The Innovation

m e’
oy

RNA m°A Modification in Cancers: Molecular
Mechanisms and Potential Clinical Applications

Chang Gu,"-'3 Xin Shi,2'3 Chenyang Dai,"-'® Feng Shen,* Gaetano Rocco,** Jiafei Chen,’ Zhengyu Huang,® Chunji Chen,” Chuan He,2°.10,11,*
Tao Huang,’2* and Chang Chen'.*

1Department of Thoracic Surgery, Shanghai Pulmonary Hospital, Tongji University School of Medicine, Shanghai 200433, China
2Department of Cardiology, Shanghai Chest Hospital, Shanghai Jiao Tong University, Shanghai 200030, China

3School of Biomedical Engineering, Shanghai Jiao Tong University, Shanghai 200030, China

4Thoracic Service, Department of Surgery, Memorial Sloan Kettering Cancer Center, New York, NY 10065, USA

5Druckenmiller Center for Lung Cancer Research, Memorial Sloan Kettering Cancer Center, New York, NY 10065, USA

6Department of Colorectal and Anal Surgery, Xinhua Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200092, China
7Department of Thoracic Surgery, Shanghai Chest Hospital, Shanghai Jiao Tong University, Shanghai, China

8Department of Chemistry and Institute for Biophysical Dynamics, The University of Chicago, Chicago, IL, USA

9Howard Hughes Medical Institute, The University of Chicago, Chicago, IL, USA

10Medical Scientist Training Program/Committee on Cancer Biology, The University of Chicago, Chicago, IL, USA

11Department of Biochemistry and Molecular Biology, The University of Chicago, Chicago, IL, USA

12Shanghai Institute of Nutrition and Health, Chinese Academy of Sciences, Shanghai, China

3These authors contributed equally

*Correspondence: chuanhe@uchicago.edu (C.H.); huangtao@sibs.ac.cn (T.H.); chenthoracic@126.com (C.C.)
https://doi.org/10.1016/j.xinn.2020.100066

© 2020 The Author(s).

CORRESPONDENCE

chuanhe@uchicago.edu (C.H.);
GRAPHICAL ASSTRACT huangtao@sibs.ac.cn (T.H.);

chenthoracic@126.com (C.C.)

https://doi.org/10.1016/
j-xinn.2020.100066

Tumor suppressive

J
/

Carcinogenic

www.cell.com/the-innovation
“Eraser” proteins

“Reader” proteins

“Writer” proteins

PUBLIC SUMMARY
= N°-Methyladenosine (m®A) RNA modification brings a new dawn for RNA
modification researches in recent years.

m The dysregulation of m®A may lead to tumorigenesis and progression.

= mPA regulators may function as potential clinical therapeutic targets for cancers.
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NC-Methyladenosine (m°®A) RNA modification brings a new dawn for
RNA modification researches in recent years. This posttranscriptional
RNA modification is dynamic and reversible, and is regulated by methyl-
ases (“writers”), demethylases (“erasers”), and proteins that preferen-
tially recognize m®A modifications (“readers”). The change of RNA
m®A modification regulates RNA metabolism in eucaryon, including
translation, splicing, exporting, decay, and processing. Thereby the dys-
regulation of m®A may lead to tumorigenesis and progression. Given the
tumorigenic role of abnormal m®A expression, m®A regulators may func-
tion as potential clinical therapeutic targets for cancers. In this review,
we emphasize on the underlying mechanisms of m®A modifications in
tumorigenesis and further introduce the potential m®A regulators-asso-
ciated therapeutic targets for tumor therapy.

KEYWORDS: N6-methyladenosine; cancer; RNA methylation; therapy

From the 1950s, an increasing accumulated number of chemically modi-
fied nucleosides in RNA have been identified, which change the RNA struc-
tures, leading to different biological functions.'> Many RNA modifications
have been identified in eukaryotic transcripts (Figure 1). N®-Methyladenosine
(m°®A) RNA modification defines as a methylation of adenosine at the N® po-
sition, brings a new dawn for RNA modification research since its first discov-
ery in 1974 m®A has been identified as the most abundant mRNA modifica-
tion, widely distributing in the majority of eukaryotic species including
mammals,®> © plants,” insects,® yeast,” and certain viruses.'®'"! The identifica-
tions and characterizations of “writer,” “eraser,” and “reader” proteins, and
development of high-throughput sequencing provide new insight into RNA
modification biology, especially m®A RNA modification.'” "

