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Abstract 

As the most common and abundant RNA modification in eukaryotic cells, N6-methyladenosine (m6A) modification 
plays an important role in different stages of tumor. m6A can participate in the regulation of tumor immune escape, 
so as to enhance the monitoring of tumor by the immune system and reduce tumorgenesis. m6A can also affect 
the tumor progression by regulating the immune cell responses to tumor in tumor microenvironment. In addition, 
immunotherapy has become the most popular method for the treatment of cancer, in which targets such as immune 
checkpoints are also closely associated with m6A. This review discusses the roles of N6-methyladenosine modification 
in tumor immune regulation, their regulatory mechanism, and the prospect of immunotherapy.
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Introduction
According to the data, more than 160 different types of 
RNA chemical modifications have been identified in all 
living organisms so far [1], including N6-methyladenosine 
(m6A), N1-methyladenosine (m1A), 5-methylcytosine 
(m5C), N7-methylguanosine (m7G), RNA cap methyla-
tions and so on. Among these modifications, N6-methyl-
adenosine (m6A) is the most common and abundant RNA 
modification in eukaryotic cells [2, 3]. As a form of epige-
netic regulation, m6A is a dynamic and reversible process, 
which is modulated by various enzymes in the mamma-
lian cells [4]. N6-methyladenosine is enriched near stop 
codon and 3′ untranslated terminal region (UTR), and 
translated near 5′ UTR in a cap-independent manner as 
a means of fulfilling its function  [5–7]. The function and 
mechanism of m6A modification have been widely stud-
ied in recent years, which is involved in many aspects of 
RNA metabolism, including pre-mRNA splicing, nuclear 
export, 3′-end processing, translation regulation, mRNA 
decay and noncoding RNA (ncRNA) processing [8–10]. 
A large number of studies have shown that m6A plays an 
important role in almost all biological processes, espe-
cially in tumorigenesis [11]. Recent studies have revealed 

that m6A can affect tumor progression through the regu-
lation of immunity, which has become a research hotspot. 
In this review, we mainly discuss the abundant regulatory 
role of m6A in tumor immunity and escape mechanism, 
as well as tumor immunotherapy.

m6A writers, erasers and readers
m6A is catalyzed by RNA methyltransferase complex, 
which is composed of several components and called 
“writers” [12]. Methyltransferase-like 3 (METTL3), the 
first characteristic component of RNA methyltransferase 
complex, is a S-adenosylmethionine (SAM)-binding 
subunit, which mainly acts as the catalytic core [13, 14]. 
Methyltransferase-like 14 (METTL14) is another active 
component of m6A methyltransferase complex, which 
mainly functions as a supporting structure  [14]. METTL3 
and METTL14 coexist in the nuclear spots at the ratio 
of 1:1 and form a stable complex  [15]. WTAP (Wilms 
tumor-associated protein) is the third core component 
of m6A methyltransferase complex. The main function of 
WTAP is to act as a junction protein for the interaction 
between METTL3 and METTL14, but without catalytic 
activity [16]. WTAP can also interact with many other 
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proteins and long non-coding RNAs(lncRNAs), suggest-
ing that WTAP may recruit other factors to the methyl-
transferase complex [4]. METTL16 is an independent 
methyltransferase, which can catalyze m6A of mRNAs, 
lncRNAs and U6 small nuclear RNA [17]. In addi-
tion, KIAA142929 [18], RNA binding motif protein 15 
(RBM15) and its analogue RBM15B30 [19] are all part of 
the RNA methyltransferase complex, which jointly cata-
lyze the methylation of RNA.

Fat mass and obesity-associated protein (FTO) was 
the first m6A demethylase to be discovered [20], and 
then α-ketoglutarate-dependent dioxygenase homolog 
5 (ALKBH5), was soon excavated [21]. Both FTO and 
ALKBH5 belong to the family of α-ketoglutarate-
dependent dioxygenases, which are ferrous iron and 
α-ketoglutarate (αKG) cofactors-dependent demethyl-
ases [21]. They are mainly located in the nucleus where 
m6A demethylation occurs. Although the contents of 
FTO and ALKBH5 are different in various tissues [22], 
they both regulate the level of m6A in cells by reversing 
m6A modification. ALKBH3 is also an m6A demethy-
lase, but it is more likely to modify tRNA than mRNA 
or rRNA [23]. The revealing of m6A demethylase indi-
cates that m6A methylation is a reversible process, which 
enlightens the exploration of function and mechanism in 
m6A modification.

The secondary or tertiary structure of m6A-modified 
RNA will be changed, while “readers” can decode the 
m6A RNA methylation information in the cell [24, 25]. 
The “Readers” consist of YTH domain-containing pro-
teins (YTHDF1/2/3 and YTHDC1/2), heterogeneous 
nuclear ribonucleoproteins (including hnRNPC, hnRNPG 
and hnRNPA2B1) and insulin-like growth factor 2 
mRNA-binding proteins (IGF2BP) [26, 27]. The function 
of YTHDF1 is to interact with translation initiation fac-
tors to facilitate the translation efficiency of RNA [28]. In 
contrast, YTHDF2 accelerated the decline of m6A modi-
fied transcripts by directly recruiting the CCR4-NOT 
complex [29, 30]. YTHDF3 synergistically promotes 
protein synthesis and antagonizes YTHDF2-mediated 
mRNA decline [31–33]. As the only nuclear m6A “reader” 
protein, YTHDC1, also called YT521-B, has many func-
tions, including recruiting some splicing factors to regu-
late the splicing of mRNA [34], promoting the output of 
mature mRNA [35] and the decay of specific transcripts 
[36]. While YTHDC2 can regulate mRNA stabilization 
and translation [37–39]. The functional core of IGF2BP 
protein is the KH3-4 domain, which can recognize m6A 
modification to enhance the stability and translation of its 
target mRNA [40]. HnRNPA2B1 regulates the alternative 
splicing of exons and interacts with Dgcr8, a pri-miRNA 
microprocessor complex module, to regulate the nuclear 
processing of pri-miRNA (Fig. 1) [41].

