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technology, m7G has become a new research hotspot of 
RNA modification.

Positively charged m7G modifications are frequently 
observed in eukaryotes, prokaryotes and archaea [3, 4]. 
M7G modifications are commonly found in mRNA, 
tRNA, rRNA, miRNA, and the 5′ cap end of eukaryotic 
mRNA [5, 6], which affects almost the whole process of 
RNA metabolism, including pre-mRNA splicing, stabili-
zation of mRNA structure, transcription, translation, and 
nuclear export [4, 7–10]. In 2019, Zhang et al. comfirmed 
the existence of m7G inside mammalian mRNA for the 
first time and pioneered the invention of a new type of 
epigenetic sequencing method (m7G-seq) to reveal the 
distribution sites of m7G modifications [11], which laid 
the foundation for the related research of m7G subse-
quent modification.

Not only is m7G involved in the normal physiologi-
cal metabolism of RNA, but recent research also shows 
that m7G and related regulators appear to be consider-
ably dysregulated in tumors [12]. Here, we review current 
advances in the biological role of m7G modifications, 
potential molecular mechanisms of tumorigenesis and 
prospects for further research.

Introduction
Epigenetics refers to heritable changes in gene expression 
without changing the nucleotide sequence of the gene, 
including DNA methylation, histone modifications, and 
RNA modifications. In recent years, RNA modifications 
have become a new research hotspot, and more than 
170 RNA modifications have been identified [1], includ-
ing N6-methyladenosine (M6A), N7-methylguanosine 
(M7G), 5-methylcytosine (M5C), N1-methyladenosine 
(M1A), N3-methylcytosine (M3C) and pseudouridine (ψ) 
[2] (Fig. 1), which play important roles in biological pro-
cesses such as RNA metabolism and post-transcriptional 
regulation. With the rapid development of sequencing 
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Detection method of m7G modification
The detection of RNA modifications is fundamental 
to the study of m7G modifications in the regulation of 
gene expression. The main methods include quantitative 
detection and high-throughput sequencing (Table 1). The 
former is represented by liquid chromatography-mass 
spectrometry (LC-MS/MS) and northern blot, which are 
used to assess the degree of overall m7G modification in 
tRNA [11, 13, 14]. In addition, the level of m7G modifica-
tion of rRNA can be detected by primer extension [15]. 
The aforementioned techniques, however, have limited 
resolution and can not detect m7G modification sites at 
single nucleotide base resolution [16].

High-throughput sequencing refers to the use of anti-
body immunoprecipitation or chemical methods to 
accurately locate the site of m7G modification in RNA. 
Antibody-based analysis mainly includes immunopre-
cipitation of methylated RNA immuno-precipitation 
coupled with next-generation sequencing combined with 
next-generation sequencing (m7G MERIP-Seq) [11, 17] 

and Immunoprecipitation sequencing (m7G-miCLIPseq) 
[4]. Both sequencing methods are prone to false posi-
tive due to non-specific binding of antibodies [11]. While 
the former can only detect which mRNAs undergo m7G 
methylation modification, the latter can identify spe-
cific m7G modification sites with single-base resolution 
[4, 11, 17]. There are two main types of analysis based 
on chemical detection, one is chemical reduction and 
reverse transcription methods, such as m7G-MAP-seq 
[18], m7G-Seq [11]. m7G-Seq utilizes chemical reduc-
tion and deamination to selectively convert the m7G site 
into the basic site, and by reverse transcription enzyme 
to successfully detect the m7G signal within the mRNA 
(11). m7G-MAP-seq reduces the m7G site to a basic site 
by sodium borohydride, which is directly recorded as a 
cDNA mutation by reverse transcription and sequenced 
(18). The other is chemical cleavage-mediated detection, 
such as alkaline hydrolysis and aniline cleavage sequenc-
ing (AlkAniline-Seq) [19] and tRNA reduction and 
cleavage sequencing (TRAC-Seq) [17]. AlkAniline-Seq 

Fig. 1  Molecular formula of common RNA modifications. (A) Ψ. (B) m3C. (C) m5C. (D) m6A. (E) m1A. (F) m7G
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generates 5’-phosphate bonds by aniline cleavage and is 
used for library preparation [19]. TRAC-Seq is similar 
in principle, except that the former uses total RNA as 
the starting material, while the latter uses small RNA as 
the starting material and adds AlkB demethylation and 
sodium borohydride reduction steps, resulting in highly 
efficient reverse transcription of tRNAs [17]. All four 
chemical methods mentioned above detect the m7G 
modification site at single nucleotide resolution, but the 
accuracy of them remains poor due to partial reduc-
tion, deamination and cleavage of the m7G site [11, 20]. 
Because of this, Zhang et al. further optimized m7G-Seq 
and developed m7G-quant-seq, which achieved efficient 
reduction and purification of m7G sites inside tRNA [20].

m7G modifications in RNA
In recent years, it has become possible to identify the 
overall modification level and internal sites of RNA meth-
ylation with the continuous improvement of sequencing 
methods. The m7G modification has been shown to exist 
in mRNA, tRNA and rRNA (Fig. 2), and plays an impor-
tant role in normal physiological functions of the human 
body (Fig. 3).

