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RNA 5 RNA %5 & # H (RNA binding proteins,
RBPs) WA EAER, WKHFEE THEEENE
FEME 12, RNA B 0] LAKI 2 B Rk B S R
A mE B HHIRE 2 RNA B
By 2/3, 6- H K iR 12 1% (N6-methyladenosine,
m6A) PRIHAE mRNA i1 w4 - B2 M 452 8 H
BCA RNA B FR fE 0 50 Besb, (B R s
BE (pseudouridine, ). XFEIEN (hypoxanthine,
D HZBEAE N4-Z ML (N4-acetyleytidine,
ac4C) Ak ALt 7E RNA B Y 2eh k54
ANHRARITER 7

RNA i1l 1 477 RNA R eE i) % M 5
RBPs WAHE AR, JE BT 244 M4, A
Iz 520 RNA BT . Fr s . Aife i . Bl
RORFFEME . XFRITHLH 2 THAE RS L

DOI: 10.16476/j.pibb.2025.0052

CSTR: 32369.14.pibb.20250052

H . RPN A aE e . PR A kR
SEGERRE DO RSP RNA B IR O ARIE, 31X
— Vil 5 A B (writer) 7. 4% Bk
(eraser) " M “PTEMEE (reader) " WMEZER '
BN B R SR A 7N [ 2 SUR A 2
(Ish A8k, H[E4ERE RNA B 0947 7', RNA
FEWIE A% 3 1 TT 3 4 RNA M 45 RNA AR5 5
A, 1A [A] RNA B 8] (4 AH AR AT T ™
R 22 . RNA B AH BLAE A i P [ ok 5 4
P RNARRE, A pomAt kR 7 REW
RNA &4l Z M AE G B . Prlm] . SE4 5540
HAEFOCR, X UAHBAE R A0 RIER 0 411,
P81 5 RNA B 0 IR S SR B . A A
RNA &4 i A0 BAE FIASL R % 45 7% B 95 i i

SRR SN

H i Tel: 13611413216, E-mail : xiaobin2518@163.com
ZEMRIE Tel: 188188572321, E-mail: mature303@126.com
ek H 1 : 2025-02-05, 4452 HH: 2025-06-20




‘2 EMUFESEYYIRHR

Prog. Biochem. Biophys. XXXX; XX (XXO

ARMTHI T HEA, B8 mRNA 25901 A g2t T
HR R

AR B TE 48 78 Z2 Fh 2R B RNA &1 22 18] 7Y A1
HAEFRZE, 45 RNA B B H RNA i 2 ]
A FH ELAE HIBILAR] S 43 22 RNA 1846 B3 ] 45 i 1)
AL R PR BRI, PRI RNA 1A
HARESAGIWT i) R R PRI T
AT B AR AR W B A WE S B RIS

1 AERNAEIGZENHEEEERR

1.1 RNAIHEEMERREZINSZE

RNA EAiA EAEH B Z O S, bl Xiang
5 U AR B R moA 18 i 5 IR 2 Uk 6 IS g 4R
(adenosine-to-inosine editing, A-to-I1) [1] %) 4 H.1E
FAMLEI BT A ST o i WF5E 4878 T RNA &M AH BLAEH
() — ik Bl RNA 840 it 308 ok 428 55—
RNA & it (0 35 P RN B3R 7K, DT 6 9 o g
BX A RNA B 2 [ 7 T o ey . o 8 os
AN SR T 3X — 4k A AL 3L, R T
RNA i Z [ Ry 200 . & 2% 0 AH B AR A )
HA G5 FHLE " ARG RNAAB A AR 1)
PO FIRNA S, AT LIS =25 ac RAET
[F] — RNA [R]Ff i 3 L (%) 95 Fh RNA &4 (14 A5 BLAE
5 b A TR —RNA AN FBREE L P A RNA &
MREA AR 5 o BT ASHE RNA LB P RNA
B EAER (B1),
1.2 Z4%F[E—RNAEFMHE LB AFRNAE I
HHEEEER A

7 RNA F s AL V148, [7]— RNA 43F 1
I A 2 A= A XU M A A AR 25 Tal 9 4
FEAER] 53 R P A LRI 2 28 —Fh o R 5
BRI, Y PRR b A B S A g ] — B
(AR R BT a5, pR 2 Tl o BRAR N T R HE A
B SR, X BhASSE ML 3SR | B
SUSCHRNA 05 S S E s R i A R ss &
SR R 1A | PO O S R = Y A= O N CIN ik
2, YRS U3 A R 8 T Tl — A3 B AS ] B2
SR, AT A A A R TR, B A (AR S ek AR
T e 71 b N o L R RS 3 R VAN N ]
SEERX RNA 4> FR e M . BHIR R R B 0 4i %
s BRI DRI o PRS- 22 2 R L
il A4 8 RNA i AH B4R F p PR s g 4L 1 ¢
AT THLHI S

1.2.1 m6AFIA-to-IF A E AR

mOA &M FI A-to-1 4% /& RNA |55 UL I
Fp B, R X P RE i 1 & 4 F RNA
BRI AZ R (IRY) L, (AERTRERALSA
A, FEAEACAILE RN Wi A8 )2 AN AE 3 25 57 .
RNA 19 A-to-I %% %5 1 B¢ 7 i & [ (adenosine
deaminase, ADAR) 475, F % & A 7E XEE RNA
PR b, H T R & IR Y eraser 2 i
mo6A & i = W O OB A E A
(methyltransferase-like protein, METTL) 3/14 ff
b, JF52 235 F B A A D5 5 et A0 IE Bk AH G 2R
(fat mass and obesity-associated protein, FTO) Flki
A &2 W VR 2 1 (AIKB homolog, ALKBH) 5
FIE, BRI AU S RNA R >

