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Background: Stomach adenocarcinoma (STAD) is a common reason for tumor-related
fatalities globally, as it results in distant metastasis. Methyltransferase-like 14 (METTL14), a
notable RNA N6-adenosine methyltransferase (m6A), plays a significant role in the growth
of tumor through controlling the RNA working. This study aims to highlight METTL14 in
STAD’s biological function and molecular mechanism.

Methods: Bioinformatics and immunohistochemical (IHC) assays have been utilized for
the detection of METTL14 expression in the STAD. METTL14’s biological function has
been shown while making use of HGC-27 and AGS cells in vitro experiments. MeRIP-
qPCR and luciferase reporter assays were employed for the exploration of METTL14’s
mechanism modifying the target of phosphatase and tensin homologue (PTEN).
Subcutaneous xeno transplantation model and STAD liver metastasis orthotopic tumor
model were used to study METTL14 in STAD in vivo.

Results: METTL14 expression was substantially downregulated in STAD reflecting
contribution to major tumors, progressed TNM stage as well as poor overall survival
(OS) in STAD. Moreover, METTL14’s inhibition of STAD cells proliferation, migration and
invasion has been verified in vitro assays. Furthermore, an identification of PTEN being
METTL14-mediated m6A modification’s substrate has been made. METTL14’s
overexpression highly enhanced PTEN mRNA m6A variation, stabilized PTEN mRNA
and increased protein expression. Further, it has been found out that METTL14-mediated
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STAD cells inhibition of proliferation and invasion dependent on PTEN. At last, we
demonstrated that METTL14 inhibit STAD growth and metastasis in vivo models.

Conclusions:METTL14 inhibits tumor growth and metastasis of STAD via stabilization of
PTEN mRNA expression. Therefore, METTL14 is a potential biomarker of prognosis and
therapeutic targets for STAD.
Keywords: METTL14, STAD, Pten, m6A modification, tumor growth, metastasis
INTRODUCTION

Gastric cancer is a fifth highest occurring malignant tumor with
mortality rate ranked third globally. In Asia, the mortality rate of
gastric cancer is second only to lung cancer (1). According to
statistics from the United States, the number of estimated new
gastric cancer cases had exceeded 27,600 and caused more than
11,010 deaths in 2020 (2). Stomach adenocarcinoma (STAD)
being gastric cancer results from gastric gland cells’s malevolent
transformation due to which it has been named adenocarcinoma.
Gastric adenocarcinoma has an overall 95% representation of
gastric cancer cases (3). Surgery combined with radiotherapy and
chemotherapy is currently the main method to deal with gastric
cancer, but due to hidden early symptoms, most of it is in the
middle and late stages at the time of diagnosis, and there are
lower than 20% chances of survival after 5 years (4). Universal
resistance to chemotherapy drugs is also one of the main reasons for
poor efficacy (4). Precision medicine is a new model of tumor
diagnosis and treatment, which has been widely used in various fields
of medicine (5). At present, the application of gene-based targeted
therapy is gradually increasing, and carcinogenic and tumor
suppressor genes contribute to gastric cancer’s targeted therapy.

M6A methylation is widely present in RNA, participates in a
variety of cell life activities, and has also been reported being a
prominent factor behind the emergence of tumors (6). There are
three methylases in the process of m6A methylation: METTL3,
METTL14 andWTAP (7). METTL14 (methyltransferase like 14)
is an important m6A methylase performing a central part in the
process of m6A methylation of RNA (8). It has been considered
integral to the emergence or development of a variety of tumors.
Previous studies had reported that knocking down METTL3 and
METL14 can lead to a reduction in m6A levels, thereby
inhibiting the self-renewal of mouse embryonic stem cells (9).
Moreover, METTL14 inhibits the potential metastatic ability of
hepatocellular carcinoma by regulating the microRNA process
that depends on m6A methylation (10). The expression of
METTL14 is reduced in lung cancer tissues, and its function in
lung cancer has not been clearly studied (11). METTL14 also had
been reported as a suppressor for tumor metastasis in colorectal
cancer, hinting towards METTL14 being valuable therapeutic
target for colorectal cancer (12). In gastric cancer, RNA m6A
methylation activated oncogenic Wnt/PI3K-Akt signaling and
inoma; METTL14, Methyltransferase-
sferase; IHC, immunohistochemical;
e; OS, overall survival; CCK-8, Cell
onyl fluoride.
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stimulated malicious GC cells’ phenotypes. Moreover, the
bioinformatics analysis result between METTL14 and GC had
shown that METTL14 has a central part in GC’s biological
process. Nevertheless, the purpose and molecular mechanisms
of METTL14 in STAD’s tumor progression is still unclear.

