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RNA Methylation and Chromatin Remodeling in Cancer
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Sun Yat-sen University Cancer Center, Guangzhou 510060, China)

Abstract

between RNA m°A (N°-methyladenosine) methylation modification and chromatin remodeling has a significant

Epigenetic reprogramming plays a crucial role in the development of cancer, where the interplay

impact on tumor progression. This review summarizes the interactions between m°A modification and chromatin
remodeling, including the impact of co-transcriptional m°A incorporation on chromatin remodeling, how RNA m°A
regulates chromatin status by affecting DNA methylation and histone modifications, and the regulatory role of RNA
m°A on the three-dimensional structure of chromatin. Additionally, it discusses how chromatin remodeling can re-
ciprocally regulate RNA m°A modification, including its effects on the expression and function of RNA m°A-related

factors. These interactions play a key regulatory role in the occurrence, development, and therapeutic response of

tumors.
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W 18 A% B 2 AR A DA g — MR B R R I A
B, BT DK B A PR 2 R R A 45
R A S A T G (h 5T 11 R B AL B 1 AR
b, 9 a0 DNAH ZEA0 RN AH B AR, 2 Mo kR it
FEF OB 7> 73, fE RIS G 450 R R 3R
s BOCEE MR B, NO-HYEE IR IS (NS-
methyladenosine, m°A) & RNA & # UL H ZEA0 &1,
Xof 22 i A ORI O A Hh R R R IR AR T2
R B, RNA mCA F S 4K 5 e 40 A 1 % 2 5 R
BZAFAEREVIMNIKR .. x0T, mARE
AN AR s A | X — i F2 v] B i 5200 DNA
FEEAL . HEE BB DL g (05 1) = 4R 45 0 55 2 4t
FE %) G £ ot 2 WA A5 B S Lot R 200 R 4 i IR 1)
SR BN, a3 TR R AR R A N R A ] . AR
B ER me A5 et i S8 2 (R A BLAE A,
R AT AR AR 1ER 7B g 7R
AIEFERL (5] EF IT 18 TE A S6 Je J8 vi gk i 2 1Y

AR

1 RNAmARIHELEREIER 7 FEM

meAFE A & F8 7E RNASS T~ H BRI WA B L 11 28 6
MRJR T LRI, & EAEY mRNA &
LR R R X FME A AEE T mRNA,
W VZAFAET Z PP YRS RNA U712 RNA(IRNA).

RNA methylation; chromatin remodeling; N°-methyladenosine; histone modification; DNA

ZHER RNA(TRNA). #%1-/NRNA(snoRNA). f#/»
RNA(miRNA) L K& KB JE I RNA(IncRNA)SE . 24
BRI, mC ARSI 4% E0 F5 e E A 1Y) 22 A A= 22
AT HIS RE A= P 5 AR A T T SRR A 12,
m°AE I 1 AL e il 2 &) (m°A methyl-
transferase complex, MTC)@%FE o Hip ) B
A TE T (7] B 2 5 B2 I 3 (methyltransferase like 3,
METTL3) 5 B A7 SCERAN T [ £ F A F 2 2 4% g i
14(methyltransferase like 14, METTL14)2E [FI#4) Bl A2 €
HEMIRE L&, £ me ABIHDTAR S 7L
B RNA LB A5 b R 3% ok vEAR T 019 et
FiHiiH, EHeLaZi i+, METTL3 5METTL1458 5 LA
FesE BRI 205 1 B Wilms I8 AH 2 28 1/(Wilms®
tumor 1 associated protein, WTAP) K4 FAE, =¥ I
SENL T B SUX I A, 8/ BV IG 28 o
RIL, & s CCCHAS 38 1 13(zine finger CCCH
domain-containing protein 13, Zc3h13)/& MTC & 41
REF —FoHr i B A1, & nT LU [ € WTAP. M
PEAL IR - Virilizer fl Hakai (40 i #% 52 7 {2 3 m°A
BTN . 4R Ze3h13)5 , 4 K2 WTAP.
Virilizer(vir like m°A methyltransferase associated, X
VIRMA) 1 Hakai% iz 240 f i, 535 FEIK mRNA
R4 R meATKAE U, $ROR mCA T BE S B s AR
PIMASC. ITMIWEFLR Y], METTL3. METTL14,
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WTAP. VIRMA. HAKAIVL /X Zc3h132 528 MTC
ek gl 4y, Hdh VIRMARE S HH 2L 5] 5 LS
i 4% O AL 204> (METTL3/METTL14/WTAP) £
JE [ RNA X 30T me A 4L, 29 60% (1) VIRMA %
PEUTUEHE mRNATE 3'4E#H 3 [X (3"-untranslated region,
JUTR)F R B2 meA S 407, 3L bk
B, METTL3[#45 & 07 & 7E mRNA ) a5 [X F13'UTR
hEEEE, JFHAENS TR WER T HEE
PL R — 58 AT U, i A A A, B AR B SR AR
S A S et R RNAT S/ KBNS TF
|, X LY B 1R B S5 0 3 S T s it i AR R T
BN RO MR . R, METTL34E & 07 5 e N &1
X 35k 1 BN mCA B AR e s B R L BN
AR T B3 FE . R¥A(R-loop) &% P HIDNA
5 RNAZRAS T R = B BR 4544, i METTL3 /g
e SR &R A ARR-loop T K, HLR A HA i
G METTL3 A R 51X — KM /R 7 meAH
FEALTERNAP 11 24 1EA s R-loop i HH 1) G B E
FH, BPFE 4% s ad F2 o i AR 0O, 4k, ZHOUSERY!
RIS FAZ A% K % B [ G(heterogeneous nuclear ribo-
nucleoprotein G, hnRNPG)RE % 5 RNA K & 1 I(RNA
polymerase 11, RNAP IT) i 2 A, 12 38 AR iy 445 #4455
(caroxy-terminal domain, CTD)M 4k &, 75 3L sk id 72
R T AR RN AR AT AR BT 42, 17173 — i 72 52 8 A pre-
mRNA_E BT 5 B I me A& i 7K T LA 2 hnRNPG
EZAB A fi 4 Gor M 3 R, i —DEsE
m° A2 DLAL i S 1) NS N B4 RNA B
Ko

