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Abstract: More than 150 RNA methylation modifications have been identified as eukaryotic post-tran-
scriptional regulatory markers. With the deepening of research, the role of RNA methylation modification
in the occurrence and development of cancer has attracted more and more attention, but the mechanism
of RNA methylation modification remains to be clarified. This article reviews the types of RNA methyla-
tion modification and the role of RNA methylation modification and the related mechanisms in various tu-

mors, and also discusses the prospect and research directions in the future.
Subject words: RNA methylation modification; m6A; m5C; m1A; tumor

S Rt P N R AL T AR R, 7E 56
[ B0 PR, v o7 Jog 55 10 Ak i he rh R Uligt %
GBI . RIS s, FRAB i £ i g
)& H R IR TT AU h R 5 B EAE Y ORNA H
SeAb &4 RNA 201 EOR[E P07 & & A F Ak B4
HA, B 245 150 ZF RNA H A &4 g i\ ok 1
R AW e SR I AP BT, X 26 RNA HY A& M n]
DLA4E RNA AJ A2 g 4% A% e AR 45 AR X
T A0 RNA H 34k 5 DNA B LB 12l

BEWB ) &6 o) &R %0 (HF AA18221001);) B Z 5 4F &
it % (& A AB18050020) ; FH 9B 24 (81660567,
81460516); J~ 7 B %4 # ¥ & (2015GXNSFCBI39007,
2018GXNSFDA050012)

BEEE: AP Bk AR BEEFH HE; 7 WERAEW
JB iR PR e LI A A, ) R T T SR B 71 5 (530021) 5
E-mail : yuhongping@stu.gxmu.edu.cn

Y fm HH#A:2021-01-28; & E H #7:2021-03-12

572

Je— ] R P R D R BB A AR . DNAH 2
AT E A KERHETE, FHN B R § R E 28t A
i RAFFE (0 RNA PP 3 Al 88 0 £ 9 i 508 1) B 58 4
W R B B AR A4 R AT A 56T RNA AL A
AR OCAIT T il , (A i v 1) 2 A 4 e ML ATS
W AR TE A Bl . AR SOBEIL 4K ¢ T RNA W 3L 7
iigRg Fh B BIF Tk A — 23k, LU Oh iR A i AL
AT 52 01 i 53 123 182 (AL A JE s ADBT

1 RNA BHELL

TP

TE B AZ A D) R WY RNA W A8 i 2 22
AL 45 6-H I I I 1% (N6-methyladenosine ,m6A) , 5-H
B iy 1% I (C5-methyleytidine ,mSC) Fl - 1-F 3 fi 122 w4

Mg A& 202 5427 %% 7 H



(N1-methyladenosine ,m1A),
1.1 MO6A HELIEIF

A A 1 A A2 7E RNA 43 7 IR EEPZ 5 6 10 Al
JE 7 B REFR g mOoA H AR B, B R Y
mRNA Wi £ E I B2 —, HEZRAETE mRNA
Y £ 5T 20 15 [X (coding sequence region, CDS) Fl 3
s A #H PE X (3 untranslated region,3’-UTR) X" 7F &
B E 2 % RNA (IncRNA) AR RNA (circRNA)
WAFTE D i moA W IAL BT, MOA HI B AL A& 1
i — Z 50 AL R B | 25 TSR AL AR O 45 5 1R
FAEILFEZS S | s B fe, WL R i
F AL HG W B AL Wl 25 1 3 (methyltransferase-like
3,METTL3) ., H L% 04 1 14 (methyltransferase-
like 14, METTL14) Wilms B8 1-#15¢ & H (Wilms
tumor 1-associated protein, WTAP) % , /i 7 RNA H
AR, W AL (erasers) T 202 5 i IE
AH X [ (fat mass and obesity-associated protein,
FTO) ke B [ Z Y 5 (alkylation repair ho-
molog 5,ALKBH5), 4% RNA 19y 2 H 3Lk i ¢
m6A {45 A (readers) i # WL J& YTH 4544
WK 1-3
YTHDF1-3) 1 YTH 253k # 1 1-2 (YTH domain-
containing protein 1-2,YTHDCI1-2), AR %] RNA H
AW E R RS 5T RNA B9 BIE FEA 57
£ S PN N
1.2 M5C FEL &I

