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Abstract

Background: Gliomas are aggressive brain tumors known for their poor prognosis and resistance to standard treatment options. Ferrop-
tosis is an iron-dependent form of regulated cell death that has emerged as a promising target for cancer treatment. This study examined
how the methyltransferase-like 3/YTH domain family protein 1 (METTL3/YTHDF1) axis influences ferroptosis and glioma progression
by stabilizing mitochondrial carrier homolog 2 (MTCH2) messenger RNA (mRNA).Methods: MTCH2 expression in glioma tissues and
cell lines was evaluated through quantitative real-time polymerase chain reaction (PCR) and western blot analyses. To assess the effects
ofMTCH2 knockdown and overexpression on glioma cell functions, we performed a series of functional assays, including cell viability,
colony formation, and measurements of lipid reactive oxygen species (lipid ROS) and malondialdehyde (MDA) levels. Additionally, we
conducted RNA immunoprecipitation (RIP) and RNA stability assays to explore the underlying mechanisms governing the interaction
between METTL3, YTHDF1, and the stability of MTCH2 mRNA. Results: MTCH2 was significantly upregulated in glioma tissues and
cell lines. Silencing of MTCH2 resulted in decreased glioma cell proliferation and induced ferroptosis, as evidenced by increased lipid
peroxidation and ROS accumulation. Conversely, overexpression of MTCH2 enhanced glioma cell survival and reduced ferroptosis.
METTL3-mediated N6-methyladenosine (m6A) modification enhancedMTCH2 mRNA stability by enabling YTHDF1 to bind and pro-
tect the modified mRNA from degradation. Conclusion: TheMETTL3/YTHDF1/MTCH2 axis plays a critical role in glioma progression
by inhibiting ferroptosis and promoting tumor cell survival. Targeting this pathway may provide a new and effective treatment strategy
for glioma patients.
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1. Introduction
Glioma (GBM) is a highly aggressive and preva-

lent central nervous system tumor, predominantly affecting
middle-aged and elderly individuals [1,2]. Symptoms such
as headaches, seizures, and neurological deficits often lead
to delayed diagnosis. Accounting for roughly 80% of brain
tumors, gliomas have the highest mortality rate among cen-
tral nervous system cancers [3]. The overall five-year sur-
vival rate for glioma patients is around 10–15%, but is sig-
nificantly lower for advanced stages [4]. Prognosis depends
on factors like diagnostic stage, age, and tumor molecular
features [5,6]. Despite the availability of surgery, radio-
therapy, and chemotherapy, recurrence and resistance re-
main major challenges, underscoring the need for innova-
tive therapies [7,8].

Ferroptosis is a form of iron-dependent cell death
characterized by the accumulation of lipid peroxides [9],
has garnered substantial interest in cancer research, partic-
ularly in gliomas [10–12]. This pathway differs from tradi-
tional cell death processes like apoptosis, autophagy, and
necrosis [13,14]. Its identification has opened new pos-

sibilities for effective cancer treatments [15]. It has been
established that ferroptosis has a significant impact in var-
ious tumor types such as breast cancer [16], liver cancer
[17], and glioma [18]. Core regulators, such as glutathione
peroxidase 4 (GPX4) [19], solute carrier family 7 mem-
ber 11 (SLC7A11) [20], and iron metabolism-related pro-
teins, play critical roles in tumor initiation and progression.
Current evidence shows that the growth and migration of
glioma cells can be significantly inhibited by regulating key
molecules in ferroptosis. Current studies reveal that mod-
ulating ferroptosis-related molecules inhibits glioma cell
growth and migration. For instance, GPX4 inhibition or
increasing intracellular iron induces ferroptosis, hindering
tumor growth [21,22]. Nevertheless, more research is re-
quired to comprehensively understand its role in gliomas.

MTCH2, a protein located in the outer mitochondrial
membrane, is crucial for regulating lipid transport, energy
metabolism, and apoptosis [23]. Previous research has
linked MTCH2 to the malignancy and prognosis of breast
[24] and colorectal cancer [25], indicating its potential as a
therapeutic target. Qiuyun Yuan et al. [26] demonstrated

https://www.imrpress.com/journal/FBL
https://doi.org/10.31083/FBL25718
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0008-7095-6063
https://orcid.org/0009-0009-9342-0445
https://orcid.org/0000-0002-3638-6588
https://orcid.org/0009-0001-2169-5337
https://orcid.org/0009-0008-3343-4039
https://orcid.org/0009-0008-4123-300X


that MTCH2 expression correlates with GBM malignancy
and resistance to temozolomide, underscoring its signifi-
cance in GBM progression. Given the limited knowledge
of MTCH2’s role in GBM and the critical involvement of
mitochondria in ferroptosis [27], exploring the connection
betweenMTCH2 and ferroptosis in gliomas is crucial.