This research has first explored METTL14’s expression and
clinical significance in STAD tissues of patient. Moreover, we
also studied the biological role of METTL14 in vitro and in vivo,
and identified the critical target and modification site of
METTL14 in the growth of STAD. Our study provides key
evidences regarding METTL14 being STAD’s an important
prognostic and healing target.
MATERIALS AND METHODS

Patients and Samples
The Department of Pathology in Shenzhen People’s Hospital
(Shenzhen, China) provided the Human STAD and contiguous
nonmalignant tissues. All patients had not been given
radiotherapy or chemotherapy prior to surgery. Specimens’ rest
part was fixed in the formalin and embedded in paraffin for
pathological and immunohistochemical (IHC) analysis. Here,
the Shenzhen People’s Hospital Ethics Committee allowed our
protocol for research. We acquired informed consent of all
the participants.

IHC Analysis
Tissue sections were deparaffinized, rehydrated, and
microwaved-heated in sodium citrate buffer (10 mmol/L, pH
6.0) for antigen retrieval. Next followed the incubation of slides
with primary antibody (Mouse monoclonal [CL4252] to
METTL14, 1:100, Abcam, ab220030), PTEN (1:100, #9188,
CST). After that, 02 self-regulating pathologists unaware of
patients’ clinical characteristics analyzed target proteins in
tissue’s expression levels based on cell staining proportion (0 =
0%, 1 = ≤25%, 2 = 26 to 50%, 3 = 51 to 75%, 4 = >75% positive
cells) as well as staining intensity (0 = no staining, 1 = weak, 2 =
moderate, 3 = strong). Multiplication of both scores gave the
overall results. Protein expressions have been found to be high
(≥6) and low (≤6) in cases of final score.

Cell Culture and Transfection
The Chinese Academy of Sciences (Shanghai, China)’s cell bank
is the source of three human STAD cell lines, BGC823, HGC27,
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and AGS, and human gastric mucosal epithelial cell line (RGM-
1). For cell culture, RPMI-1640 (Hyclone) containing 10% FBS
(Gibco) have been utilized. Further, the incubation of these cells
was performed using humidified incubator with 5% CO2 at 37°C.