AR B i % A= 2 RNA 73 7 B W WE 55 5 o Bk
J5F EIFR MSC B4R 81 MSC T JE AL A8 i
il A A 7E t(RNA rRNA Fl mRNA |, 4 S8 H 5
AR R, 2 SR AR Z R B G 5 B 38
JOBE T2 M3 AT RNA A4 12 M5C AL i 75
BRI TR Fn 3'-UTR & 4 | 78 g i 7
F i 2 T MSC O AR B it 2 iy T AR L B it
F W IEAR B FIAR 25 5 8 A A L R 2 5 58 o
1.3 MI1A FELIEE

H AR B i & A2 7 RNA 4 T RIS 56 1 17 &
JE 7 AR g mIA HOE AR B A . MILA & M ol 39 i
tRNA HYZ5 Y RUE VEIF 5 S IE B B9 (RNA &, 0 4
HAE S22 (RNA A1 mRNA (9 AT 35 08 4 . BF 58 % 31
mlA AR 5 8 By 7™ A2 SR ARG, MIA
L AL 55 B2 Wil 2 A ) TRMT6/61A hTrm6p/hTrm61p

(YTH domain-containing family 1-3,

M A& 2021 £4 27 %% T H

ALXF mRNA #E47 m1A &4, I 5 o7 DAk 25 B LA il
ALKBHI 5% ALKBH3 3R, T mlA E# &
1) RNA H LAy =, D RE v A TR IR A

2 RNA HELEMESRHER

RNA B AL 2 A F Al B )E S
S i e e ke . MOA H AL .mSC H 31k
A m1A H LAk A8 0 A MR & A kR T PR
BL S R g i) 4 2E | B A AT 19 52 M 1 DL
1(Table 1),
2.1 M6A RELEIGTEREHR1ER
210 B EF

Ji& 5B 4 L7 (elioblastoma , GBM) /2 15 2 4E M- i
i B 25 5 TR U7 MARST | B I A AR R
PHSRARAR . MOA B BE AV B I 45 15 ot 1 248 Jt 3 1 44
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KA RS SR S5 R B R  METTL3 5 METTL14
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ADAMI19 3Rk M AZE GSCs iy | H FR T F I
Jibggd & 08 ST o  METTL3 5 A$tJE R(HuR)
455 115 mO6A B 1M 1Y SOX2 mRNA Fe 1k |, fie #F
JiE Az (GSCs M 20 M 4EHF I 48 5, s & GBM
AN B, ALKBHS i m6A B inFOXM1
Fe35 {2 HE GSCs HFE A GBM #EE™7 K, AR Y
m6A H S A& Ui WG vT LU F GBM 1 & 4, ] L)
P FLE 2 (Figure 1), #8278 m6A E1fifE GBM &4 h
AR PEEEAEH, ATREACH GBM 23R 1 HT L AT
2.1.2 B fm e

JH- 24 it 93 (hepatocellular carcinoma, HCC)Z /5 it
FE ) 85% 2 A7, Chen %% Bl HCC ¥EE 5 m6A
S B AT S  METTL3 /5 m6A RNA H &AL & 1
5 HCC BEMA R WG A G, EAY METTL3 i# i
m6A-YTHDF2 (i AIL 4 i HCC H SOCS2 (% ik
#EARE i HCC BAEK &, 5 —Tis ™ &k BMET-
TL14 3 ik L m6A 48 19 )7 AR #F miR-126 12,
AT miR-126 7K Pk AWl HCC %% . 4h , FTO
b F k0] LLFEAR PKM2 9 m6A 7K - I 42 #F PKM2
ik ,PKM2 #3555 HCC BETEARA X B, 5
Ah, LRIF R (HBV)i% T PTEN mRNA m6A 3%
b, T PTEN 25 [ 35 K F T [ 0% PI3K/AKT
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Table 1 The role of RNA methylation in tumors