In the present study, MTCH2 was found to be
highly expressed in glioma tissues, and its expression
was regulated through METTL3 and YTHDF1-mediated
N6-methyladenosine (m6A) methylation modification pro-
cesses. Additionally, MTCH2 was shown to regulate fer-
roptosis in glioma cells. Knockdown of MTCH2 inhibited
the malignant behavior of glioma cells. Therefore, it is sug-
gested that MTCH2 depletion may be a promising strategy
to improve the prognosis of glioma.

2. Methods and Materials
2.1 Patient Samples

Between 2010 and 2024, 30 glioma tissue samples,
along with their respective normal tissue counterparts, were
obtained from the Affiliated Hospital of North Sichuan
Medical College. Additionally, from 2022 to 2024, six
matched pairs of glioma tissues and adjacent normal tis-
sues were collected from the same institution specifically
for Western blot analysis.

2.2 Culturing and Transfection of Cells
The GBM cell lines LN229 (CRL-2611, ATCC, Man-

assas, VA, USA), T98G (CRL-1690, ATCC,Manassas, VA,
USA), and U251 (STCC11007G, Zixin Bio, Wuhan, Hubei,
China), along with NHA (CP-H122, Pricella, Wuhan,
Hubei, China), were maintained in Dulbecco’s Modified
Eagle Medium (DMEM; Gibco, Thermo Fisher Scien-
tific, Waltham, MA, USA) supplemented with 10% fe-
tal bovine serum (FBS; Gibco, Thermo Fisher Scien-
tific, Waltham, MA, USA) and 1% penicillin/streptomycin
(Sigma-Aldrich, St. Louis, MO, USA). Meanwhile, U87-
MG cells (HTB-14, ATCC, Manassas, VA, USA) were
cultured in complete Minimum Essential Medium (MEM;
Gibco, Thermo Fisher Scientific, Waltham, MA, USA).
Lentiviral vectors targeting the knockdown or overex-
pression of MTCH2, WTAP, METTL3, METTL14, and
YTHDF1, as well as a control vector, were generated by
GenePharma (Shanghai, China). GBM cells were cultured
to approximately 70% confluence before plating in well
plates and subsequently infected with the lentiviruses. Sta-
ble transfectants were obtained by selectionwith puromycin
(4 µg/mL; Sigma-Aldrich, St. Louis, MO, USA) for two
weeks. All cell lines were authenticated by short tandem
repeat (STR) profiling and confirmed to be free of my-
coplasma contamination.

2.3 Western Blotting
Western blot analysis was performed according to the

method used in our previous publications [28]. All anti-

bodies used are listed in Supplementary Table 1. After
incubation with the appropriate secondary antibodies, the
membranes were developed using an enhanced chemilumi-
nescence (ECL) detection reagent (ECL Plus Western Blot-
ting Detection System, Cytiva, Marlborough, MA, USA)
and analyzed using ImageJ software (version 1.54m, Na-
tional Institutes of Health, Bethesda, MD, USA).

2.4 qRT-PCR
Total RNA was extracted from cells and tissues us-

ing the TRIzol reagent (Invitrogen, Thermo Fisher Sci-
entific, Waltham, MA, USA) according to the manufac-
turer’s instructions. Complementary DNA (cDNA) synthe-
sis was performed using the One-Step RT-PCR Kit (Bey-
otime, Shanghai, China) following the manufacturer’s pro-
tocols. Gene expression levels were analyzed using the Be-
yoFast™ SYBR Green One-Step RT-qPCR Kit (Beyotime,
Shanghai, China) on a real-time PCR platform (Thermo
Fisher Scientific, Waltham, MA, USA). The quantitative
polymerase chain reaction (qPCR) procedure included re-
verse transcription at 50 °C for 15 minutes, an initial denat-
uration step at 95 °C for 5 minutes, followed by 40 cycles
of amplification with denaturation at 95 °C for 10 seconds
and annealing/extension at 60 °C for 30 seconds. Relative
gene expression levels were calculated using the 2−∆∆Ct

method, with β-actin serving as the endogenous normal-
ization control. The primer sequences used in these assays
are listed in Supplementary Table 2.

2.5 Cell Proliferation
Transfected cells were seeded into 96-well plates, and

the Cell Counting Kit-8 (CCK-8; Beyotime, Shanghai,
China) reagent was added, followed by incubation at 37 °C
for 1 hour. Absorbance was then measured at 450 nm using
a microplate reader (BioTek, Winooski, VT, USA).

