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Lung cancer, a highly malignant disease, greatly affects patients’ quality of life. N6-methyladenosine (m6A) is one of the most
common posttranscriptional modifications of various RNAs, including mRNAs and ncRNAs. Emerging studies have demonstrated
that m6A participates in normal physiological processes and that its dysregulation is involved in many diseases, especially
pulmonary tumorigenesis and progression. Among these, regulators including m6A writers, readers and erasers mediate m6A
modification of lung cancer-related molecular RNAs to regulate their expression. Furthermore, the imbalance of this regulatory
effect adversely affects signalling pathways related to lung cancer cell proliferation, invasion, metastasis and other biological
behaviours. Based on the close association between m6A and lung cancer, various prognostic risk models have been established
and novel drugs have been developed. Overall, this review comprehensively elaborates the mechanism of m6A regulation in the
development of lung cancer, suggesting its potential for clinical application in the therapy and prognostic assessment of lung

cancer.
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INTRODUCTION

According to Global Cancer Statistics 2020, lung cancer deaths are
still the leading cause of cancer death, accounting for 18% of total
deaths [1]. Histologic classification divides lung cancer into non-
small cell lung cancer (NSCLC) and small cell lung cancer (SCLC),
the former being subclassified into lung adenocarcinoma (LUAD),
lung squamous cell carcinoma (LUSC) and large-cell carcinoma
(LCQ) [2]. NSCLC accounts for more than 80% of diagnosed lung
cancers [3], among which LUAD has surpassed LUSC to become
the most common NSCLC. Although targeted therapy and
immunotherapy decreased lung cancer incidence (by 2.2-2.3%
from 2014 to 2018) [4], inevitable drug resistance remains the
biggest obstacle to treatment efficacy. The transdifferentiation of
NSCLC with lineage plasticity into SCLC is one of the reasons for its
drug resistance, which involves genetic and epigenetic mechan-
ism [5]. Thus, it is necessary to further study the molecular
mechanism of lung cancer progression in order to ameliorate drug
resistance and find more effective therapeutic targets.

With the progress of research, the understanding of cancer
progression has been deepened continuously, from the initial
belief that cancer is only driven by genetic alterations, to the
discovery that epigenetics is also involved [6]. Epigenetic
modification includes DNA methylation, histone modification
and RNA modification, among which RNA modification has
gradually taken centre stage in the field of cancer research [7].
There are over 160 known posttranscriptional RNA modifications

that can affect RNA function by influencing its structure, such as
N6-methyladenosine (m6A), N1-methyladenosine (m1A) and
5-methylcytosine [8], among which m6A is the most common.
The mainstream m6A site detection methods include m6A
sequencing (m6A-seq) and m6A-specific methylated RNA immu-
noprecipitation. The principle is to enrich m6A-modified RNA
fragments through immunocoprecipitation and conduct high-
throughput sequencing of these fragments [9, 10]. But because
these methods can only capture 100-200 nt RNA fragments and
with inadequate resolution, researchers have refined the techni-
ques to improve resolution, such as photo-crosslinking-assisted
m6A sequencing [11], m6A individual-nucleotide-resolution cross-
linking and immunoprecipitation [12] and m6A-CLIP [13]. More-
over, SCARLET was developed to verify the accuracy of high-
throughput detection, which can accurately identify single m6A
site on mRNA and IncRNA [14]. And m6A-LAIC-seq can quantita-
tively analyse the m6A modification level of genes with
introduced internal reference RNA [15]. In recent years, some
new technologies have also emerged, such as antibodies-
independent MAZTER-seq [16], and deep learning-based FunDM-
Deep-m6A [17]. Liu et al. found that direct RNA sequencing
detected m6A with high accuracy, in the form of systematic errors
and reduced base-calling qualities [18], and Zhang et al. formed
mM6A-REF-seq, which can explicitly clarify m6A enrichment
patterns near RNA stop codons [19]. Thanks to these
techniques, researchers can identify and localise m6A sites at a

TInstitute for Translational Medicine, The Affiliated Hospital of Qingdao University, College of Medicine, Qingdao University, Qingdao 266021, China.

Hemail: zhangyinfeng@qdu.edu.cn

Received: 7 November 2022 Revised: 5 March 2023 Accepted: 17 March 2023

Published online: 30 March 2023


http://crossmark.crossref.org/dialog/?doi=10.1038/s41416-023-02246-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41416-023-02246-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41416-023-02246-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41416-023-02246-6&domain=pdf
http://orcid.org/0000-0002-8495-7840
http://orcid.org/0000-0002-8495-7840
http://orcid.org/0000-0002-8495-7840
http://orcid.org/0000-0002-8495-7840
http://orcid.org/0000-0002-8495-7840
http://orcid.org/0000-0002-2744-9954
http://orcid.org/0000-0002-2744-9954
http://orcid.org/0000-0002-2744-9954
http://orcid.org/0000-0002-2744-9954
http://orcid.org/0000-0002-2744-9954
http://orcid.org/0000-0003-2457-7712
http://orcid.org/0000-0003-2457-7712
http://orcid.org/0000-0003-2457-7712
http://orcid.org/0000-0003-2457-7712
http://orcid.org/0000-0003-2457-7712
https://doi.org/10.1038/s41416-023-02246-6
mailto:zhangyinfeng@qdu.edu.cn
www.nature.com/bjc

transcriptome-wide level [9]. It is found that m6A modifies the
consensus motif RRm6ACH ([A/G/U] [A/GIm6AC[A/C/U]) in eukar-
yotic cells, which is highly conservative in both human and mouse
and is enriched within long internal exons, near stop codons and
in 3’ untranslated regions (3’ UTRs) [9, 10]. The m6A regulation
system is composed of ‘writers’, ‘erasers’ and ‘readers’. ‘Writer’
refers to the methyltransferase complex, which accomplishes the
methylation of m6A [20]. M6A modification is demethylated by
‘erasers’, fat mass and obesity-associated protein (FTO) and alkB
homologue 5 (ALKBH5) [20]. ‘Readers’ include the YT521-B
homology (YTH) domain-containing protein, insulin-like growth
factor 2 mRNA-binding proteins (IGF2BPs) and the heterogeneous
nuclear ribonucleoprotein (HNRNP) family, which recognise the
m6A-modified transcript and regulate the downstream target RNA
[21].

