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ABSTRACT

N(6)-methyladenosine (m6A) modification is the most abundant and prevalent internal modification in eukaryotic
MRNAs. The role of m6A modification in cancer has become a hot research topic in recent years and has been
widely explored. m6A modifications have been shown to regulate cancer occurrence and progression by modulat-
ing different target molecules. This paper reviews the recent research progress of m6A modifications in cancer
and provides an outlook on future research directions, especially the development of molecularly targeted drugs.
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Figure 1: Graphical abstract: m6A modification regulators affect biological behaviors such as cancer
proliferation, metastasis, immune escape, chemoresistance and angiogenesis by regulating m6A mod-

ifications of downstream target mRNAs.

INTRODUCTION

Post-transcriptional modification of RNA
is a key component of epigenetics, and to
date, more than 170 identified RNA modifi-
cations, including RNA methylation, have
been identified (Roundtree et al., 2017a). In
the 1970s, adenosine was shown to be meth-
ylated at the nitrogen atom of N(6), forming
N(6)-methyladenosine (m6A) (Desrosiers et
al., 1974). The m6A modification mainly oc-
curs on the adenine in the RRACH sequence,
with significant enrichment at the 3’UTR and
near stop codons, and its modification is dy-
namically reversible (Meyer et al., 2012).
Currently, m6A modifications have been
identified as the most abundant and prevalent
internal modifications in eukaryotic mMRNAS
(Jiang et al., 2021a). With the development of
Next-generation sequencing, breakthroughs

have been made in the role of m6A modifica-
tions in eukaryotes (Tavakoli et al., 2023;
Chen et al., 2015). m6A modifications are
closely associated with almost all aspects of
RNA-related biological processes, including
transcription, precursor mRNA splicing and
processing, nuclear export, translation, RNA
stability and decay (Lesbirel et al., 2018;
Wang et al., 2014; Wang et al., 2022d). In ad-
dition to this, m6A modifications are also in-
volved in other biological processes, such as
transcriptional regulation and signal transduc-
tion (Zhang et al., 2024b; Patil et al., 2016;
Lee et al., 2021a, b). m6A dysregulation con-
tributes to the development of a wide range of
human diseases. Notably, m6A modifications
play an important regulatory role in the occur-
rence and development of human cancer. It
has been found that m6A regulates cancer
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progression through its involvement in the
regulation of autophagy (Yu et al., 2024a),
cell cycle (Xu et al., 2024a; Xia et al., 2024),
DNA damage (Cesaro et al., 2024), ferropto-
sis (Wu et al., 2023), chemotherapeutic re-
sistance (Zhou et al., 2024a), and onco-
genes/anti-oncogenes expression (Wang et
al., 20240; Wang et al., 2023g). This review
summarizes the research progress of m6A
modification in cancer and looks into the fu-
ture trends and possible research directions of
m6A modification.

THE WRITERS, ERASERS, AND
READERS OF M6A

Enzymes are involved in the exercise of
m6A function, including methylation trans-
ferase  (writer), demethylation enzyme
(eraser) and methylation recognition protein
(reader) (Yang et al., 2018). Writers include
METTL3/4/5/14/16, WTAP, VIRMA,
RBM15, RBM15B, ZC3H13 and ZCCHCA4.
Erasers include FTO, ALKBHS5. Readers in-
clude IGF2BP1/2/3, YTHDF1/2/3,
YTHDC1/2, HNRNPC, HNRNPG,
HNRNPA2B1, FMRP, and PRRC2A. These
m6A regulators play different roles (Table 1),
and their dysregulation or aberrant expression
affects cancer progression and thus the clini-
cal prognosis of cancer patients.

WRITERS

METTL3, a core component of the m6A
methyltransferase complex (MTC), was first
characterized in 1997 (Bokar et al., 1997).
METTL3 and METTL14 form a heterodi-
meric complex that co-catalyzes m6A modi-
fication, with METTL3 being the catalytic
subunit that binds S-adenosylmethionine
(SAM), and METTL14 playing a crucial
structural role in substrate recognition (Wang
etal., 2016; Liu et al., 2014). METTL3 plays
a pro-carcinogenic role in most malignant tu-
mors (Cheng et al., 2024b; Bhattarai et al.,
2024; Vaid et al., 2024), but also acts as a can-
cer suppressor in certain tumors (Chen et al.,
20249; Zhang et al., 2024a). METTL14 also
exerts oncogenic and anticancer effects in

different tumors. METTL14 promotes cell
proliferation of myeloid proliferative neo-
plasms by regulating SETBP1 (Jiang et al.,
2024b). METTL14 downregulates Cir-
cUGGT?2 to inhibit the progression of gastric
cancer (Chen et al., 2024h).

WTAP does not have methylation activ-
ity, but its interaction with the METTL3-
METTL14 complex is required for their local-
ization to nuclear speckles enriched in pre-
MRNA processing factors (Liu et al., 2014;
Ping et al., 2014). WTAP affects tumor pro-
gression by regulating cell cycle (Jin et al.,
2024c), mitophagy (Wang et al., 2024f), pro-
duction of reactive oxygen species (Ji et al.,
2024a), oxidative phosphorylation (Jia et al.,
2023), ferroptosis (Tan et al., 2024b; Wang et
al., 2023b), and chemotherapy drug resistance
(Wei et al., 2021).

METTL4 is a methyltransferase of U2
SnRNA that regulates RNA splicing (Chen et
al., 2020a; Goh et al., 2020). Currently, it has
been found that METTL4 affects tumor de-
velopment by regulating ferroptosis (Liu et
al., 2023b; Shen et al., 2021).

METTLS5 catalyzes the m6A modification
of nucleotide A-1832 in human 18S rRNA
(van Tran et al., 2019). It contains one active
site, one substrate binding site, and one cata-
Iytic site (van Tran et al., 2019; Turkalj and
Vissers, 2022). The research on METTLS5 in
cancer has emerged in recent years, and cur-
rent research is mostly focused on the field of
hepatocellular carcinoma (Xia et al., 2023;
Wang and Peng, 2023; Luo et al., 2024; Wang
etal., 2024i; Xu et al., 2023a).

The methylation substrates of METTL16
must meet specific sequential and structural
requirements (Doxtader et al., 2018; Mendel
et al., 2018), so the abundance of substrates
for METTL16 is very low, and so far only two
substrates, the MAT2A transcript encoding
SAM synthase and the U6 snRNA, have been
confirmed (Pendleton et al., 2017; Warda et
al., 2017).

VIRMA (KIAA1429) is located in the nu-
clear speckles (Zhu et al., 2021), and as the
largest known component of the MTC (202
kDa), it participates in the formation of the
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Table 1: The function of m6A modification regulators

Types

Writ-

ers

Eras-
ers

Read-
ers

m6A

Reqgulator

METTLS3

METTL14

WTAP

METTL4

METTL5
METTL16
VIRMA
(KIAA1429)

RBM15

RBM15B

ZC3H13

ZCCHC4

FTO

ALKBH5

IGF2BP1

IGF2BP2

IGF2BP3

YTHDF1

YTHDF2

EUINEINES

Methyltransferase-
like 3
Methyltransferase-
like 14

Wilms tumor 1-as-
sociating protein

Methyltransferase-
like 4
Methyltransferase-
like 5

Methyltransferase-
like 16

Vir-like m6A me-
thyltransferase
associated

RNA binding motif
protein 15

RNA binding motif
protein 15B

Zinc finger CCCH-
type containing 13

Zinc finger CCHC-
type containing 4
Fat mass and obe-
sity-associated pro-
tein

AlkB homolog 5

Insulin-like growth
factor 2 mRNA
binding protein 1
insulin-like growth
factor 2 mRNA
binding protein 2
insulin-like growth
factor 2 mMRNA
binding protein 3
YTH N6-methyl-
adenosine RNA
binding protein F1
YTH N6-methyl-
adenosine RNA
binding protein F2

