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Impact and clinical potential of RNA modifications in the development and
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[ Abstract]  Renal cancer is a common and increasingly prevalent malignancy with a complex pathogenesis
influenced by genetics, smoking, and obesity. Current treatment mainly involves surgery with adjunctive
chemotherapy, radiation, and immunotherapy, but high rates of recurrence and metastasis indicate its limited
effectiveness, emphasizing the need for better therapeutic targets. Growing evidence indicates that epigenetic
modifications, particularly RNA modifications, play a critical role in renal cancer development and progression. This
review highlights recent advances in renal cancer epigenetics, focusing on RNA modifications such as N6-

methyladenosine (m°A ), N7-methylguanosine (m’G), S-methyleytosine (m’C), Nl-methyladenosine (m'A),
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adenosine-to-inosine (A-to-I) , N6,2’ -O-dimethyladenosine (m°Am), and N4-acetylcytidine (ac*C), along with

their regulatory factors. It also explores the diagnostic and therapeutic potential of targeting RNA modifications and

associated proteins.
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Note. Left side, Illustrates the structural diagram of kidney renal cell carcinoma (RCC) and the three common subtypes of RCC. Right

side, Functional regulation of RNA through seven types of RNA modifications, which are mediated by writers, readers, and erasers

(dashed arrows indicate that not all modifications have corresponding readers or erasers). These modifications occur at various regions of

the RNA, such as the 5’ and 3’ ends, influencing the initiation and progression of renal cell carcinoma.

Figure 1 Seven types of RNA modifications in renal cancer (by Figdraw)
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Table 1 Expression and mechanism of RNA modifications and related proteins in renal cancer
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i IRE 41 it ot &7 JE 8 e RN R B 3E 2 S 25 1 1) i
JEPERT

YT (RNA m” G ABMAE LA g IS 70 v i ¢
SHAE FH L B H R TR B 9 v R B 5 0 R R ok 1
TN REE T LUF LA B 1) — R IRAKRR
tRNA m’ G B4 7E B 9 B D REALEL A B 4 U4
SR HLE]; 02 & (RNA m’ G &40 A
AT A B 27 B I R PE A (RNA
m’ G A AH 56 {75 538 [ 110 55 DR A B o 10 3 A
Yrbs ) AT R, MO B IR T B, R R A
TRAGIRTTY 48, 0 B 9 BB R BB KW A A7 3k
5o MZ IRNA m’G B 7 B 9 T BT 58 1E 3%
A TE AR T 20, HoAE g & J& AA YT b i v

AR A NATE,
1.2.3 miRNA m’G ShA &1 5 B Ja ik J e i
RIgH BV R

BEE T TRIRA ,m’ G ABMG ) miRNA 78 oh
VR 2 B, JC Gl 3 METTLL/WDR4 &2 &
M miRNA {9 G-DUEERZE R I m’ G &4, 14
EHAYE RS TI6E, &5 MR WL LML
JE ) BB R, m' G B B miRNA ] R A b
JEWUG ARG, IF 5 e IR | G e 1 M L
PiJs 25 WU A5G, SR IR S TR T R AR A
19 RAE B ATEN TR A miRNA m’ G &4
Kbt 55 8 /0 B AR W A5 B 5% 40 B, 4 TCGA il
GEO Fud i v B i s i A M5 B i 2 48w
HBTEVEH . WFoT & A 2 A XU miRNA 5 15
% B, miR-342-3p . miR-223-3p . miR-1277-3p .
miR-221-3p Il miR-6718-5p A4 2355 B i W 40
g Pk AU ¢, T miR-1251-5p F1 miR-486-
Sp MR AT RE LA (AP E TS, X 28 miRNA
5 i KB TS B G R T A B8 2 WA 5%, 52 1) e
RS G REIRIT N, E— RS R
miR-1251-5p 33 &35 0] P00 46 ' 325 BH 240 6 98 200 Jif 184
Bl TR K A e ki miR-486-5p | 3 AT 11 i
A IE T I 7217 X8 miRNA AU 5 5
175 Y240 0 9 RE B T T FS R %6 AH DG, I8 F1 METTLL
— B, 5 B A g O S5 T A G A IR T A O
FASE, AR J i 14 Sk o)