Xiang 25 1% 5 1:F 4248 m6A FHMEFI m6A 1Ay
RNA-seq %#&, EIXKIE/R T m6A XT A-to-1 4 71 I #%
YER . ZEE RIN, 7€ moA BRI AIT, A-to-1
SR KT AN, 1 E mOA PHAME R SEAR LI Y
B A-to-1 41 TR, I HL& A m6A [k AR Sk
R ) 3 PR A7 A5 meA Bl B S AR [, X
ADARI &5 G MIH B R, R moA LY
ADAR 254 il B FE AL 5% AR 1 A-to-1 it .
AN, METTL3 Fil/8f METTL14 [l 2 £ R m6A
B4, DRIP4 A0 mOA B i 41 32 3k ) = B 78
1k, 3% E] REIATHEAE 3 A-to-1 i #2927, m6A Fl A-
to-1 Z[0] (A0 BLAE F QL AE Z RIS R e S . FE G
[ BE 40 Mg v, b E METTL3 1) 2% 3% g % 12 iF
ADARI (35 TR AR, UL 6 I F e 40
JE I B 1 AH I S -2 B S A, S A e 45 m
H, MIER SRR 4 T moA 5 A-to-1 ), It
Hh, FE METTL3 0B ) e S5 U831 400 M A 4 v
ADAR 35 T, T C-to-U 4 ii—#4IE & 1 B
mRNA Z (AL I 3L 1 A28 006 55 71 B mRNA 24
it fi AL 3A Rk M, JF H ADAR /& METTL3
B B bR, R METTL3 AT DL B 31k
ADAR mRNA, fiEik ADAR R, Ml a4 iF
mRNA % ol f B0 PE, iX B METTL3 ]
T S ADAR G 7K R 5T mRNA S
1.2.2  m6AFIm1ARHE A

RNA JI 5 AT LATE N6 v B T i m6A 154 ,
W AT LUAE N A B8 B N - B L (N1 -
methyladenosine, mlA) &4 2. mlA | Z 74
T tRNAs, rRNAs, £ ki & RNA % 3F 4i i5 RNA
6l S RNARREME L BHIRRICR | PREE I B
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FEE, F: RNAZIGEEEERRBR S FILH R EEMEIS T RiER 3

N DA Ko Zo Fe s 1 & R kSR B B R e T
m6A 5 m1A 1] BEFE RNA F) [F]— iR R 04 il 3 Y AN [
HEA A S R AR BT O BEAE I C R . R
7N, YTH &5 M3 5<% 8 H (YTH domain-family
protein, YTHDF) 1 fl YTH &5 #4341 &% H H 1
(YTH domain-containing protein-1, YTHDC1) 4E
i m6A [ AR A 1 B ) Y TH 45 #3800 9F
4G mIA B 4 . REBR YTHDF2 & 338 I 1
mlA B AN E M, MR YTHDFI i 2%
BEAR T HBIRCR B, Dai % B R, mlA [
it #4 52 1V 43 W6 B 1 12 ( heat responsive secretory
protein 12, HRSP12) 5 YTHDF2 #HEAEM, Hik
FIH: Y mRNA [F B AL ml1A 5 moA EIfifT,
HRSP12 454 % mRNA L2 ff YTHDF2 i1 5 m6A,
J¥ i HRSP12-YTHDF2 & 4 ¥ 1i£ #F Ji$ %) mRNA (1)
PR . A, ALKBH3/E R m6A 1Y eraser HES
Bk mRNA FIRNA | mlA &4 240 fE 8 A4 Pk
IR IE o Fe b, ALKBH3 3 32 1R 1) i 21 4 20 it
mRNA 1 m1A B 34k {7 &, 47§ YTHDF2 X}
METTL3 % A W R, DT AEr TRUBE i ol 4% 1
L 1B mRNA e, R mRNA 1)
ml1A Al m6A Z [A] ) LA FHHESN 1 34 A= PRSI 1)
o AR 0 T ALKBH3 5 (RNA 07 & 1 35 1%
i T tRNA A m1A Fl m6A &4k, It 7
Y RNA HBHIERSE, R U m1A FImoA &I L
il i ALKBH3 B Hp IR0, HfR] 42 5 I 9 RNA
[ RIEERCR
1.2.3  m6AFIm6AmAYHH T AEH

N6, 2-0- B K (N6, 2-O-
dimethyladenosine , m6Am) /& & 4 T I 1 N6
N S B, R B T E HEsh W i
mRNAs [WFE SRR L . m6A 5 m6Am
(A B AR R A AR [T A 58 4 5 S S i ] 4 ]
gt BRI . e TR R — R R AR SR Y
N6 JF T B B R, mT 3 40 ) o 4 B
R AN R Ak 27 A ST PRI R A I 4% H R DGR E
FEERTEEH ., A NMUERAFTET mRNASs,
snRNAs. IncRNAs |-, dI:[ES 5K, 6
mRNA 87 3% . B2 @ MBS L Ny it
4 81 FTOPE b B A9 & BT RNA 25 H 34k
fiti, REAEZE 4 I/ 5 mRNA, snRNA Fil tRNA %5
RNA 2B I 1 ], FTO#IANJE moA (1)
S 2 I REE T RS AFSE A B, FTOIRHE
i T 30 b ok P A ) A B L R R m6Am AT 25 P 3

B, DT EE 7 2 m6A B4 il m6Am 15 i 2 [7]
FIFF, W85 T FTO 78 i ¥ 0k £ 7 1 1 42 2%
PE 1 FTO NS0 2 W 3L B 1 LA o 1R W)
WP . Nabeel-Shah 28 7 #iF 98 & B0, 551 BTB
gk ¥y 3 75 1 48 (zinc finger and BTB domain-
containing protein 48, ZBTB48) & —Fi H A ki
e ORE C2H2-BEFR R 1, ZBTB48 5 FTO REW
RAEMEAER, RS FTO & 45 HEK293 4l ()
JUN F1FOX0O3 mRNA, ZBTB48 il #& ¥ /> FTO
X mOA/m6Am B L AL, LA T4 meA/
m6Am K-, HRNA 5 IR T 5, DI i 42
RNA i35 47, FTO [P vE £ RO T FTO
(RS20 LA AV o FEANAZ Y, FTO {56 25 H Sk 4k
m6A , T AE AT H L SEE #E me6Am, £E.0o LA
Jirfr, FTO [FIRAA7E T4 s fai itz FTOTE
L LA L rh AT B8 (AT B 745 m6 A Fl moAm By & H 3
b 90 GAIKFTO I, [R5 78 I8 3t m6 Am (1) P
T moA ML kA, HASE PR IR BE 0 3 TR
B B moAm G SR, 33 3R B T 4 1) A
A7 T RE P 1R A 78 mRNA By RS E P 9o 0t 28 |
fFid, FTO/E N m6A 5 m6Am AH T4 F il S f
A, T m6A 5 m6Am Y B R 5 35 4 P 45
K28
1.3 ZETFTE—RNARFEME R R FHRNAE M
HHEEER
1.3.1  m6ARImSCHIAHHAE

