0) D)L S i R
Progress in Biochemistry and Biophysics
' 'JXXXX,XX(XX):1~14

www.pibb.ac.cn

IR RNA EIENLHI A K 4R 65 % AR TE
g & £ SiEERRIER

w i BmE OF OB & =7
(IR M B BE R IR B O A IR BE) FUIRBMRSSTE AL, Kb 410000)

FE  FFRRNA (circular RNA, circRNA) SZIETHIA mRNA AI—ZEFRREEH RNA,, HIE s T/ i, th Thk=
BUAY Y 5 5T EEHE 5 3 poly (A) 8, cireRNAFEANMI R 5 32 RIS UIERRAf , M ELAT HUERME RNA B s iR e v 1K
LISk, cireRNA B ARG IS/ F, (HIEARIMIFIE AT R, 353 cireRNA BERSFERRE S50 oI 2 IR 1 5. Y
H IR By 2 B RO P SRR E A S (IRES) AR S/ sk iE 45 i B35, L) 2%l Ne-H LR (m6A)
BN SRR SIHLE], stk AR I T 5T I E JR 5% RNA (O II R L. MR 22 13EE R, circRNA 4afis it 22 ik 7E
g T 2 5 AR st R, BT BER R MR AR R A . TERS . (RZE RN L -, T e i R TR
AR EAE A E R . L, XIEZIRAEIPIE &4 5 % R 2 A B Bl 7 2 EH A €. AR SCIISE circRNA

BIEEDLRIEA T RGEELRIR, S A LA A 22 KT g 20 A7 D rR g BRI RE , JFEE—20 20 B HA R i e 12 Wi
EARAIT R BT . FRATIAA, W cireRNA B A AR 0208 50, D B B 8 A A= LA AN T 8 FRORS T

PRSP B R

KR FRIRRNA, BPRHLE, g
HESES Q78, R363

R RNA  (circRNA) & — 25 A4 {5 il
RNA (pre-mRNA) i i /2 [ 87 4% (back-splicing)
TE R BB A B RNA 431 12 52 e
RNA AJA], circRNA [ 3" 5 A St e 1o B R — Pl e
I, TERTCHE B A FARE ) o X —IRFA 3
FhE Rl HOR AR T 5508 (m7G cap) A3
i 2 R H R (poly (A) tail) MILEYT, Hinf
A RO AL TR M (RNase R) &A%, MIM7E
B N RIS B T IRIR L M AR R e M
TR AP ] B4

TER A, circRNA 3 24 5 25 0 Ak Ja i
RNA, HIjBe0F 584 b FAE R 5% 4 1 9 U5 RNA
(ceRNA) WZFfH/NRNA (miRNA) LA 45 5
RSB, SERN T F XRS5 RNAS G EN
(RNA-binding protein, RBP) #HH 1 M 111 52 i
Bk MO SR AR 0 SR, X — RGN AT AR
KB AR EIC I (Ribo-
seq) J B cF A AT UE PR R, A M AR
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protein kinase B, PI3K/AKT) . Wnt/B-catenin Fl{i
R E NG AL S (mitogen-activated protein
kinase, MAPK) %5 FE8UE(5 K, 7 LAERZ
SR A AR, ngaE . T RFE.
B RN AC I g R A e R A D A, T
circRNA (YRI5 BA 44U S0, H G MI7E
(T R = R B /R ik /B U R = A IR U K = X )
circRNA B EAL Sy i s A CRA BLe A
i, BAEMIER a8 FISWr . T H0 s A
B YAy 7 T R A B A F R S

A BTER GBS HX cireRNA BRI
Wi, E o W R IRES 5 m6A  (Né-
methyladenosine) &M 1 BIIPER G IEFE; IFAE
BEEEA b, BRARTT circRNA 4 i 1) D REP: £ Bk TE
Jifyeg A v ) AR VE L] (& D)5 e, XF
VEHAIZWR R ANEY T HE S AT LRI R R A
H5 ARARMTE 7 I AT R

1 circRNARYINEE

circRNA A5 P24 D fig 5 H M RE () SRR S5 44 F
YffLE AL B UIARDG . BRI IR B AL, HIRe
JEIWE T N B W) Y R IR Y e 2 B 1 gAY,
e T — 22 R R 28 M . B, 58
A cireRNA 2588 AT 4 FbLfil 7T RE

a. 3o AP I B miRNAs. X J2 fig - #8419 B 9
circRNA DIfigtlLiil o ¥ 73 45T cireRNA 5 A F 5
A9 miRNA )i/ % Jeff (microRNA response element,
MRE), AIf§ “¥g437 —FEREA &0 ORE 2 1Y
miRNA, 1% miRNA A& #) il H fir £ %5 1% RNA
(mRNA) —#f, ElaEZm H bR i Ep#RE 7,
miR-7 {1 £ 7] #% ciRS-7 (JRFR{E CDRlas) 4 4L
e, A% 0 BLH7E T % R RNA - (ciRS-7/
CDRlas) FAFTE 70 R BES miR-7 255 AL AL
T R AR DG A i ', 4k, circCDYL i
7 miR-1275-ULK1 (UNC-51-like kinase 1) /H W&
M 7 (autophagy-related protein 7, ATG7) -
H 2 R LR 3G 5E , LRI 1R T AR A
—MIBTER R 2 Xl ceRNA ML 7E R 25
JUIE o)) VS i 5 Z2 P A= R B o 2 v 0 i T 22
a2

b. PR IE DI S . 8 LT AN I Y cireRNA
AIE 5 RNA SR TR e e s AR BRI
AR HOE AR R B A B A % k. filan,
W TR Y cireRNA (1 ci-ankrd52) 7ERX N &

