levels of Bcl‑2 
through m6A modification (18). ALKBH5 is highly expressed 
in NSCLC tissues and cells, and increased ALKBH5 expression 
is closely associated with a poor prognosis (19). Functionally, 
ALKBH5 promotes the proliferation and represses the apoptosis 
of NSCLC cells in vitro, and silencing of ALKBH5 inhibits 
tumor growth in vivo  (19). YTHDF1 is highly expressed in 
NSCLC cells, and knockdown of YTHDF1 reduces the prolif‑
eration, invasion and migration of NSCLC cells (20).
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METTL14 serves as a central component of the m6A 
methyltransferase complex and has been found to participate in 
tumor development (21,22). For example, METTL14 enhances 
the proliferation and migration of pancreatic cancer cells (21). 
METTL14 overexpression results in a decrease in p53 effector 
related to peripheral myelin protein 22 mRNA levels in an 
m6A‑dependent manner; thus, METTL14 is a potential target for 
the treatment of pancreatic cancer (21). Furthermore, METTL14 is 
markedly upregulated in breast cancer tissues (22). Upregulation 
of METTL14 may promote the migration and invasion of breast 
cancer cells by modulating hsa‑microRNA‑146a‑5p expres‑
sion (22). However, to the best of our knowledge, the expression 
patterns and pathophysiological role of METTL14 in NSCLC 
remain unclear. Therefore, the present study aimed to investigate 
the role of METTL14 in NSCLC.

Materials and methods

Public databases analysis. The Cancer Genome Atlas 
(TCGA)‑NSCLC and all corresponding clinical data of 535 
NSCLC samples and 88 normal samples were downloaded 
from TCGA data portal (http://gdc‑portal.nci.nih.gov/). mRNA 
expression of METTL14 in an NSCLC dataset (GSE31210) (23) 
were obtained from the Gene Expression Omnibus  (GEO) 
database (http://www.ncbi.nlm.nih.gov/geo/). Samples with 
incomplete clinical characteristics were excluded. DepMap 
databases (https://depmap.org) were used to obtain the expres‑
sion of m6A regulators in the cell lines.

Cell culture and treatment. The normal human bronchial 
epithelial cell lines (16HBE and BEAS‑2B) and lung cancer 
cell lines (SK‑MES‑1, A549, H1299, H460 and H520) were 
obtained from The Cell Bank of Type Culture Collection of 
The Chinese Academy of Sciences. All cell lines, except for 
the H520 cell line, were cultured in DMEM medium (Wisent 
Inc.). H520 cells were cultured in RPMI‑1640 medium 
(Biological Industries). All cells were maintained in medium 
containing 10% fetal bovine serum (Biological Industries) and 
incubated at 37˚C with 5% CO2.

Cyclohex i m ide  (CH X) was  pu rchased  f rom 
MedChemExpress. To explore the degradation of Twist, A549 
cells were transfected with si‑METTL14‑1 for 48 h, as later 
described, and then treated with CHX (final concentration, 
10 µg/ml) for 0, 1.5, 3, 4.5 and 6.0 h at 37˚C. The expression 
levels of Twist were detected by western blot, as later described.

Cell transfection. Small interfering RNA (siRNA/si) against 
METTL14 (si‑METTL14‑1/si‑ME‑1 and si‑METTL14‑2/ 
si‑ME‑2) and negative control (si‑NC) were obtained from 
Shanghai GenePharma Co., Ltd. The A549 and SK‑MES‑1 cells 
were cultured in plates and, when the cells reached 60‑70% 
confluence, transient transfections with 100 pmol siRNA were 
performed using Lipofectamine  3000 (Life Technologies; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. Next, the cells were cultured in serum‑reduced 
medium and incubated at 37˚C with 5% CO2 in incubator for 
6 h, and then the medium was exchanged for complete culture 
medium. After 48 h, the cells were collected for the subsequent 
experiments. The sequences of the scrambled control group 
(si‑NC) were as follows: Sense, 5'‑UUCUCCGAACGUGU 

CACGUTT‑3' and antisense, 5'‑ACG UGACACGUUCGGAGA 
ATT‑3'. The two pairs of synthesized siRNAs against METTL14 
sequences were as follows: si‑METTL14‑1 forward, 5'‑CCU 
AUUUCAGUGCUCCUAATT‑3' and reverse, 5'‑ UUAGGA 
GCACUGAAAUAGGTT‑3'; siMETTL14‑2 forward, 5'‑GGA 
CUUGGGAUGAUAUUAUTT‑3' and reverse, 5'‑AUAAUA 
UCAUCCCAAGUCCTT.