m6A in tumor immunity
Regulation of m6A on immune cells
Tumor‑associated macrophages (TAMs)
Tumor-associated macrophages (TAMs) are important 
regulators of tumorigenesis, which can exist in tissues 
or originate from peripheral hosts such as bone mar-
row (BM) and spleen [42]. Although macrophages are 
generally considered to be key effector cells in the pro-
cess of immune defense [43], a large number of studies 
have proved that TAMs have a clear role in supporting 
tumor progression in many aspects. The two well-char-
acterized extreme phenotypes of macrophages are M1 
macrophages, and M2 macrophages [44, 45]. M1 mac-
rophages are involved in pathogen clearance during infec-
tion by activating the nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidase system and subsequently 
generating reactive oxygen species (ROS) [46, 47]. M2 
macrophages have strong phagocytosis ability, promote 
tissue repair, scavenge debris and apoptotic cells, and 
possess pro-angiogenic and pro-fibrotic properties [43, 
45, 48]. In general, M1 macrophages mediate tissue dam-
age induced by reactive oxygen species, and are helpful 
in antimicrobial and antitumor activities [43, 49]; M2 
macrophages are involved in Th2 cell involved immune 
response and inflammatory suppression, and promote 
tissue remodeling, angiogenesis, tumor formation and 
progression [46, 50]. Studies have shown that m6A can 
regulate the polarization of macrophages by different 
mechanisms (Fig. 2A). Liu et al. found that METTL3 was 
specifically upregulated following polarization of mouse 
M1 macrophage [51]. Signal transducer and activator of 
transcription 1 (STAT1), is a major transcription factor 
that controls the polarization of M1 macrophage [52]. 
As a methyltransferase, METTL3 enhances the stabil-
ity of STAT1 mRNA by specifically increasing the m6A 
modification of STAT1 mRNA in murine bone marrow-
derived macrophages, and upregulates the expression 
of STAT1 mRNA to facilitates M1 macrophage polari-
zation. On the other hand, the activation of STAT1 also 
inhibited the transcription activity of STAT6 which is the 
key transcription factor of M2 macrophage polarization 
mediated by IL-4. As a result, up-regulation of METTL3 
facilitates M1 macrophage polarization and mean-
while inhibits M2 macrophage polarization [51]. Hence, 
METTL3 is involved in regulating the balance polari-
zation of M1 and M2 macrophages. Besides, as a dem-
ethylase, FTO can also regulate M1 and M2 macrophage 
activation [53]. After FTO was knocked down in mouse 
macrophages, STAT1 expression was down-regulated in 
M1-polarized macrophages, while STAT6 and PPAR-γ 
expression was decreased in M2-polarized macrophages. 
FTO knockdown accelerates the mRNA decay of STAT1 
and PPAR-γ in macrophage activation [44, 54], and this 
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process is also related to the involvement of YTHDF2, 
which has an effect on the stability of the mRNA of 
STAT1 and PPAR-γ. Moreover, FTO knockdown inhibits 
the activity of NF-κB signaling pathway, a main activation 
pathway for M1, and the activation of which promotes 
the expression of inflammatory factors TNF-α and IL-12 
[55]. Last but not least, FTO knockdown can inhibit the 
phosphorylation of NF-κB signaling pathway in the acti-
vation of M1 macrophages, resulting in the suppression 
of the activation process of M1 macrophages [53]. Simi-
larly, RBM4 overexpression can decrease m6A modified 
STAT1 mRNA to inhibit glycolysis in RAW264.7 mac-
rophages by interacting with YTHDF2, thereby suppress-
ing IFN-γ-induced M1 macrophage polarization [56]. In 
brief, FTO knockdown and RBM4 overexpression both 
inhibited the polarization of M1 macrophages, which is 
not advantageous for immune control of tumors.

On the other hand, the study found that deletion of 
METTL14 in myeloid cells exasperates the macrophage 
response to acute bacterial infection in mice [57]. Dele-
tion of METTL14 in myeloid cells decreases methylation 
of SOCS1 mRNA, which maintains negative feedback 
control of macrophages. This leads to excessive acti-
vation of TLR4/NF-κB signaling pathway and release 
of excessive pro-inflammatory factors to enhance the 

inflammatory response [57]. This shows that m6A can 
be involved in the regulation of macrophage activation to 
exert anti-inflammatory effects, again demonstrating the 
important role of m6A on macrophage polarization.

Dendritic cells (DCs)
DC cells are a kind of antigen presenting cells, which 
can absorb, process and transmit antigen information in 
the body, and induce T and B cells to produce immune 
responses  [58, 59]. In a study, Wang et  al. found that 
METTL3 promotes dendritic cell activation by utilizing 
DC maturation and a differentiation model, including 
bone marrow-derived immature dendritic cell, LPS-stim-
ulated BMDC (mature DC), and regulatory DC  [60]. 
METTL3 promotes DC maturation in a m6A depend-
ent manner, during which m6A modification level is 
increased. When METTL3 in DC cells is knocked out, 
TLR4/ NF-κB signaling pathway is defective, and IL-6 
and IL-12 mRNA levels are decreased. This phenomenon 
suggests that METTL3 may promote the expression of 
NF-κB signaling pathway during DC maturation and acti-
vation through TLR4/NF-κB signaling pathway. TIRAP, 
an adaptor in the TLR4/NF-κB signaling pathway  [61], 
was subsequently found to be involved in the regulation 
of this process. In general, METTL3 can promote TIRAP, 

Fig. 1    m6A writers, erasers and readers. “Writers” can catalyze m6a modification, while “erasers” can reverse this process. “Readers” recognize the 
bases of m6A methylation, accelerate the nucleation rate of mRNA, and participate in RNA translation, RNA decay and RNA stabilization
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CD80, CD40 mRNA translation in  vivo and in  vitro, 
which is positively correlated with YTHDF1. The up-reg-
ulation of TIRAP expression facilitated the enhancement 
of TLR4/ NF-κB signaling pathway and the secretion of 
pro-inflammatory cytokines, while the up-regulation of 
CD40 and CD80 expression led to the increase of DC 
antigen presentation and T cell stimulation [60]. There-
fore, in vitro and in vivo, METTL3 promotes T cell pro-
liferation through its m6A catalytic activity, which is 
required for DC function.

