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Abstract

Circular RNAs (circRNAs), a class of endogenous closed-
loop noncoding RNAs, are expressed widely in all kinds
of eukaryotic cells and have the characteristics of stable
structure, high conservation, cell specificity, and tissue
specificity. Several studies have revealed that circRNAs
are closely related to the occurrence and development of
cardiovascular system diseases, nervous system diseases,
tumors, and other diseases. Recently, more and more
studies have indicated that circRNAs have good clinical
efficacy in the diagnosis and treatment of digestive
system tumors, and they are expected to become
biomarkers for early diagnosis and new therapeutic
targets for the development of novel anticancer drugs.
Therefore, it has become a hot topic of the current
and future development direction in clinical research.
circRNAs play a dual role in the pathological evolution of
digestive system tumors, wherein they acting as miRNA
sponges could play significant roles in carcinogenesis
and anticarcinogenesis. This paper reviews the biological
characteristics of circRNAs, summarizes the research
progress of circRNAs in digestive system tumors, and
discusses the potential use of circRNAs as targets for
prevention, diagnosis, and treatment of digestive system
tumors in the future.

© The Author(s) 2020. Published by Baishideng Publishing
Group Inc. All rights reserved.
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1BIRE, 5. INARNAIEBIC ARG MBS REE

ik 2

ZRIRRNA(circular RNA, circRNA)Z — £ 72 &k T
SArAAz A, A S EAA TR, RT AR
79 Y R AR AR JE B ALRNA. AF 2487, circRNA
50 hERA%ER. WELRGER. FMEBFXSE
TR R A BRI Z AR, HMRM S TR R
B, circRNAZE B AL RGP iB e, B P HEE
Ko al, A2 A EERRD WO DA E D Fe
I AT R RS, X — T 6 ER A L AT AT
FAEAVRIE G, JEIH AL R G I 09 JR R AT E AL
29, circRNA -2 RNA “i54%7 69 X &%
AR . A B4 T circRNAW A 5 48,
FamsziA T circRNAE B AL R G b 95 P a9 AT 5ot &,
JER T R kcircRNAR A HAL R AN IB TRy . 487
Fail 7 I BT

© The Author(s) 2020. Published by Baishideng Publishing
Group Inc. All rights reserved.

FHER: ZRRRNA; #UDRNA; Z AL AE F M4 A E
Mr; AL RGP B

BDIRE: A4k T L9 RIFKRNA(circular RNA,
CircRNA)E B L A A BB SR, R, &8
W, ATmie. MEE PR, RET Ak
CircRNA R A 5 1L & 6 B b b 5 #4209 16 R 5 W7 47 &
)\ TG IAEBRATALE IT AR Fe 0 ) 18 s R AT .

SERKIR: BIRE, R, 05, BixX. IWARNAMCEIC RS ADEENE0H
T, ERENBIAYE 2020; 28(19): 951-958
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03I

IRIRRNA (circular RNA, circRNA)Z—H 5 Kl
TEERI I3 Rimpoly(A) 8 B2 DAL B T 2045 G )
R BTG FORAEJR ISR NA, 19765, circRNAT
PRI FE FAEY EE Y. BT, cireRNAIMTE K
BLH AN B, =224 DUF UM NS ()5S 7Bk,
QYN E TR IRBNIA; )N TER LIRS
1b; (HRNAZ & B EH KB, AR AR S A BT 51
AfFAlcircRNAZN A3 #ME FcircRNA (exonic circRNA,
ecircRNA). & FcircRNA (intronic circRNA, ciRNAs)
S AR RN &L RTE EfIcircRN A (exon-intron
circRNA, EIciRNA), HH, ecircRNA F EAF/E T4
i, MEICiRNAFICiRNAE ZHRIE T AL+, i
KL IR FREW, circRNAEAGH/MRNA (microRNA,
miRNA) “UE45” . RNASE G A S 1% 1)
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. ME—FPREIRI “ A" | cireRNATE I a0 I/
RGERY. WA RGPS e AR AR s
S AR B R AR R R i R i o o B A
. A S Heire RN ATTVE MBS ERAR 12 iR
B A4, 18 R R B i Rk 4H M () circRNA,
VA F NN Rk, INTTTEBITBT YA T R
I AR ) B Y.

