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Methylation modification of RNA m°A and its role in hepatocellular carcinoma

Lingwang Kong, Ai Shen

Hepatobiliary Pancreatic Cancer Center, Chongqing University Cancer Hospital, Chongqing 400030, China

Abstract: N°-methyladenosine (m°A) is the most prevalent internal RNA post-transcriptional modification in eukaryotes. This
type of modification is dynamically reversible and epigenetically regulated by a collaborative interplay of methyltransferases,
demethylases, and m*A-binding proteins. Modification of m°A plays a critical role in post-transcriptional regulation of gene
expression, involving various processes in RNA metabolism, such as RNA processing, nuclear export, and translation, thereby
participating in diverse cellular functions, metabolism, and disease processes. Hepatocellular carcinoma (HCC) is one of the most
common malignant tumors, ranking high in both incidence and mortality globally. Existing research indicates that m°A modification
is involved in the development and progression of HCC. However, its specific molecular mechanisms and functions have not been
fully elucidated. This review describes the current understanding of the roles of known m°A modification factors in HCC and it
summarizes the latest advances in research on m*A modification in HCC. This review also discusses therapeutic strategies targeting
m°A modification involvement in HCC, providing a valuable reference to further explore the role of m°A modification as a potential
therapeutic target in HCC.
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(writers) 7, “PEFREE (erasers) “F1“[RiE2E (readers) ”
SRR, g ge (writers) “EIFILE RN, T)
RERMEALTE I m A, “HEFRES (erasers) "RIZ: AL
fity, DhfeRIHFEm A, T RiLes (readers) “HI4E &
EA, HFRIENCLEREM AT . =355 Em°A
B AR LB A T ST 4. 334 m°A RNA
FRILAL T R an R LR .
2.1. m* AW LR R (writers)

FELEL R 2 LAS- IR AT B2 (S-adenosylmethionine,
SAM) fE N H HE A4k 2 E 1 AL RNA R H BB 1 2 .

X e H L EE AL i FEMETTL3 . METTL14 . WTAP.
RBM15 /RBM15B. ZC3H13 . KIAA1429, CBLLI.

%1 33m°A RNAF AL 5 1512

ZCCHC4., METTL16 . METTL5. PCIF1®'”, METTL3
& f FLGE W B A mOAE AL AE (B, e 4R R R L
METTL3 5 % —3E M 4 METTL 4T DLAH & Rich 57— 54k
oy, FFS5HMS TR REREE S5 (MTC) 'Y,

WIWTAP. RBM15 /RBM15B. ZC3H13. KIAA1429,

CBLLI. fEE&WERITPMETTL 2 EE KL E +, 1M
METTL 1401/ 5 B g 0. R %+, METTL3
55K FWTAP (Wilms Tumor 1 associated protein) %5
&, ZEAKEAMETTL3:METTLI4:WTAP = 5 &%)
O E A BB, MBS I mRNAJKY), &%
LAFWTAPTEAR N RIEIE, HATTEFLEY) . .
BERIRE PR R B T X =R AR R iz Ak
FUAt I 725 /0 1 30 5 A5 7 FE mC A T S B R b o R
(KIAA1429, HFRVIRMA) . RNA Z5& 3 FHEH15/15B
(RBM15/15B) Fl&Efg CCCH 413 &1 (ZC3HI3)

5 WTAP —#f, XS4 B2 (A th 8 8 08 4 40 fm A
Ko B TMTCAH, EHiE T HALBm AL T,

METTL16%1 5 %U6 snRNA. IncRNA Flpre-mRNA 1] A &
T Tm A, METTL5%1 7% 18S rRNA [Fm A&,

ZCCHC4%1 3% 28S rRNA [fim°ABHi"Y. PCIF1 (—fi5
RNA T4 B 22 2 BR-5- T R Ak F2 JH A o 45 A Sl A EL A FH
AT 2 —FiERr = e IR L 2B (CAPAMD

