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METTL3 Facilitates Oral Squamous Cell Carcinoma
Tumorigenesis by Enhancing c-Myc Stability
via YTHDF1-Mediated m6A Modification
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N6-Methyladenosine (m6A) is the most common internal
modification of eukaryotic messenger RNA (mRNA) that
occurred on the N6 nitrogen of adenosine. However, the roles
of m6A in oral squamous cell carcinoma (OSCC) are still
elusive. Here, we investigate the function and mechanism of
methyltransferase-like 3 (METTL3) in OSCC tumorigenesis.
Clinically, METTL3 was significantly upregulated in tissue
samples and correlated with the poor prognosis of OSCC pa-
tients. Functionally, loss and gain studies illustrated that
METTL3 promoted the proliferation, invasion, and migration
of OSCC cells in vitro, and METTL3 knockdown inhibited tu-
mor growth in vivo. Mechanistically, methylated RNA immu-
noprecipitation sequencing (MeRIP-seq) illustrated that
METTL3 targeted the 30 UTR (near to stop codon) of the
c-Myc transcript to install the m6A modification, thereby
enhancing its stability. Furthermore, results revealed that
YTH N6-methyladenosine RNA binding protein 1 (YTH
domain family, member 1 [YTHDF1]) mediated the m6A-
increased stability of c-Myc mRNA catalyzed by METTL3. In
conclusion, our findings herein identify that METTL3 acceler-
ates the c-Myc stability via YTHDF1-mediated m6A modifica-
tion, thereby giving rise to OSCC tumorigenesis.
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INTRODUCTION
Oral squamous cell carcinoma (OSCC) is one of the most common
cancers of the oral or head-and-neck region, accounting for approx-
imately 90% of oral neoplasms and 3% of systemic malignancy.1,2

OSCC is always characterized by the highmetastatic, high recurrence,
and poor prognosis in clinical treatment.3 Although great progress
has been made for the therapeutic strategy during the past decades,
the prognosis of OSCC individuals is still poor.4,5 It is reported that
the pathogenesis of OSCC is involved with diverse risk factors and
mechanisms that trigger the recurrence and metastasis of OSCC.

N6-Methyladenosine (m6A) is one of the most abundant internal
modifications in eukaryotic messenger RNA (mRNA) that plays crit-
ical roles in gene-expression regulation, including stability, splicing,
and translation.6 In the overall statistic, there are around 25% of
mRNAs containing at least one m6A nucleotide site, especially at the
Molecula
This is an open access article under the CC BY-N
adenosine.7 m6A is specifically catalyzed at the consensus motif
DRACH (where D = A/G/U, R = A/G, and H = A/C/U). In addition
to m6A, there are other types of post-transcriptional modifications,
including 5-methylcytosine (m5C) andpseudouridine (c).8,9 To detect
the regions harboring m6A (m6A peaks), researchers developed
immunoprecipitation-based approaches coupled with high-
throughput sequencing (m6A-seq, m6A-methylated RNA immuno-
precipitation [MeRIP]) with high accuracy.10 Besides, it could also
perform UV crosslinking to covalently bind the anti-m6A antibody
(referred to as methylation individual-nucleotide-resolution cross-
linking and immunoprecipitation [miCLIP]) for identification of sin-
gle-modified nucleotides within RNA species.11

m6Amodification is a dynamic and reversible processmediated by three
m6A key elements: “writers,” “erasers,” and “readers.”12 It is catalyzed
mainly by the RNA methyltransferase complex (writers), including
methyltransferase-like 3 and 4 (METTL3 and METTL14) and Wilms’
tumor 1-associated protein (WTAP).13 The methylation is removed
by the RNA demethylases (erasers), including fat mass and obesity-
associated protein (FTO) and alkB homolog 5 (ALKBH5).14 In this pro-
cess, the m6A reader proteins are also essential, including YTH domain
family (YTHDF), insulin-like growth factor 2mRNA binding protein 2
(IGF2BP), andHNRNPA2B1.Current research indicates thatMETTL3
is responsible for catalyzingm6A installation,15METTL14 is involved in
interacting with targetmRNA,16 andWTAP is in charge of the localiza-
tion in the nuclear speckle.17 YTHDF proteins are identified as a reader
of m6A to regulate the stability of m6A-bearing transcripts. These ele-
ments of m6A have been found to significantly regulate the human
tumorigenesis origination, such as acute myeloid leukemia,7,18 gastric
cancer,19 breast cancer,20 and pancreatic cancer,21 et al.
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Figure 1. MeRIP-Seq Analysis Unveils the m6A Profiles in the OSCC Cells

