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Abstract. N6‑methyladenosine (m6A) in messenger RNA 
(mRNA) is regulated by m6A methyltransferases and demeth-
ylases. Modifications of m6A are dynamic and reversible, 
may regulate gene expression levels and serve vital roles in 
numerous life processes, such as cell cycle regulation, cell 
fate decision and cell differentiation. In recent years, m6A 
modifications have been reported to exhibit functions in 
human cancers via regulation of RNA stability, microRNA 
processing, mRNA splicing and mRNA translation, including 
lung cancer, breast tumor and acute myeloid leukemia. In the 
present review, the roles of m6A modifications in the onset and 
progression of cancer were summarized. These modifications 
display an oncogenic role in certain types of cancer, whereas 
in other types of cancer they exhibit a tumor suppressor role. 
Therefore, understanding the biological functions performed 
by m6A in different types of tumors and identifying pivotal 
m6A target genes to deduce the potential mechanisms under-
lying the progression of cancer may assist in the development 
of novel therapeutics.

Contents

1.	 Introduction
2.	 m6A methylation and cancer
3.	 m6A demethylation and cancer
4.	 m6A‑binding proteins and cancer
5.	 Conclusion

1. Introduction

Over 100 different types of post‑transcriptional chemical 
modifications of RNA have been identified in living organ-
isms (1). A total of three types of RNA modifications present 

in eukaryotic messenger RNA (mRNA) have become 
prevalent in recent years: N6‑methyladenosine (m6A), 
5‑methylcytosine (m5C) and N1‑methyladenosine (m1A) (2). 
m6A was first identified by Desrosiers et al (3) in 1974 and is 
the most commonly observed internal modification between 
long noncoding RNA (lncRNA) and mRNA in eukaryotes. 
Dominissini et al  (4) used high‑throughput sequencing to 
demonstrate that m6A modifications are frequently present 
at stop codons, 3'‑untranslated regions (3'‑UTRs) and internal 
long exons, whereas m6A modifications are typically present 
at RRm6ACH motifs (5).

m6A methylation is a methylation modification of 
adenine  (A) at position 6N and is catalyzed by the meth-
yltransferases  (6). Bokar  et  al  (7) first discovered that a 
methyltransferase complex catalyzed the formation of an 
m6A modification in 1994. m6A methylation modifications 
are typically present in mRNAs, transport RNAs, ribosomal 
RNAs and non‑coding RNAs  (8). It was demonstrated 
that m6A methylation may be present on microRNAs 
(miRNAs) (9). There are three types of enzymes that partici-
pate in the dynamic and reversible m6A methylation and 
demethylation modifications. The first type is the methyltrans-
ferases, which serve a crucial role in RNA transformation 
into m6A‑modified RNA (7). Their coding genes are called 
m6A ‘writers’. Methyltransferase‑like 3 (METTL3) was the 
first protein reported to exhibit methyltransferase activity 
in 1997  (10). Subsequently, additional m6A writers were 
discovered in mammals, including methyltransferase‑like 14 
(METTL14), Wilms' tumor 1‑associating protein (WTAP), 
KIAA1429, RNA binding motif protein 15/15B and methyl-
transferase‑like 16 (11‑14). The second type of enzymes is 
the demethylases, which may alter the m6A‑modified RNA 
back to RNA  (15). Demethylase coding genes are called 
m6A ‘erasers’. Fat mass and obesity‑associated protein 
(FTO) and alkB homolog 5 (ALKBH5) may function as 
m6A erasers (15,16). The last type of enzymes is the m6A 
‘readers’, which read the m6A‑mediated physiological 
effects and influence RNA behaviors (17). There are several 
m6A readers, including YT521‑B homology (YTH) domain 
family‑YTHDF (YTHDF1, YTHDF2 and YTHDF3) and 
YTHDC subtypes (YTHDC1 and YTHDC2) (4), eukaryotic 
translation initiation factor 3 (eIF3), heterogeneous nuclear 
ribonucleoprotein A2B1 and C, insulin‑like growth factor 2 
mRNA‑binding proteins (IGF2BP), fragile X mental retar-
dation 1 (FMR1) and leucine rich pentatricopeptide repeat 
containing (LRPPRC; Fig. 1).
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Recently, increasing evidence has demonstrated that 
aberrantly expressed m6A modifications are associated with 
human tumors (18‑20). In the present review, the roles of m6A 
regulators in various types of cancer are summarized.