For the colony formation assay, approximately 500
cells were seeded per well in a 6-well plate (Corning, New
York, USA) and cultured under standard conditions (37 °C
with 5% CO2) for 10–14 days. After washing with PBS
(Gibco, Thermo Fisher Scientific, Waltham, MA, USA),
cells were fixed with 4% paraformaldehyde (Beyotime,
Shanghai, China) for 15 minutes and subsequently stained
with 0.5% crystal violet (Sigma-Aldrich, St. Louis, MO,
USA) for 15 minutes. Excess stain was removed by gentle
rinsing, and the plates were air-dried before counting the
colonies.

2.6 Ferroptosis Detection
Lipid reactive oxygen species (ROS) levels were eval-

uated using a 10 µM BODIPY-581/591 C11 probe (D3861,
Thermo Fisher Scientific,Waltham,MA,USA). The treated
cells were incubated with the probe for 30 minutes at 37 °C.
After washing with PBS (Gibco, Thermo Fisher Scientific,
Waltham, MA, USA), fluorescence intensity was measured
using a microplate reader (BioTek, Winooski, VT, USA)
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with excitation/emission wavelengths set at 488/510 nm for
oxidized lipid ROS and 581/591 nm for reduced lipid ROS.
The fluorescence data were analyzed to quantify lipid ROS
levels.

Malondialdehyde (MDA) levels were assessed using
the Lipid Peroxidation Assay Kit (ab118970, Abcam, Cam-
bridge, UK). Lysates from cells or tissueswere prepared and
combinedwith the assay reagents according to themanufac-
turer’s instructions. After incubation, absorbance at 532 nm
was measured using a spectrophotometer (Thermo Fisher
Scientific, Waltham, MA, USA) to evaluate lipid peroxida-
tion levels.

2.7 Enzyme-Linked Immunosorbent Assay (ELISA)
The levels of 4-hydroxynonenal (4-HNE) in cell cul-

ture supernatants were quantified using a human 4-HNE
ELISA kit (FineTest, Wuhan, Hubei, China), according to
the manufacturer’s instructions. Cell culture supernatants
were collected by centrifugation at 3000 rpm for 10 min-
utes to remove debris. A standard curve was generated
from serial dilutions of the provided 4-HNE standards.
Both samples and standards were added to 96-well plates
pre-coated with anti-4-HNE antibodies (FineTest, Wuhan,
Hubei, China) and incubated at room temperature for 1 hour
with gentle shaking.

After incubation, the plates were washed five times
with the supplied wash buffer (FineTest, Wuhan, Hubei,
China) to remove unbound substances. Horseradish per-
oxidase (HRP)-conjugated secondary antibodies (FineTest,
Wuhan, Hubei, China) were then added to each well, and
the plates were incubated at room temperature for 45 min-
utes. Following this incubation, the plates were washed an
additional five times to remove excess antibodies.

TMB (3,3′,5,5′-Tetramethylbenzidine) substrate
(Thermo Fisher Scientific, Waltham, MA, USA) was
added to each well for color development, and the plates
were incubated in the dark at room temperature for 15
minutes. The reaction was stopped by adding 50 µL of
stop solution (Thermo Fisher Scientific, Waltham, MA,
USA) per well, causing a color change from blue to yellow.
Absorbance was measured at 450 nm using a microplate
reader (BioTek, Winooski, VT, USA) within 10 minutes of
adding the stop solution.

The concentrations of 4-HNEwere determined by ref-
erencing the standard curve generated during the experi-
ment.

2.8 RIP-qPCR Assay
For the RNA immunoprecipitation followed by quan-

titative polymerase chain reaction (RIP-qPCR) assay, cells
were grown to approximately 70% confluence and lysed
using RIP lysis buffer (Millipore, Burlington, MA, USA)
supplemented with protease and RNase inhibitors (Sigma-
Aldrich, St. Louis, MO, USA). The lysate was incubated at
4 °C for 4 hours with magnetic beads (Invitrogen, Thermo

Fisher Scientific, Waltham, MA, USA) conjugated to a spe-
cific antibody (1–5 µg). After washing with RIP wash
buffer (Millipore, Burlington, MA, USA), RNA-protein
complexes were eluted using the elution buffer provided
in the RIP kit (Magna, Millipore, Burlington, MA, USA).
RNA was then extracted using the RNeasy Mini Kit (Qia-
gen, Hilden, Germany). The extracted RNA was reverse-
transcribed into complementary DNA (cDNA) using a re-
verse transcription kit (Thermo Fisher Scientific, Waltham,
MA, USA). qPCR with specific primers was subsequently
performed to quantify the RNA targets associated with the
immunoprecipitated proteins. All antibodies used are listed
in Supplementary Table 1.