(A) m6A-RNA immunoprecipitation sequencing (MeRIP-seq) was performed. Metagene profile illustrated the m6A distribution in 50 untranslated region (UTR), coding se-

quences (CDS), stop codon, and 30 UTR. (B) Metagene profile of m6A distribution showed the m6A peaks in the stop codon, including the CDSs and 30 UTRs. (C) Pathway
analysis showed the potential pathway for the OSCC. (D) Gene Ontology (GO) analysis showed the target manners for the OSCC. (E) Volcano plot for MeRIP-seq analysis

showed the different expression of transcripts, including upregulated and downregulated transcripts. (F) The Integrative Genomics Viewer (IGV) tool revealed the m6A peak

distribution c-Myc mRNA.
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Figure 2. m6A Methyltransferase METTL3 Indicates the Poor Prognosis of OSCC

(A) Results based on the TCGA (http://software.broadinstitute.org/software/igv/tcga) and GEPIA (http://gepia.cancer-pku.cn/index.html) databases showed the expression

level of methyltransferase (METTL3, METTL14), demethyltransferase (ALKBH5, FTO), and reader (YTHDF1, YTHDF2). (B) qRT-PCR illustrated the quantitative analysis of

METTL3 and YTHDF1. (C) In the OSCC cells, quantitative analysis of METTL3 was performed by the qRT-PCR. (D) Kaplan-Meier and log-rank testing showed the prognosis

of patients in the OSCC patients cohort. Three independent experiments were performed. *p < 0.05 versus control; **p < 0.01 versus control.
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In present study, we herein identified that METTL3, a major RNA
N6-adenosine methyltransferase, was significantly upregulated in hu-
man OSCC tissue and cells. Knockdown of METTL3 remarkably
repressed the proliferation, invasion, and migration in vitro and
tumorigenicity in vivo. In further research, we identify the m6A-in-
creased c-Myc stability mediated by YTHDF1. The METTL3/
m6A/YTHDF1/c-Myc axis might provide a novel insight for OSCC-
targeted therapy.
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Table 1. Correlation within METTL3 Expression and the Clinicopathological

Characteristic of OSCC Patients

Characteristics T = 20

METTL3 Expression

p ValueLow (9) High (11)

Gender

Male 12 6 6 0.475

Female 8 3 5

Age

<60 years 11 5 6 0.725

R60 years 9 4 5

TNM Stage

I–II 6 3 3 0.025a

III–IV 14 6 8

Tumor Size

<3 cm 7 3 4 0.322

R3 cm 13 6 7

Histological Differentiation

Well/moderate 11 6 5 0.468

Poor 9 3 6

TNM, Tumor-Node-Metastasis.
ap < 0.05 represents statistical differences.
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RESULTS
MeRIP-Seq Analysis Unveils the m6A Profiles in OSCC Cells

To investigate the downstream targetmRNAs ofMETTL3,m6A-RNA
immunoprecipitation sequencing (MeRIP-seq) was performed using
OSCC cells and normal cells to analyze the potential m6A site distri-
butions in the target mRNAs. A proportion of m6A peak distributions
displayed the m6A peaks in the 30 untranslated region (UTR), 50 UTR,
exon, intron, downstream region, and distal intergenic region (Fig-
ure 1A). The metagene profile of m6A distribution showed that the
m6A peaks were primarily enriched around the stop codon, including
coding sequences (CDSs) and 30 UTRs (Figure 1B). Pathway analysis
showed the potential pathway for OSCC (Figure 1C). Gene Ontology
(GO) analysis showed the target manners for OSCC (Figure 1D). The
volcano plot for MeRIP-seq analysis showed the different expression
of transcripts, including upregulated and downregulated transcripts
(Figure 1E). The Integrative Genomics Viewer (IGV) tool revealed
the m6A peak distribution c-Myc mRNA (Figure 1F).
m6A Methyltransferase METTL3 Indicates the Poor Prognosis

