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Abstract: Methylation, first proposed in DNAs, but later found in RNAs, serves as one of 
the most widespread epigenetic modifications in eukaryotes, where N6-methyladenosine 
(m6A) modification has been found to play an important role in a variety of cancers 
including colorectal cancer (CRC). Under the action of various enzymes and proteins, the 
regulatory role of m6A in RNAs and immune cells has also been gradually realized. This 
paper reviews the general biogenesis and effects of m6A, and its emerging crucial role in 
intestinal mucosal immunity via the regulation of RNAs and immune cells, and thus closely 
related to the occurrence and development of inflammatory bowel disease (IBD) and CRC. 
m6A-related genes and regulatory factors are expected to be potential predictive markers and 
therapeutic targets. 
Keywords: N6-methyladenosine, inflammatory bowel disease, colorectal cancer, non-coding 
RNA, intestinal mucosal immunity

Introduction
IBD is a group of idiopathic chronic inflammatory diseases with abnormal immu
nity of intestinal mucosa caused by a combination of factors, and mainly include 
ulcerative colitis (UC) and Crohn’s disease (CD). Due to the abnormal autoimmune 
function in patients, other organs and tissues may be damaged. In addition, patients 
with IBD have a higher risk of colon cancer.1 Recent studies have shown that 
individual genetic susceptibility, environmental influence, intestinal microorgan
isms, and immune response are all involved and functionally integrated into the 
pathogenesis of IBD.2,3 Notwithstanding, the specific pathogenesis of IBD is still 
unclear and its clinical treatment mainly relies on surgery and traditional therapies 
that are unable to completely relieve the symptoms, and prone to adverse events 
that affect the quality of life of patients.4 Therefore, the urge to further explore the 
pathogenesis of IBD and find new alternative therapies is significantly necessitous.

Among the many (over 100) different chemical modifications, m6A has 
attracted wide attention due to its dynamic regulation and reversible post- 
transcriptional regulation. Its interaction with a variety of RNAs and signaling 
pathways makes it play an important role in the development of diseases. 
Common mRNA methylation modifications include m6A, N1-methyladenosine 
(m1A), and 5-methylcytosine (m5C). Methylation of adenosine N1 atoms to form 
1-methyladenosine (m1A) has been identified at the nucleotide sites 9, 14, 22, 57, 
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and 58 of different tRNAs. In some cases, these modifica
tions have been shown to increase the stability of tRNA 
structures and induce correct tRNA folding.5 mRNA is 
locally modified by m5C at the DNA damage sites. The 
RNA methyltransferase, tRNA aspartic acid methyltrans
ferase 1(tRDMT1), is recruited to the sites of DNA 
damage to promote m5C induction, suggesting that RNA 
post-transcriptional modification can also act as DNA 
damage code to regulate DNA repair.6 m6A was first 
found in mRNA in 19747 and is the most abundant internal 
RNA modification in eukaryotic cells, affecting many 
aspects of RNA metabolism, from RNA processing, 
nuclear output, RNA translation to degradation. 
Emerging evidence suggests that m6A methylation plays 
a key role in embryonic development, circadian rhythm, 
cell cycle, and tumorigenesis through a variety of 
mechanisms.8 Besides, m6A methylation provides more 
possibilities for the early diagnosis and treatment of 
a variety of cancers, such as gastric, liver, lung, bladder, 
and colon cancers.9–13

There is increasing evidence that m6A methylation, as 
an important post-transcriptional gene regulation mechan
ism, participates in IBD pathogenesis. For example, the 
deletion of RNA methylation writer methyltransferase like 
14(METTL14), an RNA m6A methyltransferase compo
nent, in T cells triggers spontaneous colitis in mice, char
acterized by a Th1/Th17 phenotype. The development of 
colitis is due to dysfunctional regulatory T cells and is 
dependent on the gut microbiota.14 A similar study reports 
that mice with Foxp3-mediated deletion of methyltrans
ferases like 3 (METTL3), an mRNA m6A methylation, in 
regulatory T cells develop a severe systemic autoimmune 
response,15 a characteristic of intestinal inflammatory con
ditions. This paper examines available literature on the 
major forms of m6A modification, explores their involve
ment in intestinal mucosal immunity, dendritic cell (DC) 
and T cell regulation, as well as the evolving clinical 
significance in IBD and CRC.

m6A RNA Modification
Biogenesis of m6A and Its Regulation of 
mRNA
m6A is the most abundant internal modification in mRNA 
and lncRNA in eukaryotes.16 It is a reversible and 
dynamic methylated modification of adenosine in the 
sixth N of mRNA.17 It was not until 2012 that the mod
ification map of m6A in the transcriptome (epitope 

transcriptome) was first mapped with the development of 
next-generation sequencing technology.18 The modifica
tion sites of m6A have a typical recognition sequence – 
DRACH motif (D stands for G/A/U, R stands for G/A, and 
H stands for A/C/U), and are enriched in the coding 
sequence (CDS), 3ʹ untranslated region (3 ‘UTRs) and 5ʹ 
untranslated region (5ʹ UTRs) of mRNAs,19 especially 
high m6A modification is common near the stop codon 
regions. The 3 ‘UTRs bind to many mRNA-binding pro
teins. The dynamic modification of m6A is mainly per
formed by three components, “writers”, “erasers” and 
“readers”. The writers refer to adenosine methyltransferase 
as the representative, erasers as the demethylases, and 
readers as the m6A binding proteins. Its dynamic and 
reversible modification process is mainly dependent on 
demethylase, while the methylation localization of 
a specific region depends on its main consensus motif 
recognition. Researches have shown that m6A modifica
tion can affect the stability of A: U base pairing.20

The methylation of mRNA is mainly dependent on the 
polyprotein adenosine methyltransferase complex, of 
which METTL3, METTL14, and Wilms tumor 1-asso
ciated protein (WTAP) are common complexes. 
METTL3 acts as the catalytic core, which is the 
S-adenosyl-L-methionine (SAM) binding component of 
the complex and has a catalytic function itself. METTL3 
transfers methyl from SAM to the receptor adenine por
tion, while METTL14 acts as an RNA binding platform, 
facilitating RNA substrate binding and enhancing complex 
integrity. By intracellular localization of METTL3, it was 
found that METTL3 is expressed in both the nucleus and 
cytoplasm of the cell, which confirms that it could play 
a methylation function in different sites.21 Also, this multi- 
protein complex is essential in cells, and its removal leads 
to cell death. The loss of METTL3 in mice can lead to the 
death of early embryos,22 where METTL3 knockout in 
mouse embryonic stem cells (ESCs) significantly reduces 
the m6A peak, resulting in the loss of the self-renewal 
ability of the damaged ESCs and the differentiation of 
multiple lineages in vivo and in vitro.23

METTL14 is a homologous gene of METTL3, which 
can independently and specifically recognize the common 
motif GAC. The formation of a stable heterodimer core 
complex between the two makes the methylation compo
nent more active.24 The main function of WTAP is to 
recruit METTL3 and METTL14. Although the WTAP 
protein does not play a direct role in transmethylation, its 
homologous analogs Mum2 and FIP37 are related to 
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METTL3 and are necessary components for effective 
methylation of mRNA. The interaction of WTAP with 
the METTL3-METTL14 complex can promote the trans
location of the complex to nuclear spots. One study 
showed that methylation profiles defined by monitoring 
m6A levels at the depletion of WTAP could be divided 
into two categories: WTAP-dependent sites and non- 
WTAP dependent sites.25 Among them, WTAP dependent 
sites are located in the transcript, with a static topological 
structure and inversely proportional to mRNA stability, 
which can promote its degradation. A non-WTAP depen
dent site is formed at the base of the first transcription as 
part of the cap structure. Such sites exist in tens of millions 
of sites, resulting in unprecedented transcriptome com
plexity. It is worth mentioning that WTAP is not only 
a regulator required by m6A but also up-regulated in 
many tumors. A study has shown that both METTL3 
knockdown and overexpression lead to up-regulation of 
WTAP protein,26 suggesting that METTL3 levels are cri
tical to WTAP homeostasis and further suggesting that the 
oncogenic ability of WTAP may be closely related to the 
functional m6A methylation complex.