H AT % 8 1 5tm°Am (N°, 2-O-HIERRTF) [NCH
R,

m°A-related Molecule Full name type

METTL3 Methyltransferase like 3 “writers”
METTL14 Methyltransferase like 14 “writers”
WTAP WT1 associated protein “writers”
RBM15 RNA binding motif protein 15 “writers”
RBMI15B RNA binding motif protein 15B “writers”
ZC3H13 Zinc finger CCCH-type containing 13 “writers”
KIAA1429 Vir like m*A methyltransferase associated “writers”
CBLL1 Cbl proto-oncogene like 1 “writers”
ZCCHC4 Zinc finger CCHC-type containing 4 “writers”
METTL16 Methyltransferase like 16 “writers”
METTLS Methyltransferase like 5 “writers”
PCIF1 Phosphorylated CTD interacting factor 1 “writers”
FTO Fat mass and obesity-associated protein “erasers”
ALKBHS5 a-ketoglutarate-dependent dioxygenase AlkB homolog 5 “erasers”
ALKBH3 a-ketoglutarate-dependent dioxygenase AlkB homolog 3 “erasers”
YTHDF1 YTH N°-methyladenosine RNA binding protein 1 “readers”
YTHDEF2 YTH N’-methyladenosine RNA binding protein 2 “readers”
YTHDEF3 YTH N’-methyladenosine RNA binding protein 3 “readers”
YTHDCI1 YTH N°-methyladenosine RNA binding protein C1 “readers”
YTHDC2 YTH N’-methyladenosine RNA binding protein C2 “readers”
EIF3A Eukaryotic translation initiation factor 3 subunit A “readers”
EIF3H Eukaryotic translation initiation factor 3 subunit H “readers”
IGF2BP1 IGF2 mRNA-binding protein 1 “readers”
IGF2BP2 IGF2 mRNA-binding protein 2 “readers”
IGF2BP3 IGF2 mRNA-binding protein 3 “readers”
HNRNPA2BI1 Heterogeneous nuclear ribonucleoprotein A2B1 “readers”
HNRNPC Heterogeneous nuclear ribonucleoprotein C “readers”
HNRNPG RNA binding motif protein X-linked “readers”
LRPPRC leucine rich pentatricopeptide repeat containing “readers”
ELAVLI1 ELAV like RNA binding protein 1 “readers”
PRRC2A The proline-rich coiled-coil 2A “readers”
FMRI1 Fragile X messenger ribonucleoprotein 1 “readers”
SND1 Staphylococcal nuclease and tudor domain containing 1 “readers”
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RNA 1 f{N- B Ji o i 3 B A a0 10 25 R Ak Y
ALKBHS & 55 R i e 10 25 IR LEE, H R AL
5, Befsfi EERNA (ssRNA) FIHEEDNA (ssDNA)
FoH AL, R R L ssRNA i mCA [ 25 H 4k,
ALKBHS 125 F JE Ak i v 14 5 3 5% 0 A% B8 A P mRINA T
it . RNAMCEHAITMRNA NN LK 7 3%, ALKBH3
AT DL 25 IS RNA (1) 1-me AFI13-meC PA S tRNA H [{INC-
meA, I+ HALKBH3MEMFtRNA N DA i 3 115 B 1F 2L
%(21)0

