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Abstract. N6‑methyladenosine (m6A) RNA modification 
regulates multiple biological functions. Methyltransferase 
like 3 (METTL3), one of the major N6‑methyltransferases, 
is highly expressed in gastric cancer, but its potential 
role in disease is unclear. The current study knocked out 
METTL3  (METTL3‑KO) in human gastric cancer AGS 
cells using CRISPR/Cas9. METTL3‑KO AGS cells exhibited 
decreased m6A methylation levels. A significant inhibition of 
cell proliferation was observed in METTL3‑KO AGS cells. 
Silencing METTL3 in AGS cells altered the expression profile 
of many effector molecules that were previously demonstrated 
to serve key roles in AGS cell proliferation, including the 
suppressor of cytokine signaling (SOCS) family of proteins. 
The results further demonstrated that SOCS2 upregulation 
in METTL3‑KO AGS cells was associated with a decreased 
RNA decay rate. Furthermore, SOCS2 KO or SOCS2 over-
expression caused a significant increase and decrease in AGS 
cell proliferation, respectively. The current data suggested that 
METTL3‑KO in gastric cancer cells resulted in the suppres-
sion of cell proliferation by inducing SOCS2, suggesting 

a potential role of elevated METTL3 expression in gastric 
cancer progression.

Introduction

Increasing evidence supports that RNA methylation is a 
widespread phenomenon and a critical regulator of transcript 
expression  (1,2). The most prevalent RNA methylation, 
N6‑methyladenosine (m6A), is a reversible RNA post‑tran-
scriptional modification and occurs in approximately 25% of 
transcripts at the genome‑wide level (1). RNA m6A modifi-
cation regulates RNA splicing, translocation, stability, and 
translation into protein (3‑6). Dynamic regulation of the m6A 
epitranscriptome is involved in diverse cellular functions, 
including heat shock, DNA damage, cancer, stem cell differ-
entiation, circadian rhythm, spermatogenesis and oogenesis, 
response to interferon‑γ, and viral infections (2,3,7).

m6A dynamics and functions are executed by three groups 
of proteins: Methyltransferases or ‘writers’, demethylases or 
‘erasers’, and m6A‑binding proteins or ‘readers’ (2,3,7). In 
most cell types, m6A modification is catalyzed by the methyl-
transferase complex consisting of the methyltransferase like 3 
(METTL3) and METTL14 and their cofactors (3,7). The erasers 
include the fat mass and obesity‑associated protein (FTO) and 
alpha‑ketoglutarate‑dependent dioxygenase alkB homolog 
3  (ALKBH3) and ALKBH5  (2,3,7). Increasing evidence 
supports that m6A modification may play an important role 
in tumorigenesis (8,9). For example, METTL3 has been found 
to be upregulated in human glioblastoma tissues, and high 
levels of METTL3 expression in tumor tissues predict poor 
patient survival (10). Suppression of METTL3 or METTL14 
decreases hepatocellular carcinoma cell proliferation, migra-
tion and colony formation in vitro, as well as hepatocellular 
carcinoma tumorigenicity and lung metastasis in vivo (11). 
FTO is over‑expressed in human cervical squamous cell carci-
noma tissues, and high levels of FTO expression correlate with 
poor patient prognosis (12). ALKBH5 is highly expressed in 
glioblastoma stem‑like cells and demethylates FOXM1 nascent 
transcripts, leading to FOXM1 over‑expression, stem‑like cell 
proliferation and tumorigenesis (13).
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Gastric cancer is one of the most prevalent and deadly 
malignancies that threatens global health (14). Previous studies 
demonstrated that the expression level of METTL3 is elevated 
in many gastric cancer cell lines and tumor tissues (15,16). 
The elevated level of METTL3 expression is clinically 
correlated with the procession of gastric cancer  (15,16). 
Results from previous studies indicate that gastric cancer 
cell proliferation is associated with aberrant expression 
of various effector molecules, such as leucine rich repeat 
containing G protein coupled receptor 5 (LGR5), RAD17 
checkpoint clamp loader component (RAD17), facilitated 
trehalose transporter Tret1‑2 homolog (TRET1‑2), ATPase 
Na+/K+ transporting subunit beta 1 (ATP1B1), matrix metal-
lopeptidase 3 (MMP3), HEPANAS_3, interferon induced 
transmembrane protein 3 (IFITM3), and S100 calcium 
binding protein A4 (S100A4) (17‑19). In addition, increasing 
evidence supports that the activity of the suppressor of cyto-
kine signaling (SOCS) family proteins correlates with the 
progression and poor prognosis in various cancers, including 
gastric cancer  (20). SOCS2 is well defined as a negative 
feedback regulator in multiple proliferation‑related pathways 
and may act as a tumor suppressor in multiple malignan-
cies (21‑26). However, the role of METTL3 in gastric cancer 
progression and whether METTL3 can modulate SOCS 
expression to regulate gastric cancer cell proliferation are still 
not fully understood. In this study, we report that upregulation 
of METTL3 in gastric cancer may maintain gastric cancer 
tumorigenicity through suppressing SOCS2 to promote cell 
proliferation.