In addition to the above enzymes which play an impor
tant role in the methylation process, in recent years, 
through proteomic screening and other high-throughput 
technologies, researchers have found that KIAA1429,25 

RBM15,27 and METTL1628 may be other subunits of the 
methyltransferase complex, which can selectively identify 
binding sites to achieve accurate post-transcriptional reg
ulation. In 2019, Methyltransferase like 5 (METTL5) was 
identified as the enzyme responsible for 18S rRNA m6A 
modification, and zinc finger CCHC-type containing 4 
(ZCCHC4) was identified as a 28S rRNA modification 
enzyme, while METTL5 must form a heterodimer with 
the known methyltransferase activator tRNA methyltrans
ferase subunit 11–2 (TRMT112) to achieve metabolic sta
bility in cells.18,29

Although methyltransferases have been discovered 
since the 1970s, it was not until 2011 that the first 
demethylase – fat mass and obesity-associated protein 
(FTO) was discovered by Jia et al,30 which established 
the recognition of methylation reversibility. In vitro 
experiments have shown that FTO has effective oxidative 
demethylation activity targeting abundant m6A sites in 
RNA. Knocking down FTO with siRNA leads to an 
increase in m6A in mRNA, while overexpression of FTO 
leads to a decrease in m6A in human cells. Further results 
of nuclear spot co-localization confirmed that m6A is the 

main physiological substrate of FTO in nuclear RNA. 
Exogenous overexpression of FTO enables it to efficiently 
bind to RNA sites containing the m6A motif and specifi
cally remove m6A modification in the GGACU and 
RRACU motifs in a concentration-dependent manner. 
This finding highlights the role of the dynamics of FTO 
in target selection, which is expected to promote the 
dynamic modification of m6A and the plasticity of FTO 
in biological function and disease.31 In 2013, Zheng et al 
found another enzyme ALKBH5 with a demethylation 
effect – mammalian RNA demethylation enzyme that 
affects RNA metabolism and mouse fertility,32 and its 
N terminal has an alanine-rich region and a unique coiled- 
coil structure. This demethylation activity of ALKBH5 
significantly affected mRNA output, RNA metabolism, 
and the assembly of mRNA processing factors in nuclear 
spots. Recently, a new demethylase ALKB10B was dis
covered in Arabidopsis thaliana.33 The bidirectional mod
ulation effect of Writers and Erasers deepened the clinical 
understanding of the disease, and it is believed that more 
m6A modification-related effects will be explored in future 
studies to guide clinical diagnosis and treatment.

m6A-modified mRNAs perform specific biological 
functions mainly through two pathways: while the first is 
to fine-tune the methylated transcript to block or induce 
protein–RNA interactions, the second is to require recog
nition by a specific RNA-binding protein (also known as 
methylated readers), to induce subsequent reactions. 
A variety of reading proteins have been identified by 
RNA pull-down assay, including proteins in the YTH 
domain, nuclear heterogeneous ribose protein (HNRNP), 
and eukaryotic initiation factor (eIF). The functions of 
these reading proteins include specific binding to the 
m6A methylation region, weakening the homologous 
binding of RNA-binding proteins, and altering the second
ary structure of RNA to alter the protein-RNA interaction. 
Proteins with the YTH domain include YTHDC1,34,35 

YTHDC2,36,37 YTHDF1,38 YTHDF2,39 and YTHDF3.40 

While YTHDF1-3 specifically recognizes m6A-modified 
mRNA in the cytoplasm, YTHDC1-2 mainly acts in the 
nucleus. These proteins have the YTH domain at the 
C-terminal and can overlap with the m6A consensus 
motif to mediate RNA-specific binding, while the P/Q/ 
N-rich domain is related to subcellular localization.

The eIF3 protein can bind to the m6A modified base on 
RNA 5 ‘UTRs to promote mRNA translation. The inter
action between METTL3 and eukaryotic translation- 
initiator 3 subunit h (eIF3h) is necessary to promote 
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translation and form densely packed multi-ribosomes and 
carcinogenic transformation. The findings of Choe et al 
reveal a mechanism for translation control based on the 
mRNA cycle and identify METTL3-eIF3h, as a potential 
therapeutic target for cancer patients.41 Moreover, 
HNRNPA2B1, a member of the hnRNP family of proteins, 
functions as a reading protein. Unlike YTHDC1, 
HNRNPA2B1 does not bind directly to the m6A modified 
base. In addition to activating the downstream pathway of 
miRNA primers (pri-miRNAs), HNRNPA2B1 is also 
involved in the processing of miRNA precursors (pre- 
miRNAs). Kwon et al showed that HNRNPA2B1 plays 
an important role in early embryogenesis by regulating 
transcription-related factors and determining cell fate 
transformation. HNRNPA2B1 is regulated by METTL3- 
dependent m6A RNA methylation.42 In summary, m6A 
can be deposited on the transcript during transcription 
and regulates biological processes such as cutting, output, 

translation, and degradation of mRNA by changing the 
structure of mRNA or depending on the specific recogni
tion of readers, and thus may play an important role in the 
occurrence and development of a variety of diseases. 
Figure 1 summarizes the different roles played by methyl
transferases, demethylases, and methylation binding pro
teins in the m6A modification of RNA.

Effects of m6A Modification on lncRNA
The role of lncRNAs in a variety of diseases has attracted 
increasing attention. ncRNAs modification may in its func
tion adjustment, proteomic interactions, and downstream 
effector play an important role, and is very rich in m6A as 
eukaryotes lncRNA of interior decoration, by adjusting the 
cutting of ncRNAs itself, transshipment, stability, and 
degradation, affect the biological function of the cell to 
regulate cell proliferation and metastasis of cancer, stem 
cell differentiation, and homeostasis. Hence, they play an 

Figure 1 Role of different regulatory factors in m6A modification of RNA. Writers, erasers, and readers play different roles in the dynamic m6A modification of RNA. 
Methyltransferase complex with METTL3 as the core positively regulates m6A modification, while demethylases represented by FTO and ALKBH5 negatively regulate m6A 
modification. Also, the recognition of m6A modification requires the recognition and combination of various readers.
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indispensable role in regulating the body’s physiological 
functions. A study described the effect of m6A modifica
tion of two chromatin-related lncRNAs MALAT1 and 
XIST on gene expression.43 MALAT1 is a highly abundant 
m6A modified transcript with metastasis-associated lung 
adenocarcinoma transcript 1, and its mutation is highly 
correlated with upregulation and cancer development and 
metastasis. However, XIST exists in the nucleus and acts 
as a major regulator of X chromosome inactivation.