mO®A was identified in about one-third of the mRNAs in mammals while
an average number of 3 to 5 m®A modifications were found in each
mMRNA. Of note, a lot of mP°A sites are evolutionally conserved between
humans and mice. The deposition of m®A modification in the transcrip-
tome is not random."® A characteristic DRACH sequence (D = G, A, or
U;R=GorA; H=A C,orU) often enriched in the 3’ untranslated region
(3" UTR) and the coding sequence (CDS) when m®A modification oc-
curs.'?"3 Besides, it has clearly known that m®A modifications exist on
almost all types of coding and non-coding RNAs (ncRNAs) and dynami-

cally regulate their relevant molecular processes, physiological and path-
ological functions.

In this review, we emphasize the underlying mechanisms of m°A modifi-
cations in tumorigenesis and further introduce the potential m°A regulator-
associated therapeutic targets for tumor therapy.

Dynamic Regulation of m®A

The RNA m®A modifications are dynamically and reversibly regulated by
two important catalytic proteins, methyltransferases and demethylases,
which are also recognized as “writers” and “erasers,” respectively. In addition,
a set of binding proteins (‘readers”) function as decoding the m®A modifica-
tions and recruiting downstream functional complexes (Figure 2).

m°®A Writer Proteins

The RNA m®A modification writer proteins are a kind of methyltransferase,
consist of methyltransferase-like 3 (METTL3), methyltransferase-like 5
(METTLS5), methyltransferase-like 16 (METTL16), zinc finger CCHC-type con-
taining 4 (ZCCHC4), and additional partner proteins such as methyltransfer-
ase-like 14 (METTL14), Wilms tumor 1-associating protein (WTAP), Vir like
m°A methyltransferase associated (VIRMA), zinc finger CCCH-type contain-
ing 13 (ZC3H13), and RNA-binding motif 15/15B (RBM15/15B)."° %!
METTL3 was found acting as the key methyltransferase for m®A methylation
in 1997 and abnormal expression of METTL3 often affects the total level of
mSA methylation.?? >* Meanwhile, METTL14 functions as a synergistical
partner for METTLS, which has structural support for METTL3 when they
combine into a core methyltransferase complex, and therefore facilitates
RNA binding.”**® The main function of WTAP is binding to METTL3/
METTL14 complex and is necessary for the recruitment of optimal substrate
and the localization of METTL3/METTL14 complex.'””° RBM15/158B has
been confirmed, helping the combination process between METTL3 and
WTAP by specific binding to U-rich regions.?” HAKAI, also known as Cbl
Proto-Oncogene Like 1 (CBLL1), assists controlling nuclear m®A methylation.
The function of ZC3H13 is similar to CBLL1, which helps nuclear localiza-
tion.2? VIRMA is very important for m®A modification, especially locating at
the 3"-UTR and around stop codon sequences.'”

Of all the m®A methyltransferases, METTL5, METTL16,and ZCCHC4 could
function independent of other methyltransferase proteins. As for METTLS, it
has been identified as a kind of independent m°®A methyltransferase, cata-
lyzing mPA on some certain structured RNAs, including 18S rRNA, 28S
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Figure 1. RNA Modifications in Eucaryon A schematic diagram of common RNA modifications in eukaryotic transcripts. m'A, N'-methyladenosine; hm®C, 5-hydrox-