Materials and methods

Gastric cancer cell line culture. The AGS cells (the gastric 
cancer cell line) were purchased from American Type Culture 
Collection (ATCC). Cells were cultured in the medium with 
L‑15 medium supplemented with 10% fetal bovine serum and 
100 U penicillin/streptomycin as recommended.

CRISPR‑Cas9 knockout METTL3. We took the CRISPR/Cas9 
approach to knock out the METTL3 gene (NCBI Gene ID 
56339) in AGS cells and generate stable cell lines. AGS 
cells were transfected with the METTL3 CRISPR/Cas9 and 
Homology‑Directed Repair (HDR) plasmids (Santa Cruz 
Biotech, Inc.). Stably transfected cells were selected, collected 
and further confirmed and validated by real‑time PCR and 
Western blot analysis, as in our previous studies (27).

Cell transfection. The specific siRNA to SOCS2 (si‑SOCS2) 
was obtained from Santa Cruz Biotech, Inc. (sc‑40998). A 
non‑specific siRNA of a scrambled sequence from Santa Cruz 
was used as the control. siRNA was mixed with Lipofectamine 
RNAiMax (Thermo Fisher Scientific) and transfected into 
cells, as we previously reported (28). The pCMV6 plasmid 
with full‑length SOCS2 sequence (pCMV6‑SOCS2) was 
purchased from Origene (RC203163). The pCMVv6 empty 
vector from Origene was used as the control. AGS cells were 
transfected with the plasmid via Lipofectamine 2000 (Thermo 
Fisher Scientific)  (28). Knockdown or overexpression of 
SOCS2 in AGS cells was validated by real‑time PCR at 48 h 
after transfection.

Cell proliferation and apoptotic death assays. AGS 
cells were initially seeded in 96‑well plate at a density of 
1x103 cells/well. At various culture hours of incubation after 
seeding, the 3‑(4,5‑dimethylthiazol‑2‑yl)‑5‑(3‑carboxymetho
xyphenyl)‑2‑(4‑sulfophenyl)‑2H‑tetrazolium (MTS) reagent 
was added cells (Promega) for MTS assay. After 1 h of incu-
bation, the OD490 value was measured with a SpectraMax 
(Molecular Devices Corporation). AGS proliferation was also 
measured by direct count of cell numbers. Cells were plated 
at 1x104 per well in 12‑well plate. At various culture hours 
of incubation after seeding, cells were trypsinized and total 
numbers were counted in a double‑blind manner. The Annexin 
V‑FITC apoptosis staining/detection kit (Abcam) was used to 
detect apoptotic cell death.

Real‑time PCR. RNA expression levels were quantified by 
using real‑time PCR. Total RNA was extracted with the 
Trizol reagent (Invitrogen). A total of 500 ng RNA was used 
for reverse transcription (Invitrogen). PCR reactions were 
performed using the SYBR Green reagent (Bio‑Rad) on a 
Bio‑Rad CFX96 platform. The glyceraldehyde‑3‑phosphate 
dehydrogenase (GAPDH) was utilized as internal control. 
Each sample was run in triplicate. The relative abundance 
of each RNA was calculated using the 2-ΔΔCt method and 
normalized to GAPDH as we previously reported (27,28). 
The sequences of all the primers were listed in Table I.