2.9 RNA Stability Assays
For the RNA stability assays, cells were grown to ap-

proximately 70% confluence and treated with 5 µg/mL acti-
nomycinD (Sigma-Aldrich, St. Louis, MO,USA) to inhibit
transcription. Cells were then harvested at specified inter-
vals (0, 2, 4, 6, and 8 hours), and total RNA was extracted
using the RNeasy Mini Kit (Qiagen, Hilden, Germany).
The extracted RNA was reverse-transcribed into cDNA us-
ing a reverse transcription kit (Thermo Fisher Scientific,
Waltham, MA, USA), and qPCR with specific primers was
performed to quantify the remaining RNA levels. The RNA
half-life was calculated by fitting the RNA levels at differ-
ent time points to an exponential decay model.

2.10 Cell Migration and Invasion Analysis
For the migration assay, cells were seeded into the

upper chamber of a Transwell insert (Corning, New York,
USA) with 10% FBS in the lower chamber. After 24 hours
of incubation, cells on the upper surface were removed, and
the migrated cells on the lower surface were fixed with 4%
paraformaldehyde (Beyotime, Shanghai, China), stained
with 0.5% crystal violet (Sigma-Aldrich, St. Louis, MO,
USA), and counted.

For the invasion assay, the upper chamber was coated
with Matrigel (Corning, New York, USA), and cells were
incubated for 48 hours before analysis. The results were
compared between MTCH2 knockdown and overexpres-
sion groups to assess their effects on glioma cell invasion.

2.11 Statistical Analysis
Data were analyzed using GraphPad Prism (GraphPad

Software, San Diego, CA, USA). Results are expressed as
the mean± standard deviation (SD), with details on sample
size and replication provided in the figure legends. Com-
parisons between groups were performed using either Stu-
dent’s t-test or ANOVA, as appropriate. A p-value of less
than 0.05 was considered statistically significant.
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3. Results
3.1 MTCH2 Expression is Increased in GBM and Drives
Growth

To investigate the function of MTCH2 in glioma, we
began by examining its expression levels in glioma tis-
sue samples. MTCH2 messenger RNA (mRNA) levels
were increased in an internal cohort of glioma tissues,
as determined by qPCR (Fig. 1A). Western blot analy-
sis of tissue samples further confirmed significantly in-
creased mitochondrial carrier homolog 2 (MTCH2) protein
levels in glioma compared to normal tissue (Fig. 1B,C).
The involvement of MTCH2 in glioma growth was ex-
amined in vitro using five different cell lines, including
LN229, U87MG, U251, and T98G. The findings revealed
that MTCH2 expression was notably higher in LN229
and U87MG cells, while it was comparatively lower in
T98G cells (Fig. 1D). MTCH2 expression was regulated
in LN229 and U87MG cell lines by short hairpin RNA
(shRNA) knockdown and overexpression systems, respec-
tively (Fig. 1E,F). The CCK-8 assay revealed that knock-
down of MTCH2 expression reduced glioma cell viabil-
ity, whereas overexpression of MTCH2 significantly in-
creased viability (Fig. 2A,B). Furthermore, colony forma-
tion assays revealed that MTCH2-deficient glioma cells
formed fewer colonies, whereas MTCH2-overexpressing
cells formed more colonies (Fig. 2C,D). Transwell assays
demonstrated thatMTCH2 knockdown reduced glioma cell
migration and invasion, whereas MTCH2 overexpression
significantly enhanced both migration and invasion capa-
bilities (Fig. 2E,F). In addition, we selected T98G cells
with lower MTCH2 expression for overexpression exper-
iments (Supplementary Fig. 1A,B). The CCK-8 assay
demonstrated that overexpression of MTCH2 notably en-
hanced the proliferation of T98G cells. Subsequently,
the colony formation assay further demonstrated that cells
overexpressing MTCH2 formed more colonies, confirm-
ing the role of MTCH2 in promoting cell proliferation
(Supplementary Fig. 1C,D). Additionally, the Transwell
migration and invasion assays indicated thatMTCH2 over-
expression markedly promoted the migratory and inva-
sive capabilities of T98G cells (Supplementary Fig. 1E).
These findings further confirm the crucial role of MTCH2
in promoting glioma cell proliferation, migration, and in-
vasion. Overall, these results demonstrate that MTCH2
is strongly upregulated in GBM and contributes toward
glioma cell survival and proliferation.