2. m6A methylation and cancer

METTL3. METTL3 was first identified as an m6A writer by 
Bokar et al (10) in 1997, and was first isolated from HeLa cells 
as a protein holding an S‑adenosylmethionine (SAM)‑binding 
activity. METTL3 catalyzes m6A synthesis and possesses two 
binding sites for SAM (21). METTL3 is an important subunit 
of the methyltransferase (10). m6A modifications may occur 
in the cytoplasm and nucleus, as METTL3 is present in both 
locations (22).

In 2016, Lin et al (23) first reported that METTL3 may 
enhance translation independently of methyltransferase activity 
and methyl reader proteins. METTL3 may directly increase 
translation of target RNAs via recruiting translation initiation 
factors. METTL3 increased growth, survival and invasion of 
lung adenocarcinoma cells via increasing the expression of 
epidermal growth factor receptor (EGFR) and the activity 
of the Hippo signaling pathway effector TAZ. Subsequently, 
numerous studies have focused on METTL3 and its effects 
on various types of cancer (24‑27). Visvanathan et al  (24) 
demonstrated that the expression of METTL3 is increased 
in glioblastomas (GBM). In addition, METTL3 promoted 
tumor growth by targeting the 3'‑UTR of SOX2 mRNA for 
m6A methylation. Silencing METTL3 reduced the tumor 
growth and enhanced the radiosensitivity of tumors, and thus 
may be used as a potential molecular target for GBM therapy. 
Barbieri et al (25) discovered that METTL3 may sustain acute 
myeloid leukemia (AML) via an m6A‑dependent translation 
control. Taketo et al  (26) reported that METTL3‑depleted 
cells exhibited higher sensitivity to anticancer agents, which 
suggested that METTL3 was a potent target for enhancing the 
efficacy of therapeutics in patients with pancreatic cancer. In 
2018, Choe et al (27) demonstrated that METTL3 may enhance 
translation, oncogenic transformation and the formation of 
densely packed polyribosomes via interaction with eIF3h in 
primary lung tumors, and thus may serve as a potential thera-
peutic target. Li et al (18) demonstrated that METTL3 retained 
SOX2 expression via an m6A‑IGF2BP2‑dependent manner 
in colorectal cancer (CRC) cells. A total of three consecu-
tive studies (19,20,28) indicated that METTL3 may promote 
progression of gastric cancer (GC) via m6A modifications.

Recently, METTL3‑mediated m6A modifications were 
discovered to promote tumor progression via interacting 
with various miRNAs in numerous types of cancer (29‑35). 
Du  et  al  (29) demonstrated that miR‑33a suppressed the 
proliferation of non‑small‑cell lung cancer (NSCLC) cells via 
targeting METTL3 mRNA. Jin et al (30) revealed that METTL3 
may initiate m6A modification and promote the translation 
of the yes‑associated protein (YAP) mRNA to increase the 
resistance of NSCLC to anticancer therapeutics and metastasis 
via a metastasis associated lung adenocarcinoma transcript 
1‑miR‑1914‑3p‑YAP axis. Cai et al (31) revealed that Hepatitis 
B virus X‑interacting protein (HBXIP) modulated METTL3 
by reducing the expression of miRNA let‑7 g, thus promoting 
breast cancer progression. Wei  et  al  (32) demonstrated 

that miR‑600 inhibited the migration and proliferation of 
lung cancer cells via downregulation of METTL3 expres-
sion. Han et al (33) revealed that METTL3 interacted with 
DiGeorge Syndrome Critical Region 8 (DGCR8) and upregu-
lated pre‑miR‑221/222, which restricted PTEN expression, 
thereby resulting in the proliferation of bladder cell carcinoma. 
Cheng et al (34) demonstrated that METTL3 enhanced the 
progression of bladder cell carcinoma via AF4/FMR2 family 
member 4/NF‑κB/MYC signaling. Peng et al (35) revealed that 
the upregulation of METTL3 promoted CRC metastasis via 
miR‑1246/sprouty‑related, EVH1 domain‑containing protein 
2/mitogen‑activated protein kinase signaling.