Western blot. AGS cell cultures were harvested and lysed with 
the M‑PER mammalian protein extraction reagent (Thermo 
Fisher Scientific). Samples were run in 10%  acrylamide 
gel (30 µg total protein/well) and transferred to the PVDF 
membranes (Millipore). Membranes were then subjected to the 
following primary antibody at 4˚C overnight: Anti‑METTL3 
(1:1,000, 15073‑1‑AP; Proteintech), anti‑SOCS1 (Proteintech), 
anti‑SOCS2 (1:1,000, 2779, CST, MA, USA), anti‑SOCS3 
(Proteintech), anti‑tyrosine phosphorylation (Santa Cruz 
Biotech Inc.), anti‑beta actin (Santa Cruz Biotech Inc.) or 
anti‑GAPDH (Santa Cruz Biotech Inc.). Details for Western 
blot are as described in our previous studies (28,29).

m6A quantification. Total RNA extracted from cells was puri-
fied as described above for real‑time PCR analysis. The rRNA 
and noncoding RNAs were removed using the Dynabeads 
mRNA Purification kit (Thermo Fisher Scientific). A total of 
200 ng mRNA of each sample was used for m6A quantifica-
tion using the EpiQuik m6A Methylation Quantification kit 
(Colorimetric; Epigentek), according to the manufacturer's 
protocol.

RNA stability. AGS cells were seeded in 12‑well plates at a 
density of 2x104/well. After overnight adhesion, cells were 
treated with actinomycin (A9415; Sigma Aldrich) at a final 
concentration of 10 µg/ml. Cells were collected and total RNA 
isolated at different time points after actinomycin treatment (0, 
30 min or 2 h). Expression levels of specific genes of interest 
were quantified by using real‑time PCR.

Statistical analysis. All experiments were performed as three 
independent replications. Experiment data were presented as 
the mean ± SEM. Student's t‑test (for differences between two 
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groups) or one‑way ANOVA (for multiple group comparisons) 
was used to analyze the data using SPSS software (v20.0; SPSS, 
Inc.). Tukey post hoc tests were conducted following one‑way 
ANOVA to determine significant differences between specific 
groups in datasets containing 3 or more groups. P<0.05 was 
considered to be statistically significant.

Results

The establishment of stable METTL3‑knockout (METTL3‑KO) 
gastric cancer cell lines. We took the CRISPR‑Cas9 
approach to generate stable knockout gastric cancer cells 
using the well‑documented human AGS cell line. Two gener-
ated cell lines of METTL3‑KO, METTL3‑KO‑C20 and 
METTL3‑KO‑C43, were generated and knockout of METTL3 
in the cells was confirmed by using real‑time PCR and Western 
blot (Fig. 1A and B). No real‑time PCR product was detected in 
the KO cells using the primer sets covering the targeted region 
of METTL3 (Fig. 1A). Western blot showed a decrease in 

signaling of METTL3 band in the METTL3‑KO‑C20 cells and 
a truncated form of METTL3 protein for the METTL3‑KO‑C43 
cells (Fig. 1B). A significant decrease in the global m6A levels 
was detected in METTL3‑KO‑C20 and METTL3‑KO‑C43 
cells, compared with the wild‑type AGS cells (Fig. 1C).

METTL3‑KO cells elicit an inhibitory ef fect on cell 
proliferation. We then examined the effects of METTL3 
KO on AGS cell proliferation. The METTL3‑KO‑C20 
and ‑C43 cells showed a decrease in cell growth as revealed 
by cell number counting and by MTS assay, respectively 
(Fig. 2A and B). Decrease in cell number of METTL3‑KO 
AGS cells is not due to increased cell death as no signifi-
cant difference in apoptotic cell death was observed in the 
wild‑type and METTL3‑KO cells (data not shown). These 

Figure 1. Establishment of METTL3‑KO AGS cells. AGS cells were trans-
fected with METTL3 CRISPR/Cas9 and homology‑directed repair plasmids. 
Colonies were selected and confirmed by detecting METTL3 expression 
and global m6A levels. (A)  Stable METTL3‑KO AGS cells (AGS‑C20 
and AGS‑C43) were selected and METTL3‑KO was confirmed via PCR 
analysis of METTL3 RNA. (B) Stable METTL3‑KO AGS cells (AGS‑C20 
and AGS‑C43) exhibited a significant decrease or a truncated expression of 
METTL3 protein, as determined via western blotting. Representative images 
are presented. Densitometric levels of positive bands were quantified and 
are expressed as the ratio to β‑actin. (C) A significant decrease in global 
m6A levels was detected in METTL3‑KO AGS cells. *P<0.05 vs. AGS‑WT. 
METTL3‑KO, methyltransferase like 3 knocked down; WT, wild type.