Another study by Yang et al showed that the internal 
m6A modification of LINC1281 mediates a competitive 
endogenous RNA (ceRNA) model to regulate the differ
entiation of mouse ESC (mESCs).44 m6A is highly 
enriched in the LINC1281 transcript, which ensures the 
characterization of mESCs by isolating the pluripotency- 
related let-7 family of microRNAs (miRNAs), and this 
RNA–RNA interaction is dependent on m6A. After 
a comprehensive analysis of the m6A modification of 
lncRNA in CRC, Zuo et al found that the level of m6A 
of lncRNA in CRC tissues is higher than that in normal 
tissues of adjacent tumors. A total of 8332 m6A peaks 
were detected in 6690 lncRNAs in CRC tissues. 
Approximately 91% of the modified lncRNAs had 
a unique m6A modification peak. A total of 383 
lncRNAs were differentially methylated in CRC, 48.24% 
of which were 1–1000 bp in length, and most of them were 
located on chromosomes 1, 2, 7, 11, 16, and 19. GO and 
KEGG analysis showed that genes close to differentially 
methylated or expressed lncRNAs were related to the 
occurrence and development of CRC. Methylation was 
positively correlated with lncRNA expression levels in 
CRC and normal tissues adjacent to tumors.45

Similarly, Liu et al showed that the internal m6A 
modification of lncRNA Thor modulates cancer cell pro
liferation in an m6A reader-dependent manner. Specific 
m6A readers YTHDF1 and YTHDF2 can read the highly 
enriched m6A motif on lncRNA Thor transcripts, regulate 
its stability, and thus maintain the carcinogenic effect.46 

Interestingly, the two studies of He et al47 and Chen et al48 

respectively confirmed that ALKBH5 played two opposite 
effects of promoting cancer and inhibiting cancer in dif
ferent cancers by regulating different lncRNA levels 
through demethylation. ALKBH5 inhibits the progression 
of pancreatic cancer by demethylation of lncRNA 
KCNK15-AS1, while the up-regulation of lncRNA PVT1 
mediated by ALKBH5 promotes the proliferation of osteo
sarcoma cells in vitro and tumor growth in vivo.

Effects of m6A Modification on miRNA
m6A peaks are enriched at miRNA target sites at the 3ʹ 
end and 5ʹ end of the 3ʹUTR, suggesting a potential asso
ciation between m6A modification and miRNA target 
sites. The relationship between the two is mainly reflected 
in miRNA biosynthesis, mRNA–miRNA interaction, and 
m6A target selection. Moreover, the abundance of m6A 
positively correlates with the Dicer enzyme mediating 
miRNA maturation.49,50 Research in mammals has 
shown that the m6A marker promotes the initiation of 
miRNA biogenesis as a key post-transcriptional modifica
tion. METTL3 can methylate pri-miRNAs and label them 
for recognition and processing by DGCR8. Similarly, 
METTL3 deletion reduces the binding of DGCR8 to pri- 
miRNAs, leading to an overall reduction in mature 
miRNAs, accompanied by the accumulation of unpro
cessed pri-miRNAs.51 Hao et al found that using RNA 
guide base editing technique of miRNA 675 m6A area of 
the base, substitution, and target mutations can induce the 
occurrence of apoptosis, and miR675 m6A modification 
sites upstream regions of mutations, resulting in a loss of 
the H19 gene expression in HEK293T cells and apoptosis 
induction. This shows that the methylation modification of 
miRNA plays an important role in cell.52 Furthermore, 
manipulation of miRNA expression or sequence can alter 
the modification level of m6A by regulating the binding of 
METTL3 methyltransferase to mRNAs containing miRNA 
targets. The increase of m6A content promotes the repro
gramming of mouse embryonic fibroblasts (MEFs) into 
pluripotent stem cells. Conversely, the reduced m6A 
level impedes reprogramming53 and studies have shown 
the excellent potential of miRNA–mRNA interactions and 
methylation modifications in the field of cell 
reprogramming.

As described above, HNRNPA2B1 is involved in the 
processing of pri-miRNA. HNRNPA2B1 direct binding to 
a set of nuclear transcripts and produces a selective spli
cing effect similar to that of the m6A transcript METTL3. 
In addition, HNRNPA2B1 binds to the m6A marker in the 
subsets of primary miRNA transcripts and interacts with 
the miRNA microprocessor protein complex DGCR8 to 
promote primary miRNA processing. HNRNPA2B1 and 
METTL3 deletions also lead to similar processing defects 
in these pri-miRNA precursors. HNRNPA2B1 moderates 
the effect of this marker on primary miRNA processing 
and selective splicing to a certain extent.54 Moreover, 
another study showed that insulin-like growth factor 2 
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mRNA-binding protein 1(IGF2BP1, an mRNA binding 
protein) could promote the expression of SRF by impair
ing the mRNA degradation of miRNA-mediated transcrip
tion regulator SRF in an m6A-dependent manner, and thus 
regulates the expression of genes in cancer.55 This study 
identified the stabilizing role of miRNome- and m6A- 
dependent regulation of gene expression in cancer. Jin 
et al showed that m6A demethylase ALKBH5 inhibits 
tumor growth and metastasis by reducing YTHDFs- 
mediated YAP expression and inhibiting miR-107/LATS2- 
mediated YAP activity.56 In addition to being regulated by 
methylation, miRNA can also reverse regulate the methy
lation level of mRNA. Yang et al showed that miR-145 
regulates the level of m6A by targeting the 3ʹ-UTR of 
YTHDF2 mRNA in HCC cells,57 which confirms the 
interaction between miRNA and m6A RNA. Moreover, 
the newly discovered methyltransferase complex compo
nent KIAA1429 can promote the progression of osteosar
coma by promoting stem cell properties and is regulated 
by miR-143-3p. Knocking down KIAA1429 or ectopically 
overexpressing miR-143-3p can inhibit stem cell proper
ties and alleviate the disease.58 These studies have further 
clarified the effect of m6A modification on miRNA bio
synthesis and their interaction on cell function, as well as 
the potential role it may play in cancer and other diseases.

Effects of m6A Modification on circRNA
CircRNAs, a type of ncRNAs, are widely present in eukar
yotes and their abnormal expression is closely related to 
a variety of diseases. More researches have shown that 
circRNA regulates cell function in a variety of ways and 
can be used as an effective diagnostic marker for diseases. 
Zhou et al showed that the genome-wide mapping of m6A 
circRNA can identify broad and specific cell type methy
lation patterns that are distinct from mRNA.59 Methylation 
usually occurs in the exon region (but not in mRNA), 
suggesting that some m6A modifications to circRNAs 
may occur during or after circRNA formation. m6A mod
ification of circRNA can affect the reverse splicing and 
translation process. Taking circ-ZNF609 as an example, 
the reverse splicing reaction of circRNA requires the par
ticipation and guidance of METTL3 and YTHDC1. Due to 
the translation capability of circ-ZNF609, further studies 
show that m6A-modified circ-ZNF609 regulates its trans
lation through YTHDF3 and eIF4G2 recognition.60 

A recent study showed that the m6A modification of 
human circRNA inhibits innate immunity.61 Exogenous 
circRNAs are effective adjuvants for inducing antigen- 

specific T cell activation, antibody production, and 
in vivo antitumor immunity. Unmodified circRNAs 
directly activate RNA pattern recognition receptor RIG-I 
in the presence of lysine-63-linked polyubiquitin chains, 
leading to filamentation of junction protein MAVs and 
activation of downstream transcription factor IRF3, while 
modification of m6A would inhibit its original activity. 
Findings by He et al suggest that circNSUN2 is a key 
biomarker for oncogenic circRNAs and liver metastasis 
from CRC.62 At present, due to the lack of understanding 
of the regulatory role of ncRNAs, its abundant chemical 
modification types present different challenges to be stu
died, with the potential of presenting significant progress 
of the mechanism, clinical diagnosis, and treatment of 
diseases.