BEAE TR E AL 2 T AT, TG KA
P, AN I RS IR P O, TR R
IR R AR T BRI AR, AR, 3R B B E i (esophageal
cancer, EC). {5 J#(gastric carcinoma, GC). FT4HfEiE
(hepatocellular carcinoma, HCC)F14%5 B iz (colorectal
cancer, CRO)FI AR FFNFET - H 35150 F T+ 2 R [EDEME
JiRE (R HITSAL. T AL R G MR AR O oA R R,
A e R A R 2 —. Bk, SRR RS MR
BRI B R A AL DA S L B 40 i N 4 L {5 5 I R,
BT ACHT ALZ . TB G T TE A R SR 1 254
TN AL DA R EE TS5 2 —. Bk 2 (IE R R
B, circRNAREEL . SE5GHLRGHLSA AN 2
FHmiRNA, I miRNAXS iR ] () 42 4, ki
HiES 5N RS MR R R AR, A Css
IR T cireRNA RS 5L IRE, VEAII 41 T cireRNAFETH AL
ARG R BT R, $ER T cireRNAZ 5i#HAL
ARG M RKAE KBTS, FBE T circRNA
YETH AL R GEEE IR E R IR R 2 Bibr B9 Filjs
PG SCHT A TT 23 R r T R L FH i .

1 circRNABYEZIHAE

1.1 miRNA#Z4E R A NNIETETEFRNA, circRNA
A ZAmIRNALE GO, GEE TP 2550 5
miRNA, #I#lmiRNA5HLEEmRNAZE A, FHErmiRNAXT
HIEE TR R R A A L, T e R TR ) 3R IA K, X
TIRERR Y “miRNAVGER” , BRI, N AR PEAE G
-1 S W) (circular RNA sponge for miR-7, ciRS-7)
THT0Z M miR-745 507 45, BEIE I % miR-7/miR-671/
CiRS-7Hl 7E IR S5 HH R A% B . Yang %55t
% B circ-Foxo3/E N8 M miRNAIHFLT, & 425 M miRNA
GEAAT A, Bl P mIRN ASE LR 1k, #0445 20
WG IREAR AR, SR1, X TeircRNARImMiRNA
HAER — B SR AW, tnTeckE IR 7T 2 WA FL3h 4
i cire RNATR D &4 — P miRNARK 10 PA_1 45
HALAE, ZHHNL TeireRNATR 4 /D B ImiRNALE &

