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ARMTHI 7T FEA, B8 mRNA 25901 A g4t T
HR R

AR B TE48 78 Z2 Fh 2R B RNA &1 22 18] 7Y A1
HAFFRZE, K45 RNA B b H RNA i 2 ]
(4 FH ELAE HIBILA] S 43 22 o RNA 1B 46 B R4 i 74
AL MR R 5 PO BRI, #R9T RNA &1t
HARESIR W 6y R R PR T
AT B AR AR W B A TS B RIS

1 AERNAEIFZENHEEER

1.1 RNAEIGHEEERANEIIIIS 2

RNA EfiAH EAEH I Z O S, Bl Xiang
5 U AR B R moA 18 i 55 IR 2 Uk 8 IS g 4R
(adenosine-to-inosine editing, A-to-I) [1] %) 4 H.1E
FHALHIE B S7 o %9878 T RNA B A B A
() — R, B — b RNA i it 1ot 01 45 5 —
RNA & Bl 10 7 PR 238 K, DA T FE T g %
XY RNA B 22 (B 3 S A el o et A
Wr ¥ v AL T X — SN R, B\oR T
RNA i Z [ Ry 200, & 2% 00 B AR A )
HA G045 FHLE " MR RNA B AH BAE R 1)
TR AT RNA GRS, AT 325 a kAT
] — RNA [R] i 3 b (%) 95 Fh RNA &4 (%) A5 B4R
5 b AT [A— RNA AS[FBRZEE [ Fp RNA &
MM EAEH ;s ¢ &4 TR RNA LA F RNA
A EAER (B 1),
1.2 [E—RNARMEE FHHMRNAEIGHEER
£

TE RNA F R L P08, [Fl— RNA 43111
[l AR |- 2 A= A U8 i A A PR A 25 TR 4 $
FRIER] 23 R AR 2 28—l o [ 858
GBI, PR A 0B L A 1) []— Bl
(AR R B -0 a5, pR T2 Tl BE RN T B HE At
B SR, X BhASTE G HL A 5  | HEEA f
SUSEH RNA 25 30 S A s R 8 R A &
B4y IR . A R R S A A ] A A
2, YRS U I A R 5 T [l — Bl A AR [R) S o7
SR, AT A2 S A A TR0, B A (AR S ek AR
FEAE MR | AEBU I sSSP A RN, AT
SEHR RNA 4> FRa e v . Bl OR ERE J0 4i f %
B PR DRI o SRR B K19 22 2 R AL
il A48 2 RNA 1A B4R A PR A g 41t 1 ¢
AL S

1.2.1 m6AFIA-to-IHAHEAE

mOA &1 Fl A-to-1 4 5 /2 RNA | 5 & UL
FRRWABMIE . A X PIFME I & 4 T RNA
PIRRERS iR (IR L, HENTRERALSA
], FEAEACAIL RN 26 01545 )2 R A0 A B 2 25 5%
RNA 9 A-to-I % & 1 I® H I 2 B (adenosine
deaminase, ADAR) A, FEE AT M4E RNA
S R S S I 111 N D VAL - P ]
moA & i £ Bl P R B A E A
(methyltransferase-like protein, METTL) 3/14 ff
b, JF52 35 H R A A D7 5 5t A IE Bk A G 2R
(fat mass and obesity-associated protein, FTO) Flf¢
A 2 AR & 1 (AIKB homolog, ALKBH) 5
VAT, VR A AT R A RNA P RR T

Xiang 25 1" 1 1 1248 m6A FHMEFI m6A FI1EAY
RNA-seq %#&, EIXKIB/R T m6AXT A-to-1 4 5 I %
EH 9 R, 7E moA SRR MILHMET, A-to-1
G KOT- EIE N, AE mOA FHPERE AR B H
I A-to-1 g T, I H 50 moA IFE AR 5k
A A [A] 5 TR A7 5 B moA il 2k B SEAR A e, X
ADARI &G R MR TR, R moA il 5
ADAR %56 Rl B AL SRAC ) A-to-1 i 1Y
ItAh, METTL3 FI/a METTL14 (515 2 F I m6A
&, R S8 A AN meA &1 21 32 15 1) =F AR
fb, 31X AT fig (6] #2542 UF A-to-1 4 5 Y. m6A FlI
A-to-1 Z[Al AR B AR FH EAE Z B 5 ik sE . 7
Je SR A R v, R METTL3 95 35 BE W8 42 iF
ADARI W8 AR IA/KF, 55 I8 0E 40 i
Ji 300 B P AR P T 2 A SR A, S B0 S S8 m
B, TR SRJZ T ERE T moA 5 A-to-1 20, i
Hb, FE METTL3 {0 BR 0 e S5t U881 40 M A 4 v
ADAR 3K Ti#, i C-to-U g4 il——2 N5 5 11 B
mRNA 48 4 AL 3 1 A2 6 25 11 B mRNA 48
B B 3A S0k 194, Jf H ADAR J& METTL3
(B4 0 AR, B METTL3 0] LA 32 1 31k
ADAR mRNA, fEiff ADAR [3Rik, Mifi[a]HZ4E
mRNA g8 il & 2V ik, X F I METTL3 7]
TP ADAR Zi il Y 7K PR 6 mRNA Jidh -
1.2.2  m6AFImIAMFHEAEH

