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Abstract
Background: As the key enzyme of the N6-methyladenosine (m6A) in eukaryotic messenger RNA, METTL3
plays important roles in tumor progression, but the exact mechanism by which METTL3 controls oral
squamous cell carcinoma (OSCC) progression remains unclear.
Methods: METTL3 expression in OSCC samples was analyzed by qPCR and immunohistochemistry. The
effects of METTL3 suppression on OSCC cell lines were measured by CCK-8, Ki-67 flow
cytometry analysis, invasion transwell and wound healing assays. MeRIP-seq and RNA-seq analysis were
performed to explore target gene of METTL3. RIP-qPCR and RNA stability assays were performed to
explore the mechanism by which METTL3 regulated the target genes. Triptolide was used to evaluate its
specific treatment effects on METTL3 in OSCC cells. BALB/c nude mice were used to establish orthotopic
and subcutaneous xenograft models to verify the in vitro results.
Results: METTL3 was upregulated in OSCC tissues than adjacent normal tissues, and its expression was
associated with T stage, lymphatic metastasis and prognosis. In vitro and in vivo studies suggested that
METTL3 suppression impaired cell proliferation, invasion, and migration. MeRIP-seq and RNA-seq
analysis identified that SLC7A11 mRNA was the m6A target of METTL3, which was verified by meRIPqPCR, qPCR and western blot. METTL3 depletion decreased the stability of SLC7A11 mRNA, and
IGF2BP2 was involved in this process. Moreover, METTL3 knockdown attenuated the binding between
SLC7A11 mRNA and IGF2BP2, finally leading to accelerate SLC7A11 mRNA degradation. Triptolide
inhibited METTL3 and SLC7A11 expression in a dose-dependent manner, thus suppressing malignancy
of OSCC cells.
Conclusions: METTL3 enhances the mRNA stability of SLC7A11 via m6A-mediated binding of IGF2BP2,
which thus promotes OSCC progression, and triptolide inhibits OSCC by suppressing METTL3-SLC7A11
axis.

Background
Oral squamous cell carcinoma (OSCC) is the most common malignant tumor in head and neck region[1],
which occupies around 90% and 3% of oral tumors and systemic neoplasms respectively. Despite of the
progress in comprehensive treatments, including surgical treatment, radiotherapy, chemotherapy, targeted
and immunotherapy, the 5-year survival of OSCC patients remains dim[2]. Advanced OSCC commonly
present poor prognosis, characterized by uncontrollable proliferation and aggressive lymphatic
metastasis. As the molecular mechanisms underlying OSCC pathogenesis have not yet been completely
understood, it is of pivotal urgency to develop novel biomarker as potent prognostic indicator and
effective therapeutic target for patients.
Accumulating evidence has revealed that epigenetic modifications play vital roles in tumor initiation and
progression[3, 4]. RNA modification, as emerging hotspot of epitranscriptome in past decades, draws
increasing attention in fundamental research of tumor pathogenesis and translational medicine[5]. N6Page 2/27

methyladenosine (m6A), methylated adenosine at the N6 position, is the most abundant modification in
mRNA and ncRNAs of eukaryotic species[6, 7], which functions throughout RNA fate from RNA
transcription, decay, to translation[8]. The dynamic regulation of m6A RNA methylation is mainly
dependent on a family of methyltransferases, demethylases and RNA binding proteins, namely writers,
erasers and readers respectively[9]. Well-organized m6A RNA methylation is ubiquitously involved in
diverse physiological processes[10-12], while abnormal m6A modification leads to a variety of diseases,
including cancers[13].
The formation of m6A methylation is catalyzed by the methyltransferase complex that consists of m6A
writers, among which METTL3 (methyltransferase-like 3), METTL14 (methyltransferase-like 14), WTAP
(WT1-associated protein) and KIAA1429 (VIRMA, vir-Like m6A methyltransferase associated) play critical
roles[14]. METTL3, as the core catalytic subunit of m6A RNA methylation, was reported to serve as
oncogene in many tumors, such as acute myeloid leukemia[15], non-small cell lung cancer[16], and
hepatocellular carcinoma[17], while in other malignancies METTL3 could perform as a tumor
suppressor[18, 19]. In OSCC, Liu et al.[20] revealed that METTL3 promotes tumorigenesis and metastasis
through BMI1 m6A methylation, which paved the way for deep exploration on the mechanisms of
METTL3 in OSCC progression. However, it requires further efforts to make it clear how METTL3 works in
OSCC carcinogenesis and metastasis.
In this study, we investigated the function and underlying mechanism of METTL3 in the development of
OSCC. Transcriptome sequencing and meRIP-qPCR were applied to identified the m6A modified target of
METTL3, and METTL3 was found to play a potent role in SLC7A11 expression and post-translational
modification. We aimed to explore a novel epigenetic cause of OSCC and evaluate the potential value of
METTL3 as a promising diagnostic and therapeutic target.