3.2 MTCH2 Regulates Glioma Growth through
Ferroptosis

MTCH2 generally inhibits ferroptosis, and depletion
of MTCH2 in glioma cells led to increased 4-HNE pro-
duction, higher levels of lipid ROS and MDA, and de-
creased GPX4 protein expression (Fig. 3A–D). In contrast,
the overexpression of MTCH2 reversed these phenomena
(Fig. 3E,F). In addition, Ferrostatin-1 partially restores the

colony formation ability impaired by MTCH2 knockdown,
further demonstrating that MTCH2 regulates glioma cell
proliferation by modulating ferroptosis (Supplementary
Fig. 2A,B). To further elucidate the role of MTCH2 in
ferroptosis, Western blot analysis was performed on the
glioma cell lines LN229 and U87MG. As shown in Fig. 3G,
MTCH2 knockdown significantly increased the expression
of transferrin receptor (TFRC) and NADPH oxidase 4
(NOX4), which are involved in iron metabolism and oxida-
tive stress, respectively. Conversely, transferrin (TF) levels
were notably elevated, whereas ferritin light chain (FLT)
levels showed a significant decrease. In contrast, overex-
pression of MTCH2 led to decreased expression of TFRC
and NOX4, but increased levels of TF and FLT. These find-
ings indicate thatMTCH2 is critical in the regulation of fer-
roptosis and could thus affect the growth and development
of gliomas.

3.3 METTL3 Promotes MTCH2 Expression by Facilitating
m6A Modification

The sequence-based RNA adenosine methyltrans-
ferase site predictor (SRAMP) identified multiple m6A
sites within the MTCH2 mRNA sequence (Fig. 4A). The
m6A RNA immunoprecipitation assay was used to quan-
tify MTCH2 mRNA m6A levels in NHA cells and glioma
cell lines. This revealed significant enrichment by m6A-
specific antibodies in both cell types. Of note, glioma
cell lines exhibited higher levels of m6A-modifiedMTCH2
mRNA compared to NHA cells (Fig. 4B).

To explore the m6A modification mechanism of
MTCH2 mRNA, we analyzed the three primary compo-
nents of the methyltransferase complex: WTAP, METTL3,
and METTL14. Next, qPCR analysis was performed
on glioma and normal tissue samples. The results
showed that METTL3 mRNA levels were significantly el-
evated in glioma tissues, while no significant differences
were observed for METTL14 and WTAP mRNA levels
(Supplementary Fig. 3A–C). Western blot analysis fur-
ther confirmed thatMETTL3 protein expression was higher
in glioma tissues compared to matched normal tissues
(Supplementary Fig. 3D), supporting the role ofMETTL3
in glioma progression. Knockdown of WTAP, METTL3,
and METTL14 significantly reduced MTCH2 mRNA lev-
els in glioma cells, with depletion of METTL3 having the
most notable effect (Supplementary Fig. 3E, Fig. 4C).
Conversely, the overexpression of WTAP, METTL3, and
METTL14 increased MTCH2 mRNA levels, particularly
with METTL3 (Supplementary Fig. 3F, Fig. 4D). There-
fore, METTL3 appears to play a crucial role in the post-
transcriptional modification ofMTCH2.

Knockdown of METTL3 in glioma cells led to de-
creased METTL3 mRNA and MTCH2 protein levels, as
well as decreased MTCH2 mRNA and MTCH2 protein
levels (Fig. 4E–H), whereas METTL3 overexpression led
to higher levels of both METTL3 and MTCH2 proteins

4

https://www.imrpress.com


Fig. 1. MTCH2 expression is upregulated in GBM. (A)MTCH2 mRNA levels in 30 cases of glioma and adjacent normal tissues from
an internal cohort, measured using qRT-PCR. (B) MTCH2 protein levels in six pairs of fresh glioma and adjacent normal tissues from
an internal cohort, detected by Western blotting. (C,D)MTCH2 mRNA (C) and MTCH2 protein (D) levels were analyzed in glioma and
normal cell lines using qRT-PCR and Western blot, respectively. (E,F) MTCH2 protein levels were analyzed in glioma cells following
MTCH2 knockdown (E) andMTCH2 overexpression (F). ns, not significant, *p< 0.05, **p< 0.01, ***p< 0.001, ****p< 0.0001. qRT-
PCR, quantitative reverse transcription polymerase chain reaction; mRNA, messenger RNA; MTCH2, mitochondrial carrier homolog 2;
sh-NC, short hairpin RNA negative control; sh-MTCH2#1, short hairpin RNA targeting MTCH2, clone #1.