METTL3 has not only been revealed to promote the prolif-
eration and metastasis of tumor cells, but also to inhibit the 
progression of tumors. Li et al (36) demonstrated that reduced 
expression of METTL3 was associated with higher histolog-
ical grades and larger tumor sizes in nude mice. Furthermore, 
patients with renal cell carcinoma (RCC) and upregulated 
expression of METTL3 exhibited longer survival times.

Collectively, the results from these previous studies 
suggested that METTL3‑mediated m6A modifications may 
promote tumor progression in different types of cancer; 
however the underlying mechanisms, such as the specific 
signaling pathways involved, may differ in different types of 
tumors. METTL3 may also affect tumors independently of its 
catalytic activity, for example via enhancing the translation 
of oncogenes. Currently, RCC is the sole tumor type where 
METTL3 is demonstrated to inhibit the progression of cancer. 
Additional studies are required to unravel the specific mecha-
nisms by which METTL3‑mediated inhibition affects RCC 
progression.

METTL14. METTL14, which is a homolog of METTL3, is 
another methyltransferase that catalyzes m6A modifications 
on RNA  (11,12,37). METTL14 interacts with METTL3 
and modifies the m6A content, and together, they form 
the core m6A methylation complex  (38). METTL14 has 
been demonstrated to occupy a degraded, non‑functional 
SAM‑binding domain, based on the crystal structure analysis 
of the METTL3‑METTL14 complex (39). On the other hand, 
METTL14 is important for the positioning of the methyl 
group and the binding of the RNA substrate to promote the 
catalytic activity of METTL3 (40,41). Thus, METTL14 is an 
indispensable factor for METTL3 activity.

METTL14 may inhibit the initiation and progression of 
tumors. A previous study revealed that the mRNA levels of 
METTL14 in patients with metastatic HCC were significantly 
lower compared with that in patients with non‑metastatic 
HCC (42). Further experiments demonstrated that METTL14 
interacted with DGCR8 and upregulated the expression of 
miRNA‑126. Overexpression of METTL14 inhibited the 
metastasis of HCC in an established liver metastasis mouse 
model. Based on these results, it was hypothesized that 
METTL14 regulated the expression of miRNA‑126 via m6A 
modifications, thereby regulating its downstream targets to 
inhibit the metastasis of HCC. Therefore, METTL14 expres-
sion may be used as a prognostic factor for HCC (42). Previous 
studies revealed that low methylation levels of m6A, caused 
by mutations in the METTL14 gene, were observed in endo-
metrial cancer cells (43,44). Using the CRISPR technology, 
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METTL14 was removed from hec‑1‑a endometrial cancer 
cells and a lack of METTL14 was demonstrated to increase 
the tumor cell proliferation, colony formation and metastasis. 
It was observed that the levels of m6A methylation in endome-
trial cancer cells were reduced compared with adjacent normal 
tissues. Thus, it was deduced that the mutations of METTL14 
decreased m6A methylation levels, which served a key role 
in the development of endometrial cancer. Subsequently, it 
was demonstrated in patient samples and endometrial cancer 
cell lines that downregulation of m6A methylation altered 
the activity of the Akt/protein kinase B signaling pathway, 
thereby promoting the proliferation and metastasis of cancer 
cells. Liu et al (45) also discovered that the downregulation 
of METTL14 decreased PH domain and leucine rich repeat 
protein phosphatase 2 expression, which is a negative regulator 
of the AKT signaling pathway. Downregulation of METTL14 
also increased the expression of mTOR Complex 2, a positive 
regulator of the AKT signaling pathway, which resulted in 
the proliferation of endometrial cancer cells. Gong et al (46) 
revealed that METTL14 downregulated the translation of P2X 
purinoceptor 6 (P2RX6), thus reducing the RCC cell invasion 
and metastasis via ATP‑P2RX6‑Ca2+‑p‑ERK1/2‑matrix 
metalloproteinase‑9‑mediated signaling. METTL14‑mediated 
m6A modifications may also suppress tumor progression in 
CRC and bladder cancer (47,48).

The METTL14‑driven m6A modifications consistently 
result in the inhibition of tumor progression, including 

HCC, endometrial cancer, RCC, CRC and bladder cancer. 
Whether METTL14 promotes tumor progression in an m6A 
modification‑dependent manner remains to be elucidated.