Methods
Patients and samples
94 OSCC patients who underwent surgical treatment at the Peking University School and Hospital of
Stomatology (PKU-SS) in 2014 were enrolled in the retrospective study. 13 pairs of tumor tissues and
adjacent normal tissues were collected from OSCC patients undergoing radical surgery in PKU-SS, which
were immediately frozen in liquid nitrogen and stored at -80°C. No patient had received local or systemic
treatment before operation. Informed consent was obtained from all patients. This study was approved
by the Ethics Committee of Peking University School and Hospital of Stomatology (NO. PKUSSIRB202053004).
Immunohistochemistry
The tissue sections were collected, deparaffinized and rehydrated, followed by antigen retrieval. Then, the
samples were treated with 3% (w/v) hydrogen peroxide and incubated with anti-METTL3 antibody
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(Abcam, UK) overnight at 4°C. The slides were stained using a diaminobenzidine (DAB) detection kit
(Zhongshan Biosciences Inc., China) and counterstained with hematoxylin. All images were captured with
an optimal microscope (Olympus). Each sample was scored according to the proportion of positively
stained cells (proportion score, 0–3) and the staining intensity (intensity score, 0–3). The staining
immunoscore was calculated by multiplying the proportion score and the intensity score[21].
Cell culture and treatment
The human OSCC cell lines CAL27 was obtained from American Type Culture Collection (ATCC, CRL2095) and WSU-HN6 was obtained from Central Laboratory of Peking University School and Hospital of
Stomatology. The cells were cultured in DMEM (Gibco, USA) containing 10% FBS (Sigma, USA) and 1%
penicillin/streptomycin in a 37°C incubator with 5% CO2. Triptolide was obtained from MedChemExpress
(USA), and added into complete DMEM at 0, 10, 30 and 50nM for further detection.
When the cells reached 50–60% confluence, the siRNA targeting METTL3 (Ruibo Biosciences Inc., China)
was transfected using the JetPrimer regent (Polyplus transfection, France) following the manufacturer’s
instructions. For further functional assays, the transfection medium was aspirated and serum-free DMEM
was added to the starve cell for 8h incubation. Lentivirus vectors containing METTL3 shRNA were
purchased from Hanbio Biotechnology Co. Ltd. (Shanghai, China). To construct a stable cell line of
METTL3 knockdown, WSU-HN6 was transfected with lentivirus in the presence of 5 μg/mL polybrene for
48 h, then selected by 3 μg/mL puromycin. For IGF2BP2 overexpression, the full-length cDNA sequence of
human IGF2BP2 was cloned into a PCDNA3.1-3xFlag-C vector. Transfection of IGF2BP2 overexpression
plasmid was performed as siRNA transfection. The indicated sequences of siRNA and shRNA are listed in
Table S1.
Dot blot assay
After total RNA was isolated, the mRNA was purified by Dynabeads™ mRNA DIRECT™ Purification Kit
(Thermo, USA). Then, the purified mRNA (400ng) was spotted onto a nylon membrane (GE Healthcare,
USA) and then crosslinked by UV. The nylon membrane was incubated with m6A antibody (Abcam, UK)
overnight. The dot blots were visualized by ECL detection. For the control, the spotted mRNA was stained
with methylene blue.
Quantification of the m6A modification
The global m6A level of mRNA was measured by an m6A -RNA methylation quantification kit (Abcam,
UK), following the manufacturer’s protocol. The m6A levels were colorimetrically quantified by reading the
absorbance at a wavelength of 450 nm by a microplate reader (Thermo Fisher Scientific, USA).
Western blot
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Total proteins were extracted from the cells using RIPA buffer (Huaxingbio, China) containing a protease
inhibitor and phosphatase inhibitors. The protein was separated in a 10% (w/v) gel using sodium dodecyl
sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and then transferred to PVDF membranes
(BioRad, USA). Thereafter, the membranes were incubated in 5% non-fat milk for 1 h, followed by
incubation with primary antibody (Table S2) at 4°C overnight. The membranes were then stained with
HRP-conjugated secondary antibodies, and were visualized using an enhanced chemiluminescent (ECL)
detection reagent (Cwbiotech, China).
qPCR
Total RNA from WSU-HN6 or CAL27 cells was extracted using TRIzol reagent (Ambion, USA) according to
the product’s protocol. The cDNA was synthesized using a reverse transcription kit (Promega, Madison,
WI, USA). Quantitative real-time PCR (qPCR) assays were performed using SYBR Green (Roche,
Switzerland) in an ABI 7500 Real-Time PCR Detection System (Applied Biosystems). GAPDH was used as
