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YTHDF2 promotes the metastasis
of oral squamous cell carcinoma
through the JAK-STAT pathway
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RNA-binding proteins act as crucial mediators between N6-methyladenosine (m6A) modification

and RNA function, playing a significant role in the recurrence and metastasis of oral squamous cell
carcinoma (OSCC). YTHDF2, the first identified RNA-binding protein, has been shown to be closely
associated with the prognosis of certain types of cancer. However, the role of YTHDF2 in OSCC and its
underlying molecular mechanisms remain poorly understood and require further investigation. First,
we analysed the expression levels of YTHDF2 and examined its correlation with clinical features using
public databases and OSCC patient samples. Subsequently, a series of in vitro functional experiments
were conducted to assess the effects of YTHDF2 on the proliferation, migration, and invasion
capabilities of OSCC cells. Additionally, RNA-seq analysis was utilized to investigate the signalling
pathways modulated by YTHDF2, which was further supported by experimental validation. Our
findings revealed that YTHDF2 expression was significantly elevated in OSCC tissues and cells, with
levels closely correlated with the clinical stage, pathological grade, and survival time of patients. The
knockdown of YTHDF2 resulted in a significant reduction in the proliferation, migration, and invasion
abilities of OSCC cells. Furthermore, RNA sequencing data indicated that silencing YTHDF2 suppressed
the JAK-STAT signalling pathway, and the use of STAT3 activators reversed this suppressive effect in
OSCC cells. Our study demonstrated that YTHDF2 promotes the proliferation, metastasis, and invasion
of OSCC by positively regulating the JAK-STAT signalling pathway, suggesting that YTHDF2 could
serve as a potential prognostic marker for the diagnosis and treatment of OSCC.
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Oral squamous cell carcinoma (OSCC) is one of the most common oral cancers worldwide and is often linked to
smoking, alcohol consumption, and human papillomavirus infection'. Globally, OSCC accounts for more than
90% of oral malignancies, with over 500,000 new cases and 170,000 fatalities reported annually, with increasing
incidence. It is expected that by 2030, the annual incidence rate of OSCC will increase to 30%, resulting in 1.08
million new cases?. Unfortunately, the early diagnosis rate of OSCC is low and often coincides with lymph node
metastasis. Approximately 70% of patients are diagnosed at an advanced stage, with significant lymph node
metastasis; this results in an approximate 50% decrease in the 5-year survival rate®. The primary reason for this
situation is that the main factors contributing to the poor therapeutic effects on OSCC—local recurrence and
distant metastasis—have not been effectively resolved®. Therefore, understanding the molecular mechanisms
underlying OSCC recurrence and metastasis as well as finding new therapeutic targets are crucial areas of
current research.

During the process of OSCC metastasis, cells develop the ability to metastasize through genetic or epigenetic
changes. Among these changes, epigenetic modifications at the RNA level, particularly 6-methyladenine (N6-
methyladenosing, m6A), have garnered significant attention®. m6A is the most common RNA modification
in eukaryotes, and its addition and removal are dynamic and reversible processes®. This process is regulated
by methyltransferases, which add m6A; demethylases, which remove m6A; and m6A-binding proteins®. These
m6A-binding proteins serve as critical mediators by linking m6A modifications to RNA function. Specific target
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genes of m6A modification regulate the splicing, processing, transport, translation, and stability of RNA, thereby
impacting the proliferation, migration, invasion, and chemotherapy resistance of tumour cells’

Notably, YTHDF2, identified as the first and most effective m6A reading protein, has been found to have
dual functions in regulating the proliferation and migration of tumour cells®. For instance, YTHDF2 was shown
to promote tumor progression in acute myeloid leukaemia, lung cancer, and bladder cancer by stabilizing
oncogenic mRNAs, thereby enhancing cancer cell proliferation and metastasis'*!!. In contrast, YTHDF2 exerts
tumor-suppressive effects in gastric cancer and melanoma by destabilizing oncogenic mRNAs, indicating that
its function is highly context-dependent and tumor-type specific!>!?. Nevertheless, there is little research on the
role of YTHDEF2 in OSCC.