ymethylcytosine; m®A,,,, N®2'-0-dimethyladenosine

rRNA, and U6 small nuclear (snRNA).2"?2"31 A special structure of heterodi-
meric complex with TRMT112 is formed by METTL5 and could enhance its
own metabolic stability in cells.”® Meanwhile, TRMT112 functions as a coac-
tivator of METTLS5, and the relationship between METTL5 and TRMT112 is
similar to the relationship between METTL3 and METTL14.%® Besides, the
atomic resolution structure of METTL5-TRMT112 complex demonstrates
the RNA-binding mode of the complex differs considerably from that of other
mSA RNA methyltransferases.”® Similar to METTL5, METTL16 is also
demonstrated as an independent m®A methyltransferase, whose binding
sites have no overlap with METTL3/METTL14 complex, regulating the stabil-
ity and splicing of mRNAs.2"? Therefore, the overexpression of METTL16,
with a mutation on catalytic domain, activates the splicing process.** Be-
sides, METTL16 has been reported binding to U6 snRNA and numerous
ncRNAs (ncRNAs), long ncRNAs (IncRNAs), and premRNAs. 22" with
respect to ZCCHC4, it has been identified as an RNA m6A methyltransferase,
methylating human 28S rRNA. Besides, the rRNA m®A methylation mediated
by ZCCHC4 makes a difference to the distribution of ribosome subunit, global
translation, and cell proliferation, which may lead to tumorigenesis when
aberrant ZCCHC4 expression occurs.”’

m°A Eraser Proteins

The m®A eraser proteins, acting as demethylase, remove m®A modifica-
tions by raising ferrous iron as co-factor and a-ketoglutarate as co-substrate
at the same time.®* Unlike the numerous types of m®A writer proteins, only
two m®A demethylase, including fat mass and obesity-associated (FTO) pro-
tein and AIkB homolog 5 (ALKBH5) protein, have been identified so far. In
addition, m®A eraser proteins often work in the nucleus where the process
of demethylation occurs.

FTO, the first recognized m°A eraser protein, belongs to AlkB family, which
can mediate m®A modification by demethylating not only internal m°®A but
also N6, 2-O-dimethyladenosine (5 cap m°A,) MRNA25¢ Besides, FTO is
nucleus localized to a large extent and regulates —10% of total m®A modifi-
cation in almost all the cell lines and mRNA internal m°®A is the major sub-
strate of FT0.>”~3? Moreover, FTQO is highly expressed in the brain, a metabol-
ically active organ. The processes of RNA transcription and translation
regulate metabolism, and of course reversible m°A modification plays an

important role in these processes. A recent study showed that NADP directly
binds FTO, independently increases FTO activity, promoting the demethyla-
tion of RNA m®A modifications and adipogenesis.*® The discovery of FTO
proves the process of m°A methylation is reversed and controlled under
physiological and pathological status.

Another eraser protein is ALKBHS5, which has functional similarity with FTO
in m5A demethylation. ALKBHS is widely expressed in various tissues, espe-
cially in the testes."" The differential expression of FTO and ALKBH5 among
different tissues reveals that the two proteins each play their roles in different
biological pathways. Specifically, m®A is the only known substrate of ALKBH5
to date.*? Even more encouraging is the crystal structures of ALKBHS have
been analyzed, providing new insights into the underlying mechanisms for
the procedures of m®A recognition and demethylation.*"*>** The above find-
ings greatly accelerate the development of targeted drugs for m°A demethy-
lation inhibitors.

m°®A Reader Proteins

The m®A-mediated posttranscriptional gene regulation has been
further understood by identification and characterization of m°A
readers. The m®A reader proteins control the destinies of the modified
RNAs. Therefore irregulation of the proteins may cause misconception
of the binding modified RNAs and following RNA metabolic disturbance.
The m°®A reader proteins consist of the YT521-B homology (YTH)
domain family proteins (YTHDF1-3), YTH domain containing proteins
(YTHDC1-2), insulin-like growth factor 2 mRNA-binding proteins
(IGF2BPs), and heterogeneous nuclear ribonucleoproteins (HNRNPs,
including hnRNPA2B1, hnRNPC, and HNRNPG).

The CCR4-NOT deadenylase complex mediates deadenylation of m®A
modified RNAs.“*> Cytoplasmic YTHDF2, interacting with the SH domain of
the CNOT1 subunit, recruits the CCR4-NOT complex and subsequently desta-
bilizes m®A modified RNAs, leading to their deadenylation and decay.*>*° On
the contrary, the other two YTH domain family proteins, YTHDF1 and
YTHDF3, are reported to facilitate translation by recruiting translation initia-
tion factors.”*® In addition, YTHDF3 accelerates mRNA translation in
conjunction with YTHDF1 and promotes the deadenylation and decay of
mSA modified RNAs collaboratively with YTHDF2.%54°
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Figure 2. Mechanism of RNA m®A Modifications The m®A modification is catalyzed by the “writer” proteins including METTL3, METTL14, WTAP, METTLS5, METTL16,
ZCCHC4, VIRMA, RBM15/15B, HAKAI, and ZC3H13. The m®A methylation is removed by “eraser” proteins FTO or ALKBH5. “Reader” proteins recognize m°A modifications

and determine targeted RNA destiny.