M6A methylation plays a major role in the mRNA life cycle and
participates in the transcription, export, translation and degrada-
tion of mRNA [22]. It is reported that the m6A reader YTHDC1
activates the SRSF3 pathway to modulate alternative splicing of
pre-mRNA in the nucleus [23]. After processing, the mature mRNA
is then exported to the cytoplasm with the assistance of m6A
regulators METTL3, ALKBH5 and YTHDC1 [24, 25]. Then, YTHDF1
interacts with eukaryotic initiation factor 3 (elF3) to promote
mMRNA translation efficiency in an m6A-dependent manner [26].
Finally, m6A regulators promote m6A-modified mRNA degrada-
tion via targeting distinct pathways and transcripts, such as
YTHDF2 activates deadenylating and endoribonucleolytic clea-
vage pathways, YTHDC2 recruits 5’-3’ exoribonuclease XRN1 [27].
M6A has also been found in many types of noncoding RNAs
(ncRNAs), including long ncRNAs (IncRNAs), microRNAs (miRNAs),
circular RNAs (circRNAs), and ribosomal RNAs (rRNAs) [8, 28, 29]. It
regulates the stability, transport and decay of ncRNAs; further
studies report that ncRNAs can affect m6A modification via
distinct signalling pathways [30, 31] and play a powerful role in
regulating different cancer types. For instance, miRNA-96 reg-
ulates AMPKa2-FTO-m6A/MYC axis to promote the progression of
colorectal cancer [32], circVMP1/miR-524-5p-METTL3-m6A/SOX2
axis affects the malignancy of NSCLC [33] and high HNRNPC
promotes breast cancer cell proliferation via circBACH2/has-miR-
944/HNRNPC axis [34].

M6A modification is associated with many biological processes
and diseases. For instance, it contributes to the normal develop-
ment of haematopoietic system and central nervous system, and
abnormal m6A modification regulates target genes to act as
promoter or suppressor in the progression of different types of
cancer (such as bladder cancer, acute myelocytic leukaemia and
lung cancer [20, 35, 36]. Besides, m6A is implicated in the
transdifferentiation of tumour cells, as the remodelling of m6A
methylation was found in the transformation of pre-B cells into
macrophages in acute lymphoblastic leukaemia [37], which
encourages in-depth exploration on the role of the shifts in
m6A RNA patterns in lung cancer transdifferentiation. The existing
studies have shown that LUAD retains its original epigenetic
features in the transformation process to LUSC and SCLC,
suggesting that epigenetic therapy may reverse TKIs resistance
during phenotypic transformation in EGFR-mutant NSCLC [5]. In
short, this review focuses on the biological function of m6A
methylation in the progression of lung cancer, and its potential in
diagnosing and predicting the prognosis of patients, aiming to
summarise the new progress of epigenetic modification to guide
improved therapy for lung cancer.

THE COMPOSITION AND FUNCTION OF THE M6A SYSTEM
Writers

The highly conserved mRNA consensus site is recognised by the
methyltransferase complex, which is also called the ‘writer’ [38].
The catalytic core METTL3-METTL14 heterodimer plays a major
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role in m6A methylation, catalysing the transfer of a methyl group
from donor S-adenosyl methionine to adenine nucleobases in
acceptor RNA substrates [39]. Although METTL14 is catalytically
inactive, it acts as a stabiliser to increase METTL3 activity [40].
Further studies show that Wilms’ tumour 1-associating protein
(WTAP) is also noncatalytic but is crucial in regulating and
localising METTL3 and METTL14 into target RNA [41]. In brief,
METTL3, METTL14 and WTAP combine structurally to form the
core component of methyltransferase. Other methyltransferase
components form the auxiliary structure of catalysis. Vir-like m6A
methyltransferase associated recruits the METTL3/METTL14/WTAP
complex and is linked with polyadenylation cleavage factors to
mediate site-specific mRNA methylation [42]. RNA binding motif
protein 15 (RBM15) can facilitate methylation of the m6A-
methyltransferase complex [43]. Zinc finger CCCH domain-
containing protein 13 interacts with WTAP to affect METTL3/
METTL14/WTAP subcellular localisation [44]. The synergy between
all the components of mM6A writer ensures normal m6A
methylation.

In addition to the m6A epigenetic modification in mRNA, there
are other writer-mediated m6A modifications in ncRNA [45].
METTL16, a conserved protein found from bacteria to vertebrates,
has been verified to be the methyltransferase for the U6 snRNA.
Moreover, METTL16 was found to bind to IncRNA MALAT1, but its
consequent role remains unclear [46]. There are also abundant
m6A modifications in rRNA. For example, zinc finger CCHC
domain-containing protein 4 is the methyltransferase of 285 rRNA
and METTL5 acts as a ribosomal RNA writer by forming a
heterodimer with tRNA methyltransferase activator subunit 11-2
[47]; studies have found that they are all related to cancer
progression.

Readers

M6A readers are a class of RNA-binding proteins (RBPs) that
recognise RNA-specific m6A sites to affect RNA metabolism and
relevant biological processes [48]; different readers function at
different cellular locations. In the nucleus, YTHDC1 exports
methylated mRNA and recognises m6A residues to facilitate
RNA biological function [43, 49]. In the cytoplasm, YTHDF proteins
affect different stages of the mRNA life cycle. YTHDF2 destabilises
m6A-containing RNAs [50], while YTHDF1 increases their transla-
tion efficiency by interacting with elF3 [26]. YTHDF3 cooperates
with YTHDF1 and YTHDF2 to regulate methylated mRNA decay
and translation [51, 52]. In the nucleus, HNRNPC preferentially
binds to the m6A-modified site and then affects mRNA maturation
[53]. M6A also affects microRNA processing and mRNA alternative
splicing mediated by HNRNPA2B1 and HNRNPG, respectively
[54, 55].

There are some studies on other m6A readers, but deeper
explorations are needed to elucidate their functions. IGF2BPs
promote the stability and translation of target mRNAs in an m6A-
dependent manner, while fragile X mental retardation protein 1
has the opposite effect [56, 57]. However, whether FMRP and
IGF2BPs are direct RBPs remains to be explored.

Erasers
M6A erasers are demethylases that remove the methyl group from
m6A, making methylation a reversible process [58]. Studies
identified FTO as the first m6A eraser, but the substrates for FTO
are still being explored. Initially, experiments revealed that FTO
colocalised with nuclear speckles and negatively regulated m6A
mRNA levels [59]. However, recent studies also found that FTO
preferentially demethylates N6,2’-O-dimethyladenosine (m6A,,) in
the 5’ cap of mRNA instead of m6A [60]. Thus, a specific site needs
to be found to further identify the bona fide FTO substrate.
Another important RNA demethylase, ALKBH5, has similar
demethylation activity to that of FTO and with a preference for
m6A [24]. The modification ALKBH5 exerts on mRNA subsequently
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The m6A modification regulates the proliferation of lung cancer. The m6A regulators (including writers, readers and erasers) dually

regulate lung cancer proliferation by affecting the expression of proteins in signalling pathways related to glycolysis, ferroptosis and cell cycle.
In particular, the effective cooperation between m6A writer and reader is significant for this process. The molecules affected by m6A
modification in lung cancer are colour-coded, with red for upregulated and green for downregulated.

influences mRNA metabolism and has a crucial role in essential
biological processes. One of the interesting examples is that
ALKBHS5 is indispensable in normal spermatogenesis in mouse
testes [61]. There are also other members of the ALKBH family that
act as demethylases of RNA, and ALKBH3 and ALKBH1 mediate
demethylation of m6A tRNA to regulate protein synthesis and
affect tumour cells’ malignant progression [62, 63]. Researchers
are still exploring the identification of more erasers, their
preferential substrates, and their demethylation mechanisms.