Function

The core of catalyzing m6A modification (Bokar et
al., 1997; Wang et al., 2016)

Forms a co-catalytically m6A-modified heterodi-
meric complex with METTL3 and plays a role in
substrate recognition (Wang et al., 2016; Liu et al.,
2014)

Interaction with the METTL3-METTL14 complex
promotes their localization to nuclear speckles (Liu
et al., 2014; Ping et al., 2014)

Mediates methylation of U2 snRNA and regulates
RNA splicing (Chen et al., 2020a; Goh et al., 2020)
Catalyzes the m6A modification of nucleotide A-
1832 in human 18S rRNA (Sepich-Poore et al.,
2022)

Mediates m6A modification of MAT2A transcripts
and U6 snRNAs (Pendleton et al., 2017; Warda et
al., 2017)

Recruitment of m6A complexes to specific RNA
sites (Yue et al., 2018)

Recruitment of MTC to specific sites of long
noncoding RNA X inactivation-specific transcript
(XIST) (Patil et al., 2016)

Recruitment of MTC to specific sites of long
noncoding RNA XIST (Patil et al., 2016)

Induction of nuclear localization of ZC3H13-WTAP-
Vrilizer-Hakai complexes (Zhao et al., 2020; Wen et
al., 2018)

Specific mediation of 28S rRNA m6A methylation
(Ren et al., 2019)

Demethylates internal m6A and cap m6Am in
mRNA (Wei et al., 2018)

m6A demethylation activity affects mMRNA export
and RNA metabolism, and assembly of mRNA pro-
cessing factors in nuclear speckles (Zheng et al.,
2013)

Promotes mRNA stability and translation in an
m6A-dependent manner (Huang et al., 2018)

Promotes mRNA stability and translation in an
m6A-dependent manner (Huang et al., 2018)

Promotes mRNA stability and translation in an
m6A-dependent manner (Huang et al., 2018)

Promotes mRNA translation (Ren et al., 2023)

Accelerates mRNA degradation (Chen et al.,
2022a; Hsu et al., 2017)
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Types m6A Full names

Regulator

YTHDF3 YTH N6-methyladeno-
sine RNA binding pro-
tein F3

YTHDC1 YTH N6-methyladeno-
sine RNA binding pro-
tein C1

YTHDC2 YTH N6-methyladeno-
sine RNA binding pro-
tein C2

HNRNPC Heterogeneous nuclear
ribonucleoprotein C

HNRNPG Heterogeneous nuclear
ribonucleoprotein G

HNRNPA2B1 Heterogeneous nuclear
ribonucleoprotein
A2/B1

FMRP Fragile X mental retar-
dation protein

PRRC2A Proline rich coiled-coil

2A

MTC and acts as a scaffold, and recruits the
m6A complex to specific RNA sites (Yue et
al., 2018). VIRMA was found to promote
hepatocellular carcinoma progression by reg-
ulating the m6A modification of GATA3
(Lan et al., 2019) and lung adenocarcinoma
by regulating BTG2 (Zhang et al., 2022a) and
JNK/MAPK pathways (Lin et al., 2023b).

RBM15 collaborates with its analog
RBM15B to recruit MTC to specific sites of
long noncoding RNA X inactivation-specific
transcript (XIST) and promote XIST-medi-
ated gene silencing (Patil et al., 2016). In re-
cent years, the research results of RBM15 in
cancer have been remarkable, and it has been
found that RBM15 acts as an oncogene in
breast cancer (Park et al., 2024), laryngeal
cancer (Wang et al., 2021b), pancreatic can-
cer (Dong et al.,, 2023), bladder cancer
(Huang et al., 2024b), esophageal squamous
carcinoma (Wang, 2024), renal clear cell car-
cinoma (Zeng et al., 2022), cervical cancer
(Song and Wu, 2023), and ovarian cancer
(Yuan et al., 2023a).

ZC3H13 regulates m6A methylation by
inducing nuclear localization of ZC3H13-
WTAP-Vrilizer-Hakai complex (Zhao et al.,

Function

Enhances mRNA translation assisted by

YTHDF1 (Ren et al., 2023; Chang et al., 2020;
Shi et al., 2017)

Regulates mMRNA splicing and mediates nuclear
export of methylated mRNAs (Xiao et al., 2016;
Roundtree et al., 2017b)

Improves the translation efficiency of target
MRNA (Hsu et al., 2017; Wu et al., 2024c)

Mediates mRNA splicing, 3'-terminal pro-
cessing, and translation (Huang et al., 2021b;
Liu et al., 2015)

Regulates selective splicing (Zhou et al., 2019)

Mediates primary microRNA processing and al-
ternative splicing (Alarcén et al., 2015)

Affects translation and nuclear mRNA output
(Wang et al., 2014, 2015b; Zhang et al., 2018;
Hsu et al., 2019)

Regulates the stability of its target Olig2 mRNA
(Wu et al., 2019)

2020; Wen et al., 2018). ZC3H13 plays dual
roles in different tumors. ZC3H13 enhances
cervical cancer stemness and chemotherapy
resistance by promoting m6A modification of
CENPK (Lin et al., 2022b). ZC3H13 inhibits
the progression of colorectal cancer by sup-
pressing the Ras-ERK pathway (Zhu et al.,
2019). ZC3H13 mediates m6A modification
of PHF10 to induce a DNA damage response
to promote pancreatic cancer that can be in-
hibited by fisetin (Huang et al., 2022a).
ZCCHC4 is a 28S rRNA specific m6A
methyltransferase (Ren et al., 2019), but there
are few reports on its role in tumors. ZCCHC4
promotes chemotherapy resistance in hepato-
cellular carcinoma by disrupting DNA dam-
age-induced apoptosis (Zhu et al., 2022a).
Additionally, it facilitates the development of
colorectal cancer via the ZCCHC4-LncRNA
GHRLOS-KDM5D axis (Ma et al., 2019).

ERASERS

FTO was identified as the first m6A de-
methylase in 2011 (Jia et al., 2011). FTO can
bind to various RNAs, including mRNA,
SnRNA, and tRNA, and can demethylate the
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internal mM6A and cap m6Am in mMRNA (Wei
et al., 2018). In the past 5-10 years, research
on the impact of FTO on cancer progression
has begun to emerge. FTO promotes the tu-
morigenesis of hepatocellular carcinoma and
suppresses tumor immunity (Chen et al.,
2024a). FTO fosters the tumorigenesis of col-
orectal cancer by triggering the expression of
SLC7A11/GPX4 (Qiao et al., 2024). FTO
promotes tumor progression in gastric cancer
(Zeng et al., 2024a; Wu et al., 2024d), bladder
cancer (Wu et al., 2024b), colorectal cancer
(Qiao et al., 2024), hepatocellular carcinoma
(Chen et al., 2024a; Jiang et al., 2024a), lung
cancer (Gao et al., 2023a), cervical cancer
(Wang et al., 2023a), and pancreatic cancer
(Tan et al., 2022b; Wang et al., 2023d). FTO
exerted a tumor-suppressing effect in thyroid
cancer (Huang et al., 2022c; Ji et al., 2022)
and cholangiocarcinoma (Gao et al., 2021;
Rong et al., 2019). However, in prostatic can-
cer (Zhao et al., 2024; Hu et al., 2024), clear
cell renal cell carcinoma (Xu et al., 2022b;
Shen et al., 2022; Strick et al., 2020; Zhuang
et al.,, 2019), and breast cancer (Xu et al.,
2020; Ni et al., 2024; Ou et al., 2022; Yan et
al., 2024), FTO has a dual pro-cancer and
anti-carcinogenic role, or the current role is
controversial.