WAL, 5 — NS HE RN AR R & 5% (R IF 3
& AT FT A K B A EHIE N G235 2 I, mRNA
1 R R EmC AB I K2, BRI, 2
RNAP 1% 53 18 il 26 PR AR BRUR AR e st g i i,
FITLE () mRNA I mCA B ik P BB i . %45 531
$275 RNAP 115 METTL3 2 [8] 47 76 Bh AE 4 () 4 B4
F, MTTIRE— 5 30E B meA R AR e Sl FE P g B S
AmRNA ). F4b, 75 & 6 K 5 KA 5t
BEAERT, METTL3RES @ 5 RNAP 455 AL
T DNAXUBE Wr 4 B 45 467 ssi., SLA6 S AB 1M 3 45 RNA,
Ak TR BEDNAXUEE W 2L 48 F I FE ) IX et 50 B
AR T mEABIRLE L S R R 5 AL,
D ER A mO AMB I 5 Gyt T A A 2 8] 1R A ELAE A 3Rt
TR 1) AR 1) 8 AL 2 1A B SR A, HONIR A

AR e AR LI A% R 4 (1 R AR VBRI 1R AL A

2 RNAmAEiIZR & REZE
2.1 RNA m°AEE#ZMDNAR L FIZELER
K&
DNA P AV AR 9 3 s A% i 4% R 40 1) H 2240
FCERy, 28I 22 FRATL AT G £ 5 1) 25 4 S ik PR (1) %
SRR . fi WL DNA B AL &1 AU 5-H
FEMIEE (SmC), X — B PRy DNAR] <25 A
T, fE AR B A FE S A2, DNA R4 4
A B ORHEE M, HARRRE T 1 R RN
R IR R A ) R AR A 2 — P4, RNA mCAZ 1M
5 DNAH A, XA A T2 5200 1 s AL 12
W 2 1) 72 75 A7 AEAH ELAE T JE 0 iE R A VR g 7 A
SO, RSB IR AR . i, FRATTIHT 5T 41 BA
HRNA mAZ U] i 1% DNA SmCREAT TR AT
F, NI —HLRSEAE TR . 1R B BRIR G f
i, FATHEE FIRNA m°A 5 DNA AL AATE LRI
MG, H HRNA mAK VAL B . H,
METTL3 LA RNA mC A A0 35 P 4O 10 77 208 43T
A DNAKR A AL, (EMETTL3JF AN 5 DNA
FR A A 45 A0 O B 1 (R R IA AR AE BB AR K &R
B D HURIR R KB, MetE XA K& H 1(fragile X-
related protein-1, FXRI)/EAHTH meA )52 8% , BES
FEFRF PE R RNA meARL SR F, $H5EDNA 5-H
FE fifg s g XN %8 TET1(ten-eleven translocation-1).
X — IR b 7 AH AT AT 5 R R 1Y) DNA 25 TR
AR, G 7 G i nT R Ve SO R R T R AR G
LR R, AR 7 RRE R R AR R
FAehth, 53— T 7E R IR B AR AR K R T 2
mRNAZE; 4 & [ (insulin-like growth factor 2 mRNA
binding proteins, IGF2BPs) &g % LA m A 11 77 =X
WA R-loop. X —iHHIIEFERHAG /" DNA L F 2
fi 1(DNA methyltransferase-1, DNMT1) 515 5 &%
3F(semaphorin-3F, SEMA3F) 2R 8 8 T4 &,
T FEAS T SEMA3F IR 311 B KP4
et o AE % DX o] Rtk IR(REE TR R IA .
X LAY AN A S FE AT AL, [R5
TR B B 22 VG A AT 245 R U A BT it
4k, RNA m°AE1IE A8 I B 20 DNA A FS
i mRNA RS e P, 2 45 H A8 40 B 3 1 Rk 7K
P, AT AT DNA F AL AT R A 4% . B R B0,
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DNMTI mRNA _E %41 m A& 4 58 DNMT 1
KA EF . mERiA ) DNMT LS i DNA
FR LAk 4] T % 5 R 7 FOXO03a(forkhead box 03)
PRIk, 4k B T E-45 %0 8 1 (E-cadherin) R 1A
K FERE N T N-45%5 25 11 (N-cadherin) I 5k 7K1,
f3E T e 2R B I b R —[A) 5 % 4k (epithelial-mesen-
chymal transition, EMT), fx 23855 1 41 i i 42 28 I
AR FR P U FUHS s H A DNMTI
TESESE VR YT W T8 g, T B A 75 0 R BLDNMT 1
) 3 R 1 77 GSK 3685032, fi% 5 DNMT 1% 1
PSR TE G, TEMRAIMG T 50 201 DNA H SR 2K
o SR AN 2 PR AR KR . X R TR R
DNA S AL 4157 (an B vG fh s [ A s,
TR I S R T RG 5 2. 28 B FTIR , RNA meAfES
I I 2 DNA P A R 45 gy 0 R T TBOCIRES , gk
e EUE R RIE (E1).
22 RNAmABEREERE IR IMERR
FrAuisE
iSRS SEN T N e VRN NI PS
By, SR MR EER S BEM L. 18
W/, A% 0o 4B 1 Jee B0 EH AR RA PR B AR S 4
A —NERTE HLBE K P38 X 3, IX — X3 Rl T
HEAKTTBZO. AR, X4 E QIS EAG A%
NP R SE AR R () B AR, T T RIS ) SR AL 4
o IX e R A v (R AT I N-ui 2 R B
KERIBIEEBM, XEEMHE DNAK S| B4,
16 53R 3 ) R 4 R PR DB T 22200, KL 2015
M, TR ORI, KA ASRNA XIST(X inactive