RNA &4 22 18] 1 A8 B AR FAS SR BEAE AH 7] 66
FALE b, WARTE TAFEENE E Ry RIS AME
Z fap .5 - H L g BB BE  (5-methylcytosine,
m5C) JE48 & AT RNA I Ws e il 3 26 5 037 Y —
P JEARAEA, T2 204 T (RNA, mRNA, rRNA
DL Rz HoMh AR B RNA B2 B AR
mSC &4 i 2 Fh H IR R B AL e i, G &
NOL1/NOP2/SUN Z5 451 NSUN K it . DNA
FHILFE L 2 (DNA methyltransferase 2, DNMT2)
Ph K tRNA R4 Z 8 H B A4 1 (tRNA aspartic
acid methyltransferase 1, TRDMT) **' , m6A Al
m5C Z [ AF7EE AR IR R . WFoR R,
p21 A mRNA 7£ 3'UTR XI5 [] B $i1 45 m5C Fl m6A
PIFEHE . METTL3/14 7EfE2E m6A H IE Ak 1) [
WL 1435 T NOP2/Sun RNA H JL46 34 /i (NOP2/Sun
RNA methyltransferase 2, NSUN2) 45/ m5C &
i, 1 NSUN2 W S i i METTL3/14 475 m6A
i X RN P RIE B 2 3G A T p21 R IR
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AN, YTHDF2 38 3 YTH 45 #4948 th 45 2 Trp432 78
A B S A S 5 AE S RNA 1Y m5C, X —
5500 AE moA PUN T AR R IEEZAER, R
YTH %5 #4 38 7 12 51 m5C F1 m6A H- A7 & B A1
PEST A, S YTHDF2 14 S8 RNA K £
EmSC A W IR B3 BT Y
1.3.2  HAWRNAMG Z 6] (A B4R H

WoE— P A RNA A% T, IR S IE
FHER S T B T I B ERL AT, |2 AF
fE T tRNA . rRNA FI#5F/NRNA H A3 15 B A
Pk, HERE . DB . BRI RS
BABEZER 2, RV, FEEA y flmsC
B 1 19 mRINA 76 40 M P 7R H I 35 0 BRI AS0R 2
THFIRNA B2 38 oy F1 mSC 9 HAB MG C B E
WIFEIRYT 7 E A BRI T, Warren 58 Y 5T IR
S, TELR UG8 1 (green fluorescent protein,
GFP) Zwh#t s, msC 5y iitgiites o
P& 5 AR TR LA MLAF TR R, I 1S 5 A1 R 8] I GFP
(235, B mSC Ay (Y B 11 BEAZ 48 B mRNA
FoErE, (RiFEiERnE SR, ImLshE
FEPIL 6 R GLNTERE

AN, Andries 55 ' UESE, AHEETF w MlmSC )
i, FEE A NI IR (N1-methyl-
pseudouridine, mly) Flm5C &M mRNA 3
H T K A RNA 54 A 5 RNA BIEEACE . mly
S AE N &L AT B IR ST A
FELET 18stRNA FIZE A YA (RNA 1 AfF5R 36
By, 5{{/EmRNA 3> UTR &L mly Bk,
] s} % 4= mRNA 3 UTR ) m 1y f&1fii fl mRNA 5°
UTR/CDS ¥ m5C &4, ANALRE M 45 15 mRNA
B (20~251%), dReRFREMAN R
(interleukin, IL) -6 ik " X Fp LAB M A 2
TE/N BRI Z Fh 40 & (fL 45 HeLa, C2C12.
A549%5) FRHRELE #E mRNA BIIRGE /1R TF, AL
ol A R P D SE R A siE B iy
14 ZETAERNALHFFHRNAEIHHEE
1ER

RNA &M B AH BAFE DG R B Y e 22 A8 [F] 25 A
[ RNA Z 0], t(RNA DUH S i B M2 Re i &
M 77 ZAE RNA 4325 B POl — iR 7 (RNA |
AN [F] RNA A 0 11 B 5 e A B 25 IS, AN (]
AL B BMAATEA BAE R, R R e ihilE]
FETES NN, X PG BLFR A (RNA B P [R]
RN A NS E M RAZ AR, R (RNA S

54 13 (1) mSU/Um 8 15 58 AT 25040 1 Toll ¢ 32 {4 7
(Toll-like receptor 7, TLR7) Kyt &F H I o5& W
i, PHUME G N Z 45 . TLRT K AR AN
FEBUAR B IO T 0 ) SRR R AR PEAR B,
5-FHILRTF-2'-O-F AL (m5Um) B4 =B f 5%
Fh R BT C5S F12° O B WIS B KL Ph [R) 77
FE, MR 5-F LR (mSU) 5% 2'-0-H JE R
1 (Um) MPREARON @,