, ESERRNARGHIEZSWE S, L
T [ 8 15 2R AR R DR ) B SR o Y b, SRk
circRNA £ i i 13 JE i RNA-DNA =5 14 55 1 e
0 TG R A e R VA s S PRI 338 2 A4 ) B A4t
P 1B 2 (metastasis-associated protein 2, MTA2)
() 2 3K 7K AT ] cire-NCOR2 23k (19 | 7 1t 25 412
T, X AR A H AR B L Stk g 2
Ji A 15 E SRR SR 2R T, AR, R cire-
NCOR2 2 FEAHS LR >,

c. 5SEALE A . circRNA 7] /E N & A i Y
“PH” (decoy) . “3CHL” (scaffold) ¢ “Z5H4H
57)” (allosteric regulator) , Z #0181l ] 5 2 4%
A, HAUEME . 5RO A0 e 7 23 PR Az 252
M, i, circFoxo3 5 21 Ji Ji) HA A4 i 14 % il 2
(cyclin-dependent kinase 2, CDK2) FIHT% % &
ID1 45418 UARSE B9 —JuE 59, BH1LCDK2 541
i S0 1 2 ) O RH B P L DA T 5 0 ] 8 £
if 2, circCDYL2 R AE KA FZ AR &8 A 7
(growth factor receptor-bound protein 7, GRB7) -%fi
& BEIEG (focal adhesion kinase, FAK) & & YIE
A, MNTTRFER TS AR A K 324K 2 (human
epidermal growth factor receptor 2, HER2) T iiif
PI3K/ Yes #H & [ (Yes-associated protein, YAP)
Jo 22 4T 35 A A P PL % (mitogen-activated
protein kinase kinase, MEK) /Z04 M5 185 P4
(extracellular signal-regulated kinase, ERK) {5558
%, SEOMZIRPBU Y, R R U th 2%
RSN 258245 T cireRNA AH G AR T 30 A5 T
DU R Mg b s 7 3R B 1 A AR R T
" T cireRNA 7E 4 il 4 32 Tk 58 i B 42 8 4%
YEM .

d. AR EIERR . AF5E KT 2 cireRNA Hgg
YA a2 KT T . R = 5iE 1454
SR, Bt T LE o e R 8, R N6-H
JEARF (N6-methyladenosin, mé6A) &M, P
WEARIE AL &S (IRES) 263 & T b 2 5L )i
IR AR AR AN R TR A BE P i (Y D ek 2 1
& o 2 FRFF 5 MK 28 (ubiquitin-specific
protease 28, USP28) 155 4 il A 97 o 2 9 5%
(cellular myelocytomatosis oncogene, c¢-My) fa
JE, T circ-FBXW7 i fith ) FBXW7-185aa £ |1 fE X
B A BOE R, ST IR B Y e AR R
Ji& 12 3 cireRNA Gt i ) 7= W) FE AT A 40 M R 384
Jiheg e A A e A PR AR T RO E . M
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BT circRNA TIREWFFT BT AT o T HEH T,
AR s R S B SR T RR R IR e .

2 circRNAZZERYIFIZHLE

2.1 FIEBERcircRNAFF 1%

4t 22 KX circRNAs HY Fr 91 v 35 A T ik )
BEHE (open reading frame, ORF), BI/E¥{5 E
W R, fECERBER circRNAs 1, 2=/ 4
000 43 F L5 4t 25 11T JF 51 3R, A circRNAs
MBI RE PRt T R IR R L A
circRNA TJREMFFX IR A, ] BHPEAY circRNA H &
PUNHF e a. HAT ORF; b, HAAZAIRES; ¢ H
AR HEFR LR 1 moA B

I A cireRNA #F B4 BHIPRINGE . HAE T AE
TR G IR, FERR TR R B LU G
TRHIE, XECRRAE I R B T AR R ) A SRl

e, SRR IR e A 2 B A A A SR
5 mRNA A, cireRNA 351 b 45040, 35—~ i

REMF (AUG) JH)E . Ak B 45 ny FF ik

Be BEAE , X e i BT IS SR Se e kAt (B
HERE, M T M BY4E, circRNA ) ORF A] HE
52 ARLPE mRNA [ ORF ANJA],  MIMTA B gty 7=
AR B B AR R P

R, w0 B h oo e e IR IO 45 14
A% o = S'IE - 2544 2 cireRNA BHIERY 2
PR PRI, HCA s N R R R iR pIL A, Horh
IRES & fe 28 M Y AR FHOC M o IRES 3@ 3 7 T
ORF Lif, BEITS MU E SR aEM, HIEHZE
R LUR S B 2 seAh, meABMifE N —Fh)
ZAFAER N RNAEA, B4 mOA {57 s R A] d 4o
PASHRPER) BT EE (WYTH Ne- LR
RNA 254 % H 3 (YTH N6-methyladenosine RNA-
binding protein 3, YTHDF3) ) FEIHHE T (UE
¥ ®iF E h I F 492 (eukaryotic translation
initiation factor 4 gamma 2, elF4G2) ), AR5
BIPERLLR, A citeRNA$&HE T 55 —Fh R 3% H# 3214
A s

P&, 38 0020 e B A A i s TRl
B AR TS BOHLAS 2 TR, B, 48
K K] BRI cireRNA 77 DA 40 A AZ i 22 40 i
T, Afe S . HAZ B ROR AR A
B iR E Tk, B H R AR B B

Ja, BmENFRRFE R MR A et
YIRS BME R IR ITIE, %7 circRNA

A RIBACEARB R ik bR, FLBHPE o A
BB I E IR . BRI, circRNA
[ A B R e 1 2 HL 4 1 1) BB A5 DA S B 1Y) o
e .
2.2 circRNARIERIEHLHI

circRNA (1) B3 B b a7 F 2 LY 5t i 14
PR AR RS, HAZOAE TR R i A H oo
PRI SR S AB MRAR S AR . YT IR A SR
IEFESTUESE AL ELA E WA, 2 5Z IRES £
FH RIS moA B HRIR S AR (& 1), X Lefil
HIFAE BRI EHE R, 7EHELE circRNA AT REAELE
PHIF B AMEH]