THE IMPORTANT REGULATORY FUNCTION OF M6A
METHYLATION IN LUNG CANCER PROGRESSION

The role of m6A methylation in lung tumorigenesis

and proliferation

The imbalance of proto-oncogenes and tumour suppressor genes
plays an important role in cell carcinogenesis [64] and the effect of
m6A methylation on cancer-related genes is mediated by mRNA.
The interaction between m6A and ncRNA is also involved in the
proliferation of lung cancer cells. The dual regulatory role of m6A
modification on tumour cell proliferation will be presented in the
following section (Fig. 1).

The reprogramming of energy metabolism patterns is an
important character of cancer, which provides cancer cells with
sufficient materials for sustaining proliferation [65]. Recent studies
have explored the role of m6A methylation in cancer energy
metabolism, especially glucose (Warburg effect), lipid and iron

metabolism. Since different m6A regulators act as pivotal hubs in
metabolic pathways such as mTOR, PTEN, MAPK and AMPK to
regulate tumoral energy homoeostasis, the dysfunction of m6A
modification has a great impact on tumorigenesis [66]. One of the
typical metabolic characteristics of cancer cells, glycolysis, can be
catalysed by enolasel (ENO1) [67]. Ma et al. found that ENO1
mMRNA is m6A methylated by an increase in the writer METTL3 and
a decrease in the eraser ALKBH5, which synergise with the reader
YTHDF1 to reinforce glycolysis and promote the growth of LUAD
by upregulating ENO1 [68]. Moreover, m6A methylation also acts
as a ferroptosis inducer to cause lipid peroxidation in LUAD. The
antioxidant system Xc~ plays an important role in ferroptosis, and
the solute carriers 7A11 (SLC7A11) and 3A2 are two main
members in it [69]. In 2021, another study by Ma et al. reported
that the m6A reader YTHDC2 inhibited SLC7A11 via its m6A-
reading domain, which impaired Xc~ system antioxidant activity
and induced ferroptosis [70]. Similarly, YTHDC2 also destabilised
homeobox A13 mRNA, a transcription factor of SLC3A2, to
suppress its transcription in an m6A-dependent manner, acting
as a ferroptosis inducer to suppress LUAD growth [71]. In contrast
to YTHDC2, the m6A writer METTL3, as a ferroptosis inhibitor,
increases SLC7A11 expression by recognising its mRNA m6A
modification through YTHDF1 and ultimately inhibits lung cancer
cell ferroptosis to promote its proliferation [72]. Another important
event in tumorigenesis, hypoxia, can change the metabolic
pattern of tumour cells [73]; studies have pointed out the role
of YTH family as an m6A recogniser in hypoxic lung cancer
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progression. Xu et al. revealed that hypoxia-induced YTHDF2
overexpression activated the mTOR/AKT axis via m6A modifica-
tion, which contributed to LUSC cell proliferation [74]. Addition-
ally, Shi et al. found that under normoxic conditions, YTHDF1
depletion reduced the m6A modification levels of several cell
cycle checkpoint regulators, such as cyclin-dependent kinase 2/4
and cyclin D1, and downregulated their expression to retard
NSCLC cell proliferation. Further research revealed that YTHDF1
knockdown mediated the hypoxic adaptation of NSCLC cancerous
cells by decreasing Kelch-like ECH-associated protein 1 (Keap1)
and activating the Nrf2-AKR1C1 axis in an m6A-dependent
manner [75].

While affecting the metabolism of cancer cells, m6A regulators
including writers, readers and erasers also exhibit regulatory
effects on the mRNA of oncogenes and tumour suppressor genes
via m6A modification. These kinds of regulations alter the
expression of proteins or other tumorigenesis-associated factors,
affecting the proliferation of different types of lung tumour cells.
First, studies have shed light on how m6A writers are involved in
the proliferative behaviour of pulmonary neoplasms by regulating
the transcription and translation of different genes. One study
reported that the m6A writer METTL3 recruited elF3 to indepen-
dently initiate the translation of several oncogenes, such as
epidermal growth factor receptor (EGFR) and the Hippo pathway
effector TAZ, in lung neoplasms [76]. However, some studies have
revealed the role of METTL3 as a tumour inhibitor. For instance,
METTL3 can upregulate G protein-coupled receptor 133 in an
m6A-dependent manner, which induces G2/M-phase cell cycle
arrest of tumour cells to inhibit LUAD growth [77]. In addition,
METTL3 installs m6A modification of F-box and WD repeat
domain-containing 7 mRNA to upregulate its expression and
facilitate its LUAD inhibitory effect [78]. Another m6A methyl-
transferase, METTL14, degrades Notch homologue 1 mRNA to
inhibit the proliferation of NSCLC cells; this tumour-suppressing
effect can be competitively reversed by the G protein-coupled
oestrogen receptor [79]. Zhang et al. revealed that overexpressed
KIAA1429, another core protein of m6A methyltransferase,
interacted with the reader YTHDF2 to modulate m6A modification
on BTG anti-proliferation factor 2 (BTG2) mRNA to downregulate
BTG2, and ultimately promoted LUAD cell proliferation [80]. In
addition to m6A writer methylation, the performance of m6A-
modified RNAs biological functions also requires readers and
specific RBPs. Therefore, abnormal expression of readers will also
cause dysregulation of related RNA to affect lung cancer cell
proliferative behaviour. Lou et al. found that markedly increased
YTHDF1 in KRAS and TP53 co-mutation LUAD patients promoted
the proliferation of cancer cells by upregulating cyclin B1 in an
m6A-dependent manner [81]. M6A erasers also play important
roles in modulating lung tumour growth. Microarray analysis
showed that the eraser ALKBH5 demethylated m6A modification
of many IGF2BP target genes (such as E2F1, p21 and TIMP3) to
promote proliferation of NSCLC cells [82]. Additionally, an
experiment carried out by Zhu et al. confirmed that ALKBH5
targeted tissue inhibitors of metalloproteinase 3 (TIMP3) mRNA to
decrease its translation by m6A demethylation, which attenuated
its tumour suppressive function in NSCLC [83]. Another m6A
eraser, FTO, also plays an oncogenic role in the growth of NSCLC.
FTO demethylates m6A modification on ubiquitin-specific pro-
tease-7 to elevate its expression, which then promotes the
proliferation of NSCLC cells through p53-dependent pathways
[84]. Moreover, abnormally upregulated FTO demethylates m6A in
myeloid zinc finger protein 1 mRNA, which upregulates this
proliferation-related transcription factor to contribute to LUSC
growth [85].