In the cell nucleus, YTHDC1 regulates mRNA splicing through recruiting
and combining a certain splicing factor serine/arginine-rich splicing factor
3 (SRSF3).*" Besides, YTHDC1 also helps mMRNA exportation from nucleus
to cytoplasm.”' Recently, YTHDC1 has been found to accelerate the decay
of a subset of m6A modifications on chromosome-associated regulatory
RNAs (carRNAs), especially the long interspersed element-1 (LINE1) ele-
ments, via the nuclear exosome targeting complex-mediated nuclear degra-
dation.>> YTHDC2 enhances the translation efficacy of target RNAs while
decreasing their abundance in the cytoplasm.>

Currently, IGF2BPs are demonstrated to maintain the stable structures of
target MRNA by mCA-dependent approaches under both normal and
stressed circumstances.® HNRNPA2B1 recognizes the mPA signals of pri-
mary microRNA and interplays with DiGeorge syndrome critical region
gene 8 (DGCR8), while selective recognition of m®A-dependent splicing in
mRNA secondary structures was proven as the function of HNRNPC.>>>°

m°®A in Cancer

Previous studies have suggested the effects of m®A modification and its
capacity to modulate and coordinate gene expression. The level of m°A
may profoundly affect the characteristics of cancer. It is suggested that
mOSA may play an important role in carcinogenesis or inhibition in malignant
tumor effect. Some proteins need to be modified by mPA to participate in the
mechanism of carcinogenesis, but it is still not clear whether they take effect
in the modification. The main causes of tumorigenesis in m®A-dependent
manner (Figure 3) and the functions of the main m°A proteins in most of
the tumor types (Figure 4) are shown.

Acute Myeloid Leukemia. Acute myeloid leukemia (AML) has obvious
genetic variation due to uncontrolled proliferation and cell differentiation de-

fects of myeloid leukocytes. So far, the treatment for AML is still unsatisfac-
tory. Previous studies have demonstrated that MELLT3 and METTL14 pro-
moted the translation of MYC, MYB, BCL2, SP1, and PTEN, increasing the
level of phosphorylated AKT.°°" It has been found that FTO played an impor-
tant role in the proliferation of AML cells.®? ® FTO can enhance leukemia
oncogene-mediated cell transformation and leukemia, inhibit all trans retinoic
acid—mediated differentiation of AML cells, and regulate the mRNA synthesis
of target genes (such as ASB2 and RARA) by down-regulating the level of
mSA.® Su et al.*° found that R-2HG inhibited the proliferation of leukemia
cells and resulted in cell-cycle arrest by inhibiting FTO activity, increasing
m°A modification, reducing the stability of MYC/CEBPA transcription.
Many studies have confirmed that YTHDF2 can promote tumor progression.
Paris et al.®” suggested that YTHDF2 was highly expressed in AML and
played a key role in the initiation and proliferation of AML. They found that tar-
geting YTHDF2 could prolong the half-life of the m®A modified transcripts,
thus selectively destroying the initiation and proliferation of AML without
affecting normal hematopoiesis. Besides, WTAP is upregulated in AML and
the high expression of WTAP predicts poor outcomes in patients with
AML.68'6Q

Glioblastoma. Glioblastoma (GBM) is the deadliest primary brain tu-
mor.”% Research on the role of METTL3 in GBM has produced conflicting
conclusions. The different phenotype associated with METTL3 can be illus-
trated by the different dependence and genetic heterogeneity of mé6A modi-
fied RNA in different types of GBM cells. Cui et al.”' demonstrated that
METTL3 and METTL14 inhibit the growth and tumorigenesis of glioblastoma
stem-like cells (GSCs) by the down-regulation of ADAM19/EPHA3/KLF4
pathway. ALKBHS was also highly expressed in GSCs.”’° Silencing ALKBHS
could inhibit the proliferation of GSCs. ALKBHS can induce demethylation of