Table I. The sequences of real‑time PCR primers.

Primer	 Sequence (5'‑3')

METTL3‑F	 CTTTGCCAGTTCGTTAGTCTC
METTL3‑R	 CTGACCTTCTTGCTCTGTTGT T
SOCS1‑F	 TCTGTAGGATGGTAGCACACA
SOCS1‑R	 GGAAGAGGAGGAAGGTTCTG
SOCS3‑F	 GACGATAGCAACCACAAGTG
SOCS3‑R	 AGATTCCCTGGCAGTTCTC
SOCS2‑si‑F	 AGGGAATGGCAGAGACACT
SOCS2‑si‑R	 TGGCAGAGAGAGAAGGGAT
SOCS2‑OE‑F	 CGAATACCAAGACGGAAA
SOCS2‑OE‑R	 CAGATGAACCACACTGTCA
MMP7‑F	 ATGAGGATGAACGCTGGA
MMP7‑R	 TGTCCCATACCCAAAGAATG
S100A4‑F	 AGAGGGTGACAAGTTCAAGC
S100A4‑R	 GTCCAAGTTGCTCATCAGC
TERT‑F	 GCTCCCATTTCATCAGCA
TERT‑R	 CTGCGTTCTTGGCTTTCA
Rad17‑F	 TGCCATACCTTGCTCTACTAAC
Rad17‑R	 TTCAATCTTCCAAAGTGTCG
Heparanase‑F	 TGCTATCCGACACCTTTGC
Heparanase‑R	 CTTGCCTCATCACCACTTCTAT
MMP7‑F	 CCAACCTATGGAAATGGAGA
MMP7‑R	 GAATGGATGTTCTGCCTGA
ATP1B1‑F	 TCAAACCTAAGCCTCCCA
ATP1B1‑R	 CTCCACATTTCCAACTTTATCC
IFITM3‑F	 TCGCCTACTCCGTGAAGTCT
IFITM3‑R	 GGATGACGATGAGCAGAATG
LGR5‑F	 CTACATGGTCGCTCTCATCTTG
LGR5‑R	 ATATTCTCCAGGTCTCCCTTGTC
GAPDH‑F	 TGCACCACCAACTGCTTAGC
GAPDH‑R	 GGCATGGACTGTGGTCATGAG

F, forward, R, reverse.
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data suggest that METTL3 may play an important role in 
regulating AGS cell proliferation.

Altered expression pattern of effector molecules associated 
in cell proliferation in METTL3 KO AGS cells. To explore 
the underlying mechanisms of METTL3‑mediated cell 
proliferation suppression in AGS cells, we asked if METTL3 
can affect the expression levels of these effector molecules 

that are associated with gastric cancer cell proliferation 
demonstrated from previous studies (17‑19). We screened 
the expression levels of these effector molecules in our 
METTL3‑KO AGS cells, compared with that in the wild‑type 
cells. Interestingly, many of them showed an increased 
expression level in METTL3‑KO‑C20 cells (Fig.  3A) 
and METTL3‑KO‑C43 cells (data not shown). Whereas a 
decrease in HEPANAS_3 was detected in the METTL3‑KO 

Figure 2. Inhibition of METTL3‑KO AGS cell proliferation. AGS‑WT and AGS METTL3‑KO cells were cultured for up to 96 h. (A) METTL3‑KO C20 
and C43 cells demonstrated a reduced proliferation rate as determined via cell counting. (B) The MTS assay revealed a decreased cell proliferation in 
METTL3‑KO‑C20 and ‑C43 AGS cells. *P<0.01 vs. AGS-WT. METTL3‑KO, methyltransferase like 3 knocked down; WT, wild type; OD, optical density.