Cell proliferation. Cell Counting Kit‑8 (CCK‑8) and colony 
formation assays were used to evaluate cell proliferation. For 
the CCK‑8 assay, the cells were cultured in 96‑well plates (A549 
cells, 3,000 cells/well; SK‑MES‑1 cells, 6,000 cells/well). 
After being incubated for 0, 1, 2, 3 and 4 days at 37˚C, the cells 
were treated with 10 µl CCK‑8 reagent (Dojindo Laboratories, 
Inc.) at 37˚C for 2 h. The absorbance at 450 nm was measured 
using a microplate reader.

For the colony information assay, cells (A549  cells, 
300 cells/well; SK‑MES‑1 cells, 600 cells/well) were cultured 
in a 6‑well plate for 2 weeks at 37˚C to form colonies. Colonies 
were fixed with 1 ml 4% paraformaldehyde for 15 min and 
stained with 0.4% crystal violet for 15 min at room temperature. 
ImageJ software verion 1.48 (National Institutes of Health) was 
used to count the stained colonies (consisting of ≥50 cells).

Cell migration. The migration of the cells was evaluated using 
a Transwell® system (8 µm; Corning Inc.). The upper chambers 
of the 8‑µm Transwell were filled with 200 µl of cells resus‑
pended in serum‑free medium (A549 cells, 2x104 cells/200 µl; 
SK‑MES‑1 cells, 4x104 cells/200 µl), and the lower chambers 
were filled with 600 µl medium supplemented with 20% FBS. 
Following incubation for 24 h at 37˚C, the migrated cells on 
the lower side of the membranes were fixed with 4% parafor‑
maldehyde for 15 min at room temperature and then stained 
with 0.4% crystal violet for 15 min at room temperature. Five 
random fields (magnification, x200) were selected and images 
were captured using a light microscope. ImageJ software 
version 1.48h3 (National Institutes of Health) was used to 
count the migrated cells.

Western blotting. The cells were washed with PBS and lysed 
with RIPA Lysis Buffer (Beyotime Institute of Biotechnology). 
The cell lysates were centrifuged at 12,000 x g for 20 min at 
4˚C, and the supernatants were denatured for 10 min at 100˚C. 
A BCA protein assay kit (Beyotime Institute of Biotechnology) 
was used to measure the protein concentration. Equal amounts 
of protein (30 µg/sample) were separated on 10% gels using 
SDS‑PAGE, and then transferred onto 0.45‑µm polyvinylidene 
difluoride membranes. Subsequently, the membranes were 
blocked with 5% skimmed dry milk for 2 h at room tempera‑
ture and incubated with primary antibodies overnight at 
4˚C. Next, the membranes were washed and incubated with 
HRP‑conjugated secondary antibody (dilution, 1:5,000) for 2 h 
at room temperature. Finally, the protein bands were visual‑
ized using chemiluminescence reagent (Pierce; Thermo Fisher 
Scientific, Inc.). Protein gray value detection was performed 
using ImageJ software (version 1.48h3; National Institutes of 
Health). Primary antibodies from Cell Signaling Technology, 
Inc. included those for E‑cadherin (cat. no. 24E10), Snail (cat. 
no. C15D3), Slug (cat. no. C19G7), phosphorylated (p)‑AKT 
(cat. no. D9E), p‑GSK3β (cat. no. D3A4) and GAPDH (cat. 
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no. D16H11). Primary antibodies from ProteinTech Group, Inc. 
included those for METTL14 (cat. no. 26158‑1‑AP), N‑cadherin 
(cat. no. 22018‑1‑AP), zinc finger E‑box binding homeobox 1 
(ZEB1; cat. no.  21544‑1‑AP), AKT (cat. no.  10176‑2‑AP), 
GSK3β (cat. no. 22104‑1‑AP), β‑actin (cat. no. 66009‑1‑Ig) and 
Twist (cat. no. 25465‑1‑AP). HRP‑conjugated goat anti‑mouse 
IgG (cat. no. SA00001‑1) and HRP‑conjugated goat anti‑rabbit 
IgG (cat. no. SA00001‑2) were purchased from Wuhan Sanying 
Biotechnology.