m7G modifications in mRNA
The m7G modification of eukaryotic mRNA was first 
discovered at its 5’ end. The RNMT/RAM methyltrans-
ferase complex uses SAM as a methyl donor to form a 
“cap” structure of m7G(5’)ppp(5’)X at the N7 position of 
guanine nucleotide [21–23]. The m7G cap binds to the 
eukaryotic translation initiation factor (elF4E) and partic-
ipates in the initiation of translation [24]. It can interact 
with the cap-binding complex to recruit Npl3 and Yra1 
and increase the nuclear export of mRNA [25, 26]. It can 

resist the activity of related RNA hydrolases and stabi-
lizes the structure of mRNA [27].

In addition, there are also many m7G modification sites 
inside mRNA [28]. Zhang et al. found that the m7G cap 
was removed, and the proportion of m7G in mammalian 
mRNA was 0.02%-0.05%. At the same time, based on the 
method of MERIP-seq and reverse transcription, a new 
sequencing method—m7G-Seq was developed by using 
the characteristics of m7G that is prone to chemical 
reduction reaction, which realized the accurate position-
ing of m7G modification inside mRNA at base resolution. 
Using this technique, they found significant enrichment 
of m7G in mRNA 5’UTRs, coding sequences (CDSs) and 
3’UTRs as well as AG-rich environments [11]. Similarly, 
Malbec et al. found m7G peaks in the AG-rich non-cod-
ing region at the 5’ end of mRNA in human and mouse 
cells through m7G miCLIP-seq.  At the same time, they 
also found that although m7G modification is highly con-
served in mammals, m7G modification inside mRNA is 
dynamically regulated under stress conditions. Once heat 
shock and oxidative stress occurred, the abundance of 
m7G modification in mRNA CDSs and 3’UTR regions 
was significantly increased, the abundance of m7G modi-
fication in 5’UTRs was significantly reduced, and the 
mRNA translation efficiency increased [4]. Considering 
that 3’UTRs are key regulatory regions for gene expres-
sion and translation, it is reasonable to suspect that m7G 
modification sites in the 3’ UTRs are switches that regu-
late mRNA translation efficiency.

m7G modifications in ncRNA
M7G modification not only plays an important role 
in regulating the translation of mRNAs but also has 

Table 1  Commonly used assays for m7G modification
Technique Quantitative Sensitivity RNA type Resolution Main principle Refer-

ences
Northern blot yes low tRNA bulk-level RNA total RNA isolation and

RNA blot hybridization
[14]

Primer extension no low rRNA fragmented RNA reverse transcription [15]
LC-MS/MS yes low mRNA, 

tRNA
bulk-level RNA liquid chromatography combined with mass 

spectrometry
[6]

m7G-MERIP-seq yes low mRNA fragmented RNA RNA immunoprecipitation [11]
m7G-miCLIP-seq yes high mRNA single-base resolution immunoprecipitation and individual-nucleo-

tide-resolution cross-linking
[4]

m7G-MAP-seq yes high tRNA, 
rRNA

single-base resolution chemical reduction and reverse transcription [18]

m7G-seq yes high mRNA, 
tRNA

single-base resolution chemical reduction and reverse transcription [11]

AlkAniline-seq yes high tRNA, 
rRNA

single-base resolution chemical cleavage [19]

BoRed-seq yes high miRNA single-base resolution chemical reduction
and reverse transcription

[6]

TRAC-seq yes high tRNA single-base resolution chemical cleavage [17]
m7G-quant-seq yes high tRNA single-base resolution chemical reduction and reverse transcription [20]
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important implications for the expression and function of 
ncRNAs.

Currently, m7G modification in tRNA is the most stud-
ied. The N7 guanine atom at position 46 of the variable 
loop is typically methylated by tRNA methyltransfer-
ases to generate m7G46 [5]. It interacts with the hydro-
gen bond of the C13-G22 base pair in the L-type tRNA 
structure to form a special positively charged M7G46-
C13-G22 structure that stabilizes the three-dimensional 
core of tRNA [29, 30]. m7G46 was first detected in yeast 
tRNA in 1965, through the formation of m7G modifica-
tion by Trm8p/Trm82p heterodimer complex [5, 11]. 
Later, Zhang et al. also confirmed the existence of the 
m7G modification in mammalian tRNAs using m7G-
Seq (11). Similar to mRNA, m7G modification sites in 
ncRNAs are also significantly enriched in AG sequences 
[4]. It has been proven that tRNA modifications in the 
anticodon region are vital for the regulation of transla-
tion and contribute to occurrence and development of 
cancer by improving the translation efficiency of onco-
genes [12]. At the same time, once the modification of 
m7G46 in tRNA is defective, it will lead to neurodevel-
opment-related diseases [31, 32], indicating that m7G 
tRNA is necessary for the normal differentiation of neu-
ral lineages.