Type Regulator Cancer sl Function in cancer izt
cancer ences
M6A  METTL3 GBM Suppressor Suppressing GSCs growth and self-renewal [18]
GBM Oncogene  Promoting tumorigenesis, GSC maintenance and radioresistance [19]
HCC Oncogene  Promoting tumor growth [20]
CRC Oncogene  Promoting metastasis of CRC [21]
Breast cancer ~ Oncogene  Accelerating cell proliferation in breast cancer [22]
Bladder cancer Oncogene Promoting bladder cancer progression [23]
Bladder cancer Oncogene Promoting tumorigenesis [24]
Gastric cancer  Oncogene Promoting the EMT program and metastasis of gastric cancer [25]
METTL14 HCC Suppressor Suppressing tumor metastasis [26]
CRC Suppressor Inhibiting CRC cell migration, invasion and metastasis [27]
FTO HCC Oncogene  Promoting tumor growth [28]
ALKBHS GBM Oncogene  Promoting GSCs proliferation and tumor progression [29]
Cervical cancer Suppressor Suppressing tumor metastasis [30]
YTHDF2 HCC Oncogene  Promoting tumor growth [31]
Prostate cancer Oncogene  Promoting prostate cancer growth [32]
YTHDF3 CRC Oncogene  Promoting progression of CRC [33]
YTHDC1 CRC Oncogene  Promoteing colorectal liver metastasis [34]
M5C  NSUN2 Bladder cancer Oncogene Promoting tumorigenesis [35]
YBX1 Bladder cancer Oncogene Promoting tumorigenesis [35]
MIA  hTrm6p/hTrm61p Bladder cancer Oncogene Promoting tumorigenesis [17]
ALKBH3 HCC Oncogene  Promoting tumorigenesis [36]
Gastrointestinal  Oncogene  Promoting progression of gastrointestinal cancer [37]
cancer
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Figure 3 The mechanism of m6A modification in CRC
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The mechanism of m6A modification in other cancers

MS5CH A0 A& i 7 Jib 97 v i)
FEEEEPLEEMIE D . Yang 555
ifF 55 & B NSUN2 1845 mRNA fi i 3% B % ALYREF
A% BT 28 12 \RNA 25 G 56 Fl ) A ¢ mRNA i il
Chen 25 7% BB e Je8 22 & A9 208 36 ] mRNA 77
FEEE I m5C = B IEAE A & YBX 2t W65 5[k
B mSC B4 1 mRNA, If H YBXI 2L m5C K
ji i 75 U 9 mRNA 2 25 HELAVLI ) RNA %5
Aed iR R E M . 534 IZ GRS NSUN2 Al
YBX1 #5 HDGF 3'-UTR # m5C ' 34k A7 45, H4n
HDGF mRNA #yFE Mt S8 M k4. s
7~ mRNA m5C 45 4 9 55 PREOE AL, o 95 bk 98
TR T A R B AT LI
2.3 MI1A BRENEHH BRI 1E R

MI1A H 5L Ak 1 7 i g vh A IF 98 2 Z 4R TP e
HCC , 8 38 b AR B9 . Wang 5552 38 m1A 2
H ALl ALKBH3 7] B AR HCC 20 i H mIA /K-,