Statistical analysis. The R package ‘edgeR’ was used to 
analyze gene expression differences between NSCLC and 
normal tissues. The Kruskal‑Wallis test with Steel‑Dwass 
post hoc test was used to evaluate the association between 
METTL14 mRNA expression and tumor stages. The 
Mann‑Whitney U test was used to evaluate the differences in 
tissue expression between non‑metastatic patients and meta‑
static patients. A Cox proportional hazards model was used 
to perform univariate analysis and calculate the 95% CI. The 
R package ‘pheatmap’ was used to visualize the above results. 
R software (version 4.0.3; https://www.r‑project.org/) was used 
for the aforementioned statistical analyses.

Each experiment was performed in triplicate. All 
experimental data are presented as the mean ± SD. Student's 
unpaired t‑test was used to analyze differences between two 
groups, whereas one‑way ANOVA followed by Tukey's post 
hoc test was used to analyze differences among multiple 
groups. GraphPad Prism 6.0 (GraphPad Software, Inc.) was 
used for statistical analyses of the experiments. P<0.05 was 
considered to indicate a statistically significant difference.

Results

METTL14 is highly expressed in NSCLC tissues. To evaluate 
the expression profile of m6A regulators in NSCLC, the present 
study analyzed the corresponding gene expression differences 
between 535 NSCLC tissues and 88 normal tissues based on 
data obtained from TCGA. The results revealed that the expres‑
sion of YTHDF1, YTHDF2, METTL3, heterogeneous nuclear 
ribonucleoprotein C (HNRNPC), KIAA1429, FTO, vir like m6A 
methyltransferase associated (ZC3H13), WTAP, RNA binding 
motif protein 15 (RBM15), YTHDC2 and METTL14, but not that 
of ALKBH5 and YTH domain containing 1 (YTHDC1), was 
dysregulated in NSCLC (Fig. 1A). Among the aforementioned 

Figure 1. METTL14 is highly expressed in NSCLC tissues. (A) Expression of m6A regulators in NSCLC and normal tissues (red, upregulated; green, down‑
regulated). The ‘edgeR’ R package was utilized to analyze the differences in gene expression profiles. (B) METTL14 expression in 246 NSCLC tissues 
and 20 normal tissues in the Gene Expression Omnibus database (dataset accession no. GSE31210). (C) Relative expression levels of METTL14 in patients 
with stage I, II, III and IV NSCLC based on TCGA database. Data were analyzed using the Kruskal‑Wallis test with Steel‑Dwass test. (D) Forest plot of the 
univariate Cox regression analysis. Univariate analysis was performed in m6A‑related genes. All bars correspond to the 95% confidence intervals. *P<0.05, 
**P<0.01 and ***P<0.001. METTL14, methyltransferase‑like 14; NSCLC, non‑small cell lung cancer; TCGA, The Cancer Genome Atlas.
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differentially expressed m6A‑related genes, METTL14, 
METTL3, HNRNPC, ZC3H13, YTHDF1 and YTHDF2 were 
found to be highly expressed in NSCLC tissues. To further 
verify METTL14 expression, the GEO database was used and it 
was revealed that METTL14 expression was higher in NSCLC 
tissues than in normal tissues (Fig. 1B). Additionally, TGGA 
data demonstrated that METTL14 expression was significantly 
increased in patients with stage I‑IV NSCLC compared with 
in patients in the normal control group (Fig. 1C). Furthermore, 
univariate analysis revealed that METTL14 is a risk gene of 
NSCLC. The hazard ratio of METTL14 was greater >1, indi‑
cating that the higher the expression of METTL14, the higher 
the risk of NSCLC (Fig. 1D).

METTL14 is highly expressed in SK‑MES‑1 cells, A549 cells, 
H1299 cells and H520 cells. . The present study investigated 
the expression levels of several m6A regulators in various 
NSCLC cell lines. The results revealed that only METTL3 
and METTL14 were highly expressed in the majority of the 
NSCLC cell lines (Fig. 2A). METTL14 protein expression 
was further examined in the cell lines using western blotting. 
Consistently, it was observed that METTL14 expression in the 
lung cancer cell lines, with the exception of H460 cells, was 
increased compared with that in the normal human bronchial 
epithelial cells (16HBE)  (Fig.  2B). SK‑MES‑1 cells were 
selected as ‘loss‑of‑function’ models, as they expressed high 
levels of METTL14 protein. A549 cells were selected for use, 
as METTL14 expression was consistent compared with other 
NSCLC cell lines (except SK‑MES‑1 cells).