I Ah, RNA & i A B /E H#E 1 #5 (RNA 5
mRNA [ ik LI QM ™ BURT A
fi} 6 (pseudouridine synthase 6, Pus6) & H i 2 ik
iz RNA (tRNA"Met) #5311y (y31) FlYEF3
mRNA 5 1074 iy (y1074) AYS 0l 7. BF9E %
B, B & R RNA 5 A (methionyl-tRNA
synthetase, MetRS) W] £f 55 P45 & YEF3 mRNA,
MEEREN M A H 3 (yeast endoplasmic protein 3 ,
YEP3) {EJZEMIBR 7, w5 BhAZ M (A v O A ] 15
HEIZ B, AR RGP e 2E MetRS U454 7.
24 Pus6 fift 2k B, MetRS 5 tRNA"Met Fll YEF3
mRNA W45 G HE I FEAR, S HURNAMet 2t fL3%
R KA RIAZ R A s B I 0 0 . G 8 5 L
YEF3 & [ DR B 0O A% A . 53X 2B Pus6 il 1o
4+ tRNA”Met y31 1 YEF3 mRNA y1074 1 B [7]
Y, {23E MetRS %t YEF3 mRNA FHiFHERE M i
YEF3®E[HRIE 7 55— R AET (RNA
¥ F% T 10A (tRNA methyltransferase 10A,
TRMTI10A) 7', TRMTI10A 5 FTO 45 & & A
JRE AW, R A A BT (RNA N1-F L 5
9 (NI - methylguanosine 9, m1G9) A H FE{LAR
A (1 TRMTI0A %0 ) Fl mRNA i m6A H 51k
RE (HFTOR M), Sk PpE4EE mRNA 5[]
tRNA Z B fEE R . TRMTI0A: FTOE WY
IHAEZ W tRNA F mRNA B ELAE F A T P
T RNA AR [E] ER BOAR [A] 1 B 52 3% — A 3
#8575 T mRNA F1tRNA (1) RNA & 11 ilf 2 [8] 8 5 A1
HAE RIS tRNA 5 mRNA (4 5 60, Seil
BRI RE AR T Y A, FESH (RNA R
mlA 25 3Lk ALKBHI, 7E45 ] tRNAiMet 41
LA | B3 E e S R 12 R T R A% A T A
FH 77l ALKBH1 A FH9 tRNA m1A 2 H3Efk, o]
DL B HEREAR (RNA 76 BIE D s 1300, b
JRIRA K, Fm i ] R JHHE (RNA i mSC H 3Lk
ARZSFAT FHI MR TP /0N BRUBZ R 48 i mRNA B 1%
GEA T AN A-to-T, mSC R A K P
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FEE, F: RNAZIGEEEERRBR S FILH R EEMEIS T RiER 5.

P& tRNA FIlmRNA Z [ §% 58 . T BRAEshA
FERTETE “MRiEH . A-to-l. m5C ZEM& M it 32
THRNA F 305 TR 5 mRNA BIRES7, KAk %
T3 FH LA B A0 B 5 R 2R K mRNA (1 B3 7

R BARM 22 B % v AR PIH, {H (RNA FlmRNA
AP SR AR R R T — R AT B SR R Bk PR AL
i, 1 RNA B A B AE R STk i 52 8 i 1
FRET .

ZETFE—RNARERHEAS

Atod ()

(-)meA - méam @
@ meA méA ()
mRNA “\"VJ_JI_&A’;‘/H/JJ_R L F_ID |3
Acto-| St
r mRNA
(mea G ﬁw&ﬂ%

L

AT M
L J AR e
HifmeAS meamZ BB X R mMRNA PR
Z4& TE—RNANTRERERLR
gy, méA () =S msc @ ESH mgr °
METSS gty T R v S 1 mip
leWf*ﬂ;& 13 l J,
l mRNAR IR R E & mRNAR B
P21 mRNA BI5RIEIE8
) EETHERNAZ[E mea AL
TA0 ) med e >
tRNA o ¥ T b e EZHREY
.‘qs*éo.\s T LSRR TO v /. MRNAY — &t
N P IR —_—e
| > DOy Wahming 7—> 7%
i P ® Yy —=- n ==
mRNA 7 ‘ + W
DA ENREEL v A

Fig.1 Types and manifestations of RNA modification interactions
B 1 RNABIGHEEERAMNEBERALK

B s = FRNAEA A E AR 2,

B[R] —RNAMIFIBEEE . IR —RNAARIRIGEE . AFRIRNARIAEMAH AR, 23T SRR b i

KL, m6A: 6-HIILIRIEN (N6-methyladenosine); A-to-I: JRF £ EEIENS % (adenosine-to-inosine editing) ; m6Am: N6, 2'-O-Hl
FERRTF (N6, 2-O-dimethyladenosine); ml1A: NI-FIEERTF (N1 - methyladenosine); m5C: 5-HIJEHIBENE (5-methylcytosine); y: B RIS
BE (pseudouridine); mly: NI1-HEEAEJRH (N1-methyl-pseudouridine) ; m1G9: N1-FFE: 24 9 (Nl-methylguanosine 9); ADAR: AR i
% (adenosine deaminase); FTO: [N i & MACFEAHSCHE 1 (fat mass and obesity-associated protein) ; HRSP12: # R /M b H 12 (
heat responsive secretory protein 12); YTHZEMIM G E 12 (YTH Domain-Family Protein-2, YTHDF2); METTL3/14: HLAREEHFEEER
3/14 (methyltransferase-like protein 3/14) ; NSUN2: NOP2/Sun RNA HJILHF il (NOP2/Sun RNA methyltransferase 2) ; TRMT10A: tRNA

FHJLEL R4 10A (tRNA methyltransferase 10A) .