RNA AN AT LLAE N6 7 I 1, moA &4 ,
W a] LA AE NI A7 & B il NI- 2R IR 47 (NI-
methyladenosine, mlA) &4 2. mlA | Z 74
T tRNAs. rRNAs. £ A& RNA %5 AF 45 i3 RNA
B X RNA R EYE . BHIERCR . FREE N I
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N DA K Zo e s 19 & R kR B B R e T
m6A 5 m1A 1] GBEFE RNA F4 [R]— iR MEE 04 il 3 Y AN [
HILAR A s R B A EAE R . R
N, YTH I E B E H (YTH domain-family
protein, YTHDF) 1 Fl YTH &% #4 I fu & & 11 1
(YTH domain-containing protein-1, YTHDC1) 4
S m6A [ EAFRENS M L [ B W YTH Z5F 3818 510 I
454 mIA B 4 . REBR YTHDF2 & 3388 n 1
mlA B i SEAR MR M, Mk YTHDF] B3
BEAR T HEBHIRA R Y Dai % B R, mlA B
fitg $4 52 1 43 Wb & 11 12 (heat responsive secretory
protein 12, HRSP12) 5 YTHDF2 #HEAEH], Hik
TR Y mRNA [F B ml1A 5 moA & MifT,
HRSP12 254 % mRNA {2 YTHDF2 i1 5 m6A,
J¥ i HRSP12-YTHDF2 & 4 ¥ 1i£ # JiE ) mRNA (1)
P AH . A, ALKBH3 /E A moA [ B g
% F: % mRNA F1tRNA | mlA 45 540, 7Ei4 4
PERHRE Mt Bt b, ALKBH3 38 2 38 51 8 2T 4 41
i mRNA 9 m1A H L4675, #0#] YTHDF2 %}
METTL3 % AW R, DA e TRU G i ol 4% 1
ZFi%EHE H 1 mRNA B RGE P, KB mRNA |1
m1A Flm6A Z [A] 1) SR LA FHHES] 1 3G A= PRI 1)
o B AL T ALKBH3 5 tRNA i & i %
£ 7 tRNA F 1% m1A Fl m6A &K ¥, FHide T
JEY) RNA I BHIER%, R U m1A FlmoA &1 AT LA
i i ALKBH3 JE R RIZLN; , S [R]$2 I RNA
RIBEROR
1.2.3  m6AFIm6AmAYHH T AEH

N6,2"-O-H FRF (N6,2'-O-dimethyladenosine,
m6Am) 2% A T IR N6 (A b B i, &
FAFHE T B HESIYIINIE mRNASs (57 s A% 11 R
M meA 5 meAm AR ELAE AR 2 A7 A R 37
ST S SO SR T RRME . BT, AWM
A ) — R R AR JE Y N6 SR T W L P8
AT AL 0990 o AR RN TR A2 A7 A ST B R] A
B, BRETHCIRE FEEPTEE. ZE ML
[FIEAE T mRNAs. snRNAs. IncRNAs |-, A3t
[ 2 5 4GE 5 . B mRNA 874 | g PER %
LAY R M © FTOME N B N0 R B
RNA % W ML |, BE 98 45 & JF /v % mRNA,
snRNA Fl tRNA %5 RNA #2316 feq,
FTO #A R /2 moA [ 4e 5Pk & LG ' Bl
W5 &I, FTOIRRENS AT i bk e 4 b il A
m6Am P17 2 SL LB, DI EE ST A moA &M

M moAm M Z [ 52, W6 78 T FTO 7R iKY
PEBEJT I 4= 0E o, FTO A 519 2 W b g1t
HA S ERNRY%EEYE . Nabeel-Shah 25 7 1F 5% A&
B, FE45 1 BTB 45 44 38 25 11 48 (zinc finger and
BTB domain-containing protein 48, ZBTB48) Jj&—
P ELA SR 4E 4 DI B C2H2-FEH5 K, ZBTB48
5 FTO fgig kA EAEH, JH4E 3k FTO & 4
HEK293 41 fifi () JUN Al FOXO3 mRNA ., ZBTB48 (1}
THAEIE /D FTO X m6A/m6Am W& i (v 5 i #E ), |
P8 1 41 m6A/m6Am K-, H#E RNA (1% 5 J8 % 7+
=, MM RNA (938 7', FTO IRk $E
PERAKHST T FTO LA E 2. 7EABMIRZ T, FTO
P 5e 25 B B4k mo A, T 7E 4t i 5T o D) 4R S e R
m6Am, TECILAIAEH, FTO [R]Rf A 7E T 40 i s Al
p A%, FTO LEL VLA AR AT G ] I 845 m6A
A moAm 125 B AL 5 IR FTO B, [l %
A 16 ¥ m6Am [ N HB mOA ()55 sk, HAR e 1R
T BE 25 TR S B moAm SR A, X
< Y O e 1 1 A7 R B D ] 9 458 mRNA 588
P se. sost gk B ATIR, FTO /F N m6A 5 m6Am
AHEAE TR OCHET 5, 15426 m6A 5 m6Am [ P}
[F) 3% 5 A P 4 R 245

1.3 [E—RNAREME R AFHRNAEZITHEE
€A

1.3.1 m6AFImSCHIAFHEAE ]