The JAK-STAT signaling pathway regulates cell proliferation, differentiation and immune responses, playing
a crucial role in the progression of cancer, particularly in OSCC. For example, the interaction between PD-L1
and the JAK2-STAT3/MAPK-API1 pathway has been reported to promote cancer progression, invasion, and
therapy resistance!. Furthermore, a recent study using bioinformatics analysis identified YTHDF2, along with
other m6A methylation regulators, as a critical gene in OSCC progression'®. Specifically, silencing YTHDF2
suppressed this pathway, leading to decreased proliferation, migration, and invasion abilities in OSCC cells.
Additionly, the use of STAT3 activators reversed these suppressive effects, indicating that YTHDF2 may exert
its oncogenic role through modulation of the JAK-STAT pathway. These findings underscore the importance
of the JAK-STAT signaling pathway in OSCC progression and suggest that YTHDF2 may serve as a potential
prognostic biomarker and therapeutic target in OSCC. Further research is warranted to explore the precise
mechanisms underlying the interaction between YTHDF2 and the JAK-STAT pathway in OSCC and other
cancers.

This study analysed the expression of YTHDF2 in OSCC tissues compared with that in control tissues, as well
as the relationships between YTHDEF?2 levels and the clinical characteristics and survival times of OSCC patients.
Functional experiments were conducted to elucidate the regulatory effect of YTHDF2 on OSCC proliferation
and metastasis. Additionally, transcriptome sequencing was performed to identify the signalling pathways
through which YTHDEF?2 regulates the biological behaviour of OSCC cells. Our research particularly focused on
the interaction between YTHDF2 and the JAK-STAT signaling pathway as a critical mechanism in mediating its
oncogenic effects. Overall, this research provides insights into the molecular mechanisms underlying YTHDF2-
mediated proliferation and metastasis in OSCC, suggesting a potential therapeutic target for future studies.

Materials and methods

Clinical samples

The study analysed a group of 59 squamous cell carcinoma tissue samples and 20 paracancerous tissue samples
from patients treated at the Department of Oral and Maxillofacial Surgery, Stomatological Hospital Affiliated
with Southwest Medical University, between January 2018 and December 2020. The follow-up deadline was
January 2024. None of the patients had undergone preoperative radiation or chemotherapy, and all tissue
samples were obtained with appropriate informed consent and approval from the Institutional Review Board of
the Stomatological Hospital Affiliated with Southwest Medical University. We confirm that all experiments were
performed in accordance with relevant guidelines and regulations.

IHC staining

All the tissue sections were deparaffinized, rehydrated, subjected to antigen retrieval, blocked and incubated with
an anti-YTHDF2 antibody (1:2000, Abcam) overnight at 4 °C. This was followed by incubation with secondary
antibodies and detection via a diaminobenzidine (DAB) kit (Gene Tech, China), followed by haematoxylin
counterstaining. The images were captured via an upright microscope system (Nikon, Japan), and the YTHDF2
immunostaining score was calculated by multiplying the score for the proportion of positively stained tumour
cells (categories: 1 (<25%), 2 (25-50%), 3 (50-75%), and 4 (>75%) by the score for staining intensity (categories:
1-weak staining, 2-moderate staining, and 3-strong staining). The staining score was assessed by two blinded
pathologists, and patients were categorized into low-staining (1-6) and high-staining (8-12) groups. Detailed
patient information can be found in Table S1.