e e e

DNA-5mC
demethylation

specific transcript) ] mC A& 7E 75 5 40 B (8 it
P R 2R EEAMEH P, #2725 RNA m°A 541
w8 AT REAAAEAH BAE . ARk, BERE R
W 35 A% 2 TIE FE 450 A 0 253 B 73 5 L R 2% AN
BN, RNA m°A 5418 [ 21 18] i AH B A I HL ]
BRI o TR, 1R HE 2O 581 7 A2 1
RNA(super-enhancer RNA, seRNA)TE P [ 2 F e th
JFU#H 9% RNA (chromatin-associated RNA, caRNA) I,
FAAE] IZ I RNA m°AfE i SR1, X8 A meAE
U ) caRN A 75 75 G (0 Jot 5 90 1) o A v O 4% =
AR, BARAZAE X e A6 e P 7= A ) 5%
Wiy, e AR 58 4 B B o DR FRAT BRI ST BAEAT T
BRNBIEFT R UL o 4 0 308 0o vy 6 1k RNA R L
T2l METTL3 (1) ¥ [6] X+ CFL1(cofilin-1), 4 7 ¥
fie 3t seRNA m° AR 874 AN, meA LAY 22 H
YTHDC2(YTH domain containing 2)%5 57 1H lseRNA
m°AME I 5520 55 1 FH R A2 i MLL 1 (mixed lin-
eage leukemia protein-1), i JEAH B e85 [X 48 & A2
HEE A H35 A0 R P A B . 2t e s 1
CFL1-YTHDC2-MLL 1 2 R 1 42 il 75 {1 126 i g 4 €
J5T T TBOR it A D] 2 12k Hh 1) B B2 P

LAk, W9 R B RNA mCAGE % i i 18 5 41
B A5 H S B A mRN A S E PSR B 41 85 (4
B 229, RNA meA B2 4% YTHDC1/E 1)) &
mABII K RNA G, Aefl L S i s 240 R A
F I E AL B KDM3B(lysine demethylase 3B)[f]
DS, BT LB, YTHDCI(YTH do-
main containing 1)7£ I m° A {152 2 T RNA

~

FXR1
YTHDC1

N
\
|
|
| .
| O Histone
1

, @ RNAPII

Oncogene T
transcription

—

W

Chromatin accessibility T

E1 RNA m°ABEFZIMDNA R R RE FRES
Fig.1 RNA m°A modulates chromatin status via affecting DNA methylation
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IAP(intracisternal type A particle)fiT £ ¥4 5k A,
REME L E METTL3 5 Qi 45 &, #Em s a2
EEMBM . METTL3BE — 35 54 5% A H3 5 9 #i
IR M) = H AL {2 1M (histone H3 trimethylation at
Lys9, H3K9me3) [ H 2 # il SETDB1(SET do-
main bifurcated histone lysine methyltransferase 1)
¢ Fo i B K -7 TRIM28(tripartite motif containing
28) KAV EAR AR AL, B B AR TAP X IR € A7,
{1 TAP X 35 57 % €0 5 b B IO DT AR, AT 4E ¢
TAP 5 G4t J5 1) 58 BP0,

EASERA L, RNA mCALE % 41 % (&1
AR AE 22 b i ohE 28 B 1 5 AR MR b T A O B
e, BEIAET Z MATFE AR EHESE . RNA m°A
AL ALBE METTL3 @ M /v S H & A TRl
SETMAR(SET domain and mariner transposase fusion
gene) mRNAKI m° A1, LLIGF2BP31{ i 1) 77 X4k
Ff SETMAR mRNAFIFEEYE, M7 SETMARF)
FikKF. SETMARIMIE/E SWI/SNFAH K . JE 5
F2E . WLEh & B RO G ¢ 5 19 B 3~ KR A
% 7% 2(SWI/SNF related, matrix associated, actin de-
pendent regulator of chromatin, subfamily A, member
2, SMARCA2)[P) J& 3y X 38 Ak H3K 364 5, 38
558 SMARCA2 WY i 1, 1T AL 3E FFOIR i 70 1 e
AT PAX8(pared box 8)F1 FOXE1(forkhead box
ENH RIS, 75 50 40 73 4 IF B AR L S R .
AR, AH SRR A A HI METTL3-14-W TAPHEUH
A, I T SETMARF SMARCA2RIE, i
BE 5 FOIR b 6 4 P o A, sl T R 2R AT
¥, FEAE G PR AT A B0 GIE 1 1% WO 77 78 HOIR iR
S MRS I BT fE B, METTL3 Y S 1)
me A @ T IGF2BP2 AR A 1 7 g 5 T 414
FH L % Il SUV39H2(suppressor of variegation 3-9
homolog 2)#) mRNAFEEPE, #EMfEidt 7 SUV39H2
)ik . SUV3I9H2IE it #if] DUSP6(dual specific-
ity phosphatase 6)f]%% K42 i DNA#A73 12 52 5
W ATM(ataxia telangiectasia mutated)FI B FR 14 7K
S, DTG 0] 55 4 6L T B0 ) A 2 B Y, 7
AE /N o fifi 5 (non-small cell lung cancer, NSCLC)
4i A, METTL3:8 i F B4k KAT2A(lysine acetyl-
transferase 2A) mRNA 3'UTRH ) m°AfT ik Fa
BRI, MR 3 NSCLCHH g 11 2% 1 3= 2 B,
el , 76 Ml iR R, METTLA R AE 5 (2R 1EH .

METTL3 (¥ B8/ 17 fiti B % (lung adenocarcinoma,
LUAD)4H i s SETD2(E EL () H3K36me3 1 B 72
Bt ) mRNAF 3'UTR A mCA LT A5 FE 34k T4 5
THRNAREMIE B 7 SETD2 IR IA K. X
SE VGF(VGF nerve growth factor inducible)Z& K] J5
)74k H3K36me3 &1 4= JZ I I I 3 3 VGF Rk
BIR/D, BB ] PI3K/AKT/mTORIE 5K 41
il LUADZH A ) MR B 00, %57 METTL3 A LATE
Z AN 77 THI 200 it e 1R R R, A B T A A SR AR B
R METTL3057 STM2457 L, & BLAE /N1 i il e
AR /N 0 it e 7, STM24573) 0] DL 55 88 JiE 4k
7 BBUB A 142 ] B i ] DA () e TR U A A
2A(methionine adenosyltransferase 2A, MAT2A) 1l
FURI G B HN IR T 3G SR PR F 144,