RNA & 22 [] /) AH FAE A AR B AE AH 7] 6
HEAE L, WAAFETARIGREE B A RS RM i
Z [ 2 S H LA mENE  (5-methylcytosine, mS5C)
JETE R AT RNA M5 WERS LSS 5 007 b 1y —Fh T A
B, 204 T (RNA, mRNA, rRNA DL H:
fAE St RNA B0 FEEAZAEY T, mSCIEME
22 L 5 7% i A 6 58 L, B 4E % A NOLL1/
NOP2/SUN %5 #4355 (1) NSUN S J A 5% . DNA F 5&
¥4 2 (DNA methyltransferase 2, DNMT2) DA
JRNA K4 Z R WL B 1 (tRNA aspartic
acid methyltransferase 1, TRDMT1) ', m6A A
m5C Z A AR H I TE MR OC R . BRI,
p21 ) mRNA 7€ 3'9E ¢ 1X. (3" untranslated region,
3UTR) X 3 [ B 1 A mSC Hl m6A P i & i .
METTL3/14 72 i#f m6A H HeAL By [FIR, thdgom T
NOP2/Sun RNA H1 JE %% £ Ji  (NOP2/Sun RNA
methyltransferase 2, NSUN2) 45 ) m5C &1 ,
ifii NSUN2 0] 52 5 472 ##F METTL3/14 41 % i) m6A &
i o XA UMEINE R T p21 BYERIN YL
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A, YTHDF2 38 iz YTH 454 38 rp 45 3] Trp432 7614
AN LA g 5 AE St RNA 1) m5C, X —245
AL AE moA A R A B R AR, R
YTH 45 ¥ 3 76 32 %) m5C Fl m6A H- A7 1= B AH )
PEST A, S YTHDF2 12 S8 URNA K £
BmSC A W F ALK B 3 BT Y
1.3.2  HAWRNAMG Z 6] (A BAEH

VR — P A RNA BT, IR B E I
FHER S T BRI U B ERL AT, T2 AF
fE T tRNA . rRNA FI&F/NRNA 7RI 5L
Fik | WERE . VIR B OR R RN LA
BATEZER ', RV, FEEA y flmsC
B 1Y mRNA 76 20t P4 J 7 H i 3 1) B iR 42
THFIRNA B2 3% .y A1 mSC A A& E B uE
BITEIR Y T A B R T, Warren 45 ¢V WFSTIE
S, FELR U H (green fluorescent protein,
GFP) Zwtiih ¥y, ms5C 5y gififets g
P& 5 AR BOY A0 MLAF TS %, TS 5 AR 2 11 GFP
3k, R m5C Ay 1L 1 BB 08 48 FF mRNA
FoErE, (RiFMiERGE SR, ImiushE
B3 R G PERE

IAh, Andries % " HIESE, AHALT w FlmSC (1)
e, RIEE A NL-H B RH (N1-methyl-
pseudouridine, mly) F1m5C )& mRNA £ F
TR A RNA Fap AT = RNA BHIFRCE . mly
SO N1 AE LT I B S AT A
FEFET 18s IRNA FI Z B PR T (RNA 1, BF5E
FH], 51U mRNA 19 3'UTR &2k my I& A 1
] i} % 4 mRNA 3'UTR A4 m1y &4 Al mRNA 5'3f
B3 X (5" untranslated region, 5'UTR)/4t5 ¥ 51|
(coding sequence, CDS) [ m5C &M, ALk
R B2 42 2 mRNA BHFERCR (2.0~2.51%), BB &
FEIK & (interleukin, IL) -6 AL 4, Xfp
Bt AN B ZFP AN 2 (f045 HeLa
C2C12. A549%%) "hIae{e# mRNA #HiFae ) #2
T, AR 20 M T T e R SR RN
1.4 ARERNA_LHFFHRNAEIGHEEEAR

RNA &M B AH BAFE O R B e = AN [ 25 A
) RNA Z[f], tRNA DLUH S 4= 2 rE b ni &
M 77 ZUAE RNA 4325 BU PRy — 1R 7' (RNA |
AN [F] RNA A 0 1 B 5 e A B 28 US>, AN [F]
i ERVBEMAAAEAR EAE R, RS R e ihilE]
FETES AN, X ARG BLFR A (RNA B P [H]
RN A NS E M EAAZ AR, 6 R (RNA S

54 43 (1) mSU/Um 45 15 58 AT 2500 1 Toll ¢ 32 {4 7
(Toll-like receptor 7, TLR7) Kyt J&F H I o5& W
iy, PEUMMRK RPE RN 245 . TLRT J ) i ITER AN
FEPURE B T i A RE AR AR EAEH
5-FFEPRAF-2-O-FI AL (mSUm) B4R i ™= £E 1 3%
Fha8on; B €5 A2 O v B P A H 3L Wb R A7 7
i Bk Y 5- LR (mSU) 5 2'-0- 6 R
(Um) WA SREON;