TmiRNAWZRIVER. Bl cirecRNAZ 7552 B 41
AEPImiRNAVEPER T, L& circRNAL. miRNAFI
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ceRNAY R 731 P 26 2 an ] U 15 A s N AR A 11, A5
Ry Tk — R AH AT,
1.2 A3 Ao 3 3 RIA T AL A BIEICiRN AR
ciRNATVE N R R IA FIR K T2 2 5 A%
ST, AR Z A dr g sl R E EEIER. Li
VSRR, circBIF3)MlcircPATP2 A] i@ U/M
Bl A% B UKL FIEICIRN A )R 57 FIRNA-RNAAH HLAF
FH B R S HOE AL R B A 1 1T % KA. ciRNA
fENCcire RNAR—FEA, & H IR HmiRNAsZ &AL
M TR RE TN, 2 5ERRIEWIEE. Wei-
ankrd52Mlci-sirt755ciRNAZ> T1E A 5R-Ar il 1T i 75 4]
T, AR AR B IR ) v R e R A EEAE AU, BT
F M, circRNAREIE T Spre-mRNA R BY 07 & 5 4 Pk &5
BRI AR BT R, anH ER RS SRR R R E AT LA
HE HcireMblgs & IR dEcire MbII A i, 540 P4k
2 gy, 58 BT A R M AN, ecircRNA
= B [RIYR 45 M O AR R A e 2/3 B A Sl
CHEREME” BIRETOR, TecireRNARIFRLEE ] 1E 5 1)
ESE I IE S SuR
1.3 5RNAZ&EGAMEAER WFFRM, #i7 circRNA
fEREARES, 50 1TEEZIRNAG G ED
(RNA-binding proteins, RBPs)&5 &1 /4, Al 5RBPs4: &
TE RN AT 55 A3 T 52 e AL AR B PR 3 38 7K1
Hansen" 50/ 7T R BN, ciRS-7) 12 FIE T AF/N R KA
A, femiR-7HOBT 77 N5 AGOE F R 45 &, )
TAHImMIiR-755 M, _EimiR-78EIE K () ik, Dusg!")
78 K I HI Fox 032 Rl 4t ¥ cire-F ox o3t 5 4 it J& 31
BB A MHSE 2 (cyclin dependent kinase 2, CDK2)F14]
i JE BA A AR P SR I 77 T (cyclin-dependent kinase
inhibitor 1, p21)555F R 125G, T 7 K1k cire-Foxo3
fE 5 CDK2Fp2145 & icire-Fox03-p21-CDK2 =7t &
B, FO) e 24 PR L, EL DT AR 240 A PR AT AR AR
1.4 Famand LGN, EEUEEHDNAK
SR EMRNA, 2R/ /EmRN A LR ERI PRk, 2
I JLAER, Bk 2 (B FE R B, AR RS P& FOIR
circRNA 2481135 R 1 ThRE. 20144, AbouHaidar
LNV T R B P A circ RN AR A e AT A5, JF
T8 I P AN B AN 56 4 S 1) ) A e TUA% A A
PER BRI, H AT, circ-ZNF609", cireMbl™. circ-
FBXW7" Hlicirc-SHPRH" 454 Ffcirc RN A C A IE 52 A
BREE A B, YangZ P 5U4E7R, N6F SR
(N6-methyladenosine, m6A)fE H#%% 5 A 2licircRN A
FHE, IR I8 ST P mOA K cire RN AR 3 2 35 1
i, KB circ RN A 1) 8 F 5 FEA LR N IR0 (115
BUR, ATRE RIS R U R B ZAE . AR 2R,
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BIRE, 5. IWARNADBIL ARG IDB e E

circ RN A1 8 5 ) D BEAE B Rd 20 i mT e ik A7
FE, T FER L A 0 B AT U AT 32 R g 4 N
FRLFEE N gL O, 45 JE ) circRN AT L4 (T
7 1.

2 circRNAS L R SERNEE

KR 2 T 78 22 B, circRNAJ 12 2 520/RI5E. T
HE W, 5 RS R B R UIAE, 8N
LB IS W I A= Db L RN T 250 R i
(KL T cireRNASTHAL R G800 R BTE4R(E ).
2.1 circRNAS EC W AR 8, ECC BN T b LI
KGR 2 —, R —RRA T LA a0
AR, ECHI R IR AR, &4 2 i 1915 7776
JERURZE . TR S A, DR, SR S P A
W AR eI LA KR JE WG 29t BEAREC /3
(R A SR ANBE T % AT KR . Lig R FHRT-qPCR
F AT R [E 684451 £ f#IR 41 g JiE (esophageal squamous
cell carcinoma, ESCC)EH B+ ficircRNAE T 5E
BOMRIL, SAGEAEE 40 MA L, ESCCAiHcir-
ITCHMZRIA K 58 3 BRI, BRI, cir-ITCH
AEfF ymiR-7. miR-17FImiR-214/1E45, B3 Fif
atrophin 1#H 5./ F & 14 (atrophin 1 interacting protein 4,
ITCH)fIRIE, (R ILDVI2IIZ R P A, JE it
i Wnt/B-catenini& 1%, #IHIESCCAHMIFKIS5E, fEECH]
KA YEE B A G, MR, XiaZ P FEIEse,
hsa-circ-0067934 (2 HEES CCAN I 3G FIIERS. BEAT,
circRNA CL IE S 5 ECHI BT LA UIARC. lnsusg Y
Wt 7R, NECHH 2540 IFRKY SE-150RH157/McircRNA
FikEFE L, W17 cireRNAFIE B i, %
W FL R I cire RN AR I8 52 1 Wntf5 5 18 B K 1 1 4
J T B, B, Sun PR FHRN AN P A4 (5
BEEHTHA CARHECHI M cire RNARIAVE, UESE T
circRNAJ 72 Z SECAMRARE . 81, BT,
NiuZ5P Nl i 28 M B AR K4 R cire RN A S ECAH H. 56
ZIT R AT TR I, cirecRNATEECH# S N %
BIZW R B B m s W e, S, e e oNEC
LW E G R A bR S,