4
iy

2.3. m°A A (readers)
B N A RE R R, mCA B
BREWAG MR EAR RN . m°AGEEA
(readers) @it 5 m A& X 48 4 S 1k 45 4 B OB RN A
YA AR A S S RNASE A 55T e o
meARE S BRI, “readers™ {35 Y T521-B Al JE 45
M EEEL, 2713 (5 %HYTHDF1. YTHDEF2.
YTHDF3) , YT521-BRJJREEHIEE S 1RI2 (43518
YTHDCIMYTHDC2) , EAZHIFEIEKN 73 (EIF3A/
H) , BESEFAEEE T2 mRNAZSE (IGF2BP, 4
FHIGF2BP1/2/3) , FISFMZpZ & (HNRNPs, {4
HNRNPA2B1. HNRNPC/G) @, E& =& Tk ES
J¥%I( PPR) ¥4 1( LRPPRC) . ELAVFERNAZL &8 1
(ELAVL1) . PRRC2A (The proline-rich coiled-coil 2A)
Y, MEES X (SR EE]L (FMRL, HFFMRP) .
EHEEERE RIS AR EALD (SNDD) @), ixu
SEERAMIREE 2R, ASTRAIRFEA S Mme AL
i EYTHIRZ A, YTHDF L@l 5 4 K M B AE
SR EmRNA R PR AR AR (45 A &Y. YTHDF2i#ik
RAmMOAEH, HmRNAZELE R AR 5ok E S 2 R R
@"_ YTHDF35YTHDF 1 [A/E F {2 mRNA GBI 2.
YTHDC1MYTHDC2 £ ZEAEA% P SEILH 3640 IR A ThRE, 43
BT mRNABY U) VR BmRNAR ) ThhE . EIF3
AT LAAIMRNAI S UTRS (9 m A7 25 25 S (2 2
BERRY . IGF2BP1/2/ 3l NBESE & m°ABIRA s, JF
ML B SEmRNAKE E V(177 AR EmRNA K £, HNRNP
F AT LLR A m A S, HNRNPA2BIE A T
SEAZ B EIRAE /), BB 5DGCRYE A HAEH ,
PAm AR 7 SN ) miRNA  (pri-miRNA) [ 4b ¥
2O, THNRNPC/GIR HIm A J5 7] LA 2 mRNA [ =
JERIBYHE . IGF2BP1/2/34 )\ A Al LA i m A S i mRNA
R s M RIRH R 2R Y. LRPPRCSZ H K & [(PPREE (I 14
i, PPREE A HRNALZE A A LA RNA s L4654 2
@9, ELAVLIZ —~FMRNAZ&EM, 53 UTRTE &

AUSUCRA R, 25 LR A . PRRC2A

] DU PR A S 3L RNA, KT IGF2BPs[RNA %
AR (RBD) I 6L, 80 LR BImOA B 5 4 Jf
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B F B TR Rl me AME 6 R TR Th g
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3.1. “writers”7F - & A k& AR A

m A& I 2 A5 SR TTRNARI BT . B A
file, SRR G MR EA R MmN (o
#19) . METTL3FIMETTL14/E N R EBEEE &5
1) 2 21 o 6 JHF 40 B e P 1 3R A AE MG 1A A s, gl
YTMETTL3E(METTL14 K, 20 M b BT 38 90 H 11
mRNARIE KA A A ME, XRF = FH 2
[F1) AI) i A7 6 AR S A8 5 4 A Y Fse B, METTL3# T
m®A-Y THDF 24K i 14 J 2030 1] T 40 e g -H SOCS2 /) %%
1%, BMETTL3/EFR S, SOCS2 mRNAIFIER N, It
FLR KA 7 40 e (0 19 B RGE A2 0. i B 48 S 8
METTL14404] 5§ % 7 YTHDF2{K #itE SLCTA 111 B,
B 1 TR 40 B R BT T, R RE AT N M R R Y. b Ab,
METTL14i438 15 /1 S IncRNA FlcircRNA FIm A& ik
5 R0 e gk R 34 WTAPSE: BRI Bl I o — e
4y, EMES N R, WTAPHIRURIE = 1 40
[ E WK, ) 4 pR e B 4, 1 WTAP i R H
A1) FE 4000 P P M R HE AT R JE Y. RBMILS/15BI
WA I A RS A0S, A0 LR RBM15BH] LA
WYY VRS 33%, Wm AR5 sUIA T TRAM2 mRNA
e M, (R4 A2 22 MG A, R B3 S
JFF A0 i (0 2 AR JE TR 25 0“9, ZC3H 137 JIF i Hh ke 3
MEIER, A WFSCIF 92 ZC3H 37 40 e v 1 R34 5
HPAG, WA T 4R (HCC) A K A 5
4D, KIAA14298 I\ it e K ImeA R R B R, fE K2
Bowit th# B SusE . KIAA14290] DUE I FiRID2
mRNA R A i KFRIMEID2FR %L, L3 T 40 M e
122 5855, ZCCHCAE AR T A28S rRNA, [A]i}
HAENE i Ris, ZCCHC4RE WS 127288 rRNAF f{im°A
B, (kg A K, RILE S EEMETTL 16t 1F
JiFoE PR S A L, AT DOE i mO AR T R
IncRNA RABI11B-AS1, il iF40 i@ =", CBLL1#
FRONHAKAL 2 51 5 e FH IS FE RS B B2 510 10 DB R 20
OV S EE (CRC) W, HidRik&Hsh -
[f) 5] 78 o3 40 P (0 4k, BE B E-45 RS 2R 1 10 R T AN -4 4
EAER L, G e L2 &Y, thsh, CBLLI
IR IE ST R R A B I AR R Y. AT
HAKAIZEHCCHI i+ 113 72 55 12 35 39 0 77 6 52 A0t 1k
AR BRI TR e 7 A0 S R R b i R AR K, T
HAKADG R & SEAH R IR, RWHAHCCH 80z
TERICY . METTLSZ —Fl & 1l 52 o7 551 (1) P 2L 5 A2 g
AT A R AR, R T R AR IE
METTLS5 /) i ] PL{Z #Ec-Myc IR € 11, 330 H T Ui
PR ML R, DRZh A & 0 A B g A2 5 5@ %, Mm
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IEFHCCHIE RS, PCIF1Z#4bmRNA 5'5i2'-O-
FEAL IR I mC A L AL B, 7 92564878 7 PCIF1{E
VSV R L 1 FE Y, 5 IR B PCIFL
FKIEAECRCH LIS B EF B HAMIE, Bk,
PCIF L3l 3 m° A S %8 [F) 1 FH FFOS. IFITM3FISTATI,
DL —Fh IR 5340l tE L1 5 CRC Y ZE A7 DL B R POm 25 24
YIPD-11 87, HT 5 TPCIFIII R BN R, FEIF
g P AR g s LA TR 1 — 2P IR R .