576

MO AR #F HCC & A= & & ,ALKBH3 £ ] 68 5 M
HCC B AT #E 5  Zhao %5 50F 5% % BRAE B
TE bR T 1A A G g Y 2R 3R N 22 st A% loTE AR OG
ALKBH3 W] fig 8 ¥ ' 5 i I 9 o /9 PI3K/AKT/
mTOR F1 ErbB {553 #9238, AT 42 ' g 1
TEMHE R o) — T 5T R IE m1A B EAKES hTrm6p/
hTrm61p 5 BB 9 8 5 IR m1A 7K 7 U]
TIEH N JEALH hTrm6p/hTrm61p =15 KB i
s S, 5IRI T mlIA KRG, B
LA hTrm6p/hTrm61p 5 235 7% m1A 7K - 76 bR i
1 2k B9 B E A hTrm6/hTrm61 7] 472 HE Ji% bt Je8 14
R,

3 INEERE

RNA 3 A0 A8 A A7 1 T 22 Ff i AE I 45 9

¥ %

ik 2021 4 % 27 %% 7 ¥



() % A= FN & T o RNA H A AE e & 28 & e b i F
8 A] AR E 1 R A2 W AR T 4R B i AT B G
HCC "' m6A 7K L 3 1T GEAT Bl T W I 01 35 B ik 92
eHe, M mSC AKF-7E B e o A m1A KF-7E
HCC 1 F 428 m5C Ml m1A F AL A8 46 7] fig 18 M
Ji I AR T IR R . SR I RNA HBEAL Y
FE MR T B ST IR G VF 2 Pk . 5 — ,m6A FEIE
i A AR LA TP mOA 6 A i 3 IR T fig

 mRNA 3k 0 A | 5 SO % AL, (02t mT fg
e R S N A = s ¥ 0 e S R 1
m6A 7E N i i s RN (B . 55 = X5 T RNA H
FEAR I AH G 56 P AR AN [) 2 20 e i) 22 38 R 45 BIL ) 0
ZHD 3k S PR A At R i 2 2 P R S A7 B R 4R
WRTE A, PRSI PIME IR T AR T E R G
I, AL RNA LA 9 A OG5 PR R B ff
TESEHAR RNA I A& 1) 7 =52 i i i 1 & 2B
K L, RNA H LA &1 7 g v i 1 T AL LA
e B i — 2L VR ABIFGE I B CAL A AT A A T2 1) >k
LA A B B e RS 75 0 R 245 6 7 RO

S 2k

[1]  Siegel RL,Miller KD,Jemal A. Cancer statistics,2020[J].
CA Cancer J Clin,2020,70(1):7-30.

[2]  Fu Y,He C. Nucleic acid modifications with epigenetic sig-
nificance[J]. Curr Opin Chem Biol 2012, 16(5-6):516-524.

[3] Roundtree IA,Evans ME,Pan T,et al. Dynamic RNA
modifications in gene expression regulation|]]. Cell,2017,
169(7):1187-1200.

[4]  Liu N,Zhou KI, Parisien M, et al. N6-methyladenosine al-
ters RNA structure to regulate binding of a low-complexity
protein[J]. Nucleic Acids Res,2017,45(10):6051-6063.

[S]  Yang X,Yang Y,Sun BF,et al. 5-methylcytosine promotes
mRNA export-NSUN2 as the methyltransferase and A-
LYREF as an m(5)C readeq]J]. Cell Res,2017,27(5):606-625.

[6] Mishima Y,Tomari Y. Codon usage and 3~ UTR length
determine maternal mRNA stability in zebrafish [J]. Mol
Cell,2016,61(6):874-885.

[71  Yang Y,Hsu PJ,Chen YS, et al. Dynamic transcriptomic
m(6)A decoration : writers , erasers, readers and functions in
RNA metabolism[]]. Cell Res,2018,28(6):616-624.

[8] Han Y,Feng J,Xia L,et al. CVm6A :a visualization and
exploration database for m(6)As in cell lines[J]. Cells,2019,
8(2):168.

M A& 2021 £4 27 %% T H

[12]

[13]

[15]

[16]

[19]

[20]

(21]

[22]

Yang Y,Fan X,Mao M, et al. Extensive translation of cir-
cular RNAs driven by N(6)-methyladenosine[]]. Cell Res,
2017,27(5):626-641.