Figure 3. Expression of effector molecules associated with AGS cell proliferation in METTL3‑KO AGS cells. (A) Expression of selected genes associated 
with AGS cell proliferation were measured using reverse transcription‑quantitative PCR. Several of these genes, including SOCS1, SOCS2, SOCS3 and 
LGR5, exhibited decreased expressions in METTL3‑KO cells when compared with METTL3‑WT cells. (B) Inhibition of RAD17, LGR5 and SOCS2 RNA 
stability in METTL3‑KO AGS cells. AGS‑WT and AGS METTL3‑KO cells were cultured in the presence of actinomycin for 2 h. Levels of RAD17, LGR5 
and SOCS2 were measured in cells following actinomycin treatment and compared with cells tested prior to actinomycin administration. Reduced RNA levels 
represents degradation rate. A lower degradation rate was observed for RAD17, LGR5 and SOCS2 in METTL3‑KO AGS cells compared with AGS‑WT. 
*P<0.01 vs. AGS‑WT. METTL3‑KO, methyltransferase like 3 knocked down; WT, wild type; SOCS, suppressor of cytokine signaling; LGR5, leucine‑rich 
repeat‑containing G‑protein coupled receptor 5; RAD17, RAD17 checkpoint clamp loader component.
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AGS cells, no detectable changes in IFITM3 and S100A4 
expression levels was observed between METTL3‑KO cells 
and wild‑type AGS cells (Fig. 3A). The above data suggest 
that METTL3‑mediated RNA methylation may impact the 
expression of genes that can subsequently influence AGS 
cell proliferation.

We then aimed to explore the underlying molecular 
mechanisms by which METTL3 may control expression of 
these genes. Previous studies show that RNA m6A methyla-
tion exerts its function via modulation of RNA stability (4). To 
investigate this potential, we carried out the RNA stability 
assay. After blocking new RNA synthesis with actinomycin, 
a slower decay rate for RAD17, LGR5 and SOCS2 RNAs was 
observed in METTL3‑KO AGS cells (Fig. 3B), suggesting 
modulation of their stability through m6A modification.

Aberrant expression of SOCS2 may contribute to 
METTL3‑mediated cell proliferation in AGS cells. Given 
the fact that several SOCS family members are among 
these effector molecules that are upregulated in the 
METTL3‑KO AGS cells (Fig. 3), we hereafter focused on 
the SOCS family members to explore their potential role 
in METTL3‑associated AGS cell proliferation. To further 
confirm the expression of SOCSs associated with METTL3 
in AGS cells, we expanded our measurement of SOCS1, 
SOCS2, and SOCS3 at both RNA level and protein levels 
in METTL3‑KO cells. The expression of SOCS1, SOCS2, 
and SOCS3 at the RNA level was significantly higher in the 
METTL3‑KO cells, compared with that in the wild‑type 
AGS cells (Fig. 4A‑C). Nevertheless, at the protein level, 
only SOCS2, but not SOCS1 and SOCS3, showed an 
increased content in the METTL3‑KO cells, compared with 
that in the wild‑type AGS cells (Fig. 4D‑F).

To further exclude the potential involvement of SOCS1 and 
SOCS3 in METTL3‑mediated cell proliferation, we measured 
the activation of SOCS1 and SOCS3 in METTL3‑KO AGS 
cells. One of its key downstream transcription factors for 
the SOCS signaling is the STAT family proteins (30). The 
activation of the STAT signaling pathway involves tyrosine 

Figure 4. Expression of SOCS1, SOCS2 and SOCS3 at the RNA and protein levels in METTL3‑WT and METTL3‑KO AGS cells. Elevated RNA expressions 
of (A) SOCS1, (B) SOCS2 and (C) SOCS3 were detected in METTL3‑KO AGS cells, as determined via reverse transcription‑quantitative PCR and compared 
with METTL3‑WT AGS cells. METTL3‑KO resulted in increased levels of (E) SOCS2, but not (D) SOCS1 and (F) SOCS3 (F) protein in AGS cells, as 
determined via western blotting and compared with METTL3‑WT AGS cells. β‑actin was also immunoblotted to ensure equal loading of proteins to each 
lane. Representative blotting images are presented. Densitometric levels of positive bands for SOCS1, SOCS2 and SOCS3 were quantified and are expressed 
as the ratio to β‑actin. *P<0.01 vs. AGS‑WT. SOCS, suppressor of cytokine signaling; METTL3, methyltransferase like 3; WT, wild type; KO, knocked down.