Cell culture and transfection
SCC9 and NOK (normal oral keratinocytes) cells were kindly provided by Professor Wang'®. SCC9 is a widely
used human tongue squamous cell carcinoma cell line, chosen for its relevance in OSCC research due to its well-
characterized genetic and phenotypic properties. NOK was selected as a control to represent normal oral mucosal
cells. SCC9 cells were cultured in DMEM/F12 (Gibco, USA), and NOK cells were cultured in high-glucose
DMEM (Gibco, USA). The SCC9 culture medium was supplemented with 10% foetal bovine serum (FBS, Gibco,
USA), 1% penicillin-streptomycin (Beyotime Biotech, China), and 400 ng/mL hydrocortisone (Sigma, USA),
which is essential for supporting the specific growth requirements of SCC9 cells. NOK cell culture medium
contained 10% FBS and 1% penicillin-streptomycin. Both cell lines were maintained in a humidified incubator
at 37 °C with 5% CO,. The culture medium was refreshed every 2-3 days. Subculturing was performed when the
cells reached approximately 80% confluence, and cell viability was routinely checked to ensure reproducibility.
Plasmid transfection was conducted via a siRNA transfection kit (Ribo, China) following the manufacturer’s
instructions, with three YTHDF2 siRNA sequences designed: siYTHDF2-1, GACCAAGAATGGCATTGCA;
siYTHDF2-2, GCACAGAAGTTGCAAGCAA; and siYTHDF2-3, GGTAGCGGGTCCATTACTA.

Quantitative real-time PCR (QRT-PCR)
Total RNA was extracted from cells via the Steady Pure Rapid RNA Extraction Kit according to the manufacturer’s
instructions. The RNA concentration and purity were measured using a NanoDrop 2000 spectrophotometer
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(Thermo Fisher Scientific). RNA samples with an A260/A280 ratio of 1.8-2.0 were used for subsequent
experiments. This was followed by cDNA synthesis with ReverTra Ace QPCR RT Master Mix (Toyobo, Japan).
PCR was then conducted via the SYBR Green Master Mix Kit (Takara, Japan) on a StepOne Plus Real-time PCR
System (Applied Biosystems, USA), with GAPDH as the internal control. The reaction system included 10 uL
SYBR Green Master Mix, 1 puL cDNA template, 0.4 pL of forward and reverse primers (10 uM each), and 8.2 uL
nuclease-free water, resulting in a total reaction volume of 20 pL.

The thermal cycling conditions were as follows: initial denaturation at 95 °C for 30 s, followed by 40 cycles of
denaturation at 95 °C for 5 s and annealing/extension at 60 °C for 30 s. Each sample was analysed in triplicate,
with data analysis based on the 2722¢T method. The primers used are listed in Table S2.

Western blot

Cellular proteins were extracted by lysing cells in RIPA buffer supplemented with protease inhibitors (Sigmar,
USA). The extracted protein concentrations were detected via a BCA kit. Subsequently, 20 pg of protein per
sample was separated via 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred onto a PVDF membrane (Millipore, USA). The samples were incubated overnight at 4 °C with
primary antibodies against YTHDF2 (1:1000, Abcam, catalog # ab220163), JAK2 (1:5000, Abcam, catalog #
ab108596), STAT3 (1:1000, Abcam, catalog # ab68153), p-JAK2 (1:5000, Abcam, catalog # ab32101), p-STAT3
(1:1000, Abcam, catalog # ab76315), and GAPDH (1:10000, Affinity Biosciences, catalog # AF7021). The
membranes were then washed three times with TBST buffer (Tris-buffered saline containing 0.1% Tween 20)
for 5 min each.

The samples were incubated with an HRP-labelled secondary antibody (1:1000, Beyotime, catalog # A0208)
for 1 h at room temperature. The membranes were washed again three times with TBST buffer for 5 min each.
Protein bands were detected using an enhanced chemiluminescence kit (Thermo Fisher Scientific, catalog #
32106) and visualized with the ChemiDoc Imaging System (Bio-Rad). Signal intensity was quantified using
Image Lab software (Bio-Rad).