@ CellPress Partner Journal

The Innovation 7, 100066, November 25, 2020 3




The Innovation

Alteration of m°A epitranscriptome by environmental factors

Figure 3. Precipitating Factors for Abnormal m°A Regula-
tion in Cancer

' Radiation
Chemicals Virus
08'89 \ * / “(0?3\‘*
ll/e ()
(7 .
Io,) oF ® \'b\\o
"4, o
eC‘/, . 3560
Reader ne,. o
y
Writer; Eraser
GGBC
LY
® Gain of mfA Loss of méA
®
Tumor GGAC
suppressor
+ Oncogene *
GG(mSA)C

FOXM, a transcription factor, and stimulate cell proliferation, resulting in
increased FOXM1 expression.”® Inhibiting the expression of ALKBH5 pro-
vides a new direction for the treatment of glioma. Visvanathan et al.”* found
that METTL3 was highly expressed in malignant GBM. METTL3 promoted tu-
mor growth by targeting the 3’ UTR of SOX2 mRNA. Silencing METTL3 can
inhibit tumor growth and enhance tumor radiosensitivity, which can be used
as a potential molecular target for GBM therapy. Similar to AML, the high
expression of WTAP also predicts poor prognosis in patients with GBM.”>”¢

Lung Cancer. Lung cancer is the leading cause of cancer-related mortal-
ity worldwide.”” 83 METTL3 is the oncogene of lung cancer through different
mechanisms. Lin et al.®* found that METTL3 can enhance RNA translation
without the aid of methyltransferase and reader protein activity. METTL3 in-
creases RNA translation by directly recruiting translation initiation factors.
METTL3 increases the growth, survival and invasion of lung adenocarcinoma
cells by increasing EGFR and TAZ.2* Choe et al.%° demonstrated that METTL3
could enhance translation, transform oncogenes, and form dense polyribo-
somes by interacting with EIF3H in primary lung cancer, which can be applied
as a potential therapeutic target. METTL3 can also promote tumor progres-
sion by regulating some microRNAs (miRNAs). Du et al.® found that mir-33a
caninhibit the proliferation of non-small cell lung cancer (NSCLC) by targeting
METTL3 mRNA. Wei et al.?’ revealed that mir-600 can inhibit the migration
and proliferation of lung cancer cells by down-regulating the expression of
METTLS. Li et al.%® found that FTO promotes the proliferation of NSCLC by
increasing the expression of USP7. Liu et al.®® found that overexpression of
FTO can down-regulate the level of m®A in MZF1 mRNA transcripts, increase
the stability of mRNA, and promote the expression of MZF1, leading to the
proliferation and invasion of lung squamous cell carcinoma cells. In addition,
mOSA demethylase ALKBHS5 was indicated to inhibit tumor growth and metas-
tasis in patients with NSCLC by reducing the expression of YTHDFs-mediated
YAP, whereas some studies suggested ALKBHS promoted the progression

of NSCLC.?*°" As for YTHDF1, it is also controversial for its role in NSCLC.
On one hand, YTHDF1 deficiency was proved to suppress NSCLC cell prolif-
eration and xenograft neoplasia via affecting the translational efficacy of cy-
clin D1, CDK2, and CDK4. On the other hand, it was observed that the high
expression of YTHDF1 associated with better prognosis and the depletion
of YTHDF1 helped tumor cells resistant to cisplatin.””