2 E-FTRNAMEIGEEE A RIEi2 i F1 7
=R RE sy ki

BT RNA B 18] #3 40 . Pp [ 55 A I AL ) A
RNA Al (A EAEHIC R, B REATE &0
AT Z AN E b e AR AR | 33O0T 4 T P
RNA {6 i il £ o83 (ol B 15 0 G 92 981 15 v 48 £ L
filde gt TEEAR (K1), 4iHWE (colorectal
carcinoma, CRC) JZFHAESLT A R, H
SRS U UL AE ST 2 Chen 45 )l i

3T TCGA Bl 1 695 1] CRC LHLREAR, REE
WEFE T 26 FiE ARG FRBHE, ZHmOA. mlA,
A-to-I Fl & ¢ B I H M 1k (alternative
polyadenylation, APA, —Fl RNA ¥% 3¢ J5 &1
NS E A MEPN P Y ex (T EINEE SIS S
2, HA2570% ) RNA 815 i 1 22 15 5 I AH G,
JFH m6A ., mlA. A-to-I1F1 APA writer fiff it 15t 1% &
AFTE CRC W] R A 283k 29.46%, kAR 1545 58
AR R TS B 25 . m6A, mlA | A-to-1 fll
APA 5 A5 KRAS JFUEE L | 1L-6/Janus F# i
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(Janus kinase, JAK) /A& 5% S M e G & A
(signal transducer and activator of transcription,
STAT) 3 % i i % . AHOC , R W2 RNA & Afi
N T 1 D3 [ 58 722 AT g 3 5 40 L S i - RAE AR 5
#%, WA CRC EVEHEE . BF9E N DLt — 20 A
LS ) F A T MW _Score PEAMERY . @1
X TCGA $Hii A1 562 1~ CRC B H HEAR HEA T TC
RBHTIX 43 WM Score 5 . K504 . FE1Z AR
H1, m6A. mlA. A-to-IFl APA f& i/} [F] &4 CRC
IR, REIE Y APA Fl A-to-1 4 % =F BEREAIRAT
Al 3 F HEAT £ & [y 50 & 4 1 3 (HEAT repeat
containing 3, HEATR3). Y & 455 & H 2 (Y-box
binding protein 2, YBX2) ZFJCHEFLA 37 UTR 4
R, E RS A A B A RN EE RNA R {5
I, KRB WM_Score {53 2H HA7 w7 A iR 58
AR AT AE SRR, i S e Ll M1 B
Wi AT L AR AL SSRGS 32, DT XS B A6 £ 4110
il Can AR P ESE TS Z R B4R 1 (programmed
death-ligand 1, PD-L1) BHIWF]) HEAHURK ',

[ BRI (pancreatic cancer, PC) %40 ¥ F K]
2H 2 N3 HE W) o R e 2 Tl RNA MBI 1Y) 22 25 B0
A ER LA B T S IRy 7 BFSER B,
m6A., mlA. APA il A-to-I I fft RNA 41 15 A
il 52 0 A AH DG, aE o PR R 45 b R - TR o e Ak
(epithelial-mesenchymal transition, EMT) Fl%%; 1k
H KA F-B (transforming growth factor-B, TGF-B)
SR GBI B, R IR S P TN T R
PEIRIT MBI . Gao 55 1™ 3 1o i 2 PP AL 41 4>
RNA &1l (£145 204> m6A 5 A, 6 1mlAE
AR, 121 APA 5 AEFI3 A A-to-1 5ARE) ()
[F] SCAA 2 B 5 A8 A 38 B 3R Z LA DR M, B
YTHDC2 5% 52 [ FF PCF11, YTHDCI. RNA
AP E A X YAk (RNA LA RS EG 10B 2
ARG, #E— 2D PP X S5 AREAE PC H 105G 572
FMGARRESG, KM EHE M EA X 5 w24
Jif A1 PC W RE ) . @1 LASSO-Cox 53, JEF 10
ANRIKZFIEN (HF CXCLY, GREMI ., INHBA .
SEMA3C., CIS. PGGHG. PABPCIL. BRICDS,
PCSKIN H1 C4orf48) ##: 1. T WM_Score 571, &
B PEAr 4 E & EMT. TGF-P R 7L 3l i A 85
FEARE ALK
Rapamycin Complex 1, mTORC1) {55 i@, Al
VE Rl SR s Je s . B IR T IR T I T
MR, H WM_Score /55 2H /34 1] REXT S & VR YT 5

(mammalian Target Of

Bk =, R PUFI m6A . mIA . APA Fil A-to-1)
HABZ B PAEAEH, 8 PC EH R EIIGTT
FRPEIRTT G R W S it — i fs , S PC I
W BRIG YT R N BRI A B . RIAE ML, 7R H
(gastric carcinoma, GC) ', i T{AI L Fh RNA
B 5 A Bl AH G B PRI A AR X GC sE R, 5%
A B FI I mIA. m6A. APA F1 A-to-1 PUFh RNA &
XTI ) 26 N5 RN 192 AN JCHRIE N, 847 T 5
K2 Cox [PIH 73 FITC B RIS 530, IFHR it
T2 GC &I ARG (gene.Cluster 1. gene.
Cluster 2) . &5 W7~ , Cluster 1 & £ 76 AC A
RNA &A%, Cluster 2 54NAETE . T A H
Wit = BEAH G, X PR RGETE A AF S M AETE I 25 22
5t RIS SHT 300 4~ GC FEAET F2 30 AH T A 7K
o, RIS RNA B4 5 AR & GC Hi5 F kT
i BA TSR, gD 5 RNA MBI S A RAH
YL FUI WM PE o R Ge. ZVE o RGeS i
WFAEE (tumor microenvironment, TME) . IIfi R4F
ik g 58t far o AR P2 BB E DL S i AR
PEFET- 521K 1 (programmed death-1, PD-1) J&J7
BRI FFSE, R T RNABIEE AL HE
Bt R AR OAE T, i GC T B N A A
AT PSR ARL T8 71 3 RF

TEFLIRIE  (breast cancer, BC) ™1, RNA &/
A B WIE SR IR o e RN RS ok At v R HE DG B
A Wang &) % 4 GEO Bt R E .
METABRIC (4 £ . TCGA $¥i 5 5 & 8L, 484
RNA & i 45 11 (RNA modification proteins,
RMPs) {145 101 m6A 5 A, 21> m6A H#EFR G |
154> m6A [l 2 . 4 mIA S AR, 29 mlA #
BRAG. 1271 APA S AR 34~ A-to-15 AR ik
A BRI . 1% AT AR YR LASSO 333 Al
TR g A 7 —A~ BC XU FUmiAE Ay, REAE 1T
fhBERIZH 5878 | i 20 B 22 i 72 B RV R T SO, 55
Ife & AR D i KU S FE AL A o324 . 20 )
. Gk BRI 225 5L AR DGR )2 E Y he
TR, I BC XU LAY w5 15 20 5 248 it J) S AR S 1
5B aE 25 . S A Bk G2 HA 4 If ] AR S 24 4 Bl
BERLES . 5 PO b PR 2 R A M 25 AR G, (EXT
M A 200 S A AR S 2 P R