YTHDF3
Fa 403.3|F432

o

elFal 408 ©

03 P P
Shk

Fig. 1  Schematic illustration of the translational

mechanisms of circRNAs
El INKRNAFBIZERM AR E LLH

IRES: AR IE AL S (internal ribosome entry site) ; m6A:
N6-H LR (N6-methyladenosine) ; YTHDF3: YTH N6-HI JE i
HRNAZE A FE 3 (YTH Né6-methyladenosine RNA-binding protein
3); elF4G2: I % il %5 &2 4 I + 4y2  (eukaryotic translation
initiation factor 4 gamma 2) ; 40S: A% B¥ {& 40S /)N iF 2 (408
ribosomal subunit) ; 60S: 4% Kl {4 60S K W (60S ribosomal
subunit); 80S: ZHHMA (80S ribosome),

22,1 NEBEREARDE AL (IRES) 4510 B 1%
R

IRES 415 1Y # Pk 4 J2 H AT 25 A Y cireRNA
T2 M H A5 i oh 7o 00 B IR S, LY
O FRIETE T A K38 mRNA F) 5'% m”GpppN Mg
ZEKY, TIIE R IRES JCAY 45 T e 4% 0 sh BvR
i, HMcireRNA (CRIARTCS'MEF 5 3 Z R
) mygmit i nede it T OCHE S LAl B0 IRES &
— B BB EL TR SR 2 mRINA P AL 1R %5
T AUG MHIE 58 2 RNA Z g4 ook, wF iz
S'MEZEF ) circRNA T 5, IRES & H S BB 56
L ARAERIE, TT o e BE TR RN A B IR IRES
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R EE IRES  (HNAN.C> LA 75 EMCV [ IRES) i
ELA o 2 53w Y 819 55 sh 6. 775 1 20 A
IRES (7% P AR 2 B0 s 4 2878 | % 35 i B
NIRRT kG B

IRES /- B R B ALK L2 P8R &
J6, IRES Jufil ol HoAp e iy =S A 4 (An=ZE%5
fB4h) B S5 0E A 40S /NI 3k HAH G IR N
(fnelFAG. elIF3) %54 . Mifs, XFEE AT
43S {E IR E A WI7E IRES X387 1E A 2H 28 Fl e A,
Lii Xt elFAE (IR F45GHE M) Wi, &5, 16
elF5 I elFSB A5 K F YT B, 60S K35 2 2%
A, TEREA BHIEEED) S0S A, MG
TIREAA R . [EAEERE, B EREA
RPS25 (ribosomal protein S25) #{UESLX} ZFi IRES
MIhRE G HE 2L, HE R4 W E I IRES /3 1Y
circRNA Hfi ',
222 N6-HEARTT (m6A) /TR

TE B 1% E W) mRNA B 45 25 B3 Ak & 4fi B
mOA B 2 H B o d5 5 ) — B, I ELANASAH 5%
JISCRERIARAE, B2 PR RNA B f 2%
WAL P AL, A% O 7E Tl 5 moA B4 {37 43
PP . 5 A AR RPN & RNA 4
S HEDC , K circRNA 2 LK H IRES (149§ i
HARIEAR, BB T circRNA [ it i 4 .

mOA i & FAZ A M) mRNA A UL A N3
ez, &l IR IR 58 (Writer, 40
KH R BB EH R ® M 14
(methyltransferase-like 3/methyltransferase-like 14,
METTL3/METTL14) ) =4, Jf i1 & P& kil
(Eraser, I 4nfg /s it 5 AC A OCH T (fat mass
and obesity-associated protein, FTO) . AIkB [ &
15 (AIkB homolog 5, ALKBH5) ) X[&, Hig
MR SR A TR Y FE cireRNA B
mOA &M B2 LA S 30U S Bl 3 A 33 H g i
DRt ft 7R

m6A IR )] circRNA BRI OFE T “ Tl s
(Reader) MM RIEM . BAKM S, YTHDF3
25 mOA [ 32 #8245 [ AE [R] BF 1R 531 circRNA [ 1) m6A
B IS ARG T eIFAG2 I EAEH . elF4G2
JE— PR T elF4E BRI R B, HwdH
SRR HAE R A3S R MG E SWASE, SE
i XFSUE R R e A, e R
YTH N6- F 2 i 45 RNA 45 & & 11 1 (YTH N6-
methyladenosine RNA-binding protein 1, YTHDF1)

A fig il i {2 7 cireRNA 5 Z AR 1 255 Sk v
FIRRCR . FEZPE mRNA Y, mOA 7 3 i #7554
7 T T 435 Ae 3k () Y THDC2 KA i A2 M4 38 2 4
i 7 51 (coding sequence, CDS) [X 8 i) F& % 4%
F. %T circRNA [FI#FE AT REAL S 450 A 7 B, %L
Hil7E circRNA (RIEL R AT e BA S 5 L, H
IR i 2 A A TI (11 2 Y NI A € Bl
HAF 1Y cireRNA #F2s E 01, $ernik & —Ap
2 A PR I R PR e AL

3 circRNA %3 % IR 7E P R RO 1E AR

circRNATEZ i S eg v &2 BURE e 1 S i 36
ik, HARA Y DI RENE 22 IR IE B g E S 4 e
ARPERAY (ANHPZEI ol | 1R2B5ER . IR THRBTSE)
[T 4. X BB circRNA g fith 1) 22 Bk 11 1+
HAMAF RS T, 8 T dfF =8 i
AL AR S E S, AR ROREE i i
& B0 SR s B A e . eAh, T
IR S PE RN R E T, cireRNA S H G5
PR B RAZ B SRR Gy T R ER
TR 7
3.1 circRNAZRED & RRRIREETNRE : SREHIEIE AN
g

L5 78 T circRNA Zifith Y 22 R i 340
KHEEUR A, FLHEEAR I M 3 578
HAERBLTIZHE, LU I LACRIEBNE .