Proliferative assay

Cell proliferation was assessed through CCK-8 and colony formation assays. For the CCK-8 assay, cells were
plated in 96-well plates at a density of 2000 cells per well. The absorbance was measured at 0, 24, 48, 72, and
96 h at a wavelength of 450 nm postseeding via the CCK-8 system (Dojindo, Japan). For the colony formation
assay, cells were seeded in 6-well plates at a density of 1000 cells per well and cultured in DMEM/F12 medium
supplemented with 10% FBS for approximately 2 weeks. Colonies were visualized and quantified after fixation
with methanol and 0.1% crystal violet staining for 30 min.

Scratch wound assay

The cells were seeded into 6-well plates and allowed to grow until they reached confluence. A scratch of
approximately 1 mm in the confluent cell layer was made via a P200 pipette tip, followed by continued cell
culture. Images were captured at 0, 24, 48, and 72 h, and the reduction in the wound area was analysed via Image]
software.

Cell migration and invasion assays

Cell migration and invasion abilities were assessed using chambers with or without Matrigel. A cell suspension
was prepared in serum-free DMEM/F12 medium at a concentration of 1 x 10% 500 L of the suspension was
placed in the upper chamber; and 1 ml of DMEM/F12 medium containing 10% FBS was added to the lower
chamber. After incubation for 24 h, the cells on the upper surface of the filter were removed, and those that had
migrated through the filter and adhered to the lower surface were stained with 0.1% crustal violet. Five random
fields of view were selected under a microscope, images were captured, and the cells were quantified.

Transcriptome sequencing

Total RNA was extracted from three groups of SCC9 cells transfected with siYTHDF2 or control plasmid and
sent to Lianchuan Biotech Biotechnology Co., Ltd. (HangZhou, China) for transcriptome sequencing. The RNA
was initially tested for quantity, purity, and integrity. cDNAoligo(dT) magnetic beads and high-temperature
fragmentation technology were subsequently used to capture and fragment mRNAs with a PolyA tail. This was
followed by reverse transcription for conversion into cDNA and second-strand synthesis, with a fragment size
of approximately 300 bp 50 bp, for library construction. Paired-end sequencing was then conducted via an
Ilumina Novaseq™ 6000 in PE150 mode. The sequencing data underwent quality control procedures, including
the removal of adapters and the filtering of low-quality and repetitive sequences. Alignment and transcript
assembly were performed via HISAT2 and StringTie software programs. FPKM quantification was carried out
via the ballgown package, and significant differences between samples were analysed via the R package edgeR.
Genes with a fold change (FC) greater than 2 or less than 0.5 and a p value less than 0.05 were considered
differential genes, confirmed by GO and KEGG enrichment analysis.

Bioinformatic analysis
Pancancer RNA expression data were obtained from the TCGA (https://portal.gdc.cancer.gov/) database in
three standardized forms: TPM, FPKM, and RPM. OSCC data were extracted from various oral cancer sites
within TCGA-HNSC, consisting of 362 OSCC samples and 32 adjacent cancer samples. Clinical information
and RNA-seq expression profiles were downloaded for subsequent analysis.

The “limma” package in R (version 4.0.3) was utilized for data integration and analysis, with a focus on
differentially expressed genes, through extracting gene names, p values, false discovery rates (FDRs), and
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log2-fold change values. Genes with incomplete information were excluded, and those meeting the criteria
of FDR<0.05 and |110g2FC|>3 were subjected to further analysis. Differential gene visualization was carried
out via the “ggplot 2” package. Kaplan-Meier overall survival curves were constructed with the “survial” and
“survminer” packages, while ROC analysis was conducted with the “pROC” package, and ROC curves were
visualized via “ggplot2”. The area under the ROC curve served as an indicator of accuracy in diagnosis and
prognosis prediction.