(Fig. 4I,J). Immunoprecipitation of METTL3 from cyto-
plasmic extracts of glioma cells revealed significant en-
richment of MTCH2 mRNA compared to the IgG con-
trol (Fig. 4K), indicating an interaction between METTL3
andMTCH2mRNA. Overexpression ofMETTL3 increased
this enrichment, whereas METTL3 silencing reduced it
(Fig. 4L,M).

To determine ifMTCH2 regulation is m6A-dependent,
a RIP assay was performed using an m6A-specific anti-
body. Disruption of METTL3 decreased m6A-modified
MTCH2 mRNA, whereas METTL3 overexpression in-
creased it. An RNA stability assay showed that METTL3
depletion shortened the MTCH2 mRNA half-life, whereas
METTL3 overexpression prolonged it, suggesting that m6A
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Fig. 2. The effect ofMTCH2 on glioma cells. (A,B) The viability of glioma cells, including various glioma cell lines, followingMTCH2
knockdown (A) or MTCH2 overexpression (B), was assessed using the CCK-8 assay. (C,D) Colony formation ability of glioma cells
following MTCH2 knockdown (C) and MTCH2 overexpression (D) was evaluated. (E,F) Transwell migration and invasion assays of
glioma cells were performed to evaluate the effects of MTCH2 knockdown (E) and MTCH2 overexpression (F). Scale bar: 100 µm. *p
< 0.05, **p < 0.01, ***p < 0.001. CCK-8, Cell Counting Kit-8.

modification stabilizesMTCH2 mRNA (Fig. 4N,O). These
findings indicate that METTL3-induced m6A modifica-
tion enhances the expression of MTCH2 by stabilizing its
mRNA.

3.4 YTHDF1 Safeguards MTCH2 mRNA that has
Undergone m6A Modification

The mechanism through which m6A modification
contributes to the stabilization of MTCH2 mRNA involves
YTHDF1. This well-known m6A reader protein plays a
role in the nuclear export, translation, and stability of tar-
get RNAs. Elevated YTHDF1 mRNA levels were also ob-

served in the internal cohort (Fig. 5A). MTCH2 mRNA
in glioma cells showed a significantly stronger association
with YTH domain family protein 1 (YTHDF1) compared
to the IgG control (Fig. 5B). Knockdown of YTHDF1 re-
sulted in decreased YTHDF1 and MTCH2 mRNA levels
(Fig. 5C,D), whereas overexpression of YTHDF1 led to
increased YTHDF1 and MTCH2 mRNA levels (Fig. 5E).
At the protein level, knockdown of YTHDF1 reduced
the protein levels of both YTHDF1 and MTCH2, while
overexpression of YTHDF1 significantly increased their
protein levels (Fig. 5F,G). Additionally, knockdown of
YTHDF1 reduced the interaction between MTCH2 mRNA

6
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Fig. 3. MTCH2 promotes the progression of gliomas by inhibiting ferroptosis. (A–C) The levels of 4-HNE, lipid ROS, and MDA
in glioma cells with MTCH2 depletion (n = 3). (D) Levels of GPX4 protein in glioma cells with MTCH2 depletion (n = 3). (E) Levels
of GPX4 protein in glioma cells with MTCH2 overexpression (n = 3). (F) Levels of 4-HNE, lipid ROS, and MDA in glioma cells with
MTCH2 overexpression (n = 3). (G) Western blot analysis showing the effects of MTCH2 knockdown or overexpression on TFRC,
NOX4, TF, and FLT expression levels in glioma cells. *p < 0.05, **p < 0.01, ***p < 0.001. MDA, malondialdehyde; ROS, reactive
oxygen species; 4-HNE, 4-hydroxynonenal; TFRC, transferrin receptor; NOX4, NADPH oxidase 4; TF, transferrin; GPX4, glutathione
peroxidase 4; FLT, ferritin light chain.

and YTHDF1 (Fig. 5H,I). RNA stability assays demon-
strated that knockdown of YTHDF1 shortened the half-life
of MTCH2 mRNA (Fig. 5J). These results suggest that