WO 32 R R A PR S 5 o 7E — B FL I
Hr, 2K HER2 Z MR HR 73 DI E vl B4 cire-HER?2 It
Zifih i) HER2-103 Z2JIKBLAU . BERE SRR T
24K (epidermal growth factor receptor, EGFR)
ANERHERKHAF 21K 3 (human epidermal growth
factor receptor 3, HER3) W FH —BIK, X4
S SRR AKT/PIBK {5 Sl i, 5 B30 8 200 a3
TEARZE . (HARE AR, FH4 HER2 By S va e
PRI Z 2R BT RENS I HER2-103 9 DhfE, /R T
HAE IR HE s AT AT 7

e BUR e sk R . FENFEE T, cire-B-catenin
It i) IR B-catenin-370aa B 414 -5 08 IR A L i
3B (glycogen synthase kinase 3 beta, GSK3p) /i
G IR LAz R4k, LA B-catenin (1[5
fifo PB-catenin TEMLBT NI B M AL AL, A5k
Wnt/B-catenin 8 PR , 2002 050 -8 4 %) 2
KGR

R B SO PR UG P . L AR Sl BTk
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Western blot 73 AT 4 7€ 1P A4S 9 circGGNBP2
%% (1 cGGNBP2-184aa Z ik . X ZIKH S5
T S R0 B S 300G 7 3 (signal transducer and
activator of transcription 3, STAT3) FHEAEH, ¢
HEFE Tyr705 Bk, 458 STAT3 M HE 0 1, 2
HEPIRE A KNS

PR T AN o bR T AT R R A R
FEFR AR RN TEBEEE T, circGPRCS
a it —A~H 11 SRR A U R . i KRS
PLE S Ess 40w ) X5 G F RS2 4K C 55
5A (G protein-coupled receptor class C group 5
member A, GPRC5A) 454G, M= G
GPCR TffFF o XML 0IH (55 JUHAR I T
5 IO g T A LY B FRSE BT RE D AL RS T RE . B
FBRE, DAL, % circRNA & ikt ] fg a4
5% W Hedgehog (HH) 45 5C B A IR JIf %2 7 1% 5 il
X S TR AR IR AR R R
E— D AERE T IR A T HIRES . X878 T circRNA
Zh Ly )R S e T AR X — O R AL T Y
HEE
3.2 circRNA%RFS & RREIHPEE Th &6
2R

5 R EHAR , 55— circRNA Zii 119
22 R D)3 A1 ) DG B 5 S B, PR
.

TP PIBK/AKT i@ % . TR, WFR#H
J2 I circ-AK T3 3 1o 5 8 00 14 i (1) I REVE AR
Fi, JF4 N AKT3-174aa, AKT3-174aaj2—4>H
AMEEIIREREE 1 e, AR AR F A IR
NPT T AKT3-174aa 13 23K BRI i b
Je S TE LA SR e Y S AR U T o cire-AKT3
it ) AKT3-174aa 22 JIK AT 55 BRI L A0 A8 1 3 il
1 (3-phosphoinositide-dependent protein kinase-1,
PDK1) MEAEM, (HHA S G Z JlE . XA
SEA T4 ME BT T PDKI X AKT A8 R 1L 5 4
I, AT A7 [ 45 AKT/PISK {5 Sl i, 41 ifil Boiyg
A KGRI HE INHR RGBT T 1 R Y

P MAPK {55538 [ . MAPK il % 5 2 F 5t
A9 1 2 e MV B B VAR G . MAPK Gl % (9 A% .0
g3 172 MAPK14, A 45 1 e v k4554 +or E
FERAE o cireMAPK 14 il cireMAPK 1 43 1] 4 i
circMAPK 14-175aa il MAPK 1-109aa Z Jik . ‘1116
Ve “WE” 31, orilsedetesl & a2 35
M 3% B 3% B 6 (mitogen-activated protein kinase

Ml % &0

kinase 6, MKK6) =; MEK1, BH il H % F iiF
MAPK 14 5t MAPK 1 H33% . I H MAPK {55
W, A7 AR AT A e R s A M Y 1 A
Lyl

I PRI TR . R EER UMY circRNA
EHUEZ RN —EEZORE ., IR A, AFLKIE
% 8 (human papillomavirus, HPV) J&— Ff X5
DNA BRIE SR EE, HPV FJIERA 100 250, AL3E &
& HPV B £k HPV16 fil 18, W] S &8s FiJw . 2019
4, Zhao%F PR ERM, EAEBY LRI EE 16
(HPV16) 7] y= A= J§ A E7 J& 3 K /) circRNA
(circE7) . % circE7 BEWEiE 1 H H B 1Y mo A &1 B
SETREEH M. EE SRR, T
circE7 (YR IN B H moA 1 /KF-, "] A %M E7
WA, T 3 5596 20 B i 3 5 R e
o X—RIARHE R T 9 85 B0 1 —Fp L
WAL T circE7 M H i =4 v Vg Jy i 5 M 0
i HPV AHC & 50 12 B 5 iy e Bt TR o+
Az
3.3 circRNA%R T8 % BX RO Il R B2 AR & BE
N=tid

L P g8 o S R 5 R B A 1) T BB T
circRNA 4 it 22 JIK A i Jed 1) i DR 77 28 o g 27 77
H, FEERBUAA T