There are also m7G modifications in rRNA [18, 19]. On 
yeast 18 S rRNA, G1575, located on a ridge between the 
P-site and E-site tRNA, is methylated by Bud23-Trm112 

methyltransferase complex N7, while the human 18  S 
RNA has a similar structure at the position G1639 [15, 
33]. Additionally, it has been demonstrated that the 
G1405 position on the bacterial 16s RNA is selectively 
methylated to form the m7G modification, which results 
in resistance to aminoglycosides [34]. However, the role 
of m7G modification in rRNA is not fully understood and 
further exploration is needed.

In addition, it has been noted that m7G modification 
also occurs in miRNAs. Pandolfini et al. successfully pin-
pointed m7G modification at the G11 site of a specific 
subset of miRNAs let-7e-5p by developing borohydride 
reduction sequencing (BoRed-seq) technology. Here, the 
m7G encourages the creation of G-quadruplexes in miR-
NAs and aids in the processing of precursor miRNAs [6]. 
However, it is worth noting that m7G modification was 
not detected in miRNAs including human Let-7e utiliz-
ing m7G-maP-seq by Enroth et al. [18]. Therefore, more 
high-throughput sequencing technologies are required to 
further detect m7G modifications in miRNAs.

Regulators of m7G
m7G modification and related regulatory factors play 
an important role in the maintenance of normal physi-
ological functions of the human body and the occur-
rence of cancer. So far, m7G regulators in mammals 
include METTL1/WDR4, RNMT/RAM and WBSCR22/
TRMT112, all of which are methyltransferases that 

Fig. 2  The process and location of m7G modifications in RNA. m7G modifications are present at the 5’cap, 5’UTR and A-G rich regions of mRNA. Where 
methylation at the 5’cap is mediated by RNMT/RAM, methylation within the mRNA is mediated by METTL1/WDR4. METTL1/WDR4 is the enzyme that 
catalyzes m7G methylation at the tRNA G46 position. The methyltransferase WBSCR22/TRMT112 catalyzes the 18s rRNA G1639 site
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transfer the active methyl group from the donor to the 
RNA ribosome at position N7 of bird gan, forming m7G 
modifications.

METTL1/WDR4
METTL1 is the most typical RNA m7G methyltransfer-
ase, which frequently forms a complex with WDR4 to 
catalyze methylation reactions [11]. METTL1 is located 
in the 12q13 region, contains 276 amino acids, and can be 
folded into 8 α-helices and 7 β-sheets [35, 36]. METTL1 
is phosphorylated by PKB and RSK at Ser27 both in vivo 
and in vitro, losing activity and promoting cell growth 
[37]. WDR4 is a member of the WD repeat protein fam-
ily, located in the 21q22.3 region, contains 412 amino 
acids, can be folded into 4 α-helices and 28 β-sheets, 
and is a homologue of yeast Trm8p/Trm82p [35]. It was 
shown that the expression of WDR4 significantly cor-
related with the level of METTL1 protein [14], indicat-
ing that WDR4 is an essential cofactor of METTL1. The 
METTL1/ WDR4 complex is usually able to introduce 
m7G modification at the G46 site of the variable loop 
of tRNA, stabilize and affect the tertiary structure and 
function of tRNA [38, 39] as well as allowing insulin and 
associated growth factors to control it [37]. It has been 

revealed that the METTL1/WDR4 complex is essential 
for embryonic stem cell self-renewal and differentiation. 
In mouse embryonic stem cells (mESC), the METTL1 
gene is knocked down. On the one hand, this affects the 
rate of cell division and colony formation. On the other, it 
interferes with the differentiation of embryonic stem cells 
into the neural lineage and encourages the differentia-
tion of the endodermal and mesodermal lineages [31, 40]. 
Similarly, mutations in WDR4 cause a distinctive form 
of microcephalic primordial dwarfism accompanied by 
marked facial and cerebral malformations and seizures, 
which may be driven by a decrease in m7G methylation 
modifications in tRNA [41]. Not only that, but recent 
studies have also suggested a strong correlation between 
lower METTL1/WDR4 and neurological disorders such 
as Down syndrome [42], multiple sclerosis [43], cerebral 
ischemia [44] and Alzheimer’s disease [45]. The specific 
mechanism awaits further elucidation in the future.

Meanwhile, the METTL1/ WDR4 complex is able to 
influence the effectiveness of mRNA translation by alter-
ing tRNA m7G modifications. It has been shown that 
silencing METTL1 impairs m7G tRNA modification, 
resulting in increased ribosome suspension at the tRNA 
binding site (site A) and blocked ribosome translocation, 

Fig. 3  Processes that involve m7G modifications in the metabolism of RNA. m7G regulators are involved in post-transcriptional extension, splicing, poly-
adenylation, nuclear export, and translation of RNA. They also stabilize the structure of post-transcriptional RNA
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thereby reducing protein abundance and decreasing the 
overall translation efficiency of intracellular mRNAs 
[12, 31, 46]. Conversely, increased mRNA translation 
efficiency due to METTL1 upregulation is inextricably 
linked to cancer development. It has been shown that 
upregulation of METTL1 increases methylation modifi-
cation levels of m7G tRNA (especially Arg-TCT tRNA), 
which reduces ribosomal pausing at the AGA codon and 
promotes the efficiency of translation of mRNA asso-
ciated with regulation of the cell cycle and oncogenic 
mRNA, leading to cancer development and progression 
[47].

