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Aberrant translation, a characteristic feature of cancer, is regulated by the complex and sophisticated RNA binding

proteins (RBPs) in the canonical translation machinery. N6-methyladenosine (m A) modifications are the most

abundant internal modifications in mRNAs mediated by methyltransferase-like 3 (METTL3). METTL3 is commonly

aberrantly expressed in different tumors and affects the mRNA translation of many oncogenes or dysregulated

tumor suppressor genes in a variety of ways.

METTL3  m6A  eukaryotic initiation factor  cancer

1. Introduction

N6-methyladenosine (m A) modifications in RNA were first identified in the 1870s . The enzyme that catalyzes

the formation of m A is known as m A “writer”, methyltransferase-like 3 (METTL3), which is the only catalytic

subunit of the methyltransferase complex and can synthesize almost all m A modifications in mRNAs . As

research progressed, it was gradually realized that m A modifications are an essential regulatory modality in

biological development, affecting cell differentiation and other physiological processes. Since the rise of m A high-

throughput sequencing methods in 2012 , more and more studies have found that the epitranscriptome plays a

key role in regulating the fate and function of mRNAs in cells.

m A is a selective modification enriched in specific mRNAs . Some mRNAs contain only a single m A site, but

some contain 20 or even more m A sites . Overall, about 50–80% of mammalian mRNAs may m A sites be

absent . Under physiological conditions, m A is enriched in the 3’ untranslated region (3’UTR) and near the

stop codons of the transcripts . Analysis of mRNAs enriched in m A modifications showed enrichment of

developmental regulation and cell fate-related genes . In contrast, transcripts of some highly stable

“housekeeping” genes, including ribosomal proteins, showed a de-enrichment of m A . However, in pathological

situations, some m A sites may be regulated in a disease-specific manner. In various cellular stresses, the

investigators also observed changes in m A levels in the 5’UTR as well . Thus, the role of m A modifications in

different diseases and the role they play remains to be elucidated.

In recent years, the role of m A modifications in cancer has received increasing attention as epigenomics and

oncology studies continue to progress. It has been found that m A modifications in tumors can regulate the stability,

splicing, nuclear translocation, and translation efficiency of various mRNAs , which in turn leads to a complex

series of molecular events. m A is added to RNA by the m A writer-complex which includes METTL3, METTL14,

WTAP, VIRMA, RBM15/15B, ZC3H13, and CBLL1 . m A readers include YTHDF1/2/3, YTHDC1/2,
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IGF2BP1/2/3, HNRNPC/G/A2B1 . They act as RNA binding proteins to exert their effect on the RNA life cycle

subsequently. m A erasers, ALKBH5 and FTO, are demethylases that can remove m A from RNA. As the key

catalytic subunit forming m A modification, there is increasing evidence in recent years that the m A writer METTL3

is significantly aberrantly expressed in tumors and can play a key role as an oncogene in most cases, leading to

different phenotypic changes in tumors, resulting in proliferation, invasion, metastasis, and drug resistance. For

example, in bladder cancer, METTL3 is significantly overexpressed and is associated with proliferation, invasion,

and tumorigenic capacity in in vivo, and METTL3 promotes tumor progression through m A modification on AFF4

and NF-κB mRNA, which in turn activates MYC transcription . In hepatoblastoma, abnormally high expression of

METTL3 leads to a significant increase in m A levels in the tumor, and m A is enriched not only near the mRNA

stop codon but also in the coding sequence (CDS) region. The elevated stability of CTNNB1 due to its m A

modification leads to significant activation of the Wnt/β-catenin signaling pathway, which in turn promotes

malignant proliferation of tumors . In esophageal cancer, METTL3 is also significantly overexpressed and can

lead to mRNA degradation by upregulating the m A level of APC mRNA and recruiting the m A “reader” protein

YTHDF2. The reduced expression of APC leads to abnormal activation of the Wnt/β-catenin signaling pathway,

thus promoting the glycolytic process and malignant cell proliferation in tumors . Interestingly, sometimes

METTL3 also acts as a tumor suppressor. Cui et al.  reported that knocking down METTL3 altered m A

enrichment on ADAM19 and promoted the malignancy of glioblastoma stem cells. Wu et al. revealed that METTL3

mediated m A modification of FBXW7 and suppressed the development of lung adenocarcinoma subsequently .

Thus, METTL3 regulates the fate of these RNAs through m A modification at key transcripts, which in turn affects

the development of many cancers, including hematologic malignancies and solid tumors.

2. Aberrant Translation in Cancer

In the life cycle of mRNA, translation, the process of protein synthesis, is the most energy-consuming step in the

entire cell , and this step plays a key role in the regulation of gene expression. With the rapid development of

high-throughput sequencing technologies in recent years, mathematical modeling and multi-omics analysis have

revealed that the magnitude of translational regulation in cells exceeds the sum of transcription, mRNA

degradation, and protein degradation . Components of the translational machinery integrate almost all

oncogenic signals , and dysregulation of the translational process is considered one of the hallmarks of tumors

and is associated with abnormal proliferation, angiogenesis, differentiation, and immune response . Aberrant

mRNA translation is a common feature of tumors, in which the process cannot be separated from the involvement

of RNA-binding proteins (RBPs) in canonical translation machinery, including eukaryotic initiation factor (eIF) and

elongation factor (eEF) (Figure 1). Their signals are aberrantly amplified in tumors .
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Figure 1. Translation factors participate in the mRNA translation process. The left panel shows the translation

initiation process: eIF2 subunits combine with initiator methionyl tRNA and GTP to form the ternary complex (TC).