The METTL14 cDNA’s overall length was synthesized using
RBGI Genomics company, and then sub-cloned into the
pcDNA3.1 vector to construct pcDNA-METTL14 overexpression
(METTL14-OE) plasmid. For transient transfection with plasmids
encoding target, Lipofectamine 3000 reagent (Invitrogen) was
utilized. For METTL14 stable overexpression in STAD cell lines,
the METTL14 gene was constructed into lentiviral expression
vector; empty vector worked being the control (Shanghai
Genechem). Lentiviral infection was performed following
manufacturer’s recommendations. A selection of stably
transfected cell lines over 2 weeks was made employing
puromycin (2 mg/ml). Moreover, western blotting and RT-PCR
was employed to validate infected cells’ transfection efficiency.
Cell Proliferation Assays
For Cell Counting Kit-8 (CCK-8) assay, transfected cells were
inoculated at 2 × 103 cells/well density into 96-well plates and
cultivated for 0, 24, 48, and 72 h. Following varying incubation
times, 10 ml of CCK-8 reagent (Dojindo Laboratories) was added
to all with 2 h continuous culturing. At 450 nm, the absorbance
was recorded with standard microplate reader. For colony
formation assay, 6-well plates were employed for seeding of
300 stable infected cells and 14 days culturing. Then clones were
fixed and stained using 0.5% crystal violet followed by counting
of colonies.
Cell Invasion and Migration Assays
Transwell 24-well plates (8-mm pores; Corning, USA) coated
with Matrigel (BD) placed in cell culture hood for around 3 h at
37°C were used for Transwell invasion assay. Transwell
migration assay used 8-mm pore size polycarbonate membrane
chamber only. After transfection, cells resuspended in serum-free
medium were plated into the upper chamber while DEME
containing 10% FBS was put in bottom. At 8 or 24 h post-
incubation at 37°C, lower surface migrated cells were
immobilized in methanol, stained by 0.5% crystal violet and a
microphone was employed to count them in five random fields.
Western Blot Analysis
RIPA buffer (Thermo Scientific, 89900) was used to lyse cells for
the purpose of isolating overall protein and supplemented with
protease inhibitor cocktail (Bestbio, Shanghai, China) and
Phenylmethanesulfonyl fluoride (PMSF) (Bestbio, Shanghai,
China). The separation of samples was carried out using 10–
12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred onto a nitrocellulose membrane,
which was stalled using 5% skim milk at 4°C overnight and
incubated overnight with specific antibodies to METTL14
(1:1,000, ab220030, Abcam), PTEN (1:1,000, #9188, CST);
AKT (1:1,000, #4685, CST); Phospho-Akt (Ser473, 1:1,000,
#4060, CST). Following, secondary antibodies at 37°C for 1 h
Frontiers in Oncology | www.frontiersin.org 3
were combined with membranes, and imbibed in electro-
chemiluminescence solution for imaging. An evaluation of
relative protein level was performed after all the earlier
mentioned steps had been successfully completed.
Bioinformatical Analysis
The comparison of mRNA METTL14’s expression levels in
STAD and normal gastric tissue was analyzed by Oncomine
microarray database (https://www.oncomine.org/resource/main.
html#v:18) (13). METTL14 RNA expression level and prognostic
value in STAD were collected from The Human Protein Atlas
base on The Cancer Genome Atlas (TCGA) dataset (https://
www.proteinatlas.org/). Furthermore, the correlation between
METTL14 and PTEN expression in STAD were analyzed by
GEPIA (http://gepia.cancer-pku.cn/) (14). The potential
substrate between METTL14 and phosphatase and tensin
homologue (PTEN) were predicted by m6A2Target (http://
m6a2target.canceromics.org/#/validation) (15). Potential
regulations that binding to PTEN mRNA m6A modification
site were analyze by m6A-Atlas tool (http://180.208.58.66/m6A-
Atlas/index.html) (16).
Real-Time Quantitative PCR (RT-qPCR)
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was employed
obeying supplier’s instructions to separate Overall RNA from
cells and tissues. Then 2 mg of RNA were reverse-transcribed into
complementary DNA (cDNA) using the M-MLV Reverse
Transcriptase (Invitrogen). RT-qPCR was conducted on the
7500 Fast RT-qPCR System using SYBR® Premix Ex Taq™ II
(Takara, Dalian, China). Main primers patterns were showed in
Supplementary Table 1. GAPDH served the function of the
internal control. The relative gene expression was quantified by
2−DDCt method.
Dual-Luciferase Reporter Assay
The Dual-Luciferase® Reporter Assay System (Promega) was
employing following manufacturer’s guide. METTL14 and
PTEN interaction evaluation was conducted through
generating wt-PTEN 3′-UTR-Luc and mut-PTEN 3’-UTR-Luc
reporter vectors. HGC-27 and AGS Cells underwent co-
transfection with METTL14 overexpression vector, wt-PTEN,
mut-PTEN, or negative control plasmids using Lipofectamine
3000 reagent (Invitrogen). Moreover, this research carried out
the evaluation of luciferase and renilla activities at 48 h post-
transfection along with Dual-Luciferase Reporter Assay System.
Renilla activity was used to normalize luciferase active state.
Quantitative Analysis of m6A RNA
Methylation of Total RNA
TRIzol (Invitrogen, CA, USA) was used for the purpose of
extracting the overall RNA and the details have been provided
below, while its quality was determined using NanoDrop (Thermo
Fisher Scientific, Waltham, MA, USA). Its m6A modification level
was determined employing EpiQuik m6A RNA Methylation
August 2021 | Volume 11 | Article 699749

https://www.oncomine.org/resource/main.html#v:18
https://www.oncomine.org/resource/main.html#v:18
https://www.proteinatlas.org/
https://www.proteinatlas.org/
http://gepia.cancer-pku.cn/
http://m6a2target.canceromics.org/#/validation
http://m6a2target.canceromics.org/#/validation
http://180.208.58.66/m6A-Atlas/index.html
http://180.208.58.66/m6A-Atlas/index.html
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yao et al. METTL14 Modifies PTEN in STAD
Quantification Kit (p-9005; Epigentek Group Inc., Farmingdale,
NY, USA) following guidelines. Briefly, assay wells’ were coated
with 200 ng RNA together with m6A standard, which was
succeeded by capturing and detecting antibody solution.
Moreover, the colorimetric quantification of m6A levels was
conducted through considering each well’s absorbance at
450 nm (OD450) wavelength. It was followed by carrying out
calculations considering standard curve.
MeRIP-qPCR
Centrifugation column (MiniBEST Universal RNA Extraction
Kit; Takara) was utilized for the purpose of obtaining the Intact
total RNA and mRNA was then processed using polyATtract
mRNA Isolation Systems (Promega Corp.) for its purification.
Following, m6A RNA immunoprecipitation (MeRIP) was
conducted employing Magna MeRIP m6A kit (17–10, 499,
Millipore) following the guidelines of manufacturer. METTL14
(ab252562) or IgG antibodies were further used for RIP-PCR to
detect the METTL14 binding PTEN mRNA. Moreover, RT-
qPCR’s IP production was then carried out through the
procedure highlighted above. RT-qPCR’s primers have been
given in Supplementary Table 1.
Animal Models
Animal care, euthanasia, and usage were approved by the
Institutional Animal Care and Use Committee of Jinan
University (Guangzhou, China). For the purpose of enhancing
the overall randomization of the experiment, a random
comparison table had been employed. Accordingly, 5-wk-old
male nude athymic BALB/c nu/nu mice (Slack, Shanghai,
China) were randomly divided into two parts including a
control group (NC) and the experimental group METTL14-OE.
For developing subcutaneous xeno transplantation model, 5 × 106