2.2 circRNALEGC GCrz— M T 5 Fh b J (1%
PEIIRE, 76 A BRIERE A 26 iR JE B LA, S RE R
THRTIM = KR 2 —. iUk, RIEBFAIE407]
N2 NGCHEA, AT NEZ30 77 N, BRI,
W2 IGCHET, STEAMFFBILI0%. Hit, FHA
MW Tt FREGCEHEMAEFTRE. 2
WA EEREE. McircRNASGCHIFHH R &
) F 9 5 39T O TIF 9 5 A5 ChenZE 209048 7%, GCAL
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1BIRE, 5. INARNAIEBIC ARG MBS REE

® 1 SDBRRIPEERIMARNA

CircRNA fhEEER RXBER SS@I8 I Ref.
cir—ITCH-miR=7/miR—17/miR—
ESCC 8 ESCC4BiR5 JT AL Yang=2"
e ™A VT PRI BiREDFIZIERE D ang<5
or= CRC  NF  cir-ITCH-wnt A HuangZs®
HCC B - HIBIHCCRAE, IBIIHCCREFTBX GuoZE"™"
hsa_circ_0067934 ESCC @ = [BHESCC/BIRILIEART XiaZs>!
circPVT1 GC )] circPVT1-miR—125-E2F2 S 0GC/BIRIZIE ChenZ?"
GC B3 CIRS—7-miR-7-PTEN/PI3K/AKT F=4- B 2218 B PanZ®
ciRS—7-miR-7-EGFR/RAF1/
5 pe=st R WEIEENE (361
GiRS—7 (CDR1as] CRC )] AR BB EEFRERIIZIIRER Weng<5
Hee s ciRS-7-miR-7-EGFR or PI3K/ AFAFRITIESEOVRIFINRNE, [RHHCCAIR YangZ*
AKT/mTOR 1258
hsa_circ_0001895 GC ™ = FI0GCAEDL. =H ShaoZ*!
CircLARP4—miR-424-LATS1 - IGC/DIEILEE. S, SHEEA/\.
CroLARPA . - [ [ IIHIGCARRISIA. =, SIPBAI\ MEER ZhangZ5®
YAP BX
hsa_circ_0000745 GC & hsa_circ_0000745-miRNAs FABMEB ML HuangZ""
hsa_circ_000984—-miR— R
hsa_circ_000984 CRC B8 10 6; CD%G [RHCRCAIBIZIE. T/, =B R  Xus™
hsa_circ_001569-miR-145-
hsa_circ_001569 CRC 05 N FHCRCBIRILIEAEE Xie ="
sa_circ_ =3 E2F5/BAGA/FMNL2 Iesvag BieigEA = e
circCCDCB6—miRNAs— N
circCCDC66 CRC A [ CRCABIBIZIE. TrF0=E HsiaoZ“
oncogenes
c—Myb—circHIPK3-miR-7-
ircHIPK3 CRC 0 FCRCY Zeng=""
circ A FAKIGE1R, EGER, YY1 Iieas BiRiER eng=F
circMTO1 HCC & circMTO1-miR-9-p21 HHIHCCARRIZ Bl HanZs4o
hsa_circ_0004018-miR-30e—
hsa_circ_0004018 HCC B - SHCCHIRDE . DERALD Fuss"
sa_circ NG 5p/miR-626-MYC 5 fRME. DHEBTIAER usF
circZKSCAN1 HCC NG circZKSCAN1-miRNA-Mrna HEHCCARA . TR YaoZ""
cSMARCA5-miR-17-3p/miR-
SMARCAB HCC B |HCC/BRRILTE. T Yuze
c NG 181b-5p-TIMP3 HIHIHCCABRRILIE. Ts UE=:
circRNA_100338 HCC B circRNA_100338-miR-141-3p & FHZAFEEHIHCCER HuangZ"
CircARSPI1 HCC NG AR-ADAR1-CircARSPI1 HOHIRERAEES Shig™
hsa— hsa—miR-144-3p/hsa—miR—
PC N Vit Y El % iz (52)
circRNA—0007334 DB s vmPricoLIAT IR 2RI angs
hsa—circ—0000977 PC i) hsa—miR—874-3p—PLK1 RHPCHRERAE HuangZ"®¥