In addition m6A modification of mRNA is closely 
related to the regulation of persistent neoantigen-specific 
immunity of DC cells through the m6A-binding protein 
YTHDF1 [62]. Tumor immune infiltrations in YTHDF1-
deficient mice contained higher levels of CD8+ cyto-
toxic T cells and natural killer (NK) cells compared with 
wild-type mice, indicating that immune surveillance was 
enhanced in the absence of YTHDF1. So, the absence of 
YTHDF1 in classical dendritic cells enhanced the cross-
presentation of tumor antigens and the cross-primers of 
CD8+ T cells in vivo without affecting DCs development 
or activation [62]. Mechanistically, lysosomal cathepsin, 

as the main target of YTHDF1 control, affects the cross-
priming ability of DCs. Lysosomes contain many types 
of molecules, such as proteases and antimicrobial pep-
tides, which can be involved in the degradation of per-
missible pathogens or play a key role in the presentation 
of MHC class II–restricted antigen presentation [63, 64]. 
YTHDF1 can identify transcripts that encode lysosomal 
proteases labeled by m6A, and binds to these transcripts, 
increasing the translation of lysosomal cathepsin in den-
dritic cells. Hence, inhibition of cathepsin significantly 
enhanced the cross-presentation of wild-type dendritic 
cells. Neoantigen recognition is sufficient to induce a per-
sistent T cell response, which is necessary for complete 
tumor rejection. Therefore, modulation of YTHDF1 for 
durable neoantigen-specific immunity may provide new 
perspectives for enhanced immunotherapeutic response 
(Fig. 2B) [65].

T cells
T cells, as the main group of cellular immunity, play an 
important role in the killing of tumor cells. In the tumor 
microenvironment, CD8+ T subtypes in T cells can cause 

Fig. 2    Regulation of m6A on immune cells. A The modification of m6A can regulate the polarization of macrophages. B The modification of m6A 
can regulate antigen presentation of DCs and T cell stimulation. C The modification of m6A can regulate the homeostasis of T cells
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killing effect on tumor cells [65], and CD4+ T cells can 
regulate or assist other lymphocytes to function, while 
Treg cells can inhibit the activation and proliferation of 
CD4+ T cells and CD8+ T cells in immune system [66]. 
Each type of T cell performs its specific function and 
together build a stable immune system. However, mRNA 
methylation can control T cell homeostasis and differ-
entiation (Fig. 2C) [67]. After METTL3 was knockout in 
naive T cells, METTL3-deficient naive T cells showed a 
decrease ratio in TH1 and TH17 cells, and an increase 
ratio in TH2 cells compared to wild-type naive T cells, 
which indicate that m6A modification plays an important 
role in the differentiation of CD4+ T cells. Furthermore, 
m6A controls the balance of two important signaling 
pathways that control T cell homeostasis, namely IL-
7-mediated JAK-STAT signaling and TCR-mediated 
ERK/AKT signaling. As the main survival pathway of 
cells, JAK-STAT signaling can be activated by IL-7 and 
protect effector / memory T cells from apoptosis [68]. In 
particular, SOCS protein is a physiological inhibitor of 
JAK-STAT signaling pathway [69]. SOCS1 negatively reg-
ulates IL-7 signaling, while SOCS3 and CISH can inhibit 
STAT5 phosphorylation and T cell proliferation [69, 
70]. SOCS1, SOCS3, and CISH showed higher expres-
sion levels in METTL3-deficient primitive T cells. The 
increased activity of the SOCS family inhibited IL-7-me-
diated STAT5 activation and T cell homeostasis prolif-
eration and differentiation. Therefore, m6A regulates T 
cell homeostasis by inducing degradation of transcripts 
of SOCS family in vivo [67]. These findings suggest that 
m6A modification is critical to the regulation of T cell 
homeostasis and function.

Similarly, in colorectal cancer and melanoma, METTL3 
or METTL14 improved tumor cells to anti-PD-1 ther-
apy by regulating CD8+ T cells [71]. CD8+ T cells are 
essential for the control of tumor growth. They produce 
a variety of cytokines, mainly IFN-γ, TNF-α and other 
cytokines, which play an important role in anti-tumor 
immunity [72, 73]. Compared with control tumors, CD8+ 
T cells were significantly increased in METTL3 and 
METTL14 deficient tumors, and granzyme B expression 
was significantly enhanced in CD8+ T cells. METTL3 
and METTL14 deficient cells contain more stable Stat1 
and Irf1 mRNAs, and YTHDF2-mediated mRNAs stabil-
ity also controls the expression of Stat1 and Irf1 genes. 
Besides, absence of METTL3 or METTL14 makes tumors 
increase sensitivity to IFN-γ. IFN-γ plays an important 
role in tumor immunologic surveillance [74]. In the early 
stage of immune response, IFN-γ mainly comes from NK 
cells, while in the adaptive stage of immune response, 
IFN-γ mainly comes from classical CD4+ T cells and 
CD8+ T cells [75, 76]. By inducing the production of 