HGC-27 cells stably transfected with NC or METTL14
overexpression were subcutaneously incorporated for 5-week-old
BALB/c nude mice. The mice experienced euthanasia after 27 days
of inoculation and obtained xenografts’s mass was obtained.
Tumor volume over three days was obtained. To create mouse
STAD liver metastasis orthotopic tumor model, 1 × 106 HGC-27
cells under stable transfection with NC or METTL14
overexpression were added to subserosal gastric wall of BALB/c
nude mice. During the post-injection, after the passing of six
weeks, a comparison of metastatic nodules in liver of NC and
METTL14-OE groups of mice was performed by evaluated in the
under the HE staining. Each hepatic lobule of mice was embedding
and performed HE staining, and the number of metastatic nodules
in liver were evaluated and accounted via each hepatic lobule
under microscope.
Statistical Analysis
The statistical-based requirements were fulfilled through the
application of GraphPad Prism 7.0 software (GraphPad, Inc.
Here, ± standard deviation (SD) denotes experimental data while
Frontiers in Oncology | www.frontiersin.org 4
conducting experiments in triplicate. Student’s t test or ANOVA
was used for group comparisons evaluation. Spearman’s rank
correlation analysis to assess variables’ relations was carried out.
Moreover, Kaplan–Meier approach and log‐rank experiment to
evaluate survival curves have been conducted. P <0.05 refers to
statistics-related significance.
RESULTS

Downregulated METTL14 Correlated With
Poor Prognosis in STAD
To investigate m6A’s potential role in STAD, we first discovered
that under expressed of METTL14 mRNA expression in STAD
tissue takes placed in comparison to normal tissue (Figure 1A).
Oncomine database result verification was conducted employing
the IHC to evaluate the METTL14 expression in the STAD tissue
and matched adjacent normal tissue base on 90 clinical specimens,
and METTL14 were found that mainly express in nucleus of the
STAD cells (Figure 1B). Moreover, METTL14 was substantially
less expression in STAD tissue compared to usual gastric tissue
(Figure 1C). Interesting, as shown in Table 1, STAD tissue with
lowMETTL14 expression had a significant higher proportion with
the larger tumor size (≥5 cm) and III/IV TNM stage. But there is
no significant correlation between METTL14 expression and age,
gender, differentiation grade and the status ofMSI/MMR in STAD
patients (Table 1). Low METTL14 expression had a correlated
with poor levels of the survival (OS) (Figure 1D). The RNA
expression and prognostic value in STAD from TCGA dataset also
were consistent with our clinical data (Figures 1E, F). Therefore,
our results cleared that METTL14 was downregulated and
correlated with poor prognosis in STAD.
Overexpression of METTL14 Inhibited
Proliferation and Invasion of STAD
Since METTL14 is down-regulated and correlated with tumor
growth and TNM stage in STAD, an assumption was made that
METTL14 could perform the function of tumor suppressor in
STAD. For outlining METTL14 in STAD’s functional role,
firstly, an evaluation of the METTL14 expression level in
normal gastric mucosa cell line RGM-1, and STAD cell lines
HGC-27, BGC-823 and AGS. Obviously, METTL14 had lower
expression in STAD cell lines in comparison to those of the
normal gastric mucosa cell line RGM-1 (Figure 2A). Moreover,
we established METTL14 overexpression (METTL14-OE) cell
model in HGC-27 and AGS cells (Figure 2B). As expected,
METTL14’s overexpression markedly stalled cell viability and
STAD cells’ proliferative capability as can be realized from the
elevated growth rate (Figures 2C, D) and colony number rise
(Figures 2E, F) of METTL14-OE cells. Further, transwell
invasion assay highlighted overexpression of METTL14
dramatically inhibiting migrative in STAD cells (Figures 2G, H).
Resultantly, overexpression of METTL14 inhibited STAD cells
proliferation and invasion in vitro.
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METTL14 Regulated PTEN Expression
in STAD
To further study METTL14’s mechanism in proliferation and
invasion of STAD, firstly, a prediction of potential modified
substrates in m6A2Target database was made. Interesting, PTEN
Frontiers in Oncology | www.frontiersin.org 5
was a verified modified substrate of METTL14 in A549 cell lines
(Figure 3A). However, the relationship between METTL14 and
PTEN in STAD is still unclear. Therefore, we analyzed the
correlation of mRNA expression between METTL14 and PTEN
in STAD via GEPIA database. The result showed that METTL14
A