VERHFTR A DR o H T cireRNA R H 4t
ZINFEAR (i ik . PRI xR e Rk H
AHLVRERE, BT R, J7
AR5 ) R S DA VR TR R AR AR T el
5P, IMTE IR hsa circ_ 0000231 # i 52 2
—MAEIRIZWREY), RBARIX s BEEES
AR o B ZJE, % circRNA JIr g 1)
ZIKAEBH MG PRI R E TS, B2 R %
5852 M0 T LS N E KR
(carcinoembryonic antigen, CEA) ZEbpi&%y, #n
B o o ) 7 RO A 3 71 [ RO | A N 1 B =
circRNA100876 A X 2 5 JE /IN 4t it 7 fili 485 (non-
small cell lung cancer, NSCLC) Ak KE, 1iH
e HOBAERR B AR RS Ak Sz B R T, A
TR WA 532 ST BRI TR 7

VERBIHTIRYTHE A 5 MG . circRNA Zih 2 ik
T PR IR A A . AT (REE R A
Yt e, O IR TRTT I AR RS R, LA
Bl g it oGy Y TR, HE RIS
FH S X E0RE M cireRNA Z Ik (WTHER2-103) ,

2R



"6 EMUFESEYYIRHR

Prog. Biochem. Biophys. XXXX; XX (XXO

AR S A R B B v B s X T
ZJk, T iE ik mRNA 72 s g oK b ik R g A
HAR Gk, DT R S g e % R ShRE . )
circZKSCAN 4l i circZK Saa AEAE 1 A5 £ 40
FE 1 (mechanistic target of rapamycin, mTOR) [

i, HOSRAPRXTRPEARERBURYE, R TIRER

T ¥4 Snail £ [ #0 il b K- 0] BT % 4k (epithelial-
mesenchymal transition, EMT) , M 1 4100 il &5 17 i
o

R 1AL TS5 kA PR RNA ik,
AL g A 1 DR A PR 3k 2 e IR (R R
T MR RNA G i R AE 968 5 A 2 b i XU AR

JYREE R . Ak, circ-FNDC3B-218aa nf i@t #iH T HAE AP S )
Table 1 Tumor-associated circRNAs and the functional mechanisms of their encoded peptides
=1 BEEXHIMNARNA S EHLHNS K
e SRR i 2 ik 1EHBL Zj%
SCHk
CircEAMS3E nr FAMS3B.2 19 circFAMS3BIl ot #1137 AR A URF [ i IR BKFAMS3B-219aa, SHLAZT T 2345, [11]
WO PSR S ETANM, I A% 05 R 20 e g A
circPIAS1%ifid fficircPIAS 1-108aaifi id 4 #£ SUMO E33Z% % Ranbp2 K 4 5%
circPIAS1 P PIASI. 10800 STAT1HSUMOfL &M, M HiHISTATI (FIBER 1k, 12 HiESLCTALL/ [1a]
GPX4E Sl IEE S, IRHI TP Ey UFNy) S0 G I, R
P55 G A 1 5 BT 72 (K 2B (R R
circPETH-147aai8 i i #E PKM2 /12 [ ALDOA-S36 % 1, S HuR K i (1)
circPETH JH- PETH-147aa  SLC43A2 mRNAFEVE, Rl AT i 4 M AR =5 G A% 10 B e e il 1k Ao s [15]
781
circFBXW7 circ-FBXW 73t i A E A AR E A S SR B i P A2 IFBXW7-185aa i [, 4K
iz IR B8 FBXW7-185aa  HIlId Se 4+ PELS 5 USP28, fRERFL X FBXW7afydilifil, M fgtc-Mych)iz 2= [28]
A g, 3T )P o O ) R A
CircHER? e HER2-10300 circ-HER24w % (1% 37 2 25 (T HER2- 10318 id fid F EGFR/HER3 - ZE 4, S Wi [47]
PI3K-AKTAS 58 8%, UKah =R MEFL R e
circB-cateninif i £ i #r T4 B-catenin-370aat [1 MK, 7o 5+ 15 HTGSK3BXT
circ-B-catenin e B-catenin-370aa  4x1B-catenin[FIBEER b S FFAR, MM FeE B-catenin - IHUE Wt %, (2P [48]
Ak
circGGNBP24i 4 ({1 cGGNBP2-184aa % fik B4 515 5 1 G A e Bad [ 13
. - (STAT3) MIEAEH, H3ESTAT3 Tyr70507 s i Ak, 3k RIL-6/cGGN-
circGONBP2 = MEE GONBPX-I8IaD o odaSTATS MR8 FFAEWGEIAK-STATI B0, AT )
CireGPRCSa P GPRCss circGPrCSai@ﬂﬁéiﬁﬁ% 1K 5 J% bt e~ 40 3R 1T 2 11 GpreSa s &, I GPCR [50]
GG, AT DR AN B R T A A 1 S R RS
e AKTS Py P 1, circ-AK T34 4 ) AKT3-174aath [l 58 5+ 45 & BER (L IPDK L, #iHIAKT 51
Thr30847 25 IRk, MM SR PIBK/AK TS 5 38 4 5 & 45 He 3w 18
circMAPK 14 3 i % i % Ik cireMAPK 14-175aa, 3% 4+ 11k 45 & MKK6 LL 1) i1
circMAPK 14 AN MAPK14-175aa  MAPKI14/WBERE (b S AZ 640, HEM L EFOXCLIMZ AL EfE, Mg B [52]
Joss (¥t e 5 e B
CireMAPKI P MAPK 110930 circMAPKlﬁﬂéﬁﬁ%%ﬂiﬁMAPm-m%a, T g 45 A MEK 1 LI I MAPK 1 ) (53]
TR AL S R WA S BT, T ) 25 B el gt 5 e B
e ZKSCANI . JKSan circZKSCAN14ifit [f) £ ik circZK Saa il id {E HEFBXW 7/ 3 I mTORIZ 1L F4 [50]
fik, FMHIPIBK/AKT/mTORME Tl ¥k, M40l e ik e
circFNDC3B 4 fi% [ circFNDC3B-2 1 8aaifl i3 411 il Snail ik, B H X FBP 1K)
circFNDC3B 4 B FNDC3B-218aa ¥ s3c4Wihi], A3 38 FBP 1/ 3 0 AL B IR AL BE R, b 4k b iz - 18] 5T %% 4k [60]