of OSCC

Our team focused on the roles of m6A modification on OSCC
tumorigenesis, and then we investigated the critical elements in this
regulation, including methyltransferase (METTL3, METTL14),
demethyltransferase (ALKBH5, FTO), and reader (YTHDF1,
YTHDF2). Results based on the The Cancer Genome Atlas
(TCGA; http://software.broadinstitute.org/software/igv/tcga) and
Gene Expression Profiling Interactive Analysis (GEPIA; http://
gepia.cancer-pku.cn/index.html) databases showed that the expres-
4 Molecular Therapy: Nucleic Acids Vol. 20 June 2020
sion levels of m6A catalytic proteins were upregulated in varying de-
grees, including METTL3, METTL14, ALKBH5, FTO, YTHDF1, and
YTHDF2 (Figure 2A). In our enrolled OSCC tissue specimens, quan-
titative analysis found that METTL3 and YTHDF1 were upregulated
(Figure 2B). In OSCC cells, the level of METTL3 was upregulated
compared with the control normal cells (Figure 2C). In the OSCC pa-
tients’ cohort, the high expression of METTL3 indicated the poor
prognosis of OSCC patients (Figure 2D; Table 1). Clinically, m6A
methyltransferase METTL3 indicates the poor prognosis of OSCC.

METTL3 Accelerates the Proliferation, Invasion, and Migration

of OSCC Cells

To investigate the biological roles of METTL3 for OSCC cells, we es-
tablishedMETTL3 silencing or overexpression via the stable transfec-
tion into SCC25 cells and CAL27 cells. Quantitative real-time reverse
transcription polymerase chain reaction (qRT-PCR) analysis showed
that METTL3 mRNA was significantly reduced in SCC25 cells,
whereas it was remarkably upregulated in the CAL27 cells (Figure 3A).
Then, gain- and loss-of-functional assays were performed to identify
the roles of METTL3 in OSCC cells (SCC25, CAL27). Western blot
analysis showed that METTL3 short hairpin RNA (shRNA) silenced
its protein expression, and METTL3 overexpression plasmids
enhanced its protein level (Figure 3B). For the proliferation ability,
5-ethynyl-20-deoxyuridine (EdU) assay was performed and illustrated
that METTL3 promoted the proliferation of OSCC cells (Figure 3C).
Wound-healing assay illustrated that METTL3 promoted the migra-
tion of OSCC cells (Figure 3D). Transwell invasion and migration
assay elucidated that METTL3 silencing repressed the invasion and
migration, whereas METTL3 overexpression promoted the invasion
and migration (Figures 3E and 3F). Therefore, these evidences sup-
port that METTL3 accelerates the proliferation, invasion, and migra-
tion of OSCC cells.

METTL3 Catalyzes the c-Myc mRNA 30 UTR Methylation to

Facilitate Its Stability

Our previous research has reported the critical roles of oncogene c-Myc
inOSCC tumorigenesis.22Moreover, Vu et al.23 indicated thatMETLL3
could facilitate the translation of c-Myc in myeloid leukemia, which
inspired us to reveal whether METTL3 could regulate the expression
of c-Myc. The consensus motif of METTL3 was identified (GGACU)
in the m6A modification targeting the 30 UTR of c-Myc mRNA, which
was adjacent to the stop codon (Figures 4A and 4B). The GEPIA data-
base derived by TCGA illustrated that c-Myc expression was positively
correlated with METTL3 in head and neck cancer individuals (Fig-
ure 4C). Dot blot analysis (Figure 4D) and m6A quantitative analysis
(Figure 4E) showed that METTL3 silencing reduced the global m6A
modification level, whereas METTL3 overexpression accelerated the
level in OSCC cells (SCC25, CAL27). RNA immunoprecipitation
following qPCR (RIP-qPCR) showed that the METTL3 directly inter-
acted with c-Myc mRNA (Figure 4F). Western blot analysis indicated
that METTL3 silencing reduced c-Myc protein expression, whereas
METTL3 overexpression enhanced it (Figure 4G). The RNA stability
assay showed that the mRNA half-life (t1/2) was shortened byMETTL3
silencing, which was prolonged by METTL3 overexpression
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Figure 3. METTL3 Accelerates the Proliferation, Invasion, and Migration of OSCC Cells