B

D E F

C

FIGURE 1 | Downregulated METTL14 correlated with poor prognosis in STAD. (A) Expression level of METTL14 were analyzed by Oncomine database;
(B) Representative pictures of immunohistochemical results of METTL14 in STAD and normal tissue. (C) Comparision of METTL14 in STAD tissue with normal
gastric tissue (n = 90) (***P < 0.001). (D) Overall survival comparison between METTL14 high and low expression in STAD patient. (E) Comparison METTL14 mRNA
expression levels between TCGA STAD and GTEx stomach normal tissue (***P < 0.001). (F) Prognostic value of METTL14 mRNA expression in STAD of TCGA dataset.
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expression level is significantly correlated with PTEN expression
level in STAD (Figure 3B). Overexpression METTL14 enhanced
PTEN mRNA expression in HGC-27 and AGS cells (Figure 3C).
Moreover, we detected the PTEN expression level and AKT’s
phosphorylation level, the downstream pathway of PTEN. Our
result was clear that METTL14 overexpression enhanced PTEN
expression and phosphorylation level of Ser473 of AKT in HGC-
27 and AGS STAD cell lines (Figure 3D). An analysis of mRNA
and protein expression levels between METTL14 and PTEN in
STAD tissue was conducted, and METTL14 also positively
correlated with PTEN expression in mRNA and protein level in
STAD (Figures 3E–G). Collectively, these results suggested
METTL14 is a critical m6A methylase that regulating PTEN
expression in STAD.
METTL14 Stabilize PTEN mRNA via m6A
Modification in STAD
For METTL14 targets PTEN mRNA via m6A modification
verification, m6A’s global level in control and METTL14
overexpression groups were determined (Figure 4A).
Accordingly, there was a notable rise of the overall METTL14’s
overexpression in HGC-27 and AGS cells. Then, the
measurement of MeRIP-qPCR’s enrichment of m6A in PTEN
was carried out. We have found out that the m6A abundance in
the PTEN mRNA was dramatically increased on METTL14
overexpression (Figure 4B). Furtherly, we also confirmed the
METTL14 whether binding to PTEN in HGC-27 and AGS cells.
Overexpression METTL14 significantly enhances the
enrichment of METTL14 binding PTEN mRNA in HGC-27
and AGS cells via RIP-qPCR (Figures 4C, D). For m6A
modification impacts on PTEN expression, luciferase reporters
having either wild-type or mutant PTEN was used. In the case of
Frontiers in Oncology | www.frontiersin.org 6
PTEN’s mutant form, cytosine was used instead of adenine bases
in m6A consensus sequences (GGACT) resulting in eliminating
m6A modification (Figure 4E). Luciferase reporter assay showed
wild-type PTEN’s transcriptional level though not mutation,
clearly decreased in METTL14’s overexpression (Figures 4F, G).
METTL14 overexpression mediating PTEN upregulation was
antagonized by the PTEN inhibitor, VO-Ohpic, in HGC-27 and
AGS cells (Figure 4H). This has shown PTEN level’s regulation had
been within the influence and control of METTL14-related m6A
modification. We further supplemented haft-time of mRNA after
METTL14-OE in HGC-27 and AGS cells. In addition, we measured
the loss of PTEN mRNA in HGC-27 and AGS cells treated with a-
amanitin, an inhibitor of RNA synthesis. We found that
overexpression of METTL14 extended the half-life of PTEN
mRNA in HGC-27 and AGS cells (Figures 4I, J). At last, we
predicted the binding proteins of m6A modification site of PTEN
mRNA using m6A-Atlas tool. Interesting, we found IGF2BP2 and
IGF2BP3, the m6A readers that play critical roles for enhancing the
stability and storage capacity of mRNA, were binding proteins of
m6A modification site on PTEN mRNA (Figure S1A). Then we
analyzed the correlation between the mRNA expression between
PTEN and IGF2BP2 or IGF2BP3. PTEN was positively correlated
with IGF2BP2 and IGF2BP3 in STAD (Figures S1B, C). Therefore,
METTL14 improve mRNA stability of PTEN in STAD.
METTL14 Inhibits STAD Cells Proliferation
and Invasion via Regulation of PTEN
The current research has revealed modifying effects of
METTL14’s depletion on PTEN’s expression in STAD.
However, whether METTL14 inhibits STAD cells proliferation
and invasion via PTEN was still not clear. VO-Ohpic is a highly
effective PTEN inhibitor, here, we overexpress METTL14
combined with treatment of VO-Ohpic (2 mM) in HGC-27 and
AGS cells. Interesting, VO-Ohpic significantly antagonized the
inhibitation effect of METTL14 in the HGC-27 and AGS cells
colony formation (Figures 5A, B). Moreover, overexpress
METTL14 and inhibit PTEN expression for HGC-27 and AGS
cells that significantly eliminated METTL14’s inhibitation effect of
HGC-27 and AGS cells invasive ability (Figures 5C, D).
Therefore, it has further been confirmed that METTL14 inhibits
STAD cells proliferation and invasion via regulation of PTEN.
METTL14 Inhibits STAD Growth and
Metastasis In Vivo
For METTL13 in vivo cancer suppressor’s role comprehensive
determination, a subcutaneous xenotransplantation model has
been utilized for the consideration of METTL13’s effect on STAD
growth expression. Tumor volumes were studied for the nude
mice that were subcutaneously given METTL14 overexpression
HGC-27 cells (METTL14-OE) or control (NC) transfected
HGC-27 cells. Figure 6A gives tumor volumes at specific time
points. Generally, METTL14-OE group’s tumor volume was
substantially stalled contrary to that of control group after 27 d
post-injection (Figure 6B).
TABLE 1 | Correlations between METTL14 expression and clinicopathological
characteristics in GC.