ALKBHS5 is another m6A demethylase.
The demethylation activity of ALKBH5 af-
fects mMRNA output and RNA metabolism, as
well as the assembly of mRNA processing
factors in nuclear spots (Zheng et al., 2013).
The role of ALKBHS in cancer has been
widely demonstrated, and it affects cancer
progression by regulating various biological
processes such as proliferation, migration, in-
vasion, and metastasis (Wang et al., 2020b).
Recent studies have found that ALKBHS5 pos-
itively correlates with PD-L1 expression and
macrophage infiltration and promotes non-
small cell lung cancer progression by regulat-
ing tumor immunity through JAK2/p-STAT3
(Huaetal., 2024). ALKBHS5 reduces CD58 in
gastric cancer cells through m6A methylation,
activates the PD-1/PD-L1 axis, and ultimately
induces immune escape from gastric cancer
cells (Suo et al., 2024). ALKBHS5 drives

immunosuppression by targeting AXIN2 to
promote colorectal cancer (Zhai et al., 2023).
Furthermore, ALKBHS5 promotes the pro-
gression of ovarian cancer (An and Duan,
2024), colorectal cancer (Sun et al., 2024a),
and lung adenocarcinoma (Tan et al., 2024a)
by regulating macrophage polarization. The
above suggests that ALKBH5 plays an im-
portant role in mediating tumor immunity and
regulating the tumor microenvironment, and
IS an important potential target for immuno-
therapy of malignant tumors.

READERS

IGF2BP1/2/3 are members of the Insulin-
like growth factor-2 mRNA-binding proteins
(IGF2BPs) family, and IGF2BPs are a highly
conserved family of RNA-binding proteins
(Nielsen et al., 1999; Zhu et al., 2023Db). In
2018, Huang et al. demonstrated that
IGF2BP1/2/3 act as new m6A reader family
members, and that IGF2BPs contribute to the
stability and translation of thousands of po-
tential MRNA targets in an m6A-dependent
manner, thereby affecting gene expression
(Huang et al., 2018). IGF2BPs are overex-
pressed in various cancers, and recent studies
have found that IGF2BP1 interacts with
RPS15 and promotes the development of
esophageal squamous cell carcinoma by rec-
ognizing m6A modifications (Zhao et al.,
2023). IGF2BP2 promotes cell cycle progres-
sion in triple-negative breast cancer through
recruitment of EIF4A1 (Xia et al., 2024).
IGF2BP3 binds the SENP1 3-UTR in an m6A
manner and enhances SENP1 expression,
which in turn exacerbates acute myeloid leu-
kemia (Wen et al., 2024a).

YTHDF1/2/3 and YTHDC1/2 all contain
YT521-B homology (YTH) structural do-
mains (Nayler et al., 2000; Hartmann et al.,
1999). The YTH structural domain is an
RNA-binding structural domain specialized
for m6A recognition (Zhang et al., 2010; Zou
and He, 2024). YTHDF1 is the most abundant
M6A reader, which promotes protein transla-
tion (Ren et al., 2023). YTHDF1 exhibited
carcinogenic effects in colorectal cancer
(Chen et al.,, 2024b), esophageal cancer
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(Zhang et al., 2024d), breast cancer (Wang et
al., 2024k), gastric cancer (Song et al., 2024),
gallbladder cancer (Chen et al., 2024c), non-
small cell lung cancer (Sun et al., 2024b),
hepatocellular carcinoma (Zhang et al.,
2024f), and bladder cancer (zZhu et al.,
2023a). YTHDF2 regulates RNA degradation
(Chen et al., 2022a; Hsu et al., 2017), and
YTHDF2 is a oncogenic gene in most cancer
types (Bai et al., 2023; Jin et al., 2024a; Jiang
et al., 2024c; Li et al., 2020; Zhang et al.,
2023a), however, it exerted both carcinogenic
and anticarcinogenic effects in gastric cancer
(Fang et al., 2023; Ren et al., 2024b; Zhou et
al., 2023b), hepatocellular carcinoma (Yang
et al., 2023d; Wen et al., 2024b; Hou et al.,
2019; Zhong et al., 2019), and pancreatic can-
cers (Tan et al., 2022b; Guo et al., 2020).
YTHDF3 enhances mRNA translation as-
sisted by YTHDF1 (Ren et al., 2023; Chang
et al., 2020; Shi et al., 2017), which is cur-
rently less studied in the field of oncology,
and acts as an oncogene similar to YTHDF1
(Chang et al., 2020; Zhang et al., 2024c; Duan
et al., 2024). YTHDC1 regulatess mRNA
splicing by recruiting and modulating pre
mRNA splicing factors, enabling it to enter
the binding region of targeted mRNA, and
mediate the nuclear export of methylated
MRNA (Xiao et al., 2016; Roundtree et al.,
2017b). YTHDC2 can improve the translation
efficiency of target mMRNA and also reduce
mRNA abundance (Hsu et al., 2017; Wu et
al., 2024c). YTHDC1/2 have carcinogenic
and anticarcinogenic effects in different can-
cers (Yuan et al., 2022, 2023b; Tan et al.,
2022a; Yan et al., 2023; Hou et al., 2021;
Zhou and Wang, 2024; Wang et al., 2021a,
2022h).

HNRNPC, HNRNPG, and HNRNPA2B1
are members of the HNRNP proteins.
HNRNP (heterogeneous nuclear ribonucleo
protein) can participate in multiple RNA met-
abolic processes, and its most widely studied
function is to participate in RNA splicing pro-
cesses (Zhang et al., 2021d). HNRNPC medi-
ates mRNA splicing, 3'-terminal processing,
and translation (Huang et al., 2021b; Liu et

al., 2015). Recent studies have found that
circPPAP2B promotes proliferation and me-
tastasis of renal clear cell carcinoma through
HNRNPC-dependent alternative splicing
(Zheng et al., 2024). HNRNPC also functions
as an oncogene in other cancers (Huang et al.,
2024a; Chen et al., 2024d; Lian et al., 2023).
HNRNPG uses the Arg-Gly-Gly (RGG) motif
to selectively bind m6A-modified RNA and
regulate selective splicing (Zhou et al., 2019).
Current studies have only found potential ef-
fects on endometrial cancer (Hirschfeld et al.,
2015). HNRNPAZ2BL1 is a nuclear reader of
m6A and mediates effects on primary mi-
croRNA processing and selective splicing
(Alarcon et al., 2015). HNRNPA2B1 is also
an m6A reader that drives cancer progression
(Wang et al., 2024e; Yu et al., 2024b; Jin et
al., 2024b; Liu et al., 2022a).

FMRP is one of the readers of m6A,
which may affect translation directly or
through interaction with YTHDF proteins
(Wang et al., 2014, 2015b; Zhang et al., 2018;
Hsu et al., 2019). And FMRP can affect nu-
clear mRNA output by recognizing m6A-
modified mMRNAs (Hsu et al., 2019). Research
has found that METTL3 mediated m6A mod-
ified FMRP drives the progression of hepato-
cellular carcinoma (Fu et al., 2024). PRRC2A
is a newly discovered m6A reader in 2019 that
regulates the stability of its target Olig2
MRNA by specifically binding methylated
RNA through the GRE structural domain (Wu
et al., 2019). PRRC2A has not yet been re-
ported to function as an m6A reader in cancer.