Knockdown of METTL14 inhibits NSCLC cell proliferation. 
To explore the potential effects of METTL14 on cell prolif‑
eration, METTL14 expression was knocked down in A549 
and SK‑MES‑1 cells. Western blot analysis demonstrated 
that METTL14 siRNAs efficiently reduced METTL14 
protein expression (Fig. 3A). The CCK‑8 assay revealed that 
proliferation of A549 and SK‑MES‑1 cells was significantly 
reduced after suppression of METTL14 at days 2‑4 (Fig. 3B). 
Consistently, colony formation assays demonstrated that 
knockdown of METTL14 was associated with a marked reduc‑
tion in number of A549 and SK‑MES‑1 cell colonies (Fig. 3C).

Knockdown of METTL14 inhibits EMT in NSCLC cells. The 
present study further examined the relative protein expres‑
sion of EMT markers in lung cancer cells after METTL14 
inhibition using siRNAs. The results demonstrated that 
E‑cadherin was upregulated, while N‑cadherin was down‑
regulated compared with the expression levels of the control 
cells (Fig. 4A). Similarly, Transwell® assays demonstrated that 
downregulation of METTL14 markedly inhibited the migra‑
tion of A549 and SK‑MES‑1 cells (Fig. 4B). Overall, these 
findings suggested that METTL14 served a crucial role in 
regulating the EMT process and promoting migration of lung 
cancer cells. However, the differences in tissue expression of 
METTL14 between non‑metastatic and metastatic patients in 
TCGA database were not statistically significant (Fig. S1).

Silencing of METTL14 inhibits the activation of AKT 
signaling by downregulating Twist expression in NSCLC 

Figure 2. METTL14 is highly expressed in NSCLC cell lines. (A) Dependency heatmap of m6A regulators in different NSCLC cell lines (red, upregulated; 
blue, downregulated).. (B) Protein levels of METTL14 in the normal human bronchial epithelial cell lines (16HBE and BEAS‑2B) and lung cancer cell 
lines (SK‑MES‑1, A549, H1299, H460 and H520) were examined by western blotting. *P<0.05 and **P<0.01 (one‑way ANOVA with Tukey's post hoc test). 
METTL14, methyltransferase‑like 14; NSCLC, non‑small cell lung cancer.



ONCOLOGY LETTERS  22:  847,  2021 5

cells. Considering that certain transcription factors (ZEB1, 
Snail, Slug and Twist) are involved in EMT regulation (24), the 
present study examined the protein expression of these factors 
after knockdown of METTL14 in A549 and SK‑MES‑1 cells. 
Western blotting revealed that Twist expression was downreg‑
ulated after knockdown of METTL14 in A549 and SK‑MES‑1 
cells, whereas there were no obvious alterations in ZEB1, 
Snail or Slug expression (Fig. 5A). These results suggested that 
METTL14 may promote EMT in NSCLC by regulating Twist 
expression. A previous study revealed that Twist can enhance 
cell invasion via the PI3K/AKT/GSK3β signaling pathway (25). 
Therefore, the present study examined the expression of proteins 
in this pathway. The levels of p‑AKT/AKT were decreased in 
A549 cells after transfection with si‑ME‑1 (Fig. 5B). However, 
the levels of p‑GSK3β/GSK3β exhibited no visible changes. 
To further evaluate whether METTL14 influenced the levels 
of p‑AKT by regulating the stabilization of Twist, the present 
study analyzed the changes in Twist degradation after treat‑
ment with CHX, a protein synthesis inhibitor. The expression 
levels of Twist were examined at different time points (0, 1.5, 3, 
4.5 and 6 h) after treatment with CHX. Inhibition of METTL14 

using siRNA‑1 accelerated Twist degradation (Fig. 6), which 
indicated that the stabilization of Twist was attenuated after 
METTL14 knockdown. Overall, these findings suggested that 
METTL14 knockdown may decrease the stability of Twist by 
affecting the levels of p‑AKT.