Statistical analysis

Data analysis and statistics were conducted via R and SPSS 23.0. For the data in Table S1, categorical variables
(e.g., gender, tumor stage, lymph node metastasis) were compared using the chi-square test or Fisher’s exact
test, as appropriate. For continuous variables (e.g., age), independent Student’s t-tests were used for two-group
comparisons. Additionally, Student’s t test was utilized to compare two subgroups, whereas one-way ANOVA
was used for comparisons among more than two subgroups. Kaplan-Meier survival analysis was conducted to
assess the differences in overall survival (OS) based on different YTHDF2 expression levels. A p value less than
0.05 was considered statistically significant.

Results

Upregulated expression of YTHDF2 is correlated with poor prognosis in oral squamous cell
carcinoma

To investigate YTHDF?2 expression in different cancer types, we analysed the YTHDEF2 levels in 33 cancer tissues
and compared them to normal tissues. YTHDF2 was found to be upregulated in 13 cancer types, including
bladder urothelial carcinoma (BLCA), breast invasive carcinoma (BRCA), cervical squamous cell carcinoma,
endocervical adenocarcinoma (CESC), cholangiocarcinoma (CHOL), colon adenocarcinoma (COAD),
oesophageal carcinoma (ESCA), glioblastoma multiforme (GBM), head and neck squamous cell carcinoma
(HNSC), liver hepatocellular carcinoma (LIHC), lung adenocarcinoma (LUAD), prostate adenocarcinoma
(PRAD), stomach adenocarcinoma (STAD), and uterine corpus endometrial carcinoma (UCEC) (Fig. 1A).

In the context of OSCC, significantly higher YTHDEF2 expression was observed in OSCC tissues than in
normal tissues (Fig. 1B). Higher YTHDF2 expression levels were significantly correlated with advanced tumour
grade, as shown in Fig. 1C. OSCC patients were divided into high and low YTHDEF?2 expression groups on the
basis of average YTHDE?2 levels, and a Kaplan-Meier curve revealed that the survival time of the high YTHDF2
expression group was significantly lower than that of the low-expression group (Fig. 1D). Furthermore, the
diagnostic potential of YTHDF2 expression in OSCC was assessed via receiver operating characteristic (ROC)
curve analysis. As shown in Fig. 1E, the area under the curve (AUC) for YTHDF2 was 0.748, with a 95%
confidence interval (CI) ranging from 0.664-0.831.

YTHDF2 upregulation was associated with poor prognosis in OSCC

Immunohistochemical staining was conducted on clinical tissue samples to further investigate the correlation
between YTHDF2 and the clinical characteristics of OSCC. The results revealed a predominant cytoplasmic
expression of YTHDEF2 in OSCC tissues through a higher percentage of positive staining and a more intense
staining colour (Fig. 2A). Statistical analysis revealed significantly higher YTHDEF2 staining scores in OSCC
tissues than in control tissues (Fig. 2B). Furthermore, higher levels of YTHDF2 expression were correlated with
advanced tumour stage (T,,, and T, ,), advanced clinical stage (C,,, and C,, ,), and lymph node metastasis
(Ly, vs. Ly-) (Fig. 2B). K-M analysis revealed a significantly shorter overall survival time in patients with high
YTHDE2 expression than in those with low YTHDEF2 expression (Fig. 2C). The area under the ROC curve
was 0.733 (95% CI 0.626-0.841) (Fig. 2D), indicating that the level of YTHDEF2 expression could be a valuable
diagnostic marker for OSCC. A staining score cut-off value of 6 was identified for distinguishing OSCC patients
from healthy controls.

Knockdown of YTHDF2 suppresses OSCC cell proliferation, migration and invasion

To investigate the impact of YTHDF2 on OSCC cell function, three siRNAs targeting Y THDF2 were synthesized
and transfected into SCC9 cells. The knockdown efficiency of these siRNAs in SCC9 cells was determined via RT-
PCR and Western blotting (Fig. 3A,B). Among the tested siRNAs, siRNA-1 showed the most effective silencing
and was selected for further experiments. Cell proliferation was assessed through CCK-8 and colony formation
assays, which revealed that YTHDF2 knockdown significantly inhibited the growth of SCC9 cells (Fig. 3C,D).
Additionally, transwell migration and invasion assays indicated that YTHDF2 knockdown resulted in decreased
migration and invasion capabilities of SCC9 cells (Fig. 3E,F). The scratch wound assay further confirmed the
decreased migration ability of SCC9 cells following YTHDEF?2 silencing (Fig. 3G,H).