B METTL3%F, RNA m°A 2 H 3L AL filg [F) RE7E
Je SE4H B o R R R B EEAEH . AR
J 1, ALKBH5(AIKB homolog 5)/ 5 ) m°A f& i
AP FEA 5 S 2572 240§ USP22(ubiquitin-specific
peptidase 22)F1 RNF40(ring finger protein 40)[f]3%
KGN, X Hil i 5 PLDDB1-CUL4 Y
RIZ = E3ERM R GV EAEH , s A e
P, ) e RE 40 B R H2 A2 3R A 5 5 OB ) e
R PRIL, 2T B MG 5 R4 U9, SR,
TEBRE LA T, ALKBHS A B 1 2 4 B LB
HDAC4(histone deacetylase 4) mRNA [ mCA &1
KT B, 33 mCA 325 Y THDF2 5 S (M HDAC4
mRNA [ D, HDACAK T THE, B 2418 3 ik
I A 3G A ALE R 4. HAT AN T
ALKBH S0l 771 4 Bh 968 AE 16 97 19 AH 0% S 58 i 38 17,
L2 12 A1 i) 771) £ 2 W0 10 A% 9 24 e 1) B A4 T N R
WA A Rt — PR E . fE B U H, FZD6(frizzled
class receptor 6)7F I 4% Ja 40 FL ) 3G 56 . (=2 28 A
N EMTIFE b 93 3 5 B A (. RNA mPAEH
F AL FTO(fat mass and obesity associated)Ji />
T HOXCI13 X RNA(HOXC13 antisense RNA,
HOXC13-AS) E R mCAMEM, 159 7 H A2 e 1t [
B3 w7 L 4H e 9 R IAKF . HOXC13-ASiE it
cAMP Jz B Je 45 A 8 1 (cAMP-response element
binding protein-binding protein, CBP) %21 & H
H3 % 2700 i 2 R £,k 1k (H3K27ac), 5% FZD6
ek, TS o e 240 M PR IR PR SR A U8 2R B TR
RNA meATESLAS E H 1)/ F T Re s 2 2 Fp2H i
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® RNAm'A @ RNAPI ¥ H3K4me3/H3K27ac
@ YTHDC12 @) Histone  ® H3K9me3

Chromatin accessible

O SETDB1/KDM3B
® MLL1

LINE-1 RNA

<«——>  Chromatin inaccessible

[E2 RNA m°AEEFN04EE BB IHEIELR G IR
Fig.2 RNA m°A modulates chromatin status via affecting histone modification

E A, 4T U 425 i I8 % € 53 I T HOIRAS |, e85
M e i 1) R A2 5 O T (1 2) o
2.3 RNA mABE M0 R R =4 E510EE R
BRI

et i) =445 M 2 @ DNAME R E &
W) 2 2 IR AT B S, IX — S5 R AN UAE B K1)
DNAfE B8 LR AR ER /NI 4E iz N, ik peil i
T B+ AH 5 45 #4935 (topologically associating do-
mains, TADs)# G4t )51 1) 73 o~ 22 A 9 B AH ELAE
X o XM g3 X BR 5 AR A o A U 42 Y
Pel 7 FER R IE AR ), Yeth i 25 4 12 Bl &1L
(1), BEWERRELFZR R 15 K+ 5 DNAZ W] B AH BLAR
FEAE R AL J2 1 5 e PR I8 PO, et i = 4E
SEr IR TE 2 B 2 PR &R (B3 B0 ) DNAH
FAb . HE B G TR T CEE ) 52 .
DRI, RNA mCA B B2 i ) F2 1 2 e 0 o = 4 4544
A4k, JE— Bk R 3k, Hf2 5 A B B
%o

R-loops& — i DNA 5 RNA 2442 JE B 1) = 5
MRS . 1EIX—45H 7, RNAL DNARIHCEEFL YT,
TR DNABE 4 B I F T2 R ZE 4 . R-loop
TERERIRIA I . Qe st 4E+s . DNAKE G J 12
HE R I R by EE A, IR
HF FCiE 3k R-loop EP 72845 & DNA 7 5 5487~ 1 40l
H K Z 30 RNA-DNA 2% &4 LA R-loop T sAFLE
LW T R-loopsE DNAIL L S F5 A 1Y) 5L 2454 B2,
TEFEFIZH A, R-loop AJ LA 17 YL i 1211, 4IDNA %
RIS AN ZH B e, A B T HAR AR 45 M 7E 1E
AR R A K- . [FE, R-loop C 4% IEH 7T
DLIE I A e R e o ROR T R R0k, fE R A

&

B SR T R B 8 3l 1 A A 3 R e B O B
B AT, R-loopid 75 7% A4 175 5 i i 2 I
(activation-induced cytidine deaminase, AID)/ 5[t
G PEER R A [F) A L e A o R A PP