Endometrial Cancer. Approximately 70% of patients with endometrial
cancer show decreased m®A expression level because of either reduced
expression of METTL3 or mutation (loss-of-function) in METTL14 and
the tumorigenicity is associated with activation of the AKT pathway.”
Down-regulation of METTL14 can reduce the level of m®A of RNA. Recent
studies have shown that the decrease of m°A level is associated with
endometrial cancer caused by METTL14 gene mutation.”® They found
that the deletion of METTL14 increased cancer cell proliferation, clone for-
mation, and metastasis. They observed that the level of m®A in tumor tis-
sue was lower than that in adjacent normal tissue. They believe that the
METTL14 mutation reduces the level of m®A, which plays a key role in
the progression of endometrial cancer. Liu et al.”® also found that the
down-regulation of METTL14 could lead to the decrease of the expression
of PHLPP2, the negative regulator of AKT pathway, and increase the
expression of MTORC2, the positive regulator of AKT pathway, which led
to the proliferation of endometrial cancer cells. FTO can also participate
in the occurrence and development of endometrial cancer through a vari-
ety of mechanisms. Zhu et al.°* have shown that estrogen induces FTO nu-
clear aggregation through the mammalian target of Rapamycin signaling
pathway, thus enhancing the proliferation and activity of endometrial can-
cer cells and promoting tumor progression. Another study showed that es-
trogen induces overexpression of FTO gene by activating PI3K/AKT and
MAPK signaling pathways, which leads to the proliferation and invasion
of endometrial cancer cells.”
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Figure 4. m®A Modifiers in Human Cancers The sites of different cancers (A) and the roles of m°A genes in different cancers (B). HCC, hepatocellular carcinoma; PRC, prostate
cancer, GC, gastric cancer; CVC, cervical cancer; CRC, colorectal cancer; PAC, pancreatic cancer; OVC, ovarian cancer; BRC, breast cancer; NSCLC, non-small cell lung cancer,
AML, acute myeloid leukemia; RCC, renal cell carcinoma; GBM, glioblastoma; BLC, bladder cancer; ENC, endometrial cancer; MLM, melanoma; OST, osteosarcoma.

Cervical Cancer. The role of FTO in cervical cancer tumorigenesis has
been uncovered, FTO functions as an oncogenic regulator for cervical cancer
in terms of promoting tumor cell proliferation and migration by regulating
E2F1 and Myc transcripts.”® Long ncRNA GAS5-AST was found having a
lower expression in cervical cancer when compared with that of adjacent
normal tissues and played its role on YTHDF2-dependent pathway.”’ Besides,
mOA “reader” IGF2BP family proteins were also reported serving as carcino-
genic roles in CVC.%%°

Ovarian Cancer. METTL3 promotes the maturation of miR-126-5p and
therefore accelerates ovarian cancer (OVC) progression.'” In addition,
another study demonstrated that METTL3 facilitated OVC growth and inva-
sion via activating epithelial to mesenchymal transition.”®’ The expression
of ALKBH5 was found to be increased in epithelial OVC tissues when
compared with the normal ovarian tissues and ALKBH5 was identified as a
candidate oncogene in epithelial OVC."% The ‘reader” protein IGF2BP1
enhanced SRC/MAPK-driven invasive growth of OVC cells and the high
expression of IGF2BP1 was related to poor prognosis of patients with
OVC.'%1% Most recently, recruitment of YTHDF1 to m®A-modified
TRIM29 was participated in accelerating TRIM29 translation in the OVC cells
with cisplatin-resistance, which would be a potential therapeutic target.'®®

Breast Cancer. There is now a compelling body of evidence demon-
strating that epigenetic modifications including RNA m°A modification play
a vital role in the tumorigenesis and progression of breast cancer.'” Cai
et al.’”” found that METTLS interacts with hepatitis B X-interacting protein
(HBXIP) in breast cancer cells, and HBXIP inhibits the expression of METTL3
by acting on 3'UTR of miRNA let-7g. At the same time, METTL3 promoted the
expression of HBXIP through m®A modification. A positive feedback loop was
formed between HBXIP/miRNA let-7g/METTL3, which promoted the prolifer-
ation of breast cancer cells. METTL14 was promoted by LINC00942,
enhancing the initiation and progression of breast cancer.'®® Niu et al.'*”
found that FTO is highly expressed in breast cancer tissues, and the higher
the expression, the worse the prognosis of patients. FTO promotes the pro-
liferation and metastasis of breast cancer cells by inhibiting BNIP3. In one
study, Zhang et al."'® found that ALKBH5 mediated m°A demethylation of

NANOG (an embryonic stem cell transcription factor) mRNA, which
increased the expression of NANOG in breast cancer. Knockout of ALKBH5
can increase the demethylation of NANOG mRNA and decrease the expres-
sion level of NANOG, which can significantly inhibit lung metastasis of breast
cancer. Subsequently, they found that HIFs promoted the invasion and
metastasis of breast cancer cells by regulating ZNF217 to inhibit methylation
and ALKBHS5 induced demethylation.’"”