In addition, METTL1 can also promote post-ischemic 
angiogenesis. It was shown that METTL1 was able to 
increase the translation of VEGFA mRNA in an m7G 
modification-dependent manner and promote the prolif-
eration and migration of vascular endothelial cells [48]. 
This could emerge as a new therapeutic target for isch-
emic brain diseases.

WBSCR22/TRMT112
WBSCR22/TRMT112, as a functional homolog of yeast 
Bud23-Trm112, has been shown to be an m7G meth-
yltransferase complex involved in m7G methylation 
modification of 18  S rRNA [33, 49, 50]. WBSCR22 was 
originally identified as one of 26 genes delated in Wil-
liams syndrome and contains a nuclear localization signal 
and a highly conserved S-adenosyl-L-methionine bind-
ing motif [51, 52]. It is currently believed that WBSCR22 
is involved in the processes of organ regeneration and 
wound healing [53], enhances glucocorticoid receptor 
function [54], and regulates lung inflammation and is 
associated with cancer development and drug resistance 
[55–57]. A tiny, evolutionarily conserved protein called 
TRMT112 participates in rRNA m7G modifications by 
working as a cofactor for WBSCR22 [58]. It turns out 
that TRMT122 is essential for the metabolic stability of 
WBSCR22 and the two assemble into a heterodimeric 
methyltransferase complex that helps pre-rRNA process-
ing to synthesize 18 S rRNA and install the m7G modifi-
cation at the G1639 position of 18 S rRNA [15].

Interestingly, pre-rRNA processing does not require the 
catalytic activity of WBSCR22 methyltransferase. It was 
established that mutants that substituted amino acids on 
key functional residues of WBSCR22 methyltransferase 
had no impact on the processing of pre-rRNA. However, 
if the WBSCR22 gene is silenced, the amount of mature 
18 S rRNA will be significantly reduced [15]. It suggests 
that methyltransferase can aid in the methylation modi-
fication of mature rRNA after pre-rRNA processing, 
independent of its catalytic role. The function of the 18 S 
rRNA m7G1639 is still unclear. However, it is certain that 
its high degree of conservation has an important impact 
on the translation process of ribosomes.

RNMT/RAM
Human RNMT, also a regulator of m7G modification, is 
a nuclear protein consisting of 476 amino acids [59, 60]. 
There can be interaction between RNMT and T cells. 
RNMT is a key mediator of T cell activation induced by 
TCR stimulation. At the same time, activated T cells also 
help RNMT to synthesize mRNA, rRNA, and snoRNA 
by m7G cap, specifically regulate ribosome abundance 
and improve the efficiency of translation [61]. RAM is 
the subunit activated by RNMT and the two bind with 
each other to form a stable complex structure that aids 
in the introduction of m7G at the 5’ cap end of mRNA 
modification and promotes mRNA maturation [60, 62]. 
In addition, RAM facilitates the recruitment of methyl 
donors, augments RNMT methyltransferase activity, and 
regulates m7G modification as well as the expression of 
related genes at the mRNA cap [21, 60, 63].

Abnormalities of m7G in cancer
Although the current research on m7G modification 
is not sufficient, more and more evidence shows that 
m7G modification is involved in the mechanism of can-
cer development and is related to drug resistance [12, 
47]. Here, we summarize the role of m7G modifications 
in a variety of the most common cancers (Fig. 4) and the 
associated mechanisms (Fig. 5).

Liver cancer
Liver cancer is the fifth most common cancer in the 
world, the second and fourth leading cause of cancer-
related death in men and women, and has a highly poor 
prognosis [64, 65]. Primary liver cancer mainly includes 
hepatocellular carcinoma (HCC) and intrahepatic chol-
angiocarcinoma (ICC). The former originates from the 
parenchymal cells of the liver and accounts for 80% of 
hepatocellular carcinoma incidence. The latter originates 
from bile duct epithelial cells and is more malignant than 
HCC and its three-year survival rate is only 30% [66–68].

It was shown that m7G tRNA modification and its 
methyltransferases METTL1, WDR4 and WBSCR22 
were significantly elevated in HCC and promoted the 
proliferation, migration and invasion of hepatocel-
lular carcinoma cells [46, 69]. In HCC, knockdown of 
METTL1 resulted in reduced tRNA m7G modification, 
severely impaired mRNA translation efficiency, and 
decreased Cyclin A2, EGFR, and VEGFA protein expres-
sion levels. At the same time, the activity of downstream 
signaling pathways Akt and MAPK of EGFR and VEGFA 
decreased, which made the cell cycle arrest and inhibited 
the progress of HCC [46]. Furthermore, METTL1 can 
also promote the progression of HCC through the down-
regulation of PTEN pathway activity [70], suggesting that 
METTL1 could play a regulatory role in the development 
of hepatocellular carcinoma through multiple pathways. 
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Meanwhile, WDR4 promotes the G2/M cell cycle transi-
tion leading to cell proliferation. And by promoting the 
binding of EIF2A to CCNB1 mRNA, the translation effi-
ciency of CCNB1 rises, activating the PI3K/AKT signal-
ing pathway and assisting in the transformation of EMT. 
Moreover, CCNB1 can ubiquitinate p53 and degrade 
p53, which promotes carcinogenesis [13]. At present, 
the primary mechanism through which WBSCR22 regu-
lates tumors is currently under investigation but must 
be further elaborated. However, there is no doubt that 
METTL1, WDR4 and WBSCR22 are potential targets for 
the future treatment of hepatocellular carcinoma.