Meyer KD, Jaffrey SR. Rethinking m (6)A readers,writers,
and erasers|J]. Annu Rev Cell Dev Biol,2017,33:319-342.
Bohnsack KE,Hobartner C,Bohnsack MT. Eukaryotic 5-
methyleytosine (m (5)C) RNA methyltransferases : mecha-
nisms, cellular functions,and links to disease [J].
Genes (Basel),2019,10(2):102.

Van Haute L,Lee SY,McCann BJ,et al. NSUN2 intro-
duces 5-methyleytosines in mammalian mitochondrial tR-
NAs[J]. Nucleic Acids Res,2019,47(16):8720-8733.
Amort T,Rieder D,Wille A, et al. Distinct 5-methylcyto-
sine profiles in poly (A) RNA from mouse embryonic stem
cells and brain|J]. Genome Biol,2017,18(1):1.
Dominissini D,Nachtergaele S,Moshitch-Moshkovitz S, et al.
The dynamic N(1)-methyladenosine methylome in eukary-
otic messenger RNA[J]. Nature,2016,530(7591):441-446.
Oerum S, Degut C,Barraud P, et al. M1A post-transcriptional
modification in tRNAs|J]. Biomolecules,2017,7(1).20.
Zhang C,Jia G. Reversible RNA modification N(1)-methy-
ladenosine (m(1)A) in mRNA and tRNA[J]. Genomics Pro-
teomics Bioinformatics,2018,16(3):155-161.

Shi L,Yang XM, Tang DD,et al. Expression and signifi-
cance of mlA transmethylase,hTrm6p/hTrm61p and its
related gene hTrm6/hTrm61 in bladder urothelial carcino-
malJ]. Am J Cancer Res,2015,5(7):2169-2179.

Cui Q,Shi H,Ye P,et al. M(6)A RNA methylation regulates
the self-renewal and tumorigenesis of glioblastoma stem
cells[J]. Cell Rep,2017,18(11):2622-2634.

Visvanathan A ,Patil V,Arora A,et al. Essential role of
METTL3-mediated m(6)A modification in glioma stem-like
cells maintenance and radioresistancel|J]. Oncogene,2018,
37(4):522-533.

Chen M,Wei L,Law CT,et al. RNA N6-methyladenosine
methyltransferase-like 3 promotes liver cancer progression
through YTHDF2-dependent posttranscriptional silencing
of SOCS2[J]. Hepatology,2018,67(6):2254-2270.

Peng W,Li J,Chen R,et al. Upregulated METTL3 pro-
motes metastasis of colorectal cancer via miR-1246/
SPRED2/MAPK signaling pathway[J]. J Exp Clin Cancer
Res,2019,38(1):393.

Cai X,Wang X,Cao C,et al. HBXIP-elevated methyl-
transferase METTL3 promotes the progression of breast
cancer via inhibiting tumor suppressor let-7g [J]. Cancer

Lett,2018,415:11-19.

577



Journal of Chinese Oncology,2021,Vol.27,No.7

(23]

[24]

[25]

[26]

[27]

(28]

[31]

[32]

Cheng M,Sheng L.,Gao Q,et al. The m(6)A methyltrans-
ferase METTL3 promotes bladder cancer progression via
AFF4/NF-kappaB/MYC signaling network [J]. Oncogene,
2019,38(19):3667-3680.

Han J,Wang JZ,Yang X,et al. METTL3 promote tumor
proliferation of bladder cancer by accelerating pri-
miR221/222 maturation in m6A-dependent manner|J]. Mol
Cancer,2019,18(1):110.

Yue B,Song C,Yang L,et al. METTL3-mediated N6-
methyladenosine modification is critical for epithelial-mes-
enchymal transition and metastasis of gastric cancer|[]J].
Mol Cancer,2019,18(1): 142.

Ma JZ,Yang F,Zhou CC,et al. METTL14 suppresses the
metastatic potential of hepatocellular carcinoma by modu-
lating N(6) -methyladenosine-dependent primary microRNA
processing|J]. Hepatology,2017,65(2):529-543.