Colorectal Cancer. Epigenetic alterations exist in various aspects of colo-
rectal tumorigenesis.''? In colorectal cancer, METTL3 acts as a functional
oncogene in an M°A-GF2BP2/3-dependent manner.''” Oncogene c-Myc
can promote the expression of YTHDF1, induce the proliferation and metas-
tasis of cancer cells, and increase their resistance to chemotherapy drugs.'®
Knockdown of c-Myc can inhibit the expression of YTHDF1 in colorectal can-
cer through HIF-Te. Besides, oncogene c-Myc can promote the expression of
YTHDF1, inducing the proliferation and metastasis of cancer cells, and
increasing their resistance to chemotherapy drugs.''® YTHDF3 negatively
regulated INcRNA GAS5 through GAS5-YAP-YTHDF3 axis both in vivo and
in vitro."'* The expression of YTHDC2 is positively correlated with the stage
and metastasis of colon cancer.!"® Knockdown the expression of YTHDC2
can inhibit the metastasis of tumor cells in vivo and in vitro through HIF-Ta..
Except all the preceding m®A-associated oncogenes, METTL14 is demon-
strated as a tumor suppresser, decreasing the proliferation and tumor metas-
tasis of colorectal cancer via different molecular mechanisms.''®'"?

Hepatocellular Carcinoma. Hepatocellular carcinoma (HCC) is the most
common primary neoplasm of the liver.'?° Chen et al.'?' found that METTL3
can promote the progression of liver cancer cells through YTHDF2-depen-
dent transcriptional regulation of SOCS2 silencing. Further study showed
that METTL14 interacted with DGCR8 and positively regulated the expres-
sion of MiRNA 126.'%? Qverexpression of METTL14 can inhibit the metas-
tasis of liver cancer cells in mice. According to these results, they speculated
that METTL14 may regulate the expression of miRNA 126 through the modi-
fication of m®A, and then regulate its downstream target to inhibit the metas-
tasis of HCC. Therefore, METTL14 may be an important adverse prognostic
factor for HCC.'?%'?% As for IGF2BP family, IGF2BP1,'>* 2% |GF2BP2,'?’
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and IGF2BP3'2%12° were all identified as oncogenes to promote the carcino-
genesis of HCC. YTHDF2 not only acts as a tumor activating protein, but also
acts as a tumor suppressor protein. Some studies have shown that, hypoxia
can induce the decrease of the expression of YTHDF2 in hepatocellular car-
cinoma."**"*" They also found that overexpression of YTHDF2 inhibited the
proliferation of HCC cells and activated MEK and ERK. YTHDF2 can directly
act on the 3'UTR m®A modification site of EGFR mRNA, resulting in the
degradation of EGFR mRNA. In addition, the phosphorylation of ERK induced
by hypoxia was also blocked by YTHDF2, suggesting that hypoxia can down-
regulate the phosphorylation of ERK induced by YTHDF2. YTHDF2 inhibits
ERK/MAPK signal transduction by reducing the stability of EGFR mRNA in
HCC, thus inhibiting the proliferation of hepatoma cells.”®" WTAP was exam-
ined to determine whether it was related to clinicopathological factors of pa-
tients with HCC, and the results showed that the expression level of WTAP
was increased more in HCC than in para-carcinoma tissues and associated
with worse prognosis.’**'%* Besides, VIRMA was also defined as an onco-
gene in HCC.'®413°

Pancreas Cancer. Pancreas cancer is recognized as a kind of high-grade
malignant neoplasm. He et al.>* revealed that ALKBH5 may be a potential
therapeutic target for pancreatic cancer by down-regulating methylation of
INcRNA KCNK15-AST in pancreatic cancer cells and inhibiting cell motility.
Taketo et al."*® found that pancreatic cancer cells with low METTL3 expres-
sion are more sensitive to chemotherapy drugs such as gemcitabine, 5-fluo-
rouracil, and cisplatin and radiotherapy, it p