In conclusion, m6A modification plays an important 
role in regulating gene expression, splicing, RNA editing, 
RNA stability, controlling mRNA lifetime and degrada
tion, and mediating circRNA translation. m6A RNA 
methylation greatly affects RNA metabolism which is 
involved in the pathogenesis of a variety of diseases 
including cancer and gastrointestinal inflammation; 
hence, it is imperative to further study its regulatory 
mechanism.

Regulation of Intestinal Mucosal 
Immunity by m6A RNA 
Modification
m6A RNA Modification and Dendritic 
Cells
Dendritic cells (DCs), as important antigen-presenting 
cells, link innate and adaptive immune responses and are 
the core of coordinating host tolerance and host immunity 
in peripheral lymphoid tissues, as well as the first point of 
contact between intestinal flora and the immune system. 
Typically, immature DCs (imDCs) induce immune toler
ance, and mature DCs (maDCs) stimulate and activate the 
immune response. The abnormal maturation or activation 
disorder of DCs at different stages can lead to abnormal 
responses of the host immune system, and even induce 
inflammation and autoimmune diseases.

As early as 2005, researchers found that DCs exposed to 
nucleoside modified RNA expressed significantly fewer cyto
kines and activation markers than DCs treated with unmodi
fied RNA. In other words, nucleoside modification inhibits the 
potential of RNA to activate DCs.63 The study of Wang et al 
confirmed that METTL3-mediated mRNA m6A methylation 
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promotes the activation and function of DCs.64 m6A modifi
cation of the METTL3-mediated CD40, CD80, and TLR4 
signal adapter TIRAP transcription factors enhance its transla
tion in DCs to stimulate T cell activation and enhance Toll-like 
receptor 4 (TLR4)/nuclear factor-κB (NF-κB) signal-induced 
cytokine production. However, the specific loss of METTL3 
in DCs leads to impaired phenotype and functional maturation 
of DCs, decreased expression of co-stimulatory molecules 
CD40, CD80, and cytokine interleukin (IL)-12, which reduces 
its ability to stimulate T cell response in vivo and in vitro. 
Similarly, Wu et al found that METTL3-silences of DCs 
showed immature characteristics and prolonged allograft sur
vival after constructing a mouse heart transplant model with 
METTL3 knockout,65 highlighting the regulatory role of m6A 
in DCs maturation and host immune response. Also, one study 
showed that C-C chemokine receptor 7 (CCR7) stimulation 
up-regulates lnc-Dpf3 by removing the m6A modification to 
prevent RNA degradation. The deletion of specific lnc-Dpf3 in 
DCs increases CCR7-mediated DC migration, leading to 
excessive adaptive immune response and inflammatory 
damage.66 In mechanism, CCR7 stimulation can activate the 
hypoxia-inducible factor 1α (HIF-1α) transcription factor 
pathway in DCs. lnc-Dpf3 directly binds to HIF-1α and inhi
bits the transcription of HIF-1α-dependent glycolytic gene 
LDHA, thereby inhibiting the glycolytic metabolism and 
migration of DCs.

In addition to the effects of m6A modification on the 
maturation and activation of DCs, DCs can also exert 
antitumor immunity through methylation-related modifica
tions. Han et al established a mouse model of the m6A 
binding protein YTHDF1 deficiency and found that the 
defective mice showed an elevated antitumor response of 
antigen-specific CD8+ T cells.67 At present, most studies 
point to DCs maturation at different stages with s different 
effects on the body’s immune response, and m6A modifi
cation occurs in DCs by regulating the degradation and 
translation of RNA, which can be explored to restore the 
function of DCs required for normal stimulation of mole
cules and immune response, as shown in Figure 2. Current 
data still lack a complete and clear understanding of its 
detailed mechanism; therefore, further research on methy
lation modification in DCs needs to be carried out.

m6A RNA Modification and Its 
Regulation of T Cells
In recent years, with the continuous exploration of epige
netic modifications such as methylation, many papers have 

reported the crucial role of m6A in the regulation of T cell 
homeostasis and related pathways. Li et al showed that the 
loss of METTL3 in mouse T cells disrupts T cell home
ostasis and differentiation.68 The mRNAs of suppressor of 
cytokine signaling (SOCS) family genes encoding signal 
transducer and activator of transcription 1 (STAT1), sup
pressor of cytokine signaling 3 (SOCS3), and cytokine- 
inducible SH2 containing protein (CISH) are all labeled 
with m6A. In METTL3-deficient naive T cells, the mRNA 
attenuation is slow and the protein expression level is 
increased, while the increased SOCS family activity 
further plays a role in inhibiting IL-7-mediated STAT5 
activation and T cell homeostasis proliferation and differ
entiation. Another study confirmed a similar effect of m6A 
on T cells, in which m6A had control over transcription 
stability in unstimulated T cells. m6A affects all RNA 
kinetic rates during T cell differentiation mainly by 1) 
delaying induction of synthesis rate and simultaneously 
impair T cell, 2) regulation of processing rate and 3) 
continuous upregulation of degradation rate.69

Similarly, Zhu et al found that m6A is involved in 
regulating the development of follicular helper T cells 
(Tfh cells) through glycolysis. E3 ubiquitin ligase von 
Hippel–Lindau (VHL) is required for Tfh cells develop
ment and function during acute viral infection or antigen 
immunity. VHL actively regulates early Tfh cell initiation 
through HIF-1α dependent glycolysis pathway. However, 
once VHL is defective, its glycolytic activity is increased. 
Through RNA interference screening, it was found that the 
glycolytic enzyme glyceraldehyde-3-phosphate dehydro
genase (GAPDH) decreased the expression of inducible 
T cell costimulator (ICOS) through the modification of 
m6A, which is a key molecule in the development of Tfh 
cells.70 Tong et al found that m6A mRNA methylation 
maintains the inhibition function of Tregs and that m6A 
RNA modification could specifically target the same gene 
class, which encodes components of essential signaling 
pathways in different T cell subtypes, thereby controlling 
the differentiation of juvenile T cells and maintaining the 
inhibition function of Tregs.15 Interestingly, Sprent et al 
also demonstrated that inhibition of mRNA methylation by 
blocking the m6A writers’ action promotes T cell 
infantilization.71 In conclusion, m6A plays an important 
role in the normal cell biological functions of various 
T cells, regulating the state and maturity of cells, affecting 
the secretion and release of cytokines, and participating in 
the immune regulation process.
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Advances in the Role of m6A in Intestinal 
Mucosal Immunity
Under normal physiological conditions, intestinal mucosal 
tissue is an important barrier to isolate the body from 
foreign pathogens and maintain the immune homeostasis 
of the intestinal environment. Intestinal microecological 
imbalance harms the function of the intestinal mucosal 
barrier and permits pathogen invasion of the intestinal 
mucosa, leading to recruitment of intestinal inherent lym
phocytes and mesenteric lymphatic tissue inflammation, 
where other immune cells are mobilized to the site to 
remove pathogen. Long-term chronic inflammatory patho
logical cases and excessive immune response are often 
accompanied by serious damage of intestinal mucosa, 
wherein pathogens damaged the mucous membrane layer 
to induce a continual immune response.