M6A MODIFICATION IN CANCER

Studies in recent years have illustrated
that m6A modifications are strongly associ-
ated with cancer progression. And m6A mod-
ification regulators affect cancer progression
by regulating different signaling pathways
(Figure 2). We analyzed the effects of m6A
modifications on the occurrence and progres-
sion of different cancers, starting from differ-
ent cancer types (Figure 3).
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Figure 2: Signaling pathways regulated by m6A modification regulators. Red color indicates m6A reg-
ulators with oncogenic role, blue color indicates m6A regulators with anti-oncogenic role.

BREAST CANCER cancer progression by regulating mRNA se-
lective export (Jin et al., 2024b). In contrast,
ZC3H13 was found to be a tumor suppressor
gene in breast cancer (Gong et al., 2020). In
addition, METTL3, METTL14, and
ALKBH5 have been reported in studies of

promote breast cancer occurrence and pro- promoting and inhibiting breast cancer, sug-

gression. METTL16 regulates the mRNA sta- gesting _that they may play_ both oncogenic
bility of FBXO5 via m6A modification, and anti-oncogenic _roles in breast cancer
thereby promoting the malignant behavior of g%ggg_%val" 2020|' Lz'oezt 4al..,82024g, |Xuzgt28:)
breast cancer (Wang et al., 2024j). YTHDF1 , Wang etal., _ ¢, sunetal., '
promotes osteolytic bone metastasis in breast Woodcock et al., 2024; Liu et al., 2022b).
cancer by inducing translation (Wang et al.,

2024k). HNRNPA2B1 promotes breast

Breast cancer has been reported to have
surpassed lung cancer as the most common
cancer among women and is the leading cause
of cancer-related deaths among women (Bray
et al., 2024). Majority of m6A modifications
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Figure 3: The role of m6A modification regulators in cancer. Red color indicates oncogenic regulators,

blue color indicates anti-oncogenic regulators, and black color indicates regulators that have both on-
cogenic and anti-oncogenic effects.
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LUNG CANCER

Lung cancer remains the most commonly
diagnosed cancer in the entire population
(12.4 % of all cancers globally) and is the
leading cause of cancer deaths (18.7 % of all
cancers) (Bray et al., 2024). m6A modifica-
tions are strongly associated with lung cancer
progression and chemotherapy resistance. In
lung cancer, the m6A writer METTL3 has
been most widely and intensively studied.
METTL3 can promote chemoresistance in
small cell lung cancer by inducing mitochon-
drial autophagy (Sun et al., 2023c). HIF-1a
drives smoking-induced non-small cell lung
cancer progression by promoting cell prolif-
eration through METTL3-regulated m6A
modification (Yang et al., 2023c). However,
it has been shown that METTL3 is downreg-
ulated in lung cancer tissues and inhibits the
migration and invasive ability of lung cancer
cellsina YTHDF1-dependent manner (Zhang
et al., 2024d). Although METTL3 has been
extensively studied in lung cancer, its expres-
sion and role in lung cancer are still contro-
versial and further studies are needed in the
future. In addition to METTL3, METTL14,
ALKBH5, and YTHDF1/2 also exhibited
both oncogenic and anti-oncogenic effects in
lung cancer (Gao et al., 2023a; Hua et al.,
2024; Ji et al., 2024b; Li et al., 2022c; Sun et
al., 2022; Tsuchiya et al., 2021; Dou et al.,
2022). Furthermore, we found that among the
m6A readers, the IGF2BPs family was
closely associated with pro-tumor progres-
sion in lung cancer (Sun et al., 2023a; Zhou et
al.,, 2024c; Lin et al, 2023c), while
YTHDC1/2 was a suppressor gene of lung
cancer progression (Yuan et al., 2023b; Sun et
al., 2020a), and may become therapeutic tar-
gets for lung cancer.

THYROID CANCER

Thyroid cancer is the seventh most com-
mon cancer and the fifth most common in
women, with three times the incidence in
women than in men, but with a lower mortal-
ity rate (Bray et al., 2024). Existing literature
indicates that m6A modification regulators

mainly play an anti-cancer role in thyroid can-
cer. ZC3H13 increased the m6A modification
of hsa_circ_0101050 and inhibited its expres-
sion, which in turn inhibited thyroid cancer.
ZC3H13 increases the m6A modification of
hsa_circ_0101050 and inhibits its expression,
thereby suppressing thyroid cancer (Lv et al.,
2024a). Demethylase ALKBHS5 reduces m6A
modification of circNRIP1 and down-regu-
lates its expression to inhibit glycolysis in
thyroid cancer cells (Ji et al., 2023). YTHDC2
inhibits proliferation and induces apoptosis in
thyroid cancer cells by regulating CYLD-me-
diated inactivation of the Akt pathway (Zhou
and Wang, 2024). FTO inhibits glycolysis and
growth of thyroid cancer cells by destabiliz-
ing APOE mRNA with m6A maodification
(Huang et al., 2022c). METTL16 attenuates
lipid metabolism via m6A-mediated stabiliza-
tion of SCD1 mRNA and thus inhibits thyroid
cancer (Li et al., 2024d). In contrast,
IGF2BP2/3 exerts oncogenic effect in thyroid
cancer (Wang et al., 2024l; Panebianco et al.,
2017). However, METTL3 has oncogenic and
anti-oncogenic roles in thyroid cancer (Ning
etal., 2023; Lin et al., 2022a).

GASTRIC CANCER

Data from 2022 show that there are more
than 968,000 new cases of gastric cancer
globally, the fifth highest incidence and mor-
tality rate among all cancers (Bray et al.,
2024). 1t was found that m6A plays an im-
portant role in the progression of gastric can-
cer. m6A modification promotes the prolifer-
ation (Wu et al., 2024d; Li et al., 2024f; Xu et
al., 2022a) and metastasis (Liu et al., 2022d,
Wang et al., 2024q) of gastric cancer, inhibits
cell ferroptosis (Niu et al., 2024; Yang et al.,
2022) and apoptosis (Ci et al., 2024), and pro-
motes chemotherapy resistance (Wang et al.,
2024e; Zhu et al., 2022b) and immune escape
(Suo et al., 2024; Tang et al., 2024) in gastric
cancer. m6A modification usually promotes
gastric cancer progression. IGF2BP1 recog-
nizes METTL3-mediated m6A modification
of APAF1-binding IncRNA (ABL), which
enhances ABL stability and thus promotes
gastric cancer proliferation and chemo-
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resistance (Wang et al., 2022c). METTL5
promotes NRF2 mRNA stability, which in
turn inhibits ferroptosis and promotes im-
mune escape in gastric cancer (Li et al.,
2024e). Acetylated SRSF2 binds YTHDF1
pre-mRNA, leading to enhanced YTHDF1
exon 4 skipping, which stimulates GC cell
proliferation and migration (Liu et al.,
2024b). Among the available studies, only
METTL14 among the m6A modification reg-
ulators showed complete tumor suppression
in gastric cancer. METTL14 mediates m6A
modification of circORC5 to inhibit gastric
cancer progression by regulating miR-30c-2-
3p/AKT1S1 axis (Fan et al, 2022).
METTL14 also mediates m6A modification
of circUGGT?2 to inhibit gastric cancer pro-
gression and chemoresistance by regulating
the miR-186-3p/MAP3K?9 axis (Chen et al.,
2024h). Unlike most m6A modification regu-
lators, ALKBHS5 (Suo et al., 2024; Hu et al.,
2022a; Wang et al., 2024h), IGF2BP1 (Xu et
al., 2022a; Ding et al., 2024), and YTHDF2
(Ren et al., 2024b; Yang et al., 2022; Shen et
al., 2020b) exhibit both oncogenic and anti-
oncogenic effects in gastric cancer.