3.2. “erasers”7E T R A R R R RIAEH

5 S At f) A B 41 988 BT 1 T A m A B A IR - A
[6, FTOMALKBHSTERF# S /E R A 2. —JF
i, FTOIIREEHCCHA R4 RiAEE, HublidEid /A
SPKM2 mRNAK) & HF AL, IisEyiesefe, Mt
HCC®™, [y, HHF7EM, AMDI{E ANHCCH &4 H#
RPEAR, &K FRAMDIE TIQGAP1 5FTOZ
B A AR, REFTOXRIE B IMHCC T, 58—
JiTH, FTOfEHCCH W nf DL IRy 1EFH, fEHCCRELA
I F2 H Culda I FTOMK i M 3 A mRNA 2 AL A B T4
HIHCCH & 0, HAbSZIGAEY] TR —I %, Hur#H
%58 H—FhcircGPR137B, H g%l i circGPR137B/miR-
4739/FTO J ik [l 2% 3 HCCIgg e A= fEG 450, 33— A
£ EALF TALKBHS M AEHCC R IE R EAEH, HAk¥R
P, LINCO025512HCCH KA it 4 21 1 IncRN A,
TMALKBHS%LINC02551 m A& i 4 3 7 DDX24 1154
SEPE, (RIEHCCHY & B, HALKBHS /S fm°A % H
FAE 2 FRLYPD L S 5 ], dEm s HCC
B, R H T XM E ARG WETEER SRR
BRI, W AE AR B ST R AR
&) 2 Je 4 VE F , H AR B XU AR WL IS Rk —
W% . SUimA LR RLEFARPE, ALKBH3S
FERAE e b BA g ME Y, HIF- 130 #9IncRNA
ALKBH3-AS1H] LI i ALKBH3 mRNA ) FaEPE, M
ALk T 40 M 8 5 5 4R 22