In addition to mMRNA, m6A also interacts with ncRNA to affect
lung cancer cell proliferation. M6A regulators modulate ncRNAs in
an m6A-dependent manner, and the epigenetic modification of
ncRNAs is critical for their subsequent effects on downstream
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targets [86]. Hu et al. reported that the m6A writer METTL3 was
involved in the m6A-methylated stabilisation of the tumour
suppressor SVIL antisense RNA 1, which promoted E2 promoter-
binding Factor 1 (E2F1) degradation via ubiquitination to inhibit
LUAD cell proliferation [87]. Additionally, IGF2BP2 was found to
target and upregulate INcRNA MALAT1 in an m6A-dependent
manner; the latter then elevated downstream autophagy-related
12 expression to promote NSCLC proliferation both in vitro and
in vivo [88]. A comprehensive analysis verified that the m6A-
related IncRNA ABALON sponged miR-139-3p to indirectly down-
regulate NIN1/RPN12 binding protein 1 homologue and inhibit
lung cancer growth [89]. The ncRNA can also interact with m6A
regulators to influence lung cancer cell proliferation. The m6A
reader HNRNPA2B1 combined with biotinylated IncRNA
LINCO1234 was shown to recruit DiGeorge syndrome critical
region 8. The latter promoted miR-106b-5p maturation to exert its
inhibitory role on cryptochrome 2 (CRY2), weakening the CRY2
tumour suppressor effect and promoting the proliferation of
NSCLC cells [90].

The role of m6A methylation in lung cancer invasion and
metastasis

Cell invasion and metastasis are two other features of tumours
and are often associated with poor prognosis. In recent years,
many studies have uncovered the role of m6A modification in
these two processes in lung cancer cells, which provides a new
direction for improving the prognosis and survival rate of lung
cancer patients (Fig. 2).

Epithelial-mesenchymal transition (EMT) facilitates the invasion
and metastasis of epithelial-derived tumours [91]; several signal-
ling pathways have been implicated in this biological process,
such as the TGF-B and Wnt/B-catenin signalling pathways [92].
TGF-B activates classic SMAD signalling or non-SMAD signalling
pathways, which target downstream transcription factors such as
Snail, Twist and zinc finger E-box binding homeobox, to mediate
mesenchymal protein expression. Additionally, the activated
B-catenin in Wnt pathway binds to the TCF/LEF family members
to initiate transcription of downstream genes (such as c-Myc and
cyclin D), and Wnt signalling elicits the expression of Snail1/2
and Twist, which finally decrease epithelial markers like E-cadherin
and increase mesenchymal markers like N-cadherin and fibronec-
tin [92]. Both of them contribute to the well-orchestrated
programme of EMT. Some recent studies revealed the m6A
modification on distinct EMT pathways and molecules, which
provides a new perspective to understand the invasive and
metastatic mechanisms of lung cancer cells. Recently, Yang et al.
revealed that the knockdown of m6A reader METTL14 suppresses
the p-AKT/AKT signalling pathway by destabilising Twist, which
attenuates EMT and the malignancy of NSCLC [93]. In addition,
researchers have found that METTL3 negatively regulates
B-catenin by mediating m6A deposition on its coding gene and
downregulates c-Met-mediated phosphorylation, thereby inhibit-
ing B-catenin membrane localisation by modulating cell-cell
adhesion. Both effects promote p-catenin-related EMT and
dissemination of cancer cells [94]. There are also studies focusing
on TGF-f, the most predominant molecule in inducing EMT.
METTL3 was found to upregulate JUNB proto-oncogene, a critical
transcriptional regulator of EMT, by modifying its mRNA in m6A
modification, which contributed to TGF-B-induced EMT of lung
cancer cells [95]. In addition, another study revealed multiple
effects of METTL3 on TGFB1. The METTL3 knockdown attenuated
m6A modification on TGFB1 mRNA, which upregulated TGFB1 and
increased its protein half-life, secretion and activation. Further-
more, the downregulated Snail caused the inability of TGFB1 to
induce EMT in METTL3-null cells. Therefore, the m6A-related
METTL3/TGFB1/Snail axis appears to be important in lung cancer
cell metastasis [96]. In contrast to METTL3, ALKBH5 works as an
m6A demethylase to decrease TGFBR2 and SMAD3, and increase
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SMADES6, impairing TGF-/SMAD signalling pathway that associated
with EMT and tumour metastasis [97]. A study also investigated
cigarette smoke (CS)-induced EMT. High METTL3 levels were
detected in CS-exposed human bronchial epithelial cells, and they
induced m6A modification of zinc finger and BTB domain-
containing 4 (ZBTB4) under the targeting of m6A reader YTHDF2.
Decreased ZBTB4 then upregulated enhancer of zeste homologue
2 to silence E-cadherin and ultimately promoted EMT [98].
Researchers have also uncovered m6A modification in coding
and noncoding RNAs, which are closely associated with the
invasion and metastasis of various types of lung cancer. The m6A
reader METTL3 methylates AKT serine/threonine kinase 1 (AKT1)
MRNA to potentiate its translation; increased AKT1 contributes to
advanced TNM stage and lymph node metastasis of NSCLC [99].
METTL3 also increases B-cell lymphoma-2 expression in an m6A-
dependent manner and enhances the viability and migration of
NSCLC cells [100]. Wang et al. found that the eraser FTO
demethylated m6A on E2F1 to upregulate it, which then elevated
expression of its downstream target neural epidermal growth
factor-like 2 to further enhance cell invasion and metastasis of
NSCLC [101]. In regard to the function of m6A regulators on
ncRNAs, researchers have found that METTL3 assists miR-143-3p
maturation in an m6A-dependent manner and miR-143-3p
downregulates vasohibin-1, which weakens the inhibitory effect
of the latter on vascular endothelial growth factor A and
angiogenesis, promoting lung cancer cells crossing the blood-
brain barrier to invade brain tissue [102]. Pan et al. found that
METTL3-mediated m6A modification attenuated the transcrip-
tional activity of the miR-1915-3p promoter in NSCLC, and low
miR-1915-3p enhanced the migration and EMT of cancer cells
through the upregulation of SET nuclear proto-oncogene (SET)
[103]. Extracellular vesicles (EVs) are important for the transfer of
molecules between different cells, which can cause cancer
metastasis [104]. A recent study confirmed that the m6A reader
HNRNPA2B1 participates in the selective sorting of miR-122-5p by

interacting with its m6A site through the EXO motif and
upregulates miR-122-5p in EVs of lung cancer cells to promote
hepatic metastasis [105]. In addition, the m6A reader YTHDC1 was
discovered to be recruited to nuclear speckles by INcRNA MALATT,
and it recognised the m6A site on MALAT1 to promote lung
cancer metastasis [106].

