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INIK RNA BHENL S A 4w 15 % AKX
EMEEZESEERRER

) iE mmE F O & =7
(R MV BRI BB (IR R ) FUIRMPRIRIESIRL, K2 410013)

E  IFIRRNA (circular RNA, circRNA) JERIETFHIA mRNA 19— IRIRGEH RNA,, HIE Sk F A m 8i s, Tz
A S IE LS 5 3 2 AR 2, circRNA ZE4H M A 5 32 B AMIT R R A, DAL LERPE RNA TE S et K
HALIR, cireRNA A5 3T, (HIEESR T TEAWT R, F547 cireRNA RIS RRE S50 T B3k 2 IR 2R 11
TR B BH I 2 AL RE RO P SRR AR AL S, (TRES) (W AR H6 5o i 45 44 A %, A K pl N6- Y 356 iR
(m6A) BN SR G BIHLH], X Lei AR T E B d AR gD RNA T REA A . MOk Z IEIR R, cireRNA Zifidfy
Z2 R A TR A DG A 53 R4 B SR AR NS, S5 iR & A & b () SRR A Wi A, B T BB 5 i yes 41
MLAIESE . T8 . 228 [ - BTk, o mT Resm kil (553 ol T4 8 oAl BV E R 3 e . R, X%
KA e 2 A 5 R TR 221 W B 47l T 2 2 M SR L (0 AR €6 . AR SCIRI 5% circRNA [ RHIRHLENES T R G PELRAR, FAS S A5 4

T3 % 22 IR AR A A T D R TP B BRI RE , IF i — 20 AT AR A 12 Wb 5 W A 7 B 1 AR L JH IS5

HH#f circRNA

R A= 02 38 5, DA e B e i AL RN AT RS T B~ SR SR R

EHER FRIRRNA, BPEHLE, Mg
FESES Q78, R363

R RNA  (circular RNA, circRNA) J&—2&
Hi A& {5 i RNA  (pre-mRNA) 3 i Ji ] 55 42
(back-splicing) & Al i 55 3 A 3% 12 19 RNA 43
51 5L PERNA RG], circRNA iy 3'F1 5"
Vi i 1) WL IR HEAHIE , TR T BR A PR A
P o 3K — R R D R A HOAS AR T 5o 1
(m7G cap) M3 KM HIRE (poly(A)tail) A9
Tdr, BIWERGE e gk % IR AN (RNase R) B
fif, MITIAEZRME N B0 o 38 5 T IR 2 M i e A
IRRE PE S TR R 1

TER WM, circRNA T Z 45 735 AR 4 15
RNA, HIREMT ST 4R o T 4F 4 5a 4 P N RNA
(competing endogenous RNA, ceRNA) M [ff f3%
RNA (microRNA, miRNA) DJ[A] #2245 3k P 3%
kBT EHAEN TSR S RNASS G (RNA-
binding protein, RBP) AH B4 HI AT 52 M % 55 )
s fa i e 0 AR, X R GIA R AR A
A . R B AR EDIC DY (ribosome
profiling sequencing, Ribo-seq) A JiiiG2# o ik
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=W, MSEGEAY cireRNA JFAEEIEE X FAYIESR
T RNA, %7 5 5 e 71 SE A% AA (1) P A2 A
& 3 A A7 5 (internal ribosome entry site, IRES)
mf N6- H L IR 4 (N6-methyladenosine, m6A) &
T s TR SRS S B B R, AR AR
IIRETER 2 IRE R BT . X — AR B K b # e 1
circRNA [ E W)~ I RETE , FFl SN RNA AR W)
SR AR AN

JUNTEERJE, circRNA [ BT BE7E g 1)
KA RRED R OCHEN . REMRUEL,
circRNA Fr &b i 5 2E 2 ik, a1 i T JUL
3 ¥ W/E B B B (phosphoinositide 3-kinase/
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protein kinase B, PI3K/AKT). Wnt/B-catenin Fl%Z
24 7 T 15 ) 2R P (mitogen-activated protein
kinase, MAPK) %5 FE U5 FH K, 7 LIGEZ
A ERE o PR i I 10 = N D N 4
B R o g F2 AR MR R A e kA, BT
circRNA W RIEHA AL M, B LGt =Y 7e
Wt B e A O br S i s, AR5 X
circRNA FHEHLH A By i BF A CRA BEE
(B, BETEMRR 7oA. RIS . U5 Ik &
BTG T 7 T R BLL  RE A AN HTH

KL ETERG I S HT AT cireRNA BEEHLH 1)
I, H A IRES 5 moA 1B/ S 1 B 1A
BEAR, JFTEICEER b, TRASRDT cireRNA Fifith (193
RE T 22 RTE b g 1 2 op i LR TR (& 1)
IRJa, X HAE AN Wb S G T R A T e
Ik R IS FH (B 55 AR T 1) A7 R B2

1 circRNARITHEE

circRNA [ W) Ty fig 5 AR PR 2548 Fl
MM E LI, BB AL, ke
TELIA B M A 4] ) 6 R 26 T8 VR 45 ) o 5 8 1 T S
e T —A 22N E Z2 =g . B, FR%
i IA A cireRNA FEELl it LUR 4 FhHLEIF T 6E

a. o e PE IR B miRNAs. 33 2 fie 5 4 ) B (1)
circRNA DJEeALT o #/r AT circRNA & A F 5
AY miRNA )i % Joff (microRNA response element,
MRE) , A[{§ “Wg 43" — Ff BEAT R0 CRE 2 1Y
miRNA, 5t % miRNA fg #1 il A7 £ XF #9 RNA
(mRNA) —Hf, "B H AR A #k 07,
miR-7 [ 1% P ] Bk ciRS-7 (JRFRME CDR1as) A 4%
i, A% O HLEIAE T% circRNA  (ciRS-7/CDR1as)
FAETE 70 RANBE S miR-7 454 07 A, HE T 5 0
A5 S i 0, Bk4h, circCDYL i i3 miR-
1275-ULK1 (UNC-51-like kinase 1) /[ MEAH G 7
(autophagy-related protein 7, ATG7) - [ Wl 2&
FEFUBIR R , R IR TR — R
Ay FHR A PO 3R ceRNA AL 7E 44 25 T 1% 3 Ao
i 55 22 i A S B AR v B A 0

b. VSR RAG 5% . B AL T4 AAZ N Y citcRNA
Al I 5 RNA B T ke i s P AR AR
B R AT R s A B R A e 5k . AN, B
P F R VR cireRNA - (U ci-ankrd52) 7E# N
£, EHEKMRNARGEIE SYEE, "L