WTAP. WTAP was discovered by Little et al (49) in 2000, using 
the yeast two‑hybrid system. After eight years, Zhong et al (50) 
demonstrated that WTAP interacted with METTL3. WTAP is 
a methyltransferase that does not possess a catalytic domain, 
thus WTAP does not exhibit an independent catalytic capacity 
on RNA. However, it can form a methyltransferase complex 
with METTL3 and METTL14, thus facilitating the catalysis 
of the m6A modification on RNA (11).

Downregulation of WTAP may result in the forma-
tion of METTL14 and METTL3 degradation complexes 
and considerably decrease m6A levels  (11). In addition, 
Schwartz  et  al  (12) reported the WTAP‑independent and 
‑dependent m6A modification sites upon WTAP depletion. 
WTAP‑independent sites are located at the cap structure of 
the transcripts, whereas WTAP‑dependent sites are present 
at internal positions (12), highlighting the complexity of the 
co‑transcriptional regulation. Ping et al  (51) revealed that 
WTAP assisted in the binding of METTL3 and METTL14 
with the target RNA, whereas the absence of WTAP resulted in 
the failure of METTL3 and METTL14 binding with the RNA 
in the nuclear speckle; however the protein levels of METTL3 
and METTL14 remained unaltered. Schöller et al (52) discov-
ered that WTAP bound to a region of METTL3 in the first 

Figure 1. Mechanism of N6‑methyladenine RNA modification. m6A methylation is dynamically and reversibly regulated by methyltransferases (METTL3, 
METTL14, WTAP, KIAA1429 among others) and demethylases (FTO and ALKBH5). M6A readers (YTHDF1, YTHDF2, YTHDF3, YTHDC1 and 
YTHDC2) read the m6A‑mediated physiological effects and influence RNA behaviors. METTL3, methyltransferase‑like 3; METTL14, methyltrans-
ferase‑like 14; METTL16, methyltransferase‑like 16; WTAP, Wilms' tumor 1‑associating protein; RBM15, RNA binding motif protein 15; FTO, fat mass 
and obesity‑associated protein; ALKBH5, alkB homolog 5; YTHDF1, YTH domain‑containing family protein 1; YTHDF2, YTH domain‑containing family 
protein 2; YTHDF3, YTH domain‑containing family protein 3; YTHDC1, YTH domain‑containing protein 1; YTHDC2, YTH domain‑containing protein 2; 
eIF3, eukaryotic translation initiation factor 3; IGF2BP, insulin‑like growth factor 2 mRNA‑binding protein; FMR1, fragile X mental retardation 1; LRPPRC, 
leucine rich pentatricopeptide repeat containing.
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150 amino acid region. Even if WTAP was truncated from the 
C‑terminal, it would still bind with METTL3, as long as the 
remaining structure contained the first 150 amino acids from 
the N‑terminal.

Recently, WTAP was demonstrated to regulate tumor 
progression in an m6A modification‑dependent manner. 
Chen et al (53) revealed that WTAP expression was upregulated 
in HCC. WTAP‑mediated m6A modifications contributed 
to the progression of HCC via human antigen R/protein 
C‑ets‑1/p21/p27 signaling.

In comparison with METTL3 and METTL14, there is a 
decreased number of publications reporting the relationship 
between WTAP and cancer. The primary reason for this may 
be that WTAP does not exhibit an independent catalytic activity, 
while it mainly forms methyltransferase complexes with METTL3 
and METTL14 to catalyze m6A modifications on RNA.

KIAA1429. KIAA1429 was first identified in 2003 on account 
of the discovery of its homologs, which exhibited an interaction 
with WTAP in a sex‑specific manner (54). Subsequent studies 
demonstrated that METTL14, METTL3 and KIAA1429 are 
required for methylation in mammals (12). Recently, two studies 
revealed that METTL14, METTL3, WTAP and KIAA1429 form 
a methyltransferase complex (55,56). The downregulation of 
KIAA1429 resulted in a higher decrease of the m6A index in the 
mRNA compared with the downregulation of either METTL14 
or METTL3, suggesting that KIAA1429 is required for the 
complete catalytic activity of the methyltransferase complex.

Cheng et al  (57) investigated the role of KIAA1429 in 
HCC and discovered that the mRNA levels of KIAA1429 
were higher in HCC compared with the adjacent normal 
liver tissues, based on the analysis of the cancer genome atlas 
(TCGA) database. KIAA1429 was demonstrated to regulate 
the invasion and migration of HCC cells via upregulation of 
the m6A modifications on ID2 mRNA, thereby inhibiting 
ID2. Qian et al (58) revealed that KIAA1429 promoted the 
progression of breast cancer via modulating CDK1 activity in 
an m6A‑independent manne.