Chen X,Xu M,Xu X,et al. METTL14-mediated N6-methy-
ladenosine modification of SOX4 mRNA inhibits tumor
metastasis in colorectal canceiJ] Mol Cancer,2020,19(1):106.
Li J,Zhu L,Shi Y ,et al. M6A demethylase FTO promotes
hepatocellular carcinoma tumorigenesis via mediating
PKM2 demethylation [J]. Am J Transl Res,2019,11(9):
6084-6092.

Zhang S, Zhao BS,Zhou A, et al. M(6)A demethylase
ALKBHS maintains tumorigenicity of glioblastoma stem-
like cells by sustaining FOXM1 expression and cell prolif-
eration program|]J]. Cancer Cell,2017,31(4):591-606, 6.
Wang X,Zhang J,Wang Y. Long noncoding RNA GAS5-
AS1 suppresses growth and metastasis of cervical cancer
by increasing GASS stability[J]. Am J Transl Res, 2019,
11(8):4909-4921.

Yang Z,Li J,Feng G,et al. MicroRNA-145 modulates N
(6)-methyladenosine levels by targeting the 3"-untranslated
mRNA region of the N(6)-methyladenosine binding YTH
domain family 2 protein [J]. J Biol Chem,2017,292(9):
3614-3623.

Li J,Meng S,Xu M,et al. Downregulation of N (6)-methy-

578

[33]

[34]

[35]

[36]

[37]

[38]

(391

[40]

ladenosine binding YTHDF2 protein mediated by miR-493-
3p suppresses prostate cancer by elevating N (6)-methy-
ladenosine levels|J]. Oncotarget,2018,9(3):3752-3764.

Ni W,Yao S,Zhou Y,et al. Long noncoding RNA GAS5
inhibits progression of colorectal cancer by interacting
with and triggering YAP phosphorylation and degradation
and is negatively regulated by the m(6)A reader YTHDF3
[J]. Mol Cancer,2019,18(1):143.

Chen RX,Chen X,Xia LP,et al. N (6)-methyladenosine
modification of circNSUN2 facilitates cytoplasmic export
and stabilizes HMGA2 to promote colorectal liver metasta-
sis[J]. Nat Commun,2019,10(1):4695.

Chen X,Li A,Sun BF,et al. 5-methylcytosine promotes
pathogenesis of bladder cancer through stabilizing mRNAs
[J]. Nat Cell Biol,2019,21(8):978-990.

Wang Q,Wang G,Wang Y et al. Association of AlkB ho-
molog 3 expression with tumor recurrence and unfavorable
prognosis in hepatocellular carcinoma [J]. J Gastroenterol
Hepatol ,2018,33(9):1617-1625.

Zhao Y,Zhao Q,Kaboli PJ,et al. MIA regulated genes
modulate PI3K/AKT/mTOR and ErbB pathways in gastroin-
testinal cancer]J]. Transl Oncol,2019,12(10):1323-1333.
McGlynn KA, Petrick JL,London WT. Global epidemiolo-
gy of hepatocellular carcinoma:an emphasis on demo-
graphic and regional variability[J]. Clin Liver Dis, 2015,
19(2):223-238.

Kim GW ,Imam H,Khan M,et al. HBV-induced increased
N6 methyladenosine modification of PTEN RNA affects
innate immunity and contributes to HCC[J]. Hepatology,
2021,73(2):533-547.

Bray F,Ferlay J,Soerjomataram I,et al. Global cancer
statistics 2018 :GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries[J]. CA
Cancer J Clin,2018,68(6):394-424.

Wu Y, Yang X,Chen Z,et al. M(6)A-induced IncRNA
RPI1 triggers the dissemination of colorectal cancer cells

via upregulation of Zeb1[J]. Mol Cancer,2019,18(1):87.

M2 2021 4255 27 % T H