COLORECTAL CANCER

According to 2022 data, there were more
than 1.9 million new cases of colorectal can-
cer and 904,000 deaths, and that colorectal
cancer had the third highest incidence but the
second highest mortality rate (Bray et al.,
2024). Similar to other tumors, the regulation
of m6A modifications in colorectal cancer is
equally diverse and complex, and almost all
m6A modifiers promote colorectal carcino-
genesis. Similar to other tumors, the regula-
tion of m6A modifications in colorectal can-
cer is equally diverse and complex, and al-
most all m6A modifiers except METTL14,
ZC3H13, METTL3, FTO, ALKBHS5, and
YTHDF2 promote colorectal carcinogenesis.
METTL14 and ZC3H13 play important regu-
latory roles in inhibiting colorectal cancer
proliferation and metastasis (Zhu et al., 2019;
Chen et al.,, 2020c; Yang et al., 2020).
METTL3 (Ouyang et al., 2024b; Jiang et al.,
2024d; Deng et al., 2019), FTO (Qiao et al.,

2024; Ye et al., 2023), ALKBHS5 (Zhai et al.,
2023; Ye et al., 2023), and YTHDF2 (Qiao et
al., 2024; Chen et al., 2020c; Shen et al.,
2023) may have different mechanisms to ex-
hibit oncogenic and anti-oncogenic roles in
colorectal cancer.

LIVER CANCER

Primary liver cancer consists mainly of
hepatocellular carcinoma (75 %-85 %) and
intrahepatic ~ cholangiocarcinoma (10 %-
15 %) (Bray et al., 2024; de Martel et al.,
2020). The incidence of liver cancer has been
steadily decreasing as the number of HBV
and HCV positive people has declined and af-
latoxin exposure has decreased, but liver can-
cer remains the third leading cause of cancer
death after lung cancer and colorectal cancer
(Bray et al., 2024). Considerable research has
been published on m6A modification in hepa-
tocellular carcinoma, and m6A modifiers
mainly act as oncogenic factors. In addition to
ZC3H13 and METTL14, m6A writers have
been shown to be oncogenic factors in liver
cancer. METTL3-mediated m6A modifica-
tion leads to the upregulation of TUG1, which
interacts with YBX1 to promote the upregu-
lation of PD-L1 and CDA47 transcripts, ulti-
mately regulating tumor immune escape (Xi
et al.,, 2024). METTL16 regulates SENP3
mMRNA stability in an m6A-dependent man-
ner, confers ferroptosis resistance and pro-
motes tumor progression in hepatocellular
carcinoma (Wang et al., 2024d). In contrast,
m6A writers METTL14 and ZC3H13 inhibit
liver cancer progression. USP48 is regulated
by METTL14-induced m6A modification and
stabilizes SIRT6 to attenuate hepatocellular
carcinoma glycolysis and inhibit progression
(Du et al., 2021). ZC3H13 is lowly expressed
in hepatocellular carcinoma and may be in-
volved in transcriptional dysregulation or the
JAK-STAT pathway to inhibit tumor migra-
tion and invasion (Wu et al., 2022b). m6A
readers also act as oncogenic factors in liver
cancer in addition to YTHDF2. YTHDF1 pro-
motes stemness and treatment resistance in
hepatocellular carcinoma by enhancing
NOTCH1 expression (Zhang et al., 2024f).
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Positive functional loops of YTHDF3 and
PFKL in glucose metabolism in hepatocellu-
lar carcinoma promote tumor proliferation
and metastasis (Zhou et al., 2022). Whereas
the role of YTHDF2 and m6A erasers FTO
and ALKBHS5 in hepatocellular carcinoma re-
mains unclear or different mechanisms exist
to promote and suppress tumors (Chen et al.,
2022b, 20244a; Zhong et al., 2019; Liao et al.,
2023; Liu et al., 2022c; Wang et al., 2023e).

CHOLANGIOCARCINOMA

According to different locations, cholan-
giocarcinoma is classified into intrahepatic,
perihilar and distal cholangiocarcinoma, and
has a lower incidence compared to hepatocel-
lular carcinoma (Brindley et al., 2021). The
incidence of cholangiocarcinoma is increas-
ing every year, but its global epidemiology
varies widely (Montal et al., 2020). m6A
modification in cholangiocarcinoma remains
understudied at present. The current study
suggests that METTL proteins are closely re-
lated to the pro-carcinogenic effects of chol-
angiocarcinoma. METTL3 mediates m6A
modification of circSLCO1B3 and promotes
intrahepatic cholangiocarcinoma prolifera-
tion and metastasis via miR-502-5p/HOXC8/
SMAD3 axis (Lietal., 2024b). METTL5-me-
diated m6A modification of 18S rRNA pro-
motes growth and metastasis of intrahepatic
cholangiocarcinoma cells (Dai et al., 2023).
METTL16 regulates FGFR4 expression in
cholangiocarcinoma cells through PRDM15
signaling and promotes tumor proliferation
and progression (Liu et al., 2023a). In contrast
METTL14-mediated m6A modification in-
hibits the MACF1/B-catenin pathway in chol-
angiocarcinoma, which in turn exerts tumor
suppressor effects (Zhang et al., 2022d).

PROSTATE CANCER

Prostate cancer is the second most com-
mon cancer in the world, the most commonly
diagnosed cancer in nearly two-thirds of men
worldwide, and the fifth leading cause of can-
cer deaths in men (Bray et al., 2024). In pros-
tate cancer, METTL3 remains the most

studied m6A modification regulators, and
METTL3 mediates m6A modification of
USP4 mRNA at A2696 to promote prostate
cancer invasion and metastasis (Chen et al.,
2021b). m6A reader also plays an important
regulatory role in  prostate  cancer.
YTHDF1/2/3 promote prostate cancer prolif-
eration, invasion and metastasis and suppress
anti-tumor immunity by different mecha-
nisms (Li et al., 2020, 2022e; Duan et al.,
2024; Wang et al., 2024n). HNRNP proteins
are also cancer promoters in prostate cancer.
HNRNPA2B1 induces maturation of miR-25-
3p/miR-93-5p to regulate TGF-B and FOXO
pathways leading to prostate cancer progres-
sion (Qi et al., 2023). HNRNPC suppresses
tumor immunity by increasing Treg cell acti-
vation and suppressing CD8 T cells (Cheng et
al., 2023). In contrast to HNRNP proteins,
IGF2BPs cause elevated overall R-loop lev-
els, cell migration and growth inhibition in
prostate cancers by preventing DNMT1 bind-
ing to the SEMA3F promoter (Ying et al.,
2024). However, it has also been shown that
IGF2BP2 is recruited by circABCC4, en-
hances CCAR1 mRNA stability and activates
the Wnt/B-catenin pathway to promote pros-
tate cancer stemness and metastasis (Huang et
al., 2023).

BLADDER CANCER

Bladder cancer is the ninth most com-
monly diagnosed cancer in the world and is
far more common in men than in women, but
even among women it is the sixth most com-
mon cancer and the ninth leading cause of
cancer deaths (Bray et al., 2024). Recent stud-
ies have shown that m6A writer WTAP and
circ0008399 interactions promote MTC as-
sembly and activity and cisplatin resistance in
bladder cancer (Wei et al., 2021). For
METTLS3, studies have shown that it and
RBM15 synergistically mediate m6A modifi-
cation of IncRNAs to promote malignant pro-
gression of bladder cancer (Huang et al.,
2024Db). Moreover, METTL3 promotes tumor
proliferation in bladder cancer by accelerating
the maturation of pri-miR221/222 in an m6A-
dependent manner (Han et al., 2019). How-
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ever, other studies have shown that METTL3
overexpression enhances m6A modification
of LINC01106 in bladder cancer cells and in-
hibits tumor progression (Liu et al., 2024a).
mG6A reader similarly regulates bladder can-
cer progression. IGF2BPs are pro-cancer fac-
tors in bladder cancer and promote tumor pro-
liferation and metastasis (Xie et al., 2021a;
Tan et al., 2024c; Lv et al., 2024b). Similar to
the IGF2BPs family, YTHDF1/2/3 promote
bladder cancer progression and suppress tu-
mor immunity (Zhang et al., 2023a; Jin et al.,
2019; Qiu et al., 2024). However, the study by
Zeng et al. also found that YTHDF2 degrades
DHCR7 mRNA and inhibits cholesterol syn-
thesis and cAMP signaling, which in turn in-
hibits bladder cancer metastasis (Zeng et al.,
2024Db).