CXCL9 and CXCL10, these chemokines promote the 
recruitment of CD8+ and CD4+ effector T cells and 
inhibit tumor growth [71]. In addition, CD8+ T cells were 
also regulated by YTHDF in melanoma. Ovalbumin-
expressing (OVA) B16 melanoma cells were subcutane-
ously inoculated into wild-type and YTHDF1-deficient 
mice. Compared with wild-type mice, YTHDF1-deficient 
mice contained higher levels of CD8+ cytotoxic T cells, 
and natural killer (NK) cells in tumor immune infiltra-
tion. IFN-γ increased significantly in CD8+ cytotoxic T 
cells, and upregulated the expression of PD-L1(ligand of 
PD1) [62]. Together, these results suggest a mechanism 
that m6A can modulate the efficacy of immunotherapy 
not only by regulating the number of CD8+ T cells and 
cytokine production in the tumor microenvironment, 
but also by achieving high antigen-specific CD8+ T cell 
antitumor response.

Regulation of m6A on immune evasion
Immune evasion of cancer is a major obstacle to the 
design of effective anticancer treatment strategies. 
Although researchers have made considerable progress in 
understanding how cancer evades destructive immunity, 
it is still a challenge to overcome the immune evasion in 
tumors [77]. Tumors remain latent in patients for years, 
when tumor cells can destroy the function of immune 
system in human body through immunosuppression or 
loss of target antigen expression, and finally eliminate the 
immune response [78]. It is at this stage that the tumor 
escapes from immune surveillance, leading to an appar-
ent clinical cancer. There are many mechanisms that can 
lead to tumor immune evasion, such as the low immu-
nogenicity of tumor and the decrease of tumor surface 
antigen expression, the weakening of immune system 
induced by tumors, the change of TME and so on [79]. 
More and more studies have shown that m6A plays an 
indispensable role in the regulation of immune evasion 
in various tumors and plays an indispensable role in this 
process (Fig. 3).

Impact of antigen‑presenting
Defects in major histocompatibility complex(MHC) class 
I proteins of tumor cells affect antigen presentation and 
may lead to immune escape [80]. The loss of MHC I anti-
gen presentation not only weakens the ability of natural 
immune response to control cancer [81], but also weak-
ens the effect of immunotherapy that works by stimulat-
ing CD8+ T cells [82]. Autophagy can lead to sustained 
destruction of MHC-I proteins [83]. For example, in 
pancreatic ductal adenocarcinoma (PDAC), enhanced 
autophagy flux promotes tumor avoidance by down-
regulating MHC-I molecules and by reducing immune 
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recognition induced by CD8+ cytotoxic T lymphocytes 
(CTLs) [84]. Inhibition of autophagy is beneficial to the 
re-emergence of MHC-I on the surface of malignant cells, 
while the modification of m6A can regulate autophagy. 
FTO positively regulates autophagy in an enzyme activ-
ity-dependent manner. FTO extended the half-life of 
ULK1 transcription by reversing m6A mRNA modifica-
tion of ULK1 transcription, and may affect the stability 
of ULK1 transcripts in a YTHDF2-dependent manner 
[85]. While in another study, it was demonstrated that 
the targets of YTHDF2 are ATG5 and ATG7. When FTO 
is silenced, YTHDF2 binds more ATG5 and ATG7 tran-
scripts, leading to degradation of mRNA and reduced 
protein expression, thereby mitigating autophagy [86]. 
In addition, autophagy regulated by m6A modifications 
also plays a physiological role in cancer drug resistance. 
METTL3 can modify FOXO3 mRNA and increase its sta-
bility, a process that relies on the assistance of YTHDF1. 
As a result, deletion of METTL3 in HCC patients desta-
bilizes FOXO3 mRNA and increases drug resistance in 
HCC by regulating autophagic flux [87]. On the other 
hand, loss of tumor-associated antigens is another fac-
tor that prevents immune recognition. Persistent T cell 
response is necessary for complete tumor rejection, but 
loss of tumor-associated antigen cannot induce a per-
sistent T cell response [62]. In classical dendritic cells, 
YTHDF1 regulates persistent neoantigen-specific immu-
nity. Deletion of YTHDF1 leads to cross presentation of 
tumor antigens and in vivo CD8+ T cell cross primers 

without affecting DCs development or activation [62]. 
This change undoubtedly enhances the immune system’s 
surveillance of cancer and it is more conducive to cancer 
detection and clearance.

Impact of T cells
T cells of the body’s immune system can be regulated 
by m6A and have a direct impact on the immune eva-
sion of tumors. Especially the activity of various types 
of T cells, like CD8+ T cells and Tregs, is a key factor 
in determining immune evasion [88]. In a recent study, 
the authors revealed that circIGF2BP3, a novel circRNA, 
can inhibit the infiltration of CD8+ tumor infiltrat-
ing lymphocyte(TIL) and mediate immune evasion in 
non-small cell lung cancer(NSCLC) [89], which process 
is correlated with m6A modification. In NSCLC cells, 
METTL3-mediated m6A modification of circIGF2BP3 
promotes circIGF2BP3 upregulation by promoting its 
back-splicing and circularization in a manner dependent 
on YTHDC1. CircIGF2BP3 stabilizes OTUB1 mRNA by 
competitively upregulating PKP3 expression, and then 
reduced PD-L1 ubiquitination and subsequent protea-
some degradation, leading to CD8+ T cell-mediated 
immune escape [89]. The eventual formation of immune 
evasion is closely related to the changes of T cells medi-
ated by m6A in the tumor microenvironment. And this 
process was also involved and modulated by immune 
checkpoints, suggesting that immune checkpoints play 
a role in immune evasion at the same time. Similarly, in 