I Ah, RNA & 1fi A B E I 7E 8 45 (RNA 5
mRNA [ &3k L9 G M 0 7, BURTE A K
fiff 6 (pseudouridine synthase 6, Pus6) & Z iR
32 RNA (tRNA™Met) #5311y (y31) FlYEF3
mRNA %5 1 074 iy (y1074) B4 RUEE 7. WS
K, B R -(RNA & B (methionyl-tRNA
synthetase, MetRS) T 555 P45 & YEF3 mRNA,
M EEEN BT M & 3 (yeast endoplasmic protein 3,
YEP3) VB R ZEA K-, n] A BhAZOME (A v T ) 13
MEIZ Bl , HAERZMEARIGA P2 E MetRS 945 A 7
4 Pus6 $ift 2< BF , MetRS 5 tRNAMet fll YEF3
mRNA 455 REI AR, FEURNAMet 24 B L1
R R VR A R IR 3 R A T A
YEF3 & [ DRt 88 IAZ R4 . 31X 2R IH Pus6 i i
4+ S tRNAMet y31 Fl YEF3 mRNA y1074 1 B3 [7]
YEHT, {233 MetRS %f YEF3 mRNA B2 & |4
YEF3 H A #£E ", 5 —TffFoE R A T (RNA H 3k
 F% W 10A (tRNA methyltransferase 10A,
TRMTI10A) 7', TRMTI10A 5 FTO 45 & & A
A, kY A% I T t(RNA N1-H 36 5
19 (Nl-methylguanosine 9, m1G9) 1 H FEALAk
A (H TRMTI10A 50 ) Fl mRNA 9 m6A H 1k
R (HFTO M), K Ph A %7 & mRNA 5 [
tRNA Z [ (505 K & . TRMTI10A:FTO & & ¥1HY
IR, (RNA A mRNA (440 B AR AR T
PR RNA A 7] 14 4845 A ) 7 D) 352 770 X — &
PR, mRNA FTRNA ) RNA & 2 1] 8 1 A1
AR AT tRNA 5 mRNA i L0 E 1, 528
SRR RS AT Y A, PESh (RNA h
mlA 12 AL ALKBHI, 7EFH] (RNAiMet 2
LA | B3 0 e S R 12 R T A% A A
FH 757l ALKBH1 A FA9 t(RNA m1A Z:H 3Lk, w]
DLEHEREAR (RNA 7E BIEh s 17200, b
JEAA Y, i (a3 T tRNA A9 mSC H 3Lk
ARZSFAT FIM R T /0N BRUBZ K T 48 B mRNA B¢
FEf 777N A-to-T, mSC R Bt Bl A P
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JA tRNA FImRNA Z [Al 5558 . T, BHIESEsh Lt
FEOYTETE Mk . A-to-I. mS5C Z54& M it 2
THRNA F 305715 mRNA BIRES1, Kb %
T FH LA B 40 B T R R AR mRNA (19 B3 7,

% T [ —RNA M IR 5

(—)m6A A-to-I m6Am @
m6A O
4 Mtz
) 4 mRNA |

e

R BRI A2 B4 w5 R PIHf, {H (RNA FlmRNA
AR R Ak R T A ) i PR R PR AL
i, 14 RNA B A B AE R STk a5 B8 im 1
(RIET .

\
| ] AT
; pel Sy

-

PrAmMOA S m6AmMZ [H] {14 % R mRNA F&fi#
AT R —RNARIAAH R HEAL 2
Wiingy, meA () =N 7 msC @ | N4 m5C @
METTL3/14 mchsz?%% msc @ < \ v O EPN. 5] \ mly Q
Mﬂm M e
p21 mRNA - \L \L
l, mRNAB R E : mRNAM B T
p21 mRNA [JIE 1Y 58
RAETAIFRNAZ [
o 0 oA 5 —_—
tRNA‘ & -YY&N\ RNA i i mlIGON: B W ..ciaasannans > EHA
<O L o W == \'o‘" mRNA| —> [k
— ey n ) 4 — N
= —> @ / N -\ - -
' Q@ : el L o
’ o = - = N
mRNA l—, T hn
Pl BRI oo

Fig.1 Types and manifestations of RNA modification interactions

E1 RNABIFHEERMEBERRALR

[l vh J s SFIRN A A BAE A, RO —RNAAHEIEEE . [l —RNAREIE . AERNARIBEMH AR, 237 &R 28 h A %
BIE . moA: 6-H FEARIES (N6-methyladenosine); A-to-I: HRF B FEIEIS4i4E (adenosine-to-inosine editing) ; m6Am: N6,2'-O-F FLAR
H (N6,2'-O-dimethyladenosine) ; m1A: NI1-F JEJE 1 (N1-methyladenosine) ; m5C: 5-F1 FLJfu W5 g (5-methylcytosine) ; i B FR W5 I
(pseudouridine) ; mly: NI1-FAJE-BFRTT (N1-methyl-pseudouridine); m1G9: N1-FJEL5 79 (N1-methylguanosine 9); ADAR: [T/ 2 i
(adenosine deaminase) ; FTO: JI§ I 5t & FIAE PEAH G ZE 1 (fat mass and obesity-associated protein) ; HRSP12: #Z i 43 % 412 (heat
responsive secretory protein 12); YTHZEMI % E 12 (YTH Domain-Family Protein-2, YTHDF2); METTL3/14: H LGRS RERETE 193/14
(methyltransferase-like protein 3/14); NSUN2: NOP2/Sun RNAH KL% F4HE (NOP2/Sun RNA methyltransferase 2); TRMTI0A: tRNA 5%

FHF10A (tRNA methyltransferase 10A) .