YTHDF1 promotes the expression of MTCH2 in glioma
cells by enhancing the stability of m6A-modified MTCH2
mRNA. At the same time, through clone formation experi-
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Fig. 4. METTL3 facilitates the upregulation of MTCH2 by increasing its m6A modification levels. (A) Predicted sites for m6A
modifications in theMTCH2mRNA sequence. (B) Levels ofm6Amodification in NHA andGBMcell lines were analyzed using anm6A-
RIP assay (n = 3). (C,D) The expression levels ofMTCH2mRNAwere quantified in GBM cells following knockdown or overexpression
of METTL14, METTL3, and WTAP (n = 3). (E–H) Evaluation of METTL3 and MTCH2 mRNA and their corresponding protein levels
after METTL3 knockdown in GBM cells (n = 3). (I,J) Analysis of changes in METTL3 and MTCH2 protein levels due to METTL3
overexpression in GBM cells (n = 3). (K) METTL3-bound MTCH2 mRNA is significantly enriched in glioma cells. (L,M) Assessment
of how METTL3 overexpression or silencing impacts its binding affinity to MTCH2 mRNA (n = 3). (N,O) In GBM cells, MTCH2
mRNA exhibited accelerated degradation uponMETTL3 knockdown, whereasMETTL3 overexpression led to a slower degradation rate
(n = 3). Transcription was inhibited using actinomycin D (AcTD) at 5 µg/mL for specified time points, andMTCH2 mRNA levels were
quantified by RT-qPCR. *p < 0.05, **p < 0.01, ***p < 0.001. m6A, N6-methyladenosine; RIP, RNA immunoprecipitation; METTL3,
methyltransferase-like 3.
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Fig. 5. YTHDF1 increased the stability of MTCH2. (A) Expression of YTHDF1 mRNA in gliomas from the internal cohort. (B)
Verification of YTHDF1 binding to MTCH2 mRNA in GBM cells via RIP assay. (C–E) YTHDF1 and MTCH2 mRNA levels in GBM
cells with YTHDF1 knockdown or overexpression (n = 3). (F,G) YTHDF1 and MTCH2 protein levels in GBM cells with YTHDF1
knockdown or overexpression (n = 3). (H) Effect of YTHDF1 knockdown on the binding of YTH domain family protein 1 (YTHDF1)
to MTCH2 mRNA in GBM cells. (I) Effect of YTHDF1 overexpression on the binding of YTHDF1 to MTCH2 mRNA in GBM cells.
(J) Rapid degradation of MTCH2 mRNA in GBM cells with YTHDF1 knockdown. ns,not significant, *p < 0.05, **p < 0.01, ***p <

0.001. YTHDF1, YTH domain family protein 1.

ments, we also found thatMETTL3 andYTHDF1modulate
the growth of GBM cells by upregulating the expression of
MTCH2 (Supplementary Fig. 4).

3.5 METTL3/YTHDF1 Modulates Ferroptosis through the
Upregulation of MTCH2 Expression

The mechanism through which m6A modification
contributes to the stabilization of MTCH2 mRNA in-
volves YTHDF1. To further validate whether METTL3
and YTHDF1 influence ferroptosis in GBM by enhanc-
ing MTCH2 expression, we reintroduced MTCH2 into
METTL3- or YTHDF1-deficient GBM cells. Depletion
of METTL3 or YTHDF1 resulted in reduced cell viabil-
ity and increased levels of 4-HNE, lipid ROS, and MDA
(Fig. 6A–D), indicating that their absence promotes fer-
roptosis. Notably, re-expressing MTCH2 counteracted
the ferroptosis enhancement observed upon METTL3 or
YTHDF1 depletion. Additionally, we silenced MTCH2 in
GBM cells overexpressingMETTL3 or YTHDF1. METTL3
or YTHDF1 overexpression inhibited ferroptosis, whereas
MTCH2 knockdown reversed this ferroptosis suppression
(Fig. 6E–H), suggesting that METTL3 and YTHDF1 regu-
late ferroptosis in GBM cells by modulating MTCH2 ex-
pression. Overall, these findings provide evidence that
METTL3 and YTHDF1 suppress ferroptosis by enhancing
the expression of MTCH2.

4. Discussion
The primary clinical challenges in the treatment of

glioma are its high heterogeneity and resistance to conven-
tional therapies, leading to poor prognosis and a high recur-
rence rate [29]. Therefore, finding more effective therapeu-
tic targets is of great significance in addressing this clinical
problem. The present study elucidated a novel molecular
mechanism involving the METTL3-YTHDF1 axis that un-
derlies the regulation of ferroptosis in gliomas. METTL3
appears to play a pivotal role in promoting the growth of
gliomas by stabilizing MTCH2 mRNA through m6A mod-
ification, which is then recognized and bound by YTHDF1.
This interaction subsequently enhances the regulation of
ferroptosis.