Fig. 3    Regulation of m6A on immune evasion. m6A plays an indispensable role in the regulation of immune evasion in various tumors. It 
functions in several ways: A impact of antigen-presenting. B impact of T cells. C impact of immune checkpoints
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colon cancer, regulatory T cells (Tregs), which inhibit 
immunity and promote tumorigenesis, were up-regu-
lated and the infiltration of activated memory T cells 
CD4 (CD4+ T cells) was down-regulated in the group 
with high expression of the immune gene CD34/CD276. 
Regulatory T cell is a key factor in tumor immune escape. 
The hallmark of Treg cells is the transcription factor 
Foxp3, while Treg cells also express higher IL-2 receptors 
[90, 91]. IL-2 receptors can be regulated by the SOCS 
family and activate STAT5 [92]. When METTL3 in Treg 
cells is depleted, it will cause the increase of SOCS gene 
family mRNA, thus inhibiting the IL2-STAT5 signaling 
pathway, and finally maintain the Treg inhibitory func-
tion [93]. Exploring the mechanism of T cell-mediated 
immune evasion and discovering more about its relation-
ship with m6A modifications will facilitate immunother-
apy of tumors.

Impact of immune checkpoints
Immune checkpoints are a kind of immunosuppres-
sive molecules, which are expressed on immune cells 
and can regulate the degree of immune activation [94]. 
They play an important role in preventing the occur-
rence of autoimmunity [95]. Immune checkpoint mol-
ecules keep the immune system within a normal range 
when it is activated, so that the immune system is not 
overactivated. Their abnormal expression and function 
are one of the important reasons for tumor immune 
escape. Programmed Cell Death Protein 1(PD1) is a typi-
cal representative of immune checkpoint inhibitors. PD1 
inhibits the function of T lymphocytes by binding to 
the ligand PDL1/PDL2, thereby inhibiting the autoim-
mune response [96, 97]. In melanoma, the modification 
of m6A in RNA can reduce the proliferation and viabil-
ity of tumor cells, suggesting that m6A has anti-tumor 
effect in melanoma. FTO can reduce the enrichment 
of m6A in key melanoma promoting genes, including 
PD-1 (PDCD1), CXCR4 and SOX10, and maintain their 
mRNA stability. By enhancing the binding of PD1 to the 
ligand PDL1/PDL2, it reduced the immune regulatory 
response of melanoma, and then promoted the immune 
escape of tumor [98]. Furthermore, down-regulation of 
ALKBH5 was associated with positive Pembrolizumab 
or Nivolumab response to PD-1 blockade in melanoma 
patients, further demonstrating the role of m6A-modified 
and immune checkpoints in tumor immune evasion [99]. 
FTO was found to regulate the expression of PD-L1 in 
leukemia. Gene deletion of FTO significantly attenuates 
leukemia stem cell/initiation cell self-renewal and repro-
gramming immune response by inhibiting the expres-
sion of immune checkpoint genes (especially LILRB4) 
[100]. FTO suppression makes leukemia cells sensitive to 
T cell toxicity and overcomes hypomethylation induced 

immune evasion. This provides help for the treatment 
of leukemia. Similarly, osteopontin (OPN), expressed by 
tumor cells in colon cancer, is an immune checkpoint 
that is a ligand for CD44 on the surface of T cells, and 
by binding to CD44 can effectively suppress T cell activ-
ity, resulting in enhanced cancer immune tolerance [101]. 
Thus, when the suppressor of OPN, interferon regula-
tory factor 8 (IRF8) is reduced, OPN expression is signifi-
cantly increased, leading to immune evasion of cancer.

Immunotherapy
In the previous part of the article, we have discussed vari-
ous mechanisms of immune evasion and immune regu-
lation in cancer. Currently, common cancer treatment 
methods in clinical practice mainly include chemother-
apy and radiotherapy, immunotherapy, targeted therapy 
and surgical treatment [102]. Each of these methods has 
its own advantages and limitations, but one of the most 
promising treatments is immunotherapy. Cancer immu-
notherapy is a therapeutic method to control and remove 
tumors by restarting and maintaining the tumor-immune 
cycle and restoring the normal anti-tumor immune 
response of the body, including immune checkpoint 
blockade [103], cell therapy [104], therapeutic antibodies, 
cancer vaccine [105] and so on.

Immune checkpoint blockade and m6A inhibitors
Among many immunotherapy strategies, immune check-
point blockade shows significant benefits. As a molec-
ular target, immune checkpoint blockade enhances 
anti-tumor immunity by blocking inherent immune 
down-regulating factors, such as cytotoxic t-lymphocyte 
antigen 4 (CTLA-4)  [106]and programmed cell death 1 
(PD-1) or their ligands, programmed cell death ligand 1 
(PD-L1) (Table 1) [107]. Programmed Cell Death Protein 
1(PD1) is a typical representative of immune checkpoint 
[108]. PD1 inhibits the function of T lymphocytes by 
binding to the ligand PD-L1/PD-L2, thereby inhibiting 
the autoimmune response [109]. A variety of tumors can 
be improved by inhibiting PD1/PD-L1, and PD-1 inhibi-
tors Pembrolizumab and Nivolumab have been approved 
by the FDA for advanced melanoma and non-small cell 
lung cancer [110].