As in the case of WTAP, KIAA1429 also requires the 
formation of a methyltransferase complex with other m6A 
writers to perform its function. KIAA1429 may affect 
tumorigenesis in both an m6A‑dependent and ‑independent 
manner.

3. m6A demethylation and cancer

FTO. In 2007, Frayling  et  al  (59) discovered a cluster of 
single‑nucleotide polymorphisms in the first intron of the FTO 
gene, which were associated with obesity. Subsequently, the 
gene was officially named FTO. FTO belongs to the Fe (II)‑ and 
α‑ketoglutarate‑dependent dioxygenase AlkB protein family 
and demethylates the 3‑methylthymine in single‑stranded 
DNA and the 3‑methyluracil in single‑stranded RNA (60). 
Jia et al (15) revealed that FTO exhibited a powerful oxidative 
demethylation activity, targeting the m6A residues in RNA 
in vitro. It was demonstrated that m6A in nuclear RNA was 
a physiological substrate of FTO, via the partial colocaliza-
tion of FTO with nuclear speckles. In 2017, Mauer et al (61) 
presented a novel perspective on the actual substrate of FTO. 
It was hypothesized that the demethylation affinity of FTO 

was higher for m6Am, which was the first nucleotide following 
the 7‑methylguanosine cap of certain mRNAs (62), compared 
with m6A, increasing mRNA stability. The demethylation 
activity of FTO on m6Am was ~100x higher compared with 
that on m6A. After the depletion of FTO, the levels of m6A 
were not notably altered, whereas the levels of m6Am increased 
considerably. These results suggested that the substrate of FTO 
may be m6Am, a finding which was different from previous 
studies. Subsequently, other researchers demonstrated that the 
distribution of FTO differed in the nucleus and cytoplasm of 
different cell lines. FTO had a higher affinity for m6A in the 
nucleus and m6Am in the cytoplasm (63,64).

In recent years, it has been demonstrated that FTO is closely 
associated with the onset and progression of various malignant 
tumors, such as breast cancer (65), lung cancer (66,67), gastric 
cancer (68,69) and AML (70‑72).

Niu et al (65) discovered that FTO was highly expressed in 
breast cancer tissues and that FTO expression was associated 
with a worse prognosis. FTO promoted the proliferation and 
metastasis of breast cancer cells via inhibiting Bcl‑2 inter-
acting protein 3. Li et al (66) discovered that FTO promoted 
the proliferation of NSCLC via increasing the expression 
of ubiquitin carboxyl‑terminal hydrolase 7. Liu et al  (67) 
revealed that overexpression of FTO may increase the 
stability of myeloid zinc finger 1 (MZF1) mRNA and promote 
the expression of MZF1 via downregulating the m6A levels in 
the MZF1 mRNA transcripts, leading to the proliferation and 
invasion of lung squamous cell carcinoma cells. Xu et al (68) 
reported that the expression levels of FTO were closely 
associated with reduced tumor differentiation, lymph node 
metastasis and advanced tumor‑node‑metastasis stage in 
gastric cancer. Via the analysis of the Kaplan‑Meier plotter 
database and TCGA database, Li et al (69) discovered that 
high expression of FTO and ALKBH1 mRNAs was associ-
ated with a poor prognosis in gastric cancer. A previous study 
also revealed that FTO serves a crucial role in the progression 
of AML (70). FTO enhanced leukemia oncogene‑mediated 
cell transformation and the occurrence of leukemia, inhib-
ited the all‑transretinoic acid‑mediated differentiation of 
AML cells and regulated the synthesis of target genes, such 
as ankyrin repeat and SOCS box containing 2 and retinoic 
acid receptor alpha, via downregulating the levels of m6A. 
Su et al (71) reported that R‑2HG inhibited the activity of 
FTO, increased the m6A modifications on RNA, reduced the 
stability of the MYC/CCAAT/enhancer‑binding protein alpha 
transcripts and inhibited the proliferation of leukemia cells, 
thus resulting in cell cycle arrest. Huang et al (72) revealed that 
FTO promoted leukemogenesis. An FTO inhibitor, termed 
FB23‑2, was developed, which may directly bind to and selec-
tively inhibit the m6A demethylase activity of FTO. It was 
demonstrated that FB23‑2 may suppress the proliferation and 
promote the differentiation/apoptosis of AML cells, and thus 
may be used as a potential druggable target for treating AML. 
Zhou et al (73) discovered that FTO enhanced the resistance 
to chemo‑radiotherapy in cervical squamous cell carcinoma 
via reducing the m6A demethylation in β‑catenin mRNA, 
thereby regulating its expression. Li et al (74) revealed that 
FTO promoted HCC tumorigenesis by mediating pyruvate 
kinase M2 demethylation. Yang et al (75) found that FTO 
increased m6A demethylation and enhanced melanoma 
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tumorigenesis and anti‑programmed cell death protein 1 
resistance.