Figure 5. Tyrosine phosphorylation of STAT1 and STAT3 in METTL3‑WT 
and METTL3‑KO AGS cells. METTL3‑WT and METTL3‑KO AGS cells 
were collected after IL‑6 stimulation for up to 60 min, followed by Western 
blotting for total and tyrosine phosphorylation of STAT1 and STAT3. No 
detectable changes in the total and tyrosine phosphorylation of (A) STAT1 
and (B) STAT3 were detected in METTL3‑KO AGS cells following IL‑6 
stimulation compared with WT AGS cells. Representative blotting images 
from three independent experiments are presented. STAT, signal transducer 
and activator of transcription; METTL3, methyltransferase like 3; WT, wild 
type; KO, knocked down; IL, interleukin; p, phosphorylated; t, total.
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phosphorylation of STAT proteins (31). We then measured by 
Western blot the expression of STAT1 and STAT3 at the protein 
level in METTL3‑KO AGS cells in response to IL6 stimula-
tion. No detectable changes in the protein content of STAT1 
(Fig. 5A) and STAT3 (Fig. 5B) was observed in METTL3‑KO 
AGS cells following IL‑6 stimulation, compared with the 
wild‑type cells. Moreover, we also blotted for the tyrosine 
phosphorylation ratio relative to the total protein levels in 
METTL3‑KO AGS cells. We failed to detect any difference 
in the tyrosine phosphorylation status of STAT1 and STAT3 
in IL‑6‑treated MELLT3‑KO cells, compared with that in the 
wild‑type AGS cells (Fig. 5A and B).

Given the significant increase in SOCS2 protein level in 
METTL3‑KO in AGS cells, we further tested the potential 
role of SOCS2 in METTL3‑mediated cell proliferation by 
manipulating its expression. We took the RNAi approach to 
knockdown SOCS2 and used the pCMV6‑SOCS2 plasmid to 
transfect cells to upregulate SOCS2 expression in AGS cells 
(Fig. 6A). Accordingly, a significant increase or decrease in 
cell proliferation was detected in the SOCS2 siRNA‑treated 
AGS cells and cells overexpressing SOCS2, respectively 
(Fig. 6B), further supporting the role of SOCS2 in regulating 
AGS cell proliferation.

Discussion

m6A modification is the most prevalent internal modifica-
tion decorating RNA molecules and may play a critical 
regulatory role in a series of biological processes, such as 
RNA decay, splicing, translation and transportation  (3‑6). 
Emerging evidence indicates that the cellular status of m6A 
modification may impact the pathologic processes of various 
cancers (8,9,32). METTL3, a major writer of m6A modifica-
tion, is often upregulated in numerous malignancies and 
can epigenetically silence specific gene expression, eliciting 
a potential oncogenic function  (11,33). Previous studies 
demonstrated that expression levels of METTL3 can criti-
cally change the cell cycle and apoptosis processes in hepatic 
cancer and acute myeloid leukemia  (11,34). METTL3 is 
usually upregulated in gastric cancer, which should maintain 
a higher m6A RNA modification level in tumor cells. In this 
report, we demonstrate that knockdown of METTL3 in gastric 
cancer cells results in suppression of cell proliferation through 
induction of SOCS2, suggesting a potential role for elevated 
METTL3 expression in gastric cancer progression.

Given the elevated expression level of METTL3 in gastric 
cancer tissues  (15,16), we took the CRISPR/Cas9 approach 

Figure 6. Manipulation of SOCS2 expression alters the proliferation of AGS cells. Knockdown of SOCS2 in AGS‑WT cells promoted cell proliferation in AGS 
cells. Cells were treated with SOCS2‑siRNA to knock down SOCS2. Cells treated with a non‑specific control siRNA were used as controls. AGS cell treatment 
with SOCS2‑siRNA significantly knocked down SOCS2 expression in AGS‑WT cells at (A) RNA and (B) protein levels. *P<0.05 vs. Ctrl siRNA. (C) A signifi-
cantly higher cell proliferation rate was detected by using an MTS assay in cells treated with siRNA‑SOCS2 when compared with cells treated with Ctrl‑siRNA. 