Wu et al showed that the dynamic epigenetic modifica
tion of intestinal tissue strongly mediates the crosstalk 
between intestinal microbes and the intestinal mucosal 
barrier. Lactobacillus and Bifidobacterium species in the 
intestinal symbiotic flora can synthesize folic acid to 
increase DNA methylation and mRNA m6A modification 
in the intestinal tract, thus ensuring the normal develop
ment of the intestinal tract.72 Similarly, Jabs et al found 
that the intestinal microbiota affects the epithelial tran
scriptome of m6A in the cecum of mice. Changes in 
intestinal microbiota are associated with m6A modification 
in the cecum and to a lesser extent, affect m6A modifica
tion in the liver, affecting pathways related to metabolism, 
inflammation, and antimicrobial responses.73 In addition to 
the involvement of intestinal microorganisms in m6A 
modification, Han et al confirmed the important role of 

Figure 2 Effects of m6A on the normal maturation and physiological function of DCs. (A) the role of m6A in the maturation of DCs and activation of T cells. The m6A 
modification of Trap transcription factor in DCs promotes the translation of CD40, CD80, and TLR4 signals on its membrane surface, which not only activates T cells but 
also enhances the production of cytokines induced by TLR4/NF-κB signals. (B) the role of m6A in the migration of mature DCs. Stimulation of CCR7 activates the HIF-1α 
transcription factor pathway in DC. m6A modified lnc-Dpf3 directly binds to HIF-1α and inhibits the transcription of HIF-1α-dependent glycolytic gene LDHA, thus inhibiting 
the glycolytic metabolism and migration ability of DCs. (C) m6A mediated the antitumor effect of DCs. Transcript Flt3L encoding lysosomal protease is labeled with m6A 
and recognized by YTHDF1, which enhances the translation of lysosomal cathepsin in DCs. However, the deletion of YTHDF1 in classical dendritic cells leads to its 
inhibition, which significantly enhances the cross-presentation ability of tumor antigen, and makes CD8+T cells highly express PD-L1 and IFN-γ.
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m6A modification in intestinal stem cells (ISCs). The high 
expression of YTHDF1 in ISCS is detected to promote the 
translation of Wnt signal effectors including TCF7L2/ 
TCF4, thus enhancing β-catenin activity. Gene ablation 
of YTHDF1 significantly blocks Wnt-driven regeneration 
and tumorigenesis and reduces the stem cell characteristics 
of ISCs. Targeting YTHDF1 in ISCs with established 
tumors shrinks the tumors and prolongs survival. These 
findings reveal that YTHDF1 is an amplifier of Wnt/β- 
catenin signaling at the translational level, which is neces
sary for maintaining ISCS regeneration and tumorigenesis 
and is essential for normal intestinal development in 
mice.74

DCs and T cells are also important participants in 
intestinal immunity, and the corresponding effects gener
ated by their internal m6A modifications can control the 
excessive immune response, thus alleviating the persistent 
intestinal inflammation and excessive destruction of the 
mucosal barrier. In addition to these immune cells, intest
inal mucosal epithelial cells (IECs), as the main compo
nent of the barrier, play an indispensable role, but when 
methylation occurs in IECs, it affects its normal barrier 
function. A recent study has shown that dietary gluten- 
induced RNA methylation changes regulate intestinal 
inflammation through allele-specific chromosome region 
maintenance protein 1 (XPO1, nuclear output receptor 
involved in key signaling pathways) translation in 
IECs.75 Individuals with celiac disease risk alleles have 
higher m6A methylation at 5ʹUTR of XPO1 RNA, which 
leads to higher XPO1 protein volume mediated by 
YTHDF1, resulting in downstream nuclear factor kappa 
B (NF-κB) activity, stimulating epithelial cells to produce 
large amounts of the pro-inflammatory cytokine IL-8, and 
mediating the subsequent inflammatory response. The 
results further support the possibility that the m6A-XPO1- 
NF-kB axis may respond to intestinal epithelial injury 
caused by other drugs, which may have direct significance 
for the treatment of a variety of gastrointestinal diseases.

In conclusion, all the m6A modifications involved in 
the composition of the intestinal mucosal barrier play an 
irreplaceable role in mucosal immunity. Surprisingly, 
a recent study by Gan et al showed that resveratrol and 
curcumin decrease m6A enrichment on intestinal tight 
junction protein transcripts and heme oxygenase-1, 
increase intestinal antioxidant capacity and tight junction 
protein mRNA expression, and ultimately improve intest
inal mucosal integrity of weaned piglets.76 However, the 
current research on m6A and intestinal mucosal immunity 

are poorly understood. Therefore, future studies can carry 
out extensive exploration and discussions on the role of 
m6A in intestinal mucosal immunity, and further research 
the various effects of epigenetic modification. Figure 3 
illustrates how m6A regulates intestinal immune compo
nents and participates in the process of intestinal mucosal 
immunity.

m6A RNA Methylation Modification 
and Inflammatory Bowel Disease
It is well known that IBD is accompanied by an inflam
mation of the intestinal mucosal barrier and an abnormally 
persistent immune response. A large number of previous 
studies have confirmed that m6A plays an important role 
in the regulation of immune cell state, normal physiologi
cal function, and intestinal mucosal immunity.77–79 

Therefore, scholars speculate that m6A modification may 
play a role in the occurrence and development of IBD. An 
important question remains, whether clinical diagnosis and 
treatment be carried out by targeting m6A modification 
sites?

A recent study showed that the deletion of METTL14, 
a component of RNA m6A methyltransferase, in T cells 
causes spontaneous colitis in mice. METTL14 deficiency 
in T cells causes spontaneous colitis in mice, and its 
development can be attributed to the dysfunction of 
Tregs. The decreased expression of Rorγ T in METTL14 
deficient Tregs results in impaired induction from naive 
T cells to induce Tregs, while the adoptive transfer of 
wild-type Tregs weakens the colitis phenotype.14 Howell 
et al collected samples from 236 pediatric patients newly 
diagnosed with IBD with DNA methylation patterns and 
transcriptome of primary IECs, the results showed that 
compared with the control group, patients with CD and 
UC have obvious colon epithelium DNA methylation and 
transcription pattern, and DNA methylation changes with 
time are stable. Further in vitro analysis suggested 
a possible clinical application of distinguishing between 
IBD subtypes and prognosis judgment accordingly.80 In an 
experiment that investigated the regulatory effect of m6A 
on T cells, naive METTL3-deficient T cells were unable to 
expand their homeostatic balance in a mouse model of 
lymphatic adoptive transplantation and remained in 
a naive state for up to 12 weeks, thereby preventing the 
development of colitis.68

In addition, the novel m6A-XPO1-NF-kB pathway that 
is activated in CD patients also clearly explains the 

Journal of Inflammation Research 2021:14                                                                                          https://doi.org/10.2147/JIR.S320449                                                                                                                                                                                                                       