FTO is an important m6A demethylation enzyme. At 
present, it has been demonstrated that FTO promotes tumori-
genesis. However, whether FTO inhibits tumor progression 
requires further investigation.

ALKBH5. ALKBH5 is an additional m6A demethylase. 
ALKBH5 is a 2‑oxoglutarate‑ and ferrous iron‑dependent 
nucleic acid oxygenase that catalyzes the demethylation of 
m6A on RNA (76). ALKHB5 downregulation is required to 
increase m6A levels, whereas its overexpression decreases the 
m6A modification on mRNA in human cell lines. ALKBH5 
is upregulated under hypoxic conditions and serves a role in 
spermatogenesis (16,77).

ALKBH5 has been associated with the progression of 
human tumors. Nettersheim et al (78) discovered that ALKBH5 
may serve a role in the development of testicular germ cell 
tumors, via using immunohistochemistry, mass spectrometry 
and ELISA. Zhang et al (77) revealed that ALKBH5 mediated 
m6A demethylation of NANOG mRNA (an embryonic stem 
cell transcription factor), which increased the expression of 
NANOG in breast cancer. The deletion of ALKBH5 increased 
the m6A methylation of NANOG mRNA, thus reducing the 
expression levels of NANOG, and significantly inhibited the 
development of lung metastasis of breast cancer. Subsequently, 
it was demonstrated that hypoxia‑inducible factors inhibited 
the methylation and the ALKBH5‑induced demethylation by 
modulating zinc finger protein 217 to promote the invasion 
and metastasis of breast cancer cells  (79). ALKBH5 was 
also highly expressed in GBMs, while silencing ALKBH5 
inhibited the proliferation of GBMs. ALKBH5 induced the 
demethylation of forkhead box protein M1 (FOXM1), which is 
a transcription factor, and stimulated cell proliferation, leading 
to an increase in FOXM1 expression (80).

ALKBH5 also regulates lncRNA demethylation to affect 
tumor progression. He et al (81) revealed that ALKBH5 expres-
sion was downregulated in pancreatic cancer cells and inhibited 
the cell motility via demethylating the lncRNA KCNK15‑AS1, 
which may be used as a potential therapeutic target for pancre-
atic cancer. Zhang  et  al  (82) demonstrated that ALKBH5 
promoted GC invasion and metastasis via demethylating the 
lncRNA nuclear enriched abundant transcript 1.

Although ALKBH5 and FTO are both demethylases, they 
display opposing effects on tumor progression. ALKBH5 
inhibits tumor progression, whereas FTO promotes tumori-
genesis. The elucidation of the mechanisms underlying the 
differences in their effects requires further investigation.

4. m6A‑binding proteins and cancer

YTH domain‑containing proteins. The YTH domain‑​
containing proteins include five members: YTHDF1, 
YTHDF2, YTHDF3, YTHDC1 and YTHDC2. Although 
YTHDF proteins share high similarity, their functions may 
differ. In the cytoplasm, YTHDF1 assists in the translation 
of m6A‑modified mRNAs, whereas YTHDF2 expedites 
the recycling of m6A‑modified transcripts  (83). YTHDF3 
facilitates the protein synthesis in synergy with YTHDF1 
and promotes the recycling of methylated mRNA, mediated 

by YTHDF2 (84). All three YTHDF proteins function in a 
coordinated manner to influence biological processes, associ-
ated with m6A RNA methylation. YTHDC1 regulates mRNA 
splicing (85), whereas YTHDC2 binds to certain noncoding 
RNAs to perform its function (86). The binding sites of each 
protein are known; all the YTH domain‑containing proteins, 
except YTHDC2, bind to m6A, which was identified using 
the individual‑nucleotide‑resolution UV crosslinking and 
immunoprecipitation method (87).