TE 0] I8 795 2R A PR I 5 SRR L e Ah, Bk
circRNA £ B8 13 JE il RNA-DNA = 4§ /& 55 i
0 T G R s AR R 2 B DR 3Rk 0. 2 i B A
P I B 2 (metastasis-associated protein 2, MTA2)
B 2 35 7K AT ] cire-NCOR2 263k B9 - 18 1117 i 2% 12
PARIE > S s e s il e R HS b R N 2 IS N ]
Ji A 14 Al AR SR 2B EE S, AR, R cire-
NCOR2 2 EAHE AR >,

c. SEHEM4E G . circRNA A E b & H 1Y
“FBH” (decoy) . “3ZHR7 (scaffold) m¥, “ZAFH4H
A" (allosteric regulator) , 5 Z R L4,
HARREME PRI 4 M o7 23 PR I 32 B 52
filan, circFoxo3 -5 4 i JE M 1 38 it 2 (cyclin-
dependent kinase 2, CDK2) Fl#{3 & 1 ID1 45
HIEMRER =JCE &Y, Bk CDK2 540 J5 11
BAZPAEAER, DOITF5 S 4 i 5 B 5 o,
circCDYL2 {2 #F A4 K T2 R 25 5 8 11 7 (growth
factor receptor-bound protein 7, GRB7) -%i# BKEid
fif (focal adhesion kinase, FAK) EA#IERL, M
M2 s N R EAKHEF%Z1K2 (human
epidermal growth factor receptor 2, HER2) T ¥
PI3K/ Yes #H &5 1 (Yes-associated protein, YAP)
N 22 24 T35 Ak AR 1 PO LB (mitogen-activated
protein kinase kinase, MEK) /4HjE4M 5 V815 Bl
(extracellular signal-regulated kinase, ERK) {55
B, RN ZERPGUR Y, Ryl PR e L B th 2
PREAF 2524 T cireRNA MG HNA T HE S I F 10
W7 bR s =7 XAV A S AR )
AEMY T circRNA 7 4 i fiv iz P v iy B 42 08 4%
YEM

d. YE RPN . WH9C LB, V72 circRNA B
ot E A BB 2 I Ty . R = 5 IE T4
My, BHPE T DGR A AR IE R R 3, 1R moA &
i IRES %5 34J8 T RS HE s, I iRAR R A4k
AN T AEA T R g Dy RetE 1 AR, 2 R FE
5 Pt BK B 28  (ubiquitin-specific protease 28,
USP28) Al 5 3 21 i i FE IR i 2 i 25 (A (cellular
myelocytomatosis oncogene, c-My) F2E, [fi circ-
FBXW7 4ifith ) FBXW7-185aa 8 [1 X 121 =
FEPCVERT, T e o es ) A R R Y Gk
circRNA Gt (1) 7= AL TR AN ML . e e 2B 25
R AR U RN RAEOCHE T, IR T
circRNA DREMF SR BB AT T o S8 T HE M, A
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S5 A R St T RE R T4
2 circRNAZEIFERIAIENLE

2.1 FAENIFEMcircRNAFHE

4R Z2 %0 cireRNAs 19 3 81 40 35 A2 T
IZHE (open reading frame, ORF), FHA¥{5E 8
SN RN, fEC R circRNAs . B/
4 000 7 i B £ g 5% 85 B0 F A AL, A
circRNAs 1) BRI e 4R 4L T W) ah k4 = 1% ' Bl
% circRNA INEEMFSR IR A, 1T BHi3E Y circRNA B
# LA RS . a. BT ORF; b, B £ IRES;
c. HA R IR 0 moA AL

FFAEFTA cireRNA #2285 BRI AR . HLREAE
TR A B RR, EERIR TR A A LUR ks
THHIE, SXECREAE L [RGB T MRS 8 ) LAl

TG, SEHEEN ORF & MIIER 45 &al. 5
mRNA 8L, cireRNA J3#81] b 40 & — > d L i
FF (AUG) JH)a . kB 45 1 1 FF
BEHE, R IRASER H BT AIE S e k. (a1
HEEME, M TRIm5Y 4, circRNA ) ORF Al fig &
FRALLANE mRNA Y ORF A[a], - DI A7 B2 25 % 7 A=
THVRR A 2 1 BT S A AR B 2 R P

IR, msr iR G oo e S IR JC I 4514
AR o = 5'H A5 H & circRNA BEARY F 2L
BRER . [RIL, LA N SRR iR LT, Herh
IRES J2 fix 28 Mt (Y A XA P e o IRES 3@ o T
ORF Liif, RerS Uk Rty , HIEHFE
VAR LUG shBE 22, 1Ah, meA BImE N —Fp)
ZAFAERI N RNA B, B> mOA {37 i BV Al e i
FASRER “PEy” EE (W YTH Ne-F B
RNA %54 # 13 (YTH Né6-methyladenosine RNA-
binding protein 3, YTHDF3) ) FIIHHEF (WK
¥ B R I T 492 (eukaryotic translation
initiation factor 4 gamma 2, elF4G2) ), A XK
BHPEAL AR, o cireRNA $EHE T 55 —Fh 2 1% H % 32
MR s

