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Abstract

Circular RNAs (circRNAs) are a class of non-coding RNAs with a covalently closed circular structure.
Endowed with unique characteristics including high stability, spatiotemporal expression specific-
ity, and high abundance, they play crucial regulatory roles in various physiological and pathologi-
cal processes, and are particularly closely associated with the occurrence and development of can-
cer. Renal cell carcinoma (RCC) is a common malignant tumor, and its diagnosis and treatment still
face challenges. However, the functional mechanisms and clinical value of circRNAs in RCC have
gradually become a research focus. This article systematically reviews the biogenesis mechanisms
of circRNAs (including four models: lariat-driven circularization, intron-pairing-driven circulari-
zation, RBP-mediated circularization, and pre-tRNA-driven circular splicing), their core biological
characteristics, and main functions (such as acting as miRNA sponges, interacting with proteins,
regulating transcription/alternative splicing, and translating into peptides). It focuses on elab-
orating the specific roles of circRNAs in RCC (e.g., circGRAMD4 promotes cancer cell growth; circPVT1
enhances cell metastasis ability) and analyzes the potential of circRNAs as diagnostic and prognos-
tic biomarkers as well as therapeutic targets for RCC. Meanwhile, it prospects the application pro-
spects of circRNAs in the fields of tumor diagnosis and treatment and circRNA vaccine develop-
ment. This article aims to provide a reference for in-depth understanding of the mechanism of
action of circRNAs in RCC and offer new ideas for the research on precise diagnosis and treatment
of RCC.
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1. 4R

MR RNA (circRNA) 2R I3RS 5 RNA,  FURFEZ L0 & HUFRGE K, Sk =Z 261 RNA f 8t
BIPELAh o (5 B AT 37 polyA ) [1]. CircRNA FAIEREY I 8 H A BL[2], STl B = ThRE(E H]
[3]. BJe, TEMEERERIANRMZ R LAY HRILT circRNA[4]. BEE R ARSI 770035, LLRTH
W7 EAUESE T circRNA £ 5% Fh A BRI B F2 A 1 22 Th e 1 5]

B, V2T FAGE circRNA X2 R AR BRI R M [6] [7]. Hak, B T BT % B2 B8 (RNase)
TEPERIHCHT S, SEMEXRT RIIAHEL, cireRNA ERERZ([7][8]. 2=, SRS HKI, circRNA Lt
LR AN S A R B T R AR ST R SR 2 R FE[8] [9]. BE AR, circRNA #iiA A2 55 41 IR TE RNA,
AIYEATIE PR B R S, A A EREE A, IR RE AR [10] [11]. IXEEHRFAER B circRNAS

A FE e 0% 75 T BEFH AR D A R R R AR o BRRGBR 22 BRI, circRNAS 5 &Pl 1 g 2 2%
FHIG. Heoll 2, circRNAs TEFRE R A R AN 241t vh i 3 8 0 SR [12] [13]. b4, circRNA
H T AE AR N R S i, AT DL Jb 4 )3 PR R R B A 5 . PRI, circRNA HT
DA AT AR A BT R AR bR B . AR SCLFR T circRNAS 75 B 4 2Bk A FE) - Thie K Thie
MU ORI FEadE i, R PR 1 122 003 24 i T I PRI Pk ik 5 P PE I PR i S

=
s
i
g
5
A
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2. circRNA B4 A%

S A BT A = R 2B A circRNA: 1) A2 circRNA (ecRNA), 2) 4h& T - W& T circRNA (EI-
ciRNA)FI 3) PR &7 RNA (CIRNA) [14] [15]. CircRNA i PUFFAS [ (AL #1242 [16]. H AT, circRNA
M WA AEE . BRI, RBP L. A& RO IRBI P ATHT tRNA JRE) 34
BT

21 ERPPIFRE

TS RE P AN E TR, ATR mRNA 0418 . _LF 3' 821k 5 R iF 5" By e it i,
EEINEFEA S FER TN, BEE, ERPEZTFINRINEE. VIRBUIRE, LIPSt
MriA&E ) CiRNA[17]. 64h, CiRNA IR RUR T ORsF o, B 5 BT MU S & GU 1 7 MR AN
I A E & C 1 11 MR . fER MBI R, XA TCERGE GTEERSN, AEdid 52
FrESHH AN o XD TOHRYT CiRNA B2 N & F SO ISR, 2P S8 1) ciRNA [15] [18].