YF I, miRNA m’ G Sl A& 78 B 96 e 5 4
i rh ] B E A A, (AR TRk Z
(RS2 RCHE S+ 12 B miRNA m’ G &R 845
AN AT HLEE B R B 8 AR TR YT AR AR ET
ORI WEERSIY
1.3 m’C BiMRERXARETF

m’C &4 it F 78 DNA & B0, Bl 25 R ik
A EAEZ P RNA Fg i, 3f 7 2 77 Tl 4
W RZ A M ERAY T, S5 mRNA B
EMEFEREE T AL m C B M writer reader
1 eraser = 2K, Writer U1 DNA H 3L {45
4 2( DNA methyltransferase 2, DNMT2) NOP2/
Sun RNA W % # % # ( NOP2/Sun RNA
methyltransferase , NSUN ) Fl tRNA K 2 2 iR FH 3%
H %% W (tRNA aspartic acid methyltransferase,
TRDMT) ZEE ML b1, #4 H 567 28 RNA W5 E 11
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5 5 k)R T s reader 145 YTHDF2 RNA %55 8
H Aly/REF % 5 I ¥ ( Aly/REF export factor,
ALYREF) fl Ybox 4% £ F1 1 ( Y-box binding
protein 1,YBX1) ; eraser F A4 | —iF #5% i H
LN mE g — & 0N %A B (ten-eleven translocation
methylcytosine dioxygenase, TET ) K ji% 1 4 8 H
H2A XU (alkylated DNA repair protein alkB
homolog 1,ALKBH1) , 55 m’C 5% &4
PRI Rk SR S S R AT R
SR TR 40 g AR L Rl IE 10 R A R R
K B YIMISE, X R m’ C B A 2R i
TR WA TR
1.3.1 mRNA m’C A7 & i vh OB BRI
Hij 5

mRNA H m’C B i % AL T C-G E AKX, K
W& 3’ -UTR N Argonaute FEHZE A X, NSUN2
FI NSUN6 & 20 m’C HILE R il , 43 5130
JF 34k 3°-CNGGG Fl 37 -CTCCA 77,
m’C H AT 19 5 SRIA B A Al 0% m’C 18
Wi, B2 M mRNA B2 € P | BP0 S g 55 A
PR HESH IR I . TR AR m® C BT
() 5 23R 5 A BT A G, 47 T ' s 3 e
B BEEAE A, TCGA—KIRC L) {5 B %4
Br& B, 12 4> m® C A DGR 5 B I 7E s A 2L R 5A
S, AR R A B 2 (nucleolar
protein 2, NOP2) 1 NSUN6 [ ¥4, TET2 #1 NSUN4
TR T I 4 R A %) A A ] A S
B 375 W A R TS T L g A — T L Sk AR A
I T BOMA AL B 7R, m®C RN 1 ALYREF 1
YBX1 7EFL IR P A0 I v Rk IR I 5 A R
JEARDE A A5 3R W 7 1 3 W 40 s
YBX1 5] m’ C MR R BRI £ ek 25 A dE 1
(' phosphatidylethanolamine-binding  protein 1,
PEBP1) mRNA, I SF SE B AR BE £ BEfi 45 58 A 1
flR3& A 2 ( phosphatidylethanolamine-binding protein
1 pseudogene 2, PEBP1P2) , HEMAS 5 H mRNA 1fij
B4 hn PEBP1 7E 20 i 7KF- |, B 2 i B 32 I 24
FfEa G A2 0  Hi 4R, NSUNS 75 B 3% W] 400 it 8
H v IR I 15 44 B AL I 3 (enolase 3, ENO3) [
mRNA F&EVE L 3E Warburg 500, 11155 B 9 40 ity
HEFEY L £E b mRNA m’C 846 3 54 A T 5
FRY A DRI TR - 3 Y 00 9 5 LS IR A i