W Fe4RIE H 1, RNA mCAJE T 5 R-loop 111
R gt i 4 iy, Horh, METTL3 /) T <1 m
W & 1A AL R-1oop I TE . (HAFIE R Z, K
A EAMEERMETTL3 A ARl ix — R 8, 5
IR T mCAH JEALAE RNAP 115 54 1047 1 R-loop ¥
B ) SSAE T U A, meA B3 4% YTHDF2 5
2 7 22 1 1) R-loop = & WA AR ELAE AT, ik 3L
B fi# . Y THDF2 ) Gk 2K 2% 5 20 7L 3 P 40 i o R -
loop/KFF- = 4K 2%, LA L DNAXUGE B4
FRic) y-H2AX BP0 Al b, mC ARSI ] GEAS
7E R-loop. 7 Uik B &[5 4] RN A(telomeric repeat-
containing RNA, TERRA) 2 — M M s [X 357 S5 1)
KARGmAS RNA, ‘& Be 58 1 15 ik DNA R A4S
AT K R-1oop. WA, TERRA L1 mCAME1f
METTL3 1k, 3t meA 4% Y THDC 1R 5 il fa
B WiF METTL35K YTHDC 138 62 ik TERRAFY) %
fitt. Zm°ABHITERRAZTY R -loop, JHARZE A5
HAL, SO0 T 2 P ) b B AR SE K@ AR 2 R
HEL T FEMETTL3 N 2 2 2R -loopil b« Sk e
FIAEERIHATEE B 5341, R-loop T il AEHS
SR At Y 0 AR I8 12 . AR K AT I R DN AT 13
& F145A(growth arrest and DNA damage protein 45A,
GADD45A)ff 4 R-loop I i 52 4% , RE 1 A1 il Jd 411
#il| Kl -¥- TCF21(transcription factor 21)3& K 5 21 X
I R-loop, JFH5E % HFEALEG TET1 2] CpG &y [X I,
51K JF EDNA 2 H A e TCR21 ek (H A5
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R, MRG0 i 1) 2 R 4H SR R T CpG &y
T ANR-loop K #i I TET145 & 47 #1157, NIRRTETI
415 R-loop & #fi () DNA H 4k B g AR FR (3 1 S Z 1)
LR 250 bR T TERRE R AERUR B H AR F oF,
YTHDC1 #2538 B {2 2 AR T R-loop ) RNA 45
75 31 DNAKZZ (RNA damage-induced DNA breaks,
RDIBs), 3% 18 % A PR 1% BR A6 97 265900 (e Ak
FI) BV BUBEAE S PRSI 3R AR -loop & RNA
mC A S g 95 2L B L — 3, {HL H AT FLEZ I v AR A
SEA I B, B Ry E st — PR R AN T
2.4 RNA m°A[B#EF N6 R

RNA H IEAGAB 2 A7 T 40 M 1) Ak 2 1 i
A, IR 2R B R S S S R
BB, RNAHEME S URAMUEES S P60
I L@ E T caRNAZE K T H{E Sl % | 1A
TRERERMEMN SR, X —d R — P
BT YR, AR TR RE, SRR
s B R v A DG A, LR TR K
ASRES. BRI, E/NRIERB TS, £
FELINE-17E 4 [l caRNA K A=m A& i J5 4 Y THDC 1
W, J5 & E %SISR A (nuclear exosome
targeting, NEXT)E 54, (£ 1348 caRNAFFfRE, T3
et 5 FF O 32 BRI % B, b, YTHDC1
5L EERR RNALE A 5167 UYE FH T SETDBI, {2 i
4H 2R H3 28 9f it 2 i — 1 4K (H3K9me3) 2117,
T 0086 330 26 S S0 F R XU B 300 (2O RERE R 1 235
S F Dux B30,

TEJe E HHOGE SRABL 174 B) 22 8 42 0.4 4H B2 (R F 9
B4 b SCHE B FTOME T HOCX 13-AS1E] #2145 41
HAOHAL, (RS R A . 7R O b A
e, RNAF R EE METTL14%15 i, 125 E
%3 RNA MALAT (¥ me A1 = 5 I8 T 40 i
K P _Ei ; MALAT15 miR-224-5p4h & 158 41 25 1
2 R It R 3£/ 2 A (histone lysine demethylase 2A,
KDM2A)) mRNAF & PE, ML 7 RNAF 4L
X Gl o JoT 1) (A1 R 425, A3k 1 Tk TR 4 A P G 5
SUCLG2-AS 12— 5 5 MR i 5% £% R FSUHH U AR
KK AES IS RNA, A 76 N 52 K L RNA m°A 7] 8
i 52m SUCLG2-ASTAHE MR et i 250, AR
ML 2 : METTL3/r S mCA &1 LAIGF2BP3 Kt ) 7
A ITRSUCLG2-AS AR E M, 3 R IEIKT, B
J& SUCLG2-AS 1 i JE i SOX2(SRY-box transcrip-

tion factor 2)J Kl 138 58 7 F1 JH 2l 7 X 38 2 1) 1) &
BB YLt A 5 CTCF(CCCTC-binding factor) i
SOX2H 58 T 3 o) F X 31 5 48, M 4% SOX2
[FZRI%, (EFENPCEERE RO # BT

AR A, RNAF 3L A8 1) e ¢4 )57 2 98
XA 2 38 % 1) A (R AT I8 95 S AR R . 7E
5 375 BH 21 i 9 (clear cell renal cell carcinoma, ccRCC)
W, TCF7L272 % 3 [F 7 HIF 20/ T 1 4 8 Wntid
6 A5 AR R AT B ) SG B FE Y, AT DA HE
ccRCCHI#%, HIF2aid i 4% S HEMETTL3 [} 3R,
4k i LA mOAFKH I 77 VA 3G 58 TCF7L2 mRNARIFR
PE. TCF7L2M% i3 5e 7 40 H f BB S8 AL, B2 fig
HTHE S WA, B8 T ccRCCHIRZEME S, T
MAME, EES, m* AR SLC745 mRNA LUK
i mCA B 132 48 IGF2BP2 (1) 77 2 5 H 5 A€ PRI
BEIEPE, FESLCTASH TR AR FL iz 55 LU=k
S-MRFF R R , X I8 g — D3 N4 B B H35R 4
AL R — H F(H3K 4me3) &1 K 50 IGF2BP2
T Xk, B IGF2BP23RIE , FERUE RIFH I , i
#3803 AKT/mTORGHE 2% 5| & it U V6 o7 G 4
A — P A B ) 1] 42 1 1 77 302 mOA-eRNATE 1Y
5T A A mOA T B2 2% YTHDC 1, i L AH 2 55 ik
WA EELEY), B 5 5 45 /6488 E 4(bromodomain-
containing protein 4, BRD4)4f ¥ 77 5 SR ¥y 3 [F]7R
&, IS R B0, YTHDC 1 Bk 2 S 30 3 117
AL IBRDAY, 50 3 58 67 a5 (1) Gl 857 45 44 AN
SR,

M, BRI TN EATHE R T RNA meAL
e 368 Tk 4 M D DR A BRAE AT ) 4% 5 G (0ot R S ARG R
(F 1), NIRATN G M A4 A B34 T 50
o RIS FRAT o 7 B 5 2 A 7T eI N R A
TELEALH , Jo ORI RE & A R IR AR 2 2 T AL 7
T, DA B AT B8 U RS 0 A e A 2K A ) 440 e 1
U