2.2. A FEENIRENHIIFLRE

XA RS, S BT IR A S TR DA DRI ER . RIS TR R A SRS R ) BT S (A
Alu 5P REAARE o), BRERON R4S, TS BRI FiE 3 SZARBT RN S LSRR, HeAhniE
ecircRNAs [IIZER[8] [19]. —Le:MME BT RISEIG AT FURIESE, M3 A& 1R (0 ) EAh Alu EE 51
5 circRNA 441k A454[20]. Li 28 NIEBH, cGGNBP2 (hsa_circ_0003930) HI{I 3 P & 17 412 i 5 e 1) H.
M), I HAE cireRNA AWk A & r[21]. SRR, circHIPK3 K26k i Alu o[ 22].

2.3. RBP /M SHIFFLIREY

CIrcRNA L4 1852 2 M (AR S, 640 RBP. il A1 s [ 7 [23]-[25] - RBP 4 #1454 B mRNA
BN 57 17 5 R AR 7 7 s AT Jihfr s A8 Y7 S PE S R AR 2 (R B 5 . T8 S il BT i ey, — i
W& T A 5 B, T2 PR B TE circRNA HF, F] ElcircRNAS [26]. 611, H & S pl4hE & 4 5E 2K (MBL)
RIS G AT H B S TR mRNA U3 A & i & R SF Y MBL 454 Jo it R3g 38 circeMBL )7
A:[27]. fERJE LG RHOBTB3 pre-mRNA 454, SR i circRHOBTB3 /= A= [ ) [ By #id #2[23] itk
Gb, AERIEBEVEBTEIN T[28], @i 5N & TR IR oSS SR R R G SAMNE FIME, B
A= CircRNA, SXAEHE T B - [REALEMT) IR 1 S M B 23005 [29] o BRItz 4b, BREFILERE 1 1
T RNA JkE e, 85 g 0 3 A & 7 F0 R ml 42 1) RNA BEXT &5 Rk A7l 715 circRNA 172 A2 [25]
[FFE, RNA/DNA fi# il DExH-Box f# el 9 iEid i P& F XS Kid/b circRNA I a%[30]

2.4. pre-tRNA IRZhHIEF{L BT 4%

AN, circRNA B—ANF4E 218t pre-tRNA BT M tRNA TR M [31]. 7 tRNA st FEH,
tRNA BIEAZ IR N UIERE S Y2RRT tRNA, —F#FKA RNA KinfiR1bEE B (RteB)FIBHERZAMNE 7 B
AT LU 4 tricRNA [32] [33].

fai Bk, CircRNA [ AEM) R AE A4 T HLIAE AT ] 8 35 3R 5 TH M TC € 18 . EEEE A,
CircRNA IR 555 AR R 2 )1 56
3. circRNA B94HIE
3.1 RBEM

CircRNA /& 7 H FaE 1T, MR B m i e 1 [34]. circRNA BA LN PR G5, ¥
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45 5 AN 37-poly FE#E, Xt RNase /i F P15 L 5 w3t [35] [36] 141, ECRNA {E4H A 12 5%
k48 /NI, T mRNA 2R 3218 10 /N [36]. ke s M T S350 circRNA 78 & R AL # i F A AR 2
[37]. circRNA 45 FIA2 € A B T HAS I A &, 8% L85 B 7K B 5y o IX 845 circRNA 1)
&G AR BRI W A s £

32. ¥8

BE# RNA MR 2N, AMITRIL circRNA F5 HiZ[38]. WFFt& M, circRNA 78 A&k 4
U AR I, KRR A [39]. 7E N BREF4E4R s R L T kit 25,000 FHAS[F ) circRNA, JL=F %
LRNVE AT AE AN (A5 [40] . ASTRION 3 EAR N & 7 2 TN FE BRI AL S B— AR TR O 2 circRNA TE
R, A BT circRNA [ 4R 2 A A= B [15]

3.3. BEMZEREFFE

CircRNAs [IIABLA AR SR 7, EAK . K E MM R A FE BA A E . CircRNA 3
ISR AR FAZ A b 32 B P2 AT, FR S K B AHOR[37] [41]. tb4h, circRNAS 78 iRg ik & (1)) LA bR &
Wil B EE N . B0, ERFERGEIRAL, circ-ZNF609 5% 1 T4 M f (HCC) 40 Mt T e ik
HAE FH[42]. M, circMEG3 7E HCC B 22 ARSI FE o R, FAARC X o s i i 12 (0 400 i), 2 a2k 4
Ji & Kk AR RO #5 R [43] 0 [RIAE, circRNA T fiiRg 20 2URAT I () ST 1 20 21 o R B 1 22 57 3R 98 [20] [44]
BEAT 7 — 050 AT, DA BH A2 B i A TR A0 A i AR IR A T ANl I i DL R R A A 1
CircRNA #[45]. 455K, circRNA @ FEERTIEHAHL . ZRKRIEHHER 34 > T circRNAs B
BHIU RN REARFFFRIAB AR T circRNA 1E % E L AR ST 7 -