ESOPHAGEAL CANCER

Esophageal cancer is the 11th most com-
monly diagnosed cancer and the 7th leading
cause of cancer deaths worldwide (Bray et al.,
2024). METTL3 promotes the proliferation,
invasion and metastasis of esophageal cancer
by regulating the methionine cycle (Jin et al.,
2024d), Wnt/p-catenin (Zhang et al., 2024e),
EMT (Wu et al., 2024a), PI3BK/AKT (Jia and
Yu, 2024), Notch (Han et al., 2021) signaling
pathways and glycolysis (Gao et al., 2023Db).
mMO6A reader IGF2BPs family members simi-
larly contribute to the malignant progression
of esophageal cancer. IGF2BP1 promotes
translation of p38 MAPK pathway proteins by
recognizing and directly binding to the
MRNAs of MKK6 and MAPK14 (Zhao et al.,
2023). IGF2BP2 induces circRUNX1 with
m6A modification and promotes esophageal
cancer proliferation and metastasis via miR-
449b-5p/FOXP3 axis (Wang et al., 2022a).
And linc01305 was found to promote esopha-
geal cancer progression by interacting with
IGF2BP2 and IGF2BP3 (Huang et al.,
2021a). HNRNP proteins are also cancer-pro-
moting factors in esophageal cancer (Li et al.,
2021a; Zhou et al., 2023c). Differently,
YTHDF2 and METTL14 exhibit anticancer
effects in esophageal cancer (Cui et al., 2021,
Liu et al., 2021). Furthermore, YTHDF1 and

ALKBHS5 have dual roles of tumor promotion
and tumor suppression in esophageal cancer
(Zhang et al., 2024d; Cui et al., 2021; Wu et
al., 2022a; Chen et al., 2021a).

CERVICAL CANCER

Cervical cancer is the fourth most com-
mon cancer in terms of female morbidity and
mortality, and globally it is the most common
type of cancer in 25 countries and the most
common cause of cancer-related deaths in 37
countries (Bray et al., 2024). The study of
m6A modifications in cervical cancer has
gradually increased in recent years and has
been found to act mainly as tumor promoters
(Mao et al., 2023). However, METTL3 and
METTL14 have also been found to be both
anti-oncogenic factors in cervical cancer. A
study found that METTLS3 can inhibit the sur-
vival ability of cervical cancer cells and in-
crease cisplatin sensitivity (Li et al., 2021c).
METTL14 enhances sorafenib-induced fer-
roptosis through the PI3K/Akt signaling path-
way also inhibits cervical cancer (Li et al.,
2024c).

ENDOMETRIAL CANCER

Mortality from endometrial cancer has
been on an upward trend since the mid-1990s
and remains an important cause of cancer
deaths in women (Siegel et al., 2022). Up to
now, there is still a relative paucity of explo-
rations on m6A modifications in the field of
endometrial cancer. It has been shown that
m6A writers METTL3 inhibits the prolifera-
tion and migration of endometrial cancer cells
and promotes the proliferation of CD8+ T
cells (Zhan et al., 2023). However, another
study showed that METTL3 upregulates
FGD5-AS1 expression through m6A modifi-
cation, enhances chemoresistance in endome-
trial cancer cells, and promotes immune es-
cape (Hao et al., 2024). Similar to METTLS,
WTAP exhibits both oncogenic and anti-on-
cogenic effects in endometrial cancer (Wang
et al., 2024a; Li et al., 2021b). Differently,
METTL14 decreases GPX4 mRNA stability
through a YTHDF2-dependent mechanism,
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increases lipid peroxidation levels, and accel-
erates iron death in endometrial cancer, and
thereby inhibits tumor progression (Wang et
al., 2023h). m6A readers and erasers act pri-
marily as tumor promoters in endometrial
cancer. The IGF2BPs family was found to
promote endometrial cancer progression by
regulating cell proliferation and cancer cell
stemness (Wang et al., 2024a; Zhang et al.,
2021b; Shi et al., 2024). For m6A erasers, it
has been shown that FTO promotes endome-
trial cancer metastasis by activating the WNT
signaling pathway (Zhang et al., 2021c). And
ALKBH5 promotes endometrial cancer pro-
liferation and invasion by eliminating the
m6A modification of IGF1R (Pu et al., 2020).

OVARIAN CANCER

Ovarian cancer is the seventh most com-
mon cancer among women in the world and
the gynecologic cancer with the highest mor-
tality rate, with a survival rate of 46 % at five
years after diagnosis (Lheureux et al., 2019).
Recent studies have found that m6A regula-
tors function primarily as cancer promoting
factors in ovarian cancer. METTL3 inhibits
CCNG2 expression by promoting the matura-
tion of pri-microRNA-1246, which promotes
ovarian carcinogenesis and metastasis (Bi et
al., 2021). In addition to METTL3, m6A writ-
ers VIRMA and RBM15 function as onco-
genes in ovarian cancer (Yuan et al., 2023a;
Gan et al.,, 2023). For m6A readers, the
IGF2BPs family was found to promote prolif-
eration, metastasis, and immune escape in
ovarian cancer, which in turn promotes tumor
progression (Wang et al., 2023c; 2024f; Li et
al., 2024a). YTHDF1/2 also promotes ovarian
cancer progression by regulating mRNA sta-
bility of downstream target molecules (Liu et
al., 2020b; Hao et al., 2021; Xu et al., 2021;
Sun et al., 2023b). Furthermore, m6A erasers
ALKBHS5 promote ovarian cancer invasion,
lymph node metastasis, and cisplatin re-
sistance by regulating EMT, FAK, and
JAK2/STATS3 signaling pathways (Sun et al.,
2023b; Xu et al., 2024b; Nie et al., 2021).
Contrary to the above effects, METTL16,
YTHDC]1, and FTO all exert anti-oncogenic

effects in ovarian cancer (Li et al., 2023;
Wang et al., 2023f; Huang et al., 2020).