Interestingly, m6A modification is involved in the reg-
ulation of PD1, PD-L1 and affects the tumor response 
to anti-PD-1 therapy. For example, in melanoma, all of 
METTL3/14, ALKBH5 and FTO can modulate tumor 
response to anti-PD-1 therapy in mice. When Mettl3/14 
was inhibited, the modification of mRNA in the tumor 
was reduced, leading to an increase in CD8+ T cells, and 
enhanced the response to anti-PD-1therapy by a series 
of signaling pathways [71]. The low expression of dem-
ethylase ALKBH5 was associated with better survival in 
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patients with melanoma. ALKBH5 regulates the expres-
sion of Mct4/Slc16a3 and the content of lactic acid in 
tumor microenvironment, as well as the composition 
of Tregs and bone marrow-derived suppressor cells. 
When a specific ALKBH5 inhibitor ALK-04 was used, 
the expression of ALKBH5 was down-regulated and the 
effect of anti-PD-1 therapy was enhanced, indicating 
that ALKBH5 can be used as a potential therapeutic tar-
get for melanoma [99]. Similarly, inhibition of FTO can 
reduce tumor resistance to PD-1 therapy [98]. If inhibi-
tion of FTO is combined with anti-PD-1 blocking immu-
notherapy, the therapeutic effect is more pronounced. 
In addition, OVA-expressing B16 melanoma cell skins 
were inoculated into wild-type and YTHDF1−/− mice to 
construct models. PD-L1 checkpoint blockade was more 

effective in YTHDF1−/− mice than in wild-type mice. 
This was due to increased IFN-γ expression in CD8+ T 
cells of YTHDF1−/− mice, and IFN-γ signaling up-regu-
lated PD-L1 expression [62]. This suggested that the com-
bination of YTHDF1 inhibitor and checkpoint blockade 
may be a potential novel therapeutic strategy to improve 
the outcome of patients with low response to checkpoint 
blockade. Therefore, the rational use of m6A inhibitors 
has great potential and prospect for tumor regulation and 
treatment.

In fact, m6A inhibitors play a significant role in can-
cer treatment not only because of its anti-tumor immu-
nity, but also because of its anti-tumor activity (Table 2). 
In leukemia, the use of CS1 and CS2 targeting FTO 
increases the sensitivity of AML cells to T cell toxicity 

Table 1  Immune checkpoints, their ligands distribution and antibody

Immune 
checkpoint

Ligand Distribution of ligand Antibody Antibody type Cancer

CTLA-4 CD80(B7-1)
CD86(B7-2)

APCs Ipilimumab Human IgG1 Melanoma

PD-1 PD-L1(B7-H1)
PD-L2(B7-DC)

Hematopoietic cells
Non-hematopoietic cells Tumor cells

Pembrolizumab
Nivolumab
Atezolizumab

Human IgG4
Human IgG4
Human IgG1

Melanoma
NSCLC

LAG-3 MHC-II
Galectin-3
LSECtin
FGL-1

APCs
Tumor cells

GSK2831781 Human IgG Melanoma
Colon adenocarcinoma
Ovarian cancer

Tim3 Galectin-9
Phosphatidylserine
CEACAM1
HMGB1

Hematopoietic cells
Apoptotic cells
Tumor cells

TSR-022
LY3321367
MBG453

Human IgG4
Human IgG1
Human IgG4

Liver cancer
Solid tumor
AML

TIGIT CD155(PVR)
CD112(PVRL2)

APCs, T cells
Non-hematopoietic cells, Tumor cells

Tiragolumab
AB-154
BMS-986,207

Human IgG1
Human IgG1
Human IgG1

NSCLC
Solid tumor

Table 2  m6A inhibitors have different targets and mechanisms

Cancer/Disease Drug Target Role Mechanism

AML STM2457 METTL3 Inhibitor Weaken the proliferation of AML stem cells or leukemia

SPI1 METTL14 Regulator Promote terminal myeloid differentiation of normal HSPCs/AML
Inhibit AML cell survival

CS1/CS2 FTO Inhibitor Increase the sensitivity of AML cells to T cell toxicity

R-2HG FTO Inhibitor Inhibit the proliferation of AML and weaken aerobic glycolysis
in sensitive leukemic cells

FB23-2 FTO Inhibitor Suppress proliferation and promote the differentiation of AML

Rhein FTO Inhibitor Overcome tyrosine kinase inhibitor resistance

GBM MA/MA2 FTO Inhibitor Suppress the growth and self-renewal of GSCs

Melanoma ALK-04 ALKBH5 Inhibitor Regulate the express of Mct4/Scl16a3 and lactic acid

BC MO-I-500 FTO Inhibitor Suppress survival of BC cells by decreasing IRX3 proteins

LUAD PKE
Sorafenib

YTHDC2 Regulator Suppress SLC7A11-dependent antioxidant function

Testicular damage MEHP FTO Inhibitor Regulate reduction of testosterone and increase of apoptosis
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and overcomes HMA-induced immune escape, thereby 
achieving therapeutic effects [100]. FB23-2 can also 
inhibit FTO to suppress proliferation and promote the 
differentiation of AML [111], and Rhein can inhibit FTO 
to overcome tyrosine kinase inhibitor [112]. Besides, 
FTO inhibitor MA/MA2 can suppress the growth and 
self-renewal of GSCs in GBM [113]. It can be seen that 
there are many kinds of FTO-targeting inhibitors and 
their application range is also very wide. In addition to 
FTO-targeting inhibitors, the latest research shows that a 
new small-molecule inhibitior of METTL3 against AML. 
STM2457 is a highly specific inhibitor of catalytic activ-
ity for METTL3, but has no significant inhibitory effect 
on other RNA methyltransferases. Pharmacological inhi-
bition of METTL3 in vivo can weaken the proliferation 
of AML stem cells or leukemia, inhibit the expansion of 
AML, and lead to transplantation damage and prolonga-
tion of survival time of AML mice, but there was no such 
expression in normal non-leukemic hematopoietic cells 
[114]. While SPI1 can also inhibit AML cell survival by 
regulating METTL14 [115]. In addition to m6A inhibi-
tors, some regulators targeting m6A can also exert anti-
tumor effects. In colon cancer, the presence of LINRIS 
(Long Intergenic Noncoding RNA for IGF2BP2 Stabil-
ity) in large amounts maintains the stability of “reader” 
IGF2BP2, because the autophagy-lysosome pathway 
is blocked [116]. When LINRIS is knocked down, the 
amount of IGF2BP2 is reduced and downstream effect—
the MYC-mediated glycolysis in CRC cancer cells 
decreases, leading to slower tumor growth. R-2HG, as 
a metabolite produced by mutant isocitrate dehydro-
genases (IDHs), can inhibit FTO activity to increase the 
accumulation of m6A modified m6A in MYC transcripts 
of sensitive leukemia cells, resulting in decreased stabil-
ity of MYC mRNA and downregulation of MYC signal-
ing pathway [117]. This regulation helps to inhibit the 
proliferation of cancer. Interestingly, the latest research 
result shows that R-2HG also promotes its anti-tumor 
activity by participating in the glycolysis pathway. PFKP 
and LDHB play an important role in glycolysis and tumo-
rigenesis of leukemia. They are regulated by the R-2HG/
FTO axis in an m6A-dependent manner. R-2HG can 
block the post-transcriptional upregulation of PFKP and 
LDHB mediated by FTO/m6A, thus attenuating aerobic 
glycolysis in sensitive(IDH-wildtype) leukemic cells and 
inhibiting the occurrence of leukemia [118]. This conclu-
sion also indicates the therapeutic potential of m6A tar-
geting tumor transcriptome and metabolism.