FIRFFEAL circRNA SOy ERAR I MR 2 Wi AN TS bR 64 . TEIRPRSE B, AT DA 24 57 circRNAS
(21K 7K - LU 8 FiR B A7 CE BV Ak g ik Jee PR R B

4. circRNAs By ¥ Thek

CLH circRNA B ZRIIRE, 45782 miRNA #345. 5 RBP AHILAE A . T F PR BT AN % |
B, PEBZER . st G ERR ST, BEAh, circRNAs BT LU R RIE, BIAE
AL A B P A AR

4.1. circRNAs 5EBRHEEER

CIrcRNA 1E N A 5 B B TR 2 (A B iRvS P B, circ-Foxo3 R LA 4 i FE AAH OG 2 I AH
HAEH, A4S p21 F1 p27, AT BE X L6 25 1 50 7 P 40 e ) 33 e (904 FH [46] « 5 —Ff circRNAcircPABPN1
CAERA AT LS HUR (—F 00T A i RBP)4E & [47]. [AIFE, circPABPNL 543 A A1) RNA 4548 4 HuR
gtEimid feIE HUR 5 PABPNL mRNA AH EAEH Kk PABPNL [1%#1:[44] [48]. circANRIL #iERH 5
peccadillo homolol (PES1)45%, i PES1 /151 rRNA J#4[49].

4.2. circRNA 73 miRNA BB =F M RNIFEYE RNA

24 g1k, EIRE, KZH circRNA #H/E miRNA #43[50] [51]. miRNA 78 gk e v e e g1k
FA[52] [53]. #E4RiE, &4 AR RNA (ceRNA) AT LAE N miRNA 45 . circRNA 32 2247 41 g i
HA % miRNA R TCE(MER) [11], B circRNA FJ R85 miRNA #4454 . K, circRNAs 7] L
I ] ceRNA [1E K5 miRNA i .
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4.3. circRNA 8iFRZE B R/Rk

1% mRNA Bl 752 5B 3’poly (A)E[54]. 5 mRNA AfA], circRNA &= R 714584 48
1M, CircRNA W] DL i N6- H 5 JI 1 240 5 4 A% B A4 10E N A s (IRES)#EAT 811, DU IERIAG R+ 5
CircRNA [ E 454, W TR circRNA Fi7R[54]. R KL H circRNA RNHE & S50k 4 & 3478 i
(IRE ST, HEAERE, —/o AR circRNA BT LR s F B itk [10] [55] [56]. Pamudurti 5 A 4R
8, G AT, PR cireMbI3 78 S Sk R /MK . Ak, Legnini &5 A [56]FE i, circZNF609
(—FF circRNA) T WILAE I 45 B0 1% 1l B 11 5 o

4.4. JER circRNA HBREHR

BRRE R 32 R T 2R M mRINA BRI EE 5%, 2R mRNA A7 T-15 32 3L BRI ZH A 10% 1 C e Ry 25 [57] [58]
LG A R 2 1) S ) B BRI R A, LN TR cireRNA B MR IR 34T T RAE[59]. flhn, EidH
/N B DA 2L FPORE S ) B P R R e, 2558 T 9 MIREE AL circRFWD2 fiTAE R IFD 33 AN BAS T
CircRFWD2 IR R - SR1M, K2 circRFWD2 T AEHIMBFEAEL 2 poly (A)E, W circREWD?2 ¥
B3 CDNA HI RATARTE S . Rk, AZAE circRNA W78 R IR R P2 AR RS IR 1 43 AL o

4.5. circRNA B E g E R

5 PR K 24 cireRNA SRR TR 7o #%, EICIRNAS = Z07 T 40 A% H 5 78 A el 1518 (8] -
Li %6 \[14TUFBH EICiRNAs 5 U1 snRNPs #HE/ER, EICiRNA-UL snRNPs &1 817 RNA RAEE 1175
PR AL (R (1) 514 [ 18] - A1, circRNAS 5 Polll #4554 A AH ELAE FH LB Hop AL R 6 3¢ [18]
CircSEP3 & — 7 ecircRNA, M IESL AT Y 15 HAR AT R BT 42, circSEP3 7] AL [F)J5 DNA F:[R e 5% 45
MZPEXT NS DNA A AR S5 . 45 AE T circRNA HiHBY BRI 3 SR FIPRIE PP BT B mRNA
ASRHIGE 1[60]. IXEEHFFEIL AR, L circRNAS A DLFE B REANEE SEKCE BRIk .