2  ETRNAEHEE/E ARG I2 & F0
eI R R

BT RNA &6 A H 40 . U [9) 45 VE R AL &I A
RNA BB A EAEFCR, BHEZA1C 40
T 2 A S0 e ge o e A S AR AL, K X A T
M f RNA & ifi B 76 Bb 8 7 28 58 (tumor
microenvironment, TME) Fl14g 8 I8 15 H i 4E A HL

MR T EEAR (K1), 4iEWE (colorectal
carcinoma, CRC) ZJFAESLT M R, &
JEAEREE = WL SR ' Chen 5§ %l i
AT TCGA B e 1 695 il CRC HEIREA, R4
SR T 26 M AR R IABL. A m6A . mlA,
Ato-l A1 LR IR H ® 1k
polyadenylation, APA, —Ff RNA %% 53¢ J5 161 J7
DI NE 2 MEPN ¥ e N SIS S

(alternative
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Z, 2 70% 1 RNA &1 Y 26 35 5 A G,
HHm6A. mlA. A-to-1H1 APA 5 ARG 514 548
7E CRC HihIA] & A % A 29.46%, & A 8t {5 58 4%
() E T 540 2% . m6A . mlA. A-to-1 Fll APA
15 A5 K BR PR R o B R 2 R R (kirsten
rat sarcoma viral oncogene homolog, KRAS) JiJ#
I | TL-6/Janus i (Janus kinase, JAK) /&%
e G Jo W S WTE BR 1 (signal transducer and
activator of transcription, STAT) 3 S5t % i) 3
FHG, R W2 RNA B E ARG R 5828 7] fig 8
I PEELRE - SRR T3 B, AR CRC P i
J& o WFEE N B — 2 R I BLES 2= 2 A T
MW _Score PE4M 57 . 3 53 X} TCGA 54 15 1) 562
A~ CRC &AM AT 0B R 50 X i
WM_Score 5 . K440 . FEIZBL T, moA .
mlA. A-to-I’Fl APA B[R] I8+ CRC 1Y BEJ , F¢
5l 7 24 APA il A-to-I % B = JE [ IR mF, ml 3L
HEAT & & ¥ %) £ &% % [ 3 (HEAT repeat
containing 3, HEATR3). Y & 456 % H 2 (Y-box
binding protein 2, YBX2) &5 A4 KL [A ) 3'UTR 44
g, PRI A U B A S AUEE RNA BV (5
FiE M, K3 WM Score {IK 5341 H A B = 0 i 8
AR FUET AR BUEOKE, (A S AT LML B
W L RIS AR S IR AR R 32, DT XS B A A 41l
il A Can e P A T AZ R BL AR 1 (programmed
death-ligand 1, PD-L1) BHIK#]) HEAEER s,

[l B JE  (pancreatic cancer, PC) %) 0 5 F K]
ZH 2 RN oy AR 5 R e 02 B RNAB I Y 22 55 00T
T AR LA AR T SE BRI,
m6A ., mlA, APA Fl A-to-I JUFft RNA & 1fi 1) 5 A
fifg 52 BRAE AR OCVE , Ak O ) 4% b R - R] i §E b
(epithelial-mesenchymal transition, EMT) Fl%% 1k
K F B (transforming growth factor-p, TGF-pB)
S IhRg G SRR B, S R SRR IO TR AN S
PEIRYT DA R . Gao 55 Yl A I 18 AL 41 4>
RNA il (6145201 m6A 5 ARG, 6 T~ mlAL
A 124> APA 5 ARGFI 31> A-to-15 AJi) 99k
[F) SC A 240 i 5 A8 A 28 ] 33k Z [ AR GV, R R
YTHDC2 554 1EFFPCF11, YTHDC1, RNA
ST EAX YA (RNA RS 10B 2
AR, 2B PPl 25 A B AE PC 0 7 s A8
SMRARESG, KM E AMEEA X 75 1F 5 4
L AN PC [ RE ) o 38 3 LASSO-Cox Fi75, 2:F 10
AFkZEFIN (A CXCL9, GREMI, INHBA,

SEMA3C. CI1S. PGGHG. PABPCIL. BRICDS,
PCSKIN F1 C40rf48) #5371 WM_Score 5, &
B P4 41 R & EMT . TGF-B i 7L 35 4 55 1A 55
FHE M A1K1 (mammalian target of rapamycin
complex 1, mTORC1) {55, FIAEHNEERH
SRR . B IAR T MRS IR T I -, H
WM_Score =5 41 £ 745 7T BB X G 7R T B8 Sk 5%
iR 4Fim6A, mlA, APA il A-to-1 95 A= [
A EAEH, A PC B E AR IR 7 M2 iR )T
PRI R S P it —A~ i , A PC IR BING 7 3K
W& PR HE R Y BB o R AR ML, FEH R (gastric
carcinoma, GC) ", N TIRBZF RNABME A
i A S FE PR AR A X GC 52, AfF9E N 53R
mlA., m6A. APA Fl A-to-I PUFf RNA &1 XJ i ()
26 N E NN 192 SCHREE D, #E4T T B A 3R Cox
15 43 A AT W B R, IR IR TR
GC #7725 A4 (gene.Cluster 1., gene.Cluster
2). ZERIIR, Cluster 1 & S£7ECIEF RNA &1
G, Cluster 2 5 MG 5H . A8 A A W = B2 AH
K, EMFRGEIEEAA MRS 2R, MEE
43 M7 300 4> GC FEAS B SR B HH AH T A 7KF-, R IR
P RNA MBS AR & GC filJs FeiE T4l HA T ¢
Pk, #F—2P N 5 RNABIG S A BAH OC 1) 5L i
MWMPFo 258 %I RS 5 TME. I RRHIE |
IR 2 AR B Aaf . ARTT 25 W RBURR A DL K iR e A
125K 1 (programmed death-1, PD-1) J{J7 5%
WEHME, /R T RNABIME AR 8 A
Yk B A LAER, S GC RIS A N AT 1] i
ISP SRAAE TA J SR