3.3. “readers™{F e K A2 & R AE

SEA TR (1 T R AN 45 S RNAIme A S 1 A7 5
K2 HRNAM SRR . BOERIWFEEY, YTHDF1E
FKIEEHCCAR UG . TAMIR K TIAH Y, Ak
SKE, YTHDF1A] LB #EPI3K / AKT / mTOR{E &
W HE FSEMTRMEHHCCHHERCT . 2 BN % 9 2
(HBV) B RHCCH = E AR ZEK, YTHDF2/ S
m’AB ik E TMCM2HIMCMS FImRNA, M1 {2 33E 41
Jif0 J 3k FE ATHB VA S T HCCHEREY . 5 F SR 1B —
FE, HCCHYTHDF3E X B3, Holid (e dhusms S pisk
g PFK LI 255 AL FHCC A SRR . YTHDC1/2
WAEHCCE S EEIEM, IHFFTIRIEYTHDC /2485 5%
VAT Y, mCAB I FAM111A-DT/YTHDC1/
KDM3B/FAMI 1A @ B2 3 THCCHIZE K, H Rl
KFEIF3A/HTE i 0t 5 5% 2>, {HYTHDF3 7] LU4H 55
EIF3AfEHHSE L BIPE, SR E M (CRC) k21
2517, METTL3 0 7] UL 5 EIF3HAH BAF AR EE.
I S HE A 22 AR O R SR B AT
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IGF2BP1/2/352/E i T- O B #ERNA PR B B A AR 14 1)
5T . KA IGF2BPIAML A S c-Myc/p 164 i it AT
WHEE S (ICCA) A K AIMGIEE, LG ZIC2/PAKA/
AKT/MMP2il 35 SR 8682 7Y 3 R BLH— Rl i 52
FUM 6 IncRNA (LINC01977) 5IGF2BP2#H 5%, IGF2BP2
A S meA S T LINCO1977 Fa e i, $iE % B
LINCO19775RBM39AH HAE A, @I #l#INotch2yz 4k
TR AR 3R T 4 M e ) i3k 2 7Y RIRERY, RRARIGF2BP3
A B EIHCCH f 4 g g AL 487, CHDIL/ZHCC
W SRS E R, T feoB T SR W, CHD LT DL i 3
J7EHNRNP A2 / Bl-nmM YLK B T B LPS % S (HCCYH
FZET-"", Ak, HNRNPC/GZ5HE R, MHLHI
FSRYF, HNRNPC N i@ A HIF6 AR % SR IL-3/
STAT14 SHCCH ™ . LRPPRC 2 & 51 K I Hm°A &
MRR T, A HFAAER 7 AR R ek EH . LRPPRC
EANFEAR TR RINEEZEN LI, FNLRPPRCS
PD-LI2 FME/EH, 5CD8+. CD4A+THIEiEE itk
[AFCXCLOFMCXCLIOZE FAH %, Bh4ah, LRPPRCHIHI K
BTNRAER PR A, JESGE T R PR R e
PRI B8 . ELAVLI M FR NHUR, HAT Lt 5
miR-122%)3 K i s &k A 1M X miR- 122248 ) A 58 ¢ L 3,
[, 5925 FE 8] T PLKI-ELAVL] / HuR-miR-122{5 5
SR THCVI I HE Y, PRRC2ATE iR & AF Fl 4 g5
WHhERE 2 XREENIEM, PSP IIPRRC2ARKE &
W, RAMSZISE S2UTBRPRRC2A B LA I HCCAH B fit 384 5
R a4, FMRIF NEFMRP, AT LU STAT3
mRNAFESFIEIRE, S 58 &os, FMRPIEHCCA
ik, FMRPRUKTEARSMOE G AN HIHCCH: #4
2, SNDI1JEmiRNAI Y & G YIRISCIH— A FEE, C ksl
NHCCHER . Bfhskit, SNDI15#ER H e Ar i i
5 (PGAMS) i A IR 3L A (9 5 DA BTt fE ™