the endogenous control. The primer sequences are shown in Table S3.
Cell proliferation assays
Cell Counting Kit-8 (CCK-8) (Dojindo, Japan) was performed as the manufacturer’s protocol. In brief, cells
were plated at 1000 cells per well in 96-well plates and cultured at 37°C. After transfection of siRNA, CCK8 solution was added into the cell culture medium at indicated time. The absorbance at 450 nm was
recorded using a microplate reader (Thermo Fisher Scientific, USA). Ki-67 flow cytometry analysis was
applied after 48h transfection. The transfected cells were collected by trypsinization, and incubated with
Ki-67 antibody (Biolegend, USA) in dark for 30min. Analysis was performed by using a flow cytometer
(DxP Athena, Cytexbio).
Wound healing assay
After treated with siRNA, the cells were scratched with pipette tips, and the incubation in serum-free
DMEM continued. Images were taken every 12 h with an optimal microscope and analyzed using ImageJ
1.52K software.
Invasion transwell assay
After treated with siRNA, the cells were resuspended in serum-free DMEM at a concentration of 105 cells
per well, followed by transferred to the transwell chambers (Millipore, Germany) in a 24-well plate. WSUHN6 cells were harvested after 8 h incubation, while CAL27 cells were harvested after 24 h. The chambers
were then stained with 0.1% crystal violet (Solarbio, China). The images were obtained with an optimal
microscope and analyzed using ImageJ 1.52K software.
MeRIP and transcriptome sequencing
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MeRIP-Seq was performed by Cloudseq Biotech Inc. (Shanghai, China) according to the published
procedure[22] with slight modifications. Briefly, fragmented RNA was incubated with anti-m6A polyclonal
antibody (Synaptic Systems, USA) in IPP buffer for 2 h at 4°C. The mixture was then immunoprecipitated
by incubation with protein-A beads (Thermo Fisher Scientific, USA) at 4°C for an additional 2 h. Then,
bound RNA was eluted from the beads with N6-methyladenosine (BERRY & ASSOCIATES, USA) in IPP
buffer and then extracted with TRIzol reagent by following the manufacturer’s instruction. Purified RNA
was used for RNA-seq library generation with NEBNext® Ultra™ II Directional RNA Library Prep Kit (NEB,
USA). Both the input sample without immunoprecipitation and the m6A IP samples were subjected to 150
bp paired-end sequencing on Illumina HiSeq sequencer. Paired-end reads were harvested from Illumina
HiSeq 4000 sequencer, and were quality controlled by Q30. After 3’ adaptor-trimming and low quality
reads removing by cutadapt software (v1.9.3). The reads were aligned to the reference genome (UCSC
HG19) with Hisat2 software (v2.0.4). Methylated sites on mRNA (peaks) were identified by “MeTPeak”
package in R. Differentially methylated sites were identified by “MeTDiff” package in R. GO and KEGG
enrichment analysis were performed on DAVID 6.8 website (https://david.ncifcrf.gov/) for the
differentially methylated genes. The read alignments on genome could be visualized using the popular
tool IGV.
RNA stability detection
To detect the RNA stability in CAL27 and WSU-HN6 cells, actinomycin D (Act-D; 10 μg/mL; Sigma, USA)
was administrated to cells. At the indicated time point, SLC7A11 mRNA expression was detected as
described before.
RIP-qPCR
RIP assays were performed by Imprint® RNA Immunoprecipitation (RIP) Kit (Sigma, USA) as the
manufacturer’s protocol. The immunoprecipitation antibodies of m6A, IGF2BP2 and IGF2BP3 were
obtained from Abcam as shown in Table S2. mRNA expression was detected as described before.
Animal experiments
Establishment and analysis of subcutaneous xenograft tumor model and orthodontic xenograft tumor
model was performed as we described before[23, 24]. All animal studies were performed in compliance
with the regulations and the Peking University institutional animal care guidelines and conducted
according to the AAALAC and the IACUC guidelines (NO. LA2019011).
Statistical analysis
The Mann-Whitney U test was used to analyze the relationship between METTL3 expression and T or N
stages in patients with OSCC. The Chi-square test was used to analyze the relationship between METTL3
expression and the clinical parameters of the patients. The Kaplan–Meier method was used for survival
analysis. Student t-tests were used to compare the difference between two groups. A P value of <0.05
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was considered significantly different. In addition, all statistical analyses were performed using SPSS
22.0 for Windows. Results are expressed as mean±SD.