In addition, the METTL1/WDR4 complex was also sig-
nificantly upregulated in ICC. The total levels of mRNA 
translation were decreased by METTL1 knockdown 
because it caused a reduction in the frequency of m7G-
tRNA-dependent decoding codons and an increase in 
ribosomal pauses. Interestingly, it was discovered that 
knockdown of METTL1 did not alter mRNA levels of 
cancer-related genes, but its translation efficiency was 
impaired, leading to a drop in cell cycle-related proteins 
such as CCNA2, CCND2, CDK6, CDK8 and EGFR, 
which affected tumor progression [71].

Fig. 4  Aberrant expression of m7G modifications in various tumors. m7G regulators act as accelerators to promote the proliferation and progression of 
HCC, NPC, ICC, HNSCC, BC, LC, ESCC, NBL, Glioma, and as suppressors to inhibit the development of PC. HCC: Hepatocellular carcinoma; NPC: Nasopharyn-
geal carcinoma; ICC: Intrahepatic cholangiocarcinoma; HNSCC: Head and neck squamous cell carcinoma; LC: Lung cancer; ESCC: Esophageal squamous 
cell carcinoma; NBL: Neuroblastoma; BC: Bladder Cancer; PC: Pancreatic cancer
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Head and neck squamous cell carcinoma
Head and neck squamous cell carcinoma (HNSCC), 
which originates from mucosal epithelial cells of the oral 
cavity, pharynx, and larynx, is the sixth most prevalent 
cancer worldwide [72, 73]. Upregulation of the METTL1/
WDR4 complex promotes tumor development and 
metastasis. Mechanistically, the decrease of METTL1/
WDR4 complex reduces the m7G level of tRNA and 
inhibits the translation of mRNA involved in PI3K/AKT/
mTOR-related pathway genes. Due to the decreased 
phosphorylation level of PI3K/AKT/mTOR pathway, the 
expression of its downstream related proteins including 
Cyclin D1, Vimentin, MMP9, Bcl-2 and P-S6K decreased, 
and the expression of tumor suppressor gene bax 
increased [74]. Meanwhile, it was shown that the phos-
phorylation of the PI3K/AKT/mTOR pathway mediated 
by METTL1 is necessary for the development of HNSCC, 
and targeting METTL1 will become an important thera-
peutic target in the future.

Although nasopharyngeal carcinoma is a type of 
HNSCC, its epidemiology and pathogenesis are not 
exactly the same as those of HNSCC [75]. In NPC, upreg-
ulation of METTL1/WDR4 increases the expression 
of m7G tRNA, and through upregulation of WNT/β-
catenin signaling pathway, it increases EMT transforma-
tion and promotes carcinogenesis [76].

Bladder cancer
Bladder cancer (BC) is the ninth most common malig-
nancy worldwide, and uroepithelial carcinoma is its main 
pathological type [77, 78]. In recent years, it has been dis-
covered that increased METTL1 is positively related to 
the emergence of BC. Mechanistically, Mechanistically, 
METTL1 increases the decoding frequency of tRNA 
by promoting the m7G modification of tRNA, which 
increases the translation efficiency of EGFR/EFEMP1, 
and inhibits its signal transduction of its downstream 
signaling pathway FAK/Akt [79]. Another study demon-
strated that METTL1 affected BC progression through 
the miR-760 axis. METTL1 facilitated pre miR-760 
processing in an m7G-dependent manner and helped 
miR-760 maturation. The researchers observed that 
increased miR-760 will downregulate oncogenic protein 
AFT3, proving that METTL1 regulates BC advancement 
through the m7G-miR-760/ATF3 axis. Since miRNAs 
tend to bind to the 3’ non-coding regions of their targeted 
mRNAs, silencing mRNA expression [80]. METTL1 may 
become an important potential target for BC therapy.

Lung cancer
In recent years, the incidence of lung cancer has gradu-
ally increased and the mortality rate ranks first in the 
world [81]. Despite breakthroughs have been made in 

Fig. 5  Regulatory mechanisms of m7G modifications in cancer development
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targeted therapy for lung cancer, the five-year survival 
rate is just less than 20% [82]. METTL1 and WDR4 were 
found to be up-regulated in lung cancer tissues which 
promoted tumor cell proliferation and migration. Loss of 
METTL1 reduces the expression of m7G tRNA, resulting 
in decreased translation efficiency of cell cycle regulators 
CCND3 and CCNE1 mRNA [14]. In addition, METTL1 
inhibits the proliferation and autophagy of A549 cells 
through the AKT/mTORC1 signaling pathway [83]. Par-
adoxically, however, Pandolfifini et al. discovered that 
METTL1 reduced lung cancer migration by encouraging 
the processing of m7G miRNAs. Additionally, METTL1 
inhibits the proliferation and autophagy of A549 cells 
through the AKT/mTORC1 signaling pathway [6]. This 
may be caused by miRNAs which inhibit their target 
mRNAs from being able to translate. METTL1 may have 
both positive and negative effects on the emergence of 
lung cancer.