The role of m6A methylation in lung cancer progression

As mentioned above, m6A modification is essential in every
biological behaviour of lung cancer cells, such as proliferation or
metastasis. In addition to revealing the role of m6A enzymes in
every stage of lung cancer progression, the holistic exploration of
the role of m6A enzymes in the continuous process of lung cancer
cell proliferation, invasion, and metastasis will enable us to better
comprehend how the vast m6A regulatory network is finely
orchestrated to regulate lung cancer progression (Fig. 3).

First, m6A modification exerts its major role in lung cancer
progression by modifying various cancer-related mMRNAs.
Researchers found that phosphatidylinositol 3-kinase (PI3K) mRNA
was upregulated by METTL3-mediated m6A modification and
activated the downstream mTOR/AKT signalling pathway, which
ultimately promoted lung cancer proliferation and metastasis
[107]. The Hippo signalling pathway is another important pathway
involved in the progression of the malignant phenotype of cancer,
and Yes-associated protein (YAP) is a key effector of it. Jin et al.
discovered that the m6A writer METTL3 and eraser ALKBH5 had
opposite effects on YAP expression and activity. METTL3 not only
recruits elF3b to enhance YAP translation via interacting with
YTHDF1/3 in an m6A-dependent manner but also increases YAP
activity by promoting m6A-methylated MALAT1 to sponge miR-
1914-3p, which promotes the invasion and metastasis of NSCLC.
ALKBH5 suppresses the expression of YAP in YTHDF1/2/3-
mediated m6A modification and decreases YAP activity through
the miR-107/LATS2 axis to inhibit NSCLC progression. [108, 109].
YAP is also implicated in inflammatory microenvironment-related
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Fig. 3 The role of m6A modification in the progression of lung cancer. The m6A modification contributes to the whole process of
biogenesis of lung cancer via its epigenetic modification on various RNAs. The different signalling pathways involved in lung cancer
progression are categorised according to the types of m6A regulators and the specific regulated molecules are marked in different colour
codes to fully demonstrate the molecular mechanism by which m6A modification regulates lung tumour progress.

tumour progression. For example, high expression of IL-6 in the
liver microenvironment may be involved in liver metastasis from
lung cancer. Ni et al. carried out the in vitro experiment in A549
and H1975 LUAD cells to reveal that METTL3 and m6A methylation
were remarkably increased and facilitated the proliferation and
metastasis of LUAD cells in hepatic inflammatory microenviron-
ment. The mechanism is that METTL3 methylated YAP1T mRNA in
an m6A-dependent manner to enhance its translation, and then
YAP1 activated the downstream YAP1/TEAD signalling pathway.
Further research is required to investigate how this mechanism
affects lung cancer progression in vivo. [110]. Moreover, a study
on the association between cigarette smoking and lung cancer
also showed a METTL3-mediated mechanism. Cigarette smoke
exposure upregulates METTL3 mRNA, which cooperates with the
m6A reader YTHDF2 to decrease death-associated protein kinase 2
(DAPK2) via m6A methylation. As a serine/threonine kinase,
downregulated DAPK2 phosphorylates nuclear factor kappa-B
(NF-kB) to activate the downstream oncogenic pathway, which
promotes carcinogenesis of NSCLC [111]. Additionally, one study
revealed that the m6A writer KIAA1429 works with the m6A
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readers YTHDF2/3 to mediate m6A-dependent degeneration of
DAPK3 mRNA, reversing its role in inhibiting NSCLC malignancy
[112]. Similarly, other studies also report the role of KIAA1429 as a
lung tumour promotor that increases m6A levels of mucin 3A to
promote the expression of this potential oncogene, facilitating the
proliferation and migration of LUAD [113, 114]. There are also
investigations of how readers and erasers recognise and
demethylate m6A modification on mRNA to regulate key factors
in proliferative and metastatic signalling pathways. Elevated
YTHDF2 was found to recognise the m6A site on Axin1 mRNA
to decrease this negative regulator of the Wnt/f-catenin signalling
pathway and promote LUAD progression [115]. In regard to
erasers, Guo et al. have discovered that ALKBH5 can demethylate
m6A modification on ubiquitin-conjugating enzyme E2C (UBE2C)
transcripts and stabilise them, then upregulate UBE2C-activated
autophagy repression, which finally promotes NSCLC progression
[116]. In addition, Yang et al. showed that low m6A eraser FTO
mediated by the Wnt/B-catenin pathway elevated the proto-
oncogene c-Myc via m6A demethylation and c-Myc regulated
cancer cell aerobic glycolysis, promoting  pulmonary
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tumorigenesis [117]. A body of evidence has confirmed the role of
Forkhead-box (FOX) family proteins in carcinogenesis [118-120];
interestingly, both FTO and ALKBH5 can regulate the expression of
FOXM1, a typical stemness-related oncogene in this family. Ning
et al. revealed that FTO stabilised plant homeodomain finger
protein 1 (PHF1) via m6A demethylation and inhibited the FTO/
PHF1 axis in LUAD, promoting FOXM1 gene expression by
reducing H3K36me3 deposition [121]. For LUAD patients with
obstructive sleep apnoea, intermittent hypoxia (IH) is a key link in
the malignant progression of cancer. Chao et al. reported elevated
FOXM1 after m6A demethylation by ALKBH5 under IH [122]. The
above regulation of FOXM1 contributes to LUAD cell growth,
invasion and migration [121, 122]. Cancer stem cells (CSCs) have
similar stem cell self-renewal capabilities, which are closely
associated with the progression of lung tumours [123]. Studies
have revealed that the m6A eraser ALKBH5 is transcriptionally
regulated by p53 and contributes to the stemness of CSCs and
malignancy of lung cancer [124].