3 FERIFIERNA meAZIE

mCAYEE N B E s A X — i BT R
WIS DNAH E:AL . 28 B DL Y 65 (1) = 4
G5 22 YR FE R 7 S Yt B B . AR
RNA meAEM 5 Gs 4 ) I AH TAE IR 2 B ),
et it BES 3B IR RNA meAMH I T 1 ik K
IhRelE R meA(R2).
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Table 1 Regulatory function of RNA m°A modification on chromatin remodeling in cancer
[ EEVIEN SR Bl X et Jig TR Hh A SCHR
Al
Regulatory ap-  Factor Mechanisms Impact on Role in tumors Refer-
proach chromatin ence
DNA TETI Upon recognizing RNA m°A, m°A reader FXR1 recruits TET1 ~ Open Promote proliferation  [25]
methylation to genomic loci to demethylate DNA and migration
DNMT1 The m°A reader IGF2BPs prevents DNMT]1 from binding to Open Inhibit proliferation [26]
the promoters of target genes and inhibits DNA methylation and migration, and
enhance chemosensi-
tivity
DNMT1 METTL3 mediates the m°A methylation of DNMTI mRNA Closure Increase activity and ~ [27]
and facilitates DNA methylation invasiveness
Histone modifi- SETMAR The m°A reader IGF2BP3 augments the expression of SET- Open Promote cell differ- [37]
cation MAR mRNA, leading to the methylation of histone H3K36 entiation
SUV39H2 IGF2BP2 stabilizes SUV39H2 mRNA, therefore increases Closure Reduce cisplatin [38]
ATM phosphorylation by transcriptional repression of DUSP6 sensitivity
KAT2A METTLS3 stabilizes KAT2A expression by catalyzing the m°’A  Open Promote malignant [39]
site in the 3'UTR of KAT24 mRNA phenotypes
SETD2 METTL3 methylates the m°A site within the 3'UTR of SETD2  Open Promote malignant [40]
mRNA, leading to downregulation of SETD2. This, in turn, phenotypes
decreases H3K36me3 modification at the VGF promoter and
ultimately promotes VGF expression
DDBI1- ALKBHS5-mediated m°A deficiency results in elevated expres- ~ Open Promote proliferation  [45]
CUL4 sion of USP22 and RNF40, impacts the stability of the DDBI1-
CUL4-based ubiquitin E3 ligase complex, and suppresses
H2A ubiquitination
HDAC4 ALKBHS5 mediates the reduction of m°A modification in Closure Promote prolifera- [46]
HDAC4 mRNA, which lessens the degradation induced by tion, migration
m°A reader YTHDF2 and subsequently decreases histone
acetylation levels
CBP FTO increases the intracellular level of HOXC13-AS by Open Promote malignant [48]
downregulating its m*A modification. Meanwhile, HOXC13- phenotypes
ASI1 enhances FZD expression through the regulation of
histone H3K27ac by CBP
MLLI YTHDC? identifies the m°A methylation sites on seRNA and Open Promote the occur- [32]
recruits MLL1 to co-transcriptionally facilitate the modifica- rence and develop-
tion of H3K4me3 ment
Three-dimen- TERRA YTHDCI can recognize and stabilize m’A-modified TERRA,  Stabiliza- Increase activity [56]
sional structure triggering R-loop formation and facilitates homologous re- tion
combination repair
TET1 Upon recognizing the R-loop at the promoter site of TCF21, Open Suppress malignant [57]
the R-loop reader GADD45A recruits TET1 to the CpG island phenotypes
region, leading to local DNA demethylation and upregulation
of TCF21
DNMT]I IGF2BPs recognize the R-loop in an m°A-dependent manner. Open Inhibit prolifera- [26]
Therefore, they impede DNMT1 from binding to the SEMA3F tion and migration,
promoter, which in turn blocks DNA methylation enhance chemosensi-
tivity
THOC The m°A reader YTHDC1 inhibits R-loop-dependent RNA Stabiliza- Reduce chemosensi-  [58]
damage-induced DNA breaks tion tivity
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Regulatory ap-  Factor Mechanisms Impact on Role in tumors Refer-
proach chromatin ence
Indirect regula-  SMARCA2  m°A modification stabilizes SETMAR mRNA. The methylation ~ Open Promote cell differ- [37]
tion of the SMARCA2 promoter by SETMAR promotes SMAR- entiation
CA2 transcription and augments the function of the chromatin
remodeling SWI/SNF complex where SMARCA?2 is involved
KDM2A METTL 14 mediates m°A modification of MALAT1, leading Open Promote proliferation  [61]
to upregulation of MALAT1. Subsequently, MALAT1 binds
to miR-224-5p to promote KDM2A transcription and histone
demethylation
SUCLG2- IGF2BP3 promotes the stability of SUCLG2-AS1 in an m°A- Open Promote metastasis [62]
AS1 dependent manner. Meanwhile, SUCLG2-AS1 enables CTCF and radioresistance
to occupy the enhancer and promoter regions of SOX2 by
forming long-distance chromatin loops between these regions
Acetyl-CoA  TCF7L2 mRNA stability is enhanced in an m°A-dependent Open Increase invasiveness  [63]
manner. Its upregulation boosts fatty acid oxidation and pro-
motes histone acetylation
SAM SLC7A45 mRNA enhances its stability and translational activ- Open Promote radioresis- [64]

ity relying on m°A reader IGF2BP2. It mediates increased

tance

methionine transport to generate SAM, thereby augmenting

H3K4me3 modification

3.1 3EFRAERNA m° AR X EFHRIA

G fo )i I LR R 2 P R R SR A R 4 T S
B, LR FEIRLE P K RNA me ARSI g L &
PR o E— U T 2k K 4H ]33 (The Cancer
Genome Atlas, TCGA) 5 & 1 7 M K3, 584
DNA H AL % (DNA methylation probes, DMPs)ft
TR AN 2 5 T RNA mC AR 7R IE
YT, A 7N P R R S TR PR 1) e A
FUR R0, 53 —Toe T HUIR B A5 B 5 i
R, RNA m°A LR 1 FTOR) )5 3 DNAH
FALFIHE DU 5 AT e S BUFTOKF R, ki 5
Wi FFCER JiReE ) TPS3IE % 17, 1E KRASFEAE . LKBIHk
KR, R LKBIS AR £ 383d ALKBHS J3 51
I CTCF454 25711 DNAE H 24 -1 ALKBHS5[)
ik, o B T mCA B2 28 Y THDR2 (i85 4
5E SOX2. SMAD7H MY CZ5 U 3 5l [K 1 ) % 3%
AR, S e e AIO, RAblth, BRDNA F (LA,
H B B A G 0 )57 IR A2 R AT LLUSZ I RNA meA
BHRAR S 2R IK (74, 4R (A M R e 2
HAk i KDMSBAT KDMSCH)A] LIA S 415 3 H3 55 4
A7 R = Y ik (H3K4me3) Y 25 H L4k, AT 41
METTLI4\P) %% 5% , 3 3t E /N4 i il e F0 45 B