TEUN S (ovarian cancer, OC) BIAH CHFSE
i, Zheng &% "l i 25 A AT AIE R WH Tk,
WFFE T 59 > RNA B 4 i #55 2E [ (RNA-modified
RRGs) (fd §& 8 Fl RNA f& 1fi

regulated genes,
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mlA, m6A, m6Am, m5C, N7-H IS (N7-
methylguanosine, m7G) . ac4C, N3-H 3t fifg m& g
(N3-methylcytosine, m3C) F1¥Y) M HKEK, 14
T £ & ALY/REF % i [ T (ALY/REF export
factor, ALYREF) . #¢4§ CCCH %Y 4514 B 4 1 13
(zinc finger CCCH-type containing 13, ZC3H13) .
Wilms J8% 1 & B¢ 5 1 (Wilms tumor I-associated

4-DERRG F#EBIRL 3% — BRI iy Z2F0 RNA &4
Z 51, 6818 X 43 OC = I XU 41 i ik 37 701 )i A8
R, BERIPEAL R . OC RS 21 2 [l 77 7E 22 5
I A R, v R XU ZE S ) (7 3 22 Sk
M55 RGBSR O, R TR ) b 3408 B 70
ML BRI 2 WIAE AR OC KUK FNIG YT 7 1 HA T
FEAER

protein, WTAP) . METTLI) X PO/~ &5 K 7
&1 RNAEIHHEEERAMES B AR T EE
Table 1 Tumor diagnosis and prognostic assessment models based on RNA modification interactions
ZHEL
R A4 TR R AL IS i
N

CRC AERE AT 2T CRC A GO TS, - TUMIPC f¥h
WM_Score PC STRCR. [ss. 88, 90]

- mlA. m6A. APA. A-to-l

Breast Cancer Risk
mlA. m6A. APA. A-to-I

RE 09 PP BCHYZE K 4L RAZ L G 20 M 3R A T
T RS

[93]

A IPAE OCHI ST LR bl 5t V85T /7% .

Prediction Model
4-DERRG Signa-
mlA. m6A. m6Am. m5C. m7G. ac4C. m3C,
ture oC
Model v

mlA: NI-FIEJEH (N1-methyladenosine); m6A: N6-HJLRF: (N6-methyladenosine) ; A-to-I: JFH 3R #2054 4448 (adenosine-to-ino-
sine editing) ; APA: FfCRERIFERIL (alternative polyadenylation); m6Am: N6, 2-O-H AR (N6, 2'-O-dimethyladenosine); m5C: 5-
P g mEmE  (S-methylcytosine) ; y: fRIRMERE (pseudouridine) ; m7G: 7-F 354 (7-methylguanosine) ; acd4C: N4-ZFkIEmenE (N4-
acetylcytidine) ; m3C: N3-F FLffmEng (N3-methylcytosine) ; GMB: KB4 )i (glioblastoma); PC: R4 (pancreatic cancer) ;

GC: B (gastric carcinoma); BC: FLURJ# (breast cancer); OC: Bi§iJi (ovarian cancer),

3 RNAEZIGHEEERSSEMBEERFNA
£MMERE

Bifi %5 RNA & i AH B A LGN 2 e, A
95 TP B VE FH I I B . RNA B AH B A JH i et 42
CME SR B R, B K AR . R
SERAE AR M AR, (H )2 TH AR ELA/E L
il E R B, v 22 RNA A i ) B3 )l 5
PRI TR 2B 5 4%, R ik e fn e
N2 AR SRR . PRI 2 Fh RNA B4 AH 1
VERITS JGAFAE BOAZ O 5 5 Bk Z2 P i R AL s by
W E, LRl 2 5 AR A B el B QIS shoA i
PR E R (E2),
31 RNABIGHEERSSSMMBHE L.
ER

RNA & A AR FH AR g % A5 % 8 v 4y i
B, I R I R e IR F RNA A 2 98 e
AHMIERE, R mOA 1 A-to-1 4t 22 ] A AH TAF
M, S, 8 MR B,

RNA &4 A0 B A 9T 7% B8 B {555 il ik v 2
TRkt . AR LA PR, AR
7R W TT & 4R R R L AR R R BE AN i
(glioblastoma, GMB) J&ABKE HPk M Y Hiki ke
Z — 50 Tassinari ¢ ™ #F98 %W, B METTL3/
ADARI fl B BEAY m6A FI A-to-1 4 2542 GBM 1E
& v i o6 B ik 42 . METTL3 fE 98 i b ADARI
mRNA % m6A &1, #E1MifEiF YTHDF1 /% (1)
ADAR1 mRNA Hll %03 1R 11 3R 3k K7 1S i,
ADARI fE5 25 A o R 40 M JE1 390 28 11 A0 i e i it
2 (cyclin-dependent kinase 2, CDK2) #45g4<, M
Mi{E# GMB 4H s 58, B “METTL3-YTHDF1-
ADARL” FIFE I {554l 252 o,

WMEAEWFSE O #8878, ADARI 7 BC 33k i,
I5 BC UM A IG5 . 1B FAZ 2 AE 1 i 14 i A0
Kl Ly AR WF 58 #8 R T ADARI Al
METTL3 2 [b] iY B £ 0 A0 B AE H A, JF ik 52
ADARI il i 4% “METTL3-Rho GTP B % & M
5 (Rho GTPase-activating protein 5, ARHGAP5)
-YTHDF1” {5 SR vk BC 40 it etk o %0
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58RI FH AR 11 B0 R i S SR A Bl O R
UESE BC H ADARI )35 7K 4301l 5 METTL3 #1
ARHGAPS RN 2 IEAOC . HE— 20T Ui Sk A i
F Pearson AN E T, i ARHGAPS 5y METTL3
AR LR, A BC H (4 FRIB1G I RE % 2 1 it g 241
MR G5 F112 28 . METTL3 mRNA #45% ARHGAPS
I mOA &K -, dEMifEiE YTHDFI mRNA B .
WA, WF 58k & B BC 40 i ' ADARI 4+ S Ay
METTL3 mRNA S S T miR-532-5p 455 ir
&L, ffMETTL3 #ikFhm, METTL3 i H kg
Wik 5 ARHGAPS %35, 5 YTHDF1 AHAH 5 AR
A, Je[E#Esh BC #E R, Bt JE B “ADARI-
METTL3-ARHGAP5-YTHDF1” 15 & #l1, 8
A-to-1 4w Al moA B i &2 2 A 2% 10