circRNA: FRIRRNA; ESCC: BEEPRAIBNE; GC: BYE; CRC: B2 5E:; HCC:ATiRSE; PC: IRIFE.

HRAEAE KR S R I circRNA, circPVTI/EGCHIH
H A KF B R cirePV TR 78 24miR-125
FKME LA SRR G CAN B 5. Pans il i 481
102/ Ji7 & 14 G C2H 23 41 i A9 55 2H 2440 B e iR S-71)
FIEAKFRIL, ciRS-TIEGCHIH R IE K23 -
W, 12 EEAAE T B RciR S-TA R S B 7R
[T S R 2 3E— 2B STIESE, ciRS-7T/E AmiR-7
B4R, REET S HimiR-7/ S HIPTEN/PI3K/AK Til
., PHITmiR-715 3 HIM G C-803FTHGC-274 i 1 b Jeg
i, 7= A T BAR 2R ME R BUE R Y, $EoRciRS-THIER
GCTUR AW bR SR — DN TR G TR S, [
FER, =TSR iR R, S54RI RARREASUEEL, GC
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2H#H drhsa-u-circh-0001895™, circL ARP4” Flhsa-u-
circh-0000745"" {12635 /K P-4 B35 T M. Zhang25 " 7t
{FBA, circLARP4EE AL T-GCHIL I L b, kKT
B3R, BEE I R mi R-424 51 35 PR g 400 1) i K]
(2B IMHIG CHN R T FIZ 22, OB i HE7R, hsa-
u-circh-00007455 GC4H /3 AL FITNM 23 BB DI AH %, 45
G IAPUR RIS, GCEF 2K Fhsa-circ-u00007451]
FIEACF AT BN L GO 75 B (4450, MiZhang
D2 ST YA [ PR 1 3 A A ] DT AR v A S5 T
GCHIRHIE K, GG TNMA IS &, ATt — ik
HuemflE. B2, circRNATEGCKR A T2 p e 45 B B4
H, ZIRRGCH I TS VAL I R A br ).
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A, cireRNARIAH SR vk 45 6 AR &
VIRl eeA Bh T4 S G CIfi 2 1 BUBCHE ARE e . 1 s A
SR F B DRSS A B B A GO ScireRNARIA 1, &
L5 IEH AN, GCREAE I h 566 circ RN ALFAE 2
FRIE, HA68Fcire RNARIL KT 2 il it 21, ik —
5T BH, hsacirc0033634i# 1T circ-0033634/miR-331-
3p/RAS-ERK I #% M 24 {2 i3t G CAN e 3G 5, FF34 355G CAl
FRIT AR 22 RE 1, 1EMR R Ak J i FE v R I
WEVEH. % &SR H Stata 15,05 2220k
B eireRNATEGC 2 Wi R I H 850 1 ke