The JAK-STAT pathway may be a potential mechanism for YTHDF2-regulated progression of
0sCC

To investigate the potential mechanism underlying the oncogenic role of YTHDF2 in OSCC, we conducted
transcriptome sequencing on YTHDEF2-silenced cells and control cells. The results revealed a total of 1621
differentially expressed genes in cells after YTHDF2 knockdown, including 740 downregulated genes and 881
upregulated genes (Fig. 4A). Among the thousands of potential targets, STAT1 and STAT2 were significantly
upregulated during YTHDF2 knockdown (Fig. 4B). Furthermore, GO analysis of the differentially expressed
genes highlighted the critical involvement of YTHDF2 in key processes such as cell proliferation, the inflammatory
response, apoptosis, and the immune response in OSCC (Fig. 4C). KEGG analysis further revealed notable
alterations in pathways, including the JAK-STAT signalling, Toll-like receptor signalling, NOD-like receptor
signalling, P53 signalling, and TNF signalling pathways, following YTHDF2 knockdown (Fig. 4D). Additionally,
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Fig. 1. Upregulated expression of YTHDF2 correlates with poor prognosis in oral squamous cell carcinoma.
(A) The expression levels of YTHDEF?2 in various cancers; (B) Statistical analysis of YTHDF2 levels in OSCC
tissues and normal oral mucosa tissues; (C) Statistical analysis of YTHDEF2 levels in different clinical grades;
(D) Kaplan-Meier survival curve based on YTHDEF?2 expression levels; (E) ROC curve analysis of the potential
diagnostic value of the YTHDEF2 expression level in OSCC diagnosis.

increased expression levels of STAT3 were observed in OSCC tissues compared with normal tissues (Fig. 4E),
with a positive correlation between YTHDF2 expression and JAK2 and STAT3 expression (Fig. 4F). These
findings suggest that the JAK-STAT signalling pathway could be a potential mechanism by which YTHDF2
regulates OSCC behaviour.

YTHDF2 promoted OSCC growth and metastasis via the JAK-STAT pathway

To confirm that YTHDF2 regulates cell behaviour via the JAK-STAT pathway, we first analysed the protein
expression of JAK2 and STAT3 in SCC9 cells after YTHDF2 knockdown. Our results revealed no change in
nonphosphorylated JAK2 or STAT3 levels but did reveal a significant decrease in the levels of phosphorylated
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Fig. 2. YTHDF2 was upregulated and associated with poor prognosis in OSCC. (A) Results of IHC staining
for YTHDEF2 in OSCC tissues and paracancerous tissues. (B) Statistical analysis of the staining scores of
YTHDE?2 in OSCC tissues and paracancerous tissues and the relationships between YTHDEF2 expression levels
and tumour stage (T3 +4 vs. T1+2), clinical stage (CIII+IV vs. CI+1I) and lymph node metastasis (LN+vs.
LN-). (C) Kaplan-Meier survival curve based on YTHDEF?2 expression levels. (D) ROC curve of the YTHDF2
expression level in OSCC.

JAK2 and STAT3 (Fig. 5A,B). In a rescue experiment, YTHDF2-silenced SCC9 cells were subsequently treated
with the STAT3 activator Colivelin. Cell proliferation was assessed via CCK-8 and colony formation assays,
whereas cell migration and invasion were analysed via transwell migration, scratch, and invasion assays. As
shown in Fig. 5C-H, the cells treated with Colivelin exhibited increased proliferation, migration, and invasion
capabilities compared with those in the YTHDF2-silenced group.