The current findings highlight the significant contri-
bution of theMETTL3-m6A-YTHDF1-MTCH2 pathway to
metabolic reprogramming associated with regulation of fer-
roptosis in glioma cells and the fostering of a conducive
environment for tumor progression. By delineating this
pathway, the present study has increased our understand-
ing of the molecular dynamics at play in glioma develop-
ment, while identifying potentially novel therapeutic targets
within this axis.

N6-methyladenosine (m6A) methylation is a preva-
lent and significant RNA modification found in eukaryotic
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Fig. 6. METTL3 and YTHDF1 regulate ferroptosis in GBM cells by increasing the expression of MTCH2. (A,E) The viability of
GBM cells was measured by a CCK-8 assay. (B,F) The level of 4-HNE in transfected GBM cells. (C,G) Lipid peroxidation levels in
transfected GBM cells. (D,H) MDA levels in transfected GBM cells. *p < 0.05, **p < 0.01, ***p < 0.001.
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mRNA [30,31]. It plays a key role in the regulation of
gene expression by affecting RNA stability, splicing, trans-
lation, and degradation [31]. m6A modification is carried
out by a group of specialized enzymes, including “writer”
enzymes (mainly theMETTL3/METTL14 complexes [32]),
“reader” proteins (such as the YTHDF [33] and YTHDC
families [34]), and “eraser” enzymes (such as FTO [35] and
ALKBH5 [36]). These enzymes regulate the fate and func-
tion of RNA by adding, recognizing, and removing m6A
modifications [37].

Current evidence indicates that m6A methylation is
crucial for maintaining the characteristics of tumor stem
cells, and for mediating immune escape [38,39]. The
present study found that METTL3-induced m6A modifica-
tion enhanced the expression ofMTCH2, and that YTHDF1
maintained the stability of this expression. Moreover, these
complex regulations ultimately lead to high expression lev-
els of MTCH2 in glioma.

Recent studies suggest that methylation processes sig-
nificantly affect ferroptosis in tumor cells [40]. For exam-
ple, the m6A ‘writer’ enzyme METTL3 modifies several
mRNAs associated with iron metabolism (e.g., FTH1 [41]
and SLC7A11 [42]) to regulate their stability and transla-
tion efficiency, thereby influencing intracellular iron levels
and lipid peroxidation. In addition, m6A methylation can
directly impact the accumulation of lipid peroxides by reg-
ulating lipid metabolism genes, thus inducing or prevent-
ing ferroptosis in tumor cells [43]. There are currently very
few published studies on the regulatory role of MTCH2 in
ferroptosis [44]. The present research findings therefore
contribute to knowledge in this field. Nevertheless, further
studies are essential to elucidate precise mechanism under-
liningMTCH2-mediated inhibition of ferroptosis.

It is important to consider the potential clinical ap-
plications associated with the METTL3/YTHDF1/MTCH2
axis in the regulation of glioma. Since METTL3 pro-
motes MTCH2 expression through m6A methylation and
its mRNA is stabilized via YTHDF1 recognition. Inhibit-
ing the activity of METTL3 or YTHDF1 may disrupt the
MTCH2-mediated regulation of ferroptosis, thereby reduc-
ing tumor cell survival and increasing the sensitivity of
glioma to therapies. As the role of m6A methylation
in cancer becomes increasingly clear, the development of
drugs that target the m6A modification process (e.g., small
molecule inhibitors, specific antibodies) could offer new
therapeutic options for glioma patients [45]. The targeting
of this axis may be effective as a standalone therapy. Alter-
natively, it could be integrated with existing treatments such
as radiation, chemotherapy, or immunotherapy to create
multi-targeted strategies that enhance therapeutic outcomes
and improve patient survival. Therefore, further investi-
gation into the METTL3/YTHDF1/MTCH2 axis in glioma
is important not only to gain a better understanding of its
molecular mechanisms, but also for potential future clini-
cal applications.

A limitation of this study is that the GBM cell lines
were cultured under normoxic conditions (i.e., 37 °C with
5% CO2). However, the actual tumor microenvironment
(TME) often exhibits hypoxia. In future research, we intend
to investigate the impact of MTCH2 on GBM progression
under hypoxic conditions in order to better mimic the in
vivo TME. At the same time, more studies will be needed to
delineate plausible link between MTCH2 and other known
ferroptosis pathways.

5. Conclusion
This study describes a complex regulatory axis

(METTL3-m6A-YTHDF1-MTCH2-ferroptosis) in gliomas.
Targeting this pathway could offer a promising strategy for
developing more effective therapeutic interventions for pa-
tients with this complex malignancy.
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