PANCREATIC CANCER

With 511,000 new cases and 467,000
deaths in 2022, pancreatic cancer ranks sixth
in cancer-related mortality and has one of the
worst prognoses among malignant tumors
(Bray et al., 2024). In pancreatic cancer re-
search, m6A modifications have been found
to play a key tumor-promoting role. m6A
modifications have been found to promote
proliferation (Jin et al., 2024c; Chen et al.,
2023; Hu et al., 2022b), metastasis (Zhou et
al., 2023d; Deng et al., 2021), stem cell-like
properties (Jin et al., 2024c; Chen et al., 2023;
Ouyang et al., 20244a), and chemotherapy re-
sistance (Ouyang et al., 2024a; Lin et al.,
2023a; Su et al., 2023) in pancreatic cancer.
m6A writers METTL3 mediates cigarette
smoke-induced m6A modification of miR-
25-3p, leading to activation of oncogenic
AKT-p70S6K signaling in pancreatic cancer
(Zhang et al., 2019). METTL5 promotes c-
Myc translation leading to pancreatic cancer
progression (Huang et al., 2022b). METTL14
leads to decreased PERP levels through m6A
modification, which in turn promotes pancre-
atic cancer proliferation and metastasis
(Wang et al., 2020c). WTAPP1 binds WTAP
MRNA and recruits the EIF3 translation initi-
ation complex to promote WTAP translation,
which enhances the activation of Wnt signal-
ing and ultimately triggers the malignant phe-
notype of pancreatic cancer (Deng et al.,
2021). In addition, ZC3H13 and RBM15 also
promote pancreatic cancer progression by
regulating DNA damage repair and tumor im-
mune infiltration in pancreatic cancer (Huang
et al., 2022a; Wang et al., 2024m). Similarly,
the m6A reader IGF2BPs family and YTHDF
proteins also play a role in promoting pancre-
atic cancer through different pathways (Jin et
al., 2024c; Hu et al., 2022b; Lin et al., 2023a;
Wan et al., 2019; Peng et al., 2023; Chen et
al., 2024e). And for m6A erasers, FTO
mediates m6A modification of PDGFC and
stabilizes its expression, leading to reacti-
vation of the Akt signaling pathway and
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promoting pancreatic cancer cell growth (Tan
et al., 2022b). In contrast, ALKBH5 prevents
pancreatic cancer progression in an m6A-de-
pendent manner by a different mechanism
(Guo et al., 2020; Zhang et al., 2022c; He et
al., 2021).

HEAD AND NECK CANCER

Approximately 90 % of head and neck
cancer cases are head and neck squamous cell
carcinoma (Liu et al., 2024c), with data for
2022 reporting 946,456 new cases and
482,001 deaths (Bray et al., 2024), suggesting
that it remains an important cause of cancer
deaths. METTL3 enhances the stability and
upregulates the expression of CDC25B
MRNA, which activates the G2/M phase of
the cell cycle and leads to malignant progres-
sion of head and neck squamous cell carci-
noma (Guo et al., 2022). METTL3 also pro-
motes BMI1 translation in an IGF2BP1-de-
pendent manner, which in turn promotes pro-
liferation and metastasis in oral squamous cell
carcinoma (Liu et al., 2020a). RBM15-medi-
ated IGF2BP3-dependent m6A modification
enhances TMBIM®6 stability and leads to lar-
yngeal squamous cell carcinoma progression
(Wang et al., 2021b). METTL14 is recruited
by RASAL2-AS1 and promotes the expres-
sion of LIS1, which in turn promotes the pro-
gression of head and neck squamous cell car-
cinoma (Rong et al., 2024). IGF2BPs has also
been found to play a promotional role in head
and neck cancer. IGF2BP1 and IGF2BP3 are
involved in recognition and stabilization of
m6A-tagged HOXC10 mRNA leading to
head and neck squamous cell carcinoma
growth and metastasis (Zhou et al., 2024b).
IGF2BP3 also regulates autophagy and pro-
motes laryngeal squamous cell carcinoma
progression by activating the TMA7-UBA2-
PI3K pathway (Yang et al., 2023b). IGF2BP2
is activated by KLF7-regulated super-en-
hancer-driven transcription and promotes ma-
lignant progression in head and neck squa-
mous cell carcinoma (Cai et al., 2024). How-
ever, Liang et al. demonstrated that
METTL14 inhibited oral squamous cell carci-
noma progression by post-transcriptionally

enhancing RBI1CC1 expression in an
IGF2BP2-dependent manner (Liang et al.,
2023).

LEUKEMIA

Leukemias are a group of cancers of the
hematopoietic system that are the 11th most
prevalent cancer and the 10th leading cause of
cancer deaths worldwide (Miranda-Filho et
al., 2018). Published studies have demon-
strated that m6A modifiers all exhibit pro-on-
cogenic effects in leukemia. Professor Kou-
zarides' team at the University of Cambridge
discovered in 2017 that METTL3 is recruited
by CEBPZ into the promoters of specific
genes, leading to an increase in translation of
genes such as SP1 to promote cell growth in
acute myeloid leukemia (Barbieri et al.,
2017). In 2021, the team further demonstrated
the effectiveness of using the highly efficient
METTL3 inhibitor STM2457 to treat acute
myeloid leukemia (Yankova et al., 2021).
METTL16 has also been found to exert its on-
cogenic effects by reprogramming branched-
chain amino acid metabolism in acute mye-
loid leukemia (Han et al., 2023). Wang et al.
and Shen et al. also demonstrated that
ALKBHS is required for the development of
acute myeloid leukemia and maintenance of
leukemic stem cell function (Shen et al.,
2020a; Wang et al., 2020a). Similarly, the
m6A eraser FTO was found to act as an onco-
genic agent in acute myeloid leukemia in
2017 (Lietal., 2017), and the small molecule
inhibitors FB23 and FB23-2 were found to in-
hibit the proliferation of acute myeloid leuke-
mia cells in vitro and in vivo in 2019 (Huang
etal., 2019).

KIDNEY CANCER

Kidney cancer is the 9th most common
cancer in men and the 14th most common
cancer in women, with clear cell carcinoma of
the kidney being the most common (Stewart
et al., 2022), and the incidence of kidney can-
cer continues to increase at an annual rate of
1.5 % (Siegel et al., 2024). The study of m6A
modification in kidney cancer has increased
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significantly in recent years. Aberrant activa-
tion of FTO sensitizes renal clear cell carci-
noma to BRD9 inhibitors (Zhang et al.,
2021a), and FTO inhibits clear cell renal cell
carcinoma through the PGC-1a signaling axis
(Zhuang et al., 2019). However, recent studies
have also found that FTO-mediated autoph-
agy promotes the progression of clear cell re-
nal cell carcinoma by regulating SIK2 mRNA
stability (Xu et al., 2022b). This implies that
the role of FTO in clear cell renal cell carci-
noma needs to be further investigated in
depth. IGF2BP1/3 also found to promote kid-
ney cancer progression. IGF2BP1 interacts
with LINC01426 to regulate the CTBP1/miR-
423-5p/FOXM1 axis and thus promotes clear
cell renal cell carcinoma progression (Jiang et
al.,, 2021b). IGF2BP3 stable LncRNA
CDKNZ2B-AS1 drives malignancy in renal
clear cell carcinoma through activation of
NUF2 transcription (Xie et al., 2021b). In
contrast, IGF2BP2 acts as a tumor suppressor
in kidney cancer (Pan et al., 2022; Ren et al.,
2024a). YTHDF proteins also function as a
tumor suppressor in kidney cancer (Liu et al.,
2022¢; Li et al., 2022a; Dai et al., 2024).

MELANOMA

The incidence of melanoma is increasing
by 2-3 % per year from 2015-2019 (Siegel et
al., 2024). 100,640 new diagnoses of cutane-
ous melanoma and 8,290 deaths are expected
globally in 2014 (Siegel et al., 2024). Recent
studies have found that METTLS3 localizes to
mMRNAs for m6A modification with the help
of DHPS to drive melanoma (Guo et al.,
2024). ALKBH5 promotes cutaneous mela-
noma by mediating the downregulation of
ABCAL expression in an m6A-dependent
manner (Wang et al., 2024b). METTL14 me-
diates m6A modification of RUNX2 to acti-
vate the Wnt/B-catenin signaling pathway and
promote choroidal melanoma migration and
invasion (Zhang et al., 2022b). However, a re-
cent study published the opposite view, that
METTL14 exerts tumor suppression in ocular
melanoma by promoting the expression of the
tumor suppressor FAT4 in a YTHDF1-de-
pendent manner (Zhuang et al., 2023).