2.3 circRNA 5 CRC MKk 1)HE /i £ B, fECRCIIK
AR AR, cireRNABE AT AE Sy 5L R, SCRTAE Jyde
BE[H. Huang®5E FIHPCREEAR, 44T 7 45BICRCHIFL YT
I 55 R P eir-ITCHR A K- 5CRCEAER K R, BT
R, i A SR E, CRCYIM A cir-ITCHF % K
WIS N, J SRR3R, cir-ITCHAT DL NI TCHI 3
1B, X S HH| Wnt/B-catenini& 42 % JIAH IS, Weng
SR, A B A A /AT R R CiR S-T A& R A AR
AFER B fE R R 2., 15 VLG Y 15 R iAE E, CRC
ML CiRS-7RE Fif, Hod BERIA S B H AR
R IEM S #—PH 7 R, ciRS-7/EHCT116F1HT29
YR R I RE T N AmiR-7THIZRIE, B 5 s %
B 4K IR F- 32 4 (epidermal growth factor receptor, EGFR)
FIRAF U SE R, M 5 805 BAR 28 M 1 B0 R 1Y
A BOHTE UK, circHIPK37E 45 e 4L 214 it v B 2%
L, i FIEMIcirc HIPK3AE L SFCRCAN 8 5E . i
. AZRZEANE ST, RIFCRCIAE KRR #FE; X
—VER A S circ HIPK3 i R IA (L #EmiR-740 [r) ez FE K]
EGFREHRIA/KF R 1, A R #miR-71 311
CRCHHM MR A (). $tH, @it @R circHIPK3 5%
[R#lc-Myb/circHIPK3/miR- 74 ] G /2 177 CRCE
R A BIE)T R, FECRC R B e, g 3
Al LR AT VE A JE Rl ) circRN A, HiThsa-circ-000984"°°
hsa-circ-001569" HlcircCCDC66™, — 51, EATRE(E
HFCRCANBIIGIE . 1228, MR, 5—J7H, el
T circRNA/miRN A/$E 5k PR il sl B 42 i 42 g 2o (R
HEhfe. LS Wik, Kigfe 2144 484 circRNA
AAEZESFRIL, Horp FARI3944, NiMIS4A, dk—0
WA IR, circDDX17/ECRCH L P FIE I T, 14
ARSEIG R, Ul cire DD X 17 RSN 1 K 7 i 41 it ) 48
B RS RZFBAMHEIFE T, TianZEHF 7R W, hsa-
circ-00045857E K e F 3 AL 4 AN A M i A (1) 3R 35 5
% I, 31 Hhsa-circu-0004585 5 i A/ B 1IEFE L, #2
7~hsa-circu-00045857E K7 Kk A= . R hin i &
BIIE.
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2.4 circRNAEHCC HCC/Z kA i WL e,
HEBERR., WEBEMEELREE S, b,
HHCCEZELAMRFF AR VIR BT BRI IT N E, A7
HNT0%, K1, BIERHLE I EE 25O R E RO H
MIAHCC, CRAEMATER, 1BI7 RS ZE.
I, FHRFTHC CH R R A L 12 Wibs ST
PEHCCIH R BRI NEY). TR, FZmiRNAs
BRIMESHCCH R A B DIAH K™, BifRcircRNATEHCC
H R EL AR T e AN R HLE 0 ANTE R, (E ORI 2 1IE
PEFRMcircRNAZ S THCCHIRAE K. ciRS-T2&IE4
H1EF N AT fIcireRNA, 7E NmiR-7(#F4RciRS-7
EHCCHRERIE, 5IFMMmERIE. HiiEA@lpha
fetoprotein, AFP)/K S -8 G UIAHOC. [RIFERY,
YangZ T FTAE B, ciRS-7A] @ i I miR-7 ) 26k 40
M EEEGFRIEHCCAH M 3R IL, KA H BRI T EE.
WM, cireMTO1/EHCCAN AL A .35 N, cireMTOl
REFT 2 [ miR-9 4R, fR#Ep21 () Fak KAlHIHCC
kR, 40 s A 2K P eire M TO 13RI AT 8
J2 R AR AE I FE R TS TR ) [RIRE, Fuss Ot
FFWhsa circ 00040187EHCCAN AL H 1 TA TR I8,
/b, hsa_circ_0004018/{{ILK 1L 5AFP/KF-. HCCEA%.
SRR . EEBAIGKHCCH . TNMS 25 V)
%, HHEBEMZE, hsa-circ-00040187E MAEPERT 4 . FFAE
P EIH C CH A P8 M s b it o BeRe S 1 3R IA 1
FHIE, $271, hsa_circ_00040187EHCCEZH M )7 AU
VEF oyl T B A 0. Yao 5 HIE 95 R W ZK SCANT
BN L A K Mcire RN AR AR [ H) R s 5%
HHCCA M AEK . IER AR 22, BHit LR,
circRNA-cSMARCASfig il id il ¥#miR-17-3pHImiR-181b-
SpifiRiL, B3 A& EE A A LSHHIH R,
FIHIHCCAN M 3G AT R, #Em#HIHCCRI R E; 16
HCCH'cSMARCASEIA ) T SHCCHIE 21 2 IAH
K, B AERHCCERE HVIRA G AR NI B KA
AR fE I R R, HuangZ ™0 7t £ IHCCA D
HE Rk circRNA_ 100338 5HCCH I AT R
MK RFVEAE R i B 2 B IR G, (R HIE SR 3R
A (androgen receptor, AR)AEIHIT i35 _FIHRNAMKAS
4 RV RS i 2 ¥ (adenosine deaminase acting on RNA 1,
ADAR )L, JEMNH]cireRNA 5. Shi%E R 5T
FWAARF LLE FIHADARI pl10#ilhsacirc0085154
[f#15, ADARIF R =R IE SHCCHRARSE IEAHK;
P&, ADARIFFRIA T LA IMHCCE# 15,
GuoE PR F AT % 2 BE VT 70 R 2 20 M i 3 E i cire-
ITCHEHCCEA HIAAF B IEAHK.