P&, 38 A0 e B A AR i s TRl
b, BT AL FEAA TR, Rk, 4
K Z BT B circRNA 75 D\ 41 I A% 4 i 22 40 g
5T, ARe SRR . HAK B s 35 S A A
iR e, B R AR B B

e, B ERA RS E M e A T e
FERITTRE . B EAS BRSSO, A5 circRNA
A B RIRACT AR SR bt LB Yt i LA

RHETRIEAEY DR E . I, circRNA
[T A7 1) e e 1 2 HE o 1 1) e A DA S B 1Y) R
PREE 2
2.2 circRNARYEBIEHLH

circRNA 1 #HiFE L M S57 T 28 iy 5" i K
MR AR AR, HAZOIE TR R r A H e
PR SRS B MR SAZAR . MRTE AR AIF 5
JFFE IR S HL AL S WA, 4 IRES A
FHIEIES moA BRI B EIRE (B 1), XLl
IR BRI EHE R, fEHELE circRNA FH ] REAEAE
PR B AMEH

FRRNA
meA AR
YTHDF3
408 ®eirac2

IRES

oIF3) 40S elF3

80S
e

Z ik

Fig.1 Schematic illustration of the translational

mechanisms of circRNAs
Bl IFRRNAFIFRFEFE LALH
IRES: HNHBR A AIE AN & (internal ribosome entry site) ; m6A:
N6-H LR 45 (N6-methyladenosine) ; YTHDF3: YTH N6- 1 L[
HRNAZEEHEM3 (YTH N6-methyladenosine RNA-binding protein 3);
elF4G2: E A% B 4R [F T 4y2 (eukaryotic translation initiation
factor 4 gamma 2) ; 40S: % # & 40S /N W K& (40S ribosomal
subunit) ; 60S: ZHEAG0S K 3 (60S ribosomal subunit) ; 80S:
8OSHZHEIA (80S ribosome)

2.2.1 IRES/ R EIFELR

IRES /5 19 #1135 45 02 H AT 2 A Y cireRNA
2 M HAFF5E ok 780 ) BEER SIS, Z LAY
O R EAE T A HCHT mRNA Y 5'%% m’GpppN IE 1
g5k, nlim st IRES JofF 45 A D Re B4 ) oh Bl R
i, HMcireRNA (R S'MEF 5 32 RKIETT R
) mygmi s pedR At T OCHE S ARl B0 IRES &
— Bt RENS B R SRR 2 mRNA N R IR 2 15
T AUG FHIT 1952 24 RNA 5 R oot . xH Tz
S'MEZEF ) circRNA T 5, IRES 2 H S BBl ¢
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T, MRIERIE, AT 53 A EE TR RN 40 TR IRES
B # IRES (W B o Al R W/ #FH
(encephalomyocarditis virus, EMCV) f¥JIRES) i
i ELAA SR A ELE T B SA ShRE 75 A0 Y
IRES 3% PEWAEAE R B A2 . & B Beak
NEBCIRAS R e, HORE T kG A B

IRES /- S 1 P i DLW M2 PR, &
J&, IRES Jufil ol HoAp e iy =S A 4 (anZEF5
R4h) E3ES5EREAK 40S /NI 3 sl AR SCE G I+
(L elF4G. elF3) 54 . Mifs, XFZEAHBT
43S AL IR A WIAE IRES X 8 1) TE 5 25 Fl5E 7
Ziit Xt elFAE (1B F45GEH) 1. &5, 16
elF5 Fll elFSB A5 R F I B T, 60S Kl JE 5 2 45
B, TEREA BT R SOSAZME A, AR is 25
TR E R 5 EAT RN, AR
FH RPS25 (ribosomal protein S25) #% i 5% %f & Ff
IRES I REZ OGS, H K 25 i E | IRES £
K circRNA Bl 7,
222 m6ANTFHEIFERL

TE HAZ A Y mRNA 19 45 28 B 3L f & i 1
mOA B 2 H B AR dge e 9 —Ff, O HLANARHES
Fr SR HTRAE, B2 cireRNA B B 210
WAL PRPEALE], HAZOAE T3 o moA B 5 1Y
AR . A5G E A AR U X RNA TS 4
ARG HETCAE , A cireRNA $2 AR TRES A9 #1115
FEIRER, BEWET circRNA Bt JE /4% .

mOA &AM 2 A% A= ) mRNA Hp g B UL G 4 38
thzeti. emWEEEEESY (5 AN
(Writer) , {51 a2 F L5 % g 3/28 HY i 5 B2 iy 14
(methyltransferase-like 3/methyltransferase-like 14,
METTL3/METTL14) ) 74, Jf i & W &g
(Z:BRME (Eraser), fl4nfi i i 5 00 A G A
(fat mass and obesity-associated protein, FTO) .
AIKB [ #5115 (AlkB homolog 5, ALKBHS5) )
Ebr, HBMRSRZETTH ', 7 circRNA
H, B moA B EIE UL S U shBI e, X o Hf
fift Hem D DI RESRAIL T B LAA

m6A IK 5fj circRNA BHIERYAZ.OAE T “ ) e
(A &EF (Reader) ) HEHAMBFRIEM . HiARm
% ., YTHDF3 % m6A [ i #% & [ fig [ B 15 1)
circRNA I 1) m6A i/ 55 I 55 ELAZ R IR I 7 eIF4G2
FHEAER . eIFAG2 & —FI A T eIFAE AR 46 A
TERY, HARSE G BN R 3SHRIGE &
YIRS, ISR XS SR TRk 9l eah,