Results
Increased m6A level in OSCC
To investigate the role of m6A modification in OSCC, we detected m6A level in 13 pairs of human OSCC
samples and adjacent normal tissues by using the colorimetric m6A quantification assay. Results showed
that the m6A levels in tumor tissues were significantly increased compared to that in their corresponding
adjacent tissues (Fig. 1a).
METTL3 is highly expressed in OSCC and associated with poor prognosis
To investigate the expression level of m6A-related genes in OSCC, we firstly analyzed 330 OSCC samples
and 32 adjacent normal tissues in TCGA data repository. The results showed that the methyltransferases
were significantly higher in OSCC tissues than in adjacent normal tissues, especially METTL3 (p<0.0001),
while demethylases ALKBH5 and FTO had no differences between tumor and normal tissues (Fig. 1b).
Subsequently we detected the METTL3 expression in OSCC tissues by qPCR analysis and IHC (Fig. 1c
and e), and the results showed the aberrantly upregulated METTL3 expression in OSCC tissue than
normal tissues, which was consistent with the findings in TCGA dataset (Fig. 1b). Moreover, the m6A level
of total RNA in OSCC tissues was positively correlated with METTL3 expression (Fig. 1d). We evenly
separated 330 OSCC patients of TCGA cohort into METTL3 high-expressed group and low-expressed
group based on the expression of METTL3, and analyzed the differential expressed genes. Then we
performed GO and KEGG analyses of these differential expressed genes, and found that proliferation and
migration associated biological processes (Fig. 1f), as well as cell cycle, spliceosome, DNA replication
and adherens junction pathways (Fig. 1g) were aberrantly activated in METTL3 high-expressed OSCC
group. To further explore the association between the expression of METTL3 and the clinical characters
of OSCC, 94 OSCC samples were collected and analyzed by immunochemical method [21]. We identified
the staining intensity of OSCC samples as showed in Fig. S1, and the results indicated that OSCC
patients with elevated expression of METTL3 had poor overall survival (Fig. 1h), and suffered tumors
with higher T stages (Fig. 1i) and lymphatic metastatic rate (Fig. 1j), while the other clinical characters,
such as age, gender, clinical stage and pathological grading, presented few statistical differences (Table
1).
Knockdown of METTL3 inhibited cell proliferation, migration and invasion of OSCC
To explore the effects of METTL3 on tumor progression, we firstly investigated whether METTL3
suppression was associated with cell proliferation, migration and invasion in vitro. METTL3 suppression
mediated by siRNA was assessed in CAL27 and WSU-HN6 cells. As shown in Fig. 2a-c, both expression
and function of METTL3 were dramatically inhibited in siMETTL3 groups. The CCK8 assay and Ki67
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detection suggested that suppression of METTL3 slowed down the proliferation of OSCC cells (Fig. 2d-e).
The invasion transwell assay results revealed the reduction of invasive ability in the cells of test group
compared to that in the control group (Fig. 2f). The wound healing assay results showed that cells
transfected with siMETTL3 had slower migration than the control group (Fig. 2g). Moreover, a stable
METTL3 knockdown cell line was constructed to further validate the alterations of phenotypes of OSCC
cells (Fig. 3a-c). Consistently with above in vitro results, shMETTL3 cells demonstrated suppressed
growing, migration and invasive (Fig. 3d-f) ability compared to control cells. To test our in vitro findings,
we established subcutaneous xenograft tumor model and orthodontic xenograft tumor model. Consistent
with our in vitro observations, knockdown of METTL3 resulted in significant suppression of the tumor
volume (Fig. 3g-h) and tumor weight (Fig. 3i). Besides, as shown in Fig. 3j, significant lower lymphatic
metastasis rate was observed in the shMETTL3 group (2/10, 20%) than the control group (10/10, 100%)
by living imaging system (Fig. 3k) and pan-CK IHC staining of lymph nodes (Fig. 3l). Collectively, these
results suggested the reversal of malignancy in OSCC cell lines in response to METTL3 knockdown.
METTL3 promotes OSCC progression by targeting SLC7A11 mRNA
To investigate the modified target by which METTL3 suppressed malignant phenotypes of OSCC cells, we
performed meRIP-sequencing and transcriptome sequencing. To verify the specific occurrence of m6A in
transcripts in OSCC cells, m6A peaks distribution were analyzed. The results showed that the dominant
sequence of m6A motifs was “RRACH” (Fig. 4a), and further distribution analysis of m6A peaks, as shown