4.6. {EREMIREMRES

5 [ [ SO eI ST AL bR B SO “AEIML FABARRERA L R I A 0 1 RIEH BT
IR B AE B AR, B TR ARSI U AR . FARF AE VbR BV RAZAE MR
MR PRIBEL NS R B R . R WA AT FRN[61] . AnATATIR, circRNA 751X Lt
PR REBTFEIESE, 5RABRIEFHASL, 2 AFE circRNA fEMYE RIS R, JFH S IRK
FIRHEA O, BIINALE . RN TNM 73 [62] . 32491k, Y52 circRNA SRR E i 7 KT iE 12
TG LRSS, TR AL S CRIEEAR SV VA [63]. XL circRNA AMLAEAIZUIZ
HASEAFAE, MHAEGR @M. Mg, SMNBRMERE) H RS A E[64]. EAIKFEAB TR
RAREIIESNT. BT K2 E cireRNA R DAEAEM AR 2], BRI A R SO REE L, 2 W ANG
JTARF R AT YE TR AR — A SEis . ARRANERIT S, BT RSB RI R B R AST )
TR AL L S i e B Zh &S HEI[65] o M S L UR AR LS 5, ELE AT REAEARIUE[66] -
IRAITFE ELKE cireRNA S T B IS W R S bR 6, b RZHAAET “ FHERA#E” Biri. &2
J 2 BT TR SLAN R AE AT cireRNA SIS,  IF 2 rTSE R W sl il AL bn 50 .

5. E4maERY circRNA
5.1. BMRENRITRE
A (RCC) & — AP B MR, 7A3EE, BHm&ABWMRMITA 2.3%, &4 BRE
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N 1.3% [67]. 2023 4, SEEALTHA 81,800 1HT 12 Wi it B 4 M 491, A8 I ohy 5 MR B /S K WgiE, %
PEEE SLRH WHERE[67]. 2022 4, 4BRILA 434,840 7B 40 il . RCC fERKIN . RifFFIILse
i WL[68], 43 J5 IR W] AR I 52 15 A A v B A i ) SRS HH 2R LR [69]-[71] . B A BRI AR G
FETIES 15 KW LRI, 2020 4E4R 45 7 #8179, 000 #iIAET:[68]. &M 2015 4E5) 2019 4F, EE K
RCC K RAFEIEINL) 1%, {HM 2016 -3 2020 4, E[FH ) RCC JET-HAFF FFFL 2%, o R 2
BT RIS .

5.2. B4R RIET R

5 4T it g (RC.C)Js D 700 S J M 25, 328 W 4T M &5 4T S8 (ccRCC, i 70%~809%) L Sk tR B 4T it e
(PRCC, 10%~15%). i (.24 Ffa & 41 i (chRCC, 5%~10%) 4 3= 2 AL [72]