PLES) 7
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B n BN EITEAIN YEFH ML i;
CireLINC_PINT P PINTSTa circLINC-PINT 4w i [{) PIN T8 7aa ik il id EL#: 45 A PAF1 AW - M I RNAK & [61]
BELLA S (R B FE DR e S A i, AT 4% g sk
CrPPPIR12A —— PPPIR12A. 7308 circPPP1R 12 i 4i i circPPP1R12A-73aa%5 [, #i% Hippo-YAP{S Sl i, [62]
TR 32 45 e 1 A G RN 6 B
circPDHK 1 4 15 )35 7 % IKPDHK 1-24 1aaifi it 5 PPPICAAA HAE (248 Hok
circPDHK 1 i PDHK1241aa 447, MIGHIHIAKT BRI, #IEAKT-mTORE Sl %, #mifeidt iz [63]
Y 1 ik e
CreCOLOAS 030 o COL6A3 030 198aa CircCOL6A3_030:8 i o Py ¥ A% 8 AR E A AL 5 A 5 1 0 R AL 1) 4 53 22 ik cire- C64]
- - COL6A3_030_198aa, it B MMMl 5%
KEAPL25%a circKEAP B 14 4 9 KEAP1-259aa [, {EHFE3E R ARIHI A T (K A
circKEAP1 SEgALE Z AR, FEBIERIG-DE I E UM S, AT 6B PR T4 iy [65]
M5
circMTHFD2L 4 (F1CM-248aaifiid 3¢ G+ 455 SET & H IR PE 45 M, AR
circMTHFD2L ] CM-248aa SET-PP2AMHEAF M, MMIPKSEPP2ABERLERG 1, #1175 FAKT. ERKHIP65 [66]
BRI, B FHWTPI3K-AKT. MAPKHINF-kB{E 5 i i DL 1] B gk Jig
_ o ) circSHPRH%i i () SHPRH- 146aafif il i 45 7 4% %[5 T RUNX1_LINFKBIA K
cireSHPRH  HHAEIPANIA  SHPRH-1460. o o i e Bol-2/ Caspase-3 MU 6 5 W22 SR ML A A o)
CireNFIB L NFIB-56a cireNFIBH i e 4 5 ¥ 564~ 2 4k 2 22 IR 400 il 0l HR g vk 1, AN sl A8 48 DU O [65]
B 1 1 S LB AU A R, T L AR ) AR K S R
circCAPGif it IRES 8K 5l i) #1137 42 81 B £ IRCAPG-171aa, %% ik 5 STK38
CireCAPG oL s , S 55 IR L 5 SMURF LA TLAE A, ANIRIMEKK2 (72 AL FEfE, Fa5E [69]
MEKK2 & 4 I #UEMEK 1/2 - ERK /215 58 8%, #5208 = B 14 L e 1) 18
W5
INSIG L1210 circINSIG 1 i i5h (1 circINSIG 1-12 138 4 $8 2£ CULS-ASB6iZ 3 E3 & 52 G 1,
circINSIG1 44 H e (EREINSIG1 8 A K A K4ASIE R ) 212 AL BE R, TS SREBP2M5 il i, [70]
o g PR AR I A A E 5 e i3t
circUBESR D BB UBEAR:{732a circUBE4B#R G circUBE4B-173aafk (4 1l ik 45 4 MAPK 1 -3 5 F i 8 £h 7K [71]
-, HET IS MAPK/ERKAS 5 il i, (2 3k 35 R 20 Moz v 2k
_ circ AXIN 145 i ] AXIN 1-295 a3 13 52 5+ 45 & APCIIA B-catenin f A% 52 4 14,
circAXIN1 B e AXIN1-295aa . - . . [72]
WS Wt/B-catenin{E 5@ B, MLk B ik e
CireDIDO . — cireDIDO 138 i 4 i 357 &L i [ DIDO1-529aaill | PARP G P, I PRDX2Z ]
RBXI/-S 7z AU, T4 ) B it e
ZCRBUH i {12 i circHEATRSBH A4 Jf: 1 1% 2 (RHEATR 5B-881aa i 11, f& ¥
circHEATR5B Ji2 I BE9E HEATR5B-881aa  FRALIMIDSIKIS36 11 4, 53 Hiz FALMEAR, T ERIMIDS X PKM2 — 54k [74]
FOPREAE FH 4001 o S R 4 B TR )75 SR T A A 1
circCORO1C4i it (1) 45 i CORO1C-47aa i it 3% 4+ 1 45 & ARNTES [ [/ PAS-B4%
¢ircCOROI1C + A R COROI1C-47aa  #4ek, I STACCIMAHTLAER, AT A 40 ML AR A F IR+ 5 [75]
s (2 e
PV - oP104an circPVT Ll it 4 i cP104aafif {0 WWP2 A F [ c-MYCIZ RAL MR, I ELRE4G [76]
A EIF4A3 Eiflc-MYCHRIL, WUH Ik 7)) 5 20 i e ik g 5 Ft i %
circ-YAP il i m A& Ui f #6114 8 ¥ L 7= 42 YAP-220aa, J5 3 S8 S 1SS &
_ A . LATST A YAPBERR AL, {2 30 JLAZ L 7 FRU0E B R L A B R Rk s[RI
CircYAP ELNEN i YAP-220aa o N A _ [77]
YAP/TEADE &4 5% I ifcire-YAP, FRIE IR, i SR 5h 45 B i it
i
circ-B-TrCPi it 4 i 5 1 2 19 3V L B-TrCP-343aa, 34 4+ 1 45 A NRF2 - L 1
circ-B-TrCP g B-TrCP-343aa  #SCFFT"E &N Tz 2ALMEM, MiMFENRF2E A BiShiE LR [78]