AUEHEERD], YTH N6-H B RNA 4554 M 1
(YTH N6-methyladenosine RNA-binding protein 1,
YTHDF1) ]G i e 0F cireRNA 5 Z A% A i 45
G ARG SR HBEACR . TEAME mRNA T, m6A 7]
A o S A A e Pl 45 F S ) Y THDC2 SR A A%
BiAGHE o S 7)) (coding sequence, CDS) [X 3
IR E LM . ST circRNA [RIRE AT BEAL & 4540 Ak Fr
B, ZHLHIAE circRNA R BIE S f h rl REHAT 2%
B, BANT PRI . R PR s S R
M, HA S cireRNA BHR2s &30, iR
X — B2 A BRAF S VRS 8 DR AL AR

3 circRNA%A3 % IR 7EPE R R1E R

circRNA 7EZ i S g vp 52 IURE S 1 S i 36
ik, HARA A DI RENE 22 IR IE B gk S 4 e
AR (UNHRPZLIGTE | RZBFAS | IRITIRBLSE)
[ AT . X BB circeRNA g fish 1) £ IR 1+
BATMER AL IR T8, 8 TP 2 U5 538
TR AESEAS X, MR RO i
G BURAE R R A Y A, T
FIRMFE S ERZS A AR E T, cireRNA R Ho gt
FYIAE IR I R IZ W S R iR TR I B R
AR T e
3.1 circRNA%RFS Z BRI IR BETh BE -
®wi

LS~ T circRNA 2t Y 22 K i 340
KB G, FLHEEIR I Mg 3G 558
HAEAWLRIZHE, DU JLAMCRIEBNE .

a. WG Z KB IR E 5 o 78 = BIvEZLIRE
Hr, 2K HER2 (97870 I BE AT #¢ circ-HER?2 I 25 %
(1) HER2-103 Z JIKKL48l . HER2-103 Z ke 5% f A4
£ A F %Z 1K (epidermal growth factor receptor,
EGFR) ¢ A % & 4 K B+ % /& 3 (human
epidermal growth factor receptor 3, HER3) JE il 7
TR R AKX 2B R AKT/PIBK A5 53 #%
SR A0 MG AR R AR R, BEXT
HER2 (1% 51 50 R BT A A 22 2R BB 8 98 410 1| HER2-
103 TfE, $&m T HAE RIS T A 5k 7

b. FUEBUB R . FEET, cire-B-catenin
It i) K B-catenin-370aa B 41 b -5 08 LA L
3B (glycogen synthase kinase 3 beta, GSK3pB) /i
IR BRIz Zk, LB EN
(B-catenin) YRR, BIKEE FIT7EMLBT NI R A
¥ i, M5 % Wnt/B-catenin 18 LS, SEmfE

X zhiE5E AN
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R A A 2R K S R R AR

c. BHRRL SEOE G M. LisE Y S
R BB, (Western blotting) 43 #r %% 1
PB4 circGGNBP2 it il 1) cGGNBP2-184aa £
Ko ZZ MK E#5E TS FEER T3
(signal transducer and activator of transcription 3,
STAT3) AHEAEH, {2t Tyr705 BER 1k, Hiok
STAT3 WG sifi ik, fE kPR A= K%

d. PR T AR . R T AR R A
- A S n e NS P N (N ) o A R
circGPRC5a g i — 4~ F 11 /™22 3 R 21 Wi i J8 ik -
ZRIIRAERS LA A 73 BB 55 5 )5 =5 G A sz
K C Z % 5A (G protein-coupled receptor class C
group 5 member A, GPRC5A) HHZE, M
WO G & A B 2 1K (G protein-coupled
receptor, GPCR) TS . XFHFELiBaE 55
JUHARHE TS T AR Y B 3R TR RE T RS T
g . A BRIYIE, BFRARI, 1% circRNA %k
AT RE[A] #2521 Hedgehog (HH) Z55CEE IR &
BA5 T, KL e AR T At A b Bl R
BOBOE , HETAERE IR 0 RIS . X T
circRNA #ih 7 ) e 45 B e 1 240 X — Sl
FARVP R E AN
3.2 circRNA%RFS & RREIHDEETh &E
£

5 iR, 53— circRNA Zif iy
22 IR R 30 DB BORe (5 S im %, AR IR 4]
hRE.

a. T ¥ PBK/AKT . WFoE8 R, (e
JBTIEE H cire-AK T3 38 8 5 2 65 dn i 5 () D g 1k
FER, Har4 N AKT3-174aa. AKT3-174aate—
ANBEAMFEREME BT, HAE MR BAUK PRk
IR , T AKT3-174aa i1 5 REM
il e 96 58 LA K SO S R R A U T cire-
AKT3 Zfit) AKT3-174aa Z K0T SHERRINEHA %
fit} 1 (3-phosphoinositide-dependent protein kinase-1,
PDK1) MHEAEM, (HHA G o= JlHEE. XA
SE4 TE 4 PEHIBE T T PDKI X AKT B R 1k 5 98
I, AT [ 45 AKT/PISK {5 S i, il g
AR RGN XS TR YT R U B

b. 1l MAPK {5 51t % . MAPK i % 5 2 fift
SEAATE 1Y) e R RS VIR G . MAPK Gl % (19 4%
0o F & MAPK 14, HAESS B b & 3586 + )
FEMIER . circMAPK 14 Fll cireMAPK 1 431 2 5%