Discussion

This study revealed that YTHDF2 is significantly overexpressed in OSCC and is closely associated with the
clinical stage, grade, and survival time of OSCC patients. Further investigation into the impact of YTHDF2 on
OSCC cell behaviour revealed that downregulation of YTHDEF?2 led to a decrease in the proliferation, migration,
and invasion capabilities of OSCC cells, supporting its role in promoting cancer cell growth and invasion.
Transcriptome sequencing results indicated that YTHDF2 may modulate the JAK-STAT signalling pathway.
Furthermore, the activation of the JAK-STAT pathway in YTHDF2-knockdown cells partially reversed their
reduced proliferation, migration, and invasion abilities. This suggests that YTHDF2 promotes OSCC progression
by positively regulating the JAK-STAT signalling pathway.

YTHDEF2 primarily regulates mRNA degradation, and its role in various tumours is still debated!”. While most
studies have shown high expression of YTHDF2 in pancreatic cancer'8, liver cancer!?, ovarian cancer?, cervical
cancer?!, where it promotes tumour progression, a minority of scholars have reported a tumour suppressor role
for YTHDF2 in certain cancers. For example, Hou et al. * reported significant downregulation of YTHDF2 in
hepatocellular carcinoma cells, leading to inflammation, vascular abnormalities, and metastasis. Similarly, Shen
et al.” reported a suppressive function of YTHDF2 in gastric cancer through the destabilization of FOXC2
mRNA. Recent studies further emphasize the context-dependent nature of YTHDEF2. For example, YTHDF2
regulates epithelial-mesenchymal transition (EMT) and stemness in bladder cancer via m6A-dependent
mechanisms, promoting metastasis'!. Additionally, YTHDF2 has been reported to stabilize oncogenic mRNAs
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Fig. 3. Knockdown of YTHDF2 suppressed OSCC cell proliferation, migration and invasion. The knockdown
of YTHDEF?2 was confirmed through (A) real-time quantitative PCR and (B) western blotting. (C) CCK-8
detection results, (D) colony formation analysis, (E,F) migration and invasion results, and (G-H) 24-h scratch
migration results of the YTHDF2-silenced group and the control group.

in colorectal cancer, further supporting its oncogenic role in specific tumour types?*. This discrepancy may be
attributed to YTHDEF?2 targeting different mRNAs, including tumour suppressor genes and oncogenes.

The dual roles of YTHDF2 may be influenced by various factors, including tumor type, genetic background,
and the tumor microenvironment. For instance, mRNA targets specific to different tumor types could determine
whether YTHDEF2 functions as an oncogene or a tumor suppressor. In liver cancer, YTHDF2 promotes tumor
progression by stabilizing oncogenic transcripts, whereas in gastric cancer, it suppresses tumor growth by
destabilizing pro-tumorigenic mRNAs. Moreover, genetic alterations in key pathways may modulate the function
of YTHDEF2. For instance, mutations in the JAK-STAT signaling pathway or in upstream activators such as IL6R
could enhance YTHDF2’s oncogenic effects in certain cancers.

However, one limitation of this study is the lack of long-term monitoring or in vivo validation of these findings.
Although we have demonstrated the role of YTHDF2 in OSCC progression through in vitro experiments, the
physiological relevance and robustness of these results need to be further confirmed in more complex in vivo
models. Future research should therefore incorporate xenograft models and long-term monitoring of tumor
progression. These approaches would provide more comprehensive insights into the role of YTHDF2 in OSCC
and allow for better validation of its potential as a therapeutic target. Additionally, in vivo studies would allow
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Fig. 4. YTHDF2 regulates the JAK-STAT signalling pathway. (A) Statistical analysis of the upregulated or
downregulated genes following the knockdown of YTHDF2. (B) Volcano plot of the differentially expressed
genes after the knockdown of YTHDF2. (C) GO and (D) KEGG analyses of the possible signalling pathways
regulated by YTHDEF?2. (E) JAK2 and STAT3 expression levels in OSCC tissues and normal tissues. (F)
Correlations between JAK2, STAT3 and YTHDEF2 expression in OSCC.

for the exploration of the therapeutic impact of YTHDF2 inhibition in OSCC, which remains an important
direction for future investigation.