(A) Plasmids of METTL3 silencing or overexpression were transfected to establish the stable transfection in SCC25 cells and CAL27 cells. qRT-PCR analysis

detected the METTL3 mRNA expression. (B) Western blot analysis showed the protein levels of METTL3 in SCC25 and CAL27 cells transfected with METTL3

(legend continued on next page)
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(Figure 4H).Overall, thesefindings illustrate thatMETTL3mediates the
c-Myc mRNA 30 UTR methylation to enhance its mRNA stability.

YTHDF1 Mediates the c-Myc Stability through an m6A-

Dependent Manner

In the previous research, METTL3 could activate the targets’ tran-
scripts’ stability via a YTHDF1-mediated m6A-dependent manner.
Therefore, we wonder whether YTHDF1 participated in c-Myc tran-
script expression facilitated by METTL3 in OSCC cells. In the public
database (GEPIA), we found that the expression of YTHDF1 was
positively correlated with that of c-Myc (Figure 5A). Western blot
analysis showed that YTHDF1 silencing could repress c-Myc protein
expression, whereas YTHDF1 overexpression could enhance c-Myc
protein expression (Figure 5B), indicating that YTHDF1 could pro-
mote c-Myc expression. RIP-qPCR illustrated that YTHDF1 could
directly interact with c-Myc mRNA, indicating the potential targeting
of YTHDF1 on c-Myc mRNA (Figure 5C). The RNA stability assay
showed that the mRNA t1/2 was shortened by YTHDF1 silencing,
which was prolonged by YTHDF1 overexpression (Figure 5D).
RIP-qPCR unveiled that METTL3 inhibition could impair the direct
interaction within YTHDF1 and c-Myc mRNA in OSCC cells, indi-
cating the close connection within METTL3, YTHDF1, and c-Myc
mRNA (Figure 5E). In conclusion, these data evidence that YTHDF1
mediates c-Myc stability through an m6A-dependent manner.

Knockdown of METTL3 Represses OSCC Tumor Growth In Vivo

Given the oncogenic role of METTL3 for OSCC cells identified in pre-
vious finding in vitro, in order to investigate the biological role of
METTL3 on OSCC tumor growth, the stable transfection of METTL3
silencing was performed using SCC25 cells (Figure 6A). Results eluci-
dated that knockdown of METTL3 significantly repressed the tumor
growth (volume and weight) compared to the blank control groups
(Figures 6B and 6C). Hematoxylin and eosin (H&E) staining and
immunohistochemical (IHC) staining illustrated that METTL3
knockdown reduced the OSCC tumor process and c-Myc abundance
(Figure 6D). In conclusion, these findings unravel that knockdown of
METTL3 represses OSCC tumor growth in vivo.

DISCUSSION
To date, accumulating literature indicate the essential roles of m6A in
humandiseases, especiallymultiple cancers.24 The epigenetic regulation
for OSCC is increasingly critical, including noncoding RNA, histone
modification, and DNA methylation.25–27 However, the regulation of
m6A modification in OSCC is still unclear. In the past several years,
there are three major m6A regulators, including methyltransferase
(writers), demethylase (erasers), and methylation recognition (reader)
enzymes. Regarding the methyltransferase, METTL3 acts as the most
widely recognized enzyme in which its roles have been investigated in
human cancers.
shRNA or overexpression plasmids. (C) EdU assay was performed to illustrate

the migration of OSCC cells. (E) Transwell assay elucidated the migration of OSC

expression plasmids. (F) Transwell assay elucidated the invasion of OSCC cells. Thre