SEE MATIFFE PR RNA &4 76 A ] B 9 37 254 rh
(VR FH L 22 520, e ' 3 B Al s b, B ek 3=
LR T RNA MRS E M e 2L R 5 i i
R TR 2 S 5 R IR R, N
TIWRARRGE I R IX B A ] AU () RNA &0 4
P, B ATTOT LU Bh 2 41 22 5008 (155 RNA-seq,
FEACEAE | 3% W35t A% A B0H 45 ) JEAT 4 TG T 40 3
5T, [ B il A A5 B R T T R
AU, DISY [ B RNA A7 A [ S0 76 e ) S 44358 7
FAAEHLS], X — R I BT A ALRE S 3 TR AT
X 9 P B FE RNA 40 )23 11 S o Pk o 2, T g
SRy I R AR HE = SR W B IR S ) B LAt
IXEETFSY 2 B mRNA m>C 18 1 76 I8 45 15 9
SEPR R J7 1 R ¥ AR, 5 o AR K
REMFERE % AT 4y, B4 FRATTX mRNA m’C
B B g b VR T ML B TR A BRAR , ST X5 5l
S HR R AR SRR L T 258 B 2659, K R B B2
FNRYF UL 2 (e 85, A4l B MA Y m’C
IR BFHR SR Y R 7 A Rk AR K AR o A
MERIT IR 28 77, B2, mRNA m’C &
MAE B T A F SR ERE T R s AL 2= A A
IS W A7 RO WA A AL BT R T

BT L
1.3.2 rRNA m’C &1 75 B Jig o 1 BIF 5% Bk A

Hij 5%

rRNA H17 2 7206 m° C 180, 76 s & 2k &
JErh k¥ B /E A, NSUN1 /& 28S rRNA 1
C4447 (L 1y m*C W L ALl , g3 o 5 o b il
RNA 254 WG A4 s A& 1 DTSSR, 44740 i
WA%E . NSUN4 NJFE 12S rRNA f{) CO11 v i 2
HWAEH, MM R RE RE, SHEA
X7 NSUNS H H4k 15 i 28S rRNA 1) C3782
7 0, S 28 3k ] A2 E i JeE A i 38 5 R A
%2771 NSUN1, NSUN4 F1 NSUN5 /E & rRNA
m’ C AB M %) = B AL G, 76 5 375 B A i b 25 4
RINFFEAE S H F3k, NSUNI 1 NSUNS 765 5 240
Jifg e 25k B JE, T NSUN4 W 26 3k F 3
NSUNS i B ALS G A RAHIE vl 7E N
TREIRIT Y BFSE WK, WA NSUNS nT %
I pS3 A I, 0 7 BH AN SR A0 i 4 5 R
bui: AN

XLk B tRNA m’ C &4 7 B 98 19 &
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AR e T B R PR B EAE ], PR R
FUIX L T B EG 7E AR i b i B FH AL, B
A BT I A2 Wibr S NG 7 K
1.4 m'A &R EBXEREREF

m' A B IZAFTE T tRNA \mRNA [ rRNA FI
IncRNA #f S —Ff ] 00 {84, S5 RNA 1900
T AR EE, 25 A0 s AE 0 TR A IR R
AR S m'A B writer A15E tRNA H
F 5 7% W 61A ( tRNA  methyltransferase 61A
TRMT61A) tRNA WAL 56 5% il 6 AF fiE 1k W A&
(tRNA methyltransferase 6 non-catalytic subunit,
TRMT6 ) , tRNA H 3t & % [ 61B ( tRNA
Methyliransferase 61B, TRMT61B) .tRNA FA LR,
fif 10 [E]J5 4 C (tRNA methyltransferase 10 homolog
C, TRMT10C ) #l N - H Bt ¥ 5% B £ ( N-
methyltransferase like, NML) , H. b TRMT61A 5
TRMT6 J& )& & 4 W% (RNA HE4F m'A 4577,
ALKBH1 , ool 73 Z R M M XSUND 480l ALKB [ 5
¥ 3 ( alpha-ketoglutarate-dependent dioxygenase
alkB homolog 3, ALKBH3) 1 FTO J& F %) m'A
2 LA, B 5Y & B bE ik fk DNA B & & 1
AIkB [R]J5 %) 7 (alkylated DNA repair protein alkB
homolog 7, ALKBH7 ) 7E 4fi g 2 i {4 rp i H AT & HH
HeAl 3% YETY . R B 0 YTHDFL, YTHDF2
YTHDF3 #l YTHDC1 Z 5 m' A B4 i 5% kAT
SEPERIBIIESCR S, m' A 12 I 5 ) 22
Yok B 64 A0 1S R A0 AT T, ik st A
FEEMIEA K, B m' A B S H R
PR 7E e A D e FAILER , A B h I 29T 4
AT HE A, S R R T R B A S B
1.4.1 mRNA m'A &HE7E B i b i BIF 5T SR AN
({5