4. m°AZE I R IR YT 9 1E
4.1, m° ATEFREALT P A

HIT 2 T R R G T 7 e —, TEIR 2k
P P ARG T S IR, E 24 1 2 B AT R 1
FERENG . A AT R 1) £ I B kI LT A 98
R G B BkcRR SR b TT UA B 4 B e kA 7 2536 77
X, WHMERSE, MERE. BUBE. FRMESL
M. Hir, RESERNARMEEBH TP,
m ATE R VR T TP RIBE LD, (EmCA MBI TE e 2 A
SR PR IE T — B 1 (PO 2R H
BERPUEGY 2 —®, BT REmCA P LR
A BT IR IR CEr AN SRR R 200D i 2544
METTL34 3 22 AL AEFE 4B 8 (TFAP2C) mRNA L)
mABH, FIEITESEIGF2BP (Rt AR e, AT 1 o
JFAATEESY . METTL3 A JE /N A i (NSCLC)
EEFSPLRIL, B8 INETIA YT 75 T HIFSP1 3 18k A
=09, R (Taxol) M IR 254t e e VA T hikd
FEMEH, METTL3H LUl me A& 77 208 *5 ERRy
BIY), (EEERRy[FRIA e RS REM 251", METTL3
B n#E pri-microRNA-7-221p % #H SR (g #EMCF-3 A, iR
e 4 L PO T 2 TR 245 1Y
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4.2. m° ATE T e 6T P R

G IRTT R I 5 T M RR IR ) G g N B SR R
P« PD-1/2 A% T 0 1) e e kit 437, T DLad it i
T M3 P R AN 1) G 128 S8, AR a8 gl 1) B e T 52 o 5 T
FIRIE, WIEERBEWTAPA SmeABHIET 544
[IDF2BP3 3 A /B A% 5 1 A A circCCAR [ e 1
MicircCCAR1#CD8+ T4, IF@idfaEPD-1EH
S FCDS+ T T g ks . 1DO 1 ik i 715 T4H fkH %
o P58 I8 25 AR T S 92 0 1) PO 9% 1 R 67 5 Pl g s 1k e
1M Abrines& —FIDO 1 7], 5 4HIPD-1Hu 4% 19 11
BT B AT U AR Y. 7E AR P g D7 P AT A DS HCC
(NASH-HCC) #'YTHDFI1#RiA, [FF#ETEZH2-1L-6
5L S{EIENASH-HCCIM W K A=, HARZEIF G SR
HEHIH 4 (MDSCs) SN ECDS T4 i Th e F
TEOV, KA S BENT (ICB) X FAYT 774 s B4
S RN (178 0, A SE IS ICB AT /L (TAD T
G RLRXYTHCCHEATIRYT , K Mg LR (TAAs) 2
FH A B F TO L [R] 34 16 2 i 8 12 A% SR 41 i (TIDC)
o, SRR, ] DL RS T ) R IR i R AR A
yEidlz, SICBWRITUREMER, i bHCCAE KA
D, KR SRR T m B R T S VR R T
e, Ak, HABRIMC ARSI 1A R B a7 R B
A e E -

4.3. m*ATEFFERE TG TT P R

TERPE R, R AR B2 FH iR 245,
H W9 F BIFOX 03 METTL3 [ G4 F Uil bR, A i
METTL3 ¥ #E n] 3l i B 2 2 FIMETTL3 A 3 [ FOX 03
mRNARE E 1F F T 5k 38 1 5 2R B AR Je XTHC CHAi 24 1
T A FOXO3 M FT i 5 m® AU 2% 4y 3F J& U vk
O gk Ak, IR circRNA-SORE R E Wi & 7 RhidE)e ik
SHCCHT:Mzh2 Y. FZD107E FF JIF T 40 i Hh f) s 2
FHFZD10 mRNA{METTL3H 5PN - 5 Bt F 340 A
S, TIFZD10/p-3EIR [ /c-Jun/MEK/ERK (S 5 3 % 1k
SE T PR AN B XS AR JRIR T IR Y I —
B EEKIAA 142938 i A Sm A AL SR A 2E 2 B AR JE i 24
T4 I 1R 28 . IE R A B IE TS stk (EMT) @Y,
SRR, m A I 7 R R 24 v 4 R
XA T R RATRE AR IR YT, (HIE TR Em AR T
TEMN 25 i B AREH

o 4k

=]

5. Hhed

A UE FFF PR R A R R LA i 24 P o ke A S A
H ST m AMBRE 7 HF o 25 RO N, $8o 1 7E
R A TRE, HH RIIR 2 WL T R R
SA R ThAE LA BB REALTEE L, HoAf AmC AR R
MOALHITE AR AW Ko BRI, AR S T meAIBITE I
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