In summary, the above findings provide us with a new 
idea that the development of specific inhibitors targeting 
m6A regulators contributes to anti-tumor therapy. On 
the one hand, studies have shown that most m6A regu-
lators are aberrantly highly expressed in tumor cells, so 

targeted inhibition of these regulators can directly inhibit 
tumor cell activity and further improve treatment out-
comes and patient prognosis; on the other hand, the reg-
ulation of m6A is closely related to the development and 
function of immune cells. Targeted modulation of m6A 
can enhance the function and infiltration of immune cells 
in the tumor microenvironment and enhance the tumor 
response to anti-PD-1 therapy through a number of sign-
aling pathways. It can be seen that the use of specific 
inhibitors targeting m6A regulatory factors can combine 
anti-tumor activity and anti-tumor immunity to play a 
comprehensive therapeutic effect. Attempts to combine 
m6A inhibitors and immune checkpoint blockade may be 
a new breakthrough in tumor immunotherapy.

In addition to immunotherapy targeting PD-1, Cyto-
toxic T-lymphocyte antigen 4(CTLA-4) is also a com-
mon target for tumor immunotherapy. CTLA-4 is a 
transmembrane protein expressed on the surface of 
activated T cells. CTLA-4 has two ligands: B7-1(CD80) 
and B7-2(CD86). When it binds to ligands, it produces 
inhibitory signals of T cells and inhibits the initiation of 
T cell immune responses, resulting in a decrease in acti-
vated T cells and preventing the formation of memory T 
cells [119]. Blocking CTLA-4 can restore the activity of 
T cells and prolong the survival time of memory T cells. 
This allows the body to further strengthen the immune 
function of tumor cells, resulting in increased tumor con-
trol rate [120]. Therefore, CTLA-4 inhibitors also play an 
important role in tumor immunity, especially in mela-
noma. Currently, CTLA-4 inhibitor Ipilimumab has been 
approved by FDA for the adjuvant treatment of stage III 
melanoma and the treatment of advanced melanoma 
[121], and clinical studies of Ipilimumab and Telimomab 
in kidney cancer, prostate cancer and lung cancer have 
been widely carried out. As for other immune check-
points, such as LMTK3, LAG-3/CD223, TIM3, are also 
related to the activity and function of T lymphocytes and 
can be used as targets for immunotherapy (Table 1). For 
example, LMTK3 is a client protein of heat shock protein 
90 (HSP90). It plays a cancer-promoting role in breast 
cancer, and C28, a LMTK3 small-molecule inhibitor, can 
promote proteasome-mediated LMTK3 degradation. The 
inhibition of C28 reduced the proliferation of NCI-60 
tumor cell line and increased the apoptosis of breast can-
cer cells [122]. LAG3(Lymphocyte Activation Gene3) is 
mainly expressed in activated T lymphocytes, B lympho-
cytes, NK cells and plasma cell-like dendritic cells, and 
negatively regulates T cell function. LAG-3 selectively 
upregulates the expression of CD4 on the surface of Treg, 
and inhibition or knockout of LAG-3 will relieve the 
inhibitory function of Treg on T cells [123]. It is worth 
noting that when the interaction between LAG3 and 
ligand FGL1 is blocked by monoclonal antibodies, the 
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T cell response in the tumor is enhanced and the tumor 
volume decreases, which provides a new idea for targeted 
immunotherapy [124]. TIM3 (T cell immunoglobulin-3), 
a receptor protein of the TIM family, is expressed on T 
cells, Treg cells, dendritic cells, NK cells and monocytes. 
TIM3 has a variety of ligands, which can inhibit the 
activity of effector T cells and induce peripheral tolerance 
[125]. TIGIT (T Cell Immunoreceptor With Ig And ITIM 
Domains) is a receptor of immunoglobulin superfamily, 
which can limit acquired immunity and innate immunity. 
Other ICBs combined with TIGIT blocking can enhance 
the anti-tumor immune response, such that blocking 
TIGIT and PD-1 together can enhance the prolifera-
tion of CD8+ T cells and protect memory T cells [126]. 
Although the relationship between these immune check-
points and m6A has not been deeply studied, their poten-
tial impact on tumor immunotherapy cannot be ignored.