Esophageal cancer
Esophageal cancer is the eighth most common malig-
nancy in the world, mainly divided into esophageal 
squamous cell carcinoma (ESCC) and esophageal adeno-
carcinoma [84, 85]. ESCC is the major subtype of esopha-
geal cancer in Asia [86]. It turns out that high expression 
of METTL1 and WDR4 was positively correlated with 
poor prognosis of ESCC. Knockdown of METTL1 caused 
the ribosome to pause at the codon decoded by m7G 
tRNA, which significantly reduced the translation effi-
ciency of RPTOR (regulatory-related protein of mTOR 
complex 1) and improved the phosphorylation level of its 
downstream target gene ULK1, leading to increased cell 
death and autophagy in ESCC cells and slowing down 
the migration and progress of ESCC [87, 88]. METTL1/ 
RPTOR/ ULK1 autophagy axis is a vital target for the 
future treatment of ESCC.

Neuroblastoma
Neuroblastoma (NBL) is a neuroendocrine tumor 
originating from the sympathetic nervous system [89]. 
Although of low incidence, it is the most common extra-
cranial solid cancer in children [90]. Due to its low sur-
vival rate, it is extremely important to develop new 
therapeutic strategies. It was found that METTL1 overex-
pression in NBL is a distinct risk factor for poor progno-
sis. By boosting the expression of m7G tRNA, METTL1 
improves the efficiency of mRNA translation of c-MYC 
transcriptionally activated genomic and cell cycle, which 
includes the common oncogenes metadherin (MTDH) 
and programmed cell death 10 (PDCD10) [91].

Glioma
Glioma is a primary brain tumor derived from glial 
cells. It is very malignant and is categorized by WTO as 

low-grade glioma(LGG) and high-grade glioma(HGG) 
[92]. Both METTL1 and WBSCR22 are reported to be 
highly expressed in gliomas [57, 93]. The glioma grade-
dependent increase in METTL1 suggests that METTL1 
considerably reinforces the growth of tumor cells. It’s 
possible that MELLL1’s stimulation of the downstream 
MAPK signaling pathway is the cause of this [93]. 
WBSCR22 promotes the proliferation of tumor cells by 
phosphorylating Akt and GSK3 and raising the levels of 
β-catenins and CyclinD1 in glioma cells [57].

Pancreatic cancer
Pancreatic cancer is a highly malignant tumor of digestive 
tract. The five-year survival rate is 7% and the incidence 
rate is almost equal to mortality [94]. Understanding its 
pathophysiology is crucial due to the extremely bad prog-
nosis. WBSCR22 has been reported to inhibit the pro-
liferation and migration of tumor cells, and TRMT112 
as its cofactor can enhance the effect of WBSCR22 as a 
tumor suppressor. Mechanistically, high expression of 
WBSCR22 can downregulate the translation of the onco-
genic factor interferon-stimulated gene 15 (ISG15) and 
reverse the oncogenic effect of ISG15 [56].

Roles of m7G modification in the tumor immune 
microenvironment
In recent years, the role of tumor microenvironment 
(TME) in the development of tumors has attracted great 
attention. TME, which is strongly related to tumor devel-
opment, immune evasion, immune tolerance, and drug 
resistance [95], is the internal environment in which 
tumor cells, cancer-associated fibroblasts (CAF), endo-
thelial cells, adipocytes, and other types of immune cells 
develop [96, 97].

More and more studies have found that m7G modi-
fication and its related regulatory regulators play an 
important role in TME [98, 99]. Promyelocytic leukemia 
protein (PML) is a tumor suppressor protein that plays 
an important role in TME [100]. In lung cancer, WDR4 
degrades PML through the ubiquitination pathway and 
upregulates its downstream CD73, urokinase plasmino-
gen activator receptor (uPAR) and serum amyloid A2 
(SAA2) via HIF-1. These three proteins could establish a 
pro-metastatic tumor microenvironment through mul-
tiple mechanisms. Meanwhile, the WDR4/PML axis can 
reduce CD8 + T cells and increase Treg and M2-like mac-
rophages in TME [100]. M2 macrophages are a unique 
subpopulation derived from monocytes. Unlike M1, they 
can secrete a variety of immunosuppressive cytokines 
such as IL-10 and TGF-β to produce immunosuppres-
sion [101]. Treg cells are mainly derived from the thymus 
and have immunosuppressive effects [102]. TME inhib-
its the immune response of CD8 + T cells by inducing 
the expression of PD-1 in tumor-infiltrating Treg cells, 
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thereby enabling tumor cell immune evasion [103]. In 
HNSCC, knockdown of METTL1 altered both the com-
position of immune cells in the TME and how they com-
municate with tumor cells. In METTL1 knockout mice, 
CD4 + T and CD8 + T were significantly upregulated, and 
Treg and Th17 were significantly reduced. Moreover, 
interleukin 1 (IL1b)-interleukin 1 receptor 2 (IL1r2) and 
IL1b- interleukin 1 receptor 1 (IL1r1) suppressed the 
interstitial and epithelial cell receptor-ligand carcino-
genic pathways [74]. In adrenocortical carcinoma, immu-
nofluorescence revealed that high expression of METTL1 
in tumor cells was inversely proportional to CD8 + T and 
directly proportional to the infiltration rate of macro-
phages [98]. Numerous bioinformatic analyses have also 
demonstrated that m7G modification related regulators, 
as well as lncRNAs, have important impact on TME [98, 
104, 105].