in Fig. 4b, revealed that m6A sites were most enriched in the CDS region (59.2% and 59.9% in siNC and
siMETTL3 groups respectively). Of all m6A peaks, 3075 were upregulated, while 1446 were
downregulated in METTL3-knockdown group (Fig. 4c). GO enrichment analysis revealed that the
differential m6A genes were primarily involved in the regulation of cell proliferation, cell migration and cell
adhesion, i.e. (Fig. 4d), and KEGG analysis suggested that suppression of METTL3 influenced many
pathways involved in tumorigenesis, such as Wnt and Hippo signaling pathways (Fig. 4e). To confirm the
target gene of METTL3, we operated the screening as shown in Fig. 5a, and 6 candidate genes including
ADM2, ALDH1L2, ASNS, LAT2, PSAT1 and SLC7A11 were screened by Venn analysis of meRIPsequencing and transcriptome sequencing. Among them, the mRNA expression of SLC7A11 showed the
significant shift after METTL3 knockdown in both OSCC cell lines (Fig. 5b-c), while the other genes
presented opposite changes or few significant differences. Western blot further verified the
downregulated status of SLC7A11 mRNA after METTL3 depletion (Fig. 5d). The IGV plot revealed that the
m6A peak distribution on SLC7A11 mRNA was suppressed in siMETTL3 group (Fig. 5e), and METTL3
knockdown remarkably reduced the m6A level of SLC7A11 mRNA in the two OSCC cell lines (Fig. 5f).
These results suggested that SLC7A11 mRNA was the modified target of METTL3.
METTL3 enhances the SLC7A11 stability through an m6A- IGF2BP2 dependent manner
As shown in Fig. 5b-d, knockdown of METTL3 resulted in a remarkable decrease at SLC7A11 expression
level. Therefore, the stability of SLC7A11 mRNA was detected to clarify whether METTL3 enhanced its
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expression by delayed RNA degradation. Indeed, SLC7A11 mRNA exhibited accelerated degradation after
METTL3 depletion (Fig. 5g-h). To verify whether METTL3 strengthened the stability of target mRNA via a
IGF2BP family-mediated m6A-dependent manner, subsequently SLC7A11 expression was detected by
qPCR after silencing IGF2BP family, including IGF2BP1, IGF2BP2 and IGF2BP3. The results showed that
inhibition of IGF2BP2 significantly downregulated SLC7A11 level to 54.9%, 31.3% and inhibition of
IGF2BP3 decreased SLC7A11 level to 61.6%, 40.8% in CAL27 and WSU-HN6 respectively (Fig. 5i), while
IGF2BP1 depletion slightly downregulated SLC7A11 expression (72.1%, 72.5% in CAL27 and WSU-HN6).
Moreover, RIP-qPCR revealed that SLC7A11 mRNA bound strongly with IGF2BP2 (Fig. 5j, 7.04%, 7.45% in
CAL27 and WSU-HN6), while interacted weakly with IGF2BP3 (Fig. 5k, 1.85%, 2.01% in CAL27 and WSUHN6). Additionally, suppressed METTL3 expression attenuated the binding of SLC7A11 mRNA and
IGF2BP2 by 69.3%, 50.1% compared to siNC groups in CAL27 and WSU-HN6 (Fig. 5l). Therefore, these
evidences supported that IGF2BP2 mediated the enhanced stability of SLC7A11 mRNA by METTL3 in an
m6A- dependent manner.
IGF2BP2 activation reversed the METTL3 knockdown-mediated degradation of SLC7A11 mRNA and
inhibition of malignancy in OSCC
To investigate whether IGF2BP2 was a dominant contributor to the METTL3-SLC7A11 axis in OSCC
progression, we evaluated whether IGF2BP2 activation could rescue the effects of METTL3 knockdown
on the biological behaviors of OSCC cell lines. As shown in Fig. 6a-d, overexpression of IGF2BP2
significantly reversed the inhibiting effects of silencing METTL3 on SLC7A11 expression and mRNA
stability. Moreover, cell proliferation, invasion and migration were restored in METTL3-knockdown cells
rescued with overexpressed IGF2BP2 (Fig. 6e-j). Taken together, these findings suggested that
overexpression of IGF2BP2 rescued the METTL3 depletion-induced degradation of SLC7A11 mRNA and
suppressed phenotypes of OSCC cells.
Triptolide inhibited cell proliferation, migration and invasion of OSCC via METTL3-SLC7A11 axis
To explore the effects of triptolide on METTL3 in OSCC cells, we firstly detected the METTL3-SLC7A11
expression in triptolide-treated group. As shown in Fig. 7a-b, both transcriptional and protein expression
of METTL3 and SLC7A11 were dramatically inhibited by triptolide in a dose-dependent manner. The CCK8
assay and Ki67 detection suggested that 30 nM triptolide slowed down the proliferation of OSCC cells
(Fig. 7c-d). The wound healing assay results showed that cells treated with 30 nM triptolide migrated
slower than the vehicle (Fig. 7e). The invasion transwell assay results revealed the reduction of invasive
ability in the cells of test group compared to that in the control group (Fig. 7f).