Cell therapy and m6A
American biologist George Daley once said: “If the 20th 
century is the era of drug therapy, then the 21st century 
will be the era of cell therapy.“ Cell therapy can separate 
immunoreactive cells from tumor patients, amplify and 
identify their functions in vitro, and then infuse them 
back to patients, so as to kill tumor cells directly or 
stimulate human immune response to kill tumor cells. 
When the immunogenicity of cancer is poor, the use of 
immune checkpoint therapy alone may not achieve the 
desired effect [127]. If properly combined with cell ther-
apy, immunotherapy for these poorly immunogenic types 
of cancer will be possible and may enhance the response 
of tumors that are already responsive to immune check-
point therapy [104]. ACT mainly includes TIL, LAK, 
CIK, DC, NK, TCR-T, CAR-T and so on. As the “star” 
of tumor immune cell therapy, CAR-T cell therapy has 
shown satisfying targeting, lethality and persistence 
in clinical trials [128], which provides a new solution 
for immune cell therapy and shows great development 
potential and application prospects. CAR-T is a specific 
cellular immunotherapy [129], which is different from 
non-specific cellular immunotherapy such as CIK, DC-
CIK, NK and so on. CAR combines the antigen bind-
ing domain with the additional costimulatory domain 
from CD28, OX40 and CD137 receptors and the signal 
domain of the TCR chain, which makes T cells have the 
specificity of cytotoxicity and antibody recognition at 
the same time [130]. In the second part of the article, we 
introduced that MHC I protein deficiency in tumor cells 
can affect antigen presentation and may lead to immune 
escape. CAR recognition overcomes the limitation that 
TCR needs MHC expression and recognition, and shows 
the anti-tumor advantage of CAR T cells. CD19 is a kind 
of B cell antigen expressed on the surface of normal and 

malignant B cells. The second-generation CAR T cells 
target CD19 and encode a costimulatory domain, show-
ing a lasting response and strong curative effect on B-cell 
malignant tumors [131, 132]. However, although CAR T 
cells provide new ideas for the treatment of hematologi-
cal malignant tumors, there are still many difficulties in 
successfully applying these treatments to solid tumors. 
But as discussed above, m6A modification is closely 
related to the function of T cells. For example, METTL3 
can regulate the dynamic balance and differentiation of 
T cells, and YTHDF1 can regulate the number of CD8+ 
T cells infiltrated in tumor microenvironment in mice. 
Therefore, we make a conjecture that attempting to regu-
late m6A modification in CAR T cells may be a satisfying 
strategy to enhance tumor immunotherapy. Maybe with 
the continuous development of cell engineering and gene 
editing, this idea is expected to be gradually improved 
and applied to many types of tumor therapy.

In addition to CAR-T cell therapy, adoptive immuno-
therapy based on NK cells is also an important part of 
cell therapy [133]. Song et al. found that in mice, down-
regulation of METTL3 expression in NK cells leads to 
a decrease in SHP-2 activity, which contributes to a 
decrease in NK cell response to IL-15, thereby affecting 
the proliferation and differentiation of NK cells [134]. 
This finding reveals the regulation of m6A modification 
on NK cells and provides a potential approach to address 
the problem of reduced proliferation efficiency of NK 
cells in vitro, which slows down the progress of cell 
therapy.

m6A and other targets
In addition to immune checkpoints and cell therapy, 
some regulatory cells related to tumor immunity, or 
related products involved in tumor immune escape, can 
be used as targets to enhance the effect of tumor immu-
notherapy [77]. For example, Tregs in tumor microen-
vironment inhibits the immune response of the body to 
tumor, which is a factor hindering immunotherapy [66]. 
It can be regulated by m6A to change the response of 
tumor to immunotherapy. The knockout of ALKBH5 can 
reduce the infiltration of Tregs in melanoma and enhance 
the response to anti-PD-1 therapy [99]; MDSCs can 
induce Tregs production, thus promote tumor angiogen-
esis and metastasis, so it can also be a target for improv-
ing treatment [135]; the polarization of macrophages can 
affect tumor formation, so altering macrophage polari-
zation in the tumor microenvironment through m6A 
modification can also provide help in treating cancer [51, 
53]; Tumor autophagy leads to tumor immune escape. 
m6A can control autophagy to improve the continuous 
destruction of MHC-I protein and the occurrence of 
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tumor immune escape, and then enhance the immune 
response of tumor to the body. To sum up, m6A is widely 
involved in all kinds of tumor immune regulation, and 
has great work and potential in tumor immunotherapy.

Discussion and perspectives
In recent years, the roles of m6A modification in differ-
ent diseases and its molecular mechanism has become a 
research hotspot. m6A plays a dual role in cancer, like a 
double-edged sword. On the one hand, m6A can regulate 
the expression of oncogenes or tumor suppressor genes, 
thus affecting the progression of cancer; on the other 
hand, regulating the level of m6A and the expression 
and activity of m6A enzyme can affect the roles of m6A 
in cancer. In this review, we discuss the immunomodula-
tory effect of m6A on tumor from three stages: “tumor 
growth”-immune escape, “tumor control”- immune sur-
veillance and “tumor elimination”-immunotherapy. In 
terms of immune evasion, we summarized that m6A can 
enhance the effect of antigen presentation, and can also 
modulate the immune activity of effector T cells after 
antigen presentation, thereby managing cancer evasion. 
When cancer destabilizes the body’s immune system, 
m6A can modulate various immune cells in the tumor 
microenvironment to kill the cancer. By mediating mac-
rophage polarization, DC maturation and T cell homeo-
stasis and differentiation, m6A can exert effective control 
over tumor growth. Most importantly, m6A provides a 
new direction for the treatment of tumors. The levels of 
m6A affect the tumor response to immune checkpoint 
blockade therapy. Therefore, the combined use of m6A 
inhibitors and immune checkpoint blockade can be more 
favorable to patient treatment and prognosis. In fact, 
m6A modification can also improve the drug resistance 
of cancer cells and make other anti-cancer drugs work 
better, but this mechanism we do not detail here [136]. In 
conclusion, an in-depth understanding of the mechanism 
of m6A in immune regulation will help to develop new 
and effective treatment strategies, which can be used in 
the clinical treatment and prognosis of cancer patients.
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