¥, RIS HER2 AL 0T i 2k S 470 (R i 245 1
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5%
2T e RE PR it 2 fik AL -
Sk

_ 5 HNRNPL 3R 5} 4 5% [ circ ARHGAP35, 38 i mo A i 1 B 3 7= A= 38 21 800 2%
circARHGAP35 xR ARHGAP35-89aa [79]

FI, FFSTFI-IH R 3R 3 e
circ-E-Cadi@ i 4i i 18 i 2 E-cadherinE4H fL I - SEGFRAHEAER , WISEG-

cire-E-Cad - RREH CECad o STATS (55, AT (3 20 M 038 5 B L50]
CreMET cireMETl i m6 A S A ¥ Bl PR WL I R AU MET404 8 11, {E N BMET 32 14
Ji )9 BEE MET-404aa Mefk, DARRIHGE I AR SR METS Sl 4%, e 3k 12 5 SR e % 4 [81]
RIE
circPLCE1 % i (1) 37 8 2 19 circPLCE1-411aa3if 1T B # 45 & HSP9Ow/RPS3 & &
circPLCE1 4 H e PLCEl-41laa ¥, {R#HZEGYFRPSIFIMES, MiifEdE X BENF-xB#H 5 K FRPS31)iz %= [82]
MRS AR A, 3 T 0 s e 80 6 884 A A
, circGSPT1 45 ¥ #i 2 25 1 GSPT1-238aalf it &5 Vimentin/Beclin1/14-3-3 5 & 14
circGSPTI1 B GSPT1-238aa [83]

Hitr, HMHIPIBK/AKT/mTORSS i, AT BHLIT F W] B g ik
HLA: AZEF40MiBiI (human leukocyte antigen); SUMO E3: SUMO E33%#:fi#i (SUMO E3 ligase); STATI: {55455 555 5l 11
(signal transducer and activator of transcription 1); SUMO: /NZ ZHEBEAHE I (small ubiquitin-like modifier) ; SLC7TA11/GPX4: (& FR/
RRIRFEZMSLCTAN 543 H kit L4  (solute carrier family 7 member 11 / glutathione peroxidase 4); IFNy: T4t %y (interferon-
gamma); PKM2: ERAFRIEEFM2 (pyruvate kinase M2) ;. ALDOA-S36: FE4ETFA Ser36/i 1 (aldolase A serine 36) ; HuR: HudiJFR# A
(Hu antigen R) ; JAK: Janusi#{[if (Janus kinase); GPCR: GH[1{iHX3Z{A& (G protein-coupled receptor) ; FBP1: SHefff-1, 6- @1
(fructose-1, 6-bisphosphatase 1); PAF1: RNAR G FFIIAH K F1 (polymerase-associated factor 1) ; PPPICA: & [ B2 [ 1 4 1LV Fa
(protein phosphatase 1 catalytic subunit alpha) ; ARIHI: & RING-H245#438 I E3 4301 (ariadne RBR E3 ubiquitin protein ligase 1); RIG-I:
PR E AT (retinoic acid-inducible gene 1); SET: i1 2 FASET (SET nuclear proto-oncogene); SET-PP2A: SET/™SYPP2A
2 4% (SET-protein phosphatase 2A complex); P65: NF-«kB p65iF3 (NF-kB p65 subunit/RelA); NF-«kB: #%HF«B (nuclear factor-kap-
paB); RUNXI: Runtff5&f% 3K F1 (Runt-related transcription factor 1); NFKBIA: NF-«kB#fi#fil (Ao (NF-xB inhibitor alpha); Bcl-2: B
AN L2 ) (B-cell lymphoma 2) ; STK38: #£%{R/J1 2 BR# 38 (serine/threonine kinase 38) ; SMURF1: SMAD{Z # (L5 H ¥ 1
(SMAD ubiquitination regulatory factor 1) ; MEKK2: MAPK/ERK i i ## i 2 (mitogen-activated protein kinase kinase kinase 2); CULS5-
ASB6: CULS5-ASB6Z ZE3i4 ¥ 5 414 (CUL5-ASB6 E3 ubiquitin ligase complex); INSIG1: [ %1% S (insulin-induced gene 1
protein) ; SREBP2: [HEEEH G455 2 (sterol regulatory element-binding protein 2); APC: JEPEE AW (adenomatous polypo-
sis coli) ; PARP1: £ IR WM R AWl (poly (ADP-ribose) polymerase 1); PRDX2: i %A if J5iZE 12 (peroxiredoxin 2) ;
RBX1: RING-boxZE {1 (RING-box protein 1); ZCRBI1: £EFERNAZE A1 (zine finger CCHC-type and RNA-binding motif 1); JMJID5:
Jumonji-C&5 A 45 (Jumonji-C domain-containing protein 5); ARNT: J5 & k&2 MZ i & 4 (aryl hydrocarbon receptor nuclear translo-
cator) ; PAS-B: PAS-B&5#J4 (PAS-B domain) ; TACC3: #%{LFR M2k Bl & (13 (transforming acidic coiled-coil containing protein 3) ;
WWP2: WWZEHIEE 92 (WW domain-containing protein 2); LATS1: KAIFRIMIH A F1 (large tumor suppressor kinase 1); NRF2: #%
R FLL R 2405512 (nuclear factor erythroid 2-related factor 2) ; HNRNPL: R Jii#%RNAZE S AL (heterogeneous nuclear ribonucleopro-
tein L); TFI-I: %55 FI-I (transcription factor II-1); HGF: FF4H84: KT (hepatocyte growth factor); RPS3: B 1S3 (ribo-

somal protein S3) .