Ml & %70

circMAPK 14-175aa Fll MAPK 1-109aa £ ik . ‘& 116
(o I 71 S o RS 7 e G e 2 4 3T R s
18 B 3% B 6 (mitogen-activated protein kinase
kinase 6, MKK6) &= MEKI1, PBH 1k H X F i
MAPK 14 8f, MAPK 1 f3% , M0 ] MAPK {55
W, AT RCRH RS 25 R e R R A Y 1
5 2

c. I EE R R K A D) BE . e RE SR TR Y
circRNA BB Z KM J) —E BRI . s kI,
ANFL K@% 5 (human papillomavirus, HPV) J&—
i XSUEE DNA BKJE %35 , HPV I 24 100 Z 5,
£ 45 75 fE HPV #: vk HPV16 7118, A 53508y 5 .
20194F, Zhao%5 ' HFFERML, mifa B AFL
B 16 (HPV16) LY A E7 %8 5 Y circRNA
(circE7) . % circB7 BEM% 18 11 H: F1 B ) moA & 1fi gk
SETEECME. EESEE R, T
circE7 A K 8 H moA B HiK-F-, Al A Rk E7
FERA R, T S 25 ) 55 95 40 e i 3 7 5 B g
Ho X—RIAUER T 5820 1 — R LS,
WHE/R T circE7 S H Gt =4 a] /5 b e S P A,
N HPV A E U2 W 516 7 e it T8+
AR
3.3 circRNAGRBBZIRBIGKRE AEE: 25
N=Eig

T HL e R S 4 3R s T R 1Y) D) B T
circRNA i fith 22 IR 7E i (%) i IR 457 2 v 9 2 37 &
BRI AN

a. VEHTRUAE AR &) . BT cireRNA M H s
2 IRTEARME (AN . W) AR e e H 3Rk
BHAHALE 7, EITA I 8O0 T RIH2 8.
7 A8 A R PEAS RIS R s o il
EBET, MERIEA hsa_circ 0000231 #% {E 5L 2
— MHEAFAZWIREY), A HREE S
AR 5o, BT IE, % circRNA I 4ih 1)
ZIRTE B G rh R 2 s, B2 W R U
I i < Y P R < VR - N /1
(carcinoembryonic antigen, CEA) “5bpE&Ed), R
FCVEAE 09 I PR M . kA, B R BT
circRNA100876 A X2 5 AF /N 4 Jfd B4 i - (non-
small cell lung cancer, NSCLC) &A=k, TH
SRR AN B RS (kS BN R 7, A
TSGR 532 SR TR 17

b. MENBIFNATTHE A S KM . circRNA 4t 2
JURIE R R A B A . AT (RZE RS A G
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AR, O MRRAYT TR A MR,
H S WA g it inyy TR, HIEREDUIMEE
FI S, AT OB YE cireRNA Z Ik (41 HER2-103),
GBS S o i Bl A RN s 0 NPT e
Z K, W] O mRNA Y7 B oK% R 58 LR
HoAR Gk, DR S 4 9k G B R Do e .
circZKSCANI1 it ) circZK Saa REE HE M FL 3 W) H
MH %% 2% 4 45 1 (mammalian target of rapamycin,

AN T HREIRTT BT B . eAh, cire-FNDC3B-
218aa A i &k T 9 Snail 25 [ #0] b K - ] 51 5% 4k
(epithelial-mesenchymal transition, EMT), Ml
il 4 P e

1SS T 258 % A2 1) cireRNA g )ik,
(ORI TS B G [PS v €y B HE AN
T circRNA g IRTERa e 2L P2 I XSUEAEHT, o
T HAE IR TR S R T

mTOR) Ff#, 34Xt R hiAR e iU, 2

Table 1 Tumor-associated circRNAs and the functional mechanisms of their encoded peptides

&1 MEEXHIKRNAS EHEH) 2 BK

e PR AR it 2 ik YEFH ML SR
circFAM53B FLI FAMS53B-219aa  circFAMS3Bif i #1118 7= A4 JURE 19 470 B IKFAMS3B-219aa, £ HLAZ T8 [11]
G, WOEPURRE R TR, BRI MR A 0 R A K
circPIAS1 ety S5 PIAS1-108aa  circPIAS1Zifi5fcircPIAS1-108aaifid {AZ2SUMO E33& B fffRanbp2 k158 [14]
STAT1 ") SUMO X A& 1fii , - A\ It 490 il STAT ¥y 8 B2 4%, 1E T =2 37 WOus
SLCTA1/GPXAE 5k 5 T, PRHITFNyIS T 1) G IR Rk T,
L 59 G PR AT e ST VR IR 470 B8 B BRI AR
circPETH fit PETH-147aa  circPETH-147aaifi i {2 #F PKM2 /- 5 (¥ ALDOA-S36 /i % b e HuRAK i i) [15]
SLC43A2 mRNARR & 1, 3R e 4t B A I T 24 P T2 P 28 200 1 1 e
SR TR BT
circFBXW7  Je 53 REA e FBXW7-185aa  circ-FBXW 7 itk Py 5 4% Hf 44 328 N\ A7 25 SR 50 88 198 25 IRFBXW7-185aa%5 [, [28]
ZHE I S A 45 G USP28, MR R X FBXW7a b4, M {2 ik
c-MyclPiz AL RS, 35TV P B8 114 Fitgga i 2R
circHER2 FLI HER2-103aa  circ-HER2Zm i ()37 714 25 (A HER2-103 38 i {2 #E EGFR/HER3 — AL Je 8% [47]
TRUFPIBK-AK TS St , IRz =Bt 7L s it e
circ-B-catenin J e B-catenin-370aa  circB-catenin il i 4 % H1 2 B-catenin-370aa 5 F F M &, wF ML [48]
GSK3p*f 4+ B-catenin 1 B 10 15 B fift, AT A2 5E B-catenin I % Wil
¥, (Rt Ak
circGGNBP2 JEE T GGNBP2-184aa  circGGNBP24i 14 [ cGGNBP2-184aa% ik EL 1% S STAT3 M L /E F, #8458  [49]
STAT3 Tyr705h S g 4k, 33175 & BIL-6/cGGNBP2-184aa/STAT3 I = 15t
WK, FREOBURIAK-STATIE Silis, Iz HT A IR ek
circGPRC5a % I g GPRC5a-1laa  circGpreSait i J 4 i 1) ik 15 5% b gt 1 40 PR T 4 1 GpreSa s &, W& [50]
GPCR{G i@, MM IR Bk T4t 1 B 5 g e B
circAKT3 Ji2 Jo B R AKT3-174aa  circ-AKT3%ifi5% [ AKT3-174aa s @S 56 5 V45 & B2 AL PDK L, #0d)  [51]
AKT Thr308{7 = (B RR AL, AT 51 1 4 PI3K/AK T 5 i % I R 35 oAl
S 1EH
circMAPK 14 EAEN T MAPK14-175aa  circMAPK 1438 it 45 % JikcircMAPK 14-175aa, 34+ PME45 & MKK6, #d]  [52]
MAPK 141 BEER AL M AR LA, MR EFOXCLRITZ ZAL AR, AT ]
g E i R SR
circMAPK 1 4 E e MAPK1-109aa  circMAPK 1 J& i 4 % £ ik MAPK1-109aa, 3¢ 4+ 14 45 & MEK1 LA #0 ] [53]
MAPK 1 BERR I K T IEAS S BRB0s , AT 4] 25 Bt e 5 e
circZKSCAN1 Jing /] ZKSaa circZKSCAN1%i i 1) £ ik circZK Saaii id {2 # FBXW7/ S ImTORIZ %4k [59]
Fefi, HHIPI3K/AKT/mTORAE Sk, M i ] e itk Jig
circFNDC3B e FNDC3B-218aa  circFNDC3B %t i% 1) circFNDC3B-218aa il it #1 ] Snail £ i, f## F& Hxt [60]