YEMtRNA . rRNA Fl mRNA I {RF b2 84
ac4C I B N- L 5% 40 10 (N-acyltransferase
10, NAT10) J2&ME— O %0 R i B A 2 ik % il Al
RNA 255 TE PR U0 ZEB R, mdnien
fE A I g AR 2 AT PR AR B A AR, 3
— RN TR T SR L T R A A AL S Y Med
G ol BB, acdC LML OCHERG NAT10 76 N A
JE LR Rk, R NAT10 7] 55/ meA 151 1Y)
S, JREEMGE R AR EEMR
2, W\ T E WK BRI “NAT10-
YTHDC1” #{5 55, MHLEI Lk, Ui NATIO0
Al 30 YTHDCL mRNA & 5 PE A0 @ik, 3 il
YTHDC 415 14 4 T i o 12 S0 25 T R L o &0
fitg A 1Y) mOAAE MR R ], T AR ol 7 2 4 A HBC o 1
hin. FLER DY AR o BRI U Ik, M
ac4C 1B 9K 51 (1) m6A &1 fE % 1F 1) 34 45 e 7 40 ftg
AR I f AT 384 5, 32 1 ac4C/m6 A AT 22 [H] Y
PNV ZERE X T g 1) e A i G

A, ac4C 5 m6A HYAHBAE I id i NAT10
22 Z TR /KE A BR A5 $2 K F 2 (serine/arginine-rich
splicing factor 2, SRSF2) #3/iEf553cHk, 7EGC
YNPGRS h R R AR . Lin % U i,
NAT10 5 GC 41l mRNA {5542 K -7 SRSF2 #H 1.
YEH, {fi SRSF2 Wtk IT P st e tE . 2Btk
SRSF2 fEM 4% 5 YTHDFI pre-mRNA 454, 150
YTHDFI pre-mRNA 4 i F 4 B BK 3% 5%, fig fiff
YTHDF 1 i 542738 SR Y TH 45 5 i 11 1 461
# (YTH domain family protein 1 short isoform,
YTHDF1-S) (y3&ik, M58 GC 4l ()3 5 Fi
T SRR T ac4C Al m6A B P A A BAE H

6T L) “NAT10-SRSF2-YTHDF1” {1t 212 5
GRS AL S G, XL G p
B HAAEZE L.
32 RNAEIGHEEEASSRRET

RNA &4 0 H ELAVE FH RE 0% 38 14 18 78 RNA f& 2
PE, SIS RIL, M A SR
PR A IRE BRI R AE IR R, e ity T it
THHE S . Terajima %5 "7 KL, moA & 1] fi
i ADARI BRIk KN, dE ot ADAR W i T4 %
(interferon, INF) R REEER N, X—F
ST N T mOA &1 Al A-to-1 4 8 1 RNA 2% &5
PR AR, ZERI S e R MO 7 Sy S n
MDIRErEH . IFN A B A 22— 2 NP 2 B e 1)
YU T RPE RN, A CF R R B, ADARI X
IEN {55 555 G003 S8 15 X0 T e K R G e Fika
BZFELHE 0 YTHDFI 75 455 A-to-I J 46 il
ADARI 3Rk FIREEZOIEM, MUK YTHDFI
U855 T IEN /5319 ADARI p150i%S:, H YTHDFI
(14 i B B A T TFN 35 19 A-to-1 RNA Z 5 1) Rl 4
IKF DT IR XUBE RNA SO i %, I 1 TIFN
e 3 A R 3 . R A /K P 11 48 7 iRk e 0
], YTHDFI BYBRIARME TFN 2 7 3656 1 22 B H Bt
TR M . IZIETT R —FP T BEALE] . m6A XT A-
to-I RNA Z i (18 75 BRI 1 IFN S0 114 96 i FRARR 4L
AF ) S BT o B T ke TN S 4 A0 ] S 4 i A
BEPERY 7, BRI, m6A F AL AT A-to-1
WA EAEH T A “YTHDFI-IFN-ADAR1” {5
SIS SRR

AL, m6A Fl mSC1& i 22 18] 450 [5 /6 7T g
FEVETE cGAS-STING {5553 1 7 T R e e I 28
WS BB 28R . Chen %5 'Y BF9Y %1, GPX4
FEZ P ERE R A rp RS W3 R, m6A FlmSC
& i ml B8 B 18] Gl A %0 45 B MR % (colon
adenocarcinoma, COAD) 1 ¥tk GMP-AMP 4 [iff
(cyclic GMP-AMP synthetase, c¢GAS) T4t % Hl¥#
¥y (stimulator of interferon genes, STIN) G1{F*5ifl
% 1 UEAT S 2R JT o MeRIP-qPCR 43 #1 48 7%
COAD 1 4+ e H Bk it % 1k ¥ i 4 (glutathione
peroxidase 4, GPX4) mRNA [ %k {XAE RBMI5B
IGFBP2 I NSUNS5 3R Al 2 3% T . 1 GPX4
JEB 11 I S A AL 20 i S A R A ) B
fitg ‘1> AL EYE, RBMISB il IGFBP2 & i
it /- 5 (1 m6 A FI1 NSUNS & 417 Bt £ 5 i mSC i fifi
GPX4 i 1 3 7% cGAS-STING 15 554 5, i 445
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COAD i E AL IR AR S SR AR i e 1 1)
IeAh, *Haé?liﬁa‘%NSUM et I METTL3 i35
K IFAEALILAE COAD 21 (1 mSC &4, FRUIIE
S mSC HImoA i [ A AH B AR . 28 BTk