versus control.
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In our research, we found that there are several m6A key enzymes up-
regulated in OSCC tissue samples, especially the METTL3, ALKBH5,
and YTHDF1. One drawback in this clinical evidence is that the sam-
ple size is limited. However, to a certain extent, these findings inspire
us that the m6A might participate in OSCC tumorigenesis. Besides,
the ectopic overexpression of METTL3 indicated the poor clinical
outcome of OSCC patients. In further research, we focused on the
roles of METTL3, the well-known methyltransferase, in OSCC and
unveiled the potential mechanism involved in this pathological pro-
cess. In vitro cellular experiments, gain- and loss-of-functional assay,
illustrated that METTL3 could accelerate OSCC proliferation, migra-
tion, and invasion, indicating that METTL3 might act as an oncogene
in OSCC tumorigenesis.

METTL3 could install the eukaryotic messenger RNAmethylation on
the N6 nitrogen of adenosine. The similar m6A installation that
METTL3 catalyzes is also motivated by METTL14 and WTAP.
Once themRNA is installed withmethyl, the biological characteristics
of mRNA were varied. For example, the CDS regions of SOX2 tran-
scripts were methylated by METTL3 through the IGF2BP2 to prevent
SOX2 mRNA degradation.28 In gastric cancer, METTL3 interacted
with SEC62 and induced the m6A on SEC62 mRNA, therefore pro-
moting the stabilizing of SEC62 mRNA via IGF2BP1.29 Therefore,
in this m6A regulation event, METTL3 could install the m6A on
mRNA and enhance the stability.

In the present work, MeRIP-seq identified that the m6A peaks were
significantly enriched in the surrounding region of the stop codon,
including the CDS and 30 UTR region. Accurately, the m6A sites of c-
Myc transcript are located into the 30 UTR region. The consensus motif
(GGACU) of the 30 UTR region of the c-Myc transcript is near to the
stop codon (TAA or UAA), which is consistent with the MeRIP-seq
analysis. In further investigations, we confirmed that METTL3 could
upregulate the methylation level and promote the stability of the c-
MycmRNA. c-Myc acts as an essential oncogenic factor in human can-
cer.30,31 Previous literature inspired thatm6A readers (YTHDF1)might
participate in the target transcript’s stability; therefore, we focus on the
possible roles ofMETTL3 andYTHDF1 in c-Myc stability. As expected,
results confirmed that METTL3 enhanced c-Myc mRNA stability via a
YTHDF1-mediated m6A manner (Figure 7).

Given that METTL3 could install the m6A modification of its
target transcript, the fortunes of these mRNA are different de-
pending on the reader’s recognition mode. For example, METTL3
augments the m6A modification in Snail CDS but not 30 UTR, trig-
gering polysome-mediated translation of Snail mRNA in liver can-
cer cells, and this promotion is mediated by YTHDF1 on Snail
mRNA.32 However, the m6A installed by METTL3 could mediate
the degradation of target mRNA. For example, suppressor of
the proliferation ability of OSCC cells. (D) Wound-healing assay illustrated

C cells in SCC25 and CAL27 cells transfected with METTL3 shRNA or over-

e independent experiments were performed. *p < 0.05 versus control; **p < 0.01



Figure 4. METTL3 Catalyzes the c-Myc mRNA 30 UTR Methylation to Enhance Its mRNA Stability

(A) The consensusmotif of METTL3 (GGACU) targeting the 30 UTR of c-MycmRNAm6Amodification. (B) The location of them6A site in the c-MycmRNA. (C) GEPIA database

derived by TCGA illustrated the correlation within c-Myc and METTL3 expression. (D and E) Dot blot analysis (D) and m6A quantitative analysis (E) were performed for the

global m6A modification level. (F) RNA immunoprecipitation following qPCR (RIP-qPCR) showed the interaction within METTL3 protein and c-Myc mRNA. (G) Western blot

analysis indicated the c-Myc protein expression. (H) RNA stability assay showed the mRNA half-life (t1/2) with the METTL3 silencing or METTL3 overexpression transfection.