FEFCRZ A AR, mRNA 19 m' A &1 & —Fh &
BRI AL P45 T 2 H AT E A 900
FA TS X m' A B B A
TE mRNA (9 75 BE S5 A6 46 X 38, 55— A~ 85 42267 251
s -UTR, T HEE & GC By X '™, TRMT6
FITRMTO1A Ak m' A & Hii, ALKBH3 I £ 57 4%
BRIZIEMT . mRNA B9 m' A 81 52 Wi £ 4 0 7
PRRCR R R R GA, S S MR i R, TEH 3
AR 4 i 95 v , Al ArrayExpress 1 TCGA Zu %
Y mRNA B 8 3 LASSO [R50 #r <7 T8

175 W A M8 1) S B8, 79 Bt &2 38 ALKBH3 55 3%
5,1 TRMT6 iK1k, H. TRMT6 F£ik5 BE G
I

H AT B = B 4 30 K IE 4 % B mRNA m'A
et 5 B R TS IR YT OB S I R A8 iR 2
(B A7 2 DI, 7 B 963 40 1t v i ELAAR T RE RN 43
FHLHI s A ST, 481, %5 T mRNA m'A
BB A Y D RE, e B b BUEE I
5T W R A SR (R RS 22— TR AT H A
R4S A B THF % mRNA m' A &0 7 5 g
W PSS RGBT .

1.4.2 tRNA m'A 1676 B 9 o 10 A 55 B0 A

tRNA _E 1Y m' A &M 12 A A= 78 4H i 5T Fi 4
MuAz H, JT5 (RNA S5 %88 Al mRNA %55+
PO, AT 52 B AL LR AL m' A 1B
i R EE R AR (RNA B RRE LS, WNEE 9,14 .22
57 Fn 58 i, Ju H 55 58 A7 45 i AE 15 o B %R 4
T TRMT61A 1 TRMT6 4# 1k tRNA m'A &
M, ALKBH1 ,ALKBH3 F1 FTO 25 F 34k g 41 1
BIRERCR, WG B = o 76 B 3% W 240 g
i TRMT6 .TRMT61B  TRMT10C . YTHDF2
1 YTHDF3 235~ , i ALKBH3 Fl ALKBH1 &
ik LI, X5 A U DIAR P YTHDF
TR RIC 22 5, HI T e 2 B R 0 T AE e s [
2,7 TRMT6, TRMT61B . TRMT10C #1 ALKBH1
WA A R 2R, AF5E R W], ALKBHI 3 5 4
T RNA 454 2 5 B oF 720, ALKBHL I
TRMT6 73 € 40 Jif 93 b nl B B o ™,
MRTFIE R, m' A B 7E B 7 B 40 g S it
g R A R 22 SR R R B X — R B
SRR B R AL T R AR, SR, Rl
JL3EA7E RNA B2 T T WL S 25 52 2% A oG
R FERM R =, AL, % F IS TSC/
mTOR {5 538 % 7T Be A AE A BAEF, AT L IR
A XSS S S ) RNA B B4 IF 2 5
FE A A Ty S5 P Y SN R L 5 — T,
B 37 WA 40 R Th R LAY VHL B R28 A s
HIF {5538 B 25, & AT 2V, 78
I ST, RNA B W] e 3d o 520 HIF 5538 F
FHOCIE R A Rk | AT 7R Mo 1) % A 5 % T it
HORAEREE R, 2T IR UGR, IRATA LB A
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XEASTRDIE R 9 22 5 TR AR ST (RNA m' A &1
TEF R T i BRI ALE . X — SR B2
R FNIEAL G5 T R 00 A, S AT BE Sy i g
TRYT M () ) S AL R 1 SR 5 ]