m7G modification and tumor drug resistance
Although numerous drugs have been developed to treat 
cancer, their resistance to treatment and low patient 
survival rates remain frustrating. In recent years, an 
increasing number of studies have revealed the associa-
tion of m7G modifications and related regulators with 
cancer drug resistance, as summarized below (Table  2). 
By regulating the miR149-3p/S100A4/P53 axis in colon 
cancer (CC), increased METTL1 promotes the lethal 
effect of cisplatin on colon cancer cells [106]. In contrast, 

overexpression of WBSCR22 reduces oxaliplatin-induced 
intracellular reactive oxygen species (ROS) and 8-oxo-
guanine (8-oxoG) production in colon cancer cells, lead-
ing to decreased sensitivity to oxaliplatin treatment [55]. 
In hepatocellular carcinoma, the METTL1/WDR4 com-
plex promoted the translation of EGFR pathway genes via 
modulating m7G tRNA modification, which decreased 
the tumor’s susceptibility to Lenvatinib [107]. Meanwhile, 
knockdown of METTL1 could improve the sensitivity of 
Hela cells to 5-fluorouracil [108]. In addition, METTL1 
and WDR4 drive drug resistance by altering the tumor 
microenvironment. Previous studies have indicated that 
TME is associated with drug resistance, probably because 
of the changed dynamics of TME, which enable the sig-
naling pathways that chemotherapeutic agents target to 
change and lose their initial lethal effect [95]. In nasopha-
ryngeal carcinoma, METTL1 increases the conversion of 
EMT through the WNT/β- catenin signaling pathway, 
leading to chemoresistance to cisplatin and docetaxel in 
vitro and in vivo [76]. Likewise, WDR4 also reduced the 
sensitivity of hepatocellular carcinoma cells to sorafenib 
by enhancing the translation of CCNB1 and the conver-
sion of EMT [13]. This illustrates the significant role that 
METTL1 and WDR4 play in mediating cancer drug resis-
tance and is expected to be a future therapeutic target.

Conclusions and future direction
This paper reviews the role of m7G modifications and 
related methyltransferases in regulating RNA meta-
bolic processes including transcription, splicing, nuclear 
export, translation and related biological processes, and 
describes the mechanisms involved in the regulation 
of cancer development by m7G modifications, which 
suggests that m7G modifications and their regulators 
are important targets for intervention in future cancer 
therapy.

The expression of METTL1/WDR4 is abnormally 
elevated in most carcinomas, and by enhancing m7G 
tRNA expression, ribosome suspension is reduced, the 
efficiency of associated oncogenes’ mRNA translation is 
boosted, and downstream oncogenic signaling pathways 
like PI3K/AKT and MAPK are activated [12]. Tumor 
suppressor genes is also declining in the meantime. 
M7G methylation, however, is a dual regulator of tumor 
growth. Upregulation of METTL1 demonstrates suppres-
sive effects in teratoma with CC [40, 106] but has con-
siderable pro-oncogenic effects in HCC, ICC, HNSCC, 
NPC, BC, LC, ESCC, NBL, and glioma [14, 46, 71, 74, 76, 
79, 80, 87, 91, 93]. The same is true for WBCCR22, which 
both suppresses PC and promotes glioma [56, 57]. In 
addition, m7G modification has a contradictory dual role 
in the same tumor. In lung cancer, METTL1 downregu-
lates the production of oncogenes through miRNAs [6] 
while simultaneously promoting tumor cell proliferation 

Table 2  Drug resistance in cancer mediated by m7G regulators
m7G 
regulators

Tumors Drug Function mechanism Ref-
er-
enc-
es

METTL1 Colon 
cancer

Cisplatin Increase 
drug 
sensitivity

Regulate 
miR149-3p/
S100A4/P53 
axis

[106]

METTL1, 
WDR4

Hepato-
cellular 
carcinoma

Lenva-
tinib

Decrease 
drug 
sensitivity

Promote the 
translation 
of EGFR

[107]

METTL1 Nasopha-
ryngeal 
carcinoma

Cispla-
tin and 
Docetaxel

Decrease 
drug 
sensitivity

Activate 
WNT/β- 
catenins/
EMT 
pathway

[76]