Three independent experiments were performed. **p < 0.01 versus control.
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cytokine signaling 2 (SOCS2), a target of METTL3-mediated m6A
modification, is repressed by METTL3 through an m6A-YTHDF2-
dependent mechanism in hepatocellular carcinoma (HCC).33

Overall, we could conclude the bidirectional functions of METTL3
in human cancer oncogenesis mediated by different downstream
recognition and mediating mechanisms.
Conclusion

In conclusion, our findings confirm the oncogenic role of METTL3
in OSCC tumorigenesis. We herein identify the m6A-increased
c-Myc stability mediated by YTHDF1. The METTL3/m6A/
YTHDF1/c-Myc axis might provide novel insight for OSCC-tar-
geted therapy.
Molecular Therapy: Nucleic Acids Vol. 20 June 2020 7
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Figure 5. YTHDF1 Mediates the c-Myc Stability through an m6A-Dependent Manner

(A) In the public database (GEPIA), the expression of YTHDF1 was positively correlated with that of c-Myc. (B) Western blot analysis showed the c-Myc protein expression in

SCC25 and CAL27 cells transfected with YTHDF1 silencing or YTHDF1 overexpression. (C) RNA immunoprecipitation following qPCR (RIP-qPCR) illustrated the direct

interaction of YTHDF1 targeting c-Myc mRNA. (D) After actinomycin D (Act-D; 5 mg/mL), RNA stability assay showed the mRNA half-life (t1/2) of SCC25 and CAL27 cells

transfected with YTHDF1 silencing or YTHDF1 overexpression. (E) RIP-qPCR unveiled the interaction within YTHDF1 and c-Myc mRNA after METTL3 inhibition. Three

independent experiments were performed. **p < 0.01 versus control.
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MATERIALS AND METHODS
Clinical Samples

OSCC tissue specimens and matched nontumorous tissue were
excised during the surgery and stored at �80�C for further extrac-
tion and analysis. After the surgery, the pathological classification
was carried by two pathologists. The processes were performed ac-
cording to the principles of the Declaration of Helsinki. The clinical
human research had been approved by the Institutional Ethics
8 Molecular Therapy: Nucleic Acids Vol. 20 June 2020
Committee of The Hospital of Stomatology Tianjin Medical
University.

Cell Culture

The OSCC cell lines (SCC25, CAL27, SCC15, TSCCA) were provided
by ATCC (American Type Culture Collection; Manassas, VA, USA),
and normal oral keratinocytes (NHOKs) were provided by the Insti-
tute of Biochemistry and Cell Biology of the Chinese Academy of



Figure 6. Knockdown of METTL3 Represses the OSCC Tumor Growth In Vivo

(A) An in vivo xenograft assay was performed using the SCC25 cells transfected with METTL3 stable silencing (sh-METTL3) or controls (sh-vector). (B and C) The tumor

growth (volume in B and weight in C) was detected in METTL3 knockdown transfection as compared to the blank control groups. (D) Hematoxylin and eosin (HE) staining and

immunohistochemical (IHC) staining illustrated the c-Myc abundance in neoplasm. Three independent experiments were performed. **p < 0.01 versus control.
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Sciences (Shanghai, China). Cells were cultured in DMEM
(Dulbecco’s modified Eagle’s medium; Gibco, Carlsbad, CA, USA)
medium containing 10% fetal bovine serum (FBS) and 100 U/mL
penicillin and 100 mg/mL streptomycin.

shRNA and Overexpression of Plasmid Transfection

The shRNAs and overexpression plasmids targeting METTL3 and
YTHDF1 were synthesized. For the stable silencing, shRNA lentivirus
(lenti-sh-METTL3, lenti-sh-YTHDF1) were constructed using
pLKD-CMV-EGFP vectors. For overexpression, cDNA was PCR
amplified and subcloned into the pcDNA3.1 vector (Invitrogen), ac-
cording to the manufacturer’s instructions. After transfection, the
expression of METTL3 and YTHDF1 was validated by qPCR analysis
and western blot.