DovePress                                                                                                                       
3297

Dovepress                                                                                                                                                               Xu et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


regulatory role of m6A in IBD.75 As the first demethylase 
known to humans, FTO plays an important role in protect
ing against adverse reactions caused by the treatment of 
IBD. Several studies have shown that FTO protects IBD 
patients from adverse reactions after thioprine 
treatment.81–83 However, whether it plays a role in IBD 
through demethylation is unknown, which is a very inter
esting area to investigate. One recent study of m6A asso
ciated-inflammatory pain in a complete Freund’s adjuvant 
in induced mice model revealed a significant rise in spinal 
cord m6A modification level with an increased spinal cord 
METTL3 expression. When expressed in uninfected 
mice’s spinal cord, METTL3 can lead to pain as observed 
in their behavior and neuron sensitization. This develop
ment of m6A modifications in pathological pain provides 
a new angle of view.84 Unfortunately, the current research 
on m6A and IBD is very limited, so the cognition of m6A 
is relatively limited. There is a need for relevant explora
tion to provide more possibilities for the pathogenesis, 

clinical diagnosis, and treatment application in IBD. 
Except in IBD, m6A also has an important function in 
IBD-associated CRC.

m6A RNA Methylation Modification 
and Colorectal Cancer
At present, a large number of studies have confirmed that 
m6A modification plays an important role in the occur
rence and development of various cancers, including gas
tric cancer,11,85 lung cancer,13 breast cancer,9 liver 
cancer,10,62 and colon cancer.86,87 CRC, as the top three 
cancers in the world, has been studied by many scholars 
with regards to the mechanism of m6A modification. 
Zhang et al carried out methylated RNA immunoprecipita
tion sequencing (MeRIP-seq) on six pairs of CRC samples 
and normal tissues adjacent to the tumor, and found that 
compared with normal tissues adjacent to the tumor, CRC 
samples had 1343 out-of-balance m6A peaks, of which 

Figure 3 Mechanism of m6A regulation of intestinal mucosal immunity. The folic acid produced by intestinal symbiotic flora such as Lactobacillus and Bifidobacterium, as well 
as vitamin B2 and B6 in the intestinal tract, participate in SAM synthesis, which are the main raw materials for m6A modification. As an important part of the intestinal 
mucosal barrier, m6A modification of intracellular XPO1 in IECs further activates the NF-κB pathway and releases inflammatory factors such as IL-8. As an important 
component of the immune response, the intracellular SOCS m6A modification promotes the activation of the TCR and STAT5 pathway and promotes the proliferation and 
differentiation of intestinal T cells and the secretion of cytokines such as IL 2/7.
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625 were significantly up-regulated and 718 were signifi
cantly down-regulated. Genes involved in m6A peak 
changes play a key role in regulating glucose metabolism, 
RNA metabolism, and cancer stem cells.87 Liu et al used 
cancer genome atlas (TCGA), the gene expression omni
bus (GEO), the human protein atlas (HPA) databases, and 
a tissue microarray (TMA) to verify the expression of 
m6A-related genes at mRNA and protein levels. It was 
found that most m6A-related genes were significantly up- 
regulated in tumor tissues, while METTL14, YTHDF3, 
and ALKBH5 were downregulated in CRC, and there 
was no significant difference in FTO,88 which suggests 
that the abnormal expression of m6A-related genes in 
CRC may play an important role in its progression. The 
latest research results of Wang et al further indicate that 
the poor prognosis of CRC may be closely related to the 
high expression of m6A and the high expression of 
METTL3, METTL16, and WTAP.89 Table 1 summarizes 
the different roles and mechanisms of m6A-related 
enzymes and proteins in IBD and CRC.

In CRC resistant to immunotherapy, the deletion of 
METTL3 and METTL14 can inhibit m6A modification, 
and promote IFN-γ-Stat1-Irf1 signal transduction through 
YTHDF2 to stabilize STAT1 and Irf1 mRNA, thus enhan
cing the response to anti-PD-1 therapy, which provides 

METTL3 and METTL14 as potential therapeutic targets 
for anti-cancer immunotherapy.90 Li et al detected the 
expression of METTL3 in CRC patients and found that 
higher METTL3 expression is found in CRC metastatic 
tissues, which was related to poor prognosis. Furthermore, 
the target gene and downstream binding site of METTL3 
were screened by bioinformatics. MeRIP-seq and showed 
that SRY (sex-determining region Y)-box 2 (SOX2) was 
the downstream gene of METTL3. Mechanically, methy
lated SOX2 transcripts, especially the CDS region, are 
bound by specific m6A binding protein insulin-like growth 
factor 2 mRNA binding protein 2 (IGF2BP2) to prevent 
SOX2 mRNA degradation.91 This research reveals a new 
mechanism that METTL3, as an oncogene, maintains 
SOX2 expression in CRC cells in an m6A-IGF2BP2- 
dependent manner, and provides a potential biomarker 
for predicting CRC prognosis.

Another clinical study found that METTL3 stabilizes 
the expression of HK2 and SLC2A1 (GLUT1) in CRC 
through an m6A-IGF2BP2/3-dependent mechanism, sug
gesting that targeting METTL3 and its pathway provide 
other reasonable therapeutic targets for CRC patients with 
high glucose metabolism.92 Similarly, Peng et al research 
revealed that the upregulated METTL3 is related to the 
abnormal modification of m6A in CRC, and positively 

Table 1 Functions of m6A Related Enzymes and Binding Proteins in IBD and CRC Progression

m6A- 
Related Molecules

Effect of 
Deficiency

Targets Mechanisms and Functions References

METTL3 Downregulated in 

IBD

T cell T cells are unable to expand in homeostatic balance and remain in 

a juvenile state, thus preventing the occurrence of colitis.

[68]

METTL3 Upregulated in 

inflammatory pain 
disease

Neuron 

cell

Overexpression of METTL3 in the spinal cord leads to painful behavior 

and neuronal sensitization.

[84]

METTL14 Downregulated in 
IBD

Treg The decreased expression of RORγt in Tregs results in impaired 
induction from naive T cells to induce Tregs, and dysfunctions leading to 

spontaneous colitis.

[14]

METTL3 Upregulated in 

CRC

CRC 

cell

The proliferation and metastasis of CRC cells can be promoted by 

regulating the expression of cell cycle-related proteins and glucose 

uptake and utilization.

[92,94,95]

METTL14 Downregulated in 

CRC

CRC 

cell

Greatly enhances the proliferation and invasion ability of CRC cells 

in vitro, and promotes tumorigenicity and metastasis in vivo.

[96,97]

YTHDF1 Downregulated in 

CRC

CRC 

cell

Significantly inhibits the tumorigenicity of CRC cells in vitro and the 

growth of xenograft tumors in mice.

[100]

hnRNPCL2 Upregulated in 

CRC

CRC 

cell

Reprograms mitochondrial metabolism in cancer cells and is associated 

with poor prognosis.