TEFLIEIE (breast cancer, BC) 1, RNA &/
B [ IR SR R e N RS 3l A v R DG HE
Ao Wang 45 & & GEO At R E .
METABRIC %45 % . TCGA ¥t¥f 5 5 & 3L, 484
RNA & i £ 1 (RNA modification proteins,
RMPs) {145 10 > m6A 5 AR . 21> m6A #EFREE |
154> m6A i . 4 mlA S AR, 24 mlA #
BRm . 124> APA S ABEAI 34 A-to- 15 AR) #ik
HA B3 AR %K BAVRYE LASSO H i Al
e A T —A> BC XU AR, GEfg T
flBE PRI AR | G 4 i i 2 B I 97 S I 45 o
BVl NiE R S VR AN N Sy AN R 060 L O
W1, Yo BRI 2257 2L G BE ARG )2 - Y BE
SR, BC XU R A 5y A5 2H 5 240 e S S AR e
B EE 2R . S Wk G2 H 4 bR AR S 24 g
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WEMLH . 35 PO A AR B 2R T 25 PEARDC , (X
ML 24 S SR S 1 24 ) R

TEUNE S (ovarian cancer, OC) [YAH ST
H1, Zheng 5§ Y id i) 22 F o Hr MR I 7 ik,
W5 T 59 4~ RNA i i #5 2E H (RNA-modified
regulated genes, RRGs) ({14 8 Flt RNA 1& 1 :
mlA, m6A, m6Am. m5C, N7-F 3 ZH (N7-
methylguanosine, m7G) . ac4C. N3-H KL fifg ms ng
(N3-methylcytosine, m3C) V) B HICHL, 14
# 7 41 & ALY/REF fi i1 A T (ALY/REF export
factor, ALYREF) . #Ff§ CCCH %Y Z5 ¥4 3 2 1 13

(zinc finger CCCH-type containing 13, ZC3H13) |
Wilms J& 1 ¢ I & 11 (Wilms tumor 1-associated
protein, WTAP) HIMETTLI P4~ 2 & % i5 RNA
& i A0 5C 3£ [ (four differentially expressed RNA
modification-related genes, 4-DERRG) HFfEAEAY
X—ALE H 2R RNABIZ 509 GBS X 53 0C
e P DRI 2L e 37 S B A . BERIPEAS R . OC
e XU 2H 2 Al AE 22 S i 2 ) s A i, Hohey
DAL 2L B i) (%) 30 265 22 R0 I RS 2R G0 952 9 1) O A 3
i, 2 I )b AR )0 1 AR S 2 W TE AR
OC KU AT Iy T HA W AEAE T

Table 1 Tumor diagnosis and prognostic assessment models based on RNA modification interactions
#&1 RNAEIHHEE(ERB MRS IT A&
B A4 FR P EiNn A 27k
WM_Score CRC mlA. m6A. APA. A-to-l RES AT AT CRCAGC I TS , FHETMPCH)  [85, 88,
PC T AR 90]
GC
Breast Cancer Risk BC mIA. m6A. APA. A-to-l BEHSIPATBCHY B R . Sy iziEK  [93]
Prediction Model S RARTT N
4-DERRG Signature ocC mlA. m6A. m6Am. m5C. m7G.  HEWEIFAHOCHIMNL TG K il & ia T /7 5 [94]
Model ac4C. m3C. y

mlA: NI-FJERH (N1-methyladenosine) ; m6A: N6-F R4 (N6-methyladenosine); A-to-1: B IR IEIEM ZR%E  (adenosine-to-ino-
sine editing) ; APA: BURIRF AL (alternative polyadenylation); m6Am: N6,2'-O-HEE4f (N6,2'-O-dimethyladenosine); m5C: 5-H
FLamanE  (S-methyleytosine); y: fERIRWSHE (pseudouridine) ; m7G: 7-FHHESH (7-methylguanosine); acd4C: N4-ZFEffmsE (N4-acet-
yleytidine) ; m3C: N3-H ILJMERE (N3-methylcytosine) ; GMB: B HEF4NEE (glioblastoma); PC: J#MRJE (pancreatic cancer); GC:

A (gastric carcinoma) ;

3 RNABIMGHEEERSSMEBEERERNA
£MERE

B RNA 1 A0 AR FHALH R, AR
9o I VR PR T B BT . RN &0 A B4 R Sl A A%
O T REEAE MRS R, MR KRR R
SEREAE B AR R BT, (EL 20 2 T AR B/ HIAL
il ) B il , e 22l RNA B 1 7l 9 BIp ] 4
TR T SRR RM5 5 2%, 7 e A i
B8 KA A o PR B 22 R RNA &1 A
VEITE S A AR IR O 5 5 ok Z2 R A il R e e bl
IR ZR, )25 AR PO AN sk i
PRI E LR (K2).
31 RNAGHEERSESHMMENRE.
"R

RINA & Wi AH 5 A A iR e 2 e w39 i

BC: FLI: (breast cancer); OC: BPHiJE (ovarian cancer).