FBP1RIREAME], I EFBP 1A S AL BERR AL BERE,  BE ) |
-] 5 2 PR 25 e
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e JERERR ETICEAN YEFAMLE EE BTN
circLINC-PINT  Jis¢ i BF41 a8 PINT87aa circLINC-PINTZi# i [{) PINT8 7aa Il il it FL 4245 A PAF I E AW IE40HIRNA - [61]
A B3 S0 FE R S Ae A, AT R 4k A
circPPPIR12A B PPPIRI2A-73aa  circPPPIRI2AH i 4ii%circPPPIR12A-73aa K [, ¥ Hippo-YAP{E 5l [62]
P, AT 45 e 1) R BRI 7%
circPDHK 1 e PDHK124laa  circPDHKI1#4#f4 137 5 £ IKPDHK 1-24 12230 i3 5PPPICAMI EAEFH, f2ff  [63]
oA, MR AKT L BRI, WIEAKT-mTORYE S id s, HEifi{2
T 375 B 4 B e 1 o e
circCOL6A3_030 i COL6A3_030_198aa circCOL6A3_0303 i ey F -2 B AR 3 AN AL A S IR BENL R g bd 2 Ik [64]
circCOL6A3_030_198aa, HFififieil B A pirs 55 #%
circKEAP1 BRI KEAP1-259aa  circKEAP 1 it 4 i KEAP1-259aa %k [, (€ HFE3EHEREARIHIN S [65]
TEE A2 RPR R, JHERIG-LEBE SHUMR %, 0] B PR
1T 20 S 5
circMTHFD2L e CM-248aa cireMTHFD2L %% i /) CM-248aaill i 3 4+ 1 45 & SETHE [ IR M 45 /38, [66]

W IRSET-PP2ARH ELAE FH . AT K 52 PP2A B IR i v M, ik 1T 15 5 AKT
ERKFIP6S A BRI, & BHWPI3K-AKT. MAPKHINF-«B{5 5 i # DA
) 1 o a0k

circSHPRH i BRI R SHPRH-146aa  circSHPRHZ fi4 1) SHPRH- 146aa fifi i iof 45 & % 5% [F 7" RUNX1 L NFK-  [67]
BIAZK X, #EM{%Bcl-2/Caspase-33#H #5175 5 4 2R 41 Ao Jeg 41 B i

circNFIB FL e NFIB-56aa cireNFIBIE i H 4 i 11 56 2 B 1R 2 JC Al B IR s 14, Ak 164 [68]
VU5 R P15 I S LSO AU P O A i, 38 T o ) 2L e B 2E K S5 6 8
circCAPG e CAPG-171aa  circCAPG I it IRES B #)) 1) 8 1% 7= 4= ¥ & £ IKCAPG-171aa, ZZ k5 [69]

STK3844 & I3 H 5 SMURFLIMAH FLAEH, AT HIMEKK2 (1972 24k
Fff, FamE MEKK2EE 3580 MEK1/2-ERK 1/215 Sl %, &gt =
IS 4 L s (Y 304 30 5 e B

circINSIG1 EAEN L] INSIG1-121aa  circINSIG1%ii5 ff] circINSIG1-1213# 1 #H ZECULS5-ASB6iZ RE3&E#AE L [70]
G, (RHFINSIG 8 AR A KASIEH N 232 ZRALPEAR, AT SREBP2
FS R, AR A LU 45 e O R

circUBE4B & &RIRANNEN  UBE4B-173aa  circUBE4BZwHY [f)circUBE4B-173aafk (il id &5 A MAPK 1 JF 3 s i g 4k [71]
K, HEMEIEMAPK/ERKAE 518 1E, {2k 68 s iR A0 e 1) 0t e

circAXIN1 = AXIN1-295aa  circAXIN1%i i i AXIN1-295aai@ i 35 4+ P 25 & APCH IR B-catenin [ fEE. [72]
G, BEEWnt/B-cateninfs S iBHE, AALRE H Rt R
cireDIDO1 B DIDO1-529aa  circDIDO1 i i % 15 3 & %% (4 DIDO1-529aa 31 ] PARP1 3G ¥, FF{2 i [73]