[105]
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correlates with tumor metastasis. METTL3 can methylate 
pri-miR-1246 and further promote the maturation of pri- 
miR-1246. Bioinformatics tools predict that the anti-cancer 
gene SPRED2 is the downstream target of miR-1246, and 
the downregulation of SPRED2 further reverses the inhibi
tion of the MAPK pathway.93 The results suggest that the 
METTL3/miR-1246/SPRED2 axis plays an important role 
in tumor metastasis. Chen et al found that METTL3 induces 
GLUT1 translation in an m6A-dependent manner and pro
motes glucose uptake and lactic acid production, which 
leads to the activation of the mTORC1 signal and the 
development of CRC.94 In addition, METTL3 promotes 
CRC proliferation by stabilizing cyclin E1 (CCNE1) 
mRNA in an m6A-dependent manner.95 The above studies 
revealed that METTL3 plays a role in promoting CRC by 
interacting with various RNA and proteins and can be used 
as a potential biomarker and therapeutic target.

Interestingly, METTL14, as another important compo
nent of the methyltransferase complex, exerts an opposite 
effect on CRC progression. A clinical study has revealed 
that METTL14 deficiency is associated with poor prog
nosis in patients with CRC. Functional experiments show 
that the knockdown of METTL14 can greatly enhance the 
proliferation and invasion ability of CRC cells in vitro and 
promote tumorigenicity and metastasis in vivo. In terms of 
its mechanism, lncRNA XIST is identified as 
a downstream target of METTL14, and m6A methylated 
XIST is recognized by an m6A reader protein YTHDF2 to 
mediate the degradation of XIST. Once the METTL14 is 
knocked down, the m6A level of XIST is eliminated and 
XIST expression is enhanced.96 Therefore, preliminary 
studies have shown that METTL14 can inhibit the prolif
eration and metastasis of CRC by down-regulating the 
oncogenic lncRNA XIST.

Similarly, Chen et al also found that the knockout of 
METTL14 promotes CRC, but further screening of other 
targets of METTL14 indicated that METTL14 inhibits the 
growth of CRC cells through the miR-375/Yes-associated 
protein 1 (YAP1) pathway, and prevents the migration and 
invasion of CRC cells through the miR-375/SP1 
pathway,97 which provides new insights into the mechan
ism of METTL14 in CRC. Another study showed that 
METTL14 knockout significantly inhibits the m6A mod
ification of SRY-related high-mobility group box 4 
(SOX4) mRNA and increases SOX4 mRNA expression, 
while METTL14-mediated degradation of SOX4 mRNA 
depends on the YTHDF2 pathway. Mechanically, 
METTL14 may partially inhibit the malignant process of 

CRC through the SOX4-mediated epithelial-mesenchymal 
transformation (EMT) process and the PI3K/Akt signal.98 

The above studies reveal the mechanism of different path
ways mediated by METTL4 in CRC.

Moreover, the regulatory factor of m6A mRNA methy
lation also plays an important role in CRC, and Kuai et al 
identified four m6A genes (YTHDF1, IGF2BP1, 
IGF2BP3, and eIF3b) as potential biomarkers of CRC 
and adenoma.99 In addition to a methyltransferase, which 
plays an important role in CRC, m6A binding protein is 
also indispensable as the core factor of methylation mod
ification. Knocking down YTHDF1 expression signifi
cantly inhibits tumorigenicity of CRC cells in vitro and 
xenograft tumor growth in mice. YTHDF1 silencing inhi
bits the ability to form colon cancer in vitro. The silencing 
of YTHDF1 significantly inhibits the activity of the Wnt/ 
β-catenin pathway in CRC cells, revealing a positive reg
ulatory role of YTHDF1 in CRC.100

LncRNAs play an important role in the epigenetic 
regulation of cancer cells. In recent years, researches 
on the regulatory role of m6A modification of lncRNA 
in a variety of cancers have gained attention. Currently, 
several studies have reported the key role of m6A mod
ification of lncRNA in the progression of CRC. A study 
conducted by Zuo et al detected the correlation between 
the modification of lncRNA m6A in CRC and adjacent 
normal tissues and found that lncRNA m6A levels in 
CRC tissues are higher than those in adjacent normal 
tissues. A total of 8332 m6A peaks were detected in 
6690 lncRNAs in CRC tissues. About 91% of the mod
ified lncRNAs had a unique m6A modification peak, and 
a total of 383 lncRNAs were differentially methylated in 
CRC.101 Ni et al found that lncRNA GAS5 expression 
negatively correlates with YAP and YTHDF3 protein 
levels in tumors from patients with CRC, and YAP 
activation is an important participant in a variety of 
cancers including CRC. The researchers found that the 
lncRNA GAS5 modified by m6A is negatively regulated 
by m6A “readers” YTHDF3, and further inhibits the 
progress of CRC by interacting with YAP to trigger its 
phosphorylation and degradation process.12 This experi
ment reveals the negative regulatory loop of the lncRNA 
GAS5-YAP-YTHDF3 axis and expands a new idea for 
the treatment of CRC.

Wang et al screened the highly expressed lncRNAs in 
human CRC samples and found that lncRNA LINRIS is 
upregulated in CRC tissues with poor overall survival, and 
inhibition of LINRIS prevents tumor proliferation in both 

https://doi.org/10.2147/JIR.S320449                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2021:14 3300

Xu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 2 Advances in the Mechanism of m6A Modification-Related RNA in the Development of Colitis and CRC

RNA Expression in 
Disease

Regulatory 
Proteins

Function and Mechanism Clinical Significance References

XPO1 Upregulated in 

CD

METTL3 and 

YTHDF1

The 5ʹUTR of XPO1 RNA has higher m6A 

methylation, resulting in higher XPO1 

protein, activation of NF-κB, and subsequent 
inflammatory response.

A target under evaluation for 

the treatment of intestinal 

disorders

[75]

SOCS Upregulated in 
colitis

METTL3 METTL3 controls T cell homeostasis by 
targeting the IL-7/STAT5/SOCS pathway.

A new mechanism of T cell 
homeostasis and signal- 

dependent induction of mRNA 

degradation in colitis

[68]

SOX2 Upregulated in 
CRC

METTL3 and 
IGF2BP2

Increasing SOX2 expression promotes the 
dryness of CRC cells and leads to the 

progression of CRC through downstream 

SOX2 target metastasis.

A potential biomarker panel for 
predicting prognosis in CRC.

[91]

HK2 and 

SLC2A1

Upregulated in 

CRC

METTL3 and 

IGF2BP2/3

METTL3 regulates the mRNA levels and 

stability of HK2 and SLC2A1, and promotes 
hyperglycemic metabolism in CRC cells, 

leading to the activation of mTORC1 

signaling and the development of CRC.

Provides potential therapeutic 

targets for CRC patients with 
high glucose metabolism

[92,94]

pri-miR 

-1246

Upregulated in 

CRC

METTL3 Its maturation downregulates the expression 

of downstream target SPRED2, further 
activating the RAF/MEK/ERK pathway.

Suggests that METTL3 /miR- 

1246/SPRED2 axis plays an 
important role in CRC 

metastasis

[93]

XIST Downregulated 

in CRC

METTL14 

and YTHDF2

METTL14 can inhibit the proliferation and 

metastasis of CRC by downregulating the 

oncogenic lncRNA XIST.

METTL4 and XIST can be used 

as potential diagnostic markers

[96]

miR-375 Downregulated 

in CRC

METTL14 METTL14 inhibits the growth, migration, and 

invasion of CRC cells through the miR-375/ 
YAP1 and miR-375/SP1 pathways.

Reveals the role of m6A in 

regulating miRNA in CRC

[97]

SOX4 Downregulated 
in CRC

METTL14 
and YTHDF2

By increasing SOX4 content, the EMT 
process mediated by the SOX4 and PI3K/Akt 

signal inhibition of CRC is promoted.