WDR4 Hepato-
cellular 
carcinoma

Sorafenib Decrease 
drug 
sensitivity

Promote the 
translation 
of CCNB1

[11]

METTL1 Cervical 
cancer

5-Fluoro-
uracil

Decrease 
drug 
sensitivity

Lead to 
rapid 
tRNA(ValAAC) 
decay

[108]

WBSCR22 Colon 
cancer

oxalipla-
tin

Decrease 
drug 
sensitivity

Reduce 
intracellular 
ROS and 
8-oxoG

[55]
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through the AKT/mTORC1 signaling pathway [14]. This 
shows that METTL1 affects lung cancer both positively 
and negatively, but ultimately exhibits cancer-promoting 
effects through a complex mechanism.

The mRNA 5’ end is not only modified by m7G. In fact, 
it contains combinatorial RNA modifications, includ-
ing m6A, m6Am and Am. They are located close to each 
other and can influence each other [109]. A dynamic 
and reversible epitranscriptomic modification is pro-
duced when Am is typically transformed to m6Am in a 
m7G cap-dependent fashion by the methyltransferase 
Phosphorylated CTD interaction factor 1 (PCIF1). From 
there, m6Am can be converted back to Am in an m7G 
modification-dependent manner by the demethylase 
FTO [109–112]. This suggests that post-transcriptional 
modifications are part of a complex network of institu-
tions that regulate physiological processes in the body 
rather than acting alone. However, in addition to the 
dynamic association with m6Am modification, whether 
m7G can also cooperate with other modifications needs 
further exploration and research.

In addition to being involved in cancer drug resis-
tance, M7G modifications also mediate cancer resis-
tance to other treatments. Radiation resistance in HCC 
is caused by increased expression of METTL1. This is 
mainly because, following radiation, METTL1 improves 
translation of the DNA-dependent protein kinase cata-
lytic subunit or DNA ligase IV, which in turn accelerates 
non-homologous end joining (NHEJ)-mediated DNA 
double-strand break repair [113]. Furthermore, METTL1 
modulates the downstream SLUG/SNAIL signaling path-
way via m7G tRNA for HCC tissues following radio-
frequency ablation to enhance the malignant potential 
of HCC [114]. Perhaps conventional cancer treatment 
paired with specific METTL1 inhibitors can achieve bet-
ter therapeutic effect.

At present, there are still a lot of limitations in the 
study of m7G modification and related regulators. Since 
m7G is a newly discovered RNA modification in recent 
years, demethylases (eraser), methylated reading proteins 
(reader) and other methyltransferases (writer) involved 
in this process have not been identified yet. In addition, 
due to the creation of the m7G database [115], research-
ers have predicted some regulators associated with m7G 
modification, but further experimental proof is still 
required to determine whether they are indeed involved 
in the formation of m7G modification.

At the same time, due to technical limitations, there 
is still debate on whether there are m7G methylation 
sites inside miRNA [4, 6]. therefore, new high-resolu-
tion sequencing tools urgently need to be developed to 
help us better understand the m7G modification profiles 
inside RNAs. In recent years, the m7G sites inside RNAs 
have been simulated by several web servers, including 

iRNA-m7G [116], XG-m7G [117], m7G-IFL [118], 
m7GFinder [115], m7G-DPP [119] and m7GPredictor 
[120]. This will help us to update the internal m7G sites 
faster.

Future studies will concentrate on the function of 
m7G modification in TME, which will help us improve 
the effectiveness of cancer immunotherapy’s response 
rate. It is well known that M2 macrophages, myeloid-
derived suppressor cells (MDSCs) and Treg cells are the 
main immunosuppressive cells that restrict the immune 
response by secreting a variety of suppressors in TME 
[95]. Encouragingly, Liu et al. have demonstrated that 
targeting METTL1-mediated tRNA modification reduces 
polymorphonuclear myeloid-derived suppressor cells 
(PMN-MDSCs) and improves anti-PD-1 efficacy in a 
mouse model of ICC [121]. The inhibition of IL1b-IL1R1 
signaling in HNSCC was previously mentioned [74]. 
Recently, Mair et al. demonstrated that Treg was signifi-
cantly increased in the HNSCC tumor microenviron-
ment. Tumor-infiltrating Treg cells selectively expressed 
IL1R1 receptors marked a highly suppressed and 
enlarged fraction of Treg cells and suppressed CD8 + T 
cells more efficiently in contrast to IL1R1-Treg [122]. 
This may provide us an idea to think that the HNSCC 
tumor microenvironment is governed by the m7G modi-
fication through this mechanism, but further experi-
ments are still needed to prove it in the future. To date, 
there are no targeted inhibitors of m7G modification. In 
view of the great potential of m7G modification in can-
cer treatment, the emergence of related drugs is expected 
to improve the effectiveness of targeted drug combined 
with immunotherapy in the future. In conclusion, m7G 
modification provides new insights into the mechanism 
of cancer development and plays an important role in 
the diagnosis, prognosis, and treatment of cancer, which 
deserves further investigation.
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