TC associates with the 40S ribosomal subunit complex which consists of eIF3, eIF1, eIF1A, and eIF5 to form the

43S pre-initiation complex (43S PIC). Then 43S PIC is recruited to the mRNA template by combining to eIF4F

complex and they form the 48S pre-initiation complex (48S PIC). The phosphorylation of eIF6 allows the 60S

ribosomal subunit to join the 40S subunit, which leads to the formation of the translation-competent 80S ribosome

and marks the end of translation initiation. The right panel shows the translation elongation cycle: eEF1A-GTP

helps to deliver the aa-tRNA to the Aminoacyl site in ribosome and eEF1B recycles the released eEF1A-GDP

subsequently. eEF2-GTP mediates the translocation of the elongating peptide to the Peptidyl site of the ribosome.

2.1. Translation Factors in Eukaryotic Translation

Translation of mRNA in eukaryotic cells includes cap-dependent and cap-independent translation, in which the

eIF4F complex plays an important role. eIF4F contains three components (eIF4E, eIF4G, eIF4A), of which eIF4E is

the cap-binding subunit of the eIF4F complex and is required for cap-dependent translation of all nuclear-encoded

mRNAs . In addition, eIF4E can also stimulate the RNA unwinding enzyme activity of eIF4A independently of its[27]
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cap-binding function and thus promotes translation . eIF4E interacts with eIF4G and binds the m7G cap

structure of mRNA, which in turn promotes translation. eIF3 plays a central role in the translation initiation of

classical cap-dependent translation and cap-independent translation . Different subunits of eIF3 confer

different functions to the eIF3 core complex. Besides, other eukaryotic initiation factors also play important role in

the translation process. Translation initiation is generally regulated by the 43S pre-initiation complex (43S PIC),

which consists of eIF1, eIF1A, eIF3, eIF5, and the ternary complex (TC) . The TC is formed by eIF2 (containing

α, β, γ subunits), tRNA, and GTP. When eIF2α is phosphorylated under stress, the TC formation is inhibited and

the global translation is downregulated subsequently . eIF6 was first reported to participate in the biogenesis

of the 60S ribosomal subunit in the nucleus as an anti-association factor . However, Gandin et al.  found

that eIF6 is rate-limiting for efficient translation initiation. In the cytoplasm of mammalian cells, the phosphorylation

of eIF6 on Ser235 leads to its release from the 60S, which promotes the formation of a translation-competent 80S

ribosome . The translation elongation process is carried out by the ribosome with the assistance of eEFs.

Among them, eEF1A is an important component of the translational apparatus as it interacts with tRNA . eEF2

possesses an RNA binding site that interacts with tRNAs and promotes conformational changes, thus allowing the

latter to interact with the coding region of mRNAs, mediating the translocation of peptide chains in extension to the

P-site of the ribosome .

2.2. Dysregulation of Translation Factors in Cancer

Most of the eIF4E-sensitive mRNAs have a long and highly structured 5’UTR region , and these mRNAs encode

many proteins associated with cell proliferation and tumor progression, including MYC, VEGF, cyclin, and others

. Many studies have reported that overexpression of eIF4E is associated with poor prognosis in cancer patients

and can lead to tumor vascularization and invasion . In recent years, various subunits of eIF3 have been found

to have altered expression in malignant tumors, affecting translation of oncogenic mRNAs. eIF3a expression level

were first found to be elevated in breast cancer tissues compared to paired normal breast tissues by Bachmann et

al. , and eIF3a might play an important role in regulating translation of specific mRNAs encoding α-microtubulin,

RRM2, and proteins associated with the cell cycle . In virus-induced murine mammary tumors, the eIF3e gene

was identified as a common insertion site and suggested that production of truncated eIF3e could lead to malignant

transformation of mammary epithelial cells . In prostate cancer, elevation of eIF3h positively correlates with

tumor stages. The expression level of eIF3h is higher in metastatic prostate cancer than in primary prostate cancer,

and eIF3h may play an important regulatory role in the translation of specific mRNAs . Therefore, aberrant

overexpression of eIF3h may contribute to tumor development by upregulating the translation of important mRNAs

associated with cell proliferation . Other translation factors are also dysregulated in cancer. eIF1 expression is

downregulated in pancreatic ductal adenocarcinoma . eIF1A is essential for cell proliferation and the cell cycle in

cancer . Interestingly, although eIF2α phosphorylation leads to reduced global translation, the translation of a

restricted subset of mRNAs is enhanced, which facilitates glycolysis and cell invasion in cancer . eIF5 is

overexpressed in colorectal cancer and hepatocellular carcinoma and predicts poor prognosis . eIF6 is

reported to be markedly upregulated in hepatocellular carcinoma, colorectal cancer, and gallbladder cancer, which

lead to tumor progression via mTOR and AKT-related signaling pathways . Targeting eIF6-mediated

translation blunts lipid accumulation and oncogenic transformation in the liver . eEF1A plays an important and
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well-defined role in cancer development and progression , and eEF1A is aberrantly highly expressed in a

variety of tumors and suggests a poor prognosis . eEF2 also plays an important role in promoting the

progression of tumors such as breast cancer . Taken together, these translation factors affect the

translation initiation and elongation process of multiple mRNAs in different types of cancer.

As a key enzyme regulating mRNA fate, the regulation of METTL3 on the translation process in tumors cannot be

ignored. In recent years, many studies have reported that METTL3 could lead to changes in the expression of

target genes through the regulation of mRNA translation process, which in turn caused tumor progression. The

importance of RBPs in canonical translation machinery in the aberrant translation of m A-modified mRNAs was

also mentioned in many studies . Therefore, the following is intended to introduce the various mechanisms

involved in the translational regulation of mRNA by METTL3 in cancer and the interconnection between various

m A reading proteins and canonical translation machinery in these processes, so as to provide new ideas and

possibilities targeting METTL3-mediated translation regulation for cancer treatment.
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