Parameters No METTL14 P-value

High (n = 29) Low (n = 61)

Age (years) 0.711
<60 46 14 32
≥60 44 15 29

Gender 0.570
Male 38 11 27
Female 52 18 34

Differentiation grade 0.153
Well/moderate 59 16 43
Poor/undifferentiated 31 13 18

Tumor size (cm) 0.018
<5 49 21 28
≥5 41 8 33

TNM stage 0.026
I/II 60 24 36
III/IV 30 5 25

MSI/MMR 0.754
pMMR/MSI-L/MSS 79 25 54
dMMR/MSI-H 11 4 7
pMMR, proficient mismatch repair; MSI-L, microsatellite instability low; MSS,
microsatellite stable; dMMR, deficient mismatch repair; MSI-H, microsatellite instability high.
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A STAD liver metastasis orthotopic tumor model for
detecting METTL14’s effect was executed on CRC metastasis
in vivo. After 6 weeks, metastatic nodules quantity in METTL14-
OE group’s livers was lower than control group (Figure 6C), the
livers and metastatic nodules, and PTEN expression in metastatic
nodules (Figure 6D, E). Mentioned outcomes further confirmed
that METTL14 plays as a cancer suppressor gene in STAD
growth and metastasis in vivo.
Frontiers in Oncology | www.frontiersin.org 7
DISCUSSION

STAD is a gastrointestinal cancer found globally (17). Invasion
and metastasis are usual characteristics of progressed STAD and
leads to STAD patients’ weak prognosis (18). Despite advanced
therapy developments such as surgery, chemotherapy,
radiotherapy, and immunotherapy, the patients’ survival rate
over five years remains low (19). Therefore, pathological
A B