PRDX24RBX /1S Mz 2 A, AT 4001 B s ok e
circHEATRSB R BEfI% ~ HEATRSB-88laa  ZCRBLi@ I i€ ik circHEATRSBIF (b Il ¥ 42 iR HEATRSB-88 laa®i 1, 5 [74]
HWEERALIMIDS W S36147 i, 55 Holz RACKESE, MM fiE B IMIDS %
PKM2 SRR BEVE T, 49051 A 5 5 4 R )5 SO 3 A A 1 7
¢circCORO1C T B A B CORO1C-47aa  circCORO1CHRTL I LCORO1C-47aailid 7a 4+ 45 A ARNTEE [(AIIPAS-B [75]
SERIR, A0 S TACC3 WA ELAE T, AT A& A4 55 AR B F 4 1
T E I )k
circPVTI i cP104aa circPVT LB 1L 4 i cP104aa ik iMH WWP2A S )e-MYCIZ KRR, JFE  [76]
Pt B EIF4A3 Fifc-MYCHIE, XU IRAN 5 41 e it e 5 it i 7
circYAP AEN ] YAP-220aa cire-YAPIE I mo AMB AR B BEAL 1) 77 A2 YAP-22020, E#E RIS [77]
LATS1 A YAPBEER AL, (R 3E HAZ e 087 H0 s T W (2 i 8 R R Rk
I YAP/TEAD & &% 5% | fcire-YAP, TR IE R H, AT BK5)
45 H I 7
circ-B-TrCP FLIRIE B-TrCP-343aa  circ-B-TrCPif it 4 #7145 (4 T AU B-TrCP-343aa, 354+ PME4E ANRF2IEFL  [78]
Wi LB SCFFT P 5T A A S Iz AL RE AR, TR ENRF2ER A BE Bt
LSRR, T 5 HER2 B 3L e o b R B e fro e 24 1

E
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e PR AR ETILEA YEFH ML e BN
circARHGAP35 JrF e ARHGAP35-89aa  HNRNPLIR )AL % [ cirtc ARHGAP35, 3l i mOoA M #8322 2 3 s [79]
FEE A, IS TEI-THM R BK S gt
circ-E-Cad J2 I Rk R C-E-Cad circ-E-Cadifi i 4 5 i F7 1 E-cadherinfEAH A S EGFRAEEAE, BuE  [80]
EGFR-STAT3E il i, AT (i 1515 Joit 5 4H e e (1 336 5 -5 iR 2
circeMET I 5 kA R MET-404aa cireMET3l i m6 A RS 1 5 1) B BEA LI SR I MET40428 1, 1B AUMET  [81]
SARECAR, DARISHGE 1 )5 A S00EMET IS 5 il e, R ot B4
circPLCEL 4 Bl PLCEl-411aa  circPLCE1%i i ¥ % &% [ circPLCE1-411aa# 3 B 2 45 & HSP90o/RPS3  [82]
SEWY, R AP RPSIMIMEET, Ak S HENF-«B I 47 7
RPS3F7Z 22 MRAG I R e, 0k T 400 o Jof g ) S S A
circGSPT1 =R GSPT1-238aa  circGSPT 14w {7 % 5 (4 GSPT1-238aaiifl itf 5 Vimentin/Beclin1/14-3-3%2  [83]

GREE G, MHIPIBK/AKT/mTORTE 5 3@ &, AT BT 1 W o 40 1] 5 9
prided

HLA: AZEA4EHTR (human leukocyte antigen) ; SUMO E3. SUMO E33#%#fiff (SUMO E3 ligase); STAT: {5555 5% 506K 1
(signal transducer and activator of transcription); SUMO: /NZ ZAEBMiE T (small ubiquitin-like modifier) ; SLCTA11/GPX4: Bt/ 4+
F IR 58 RSLCTALL 523 e H ikt A AL ¥ 4 (solute carrier family 7 member 11 / glutathione peroxidase 4); IFNy: T3 Zy (interferon-
gamma); PKM2: AEIfRFAEM2 (pyruvate kinase M2); ALDOA-S36: FE4iMEA Ser36/ % (aldolase A serine 36) ; HuR: Huffi iR H
(Hu antigen R); JAK: Janusi#{fif# (Janus kinase); GPCR: GiE BB Z1K (G protein-coupled receptor) ; FBP1: Bi-1, 6- Wimzf1
(fructose-1, 6-bisphosphatase 1); PAF1: RNAR A HFIAIEIHNF1 (polymerase-associated factor 1); PPP1CA: E [ W BR fiff 1 HE 1L W Fo
(protein phosphatase 1 catalytic subunit alpha); ARIHI: ¥ RING-H2Z5#I8 X E3i% %1 (ariadne RBR E3 ubiquitin protein ligase 1); RIG-I:
MRS RILHT (retinoic acid-inducible gene 1); SET: #IilPEMR A HSET (SET nuclear proto-oncogene) ; SET-PP2A: SETArFPP2A
4% (SET-protein phosphatase 2A complex) ; P65: NF-xB p65il3& (NF-«B p65 subunit/RelA) ; NF-xB: # K F«B (nuclear factor-
kappaB); RUNX1: Runtti5cH 5% F1 (Runt-related transcription factor 1); NFKBIA: NF-xB#Ii|[HlFo (NF-xB inhibitor alpha); Bel-2:
BNtk 28 1 (B-cell lymphoma 2); STK38: #Z%&([ik/# & MRIKAE38 (serine/threonine kinase 38); SMURF1: SMAD{Z ZALIEY K F1
(SMAD ubiquitination regulatory factor 1) ; MEKK2: MAPK/ERK # /i # fiff2 (mitogen-activated protein kinase kinase kinase 2); CULS-
ASB6: CULS5-ASB67Z ZE3 %44 &8 44k (CUL5-ASB6 E3 ubiquitin ligase complex) ; INSIG1: i %1% S 4EM  (insulin-induced gene 1
protein) ; SREBP2: [& BI85 juF45 & H 12 (sterol regulatory element-binding protein 2) ; APC: & M B A% & 1 (adenomatous
polyposis coli); PARP1: ZERIFH "B ER AHE1 (poly(ADP-ribose) polymerase 1); PRDX2: 4B JR&E 12 (peroxiredoxin 2) ;
RBX1: RING-boxZ 41 (RING-box protein 1); ZCRBI1: #HERNAZES M1 (zine finger CCHC-type and RNA-binding motif 1); JMJD5:
Jumonji-C 45 # 3 % 115 (Jumonji-C domain-containing protein 5) ; ARNT: J5 & 2 A% ¥ i % 1 (aryl hydrocarbon receptor nuclear
translocator) ; PAS-B: PAS-BZ5#41{ (PAS-B domain); TACC3: F#4{bMRPEZEEI #1143 (transforming acidic coiled-coil containing protein 3 ) ;
WWP2: WWZEHI 2 (WW domain-containing protein 2); LATS1: KEIMIE A F1 (large tumor suppressor kinase 1); NRF2: 1%
F 4 R 2M KA F2 (nuclear factor erythroid 2-related factor 2) ; HNRNPL: 3 Jii #% RNA 45 & # 1 L (heterogeneous nuclear
ribonucleoprotein L) ; TFII-1: %45 AFII-1 (transcription factor II-1); HGF: fF4Ifi4E KIAF (hepatocyte growth factor); RPS3: #ZHEAZE
1S3 (ribosomal protein S3) .