*P<0.05 vs. Ctrl siRNA. Overexpression of SOCS2 inhibited cell AGS cell proliferation. Cells were transfected with pCMV6‑SOCS2 (full‑length‑SOCS2) to 
overexpress SOCS2. Cells treated with the pCMV6 empty vector were used as controls. SOCS2 overexpression in AGS‑WT cells following transfection of 
pCMV6‑SOCS2 was confirmed via reverse transcription‑quantitative PCR and western blotting, respectively, at (D) RNA and (E) protein levels. *P<0.05 vs. 
pCMV6‑Ctrl. A significantly lower cell proliferation rate was detected using an MTS assay in cells transfected with pCMV6‑SOCS2 compared with pCMV6 
empty vector‑treated cells (F) Representative blotting images are presented in B and E. Densitometric levels of positive band for SOCS2 were quantified and 
are expressed as the ratio to GAPDH. *P<0.05 vs. pCMV6‑Ctrl. SOCS, suppressor of cytokine signaling; WT, wild type; siRNA, small interfering RNA; 
Ctrl, control; OD, optical density.
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to generate stable cell lines of gastric cancer cells deficient in 
METTL3 function. The CRISPR/Cas9 approach may provide 
several advantages over the siRNA approach, as it may be more 
specific and can generate stable KO cells (35). Of these stable 
METTL3‑KO cells that generated from this approach, we 
selected two clones, METTL3‑KO‑C20 and METTL3‑KO‑C43, 
which showed an almost complete deletion of METTL3 RNA 
expression as evident by the PCR analysis using the primer 
set covering the CRISP/Cas9 target region of METTL3. 
Interestingly, Western blot indicated a significant decrease in 
signaling of METTL3 band in the METTL3‑KO‑C20 cells and 
a truncated form of METTL3 protein for the METTL3‑KO‑C43 
cells. Nevertheless, both cell lines demonstrated a significant 
suppression of global m6A methylation, compared with the 
wild‑type cells. Functionally, knockdown of METTL3 signifi-
cantly reduced AGS cell proliferation.

The process of AGS cell proliferation involves a complex 
regulatory network of multiple signaling pathways, involving 
key effector molecules, such as SOCS1, SOCS2, SOCS3, LGR5, 
RAD17, TRET_2, ATP1B1, MMP7_3, HEPANAS_3, IFITM3, 
and S100A4 (17‑19). Interestingly, knockdown of METTL3 in 
AGS cells showed an increased expression level for many of 
these effector molecules, implicating that METTL3‑mediated 
RNA methylation may influence the expression of key compo-
nents of multiple signaling pathways to modulate AGS cell 
proliferation. Regulation of RNA stability, particularly for 
SOCS2, may be involved in METTL3‑mediated gene expres-
sion associated with AGS cell proliferation.

SOCS2, a member of the SOCS family that regulates 
multiple cytokine‑induced intracellular signal pathways, is 
involved in the regulation of numerous biological processes, 
including immune responses (36,37). SOCS2 can be activated 
through tyrosine phosphorylation and may act as a down-
stream factor of the JAK/STAT pathway, providing a negative 
feedback regulation to this signaling pathway (38). Indeed, 
the JAK/STAT signal pathway is often dysregulated in gastric 
cancer (39). The JAK/STAT signaling pathway participates in 
multiple cancerous cellular processes: apoptosis, proliferation, 
metastasis and inflammation (40‑43). Aberrant expression of 
SOCS2 is of important pathologic significance in development 
of many diseases (38,44). Overexpression of SOCS2 showed a 
proliferation‑suppression effect in gastric cancer cells (45). In 
this study using AGS cells in culture, we failed to detect any 
difference in the tyrosine phosphorylation status of STAT1 and 
STAT3 in the MELLT3‑KO AGS cells, compared with that in 
the wild‑type cells. Instead, we observed the negative associa-
tion of SOCS2 and cell proliferation in gastric cancer cells. 
Knockdown of METTL3 resulted in an increased expression 
of SOCS2, accompanied with a decreased cell proliferation 
in AGS cells. Experimentally induced suppression or forced 
expression of SOCS2 caused reciprocal alterations in AGS cell 
proliferation, indicating that SOCS2 downregulation, at least 
partially, contributes to METTL3‑mediated cell proliferation 
in cultured AGS cells. Several recent reports indicate that 
METTL3 may contribute to the proliferation and migration 
of gastric cancer (16,46‑48). Results from our study further 
support that an elevated expression of METTL3 may increase 
AGS cell proliferation, promoting cancer progression. 
Therefore, targeting METTL3‑mediated RNA methylation 
and SOCS signaling may be of therapeutic potential for gastric 

cancer. Future experiments should investigate the molecular 
mechanisms of METTL3‑mediated gastric cancer progres-
sion, including in vivo experiments on the role of SOCS2 in 
METTL3‑mediated cancer cell proliferation.
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