C D

E F

G H

FIGURE 2 | Overexpression of METTL14 inhibited proliferation, migration and invasion of STAD. (A) METTL14 was lower expression in STAD cell lines (HGC-27,
BGC-823, AGS) compared with normal gastric mucosa cell line RGM-1. (B) Validation the expression level of METTL14 after the over expression METTL14 in HGC-
27 and AGS cells. (C, D) CCK8 were used to detect the cell viability between negative control (NC) and METTL14 overexpression (METTL14-OE) in HGC-27 and
AGS cells (*P < 0.05). (E, F) Colony formation assay were used to detect the proliferation of HGC-27 and AGS cells after METTL14 overexpression (***P < 0.001).
(G, H) Transwell assay were used to detect the migrative and invasive ability of HGC-27 and AGS cells after METTL14 overexpression (**P < 0.01; ***P < 0.001).
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mechanism understanding and particularly proliferation and
metastasis for commanding STAD treatment are essential. The
highlighted evidence in the research has further shown that M6A
methylations are central regulators in human cancers’
pathogenesis such as STAD (20). Previous study reported that
the expression of ALKBH5 in highly aggressive diffuse gastric
adenocarcinoma was significant higher than that of normal
tissue. ALKBH5 stimulates gastric cancer’s invasion and
metastasis through lowering lncRNA NEAT1’s methylation
Frontiers in Oncology | www.frontiersin.org 8
(21). These results have highlighted ALKBH5 being a tumor
promoting gene in gastric cancer. Moreover, FTO also be found
that in the gastric cancer’s progression and metastasis. It has a
relationship with weaker differentiation, lymph node metastasis,
TNM staging, and poor prognosis, and could be crucial
molecular marker for monitoring gastric cancer (22). METTL3
is located in the nucleus and is an enzyme that catalyzes the
modification of m6A. METTL3 in the cytoplasm can also
function independently of enzyme activity and promote
A B

C

D E

F G

FIGURE 3 | METTL14 regulated PTEN expression in STAD. (A) The potential target site of PTEN modified by METTL14 was predicted by m6A2Target.
(B) Correlation analysis between METTL14 and PTEN expression were performed by GEPIA database. (C) PTEN, AKT expression level, and AKT phosphorylation
(Ser473) level were detected after METTL14 overexpression in HGC-27 and AGS cells (***P < 0.001). (D, E) Correlation analysis between METTL14 and PTEN
mRNA expression in STAD tissue (n = 17); (F, G) Correlation analysis between METTL14 and PTEN protein expression in STAD tissue by IHC (n = 14).
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mRNA translation. Although METTL14 is homologous to
METTL3, it lacks the catalytic activity domain of the enzyme,
which is believed to improve the catalytic activity of METTL3 by
providing an RNA binding platform (8). Unlike METTL14,
METTL3 had been considered as a cancer-promoting gene in
various types of cancer (11). METTL3 has a role in gastric cancer
cells’ proliferation and migration regulation, which significantly
affects the expression of a-smooth muscle actin, and is expected
to become gastric cancer’s target in future (23). However,
METTL14’s function in STAD is currently obscure. The
current research has further identified METTL14-mediated
N6-methyladenosine modification of PTEN mRNA controlling
tumor growth and metastasis in STAD, which implied that
METTL14 is a potential therapeutic target in STAD.

We firstly identified the lower expression ofMETTL14 in STAD
via IHC of clinical specimens. Although previous study showed
METTL14 is low expression in gastric cancer, but this result just
Frontiers in Oncology | www.frontiersin.org 9
explored in the database and base on themRNA level (24).Here,we
confirmed the METTL14 was mainly in cell nucleus of the STAD
cells, and lowMETTL14 also correlated to bigger tumor and greater
TNM stage, as well as weaker prognosis. These results further
confirmed the potential favorable biomarker role of METTL14 in
STAD. As previously reported, METTL14 could serve as a suitable
prognostic factor for clear renal cell, carcinoma cell, and
hepatocellular carcinoma (25, 26). However, downregulated
METTL14 expression is just associated with tumor grade and
molecular classification, but not associated with patient prognosis
in breast cancer (27). Moreover, upregulation of METTL14
promotes the growth and metastasis of pancreatic cancer (28).
Therefore, the role of METTL14 in different cancer types has
different impacts in the cancer progress.

Secondly, we further explored the role of METTL14 in the
biological behavior of STAD cells. We further confirmed that
METTL14 as a tumor suppressor in the STAD cells.
A B C D