GPX4 [ i) m6A F1 m5C &1 i A0 5.4 FH 7] e 18 1o
BIE COAD 111 cGAS-STING {5 53 1%, M A%,
SRR S PEIR YT B A AR AT

s I Y

' SRR
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Fig. 2 Action of RNA modifications interactions in different diseases
2 RNAEIGHHEEEERRERRTHIER
& PR RNAB A AR e S . SR . UM . BT RRANARIE . S5 iie S Ae R s RGP B HE RN RE . m6A: 6-F JLIRIGNS
(N6-methyladenosine) ; A-to-I: JJRHFI Y NS Ji4E  (adenosine-to-inosine editing) ; m5C: 5-FIJEEIMENE (S-methylcytosine) ; ac4C: N4-
LT (N4-acetyleytidine) ; GPX4: 2Bt H ki k¥ E#4 (glutathione peroxidase 4) ; CDK2: 4 itd J& ] & FH 4 M B2 (cyclin-
dependent kinase 2); YTHDF1-S: YTHZ5HIRSEE 1% (YTH domain family protein 1 short isoform) .

4 Hie5E2

SMTH 2, RNABMAE N 2 W ist %2 2 4]
BT %%ﬁi%ﬁﬁm RNA &4 AH 51
FHIE T30 e Y R o5, et I ak . )
EEN R%.ﬁmuzziﬂﬁé%ﬁn#%ﬁm%, i
RNA BTH; . Hiz . @00, BHE. FaE S haE,
R ZFPIEERE RIS . V6T RIS DAL SR R s K
BAL, AN, IR T UESE RNAAE I A BLAR
FHERER T #0550, W] RNAAEEAH B4R AT
[EIZP i 0 A O F e D I e = o N 2 E
(A2 2 o R0 R S RINA 6 0 )8 92 o £ v

ANTR] o BAR 25 RNA B AH B A S 5 3 o 2%
S RS EE A BRI T =ML el 7R
FL— RNABHMiFREZ M, G5 RNA RIS LEA
[RIBR A 2 rp 2 B 35 2 S B A AR, LA
XoF 2 7 FUIE o B 5 )2 R 454 5 b, fE RNA

S i < Py T e IO N 7N QN AN R E
Sef i DIRE AR DL ShAS R IR B R IE
PERYZS [ 73 AT s e R0 THLEIZE T, RNAE
W AR e R R S R R I R S B A
A5 S e Sam BT, PR B R 1 013
TURFIE . SR 22 ZUAH R B2 S BOR [R5
7E RNA WAL SR AL R B 73820
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HURZS I SEHAR R 1, 58 RNA B4 1A BLAR
FBIHE S TE i RAT R SE 0 B . B 5G, RNAE
T AR B FRAEAN TR B A 2 ad R P i sh 252 A7)
ARWFFEEW, JCHIE AL A [F] A= B el BB Be v
RNA i AH ELAE JH A 4% 22 S A T ) B AR AL AT
AVERE s HR, BARELE RNA A AR H i e
B ES IR B R AN BeRs sk, H AT R —A4
NSRRI IAT LR A T B 26
=, RNA B EARHE S0 RE% H T ot 2%
PRI 20 A M 3 DRI T SR H RS AN B . At
RNA i A B AR I 5 10 25 S AR BOR R &
i AR U B SR, X RNA S [R5 T & 5
57 B A A BT T BEAT B T X RNA i AR B4R FH AL
(7 A e AR FIAL S — AP B, o AR A
PR Zh 40 R T R S B R iR A
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Abstract RNA modifications constitute a crucial class of post-transcriptional chemical alterations that
profoundly influence RNA stability and translational efficiency, thereby shaping cellular protein expression
profiles. These diverse chemical marks are ubiquitously involved in key biological processes, including cell
proliferation, differentiation, apoptosis, and metastatic potential, and they exert precise regulatory control over
these functions. A major advance in the field is the recognition that RNA modifications do not act in isolation.
Instead, they participate in complex, dynamic interactions—through synergistic enhancement, antagonism,
competitive binding, and functional crosstalk—forming what is now termed the "RNA modification interactome"
or "RNA modification interaction network." The formation and functional operation of this interactome rely on a

multilayered regulatory framework orchestrated by RNA-modifying enzymes—commonly referred to as "writers,

nn i

erasers, " and "readers." These enzymes exhibit hierarchical organization within signaling cascades, often
functioning in upstream-downstream sequences and converging at critical regulatory nodes. Their integration is

further mediated through shared regulatory elements or the assembly into multi-enzyme complexes. This intricate
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enzymatic network directly governs and shapes the interdependent relationships among various RNA
modifications. This review systematically elucidates the molecular mechanisms underlying both direct and
indirect interactions between RNA modifications. Building upon this foundation, we introduce novel quantitative
assessment frameworks and predictive disease models designed to leverage these interaction patterns.
Importantly, studies across multiple disease contexts have identified core downstream signaling axes driven by
specific constellations of interacting RNA modifications. These findings not only deepen our understanding of
how RNA modification crosstalk contributes to disease initiation and progression but also highlight its
translational potential. This potential is exemplified by the discovery of diagnostic biomarkers based on
interaction signatures and the development of therapeutic strategies targeting pathogenic modification networks.
Together, these insights provide a conceptual framework for understanding the dynamic and multidimensional
regulatory roles of RNA modifications in cellular systems. In conclusion, the emerging concept of RNA
modification crosstalk reveals the extraordinary complexity of post-transcriptional regulation and opens new
research avenues. It offers critical insights into the central question of how RNA-modifying enzymes achieve
substrate specificity—determining which nucleotides within specific RNA transcripts are selectively modified
during defined developmental or pathological stages. Decoding these specificity determinants, shaped in large
part by the modification interactome, is essential for fully understanding the biological and pathological

significance of the epitranscriptome.
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