A potential prognostic 
biomarker and effective 

therapeutic target for CRC

[98]

GAS5 Downregulated 

in CRC

YTHDF3 Under the negative regulation of YTHDF3, 

CRC progression is further inhibited by its 

interaction with YAP to trigger its 
phosphorylation and degradation process.

Provides a new idea for the 

treatment of CRC

[12]

LINRIS Upregulated in 
CRC

IGF2BP2 Glycolysis mediated by the LINRIS-IGF2BP2- 
Myc axis promotes CRC progression.

As an independent prognostic 
marker for CRC

[102]

RP11 Upregulated in 
CRC

hnRNPA2B1 By accelerating the mRNA degradation of 
SIAH1 and FBXO45 and preventing the 

degradation of the ZEB1 proteasome, it 

promotes the migration, invasion, and EMT of 
CRC cells.

As a predictive biomarker or 
therapeutic target for CRC

[103]

LINC00460 Upregulated in 
CRC

IGF2BP2 and 
DHX9

By binding to m6A modified HMGA1 mRNA 
to enhance its mRNA stability, the EMT 

process of the tumor is induced.

For diagnosis and prognosis of 
patients with CRC

[104]

(Continued)
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the in-situ tumor model and patient-derived xenotransplan
tation (PDX) model. LINRIS knockout weakens the down
stream effects of m6A “readers” IGF2BP2, especially the 
Myc-mediated glycolysis of CRC cells.102 LINRIS can be 
used as an independent prognostic marker of CRC and the 
LINRIS-IGF2BP2-MYC axis promotes the progression of 
CRC, which is a potential clinical therapeutic target. The 
methylation modification of RP11/hnRNPA2B1 mRNA 
compound accelerates the two E3 ligase Siah1 and 
Fbxo45 mRNA degradation stops the Zeb1 ectomesench
ymal transformation (a kind of epithelial related transcrip
tion factor) of the proteasome degradation, and increases 
RP11 nuclear accumulation, thus promote the CRC cell 
migration, invasion, and EMT. Therefore, RP11 has the 
potential as a predictive biomarker or therapeutic target for 
CRC.103 Similarly, LINC00460 enhances the stability of 
HMGA1 mRNA by interacting with IGF2BP2 and DHX9, 
and binding to m6A-modified HMGA1 mRNA, thereby 
inducing the EMT process, promoting the proliferation, 
migration, and invasion of tumor cells in vitro, and 
tumor growth and metastasis in vivo.104 Therefore, 
LINC00460 can be used as a promising predictive biomar
ker for the diagnosis and prognosis of patients with CRC.

In CRC liver metastasis, circNSUN2 plays a promoting 
role. In circNSUN2 exists an m6A base sequence 
(GGACU), one IGF2BP2 combined with base sequence 
(CAUCAU), and one HMGA2 mRNA binding sites 
(AAACA), so the tag has m6A motif circNSUN2 through 
combination with IGF2BP2 recognition and forming 
circNSUN2/IGF2BP2/HMGA2 complex, wherein 
HMGA2 mRNA is stable from degradation, thus promot
ing the settlement of colorectal liver metastasis.62 This 
suggests that circNSUN2 may represent a key prognostic 
marker or therapeutic target for this disease. Table 2 lists 
the recent research advances of the m6A-modified-RNA in 
the development of colitis and CRC.

Conclusion
Extensive modification is a general code of RNA and the 
basis of its structure and catalytic function but remains 
largely uncharted territory. Silencing of m6A methyltrans
ferase can significantly affect gene expression and other 
splicing patterns, leading to regulation of the p53 signaling 
pathway and apoptosis.18 Large numbers of studies have 
confirmed that m6A-related genes and different regulatory 
factors are positively or negatively regulated in the 

Table 2 (Continued). 

RNA Expression in 
Disease

Regulatory 
Proteins

Function and Mechanism Clinical Significance References

HSF1 Upregulated in 

CRC

METTL3 and 

YTHDF1

β-Catenin inhibits miR455-3p to increase 

HSF1 mRNA m6A modification, thereby 
promoting CRC progression.

Potential strategies for 

interventions in β-catenin- 
driven cancers

[78]

miR-96 Upregulated in 
CRC

FTO By down-regulating AMPKα2, FTO 
expression is increased, and MYC m6A 

modification is blocked to upregulate its 

expression, promoting cell proliferation and 
anti-apoptosis.

Promising targets for clinical 
treatment

[79]

circNSUN2 Upregulated in 
CRC

IGF2BP2 The CircNSUN2/IGF2BP2/HMGA2 complex 
is formed to stabilize HMGA2 mRNA from 

degradation, thus promoting liver metastasis 

of CRC.

Key prognostic markers or 
therapeutic targets

[62]

Abbreviations: m6A, N6-methyladenosine; IBD, inflammatory bowel disease; CRC, colorectal cancer; UC, ulcerative colitis; CD, Crohn’s disease; m1A, N1- 
methyladenosine; m5C, 5-Methylcytosine; tRDMT1, tRNA aspartic acid methyltransferase 1; METTL3, methyltransferase like 3; METTL14, methyltransferase like 14; 
WTAP, Wilms tumor 1-associated protein; SAM, S-adenosyl-L-methionine; ESCs, embryonic stem cells; METTL5, methyltransferase Like 5; ZCCHC4, zinc finger CCHC- 
type containing 4; TRMT112, tRNA methyltransferase subunit 11–2; FTO, fat mass and obesity-associated protein; ALKBH5, AlkB Homolog 5; HNRNP, nuclear 
heterogeneous ribose protein; eIF, eukaryotic initiation factor; MEFs, mouse embryonic fibroblasts; IGF2BP1, insulin-like growth factor 2 mRNA-binding protein 1; 
imDCs, immature DCs; maDCs, mature DCs; TLR4, toll-like receptor 4; NF-κB, nuclear factor-κB; CCR7, C-C chemokine receptor 7; HIF-1α, hypoxia-inducible factor 
1α; SOCS, suppressor of cytokine signaling; STAT1, signal transducer and activator of transcription 1; CISH, cytokine Inducible SH2 Containing Protein; VHL, von Hippel– 
Lindau; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; ICOS, inducible T Cell Costimulator; ISCs, intestinal stem cells; IECs, intestinal mucosal epithelial cells; MeRIP- 
seq, methylated RNA immunoprecipitation sequencing; YAP-1, Yes-associated protein 1; SOX2, sex-determining region Y-box 2; SOX4, SRY-related high-mobility group box 
4; EMT, epithelial-mesenchymal transformation.
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progression of CRC through a variety of mechanisms, which 
can be used as promising biomarkers for early diagnosis and 
prognosis as well as therapeutic targets. On the other hand, 
there has been very little research on IBD, so the general 
understanding of its relationship with m6A methyltransfer
ase remains limited. However, given that m6A has been 
found to play an important role in intestinal mucosal immu
nity and colitis, future studies should pay more attention to 
the role of m6A in IBD, to lay a solid theoretical foundation 
for clinical diagnosis and possible cure for IBD, and to 
reduce the risk of CRC. The study of epigenetic modification 
represented by m6A in influencing RNA function and meta
bolism, cell physiological function, and the important role of 
abnormal modification in a variety of diseases should also 
receive extensive attention and exploration.
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