Next, m6A modification also regulates the level of ncRNAs,
such as miRNAs, IncRNAs and circRNAs, which function in
promoting or inhibiting the proliferation, invasion and metas-
tasis of lung cancer cells via different molecular axes [125]. Rong
et al. found that the m6A reader HNRNPA2B1 recognised the
mM6A site of pri-miR-106b-5p to promote its maturation, and miR-
106b-5p then degraded SFRP2, a regulator of Wnt/B-catenin
signalling, to activate this pathway and enhance LUAD stemness
and progression [126]. The m6A writer METTL3 promotes the
maturation of miR-663 through m6A modification and then
inhibits the expression of downstream target suppressor of
cytokine signalling 6 to promote malignant progression of lung
cancer [127]. In addition to miRNA, METTL3 also modified
IncRNAs in an m6A-dependent manner to stabilise IncRNAs such
as LCAT3 and AC098934. LCAT3 interacts with far upstream
element binding protein 1 to activate c-Myc, and both LCAT3
and AC098934 promote the proliferation and migration of lung
cancer cells [128, 129]. METTL3 upregulates long intergenic non-
protein coding RNA 1833 (LINCO1833) via its m6A-
methyltransferase activity, and LINC01833 is recognised by the
m6A reader HNRNPA2B1 to enhance the proliferative and
invasive abilities of NSCLC [130]. Yu et al. determined that the
m6A eraser ALKBH5 wupregulated IncRNA RMRP via m6A
demethylation, and high RMRP was positively associated with
tumorigenesis of LUAD [131]. A new IncRNA FEZF1-AS1 is also
revealed to be upregulated by m6A regulators, which plays an
oncogenic role in NSCLC cell proliferation and invasion via the
ITGA11/miR-516b-5p axis [132]. In addition, the m6A reader
YTHDF2 is confirmed to expedite circ_SFMBT2 decay by
recognising the enriched m6A modification on it, which
otherwise promotes large tumour suppressor kinase 2 (LATS2)
and regulates Hippo/YAP pathway activity to inhibit the
proliferation and metastasis of NSCLC cells [133]. The above
introduces the molecular mechanism of m6A regulators
regulating lung tumour-related ncRNA, then the modulatory
role of ncRNAs on m6A regulators will be presented. It has been
reported that miR-600 can suppress METTL3 to indirectly affect
its m6A methylating effect on downstream pathways, such as
the PI3K/AKT signalling pathway, and can ultimately inhibit lung
cancer development [134]. In addition, Weng et al. found that
INcRNA PCGEM1 could sponge miR-433-3p to reduce the
degradation of m6A writer WTAP mRNA, and upregulated WTAP
accelerated the proliferation of NSCLC by exerting its m6A
catalytic activity [135]. The elevated hsa_circ_0072309 sponges
miR-607 to upregulate the m6A eraser FTO, promoting the
malignant progression of LUAD [136]. In addition, Li et al.
depicted circNDUFB2 as an NSCLC suppressor; one of its
functions is acting as a scaffold in an m6A-dependent manner
to assist Tripartite motif 25 in degrading m6A reader IGF2BPs
and further affect related oncogenic factor expression [137].

THE PROGNOSTIC VALUE OF M6A MODIFICATION IN LUNG
CANCER

The analysis about the heterogeneity of NSCLC comes out that
cancer cells have higher heterogeneity than other cells in tumour
microenvironment (TME), especially LUSC. And other sophisticated
components in TME contain a variety of subtypes, such as stromal
cells and immune cells (including B cells, plasma cells, macro-
phages, dendritic cells, neutrophil) [138]. It is revealed in another
study that heterogeneity of RNA modification-related proteins
expression pattern leads to different regulation of oncogenes in
different cancer types. For instance, NSUNS5 is significantly high in
glioblastoma, HEN1 methyltransferase homologue 1 and L antigen
family member 3 are frequently upregulated in multiple cancers
[139]. Thus, it is important to detect epitranscriptomic hetero-
geneity in each tumour type for better diagnosis and therapy.
Traditional bulk RNA-seq is performed on cell population and
researchers end up with an average of gene expression profiles of
tumour cells. However, the specific single-cell RNA sequencing
(scRNA-seq) opens avenues to analyse tumoral heterogeneity. For
example, Hydro-seq, an improved scRNA-seq technology, can be
used for non-invasive diagnosis of circulating tumour cells via
selecting suitable epitranscriptomic biomarkers. The scRNA-seq
can be extended horizontally to the analysis of individual cell
genomics, epigenomics, proteomics and metabolomics. Besides,
vertically integrated single cell multimodal omics by transcrip-
tomics and other cytotomics also provides new ideas for
characterising cells [140].

Tumour heterogeneity would reflect the predictive value of
epitranscriptomic prognostic models to some extent, since the
higher the tumoral heterogeneity, the greater the burden of
tumour somatic mutations, and the more likely tumour to relapse
after treatment [141]. But on the other hand, epitranscriptomic
biomarkers can exhibit fairly uniform perturbation even in the face
of redundant tumour heterogeneity, since translation is a down-
stream convergence of various oncogenic pathways after RNA
epigenetic modification [142]. Recently, many epitranscriptomic
models of m6A methylation have focused on lung cancer
clustering subgroups that are formed based on heterogeneous
expression profile of m6A regulators. These subgroups were
divided into high-risk and low-risk groups based on different
clinical characteristics of different clusters (such as 5-year survival
rate, lymph node metastasis, distant metastasis and prognosis),
making these m6A-based prognostic risk models be able to
evaluate the clinicopathological characteristics of patients and
guide precise therapy in the early stage of lung cancer.

Many studies have demonstrated the prognostic value of m6A
regulators as independent factors in predicting various types of
lung cancer, whether single or in combination. The prognostic
value of overexpressed m6A readers HNRNPC and IGF2BP3 in
LUAD was revealed by Guo et al. Multivariate Cox regression
analysis referred to HNRNPC and IGF2BP3 as independent
prognostic factors, and the Kaplan—Meier curve showed that their
high expression predicted poor prognosis of patients [143, 144].
Another m6A reader, IGF2BP1, was associated with poor prognosis
and immune infiltration based on the LUAD TCGA database,
suggesting that it can predict the efficacy of immunotherapy in
LUAD patients [145]. In addition to single regulators, researchers
have also investigated the value of multiple regulator combina-
tions in predicting prognosis. The YTH domain family, an
important member of m6A readers, was investigated for its
expression profile and correlation with clinical outcomes in LUAD
patients. Researchers found that the members of this family are
involved in immune cell infiltration; LUAD patients with low
expression of YTHDC1/2 and YTHDF1/2/3 were linked to better
prognosis [146]. Additionally, different prognostic risk scores
based on several m6A regulator expression profiles were
constructed, which act as independent prognostic factors to
predict the OS of NSCLC patients [147-149]. To predict the
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prognosis of SCLC patients, a score based on five m6A regulators
(G3BP1, METTLS5, ALKBHS5, IGF2BP3 and RBM15B) was constructed;
this prognostic model shows that low-risk cohorts exhibited a
better response to adjuvant chemotherapy and PD-1 immu-
notherapy [150].