ZECA MU ERY] RNA m' A B 48 H
I Aok AR IR R DR %) B A ol AR A R R
M5 R BN, ZERTS B T, ALKBH3 G
tRNA Y25 B EAL 3G 5 1 28 1 06 10, T 4 2
T4 36 5E Y i TRMT6/TRMT61A A S 1Y
m' A58 tRNAi( Met) 7 J5¢ 598 H 4 HE 1 40 i f) 4%
BRI ART . SR8 B 988 v ) F o2 45 SR 4
7 m' A R SG TR g R R AR — AL
JIG, XLk IR T X m' A B TR 9 A
FHALHI IR AR, 40 m' A A& i 2 2 fo] 9] 4%
tRNA JIBEFIAGE PEIFAG 20415 (RNA 5 mRNA
BB 8 PR ) R4 T T 2 T 8 S ) mRINA ) 8
FRCR RSN B R R,
1.5 ac'C &R EMEXFEEF

ac*C B J2 45 ML W5 IE N4 {7 B 1Y £ Bk 318
Wit T ARE T EAAME AL Y RNA h FE
27E (RNA rRNA A1 mRNA 7, 0 HAE (RNA /Y
250 58 5L F0 D B LA S mRNA 1 2 65 7 51 |
ac'C B2 (RNA F1 rRNA (3 BE , 1815 4% b
VR BCARIER 1 B R8T  BF Y W], mRNA
B actC B S5 R K AR B UIAHOET™ . N-Z Bk
%W 10 ( N-acetyltransferase 10, NAT10) J2& 55—
NP E N ac’ C IBMRNE , HA LB F i 1% 1 F1
RNA Z5 53354, 3810 % mRNA T2 PRI AL
RPFEEER KGR, B4 M AR LR ac’*C B
1 eraser BB AR reader H5H

75 37 B A0 98, NAT10 9 %3k B 3 1
L mRNA ac'C &4, HooK T8 5 B ik
JEFIIH CLAE 2R 10 DI AR ¢, FE ML) -, NAT10 il
LA B B BE F8 2R 1 (ankyrin repeat and zinc
finger domain containing 1, ANKZF1) i) ac*C 1%%!?,
HA5E Yes ML H 1 ( Yes-associated protein 1,
YAPL) A% N i A, 4FE 3h b g8 o Joe bk 12 48 2F
A, ANKZF1 552 3 - i it/ 6 =R 5
- B A B TS L B A, e BK (tyrosine 3-
monooxygenase/ tryptophan 5-monooxygenase
activation protein, epsilon polypeptide, YWHAE ) #f
HAER A0S YAPT B9 R B B DA T Ik L A

R T8 5% AN NAT10/ANKZF1 % o JF
268 Hippo 1 18 45 5 15 W1 40 A o 00 1k e
X— % BN O B2 B R O & BE P NAT10/
ANKZF1 Bhry 8 B A 97 SR St 17 R 2R 3 , 4
G L ac® C B 8 4 Jih 98 2F 8 bk 248 A=
BHLE . T340, G Z AR M A E B
SMT RN, NATI0 5 R 3k 5 8 IR R o | Bk
201 LR R R B AT LR A AS R TS d B A 63X
78 NAT10 /-5 mRNA ac*C &4 78 T30 5 8
UG A R

ac*C B [RIRE & 4= 7E t(RNA FI rRNA ||
FRAUESE NAT10 /519 tRNA ac*C i n] {2 #F 1L-
6.1L-8 Fil PTEN {555 1% 5 45 38 % RH O J2k [K] 7y B 2%
T AR A R Sk 2 % DR 40 A g e 2 R vp &
VERIIF HLAE 3 A A A2 AN 7 1 NATI0
/S 18S rRNA 1Y C1842 F1 C1773 Z Btik1&
T, XF rRNA B AR 9 IR P 5 B0 3 1) T
FRE BN B SRTE B X R fRNA
ac*C SEA HRIE  (AFRATI AT RE HE M FL b 76 B i & AR
RIEh R T EEAEH . BEAE R DB AR B A Wy
AT 2R ILBIEGT X L ik AR 2R