The tumor microenvironment also plays a critical role in modulating the activity of YTHDF2. Hypoxia, a
common feature of the tumor microenvironment, has been shown to upregulate YTHDF2 expression, potentially
enhancing its role in promoting metastasis. Similarly, the immune landscape may influence YTHDF2’s function
by altering its mRNA targets or activity. For example, high levels of immune infiltration may affect the stability
and degradation of m6A-modified transcripts regulated by YTHDEF2, further contributing to its context-
dependent effects.

Although research on YTHDF2 and OSCC is limited, our study revealed that high expression of YTHDF2
in OSCC was correlated with advanced clinical stages, high pathological grades, and short survival times.
These results underscore the oncogenic role of YTHDEF2 in OSCC and contribute to filling a gap in the current
literature.

The JAK-STAT signalling pathway is crucial for regulating various cellular functions, such as proliferation,
migration, differentiation, and apoptosis, and plays a significant role in tumour development?>?. Activation
of this pathway involves JAK initiating tyrosine phosphorylation of receptors thereby recruiting STATS, which
form dimers and enter the nucleus to regulate gene transcription®”-?8, Among the STAT family members, STAT3
is particularly important in transmitting signals from the cell membrane to the nucleus?, and its abnormal
expression is associated with multiple cancers, including breast®®, ovarian®!, and lung cancers*. Recent studies
have further highlighted the role of STAT3 in OSCC, showing that its activation drives stemness, EMT, and
therapy resistance in OSCC cells**. In particular, the interaction between PD-L1 and STAT3 has been identified
as a crucial mechanism promoting immune evasion and metastatic progression in OSCC!. Our research
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Fig. 5. YTHDF2 promoted OSCC growth and metastasis via the JAK-STAT pathway. (A) Expression levels
and (B) statistical analysis of the JAK and STAT?3 proteins between the YTHDF2-silenced group and the
control group. (C) CCK-8 assay results, (D) colony formation analysis, (E,F) migration and invasion results,
and (G,H) 24-h scratch migration results of the YTHDF2-silenced cells with or without treatment with the
STATS3 activator colivelin.

confirmed the high expression of STAT3 in OSCC and revealed the role of YTHDEF2 in activating the JAK-STAT
pathway to promote OSCC cell malignancy. Despite the tumour-promoting effects of JAK-STAT signalling, some
preclinical studies have shown that JAK inhibitors may compromise NK cell antitumour immunity and enhance
breast cancer metastasis®*. In addition, the downstream targets of JAK-STAT signalling in OSCC remain poorly
understood and require further investigation.

In future research, we aim to explore the molecular mechanisms linking YTHDF2 with STAT3 activation
in OSCC. Recent evidence suggests that YTHDF2 may selectively regulate m6A-modified mRNAs encoding
upstream activators of STAT3, such as IL6R and JAK2%. Investigating these targets could provide new insights
into the crosstalk between m6A modification and STAT3-driven tumor progression. Additionally, the integration
of in vivo models and long-term monitoring will be essential to fully validate the role of YTHDF2 in OSCC
progression. These findings will contribute to identifying novel therapeutic strategies targeting YIT'HDF2 or
STAT3 in OSCC.
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Conclusion
In summary, our study demonstrated the critical function of YTHDF2 in OSCC, which promotes OSCC
proliferation and metastasis by regulating the JAK-STAT signalling pathway.

Data availability
The datasets analysed during the current study are available in the TCGA databases repository, (https://portal.
gdc.cancer.gov/).
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