L5 LATIA, cireRNA Zhifith 1 22 I/ 15 SO0 RE N
RIS PR RIEA TS 1. Aok, —Jrmn]
AR IS 2T | o7 B 1 25 A5 1

BT o S RTWTFE CAELRIR R S I RE % E T
USSR, (R — i 4 Ul 4 i ) i
RS, AT = RO PR S HLE . AR

Femg, DRI 2y . TR S —TOriE, T
HA B TIRETF R AR (B A SR, T ERE
FET cireRNA ARG FENEYT, A A 208 i
RGeS

4 BEERE

circRNA #HIFEIIRE A A 8L, 4 H AR 4 7
RNA {5 B “BEY) 50 HEm) 1 R AR Y F e iy

FELLF 32 B EE , VAT B R R 27
Sl RN T -

B\, FEHLRR)ZE, TN CERSOCHR”
W CBIAET 5 MK EAE" BEFET. YT
XFIRES 5 moA B NR 24 b TSR o4
T SHIL I IIREfIA . RN H TR /R IX L Bl R
GICIEMR AR (s, BREZ) iR
b BRI, DA RCHE R AT 52 _E i {0
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FIVEG S R - o [AIINF, 5 8 AT B — circRNA-
Z AL RIBESE, FIHE BB 5AME RS T
B, RGL:H cireRNA Jafith 4 0 48 H o 5 AR M
%, AR BUEE S R R ST SRR, I
PR 5 2R AL TN g 1 3 1 A D RE B[R] 55 33 9t
KHRo

HWR, TEHOARTTRRm, mAs R R R
B 5 Rk T M EAR, SRR
PYZIUS R R SCHE . — 5T, H TR BRI REIE S
& 5 LT cireRNA g Z RRAIGER , ke T
s LR AR IO E R A A L v R O
PEGEREIN - 555, 5 —J7 T, Wiy R JERES R
PEFL ] cireRNA BRGNS, GIAnisei 4% H
M4 2 1) B 42 47 4 Y siRNA 1 2 X5 4% 1 R
(antisense oligonucleotide, ASO), I FF & /NirT
25 LT AR E R B AR P (A% 1) moA
Bl 5 RN AT SZEE
(1, M RSy . B R B e M A e ik
E N

E, TElmIRFALEm, WS “ArE Y5
" 5 VRITRIE” BT . ASRAR B bR
SIS RUCR K . s WT L, A
O RIBERYHTIEPEIRRAS ™A% S A )
f¥) circRNA i 22 kAt g RIZ I s ] Ao 7
RO bR S BUEE S R e . IR OT I,
BRI T RO Be BB T e X T EUm 2
K, AT A R IR N TR s Xk T e
PEZ AR, MIATHE R I T mRNA SR RNA A5
BRI B, AL cireRNA FHOCHE A -5 I 1)
RIS IR RS TR R, AR AEIER
KiUELERST

SR, X cireRNA BHFGUHERIEL A
— > AR ) B B9 B G 0] o e BILR . BOR
SR =R AR ENE R, FfTA B EA AR
R, B —RR 8 23T SRS A R IE A )
R, WUGEERE USR5 ) .
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Abstract Circular RNAs (circRNAs) represent a distinct group of RNA molecules produced through back-
splicing of precursor mRNAs. Their covalently closed structure, which lacks both a 5’ cap and a poly(A) tail,
renders them highly resistant to exonucleolytic degradation and contributes to their remarkable intracellular
stability. Although circRNAs were historically viewed as noncoding transcripts, accumulating evidence indicates
that certain circRNAs can undergo translation under appropriate molecular contexts. Two major modes of
noncanonical translation have been described so far: initiation mediated by internal ribosome entry sites (IRESs)
and translation triggered by N6-methyladenosine (m6A) modification. These findings have broadened the
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traditional definition of noncoding RNA biology and suggest that circRNAs may contribute previously
unrecognized elements to the cellular proteome. Peptides generated from circRNAs have been increasingly
implicated in cancer biology. Depending on their molecular functions, these peptides may enhance malignant
phenotypes—such as uncontrolled proliferation, motility, invasion, epithelial-mesenchymal transition, metabolic
alteration, or drug resistance—or, conversely, exhibit inhibitory effects on oncogenic pathways. Their dual and
context-dependent functions highlight the complexity of circRNA-mediated regulation and suggest that these
translation products participate in multiple layers of tumor initiation and progression. In this review, we synthesize
current knowledge regarding the molecular mechanisms that enable circRNAs to be translated, with particular
attention to IRES-driven initiation, m6A-dependent regulation, ribosome accessibility, and the structural
determinants required for translation competence. We further summarize well-characterized circRNA-encoded
peptides and discuss how they influence tumor-associated signaling networks. In addition, we examine the
potential translational applications of these peptides, including their value as diagnostic indicators, prognostic
markers, or therapeutic entry points. Their inherent sequence stability, relative expression specificity, and
detectability in clinical specimens make circRNA-derived peptides promising candidates for future biomarker and
therapeutic development. Overall, circRNA translation research is reshaping our understanding of RNA function
and offers new perspectives for studying tumor biology. We propose that expanding investigations into circRNA-
encoded peptides will not only improve the mechanistic resolution of cancer research but may also pave the way
for innovative strategies in precision oncology, including RNA-based therapeutics and peptide-targeting
interventions.
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