Furthermore, in 2024 Han et al. designed
RM3, a peptide inhibitor specifically target-
ing the METTL 3/14 complex, which showed
inhibitory effects on a variety of melanoma
cell lines and exhibited a lower 1Cso compared
to STM2457 (Yankova et al., 2021; Han et al.,
2024).

GLIOBLASTOMA

Glioblastoma is the most common brain
tumor, accounting for 45-50 % of all primary
malignant brain tumors, and has a very poor
prognosis (Grabiec et al., 2024). Currently
m6A maodifications in glioblastoma are un-
derstudied and controversial. METTL3 has
been found to promote glioblastoma prolifer-
ation and self-renewal induced by PDGF sig-
naling (Lv et al., 2022). Moreover, METTL3
and YTHDF1 can directly target ADAR1
transcripts, leading to elevated expression and
tumor-promoting effects in glioblastoma
(Tassinari et al., 2021). On the contrary, the
view of another study suggests that overex-
pression of METTL3 inhibits the growth and
self-renewal of glioblastoma (Cui et al.,
2017).

In 2017, m6A demethylase ALKBH5 was
found to promote tumorigenicity of glioblas-
toma stem-like cells by maintaining FOXM1
expression (Zhang et al., 2017). Subsequent
studies have also found that ALKBH5 and
USP36 interact to maintain stem cell proper-
ties in glioblastoma and promote tumor pro-
gression (Chang et al., 2023). The IGF2BPs
family plays a pro-carcinogenic role by regu-
lating glioma occurrence, progression and te-
mozolomide resistance (Wang et al., 2015a;
Cunetal., 2023; Zhang et al., 2023b; Li et al.,
2022b). Yet another study indicated that
IGF2BP1 stabilizes circSPECC1 expression
and promotes its encoding of the SPECC1-
415aa protein to inhibit proliferation and me-
tastasis of glioblastoma cells (Wei et al.,
2024a). In addition, YTHDF protein is also a
pro-carcinogenic factor for glioblastoma
(Yarmishyn et al., 2020; Dixit et al., 2021,
Lee et al., 2023).
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OSTEOSARCOMA

Osteosarcoma is the most common pri-
mary malignant bone tumor, with the highest
incidence in children, adolescents, and the el-
derly population >60 years of age (Beird et
al., 2022). Five-year survival rate for patients
with metastatic osteosarcoma is <20 % (Gill
and Gorlick, 2021). m6A writers positively
regulate malignant progression in osteosar-
coma. METTL3-mediated m6A modification
of LINC00520 promotes glycolysis and re-
sistance to cisplatin in osteosarcoma by inhib-
iting ubiquitination of ENO1 (Wei et al.,
2024b). METTL14-mediated methylation en-
hances the translational efficiency of MN1
and promotes osteosarcoma progression and
chemoresistance to all-trans retinoic acid (Li
et al., 2022d). METTL16, WTAP, VIRMA
and RBM15 also positively regulate osteosar-
coma proliferation, invasion and migration by
regulating PI3K/AKT, JAK2/STAT3 and aer-
obic glycolysis pathways (Cheng et al.,
20244a; Chen et al., 2020b; Luo et al., 2023a;
Yang et al., 2023a).

OTHER CANCERS

Gallbladder cancer is a common malig-
nant tumor of the gastrointestinal tract char-
acterized by high aggressiveness (Piovani et
al., 2024). In gallbladder cancer, m6A modi-
fication of TRPM2-AS by METTL3/14 is rec-
ognized by IGF2BP2 and promotes tumor an-
giogenesis  through activation of the
NOTCH1 signaling pathway (He et al., 2024).
Retinoblastoma is a childhood retinal cancer
with about 8,000 cases worldwide (Cobrinik,
2024). YTHDF1 promotes retinoblastoma
growth by binding to and enhancing the sta-
bility of mMRNAs from multiple oncogenes
(Luo et al., 2023b). In lymphoma, YTHDF2
promotes tumorigenesis in diffuse large B-
cell lymphoma by regulating ACER2-medi-
ated ceramide metabolism in an m6A-de-
pendent manner (Chen et al., 2024f). Tumor-
igenicity due to the interaction of the m6A
reader YTHDC1 and the RNA helicase
DDX5 has been identified in rhabdomyosar-
coma (Dattilo et al., 2023). VIRMA promotes

proliferation, migration, invasion and chemo-
resistance to cisplatin in germ cell tumors
(Miranda-Gongalves et al., 2021). METTL3
induces c-MYC expression in thymic epithe-
lial tumor to promote tumor proliferation
(laiza et al., 2021).

RECENT ADVANCES AND FUTURE
DIRECTIONS

Since the first discovery of m6A modifi-
cation in the 1970s, a large number of studies
targeting m6A have emerged, especially in
the field of cancer. Currently, m6A modifica-
tions have been shown to regulate cancer oc-
currence and development by modulating dif-
ferent target molecules. Although m6A mod-
ifications have been shown to be involved in
the biological processes of cancer, their role
in cancer is not yet fully sufficient. Of partic-
ular note, current reports in the literature show
that m6A modification regulators have both
tumorigenic and anti-tumorigenic effects in
the same tumor, or that their effects in cancer
are controversial. The reason for this may be
that m6A modification regulators mediate dif-
ferent downstream mechanisms by regulating
the transcripts of different genes, which ulti-
mately exert both oncogenic and anti-onco-
genic effects in the same tumor. However,
this controversy has somewhat interfered and
hindered subsequent studies of m6A modifi-
cations in tumors. In response to this situa-
tion, future researchers need to study the epi-
genetic modification network of the m6A reg-
ulatory process in greater depth to provide
clearer targets for targeted tumor therapy.

In recent years, as m6A modification re-
search in the field of human cancer is increas-
ing, more and more evidence indicates the
feasibility of targeting m6A modification reg-
ulators and its potential to become an alterna-
tive therapy for cancer chemotherapy re-
sistance (Zhou et al., 2023a). In 2019, Profes-
sor Yang's team at the University of Chinese
Academy of Sciences discovered the signifi-
cant inhibitory effect of the FTO inhibitor
FB23-2 on the proliferation of human acute
myeloid leukemia cells (Huang et al., 2019).
Professor Kouzarides' team at the University
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of Cambridge has demonstrated the efficacy
of STM2457, a small molecule inhibitor of
METTLS, in treating acute myeloid leukemia
in 2021 (Yankova et al., 2021). In 2024, Pro-
fessor Shi's team at Hunan University in
China designed a peptide inhibitor that specif-
ically targets the METTL 3/14 complex,
showing inhibitory effects on multiple mela-
noma cell lines (Han et al., 2024). Although
these advances are encouraging, no drugs tar-
geting m6A modification regulators have yet
entered clinical trials, but there is no denying
that these discoveries lay the groundwork for
targeting m6A modifications for the treatment
of human cancers in the future. We believe
that more extensive and in-depth exploration
of the mechanism of m6A regulation of hu-
man cancers will be carried out in the future
and provide better m6A therapeutic targets
and facilitate the generation of more effective
targeted therapeutic drugs.

CONCLUSIONS

This paper reviews the biological regula-
tion of m6A modification regulators in human
cancers. m6A modification regulators can
regulate oncogene/anti-oncogene expression,
cancer occurrence, cancer cell proliferation,
invasion, migration, angiogenesis, cancer cell
stemness, and chemoresistance to regulate
cancer progression. The existing problem is
that the research on m6A modification in can-
cer is not sufficient, and its deeper regulatory
mechanism in cancer and the crosstalk of var-
ious m6A maodification regulators in cancer
are not yet fully understood.

In addition, although effective small mol-
ecule compounds targeting m6A modification
regulators have emerged, more studies are
needed to demonstrate the clinical efficacy of
targeting m6A modifications.
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