FRBAE RO, 2 A K g0 METTL 1411
FeSg%, 1R OFRR R, HE A 2 LB 75 (histone
deacetylation inhibitors, HDACi) ]k & METTL141¥]1E
R OBOKT, NS HRIL; M5, MET-
TL14 LY THDC VR ) 77 A a2k g 41 il 5 -1~ FAT4
(PRI, AT R AE MR I /E H U4, Bg T METTL14
4b, METTL3HIZRIE [RIFE 52 R USRI TS . Bt
K- FETS15£5P300FIWDRS, ‘B A15> S/ FMETTL3
JA BT R I H3K27ac Al H3K4me3 4 2K (1151 1115 &
METTL3% 50800 , {233 2 3 i s a6 42 U0 N3
kI8 955 5 (human papillomavirus, HPV) KR 1 E7E &
#4355 K7 E2F 147 S H3K 2 7ac F H3K 4me3 21 55
EMiE ALKBHS 3%, {f PAKS mRNA 2 AL,
B i AR v T, R HE T S A P R e A
Mg RS A R A, R R et R ] Rt
BETT 2 RNA meAMH G Bl F S i —Flig e . SRR
T IR A% BE 5 & I 1 (poly ADP-ribose polymerase
1, PARP-1)/& % 5 DNAFG 18 B R4 5610 75 (1) 9%
B, 3R F %A F I-C(nuclear factor I C, NFIC)
M TATA %5 4 % H(TATA-binding protein, TBP)fK
## PARP 10T METTL3 5 8 1 X 383 3% METTL3
(%5 %, SR IR Bl 3l F PARP 1 75 , PARP1M
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Table 2 Regulatory function of chromatin remodeling upon RNA m°A modification in cancer
iz SR Bl XImCARIEE FERYRE PR Sk
Regulatory ap- Factor Mechanisms Impacton m°A  Role in tumors Refer-
proach ence
Expression of FTO The DNA methylation of the 70 promoter, along with Increased Promote malig- [67]
m°A methyla- copy number variants, results in the downregulation of FTO nant phenotypes
tion factors levels and impacts the TP53 pathway
ALKBHS5 Deletion of LKB1 leads to upregulation of ALKBHS via Decreased Promote malig- [68]
DNA hypermethylation of the CTCF-binding motif within nant phenotypes
the ALKBHS5 promoter. Moreover, it stabilizes onco-
genic drivers like SOX2, SMAD7 and MYC mediated by
YTHDEF2
METTL14 The demethylation of H3K4me3 mediated by KDMS5C Decreased Promote malig- [69]
suppresses METTL14 transcription, markedly diminishes nant processes
the m°A modification of SOX4 mRNA and augments SOX4
expression
METTL14 KDMS5B down-regulates METTL14 expression in an Decreased Promote malig- [73]
H3K4me3-dependent manner and subsequently up-regulates nant processes
LINCO02747 levels to regulate PI3K/Akt and CDK4/Cyclin
D1 signaling pathways
METTL14 The histone deacetylation inhibitor (HDAC:H) is capable of Increased Inhibit malignant  [74]
restoring normal histone acetylation levels and triggering processes
the expression of METTL14. Subsequently, METTL14
upregulates FAT4 in a YTHDC1-dependent manner
METTL3 The transcription factor ETS1 recruits P300 and WDRS5, Increased Promote prolifera-  [70]
which mediate H3K27ac and H3K4me3 histone modi- tion and metastasis
fications in the METTL3 promoter and induce METTL3
transcriptional activation
ALKBHS5 HPV-derived E7 oncoprotein transcription factor E2F1 Decreased Promote prolifera-  [71]
mediates histone modifications of H3K27ac and H3K4me3, tion and metastasis
which activate the expression of ALKBHS5, demethylate
PAKS5 mRNA and bolster its stability
METTL3 NFIC and the TATA-binding protein TBP activate METTL3  Increased Promote radiore- [75]
transcription by entering the METTL3 promoter in a PARP1- sistance
dependent manner
Functions of METTL3 Mediated by the histone modifying enzymes SMYD?2 Increased Promote carcino- [82]
m°A methyla- and EP300, the modifications of H3K27ac and H3K4me3 genesis
tion factors govern the overexpression of LINC01605. Thereafter, the
overexpressed LINC01605 attaches to the METTL3 protein
and promotes the m°A modification of SPTBN2 mRNA
METTL3 Elevated histone H3K4me1 and H3K27ac modifications Increased Endow an anti- [83]

trigger the activation of LINC00969 expression. This, in
turn, enhances its interaction with METTL3, and subse-
quently inhibits NLRP3 expression and the activation of the
classical heat shock signaling pathway in an m°*A-Y THDF2-

dependent manner

pyroptotic pheno-
type and promot-
ing TKI resistance

METTL3JE 8 4 EE, FENFICH TBPXS
METTL3J5 31 X 38 (1 0] Je ek 5, AT 4911 MET-
TL3MIRIEFRNA BImOA FF LAY, 338 17 520 3 &
JE, BREZM RNA meARI g S 2 FIEEBR AR 4h, Jett
J5 B YR T DLIE I R PERNA mOA [5]152 2% 1 2k 1 1