Discussion

Due to the high mortality rate (accounting for 18.4% of 
global cancer‑associated deaths in 2018), NSCLC remains a 
serious public health problem worldwide, and the prognosis 
of most patients remains poor due to tumor metastasis (26). 
Accumulating evidence has demonstrated that m6A regulators 
contribute to cancer progression and metastasis (27). However, 
limited studies have focused on the tumorigenic effects of 
m6A regulators in NSCLC. To the best of our knowledge, 
METTL14 has not been reported previously as a regulator 
of NSCLC progression, and the underlying mechanisms 
remain elusive. Therefore, clarification of the involvement of 
METTL14 in NSCLC carcinogenesis will be beneficial for 
improving the treatment of NSCLC.

Figure 3. METTL14 knockdown inhibits non‑small cell lung cancer cell proliferation. (A) Interference efficiency of two different METTL14 siRNAs was 
detected in A549 and SK‑MES‑1 cells. (B) Proliferation of A549 and SK‑MES‑1 cells following METTL14 knockdown was determined using Cell Counting 
Kit‑8 assays. (C) A colony formation assay was performed for 2 weeks in A549 and SK‑MES‑1 cells after knockdown of METTL14. Representative images 
(left) and the relative number of colonies (right) are shown. *P<0.05 and **P<0.01 vs. si‑NC (one‑way ANOVA with Tukey's post hoc test). METTL14/ME, meth‑
yltransferase‑like 14; NC, negative control; OD, optical density; siRNA/si, small interfering RNA.
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METTL14 is an important subunit of the methyltrans‑
ferase complex and serves a structural role in substrate 
recognition (28). METTL14 has been proposed as an onco‑
gene in various tumors. For instance, METTL14 promotes 
the proliferation of Epstein Barr virus (EBV)‑transformed 
cells and tumor growth in vivo and is considered to be a 
novel target for the treatment of EBV‑associated tumors (29). 
METTL14 is highly expressed in acute myeloid leukemia 
cells and exerts its oncogenic role by modulating MYB 
proto‑oncogene, transcription factor and MYC expression via 
m6A modification (30). A previous study also demonstrated 
that long intergenic non‑protein coding RNA 942 promotes 
the proliferation of breast cancer cells by elevating the 
expression levels of METTL14 and its downstream targets, 
including C‑X‑C motif chemokine receptor 4 and cytochrome 
P450 family  1 subfamily  B member  1  (31). The present 
study revealed that METTL14 expression was upregulated 
in NSCLC, and its expression was higher in patients with 

NSCLC with stage I, II, III and IV disease compared with 
that in patients in the control group. Additionally, the present 
study demonstrated that METTL14 knockdown inhibited 
cell proliferation and migration of lung cancer lines in vitro. 
Therefore, to the best of our knowledge, the present study 
was the first to demonstrate that METTL14 acted as an 
oncogene and promoted the growth of NSCLC. To further 
verify our conclusion, GSE31210 data were analyzed and 
it was revealed that METTL14 expression was higher in 
NSCLC tissues than in normal tissues. However, other 
conflicting studies have reported that the expression levels of 
METTL14 in lung adenocarcinoma and lung squamous cell 
carcinoma are downregulated (32,33). The discrepancies in 
METTL14 expression in NSCLC may be due to the different 
cell lines used. Downregulation of METTL14 has also been 
demonstrated in gastric (34), liver (35) and colon (36) cancer. 
Furthermore, there have been controversial reports regarding 
the role of METTL14 in liver cancer. One study revealed a 

Figure 4. METTL14 knockdown inhibits non‑small cell lung cancer cell migration and epithelial‑mesenchymal transition. (A) E‑cadherin and N‑cadherin 
expression was evaluated by western blotting in A549 cells and SK‑MES‑1 cells after METTL14 knockdown. (B) Migration of A549 and SK‑MES‑1 cells 
following METTL14 knockdown was measured using Transwell migration assays (magnification, x200 times). **P<0.01 (one‑way ANOVA with Tukey's post 
hoc test). METTL14/ME, methyltransferase‑like 14; NC, negative control; si, small interfering RNA.
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Figure 5. Silencing of METTL14 inhibits Twist expression via inactivation of AKT signaling in non‑small cell lung cancer cells. (A) Expression levels 
of epithelial‑mesenchymal transition‑related proteins (ZEB1, Snail, Slug and Twist) in A549 and SK‑MES‑1 cells were detected by western blotting fol‑
lowing knockdown of METTL14. (B) Levels of p‑AKT, AKT, p‑GSK3β and GSK3β were evaluated in A549 cells after knockdown of METTL14 **P<0.01 
(one‑way ANOVA with Tukey's post hoc test). METTL14/ME, methyltransferase‑like 14; NC, negative control; p‑, phosphorylated; si, small interfering RNA; 
ZEB1, zinc finger E‑box binding homeobox 1.