YTHDF1. Using bioinformatics analysis, Zhao et al (88) discov-
ered that YTHDF1 expression was significantly upregulated 
in HCC and was positively correlated with the pathological 
stage. Lower YTHDF1 expression levels were associated with 
improved survival in patients with HCC.

Han et al (89) described a novel role of YTHDF1 in regu-
lating the cytotoxic T lymphocyte (CTL) response to tumor 
antigens. It was discovered that YTHDF1‑deficient mice 
exhibited an elevated antigen‑specific CD8+ T cell anticancer 
response. Loss of YTHDF1 in classical dendritic cells (DCs) 
enhanced the cross‑presentation of tumor antigens and the 
cross‑priming of CD8+ T cells, which indicated YTHDF1 
as a potential therapeutic target in anticancer immuno-
therapy. Kim  et  al  (90) revealed that YTHDF1 regulated 
the cross‑presentation of extracellular antigens to DCs. Via 
promoting the translation of the m6A‑modified cathepsin 
mRNA, YTHDF1 enhanced the antigen degradation in the 
phagosome and limited the cross‑presentation of neoan-
tigens to DCs. Therefore, it may be possible to combine an 
anti‑YTHDF1 therapy with the immune checkpoint blockade 
to increase the number of CTLs in the tumor.

A recent study revealed that YTHDF1 promoted the 
proliferation of CRC cells and protected the tumor cells from 
antitumor drugs (91). In addition, c‑Myc, which is an onco-
genic transcription factor, is an upstream gene of YTHDF1 
and is associated with its expression. Knocking out YTHDF1 
inhibited the proliferation of tumor cells, whereas knocking out 
c‑Myc has been indicated to reduce the expression of YTHDF1, 
thus restricting the proliferation of CRC cells. Bai et al (92) 
obtained similar results when YTHDF1 was overexpressed in 
CRC. Silencing YTHDF1 significantly reduced Wnt/β‑catenin 
signaling in CRC cells, thus highlighting a YTHDF1 as a 
potential therapeutic target for the treatment of CRC.

YTHDF2. YTHDF2 has been known to be involved in the 
development of AML for a considerable amount of time (93). 
In 2014, Wang et al (94) first reported that m6A was selectively 
recognized by the YTHDF2 protein to regulate mRNA degra-
dation. It was demonstrated that reversible m6A deposition 
dynamically tuned the stability and localization of the target 
RNAs via YTHDF2. YTHDF2 may specifically interact with 
m6A‑modified mRNAs via its C‑terminal YTH domain and 
recruit the mRNAs to cytoplasmic foci to control the mRNA 
degradation via its N‑terminal region.

Numerous studies verified that YTHDF2 may promote tumor 
progression. Chen et al (95) revealed that METTL3 promoted 
the progression of HCC cells via a YTHDF2‑dependent post-
transcriptional silencing of suppressor of cytokine signaling 2 
(SOCS2). The downregulation of YTHDF2 reduced the prolif-
eration and invasion of prostate cancer cells (96). Additionally, 

https://www.spandidos-publications.com/10.3892/ol.2020.11739
https://www.spandidos-publications.com/10.3892/ol.2020.11739
https://www.spandidos-publications.com/10.3892/ol.2020.11739


YANG et al:  μ6A and cancers 1509

a negative correlation was indicated between YTHDF2 and 
miR‑493‑3p. Knocking out YTHDF2 increased the levels of 
m6A and inhibited the proliferation and invasion of DU‑145 
and PC3 cells. A dual‑luciferase reporter assay confirmed that 
YTHDF2 was a direct target of miR‑493‑3p. The upregula-
tion of miR‑493‑3p suppressed the expression of YTHDF2, 
thereby inhibiting the proliferation and invasion of prostate 
cancer cells. Paris et al (97) discovered that YTHDF2 was 
overexpressed in AML and was required for the disease initia-
tion and propagation. It was revealed that targeting YTHDF2 
extended the half‑life of the m6A‑modified transcripts to 
selectively compromise the initiation and propagation of AML 
without dysregulating physiological hematopoiesis.