Total RNA Extraction and qRT-PCR

Total cellular RNA was extracted from the OSCC tissue and cells with
TRIzol (Invitrogen), according to the manufacturer’s instructions.
RNAwas quantified using a Nanodrop (ND-100; Nanodrop Technol-
ogies, Wilmington, DE, USA), according to a 260/280-nm ratio.
cDNA was prepared using the SuperScript First-Stand Synthesis sys-
tem (Invitrogen, USA). qPCR was performed utilizing the ABI
PRISM 7500 sequence detection system (Applied Biosystems, Foster
City, CA, USA), and SYBR Green fluorescence was detected by iQ
SYBR Green Supermix (Applied Biosystems, Carlsbad, CA, USA).
Relative quantitation of these data was calculated from the 2�DDCt

method normalized to glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) from triplicate data. The primers for the PCR analysis
were listed in Table S1.

Western Blot Analysis

Cells were lysed using radioimmunoprecipitation assay (RIPA) buffer
(Beyotime, Shanghai, China), supplementing with protease inhibitor.
Protein concentration was detected using a bicinchoninic acid (BCA)
protein assay kit (Thermo Fisher Scientific, MA, USA). The lysed pro-
tein extract was subjected to 10% SDS-PAGE and was transferred to a
polyvinylidene fluoride (PVDF) membrane (Millipore, Billerica, MA,
USA) and then blocked with 5% nonfat milk. Membranes were incu-
bated with the primary antibodies (Abcam, Cambridge, MA, USA)
overnight at 4�C and with anti-METTL3 (Abcam; ab195352,
1:1,000), anti-YTHDF1 antibody (Abcam; ab220162, 1:1,000), and
anti-c-Myc antibody (Abcam; ab56, 1:1,000). Then, the members
were conjugated to horseradish peroxidase (HRP) for 2 h at room
temperature as controls. Finally, the blots were detected by using
Molecular Therapy: Nucleic Acids Vol. 20 June 2020 9
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Figure 7. METTL3 Enhanced the c-Myc Stability via a YTHDF1-Mediated

m6A Manner
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enhanced chemiluminescence (ECL) detection reagent (Thermo
Fisher Scientific).

EdU Incorporation and Wound-Healing Assay

The proliferation potential of OSCC cells was detected using EdU and
a wound-healing assay. For the EdU, the transfected OSCC cells
(SCC25, CAL27) were administrated using EdU Apollo DNA
in vitro kit (Ribobio, Guangzhou, China), following the manufac-
turer’s instructions. The DNA synthesis rate was measured under
an immunofluorescence microscope. For the wound-healing assay,
OSCC cells were seeded into the six-well plates at about 90% conflu-
ence. After the medium was removed, the monolayer was manually
wounded by a 200-mL pipette tip. The wounding scratch width was
measured at different time points and calculated as relative percent-
age of the initial distance (0 h, 100%).

Transwell Assay

A transwell assaywas performed for the invasion and transwell analysis.
In brief, SCC25 andCAL27 cells were harvested and seeded to the upper
transwell chamber (5� 104) into an 8-mm pore transwell plate preap-
plied with 50 mL Matrigel or not. Serum-free medium (200 mL) was
added onto the upper chamber, and the medium (600 mL) containing
20% FBSwas added into the lower chamber. Following 24 h incubation,
the unmigrated or uninvaded cellswere cleanedusing a cotton swaband
then fixed in 4% paraformaldehyde for 20 min and stained with hema-
toxylin. Images were taken, and the cell number was calculated.

Dot Blot Assay

Dot blots were performed as previously described.34 Cellular total
RNA was isolated, and the mRNA concentration was measured by
10 Molecular Therapy: Nucleic Acids Vol. 20 June 2020
NanoDrop. Then, the isolated RNA (400 ng) was spotted onto a nylon
membrane (GE Healthcare) and then crosslinked by UV irradiation.
The nylon membrane was incubated with m6A antibody (Abcam;
ab208577, 1:100) overnight at 4�C. The dot blots were visualized by
Immobilon Western Chemiluminscent HRP Substrate (Merck Milli-
pore, Germany). For the control, an equal amount of RNAs (400 ng)
was spotted on the nylon membrane and then stained with 0.02%
methylene blue in 0.3 M sodium acetate (pH 5.2) for 2 h followed
with ribonuclease-free water washing for about 5 h.