Figure 6. A549 cells were transfected with si‑ME‑1, and then treated with 10 µg/ml CHX for 0, 1.5, 3.0, 4.5 and 6.0 h. The expression levels of Twist were 
evaluated using western blotting. **P<0.01 (Student's unpaired t‑test). CHX, cycloheximide; METTL14/ME, methyltransferase‑like 14; NC, negative control; 
si, small interfering RNA. 
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decrease in m6A modification levels in human HCC, and 
depletion of METTL14 was an adverse prognostic factor for 
recurrence‑free survival and promoted HCC metastasis (35). 
By contrast, another study reported that downregulation of 
METTL14 reduced proliferation and migration of liver cancer 
cells (37). The discrepancies in the findings of the aforemen‑
tioned studies highlight that the expression levels and role of 
METTL14 may differ in different types of tumors. Further 
investigations will be required to address this controversy.

Various studies have demonstrated that EMT is associ‑
ated with NSCLC progression (38‑40). Interestingly, previous 
studies have demonstrated that m6A regulators exert crucial 
roles in the regulation of EMT (41,42). METTL3 has been 
demonstrated to be an essential protein in the development of 
ovarian cancer by regulating AXL receptor tyrosine kinase 
translation and EMT  (41). YTHDF2 has been reported to 
promote carcinogenesis of pancreatic cancer via EMT (42). 
Consistently, the present study demonstrated that silencing 
METTL14 in NSCLC cells significantly increased E‑cadherin 
expression and suppressed N‑cadherin expression. These 
results suggested that METTL14 may participate in the EMT 
process in NSCLC. However, the present study compared the 
expression difference of METTL14 in the tissues of non‑meta‑
static patients and metastatic patients based on TCGA, and 
the results demonstrated that the differences in tissue expres‑
sion between non‑metastatic patients and metastatic patients 
were not statistically significant. The limited samples may 
contribute to this result; a larger sample size will be collected 
and used in future work.

EMT is a process that is precisely regulated by several 
major transcription factors, including Twist, Snail, Slug and 
ZEB1 (24). Twist, acting as a crucial transcription factor of 
EMT, is considered to be involved in tumorigenesis and metas‑
tasis (43). In the present study, Twist expression was reduced 
after downregulation of METTL14 in NSCLC cells. Therefore, 
it was deduced that lower METTL14 expression may inhibit 
the EMT process by repressing Twist expression. Twist can 
induce EMT changes via the activation of the PI3K/AKT 
signaling pathway (44). Therefore, the present study explored 
the role of METTL14/Twist in the activation of AKT signaling 
pathways. Consistently, it was revealed that METTL14 down‑
regulation suppressed the levels of p‑AKT/AKT; however, 
the levels of p‑GSK3β/GSK3β exhibited no visible changes. 
It was also found that Twist expression was attenuated in 
siRNA‑METTL14‑transfected lung cancer cells after treat‑
ment with CHX. Therefore, it was deduced that METTL14 
knockdown decreased the stability of Twist by affecting the 
levels of p‑AKT and, ultimately, inhibited the EMT process in 
NSCLC cells. However, determining the relationship between 
AKT signaling and Twist stability and function still requires 
further investigation.

More in vivo and in vitro experiments need to be performed 
to determine the role of METTL14 in NSCLC and its under‑
lying molecular mechanism, which will provide a basis for the 
treatment of NSCLC.

In conclusion, the present study demonstrated that 
METTL14 expression was upregulated in NSCLC. In addition, 
knockdown of METTL14 inhibited Twist, restored E‑cadherin 
expression by inactivating AKT signaling, and decreased the 
migration of NSCLC cells. To the best of our knowledge, the 

present study was the first to demonstrate that METTL14 
expression was upregulated in NSCLC, and METTL14 can 
promote NSCLC progression via EMT. Taken together, these 
results indicated that METTL14 may modulate the metastatic 
potential of NSCLC cells.
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