LEBTE YT mRNA ac C B 1E B 9 F
W ST S T — e dE R, BR B BE AR T 7 3 A 5%
T, LA ] NAT10 B 3% 1 s BE by H R
Ui {5308 S A A ) s A B 1) A G RN RS | 1
PVE IR IR R, S5 Ah, B TR Y S
R Z Pk, PR —3R 7 15 £ M LUBUS BRARRLOR
IR NAT1O #0500 5 HoAb i s 25 W s8R 97 T B
FHES A, T RETE B A S0 B GIR T T . il
¥ NAT10 #0551 5 e il 48 A w25 8k 4 18
FH, AT 6838 38 P [R) 00 o1 P g ot 657 A 8 7 34 58k e e
JETTAL, B R NAT10 A HAH G155 18 BT 9%
IR, R K 7B B 38 o A% I BB 35 e A 4
NAT10 FOFEEIKFEFN act C &1 K IF PEAG H T
NAT10 $ il 37 i) R | SEBEE T ac* C B MK F
) MERAIRIT T
1.6 A-to-l &miER HEXFEEF

RNA A-to-1 %38 1t I 28/ E R IR 11 4tk
WA, 2 45 B A w L RNA 817 X2
— e ITER AR YR DNA 741 9 i3
T B E ) RNA BT IR , 20 B ol B I 2
fitf ( adenosine deaminase acting on RNA , ADAR) 3&
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N % (ADAR1/2/3) L™ 5 i RNA a5
M R TR B AR FH R B PR R S B R s i TR R
ik, HAET, KT A-to-l i#E 1) reader Fl eraser #L
il ¥ AR RAWFIEGE . ADAR A3 B[ 7
B G 2 e A RN R RO, T AR T A R
RNA, i % mRNA, miRNA ( %] ¢ miRNA ( pri-
miRNA) . Hi & miRNA ( pre-miRNA ) ) F1 IncRNA
41900 ADAR1 Ml ADAR2 X IHFLZh Y EH K&
EREE,JLHE ADARL, HEFTAHL )z
ik, HAPAIEA (p110 F1 p150) ", ADARI
T ST R e I, kP G EEVE L, B 0
iE IR R EAG S 1e A Rk I 2R R
T A-to-l RNA Z i S LA LR ADAR 76 A2
FEIE TP CEEVE T . A-to-I RNA S KT K His
VTt 7 Fris 1 v m T BE T AROR A S R €, 7RI
M AR IR T T SR e R R R
T AR 28 M 2L g RN B g b U £ 2 g R K O B
IR WoR HIIRE R 2 B I SR Sk
ADARI J& CHE Y RNA A-to-1 4 fR i, HL 56
ik 5 h RNA g ii=CHHoC, sk, S51E
WHSUAL, FRET A-to-1 FikR 07 5 R RNA %
8 L 4R R HE R S A AR Y,
AR, A SCEEHE Y, 78 B0 40 M b oW 22 31 1Y
RNA ZaE 550 5 H A g e 28 AU L 8o 3R AIE
1) A-to-1 G 7K FEE S5 14U L, it
AUt 9E B ADARL BY mRNA 357K LA & A-to-1
SBT3 RO L SR, GU 5 A1k B
ADARI 78 ¥ 155 B 20 fifwdis vh 2k 1 ey, 5B
B i R IR A BB S IR
FESADAR2 IR, 295 ADARI FiA/KFEH+
2 —  HSIEWHSHL, BRI P RR D E
FHiE s ADAR3 ik £ AL, B 4L 2 rh Rk g
FRE iR kKBS ADAR2/3 1E A 56 1Y 3L (R
AT BRI RAH G LA T X ek B
SRR Y EMIOESE S ST 0 ) Sy W
JERPE -3 A-ro-1 15 1 il 2% 15 T R 6 4R T B
RNA A-to-1 47K V-3 588, 5 30 3k b 45 SR 114 Ji [
A R85 B9 B AN [ S 20 0 s S S M AT O, 5 Ak
7E GU 4 e vh  ADAR1 7EZHZ1h 23k 5 iy
v, LR A 20 1 36 8 /KO B A RIS, X 4R R
ADARI 1 BB A2 5 375 B 40 B v A-to-1 44 1Y =
BEMRG, K EE v et T MW E AR