MeRIP-Seq and RIP-qPCR

Me-RIP was performed as previously described.33 Total RNA was ex-
tracted from the SCC25 cells and then immunoprecipitated with m6A
antibody (Abcam; ab151230) using Magna Me-RIP m6A Kit (Merck
Millipore), according to the manufacturer’s protocols. After immuno-
precipitation, part of the RNA was analyzed using high-throughput
sequencing by Jiayin Biotechnology (Shanghai, China), and part of
RNAwas calculatedusingquantitativeRT-PCR for quantitative analysis.

Quantification of the m6A Modification

From OSCC cells, the total RNA was isolated using TRIzol (Invitro-
gen), according to the manufacturer’s instruction. Briefly, RNA
(200 ng) was incubated with capture antibody solution in a suitable
diluted concentration. The global m6A level of mRNA was measured
by an m6A -RNA methylation quantification kit (Abcam; ab185912),
following the manufacturer’s protocol. The m6A levels colorimetri-
cally were quantified by reading the absorbance at a wavelength of
450 nm.

RNA Stability

To detect the RNA stability in SCC25 and CAL27 cells, actinomycin
D (Act-D; 5 mg/mL; Sigma, USA) was administrated to cells. At the
indicated time point, RNAwas isolated using TRIzol reagent (Invitro-
gen, Grand Island, NY, USA) and analyzed by real-time PCR,
normalized to GAPDH. t1/2 of mRNA was calculated.

In Vivo Xenograft Mice Assay

Male BALB/c nude mice (4–5 weeks old, 10 mice) were provided by
SPF Laboratory Technology (Beijing, China) and raised under
specific pathogen-free conditions. The stable transfection of SCC25
cells (1� 107 cells in 0.1 mL) with lenti-sh-METTL3 or blank vectors
was injected subcutaneously into BALB/c nude mice. Tumor width
and length were recorded every 3 days by the following formula: vol-
ume = (length � width2)/2. The tumor weight was detected after the
mice were sacrificed. The animal experiment was approved by the
Ethics Committee of The Hospital of Stomatology, Tianjin Medical
University.

Statistical Analysis

Statistical tests were performed using SPSS version 19.0 for Windows
(SPSS, Chicago, IL, USA) and GraphPad version 7.0 Prism
(GraphPad Software, La Jolla, CA, USA). A continuous variable
was presented as the mean ± standard deviations or standard errors.
For matched group analysis, the significant differences were analyzed
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via Student’s unpaired t test. For multiple groups, the significant dif-
ferences were analyzed by one-way ANOVA, followed by Tukey’s
honest testing. Survival curves were assessed by the Kaplan-Meier
and log-rank testing. A p value less than 0.05 was considered to be sta-
tistically significant.
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Table S1. Primers sequences for qRT-PCR and sequences of shRNA.  

 Sequences 

METTL3 forward 5’-CTATCTCCTGGCACTCGCAAGA-3’  

reverse 5’-GCTTGAACCGTGCAACCACATC-3’ 

sh-METTL3-1   GCTGCACTTCAGACGAATTTT 

sh-METTL3-2  TACGCATAGACGATTGGCCCA 

sh-METTL3-3  AATTCGATCCGTCGCAAAGA 

c-Myc forward, 5’-CAGGACTGTATGTGGAGCGGCTT-3'   

reverse, 5'-GCGAGCTGCTGTCGTTGAGAGGG-3’ 

YTHDF1 forward 5’-CAAGCACACAACCTCCATCTTCG-3’ 

reverse 5’-GTAAGAAACTGGTTCGCCCTCAT-3’ 

GAPDH forward 5’-GTCTCCTCTGACTTCAACAGCG-3’   

reverse 5’-ACCACCCTGTTGCTGTAGCCAA-3’ 
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