ZE BT, circRNA 4t 14 2 Ik/& 1 i JCEE N
IR IISIT AR REN TG I Ak, — 7]
WRHH G52 MALST | W7 s m 25 095 v H
Tl , DIRG9 —m, T
H B BRI AN 3SR s fi R, TR R R
BT cireRNA A B FSEPNAYT, A B4 28 i b
SR HE TP

4 REERE

circRNA BAPE DI RE M & B, 8 H N AE 2
RNA {50 “BE " e 1 I A Y 2e it o ny

AT o B Y RTHTE E AL R R 5 D RE 2 J7 IH
G IERENERERE , (H BRI — i M U 4 T [ i
PRI, AThmilh =R OPE S LB . AR
TELLTR 3N Z S B 508, Lse o B Rl L7
S5l RIS 1

HoL, EPLRIBTER, FEN EASRE” 11
] “ShARET 5 M EAER” BT
X IRES 5 moA &1 (IR 24 b TS 17T
PFEE SHIL R TIRERIIA . RARILH S48 718K 2L i
FERIGCIHEMR BT (InBéa . EFREEZ) 3)
AP R, USRI 32 Fi 5
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R S R R E,  RE X E—
circRNA-Z IRBIZ AF5E , M H R4l 5 49
HESFTFRL, RG] circRNA 2wt =4 i) 4 55 1
FiAHEAE M4, B UHAEBURE 5 4 i OG5
WRAEN, JHRRH SRR N i & H D RE P
EIRSEGES

HWK, FEHEARINEZ N, BIFER “Ek G
i 5 “EEs T T HEA . AR
PNZIR R G, — T, T T KRB AEHELE
E 5 ENFE circRNA Zifid Z Ik HoAR ,, s+
g R R bR iC i S8R BT 2 . R TR
PERPERNE- 555 73— 7T, MR EREMS R 5
PERE ] circRNA IR T B mE , i ani it Xy L
MhRE S 1] BY 4 67 A5 B9 siRNA 5% [z 3 5E 1% 1 iR
(antisense oligonucleotide, ASO), m%JF A& /NorF
259 DL T IR ) B G ML (A ) meA
Bl R S REGEHFIMEEEN) . SZEE
(1, SRR R ELA TR O e e A P %
25,

wE, FEIRREZE, NifEsh “frid i
WE” 5 IRITREE” ORI T ARRZA B iR
LR B R . RS, REEZ T
Ly KB TTRETEIG RS, ™A% Bk )
(1) circRNA g 22 IRVE A FUBIZ W | s 0 ey Sy
AW AR A ) BB S R R . TENRYT O, D
BRI T HIBEMAHI T X TFEUEHZ
B, AT A R S N AR X T
PR, NIATHRZEFIET mRNA 5 circRNA 74 5 (9%
RRIFHE . w2, WK circRNA A OCHE br -5 H0 ) o
WS HE LA IS TR R, A BRI IE R
YT .

BRI, X cireRNA BHIFGU IR IED A
— > DB ) A B P B BAR
Sl R =R A PRI BT, A BT K,
P 3 —URE 1Y 3 ZE S Ak S X P i A X
, AR R S TR s T .
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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

* This work was supported by grants from The National Natural Science Foundation of China (82203448), the Hunan Provincial Natural Science
Foundation of China (2025JJ40072), the GuangDong Basic and Applied Basic Research Foundation (2023A1515010624), and the Guangzhou Basic
and Applied Basic Research Foundation (2023A03J0413).

#: Corresponding author.

Tel: 86-731-89762251, E-mail: 373438224(@qq.com

Received: October 28, 2025 Accepted: December 15, 2025



-368- EMLESEYYIEHRE  Prog. Biochem. Biophys. 2026; 53 (2)

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. Recent studies have revealed that, beyond
their canonical classification as non-coding RNAs, circRNAs can give rise to functional peptides through cap-
independent translational mechanisms. Accumulating evidence indicates that circRNA-encoded peptides
participate in key biological processes during tumor initiation and progression by modulating tumor-associated
signaling pathways and protein-protein interaction networks. Functionally, these peptides may promote tumor cell
proliferation, migration, invasion, and epithelial-mesenchymal transition, while others exert tumor-suppressive
effects by inhibiting oncogenic signaling pathways or interfering with critical protein interactions. 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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