Discussion
Recently, N6-methyladenosine (m6A), as a predominant modification of mRNA, has inaugurated a novel
and striking era of epigenetic regulation. Accumulating studies have addressed the pathological
significance of m6A dysregulation in human diseases, especially in cancers[6]. m6A modification is a
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dynamic process, from methylation to demethylation, which is regulated precisely by different proteins
including writers and erasers[9].
Many recent studies have partly revealed the underlying mechanisms of m6A modification in cancers.
Thereinto, the roles of METTL3 presents a double-edged sword effect in a significant tumor-specific
manner[6]. For example, Chen et al.[25] found that deletion of METTL3 impairs the glucose metabolism in
colorectal cancer, which leads to suppressed tumorigenesis, while Li et al.[18] detected lower expression
of METTL3 in renal cell carcinoma (RCC) tissues compared with adjacent non-tumor tissues and
confirmed that RCC patients with low METTL3 expression suffered worse prognosis, possibly by
dysregulation of cell cycle arrest in G1 phase and thus promoting tumor growth. A latest study has
uncovered the effects of m6A methylation on OSCC stemness by modifying BMI1[20], however, the exact
roles of m6A methylation in OSCC carcinogenesis and metastasis remain poorly defined. In the present
research, we verified the upregulation of METTL3 in OSCC tissues from TCGA dataset, which was also
confirmed in 13 pairs of OSCC and adjacent normal tissues. Besides, METTL3 was further found to serve
as a formidable prognostic factor of aggressive tumor growth and lymphatic metastasis in OSCC.
Functional trials indicated that METTL3 could promote the proliferation and lymphatic metastasis of
OSCC cells in vitro and in vivo. These results suggested that METTL3 is a potent prognostic factor which
plays critical roles in OSCC progression.
As the the pivotal catalytically active subunit of m6A methyltransferase complex (MTC) [26-28], METTL3
forms the majority of m6A deposition on mRNA. Indeed, we identified that m6A modification level was
positively correlated with the METTL3 expression in OSCC tissues, which was consistent with the m6A
methylated effect of METTL3. RNA methyltransferase METTL3 may participate in regulating the mRNA
stability through m6A modification of target genes[29]. However, the underlying modification targets of
METTL3-regulated genes in OSCC remain unclear. Our transcriptome-wide m6A-seq assay showed that
METTL3 depletion induced m6A alteration was involved in cancer proliferation and metastasis
associated functions, further confirming the pro-tumoral role of METTL3 in OSCC. Then the combined
analysis of sequencing data and subsequent validation and functional studies suggested that METTL3
upregulated SLC7A11 expression via enhanced mRNA stability mediated by m6A-IGF2BP2 dependent
manner.
Based on previous studies, SLC7A11 expression is regulated in three manners: (i) transcriptional factors,
including ATF4[30], NRF2[31] and p53[32], (ii) epigenetic regulation, such as histone 2A monoubiquitination[33], (iii) post-translational regulation by nonsense-mediated mRNA decay[34] and
microRNAs[35]. In this work, we firstly reported a novel regulatory mechanism of SLC7A11 by METTL3mediated m6A RNA methylation. We found that knockdown of METTL3 downregulated SLC7A11 in an
m6A-dependent way. Further functional assays determined the underlying regulatory mechanism of
METTL3 on SLC7A11 was mediated by enhanced mRNA stability. IGF2BP family, including IGF2BP1,
IGF2BP2 and IGF2BP3, were reported to fortify the stability of their target mRNAs in an m6A-dependent
manner and therefore affect gene expression output[36]. Consistently, we found SLC7A11 mRNA
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preferred to bind with IGF2BP2, and METTL3 depletion attenuated the binding between IGF2BP2 and
SLC7A11 mRNA. Collectively, METTL3 enhances the SLC7A11 stability through an m6A- IGF2BP2
dependent manner.
In OSCC, previous studies have revealed that SLC7A11 works as oncogene in tumorigenesis. For example,
cisplatin treatment could induce SLC7A11 expression, thus promoting cisplatin chemoresistance in OSCC
cells, and SLC7A11 inhibition sensitized OSCC cells to cisplatin[37]. Overexpression of SLC7A11 was
associated with advanced T classification and lymphovascular invasion, and multivariate analysis
indicated that high expression of SLC7A11 was independent predictors of poor prognosis[38]. These
findings support the underlying mechanism that enhanced RNA stability of SLC7A11 mediated by
METTL3-m6A-IGF2BP2 axis promotes OSCC progression.
From a therapeutic perspective, the mechanistic understanding of METTL3-induced SLC7A11
upregulation in OSCC suggested that m6A might be a novel therapeutic target. DAA, a chemical inhibitor
of the internal S-adenosylhomocysteine hydrolase, is the widely used m6A inhibitor, and we found it is
effective to inhibit the proliferation and metastatic abilities of OSCC cells (data not shown). Though DAA
showed potent suppression on OSCC malignancy, it could obviously weaken the physical condition of
tumor-bearing nude mice after three-day intraperitoneal injection. Given the strong side effects of DAA, a
more specific inhibitor of METTL3 or its target genes needs to be developed for OSCC patients. Especially
for those OSCC patients with higher METTL3 expression treatment, as our results showing, SLC7A11targeted treatment can be applied to impair OSCC progression. To explore a drug which can potentially
regulate the METTL3-SLC7A11 axis, we reviewed previous studies about anti-tumor materials which
targeted at SLC7A11 with unclear mechanisms. Then, we found that triptolide, a diterpenoid epoxide from
tripterygium wilfordii, effectively inhibited SLC7A11 expression in IDH1 mutated glioma cells[39].
However, the underlying regulatory ways of triptolide on SLC7A11 remained little known. Accordingly, we
applied triptolide to treat OSCC cells, and the results showed a dose-dependent inhibition on both
METTL3 and SLC7A11 expression after triptolide treatment. Furthermore, triptolide exhibited strong
inhibitory effects on proliferation and metastatic abilities of OSCC cells. These results indicated that
triptolide inhibited cell proliferation, migration and invasion of OSCC via METTL3-SLC7A11 axis. Previous
studies have established a critical role of SLC7A11-mediated cystine uptake in suppressing ferroptosis
and maintaining cancer progression under oxidative stress conditions[40]. Thus, our finding may provide
a promising therapeutical strategy for OSCC patients with higher METTL3 expression by applying
treatment targeting ferroptosis, such as triptolide.