In addition to m6A regulators, researchers have also investigated
the prognostic value of risk scores constructed from m6A regulatory
genes. Zhang et al. established a two-gene risk score based on the
interplay between the m6A eraser FTO and the m6A writer METTL3,
which is correlated with OS and could be an independent
prognostic factor in early diagnosis [151]. Gu et al. constructed a
three-m6A-regulatory-gene (WTAP-YTHDC1-YTHDF1) prognostic
score for LUSC patients [152], and several studies have also reported
different three-gene prognostic risk scores for LUAD patients, such
as KIAA1429-RBM15-HNRNPC [153], IGF2BP3-HNRNPA2B1-HNRNPC
[154], IGF2BP1-HNRNPC-HNRNPA2B1 [155], ZCRB1-ADH1C-YTHDC2
[156] and HNRNPC-IGFBP3-IGF2BP1 [157]. These aberrant regulators
have been validated to be independent prognostic factors for
predicting poor prognosis in high-risk patients. Furthermore,
researchers systematically analysed DEGs between LUAD tissues
and adjacent normal tissues to establish risk scores based on more
m6A genes. For instance, Wang et al. built a four-m6A-gene risk
score to predict the potential drugs and survival risk of LUAD
patients [158], and Wu et al. constructed a five-m6A-gene
prognostic signature that can also be used in immune checkpoint
blockade therapy of LUAD patients [159]. Researchers also utilised
LASSO Cox regression to form m6A-associated 6-gene, 7-gene and
11-gene independent prognostic scores, which are related to
clinical features and immune characteristics [49, 160, 161]. Addi-
tionally, Liu et al. built an 8-gene signature for LUAD and a 3-gene
signature for LUSC, which exhibited better prognostic predictive
ability in late-stage NSCLC [162]. In addition to constructing
prognostic risk models with abnormally expressed m6A-related
genes, Li et al. focused on the prognostic value of m6A regulator
gene mutations. They found that the m6A readers YTHDF3, YTHDF1
and YTHDC2 have the most frequent copy number variations.
Furthermore, they determined that the copy number loss of FTO
and YTHDC2 in NSCLC patients is related to poor prognosis [163].

Since m6A-modified RNAs are implicated in many cellular
pathways related to lung cancer progression, some studies have
also focused on the role of m6A-regulated RNAs as predictive
markers of lung cancer. Sun et al. identified 84 potential m6A-
regulated mRNAs related to the OS of LUAD patients, of which 10
were selected to construct an m6A-regulated mRNA signature.
Then, they validated its prognostic value and confirmed that high
score was associated with poor survival outcomes [164]. Gene
alternative splicing can lead to proteomic diversity, and its
dysregulation is associated with the progression of lung cancer
[165]. After analysis, researchers confirmed the m6A writers
METTL3 and RBM15 and reader HNRNPC as splicing factors, and
they further discovered seven m6A-related AS events in LUAD and
fourteen in LUSC to establish a risk signature, with the high-risk
group having worse OS [166]. Researchers have also established
an m6A-related IncRNA model to predict lung cancer prognosis.
Hou et al. constructed an 11 m6A-related IncRNA risk model, and
LUAD patients in different groups had different survival advan-
tages and drug sensitivities, indicating that this could act as an
independent prognostic indicator [167]. Additionally, different
researchers constructed 13 and 11 m6A-related IncRNA risk
models and further proved that these risk scores were correlated
with immune cells and TME, which affected malignant tumour
progression and prognosis [168, 169]. Then, the investigators
further explored mRNA-ncRNA models co-expressed with m6A
regulators. They divided NSCLC patients with similar co-expression
patterns into one cluster and found that patients in different
clusters exhibited different immune responses, PD-L1 expression,
and OS, indicating that the prognostic value of this model was
better than that of separate RNA models [170]. The above
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application of m6A methylation in the lung cancer prognostic risk
model is summarised in Table 1.

The TME is composed of various immune cells, inflammatory
cells and noncellular components and plays an indispensable role
in tumorigenesis. In recent studies on lung cancer, researchers
have elucidated the prognostic value of m6A modification
patterns in TME. Zhu et al. constructed an m6A score of individual
tumours by quantifying the m6A modification pattern, in which a
low score indicates lower PD-L1 expression and is conducive to
immune checkpoint suppression therapy [171]. Another study on
NSCLC revealed three m6A modification patterns that corre-
sponded to three tumour immunophenotypes. Researchers then
established an m6A score according to the co-DEGs of the three
patterns and found that the high-score group with low tumour
mutation burden (TMB) was more immune-activated and
responded better to immunotherapy [172]. Research specifically
on LUAD reported that the scoring system used to quantify m6A
patterns was positively correlated with TMB, and the low-score
group in the early stage of LUAD was accompanied by a better
prognosis [173]. Similarly, based on m6A modification, Jiang et al.
created an m6A score to predict the immune response in TME, the
efficacy of immunotherapy and the prognosis of LUAD patients
[174]. Zhu et al. built another m6A score to predict the response to
radiotherapy and immunotherapy in LUAD patients [175].

APPLICATION OF M6A MODIFICATION IN LUNG CANCER
THERAPY

At present, the clinical treatment of lung cancer includes surgery,
radiotherapy, chemotherapy, immunotherapy and targeted ther-
apy. Traditional chemotherapy regimens are toxic to the body,
and drug resistance limits their efficacy. In view of these
conditions, the development of new treatments appears increas-
ingly critical to prolong the survival time of lung cancer patients
and improve their quality of life. Since the indispensable effect
m6A modification exerts on lung tumour malignancy, diverse
pieces of research have shown that m6A regulators, which are
being identified as novel anticancer drug targets, have great
potential for the treatment of lung cancer [176, 177].

Several studies have revealed that m6A regulators are implicated
in the resistance mechanisms of various lung cancer drugs, which
indicates that inhibiting or mimicking these regulators may pave
the way for restoring the sensitivity of cancerous cells to existing
drugs. Cisplatin (DDP) is the first metal complex found to have
anticancer activity and used in lung cancer treatment. As
mentioned above, upregulation of the m6A writer METTL3 causes
DDP resistance in NSCLC patients by increasing AKT1 expression
[99], and deficiency of the m6A reader YTHDF1 also causes DDP
resistance via the Keap1/Nrf2 axis [75]. NcRNAs are extensively
involved in the development of tumour drug resistance and interact
with different m6A regulators to coregulate lung cancer resistance
[178-180]. For instance, miRNA that regulates ferroptosis is closely
related to drug resistance in lung cancer [181]. Song et al. reported
that enriched exosomal miR-4443 upregulated ferroptosis suppres-
sor protein 1 in METTL3-mediated m6A modification, which
increased the proliferative marker Ki-67 to exert DDP resistance
[182]. In addition to miRNA, Xie et al. demonstrated that circVMP1
can disseminate chemo-resistant characteristics by sponging miR-
524-5p to increase the writer METTL3; the latter stabilised SRY-box
transcription factor 2 (SOX2) via m6A modification to exert its
function in inducing drug resistance [33]. In addition to DDP,
tyrosine kinase inhibitors (TKIs), including first-generation gefitinib
(GE), erlotinib, second-generation afatinib, and third-generation
osimertinib, are novel small-molecule targeted drugs for the
treatment of lung cancer. Researchers found that in GE-resistant
LUAD cells, upregulated METTL3 and YTHDF2 suppressed circASK1
in an m6A-dependent manner, which blocked the activation of
circASK1-mediated ASK1/JNK/p38 pathway [183]. Zhang et al. also
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revealed that elevated IncRNA SNHG17 through METTL3-mediated
m6A modification impaired LATS2 tumour suppressor effect, which
facilitated LUAD cell GE resistance [184]. Researchers have also
reported the mechanism of LUAD drug resistance to erlotinib,
another first-generation EGFR-TKI drug. It was found that the
degradation of IncRNA TUSC7 mediated by YTHDF2 and the
activation of Notch signalling mediated by METTL3 both con-
tributed to erlotinib resistance [185].