YEF, BRILZ AN, 1R AT RE IR A7 78 HoA A 42 A-to-1
S B A5

Zi L rik, AR H AT ST A-to-1 a7 ' i
FF 240 R A e €0 200 98 P Y 22 S R R AR i S A
43 ARIUA B 5% AR P28 T AT A-to-1 28 7] RETE
DCPRR I T R A AN AE R . Aok, B A
AFFFE B AN BT ER A B 55 X 4 4 B2 R (40 CRISPR-
Cas RG0) WA & J  FRATTA BB 7R A-to-1 Fi’E
FE B g AL AN FLUS h S EEA JR R R I
YERBTERY T IS T BEtE, B85, X ek
PRy B VR A TR A% A-to-1 RNA 4 58 7E B 9 2 05
BILH LA B T 2 8 96 7 9 s T it T SR 2k
AR AR Z ik A R TR A GBI
1.7 m°Am &R EHBXIBEEEF

m® Am B2 — I RER) RNA B4 75 =X, B
7E m® A BT 57 1B 454435 (m” GpppN ) 55—
JIRIEES (A ) AZAHE 27 -OH B FE& A4 B 3fh, 8%
AFE mRNA /9 7-H LS4 (m’ G ) W 2544 BT 3 1)
570, m®Am AR —Fh AT B A B RNA &
Wi, T2 AR T B E Y R 2 A 0 L sh
A, P8 RNA BE5HFTIRE . m®Am &M
AL m® Am B (4 writer ( 3 B4 R 1L RNA
KA W 11 CTD AHEAE B+ 1 ( phosphorylated
RNA polymerase IT CTD interacting factor 1,PCIF1)
(PCIF1, FE 15t mRNA 5° cap B m®Am &4 )
M X B B 4 ( methyltransferase like 4,
METTL4) (snRNA PIEBEHifE) ) ), FTO 71 35%
LAk, H AT M AR & m®Am B 1 19 reader,
m® Am A 3 B0 mRNA F2E P B i 70 %
RIEEEREAEN 122 51 mRNA ZKF-F12E
BT IR)AH VR, 7 20 M 3% 3l b 40y 3 2 ff o
HoAB % 55 Z2 B g AH G, UL 5 Mg & 2Bk
B AN 4y, W5 R, PCIFT A 3 A9 mRNA
m®Am &1 5 Z P IE 19 & R 2 UIAH G, ansk 3
FRR 0 g Y e A

JIN 257 5 5% % B, m® Am &4 | PCIF1 76
' 375 FH 240 6 98 0 e € 200 o v 2R 58 A EL B R
FEAKSERE N, 5 5 i B B A A7 R B T A7 30
B OC, I 8 T HAE B O O A0 e v o
Th1 ™51 G0 5 V815 52 Wi b I8 S 8 1 3R 355, TR
HAE R B UG AL DA S v 1, 3 B e
RERIREE BRI ELHE TR A . HET m® Am &
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i A T A B VR AL 1 R o 4 i Y {ELHS
TN o R T DA S5 B8 TS AN R DG PR Y
WIS R ABEGE m® Am B A I IE T B 778 B
)7 FALHIBEE 1 Hif A BEA

)B4 THT M FR A m® Am 48115 7 B R RS 3
A, BRIz W I BUS 3R AL Z R EY, N
HA 2R 7 B 16 97 45 11 R Ny FH £ 3658 1Y
P ARBRAT R AT (1) B m® Am B4 AH
R F %5 5 (2) 231 mRNA (snRNA 4§ RNA
B m® Am BN ; (3) #3T m®Am &M RNA 7£
B9 & R R T I T RE FIALSD ; (4) BFE m®Am
EATE B i o 2 TIOR8 | i ed 1 200 il S 1R 22 e B
TR
2 RNAEGFESEBTHIHEAR
RE