E F

H

G

I J

FIGURE 4 | METTL14 regulates PTEN mRNA expression via m6A modification in STAD. (A) M6A modification level of total RNA was detected after METTL14
overexpression in HGC-27 and AGS cells. (B) Enrichment of m6A in PTEN was detected after METTL14 overexpression in HGC-27 and AGS cells (***P < 0.001).
(C, D) RIP-qPCR assay were used to detect the enrichment of METTL14 binding PTEN in HGC-27 and AGS cells (*, vs IgG, P < 0.05; #, vs anti-METTL14 in NC
group, P < 0.05). (E) Luciferase reporters of wild type and mutation PTEN were constructed. (F, G) Relative luciferase activity were detected after transfecting wt-
PTEN 3′-UTR-Luc or mut-PTEN 3’-UTR-Luc reporter vectors in METTL14 overexpression or negative control STAD cells *P < 0.05; ns, no significant difference.
(H) METTL14 overexpression mediating PTEN upregulation was antagonized by the PTEN inhibitor, VO-Ohpic, in HGC-27 and AGS cells. (I, J) The overexpression
of METTL14 extended the half-life of PTEN mRNA in HGC-27 and AGS cells. *P < 0.05.
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Overexpression of METTL14 inhibits STAD cells’ propagation,
assault, and migration. These results are also consistent with the
clinical features of METTL14 in STAD. Moreover, the potential
mechanism of METTL14 in suppressing growth and metastasis of
STAD was also studied in our research. Based on the predictive
substrates of METTL14 in m6A2Target database, PTEN is a
potential substrate of METTL14 for m6A modification. Although
the previous studies implied thatMETTL14 plays an important role
in the PI3K/AKT signaling pathway (29), further validations and
definite mechanisms should be explored in the further studies.
Therefore, we verified the relationship between the METTL14 and
PTEN in the STAD cells. Interestingly, METTL14 not only
positively correlated with PTEN expression in STAD from TCGA
database, but also from our verified clinical samples. The western-
blot result also confirms the change of downstream proteins after
overexpression of METTL14 in STAD cells. At last, we confirmed
the m6A modification site of PTEN by METTL14 in STAD cells,
and rescue assays also were used to verify the suppressing role of
METTL14 in STAD which is dependent on the PTEN. Therefore,
wefirstly cleared an exactmechanism in theMETTL14 suppressing
Frontiers in Oncology | www.frontiersin.org 10
STAD inour study. Formorem6Aregulation processes of PTEN in
STAD, such as the downstream regulator of m6A reader, we also
identified that IGF2BP2 and IGF2BP3 were potential binding
proteins for the PTEN m6A modification site and positively
correlated with PTEN expression. As IGF2BP2 and IGF2BP3 can
maintain the stability of mRNAs inm6Amodification process (30,
31), our result also indicated METTL14 can extend the half-life of
PTEN mRNA in STAD cells. Therefore, IGF2BP2 and IGF2BP3
maybe thepotential readers forMETTL14regulating the stabilityof
PTEN mRNA.

At last, the in vivo results are also consistent with the in vitro
results of the role of METTL14 in STAD. Our study used the
HGC-27 cel ls to construct the subcutaneous xeno
transplantation model and STAD liver metastasis orthotopic
tumor model. Overexpression of METTL14 also inhibits STAD
growth and liver metastasis in vivo. These results also provide
important evidences that METTL14 could be a potential target
for treatment for STAD. The agonist of METTL14 also has broad
clinical application prospects in the treatment of cancer.
Moreover, as PTEN is a crucial target in the chemotherapy-
A B

C D

FIGURE 5 | METTL14 inhibits STAD cells proliferation and invasion via regulation of PTEN. (A, B) METTL14 overexpression inhibits HGC-27 and AGS cells growth,
and targeting PTEN by VO-Ohpic antagonized the effect of METTL14 inhibiting the growth of HGC-27 and AGS cells. (C, D) METTL14 overexpression inhibits HGC-
27 and AGS cells invasion. When METTL14 overexpression and treatment of VO-Ohpic in HGC-27 and AGS cells, the invasive abilities of HGC-27 and AGS cells
after METTL14 overexpression was enhanced by VO-Ohpic. (**P < 0.01; ***P < 0.001; ns, no significant difference).
August 2021 | Volume 11 | Article 699749

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yao et al. METTL14 Modifies PTEN in STAD
resistance and cancer immunotherapy (28), the regulation
between METTL14 in the role of chemotherapy-resistance and
cancer immunotherapy in STAD should be further studied.

Summarily, the work conducted in this research involving
empirical analysis has provided benefits in determining the
central role that can be performed by METTL14-mediated
m6A modification in human STAD progression and a
charming m6A-dependent regulatory mechanism. The results
of the current research have shown that METTL14 epigenetically
inhibited the expression of PTEN via an m6A modification
dependent mechanism. This is an important finding that was
be exploited for different types of applications in the field and
focusing on bringing improvements in the areas that currently
lack behind despite substantial development overtime. The
METTL14/PTEN axis finding and the overall effect it can
Frontiers in Oncology | www.frontiersin.org 11
create on STAD metastasis will be useful in performing future
research in STAD considering the efficient therapeutic
techniques, mechanisms, and strategies that can be developed
in providing people relief against STAD.
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