B, 3 R S R IR R RNA R 2 9 e
AR, R mOA I A-to-1 2w 2 8] A AH ELA
M, S . TR 2R 6E 01 A
RNA &M AH B AE F 8 408 iR A5 5 ik o5 S i
JaGpeki . SRR LU ALY dEE, AEAER
J7 R W T & 4R AR R ML AR o B B 4 ML e
(glioblastoma, GMB) J&4BK R H B A ik e
Z— ' Tassinari & ) WF58 %0, B METTL3/
ADAR1 i EBEBE Y m6A Fl1 A-to-1 4 =542 GBM 1
& i 6 Bl ik 42 . METTL3 6E 9% i {1k ADARI
mRNA & m6A &4, #EimifeE YTHDF1 /- J: 1y
ADARI mRNA FH PR AN 1 3T R Gk 7K P 3 oit
ADARI REHEZEA HReUu 40 M J& A B A 1 D ity 2
(cyclin-dependent kinase 2, CDK2) #5EAC, M
{2 i GMB 4f i34 % , JE i “METTL3-YTHDF1-
ADAR1” WIFE MR (554 252 >,

REAERFFE 4875, ADARIL7E BC 33k [,
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I 5 BCANME S 5E . 1R MR 2268 ) 1Y 1 5 AH
om0l O Li AU ) fifF 5% # 8 T ADARIL M
METTL3 Z [8] () E A0 B AE /), F1iF 52 ADARI
W 3 5 “METTL3-Rho GTP Jifi ¥ 1% & 1 5
(Rho GTPase-activating protein 5, ARHGAPS) -
YTHDF1” {5532t BC 40 19 E47 0 . %0
S8R FH AR 11 5T B0 R i S SR A Il S R
UESE BC H ADARI [ #3k K- 43 1] 5 METTL3 Al
ARHGAPS [ 3RIA R IEARC . i —20 T Ui Sk N i e
F1 Pearson AH AL, B ARHGAPS 5y METTL3
(IHEEEDR , HAE BC 9 k38 in e 8 A1 1 ik s 20
JHi B 145 F42 %8 . METTL3 mRNA 145% ARHGAPS
1 moA MK, e YTHDFI mRNA #Hi%
A, BEFEiE & B, BC 4t ADARIL 4 S 11
METTL3 mRNA i 2 4F k28 T miR-532-5p 4541
S5, fEMETTL3 %35 7HE, METTL3 iid H 3L ks
i sk ARHGAPS 35, Jf5 YTHDFLAH B AR,
Hfa)HEsh BC e, ML “ADARI-METTL3-
ARHGAPS-YTHDF1” {554k, 23t A-to-1 %%
I moA B2 M &% 1

YE M tRNA . rRNA Fl mRNA FfE AL 2 161
ac4C MBI N- L Bt #5510 (N-acyltransferase
10, NAT10) J2&ME— B AR i HAT 20 15 7% il Al
RNA Z55 TE PG D0 FEB R, dnian
fE e QI E g AR AR 2 A R A I AR 1, 3
— RN R AR T A R AL Y, Med
LRI, acdC AL G HE R NAT10 76 A H A
SRS E Ik, K NATI0 7T 34T moA &4 Y
i, JFEEMSE R ERK . SRR
2, W\oR T E RE KB “NATI10-
YTHDC1” {555 MHLHI FoRiE, UiER NATI0
Al f i YTHDCI mRNA £ 5 P58 3, 4l
YTHDCI A3 B0 fife i 12 SR DA it R L I &
it} A (1) mOA M HRTE I, 1A A2 fof 46 260 5 B0 ot 3
Jin FLR 7 DY R R RGPk, M
ac4C &1 9K 301 (1) m6 A &1 B % 1E 1) 4 35 iy 40 g
(AR PR f A A 14 5, 3R I ac4C/m6 A B Z [H] 1)
PRI XTI i & A R SR T,

A, acdC 5 m6A M AH B AE L8 i NAT10
22 ARG 2 PR M 54+ 2 (serine/arginine-rich
splicing factor 2, SRSF2) #/ (55 3¢Hk, 7EGC
YR T RN R h R FEE AR . Linsg 1 kI,
NAT10 5 GC 4821 mRNA 5§45 K 7 SRSF2 M B AE
FH, fii SRSF2 Z Wt Ak If 42 mfe e . 2 mE ik

SRSF2 fiEflg 1% 5 YTHDF I pre-mRNA 454, Hi5R
YTHDFI pre-mRNA #h & 7 4 Bk BR 34 58 , {2 fiff
YTHDF1 #4547 SR Y TH S5 F B S i 14 1 460
# (YTH domain family protein 1 short isoform,
YTHDF1-S) [#3ik, MR GC 4 i 1 58 A
TR, ZMFE N, acdC A moA I HHEAH HAE H
FFRIE T L) “NAT10-SRSF2-YTHDF1” A4t A2 9
FTIE S IR AR H O, X E L G p
M EAEEE L,
3.2 RNAIGHEEERSSRERT

RNA &4 14 A0 B A H R 6% 38 1 8425 RNA Fae
PR, WA RL, iS5 A 50
PRI IIE BRI R AR, ity fe it
TR S . Terajimass "7 &I, mo6A 1Al {iE
E ADARI [ FR3K/KF, it ADARL WL THEE
(interferon, INF) A-FEREEER N, X—HF
T3R8 T mOA 1 FI A-to-1 4 i i RNA 44 4%
FAHEAERT, eSS Se KD Uw B S O rh
DIREVET . TFN (2R F 2 — & X 2 e 1
UG BE SR PE SN, MAHSCHFFE R B], ADARI Xt
IFN 15556 0030 G 1 X e R s R A 45t
A Z e E 110 YTHDF1 18 45 A-to-I Zi 45 i}
ADARI1 3Rk BRI EZOVER, MUK YTHDFI
U855 T IFN /3 ADARI p150i%S, H YTHDFI
R BRI AR T TFN 7553 ) A-to-1 RNA 2 1) s A K
S, DTS XUBE RNA BN 38 4%, I 194 TN Al
WOERM RIS . AESE UK 1A s il e A
YTHDF I 5 A AR TEN S5 1o 348 5 117 € B HE B 7
WM. ZWF R — T BEAL] . m6A X A-to-1
RNA 2 58 A4 9435 BRI 7 TFN 207 ) 58 8 RS2 it
), KT A 1 JEE S il TINS5 300 1 P-4 240 i 45
PESION 17 RIS, m6A FEEAL TN A-to-1 4 4R
A EAE B RN “YTHDF1-IFN-ADAR1” {55
= 5T R ER