20 RNA meARE 5 2EAF - I 3%, 1B SRR aEEIR
40 g, YTHDF 1 3% 6657 X s e B 2 38
Al fEE T % S SOX2. TP63 45 & il YTHDF 1
(3G 53, 1T 2R mC A e B2 BV, AT 2 i
TR B I S AR 7. REEREMNE, B
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A A Y 2 PR S 1) i B 1 T T R AR 48 L i
12, FEASRCI G A5t (RS L I 1 RNAF B4k . B
Ft i 7x RNA 2 H AL B FTO W] DL i i /b 1 J 48
HiH MYCH ) m A 4L AR 2 MYC mRNA, 3455 5 5
SR IT R AR G T Fe R KT FOXA2 5 FTO%:
RS 8l 7 45 & IR FRAR T HERIA K, A EA £ L
MEAL. B 3(histone deacetylase 3, HDAC3) i it % fi#
FOXA24E 45 FTO-MYC mRNA M H )5 445 5 Sl
PR IRIRRE, 300 B A0 2 e R 2T

3.2 FBFRFIMRNA m° A X EFRIINEE

m°A AL F B T 2 SR TE VT 2 8 3 F
ST A7 5 I AL RNA meAMEMG 19 B ANTE S,
I HE % mCA R 32 2 ) YTHDC 1R 1 i) Integrator &
AR HE RNAZ &, (R4 #1E RNA % Inte-
grator & G R T 1 £ 08 U8 T G €8 )5 0 itk L A 1
WYER . 5T R, 4E 1 H3K36me3
HEmeA W AL B 5 A M 4 A B AR RNAP 11, F
m°A F 5 AV 5T B 1A 338 45 G R B SR BT A2 RNA
DA S5 U 5 N me MBI , I JE T 40 i 1) 2 55
BT, ge Ak, FMAR s B 3 57 45 & 85 ] (tonicity-
responsive enhancer binding protein, TonEBP)fg X
) HH 58 A1 2% 5% B B (camptothecin, CPT)%% DNA
151453 75 7= A i) R-loop, ¥ METTL3%:4E % R-loop I
fE3E RNA meA B JE(L B, oA 8, RNAZEfE
DDX21tH Al @1 i A R-loop, M ZEEMETTL3 E
et R HERNA FF meAPTFAEY,

Bribz 4b, 418 FE n] Lo i 4R S RNA
(1R I8 KT RNAF AL EE TG M, JFHIX 5%
RUsRE R A RV RN A EE VIR R . iR
i, 4K 1B 1R SMYD2-EP300/r 5 1) H3K27ac
AT H3K4me3 & 115 LINCO1605 )it £k, BE)a
LINCO016055 METTL3®& A4 &, it SPTBN2
mRNA I m° A, AT EE s B e it R 4™ 4
# FH H3K4me | F1 H3K27act& i 7K 1 (1) Tt v vl B%
LINCO009691)3%1X4 , 3450 H 5 METTL3AH BAE A ,
2k 1 METTL338 it mCA-Y THDF 24 #1177 28 40 1]
NLRP3{ %%, #1#] NLRP3/caspase-1/GSDMD#H %
(1) 28 L IR 5 (5 5 300 8 0T, AT Tk il e 70 4
PR 2 28 A2 3 TR 2451

4 REESRE
b TR, MR Z ST IR 2 9, RNA

meA G Yt 2 MAFTE VI R . RNA mP A5 #;
SEIRE A et 8T B DNA 4k . 418 1B L
e Gt 5 BA) 2 ) 465 g &5 2 98 G £ 5 PR TR 0 5 TR
ety JFOIRAS 1 8 AR T I RS RN ARSI . 2R
ARk SR M IERNA meA o 78 R 0 & A
HERE SR TT R, RNA mOA 5 4L (0 )5 1 BAE R 1%
FERREBNEMN. EMRREME, B feisid
i 20 1 42 S 3 TR R 3R, R R 4 B R B4 5 5 A
T B B TERR I R AR, a2 R S
HREEe T, B IRy ERIT I B, i o
I 968 210 B X 25 ) O BRURR M | YA T RO R A ke
SO o SRTT, 3X A ELAE AR AR 9 — AR X ] 22 1
TERREA, I RAEA R 5. KM B &It
FIORAT T, AR 2 SIS, )& — B fR e
R =g 1 P N il B ~pi v Wl s A P B PN N VN 7 €2 N
17 R R, SHRNA meA S G0 5 1 HAE R
55 TEMR ) R S MO B, BT AipeiRAs . AR
WHE sh 204k, FEAEPLHI R AT RE R AL AR AT
Wz, ST, ik RN P (5 S %, T RE
I RNA meA5 e ()i 1 BAE G &R, 331 52 1 Jir g
B A AT N . BRI % RNA meA 5 Gt )i
HAERI B A, MR RIS T B R 75 07
R b, R AT TUX SO E B 1, A BT RNA m°A
5t i 2 RN AS R EAE, S0 s A S kR,
PTHRIT ROR . ABTESE PR R, AT I 1 2 Pk -
SR AL T IR N2 OB B 1 I AR E ML, B
B L AE AN [R) iR SR R B B R I DD BB 22 5 5 IR PR 3K
B D) 75 R T A ARG, VR B R 25 M A 2 Ak
BRERTTAT M o 76 R WIS AL 3% 5= A2 W 25
SCHERE U METTL3 ¥ XU & th 38 I 1 BF 50 10 &2 2%
P METTL3/E Mg () /E FH IR JE— BoA A, H
LN Rk B 2 e, AT REAE S S L R e
JigR A J T AE 5y — S B L N R FEREIE o e
FEWEVR T TG M, v AR 25 VR 25 v, A7) 7 SERHE
RIOFFEEARE . I, R S AR RNA m°A s
Yot ST BAERAR , SRR TE HLAEA A 58 =
AR FHFIALE], X T F- RS 8 SRR BT
AARER . XA TRIEITROR, 68
NPEIE BB R AN IR T TR, IRm AR
FAEVE &

SR RNA m°A H R B 5 G 5T 2 [R] (1) 3
[ A 4% K FL ot e fr s e B e {5, {H 7E 2R Wik A%
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