YTHDF2 also acts as a tumor suppressor protein in addi-
tion to acting as an oncogene. Hypoxia resulted in a decrease of 
YTHDF2 expression in HCC (98). It was demonstrated that the 
overexpression of YTHDF2 inhibited the proliferation of HCC 
cells and activated the mitogen‑activated protein kinase kinase‑ 
and ERK‑mediated signaling. YTHDF2 directly targeted the 
m6A modification site in the 3'‑UTR of the EGFR mRNA, 
leading to the degradation of the EGFR mRNA in HCC cells. 
In addition, hypoxia‑induced phosphorylation of ERK was also 
inhibited by YTHDF2. Therefore, YTHDF2 may inhibit the 
ERK/MAPK signaling via reducing the stability of the EGFR 
mRNA in HCC cells to reduce the proliferation of HCC (98).

eIF3. Dysregulation of translation initiation results in abnormal 
gene expression, leading to altered cell growth and potentially 
cancer (99). Translation initiation is regulated by many eIFs 
and one of these, eIF3, is a critical factor controlling transla-
tion, with a molecular weight of 550‑700 kDa in mammalian 
cells. eIF3 consists of ~13 subunits ranging in mass from 
35‑170 kDa, which associate with the 40S ribosome in an 
early stage of translation initiation and facilitate the interac-
tion of mRNA with methionyl‑tRNAi (99). Several subunits, 
known as eIF3a‑eIF3m, have previously been revealed to serve 
vital roles in modulating the translation of specific mRNAs 
encoding proteins important for cell growth and oncogen-
esis  (100). The abnormal expression of eIF3 may result in 
alterations in the translation efficiency of certain mRNAs, 
including those involved in angiogenesis, cellular growth and 
malignancy (101,102).

Meyer et al (103) discovered that mRNAs containing m6A 
in the 5'‑UTR were translated in a cap‑independent manner. 
eIF3 directly bound to m6A in the 5'‑UTR and initiated 
an eIF4E‑independent translation. Wang et al (83) revealed 
that eIF3 was recruited to the YTHDF1 5'‑UTR and bound to 
m6A near a stop codon.

Previous studies demonstrated that eIF3 expression was 
upregulated in various types of cancer. Bachmann et al (104) 
discovered that the expression of eIF3 was increased in breast 
cancer compared with adjacent normal tissues. Subsequently, 
Dellas et al (105) revealed that eIF3 expression was upregu-
lated in cervical cancer and it was higher during the earlier 
stages of cancer.

5. Conclusion

m6A modifications have been investigated for >40 years. 
However, this dynamic and reversible modification is still 

garnering increasing attention, particularly in relation to 
cancer research. m6A writers perform the modification, 
whereas m6A erasers reverse it. m6A readers are responsible 
for reading the modification to regulate the mRNA fate. Thus, 
m6A modifications serve as another level of regulation of 
RNAs in addition to histones and DNA modifications (106).

Aberrant m6A modifications are involved in the onset 
and progression of various types of cancer, including HCC, 
breast cancer, RCC, endometrial cancer, AML and lung 
cancer (45,46,65‑72,74). Numerous genes are regulated by m6A 
modifications and participate in tumorigenesis, such as SOX2, 
HBXIP, MZF1, NANOG and SOCS2 (24,31,67,77,95). m6A 
modifications also participate in the modulation of lncRNAs at 
the post‑transcriptional level (81,82). Furthermore, m6A may 
alter the local structure of mRNAs and lncRNAs to regulate 
the gene expression and RNA maturation (107,108). These 
findings may facilitate the discovery of novel therapeutic 
strategies.

Although considerable progress has been made in 
understanding the relevance of m6A modifications on RNA, 
several domains remain still unknown. Firstly, certain m6A 
enzymes have been investigated extensively in relation to 
tumorigenesis, whereas studies on the involvement of other 
m6A enzymes is limited, such as KIAA1429, RBM15, FMR1 
and LRPPRC. Additional studies are required to elucidate the 
complex pathological processes of tumors. Second, whether 
m6A modifications interact with other RNA modifications, 
such as m5C and m1A, and whether these interactions affect 
tumorigenesis remains to be explored. Finally, additional 
clinical trials are required to determine the potential diag-
nostic and therapeutic functions of m6A modifications in 
human tumors.
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