AN, m6A Fl mSC &4 2 [a] 45 tp [a) 1 FH AT g
FEWT cGAS-STING {5538 [ 5 TR A e B g I 22
WFFEAH R H I 280 . Chen 25 " F5E K, GPX4
FEZ P AE R R R B 3% 1, m6A FlmSC
f& i v] de B 6] GE 5 UONE 45 e IR e
adenocarcinoma, COAD) ¥ Ik GMP-AMP 4 [iff
(cyclic GMP-AMP synthetase, cGAS) 42 |4
¥y (stimulator of interferon genes, STIN) G175
#% i 2 4T P2 VR Y . MeRIP-qPCR 43 #7 8 715,
COAD 1y 4 Bt T Ik i % 1k %) I 4 (glutathione

(colon
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peroxidase 4, GPX4) mRNA {525 AE RBM15B .
IGFBP2 Fl NSUN5 & {5 .2 T . 11 GPX4
JEBT 1E g B A RN AR A AT SRR A T E
fitg ‘1> AL EE, RBMISB Fll IGFBP2 & i
fiti £ 5 i m6A Fl NSUNS & i il /-5 19 m5C {2 fdi
GPX4 i 1 7% cGAS-STING 15 54§, MIMi4E+;
COAD i B Ak T R 25 sk AR E 08 foie 1 1)
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Fig. 2 The role of RNA modification interplay in different diseases
E2 RNABIMHHEEERERRBHHER

Pl b R RN AR EL AR FHIAE B0 . B PR LI |

(N6-methyladenosine)

LR (N4-acetyleytidine) ; GPX4:

JE ST bE AR
A-to-1: MR SR BN 548 (adenosine-to-inosine editing) ;
2 H BRI H LY 4 (glutathione peroxidase 4) ;

Sl e S R P RGN R FEE I RE . m6A: 6-FH B Iging
m5C: 5-FSLmELE (5-methylcytosine); ac4C: N4-
CDK2: 4 fifg J&l 391 25 1 O M4 362 (cyclin-

dependent kinase 2); YTHDFI-S: YTHZSMR G E A 148 WA (YTH domain family protein 1 short isoform) .

Z, RNABAfi1FE A e Mg 14 o B 24

RNA &0 5AE
1 1)
Tn#’j

JES, S 58RI
FHFETAE B A B 5, i i PR RIE AL
P SE g b AL LA L T RE ER AL Z AL
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RNA WBTHE . Hia . @00, BE. RUEMESIh6E,
R ZFPERERIZIT . TRTT TS DAL SR SR e A
B, BEAh, B B T IESE RNA B ik B AE
FHERER TAZ.0 5 550, R W RNA B4 AH B4R ]
RESEMR R BB T 0], A R8s T 55 s
(2 ek o AE PR B S P RNA B A 8 928 9 4%
AN TR LR 25 RNA B Ui AH B A AR 20 5L 81 b
SR . X RS B RTREUE T 3 M OHLE . a. 7E
L RNABMFEZH, X8 RNA BiZEHAEA
[ A 2 v 2 00 00 3 25 S ) 8 B A AR RRAIE . HOAH
X B 0 TR o B S 2 A5 5 b AE RNA
AR L5210, BRI PRI . S s
SEA AL DIRE R A i S A PR R I OB R
PERY 2 [ A A s o 7R FALHIZ M, RNA
MR R SRR TS SR Y s B AL R S 8 Ak
(A5 5 e Sl BT, E TR R S o 3R
RURHE . XFh 22 2R AL 5 2 T 8O R
TE RNA FEFE SEAIE MR 4> FHE 2L

M, JCIE RN R A PR s BRI e
RIZMH, 58 RNA & A A A9 AH W58 1%
KRAGRN TSI, B, RNA B A HER
[ (4 A i B b B h A AR AT AR ST B 1Y), L
SEAEAN R A BR O FL Y B, RNA & A BLAE
K2 SEACE R AN ANTE R R, B
fit 7E RNA EAAH FAE b 2 v A s RS e 2 an
ks s R, BAT)E— D AAR I, X
VEREIRYT AL A AL T kAR s 55—, RNAEMiAHE
VE M B 75 RENS T G S PR i AN 3 R YR 73R
s H T A . HEah, RNA B AH EAE FH A A5
(45 A FERT AR L BRI & i AU B B i 28, X
RNA 75 [B] &5 ¥4 03T B 5 057 B 0 i T e B Xt
RNA A6 AH T AR ML B 72 A B AR FHAL ] o
— R, O ARR B SE R g AR YT AR M R AR

A
2 % x #
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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,
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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

LIS

“writers,” “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 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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tumor diagnosis and treatment
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