To alleviate drug resistance of lung neoplasms, researchers have
tested the combination of TKIs and other types of drugs, and
found that m6A modification participated in the specific mechan-
ism during the process of reversing drug resistance. The first-
generation TKI crizotinib has been used as a first-line medicine for
NSCLC therapy, but drug resistance greatly limits its efficacy [186].
Encouragingly, researchers found that chidamide could cotreat
with crizotinib to reduce drug resistance and inhibit lung cancer
growth. The mechanism is that chidamide reduces m6A modifica-
tion of c-MET mRNA by inhibiting the writer METTL3 and WTAP,
and NSCLC patients with low c-MET restores sensitivity to
crizotinib [187]. In addition, the synergy between (3-elemene and
GE inhibits METTL3-mediated m6A methylation in a dose-
dependent manner, which suppresses the protective effect of
METTL3-related autophagy on drug-resistant cells, enhancing GE
sensitivity [188]. Meclofenamic acid (MA), a kind of NSAID, is also
reported to restore GE sensitivity. GE-MA coadministration
inactivates EGFR downstream pathways and downregulates
c-Myc expression via the m6A demethylase FTO, promoting
NSCLC cell apoptosis [189]. In addition, Li et al. found that
metformin cotreatment with TKIs remarkably reversed drug
resistance by facilitating m6A writer METTL3 expression, and
METTL3-assisted Let-7b-5p maturation by m6A methylation to
restore drug sensitivity [190]. Inhibitors of the m6A writer
METTL7B may reverse TKI resistance by suppressing METTL7B-
mediated m6A modification of antioxidant enzymes such as
glutathione peroxidase 4 and superoxide dismutase [191].
Researchers also revealed that high-dose propofol upregulated
miR-486-5p in an m6A-dependent manner to suppress the
downstream gene RAP1, inactivating the cancer-promoting NF-
KB pathway in NSCLC cells to restore DDP effectiveness [192].

In addition to known chemotherapies and targeted therapies,
researchers are also working to develop novel treatments for
lung cancer and bring better prognosis to patients. Chen et al.
found that simvastatin suppressed the m6A writer METTL3 to
inhibit the effects of downstream EMT-related genes, exerting
the pharmacological effects of ameliorating tumour progression
in a dose-dependent manner [193]. In addition, B-elemene can
inhibit METTL3 and attenuate its m6A methylation effect on the
tumour suppressor gene phosphatase and tension homologue
(PTEN), thereby preventing the occurrence of malignant lung
tumours and providing better treatment for patients [194]. Some
Chinese herbal medicines have also been confirmed to have
certain antitumour activities. Isoliquiritigenin, derived from the
Chinese herb licorice, inhibits m6A reader IGF2BP3 mediated
m6A modification to indirectly inhibit the EMT-related factor
TWIST1, performing effective dose-dependent inhibition of
cancerous biological behaviour [195]. Another Chinese herbal
extract, delicaflavone, was reported to activate antitumour
immunity by m6A modification and increase the expression of
IFN-y-responsive genes (such as Stat1 and Irf1) by inhibiting the
m6A writer METTL3/14, thereby recruiting CD8" T cells to initiate
the immune response [196]. Researchers found that sevoflurane
suppressed FTO-induced abnormal metabolism and proliferation
of cancer cells by reducing IncRNA HOTAIR recruitment to FTO,
and then suppressing hexokinase 2 expression by demethylating
m6A in its mRNA [197]. Additionally, researchers have discov-
ered that after interleukin 37 treatment, the total m6A levels are
elevated, and Wnt5a/5b pathways are also impacted, which
suggests a cancer suppressive effect [198].
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CONCLUSION AND PERSPECTIVE

As one of the most abundant modifications in eukaryotes, m6A
modification is involved in almost the entire RNA life cycle, which
works by the synergy of methyltransferases, m6A-binding proteins,
and demethylases (writers, readers and erasers) [22]. The modification
effect of m6A is closely related to many diseases, and this review
focuses on the role of m6A in lung cancer. We discussed how the
enzymes of m6A modification regulated lung tumour malignant
progression, which may act as robust biomarkers to improve the early
diagnosis rate for lung cancer patients and present great value for
their prognosis and treatment.

Thanks to advances in technology, researchers can comprehen-
sively analyse the abnormal expression of m6A regulators in lung
cancer tissues and target genes of m6A. By analysing the m6A
targets, researchers found that the m6A present in mRNAs and
ncRNAs could regulate their expression, while ncRNAs can also act
on m6A regulators, which in turn affect lung cancer progression
through various signalling pathways. The m6A modification is also
involved in the metabolism and interaction of tumour cells within
the TME. Based on the indispensable role of m6A modification in
the development of cancerous cells, researchers have constructed
many independent m6A-related prognostic models to guide early
clinical diagnosis and treatment. In addition, studying the
molecular mechanism of m6A modification can also improve the
efficacy of treatments in patients with lung cancer.

Although we have obtained deeper insight into lung cancer based
on mé6A-related mechanisms, the current studies still have some
limitations. First, the complex role of each molecule implicated in m6A
modification makes it difficult to clearly elucidate how they cooperate
with each other to modulate the pathologic process of lung cancer,
which requires us to understand their integral role from a higher
perspective. Next, some m6A prognostic models use patient data
extracted from public databases, which need further validation in other
prospective cohorts. Since the small number of samples may limit the
universality of their application to the population. Additionally,
although there are some studies on m6A-related combination drugs
to improve TKI resistance, most of them are still stay at the mechanistic
level; further investigations are needed for clinical application.

Here are some new directions and suggestions for further
research on m6A and lung cancer. First, research on the
mechanism by which m6A affects lung cancer should be
expanded to in vivo experiments on the basis of cell experiments,
which will help m6A modification use in clinical practice in the
future. Second, different types of lung cancer have different m6A-
related genes, so the specific exploration of these genes will guide
precise targeted therapy. Third, there are a number of prognostic
models based on the m6A-related gene signature; the down-
stream targets of these genes need to be further explored, which
will help us determine the potential mechanisms between the
DEGs in different risk groups. Finally, as a posttranscriptional
modification, the synergistic effect of m6A with posttranslational
modification should be further investigated. This would be
meaningful for improving the effect of drug combinations and
attenuating TKI resistance to bring more progress in this field.
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