Conclusions
In conclusion, as shown in Fig. 8, we find the new epigenetic regulation METTL3-IGF2BP2-SLC7A11 axis.
Suppression of METTL3 blocks proliferation and lymphatic metastasis in OSCC cell lines and mouse
xenograft model, which indicates that targeting METTL3 in cancer cells could be an effective therapeutic
strategy. Triptolide exerts anti-tumor effects in OSCC cells through regulating METTL3-SLC7A11 axis,
which further confirms the therapeutic significance of targeting METTL3. Taken together, our findings set
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new light into the critical role of METTL3 in OSCC development, and indicate the novel significance of the
molecular mechanism of m6A epitranscriptomic modification in cancer research.
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Table 1. The relationship between METTL3 expression and clinical characters of OSCC
Total

METTL3 expression
Low

High

P value

Age
≤55

33

19

14

＞55

61

29

32

Male

51

24

27

Female

43

24

19

Ⅰ

37

18

19

Ⅱ-Ⅲ

57

30

27

Ⅰ-Ⅱ

53

31

22

Ⅲ-Ⅳ

41

17

24

1-2

64

38

26

3-4

30

10

20

No

54

36

18

Yes

40

12

28

0.353

Gender
0.398

Pathological grading
0.706

Clinical stage
0.101

T stage
0.019*

Lymphatic metastasis

*p < 0.05, ***p < 0.001
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＜0.001***

Figure 1
METTL3 is highly expressed in OSCC and associated with poor prognosis. a m6A modification was
detected using m6A colorimetric quantification in 13 pairs of OSCC tumor and adjacent normal tissues. b
Catalytic proteins involved in m6A modification were assessed in TCGA OSCC cohort (blue box for
normal tissues, n=32; red box for tumor tissues, n=330). c Relative increased level of METTL3 was
confirmed in the OSCC tumor and adjacent normal tissues by qPCR (n=13). d Pearson correlation
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analysis between METTL3 expression and m6A modification level (n=13). e Representative image of
METTL3 immunohistochemical staining in OSCC tumor and normal oral mucosa tissues (200 x, scale
bar: 50 μm; 400 x, scale bar: 20 μm). f-g GO enrichment analysis and KEGG pathway analysis of the
differential expressed genes derived from METTL3 high-expressed group and low-expressed group in
TCGA OSCC cohort. h Kaplan-Meier survival curves of OS based on METTL3 immunoscore in 94 OSCC
patients. The log-rank test was used to calculate the significant level. i-j The relationship between
METTL3 expression and T stage, lymphatic metastasis of OSCC was analyzed by using the Mann–
Whitney U test. “LN-” indicates no metastasis (n=54), while “LN+” indicates the presence of metastasis
(n=40). Data are presented as means ± standard deviation (ns p >0.05, *p < 0.05, **p <0.01, ***p < 0.001,
****p <0.0001)
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Figure 2
Knockdown of METTL3 expression impairs the malignancy of OSCC cell lines. a-b The two panels
showed the expression level of METTL3 in CAL27 and WSU-HN6 transfected with siRNA determined by
qPCR and western blot. c Dot blot was performed to verify the suppressed m6A level in OSCC cells after
siRNA transfection. d-e Effect of METTL3 depletion on proliferation activity by CCK8 and Ki67 assays. f
Effect of METTL3 depletion on invasion ability by transwell assay, representative graphs are shown (40 x,
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scale bar: 200 μm). g Effect of METTL3 knockdown on migration ability by wound healing assay,
representative graphs are shown (40 x, scale bar: 200 μm). Data are presented as means ± standard
deviation (*p < 0.05, **p <0.01, ***p < 0.001, ****p <0.0001).