5.3. CircRNA # A RCC REET R PP ERFKIE. EEFRERSIERIEE TR KB

JAZE N TR R T 2K RNA circGRAMD4 1fi#% NBRL HIALHI . circGRAMDA 7' 41 i fe o . 3%
THa, HEAKTPFSARMGHG. EEERMRZ, circGRAMD4 [k 4% T IE I 2 1 2 3 B i 40 i (1)
AK[73]. KA RIL, circPVTL wfh—4~ 104 NRERIIAK, #N cPl04aa. ThagR A,
CircPVTL il cP104aa IKTE R AIMFI 1A py 357 B 8 i B 20 s 40 B (0 309 3 L 1R 28 L TR A 6741 £S5 A
WL RN circKCNK2 FRiE 3205 BE % (2 1 il B 4 M R 04k, Hded sl 1L-11 2 Wb e v i P i e P
Wo dbah, ATHELZR], circKCNK2 FIA7K- i 1) B 4 e o nT Be S 28 790 1L-11 SEBS I {E3E T vl
BPLIEIT AT E[75]. E%ENMIBEFUR IR RNA JF /04178, ccRCC H circASAPL R IA R #E T+
&, HEFRIE AP IT S S5 BTG RS A7 0 35 CER[76]. FBSE NRIBE i, i T —Flof & 334
IR RNA, %8 circPPAP2B, H7E w2 2811 ccRCC 4l rh ik K P, X —45 B2l id S gk e
B RNA JUFHEARAE . 4, IRATTIEL BI7E ccRCC A 4, JuH 2 5 #%1 ccRCC A4, circPPAP2B
MRIEACE T, I H RIS A RS, DIResSciiR 1 circPPAP2B 2RI ccRCC 4H il
WREAEERL G S1[77]. Wh%E NBIBETE KB, 3R ABCCARNA, F5il2 &M E T 25~29 HIAE 44
(CircABCC4e), 7E RCC #Hiffi R AR Fif. XFh LIS RCC A (VB H oss B BUAH G, R 9
circABCCde H W GEAE N RCC BRI A Wibn £4 . Bhat, MRIBRE circABCCde 7KV 1 KR I HAE I
GTT I N7 T AT P E P38 [78] . M5 NRIREFE R BILAE RCC A 4URINA A, circ_0000069 fI/KF 57
Fhii. circ_0000069 MRk T B e 3h5e . 1228 TR A 2B R, JHeit TanE T, [
IS LE RSN T IR AR, AEAR P T R AR K [79]. B NI SR I ARLAC [ RS 55 35 BRI
TE A AN A A A, T ER RNA_000558 [ 3k B % Wil 25 175 5 1 400 Ffa i 4 e FRy 384 8, 7 miR-1225-
5p kbH G, #FE— B8 T ARLAC mfRAI4MHI AL F1[80]. SR, 1XLE4E KB circRNA A] LL{E A RCC
R TRIUR 2L TSP g (LYW IR ) =Ra b /i i /i

6. circRNA £ RCC A ¥IHEEMRIIGARFE L ki SRR TR

CircRNA SN2 mRNA BHZIEI &, B ARV AITH SRR D, ey — R E Rk
it RNA. EATTH T2 ANV U Z A 08, fE8oRs T 2 M IhEe, 572 miRNA HE4R.
P B AN R % DL R A 9 2 R BRI . CircRNA 5 — R B AR FRAG P AR A 55, Bl (iEdE %
BEAI S 5 R A AT TR RRZE, (R R R IERR T — MR 4 . circRNA IfaE
Ye FEL HGIRIR B R R AT R L RO i 2 W RN TG A BT A RE R . Rk, PR
H circRNA S T ik I PRIZ T AR 7
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SRIM, SHARIESRES RNA ML, FRATTSF circRNAs FIIVIRIEIR e, BEE0EF circRNA B 1 A sz 2
AR . AR IR T S T J LA KBTI, %%, CircRNA [T BRARAITOAE B DIAL ] 14 AN 28
[81]. 5k — B AR Z K78 7 1) B AR IR AT circRNA 3R . Hk, FRATELZIRA . B6AE ARG 0I5
JK circRNA FIARHEATT 5 . AR CircRNA AT SERSIN 777 2 0B 2. 55 =, T K24 circRNA Kik
OB, ToIEAERR I, [RHAIF 70 2 R i circRNA A8 fr R 805 AIuERf I BeJ, K23 circRNA
TF 50 A2 B OO R (B BUPE PR, 38 UE R R AT PR o A P BRI R0 BRI RIS T circRNA B Sz oyl
SEI A Db A2 D6 B [82]

7. HRERKRE

CIrcRNA (PR, W R (48 RANFREME, 5] T ARZ W BT K LT circRNA #1457 R[83] [84]
CIrcRNA 1) e i T AR S P 20 A8 HL A T (1 8 12 W AN TS A= A 540 . CireRNA WTH T IF KR
2T circRNA [EBCAARBL S, DL &R0 i N 42 [85]. & IRESS/MBA 1&11i[1) CircRNA J& nf &l
B, XERE CATRGIEARIEBIE B Z M E A A~ g ). Ca8F 8L FESL T circRNA 1E
PEHE AR IME R . 5261 RNA (MRNAYRE AL, circRNA 28 1 R B HE B o 0 A i ek A0 S A1 1 P
FR U . (EERINZ, fE COVID-19 KmATHAR], FHAFAIIF K T circRNA $7, 5 ERG s A T KF
A MBI =4 [86] -

2 FFTIR, circRNA 2 HAN AR MRS S RNA, PIE RGeS M Riks . R m Sy
P, HOE R 2 LR S A 2 AR R, W circGRAMDA (e #EE A AE K. circPVTL BSR40 i 4 55
REJJ. ERIMERNE M s W TS AR S SORITEE A, ARRIEMBIZIT 5 circRNA S TT &
A EER .
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