BFIRRAE S —Fh Wb IR A 5 R G W IR o
ICEMEMIRE L) 4% , Hagyr 224 . BENAYTY
Tk EEALE TR BARST B R IT M R R
P 2 i) . ARG AR N B nE ik

T, JUHAE H T R AR /N i e A 1 3
KRS FARSE RG0S KU H G 5
%o X F oA sl % B 1 e B S RIS
B, AT W AE Sk G2 A e R | R A 3 T Y B
BB, BRI, B R ) 2 AT REAF AR 445 1
L 25 MR A ST, S B0E DR 2 L K
SEPER 9 S 0T A EN DA R $IE 1A YA YT R
PEIRTT A B IR YT B AR AU, G X s 3
BB X PR Ik A N R I BT RL
B 25 RN L A T IR A A 7 i
A A A1) 790 R G A A AT 3R 4 FE R
WIS B M B iR T P R R SUR R
(BT — 46 1Y) 2 G i A A ST R, an g e R e |
RRFIICERBTAE 25 W), by W6 30 240 s A8 T i L
THRRIT R, BRILZ A, — 288 5] VEGF 17
538 [ FT mTOR 38 4% 1) 25 W) 3R A5 T HE o, ax 2t
PR A R REAR T AN e R E R T
R L100.107 RS RIG YT T R H B 5E T, 1
XY — 25| K — RIS R RN, I
TE B R ) R AR E o A T RE A

Chemotherapy

Surgery

R IYRIT TR

Treatment of renal cancer

NV

RNAEH
RNA modification

ek
Radiotherapy

B, A

Targeted, immune

2 BERIEIRIAYTTY (i Figdraw 2 )

Figure 2 Clinical treatment of renal cancer(by Figdraw)
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Table 2 Classification of the functional characteristics and mechanisms of action of seven types of RNA modifications

RNA &1 Rl

LIPS CEClS R

B | IhfE |
RNA modification ) Related regulatory o F“_ﬁ ’f’EﬂﬂHLﬁE‘J .
type Category factors Function Mechanism of action
P m® A P SE G R A A £ B 1Y N6 7
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o WL e TS TN AL SR A e f
Z Z 2 - .. .
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FE mRNA 19 57 il L 7-F L 545 iR 4544
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. ) =20 4z g 3% ( P » UL A 1
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Note. a, m*A modification is catalyzed by the enzymes METTL3, METTL14, and WTAP, adding the m®A modification to transcriptional
products such as mRNA, miRNA, and circRNA. The demethylases FTO and ALKBHS reverse this process. By recognizing proteins that mediate
mRNA splicing and nuclear export, it regulates RNA translation, degradation, and stability. b, m’>C modification is catalyzed by enzymes like
DNMT2, NSUN, and TRDMT, forming m’C modifications on mRNA, tRNA, and rRNA. This is a dynamic and reversible process, with
recognition proteins such as YTHDF2, ALYREF, and YBX1 mediating nuclear export, thereby enhancing RNA stability. ¢, m’G modification is
added to RNA through a methyltransferase complex (such as METTL1/WDR4 ), incorporating 7-methylguanosine. Translation factors like
elF4E1/2/3 recognize m’ G and bind to it, forming the translation initiation complex, thereby enhancing RNA translation. d, m'A modification
is added by enzymes like TRMT61A and TRMT61B. This modification is removed through the action of demethylases such as ALKBH1 and
ALKBH3. Subsequently, YTHDCI binds to m1A-modified RNA for splicing and nuclear export, participating in RNA reshaping and degradation
processes. e, ac'C modification is catalyzed by the enzyme NATI0, adding ac*C to RNA. This modification stabilizes RNA molecules and
enhances the efficiency of the translation process. f, A-to-I modification is catalyzed by the ADAR family of proteins, affecting mRNA translation
efficiency and degradation. g, m® Am modification is added to mRNA by the enzymes PCIF1 and METTL4, forming the m® Am modification. The
demethylase FTO can reverse this modification process.

Figure 3 Mechanisms of RNA modifications ( by Figdraw)
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