Figure 3
Stable knockdown of METTL3 suppresses the malignancy of OSCC cells in vitro and in vivo. a-b The two
panels showed the expression level of METTL3 in WSU-HN6 determined by qPCR and western blot after
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transfected with shMETTL3 lentivirus. c Dot blot was performed to verify the suppressed m6A level in
METTL3 stably depleted WSU-HN6. d Effect of METTL3 depletion on proliferation activity by CCK8 assay.
e Effect of METTL3 knockdown on migration ability by wound healing assay, representative graphs are
shown (40 x, scale bar: 200 μm). f Effect of METTL3 depletion on invasion ability by transwell assay,
representative graphs are shown (40 x, scale bar: 200 μm). g-i Subcutaneous tumor models in nude mice
showed the tumor growth rate (g, h) and tumor weights (i) at day 17 after the implantation of METTL3
knockdown and control WSU-HN6 cells (n=6 mice per group). j Orthodontic xenograft tumor model
showed the lymphatic metastatic rate of METTL3 knockdown and control WSU-HN6 cells (n=10 mice per
group). k Representative living imaging photos. l HE and pan-CK IHC photos of the lymph nodes with or
without metastasis (40 x, scale bar: 200 μm; 100 x, scale bar: 100 μm). Data are presented as means ±
standard deviation (*p < 0.05, **p <0.01, ****p <0.0001).

Figure 4
Analysis of the MeRIP-seq data of WSU-HN6 transfected with siMETTL3. a Top sequence motif identified
from MeRIP-seq peaks in control and METTL3-depleted cells. b Distribution of m6A peaks across all
mRNAs in control and METTL3-depleted cells. c Volcano plot of significantly altered m6A peaks identified
in MeRIP-seq in control and METTL3-depleted cells (FDR<0.05, fold change>2). d-e GO enrichment
Page 21/27

analysis and KEGG pathway analysis of the differential m6A peaks derived from comparison between
control and METTL3-depleted cells.

Figure 5
METTL3 enhanced SLC7A11 mRNA stability via m6A-mediated IGF2BP2 binding. a The flow chart for
selected candidate target genes of METTL3 in WSU-HN6 METTL3 depletion cells is shown. b-c qPCR
analysis of alterations in the six candidate target genes in control and METTL3-knockdown OSCC cells. d
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Verification of SLC7A11 expression in OSCC cells transfected with siRNA by western blot. e The relative
abundance of m6A sites along SLC7A11 mRNA in control and METTL3-knockdown WSU-HN6 cells, as
shown in IGV diagram. f The altered m6A modification level of SLC7A11 mRNA in OSCC cells transfected
with siMETTL3. g-h The degradation rate of SLC7A11 mRNA at the indicated times after actinomycin D (5
μg/mL) treatment in CAL27 and WSU-HN6 cells after METTL3 inhibition. i The relative expression of
SLC7A11 in OSCC cells after inhibition of IGF2BP family respectively. j-k RIP-qPCR showed the binding
strength between SLC7A11 mRNA and IGF2BP2 as well as IGF2BP3. l IGF2BP2 RIP-qPCR presented the
alteration of binding proportion between SLC7A11 mRNA and IGF2BP2. Data are presented as means ±
standard deviation (ns p >0.05, *p < 0.05, **p <0.01, ***p < 0.001).

Page 23/27

Figure 6
IGF2BP2 reversed the METTL3 knockdown-mediated degradation of SLC7A11 mRNA and inhibition of
malignancy in OSCC. a-b The two panels showed the expression level of SLC7A11 in METTL3knockdown OSCC cells with IGF2BP2 activation determined by qPCR and western blot. c-d The
degradation rate of SLC7A11 mRNA at the indicated times after actinomycin D (5 μg/mL) treatment in
METTL3-knockdown OSCC cells with IGF2BP2 activation. e-h Effect of IGF2BP2 rescue on proliferation
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activity of METTL3-knockdown OSCC cells by CCK8 and Ki67 assays. i Effect of IGF2BP2 rescue on
transwell assay of METTL3 knockdown OSCC cells, representative graphs are shown (40x, scale bar:
200μm). j Effect of overexpressed IGF2BP2 on wound healing assay of METTL3 knockdown OSCC cells,
representative graphs are shown (40 x, scale bar: 200 μm). Data are presented as means ± standard
deviation (ns p >0.05, *p < 0.05, **p <0.01, ***p < 0.001, ****p <0.0001).

Figure 7
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Triptolide impaired the malignancy of OSCC cell lines via METTL3-SLC7A11 axis in vitro. a-b The two
panels showed the expression level of METTL3 and SLC7A11 in WSU-HN6 treated with triptolide by qPCR
and western blot. c-d Effect of triptolide on proliferation activity by CCK8 and Ki67 assays. e Effect of
knocking down METTL3 level on wound healing assay, representative graphs are shown (40 x, scale bar:
200 μm). f Effect of METTL3 depletion on transwell assay, representative graphs are shown (40 x, scale
bar: 200 μm). Data are presented as means ± standard deviation (*p < 0.05, **p <0.01, ***p < 0.001, ****p
<0.0001).

Figure 8
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Schematic model of the epitranscriptomic regulation underlying the METTL3-SLC7A11 pathway.
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