2.5 circRNA 5 kA58 Yang 2 FIRNATN 545 R 404t
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T 10/ IR 52 JlJe (pancreatic ductal adenocarcinoma,
PDAC)ZHZ L HARAT AR MR 2 2 cire RN AP R 1,
R IN278 4 circRNATEPDACZH 23 2 S %3k, Hirh, hsa-
circRNA-00073343% 2 Eif, WIAE N —Fh 35 40 I8
PERNATE+PET fithsa-miR-144-3pAthsa-miR-577 177
PDACH L & @ IKBF7 AR R T Blol B RIS FI D) fE.
Huang %5 FI] F il & 551150 BT & Bthsa-cire-0000977
TE gl (pancreatic carcinoma, PC)ZHZH &2 L i, H
FIFHQRT-PCREAN X — R ILHEAT T I, 3E— S5
KRINYTBRhsa-circ-0000977fEiH S Shsa-miR-874-3pAH .
1E R #IPoloF I 1 55 11 (Polo-like kinase 1, PLK1)¥)
Pk, BEMANHIPCHYZERE, $2H X Fhsa-circ-000097 7%
NWFFEA] B RO AR SR P C2 Wi FIVE T T B it — AN A B
PBEE. PRSI RE, circRNA NOL107EPC4]
ZUh E R RIE, I H.eircRNA NOL10ZIA i 1) H 3 7
Ja¥EE, #— IR, citcRNA NOL10w] Lhdid
“UFLRRNE” W ffmiR-874-3p 3| EEPLK 1 FIA K F T =
IEHPCI A K. 5K I 7t 7R Hsacirc0007564
FEPCHEF B AN i b s R IE, TR R —ANE 2
PREVIH TPCHIE W S 45, [RIBHIESS7EP CHRF ,
hsacirc0007564 1] 5 7215 42 TG A B B3RS 5200 (K 2.

3 &L
circRNA B WAy & FE K e sl R i 81 ), iR
ANEZcirceRNARITEFE D RE, B 5T 76 A 5 1) 40 g
RAVFIA A AT 7 KRBT, & WMcRNA finder,
CIRCexplorer, find circ, UROBORUS, KNIFE, CIRI,
MapSplice, segemehlfINCLscan“¥circRNAF 77 T H N
g1 . BT, cireRNACHIESE A 5. BY4E.
7 MmiRNAWESR. SRBPsHHAAEA . BIREARES
A IIRE, |22 5 NARZ U H 2 e
TR R A R R R BE A BRGBR 22 Y Ak 2R G IR A 5%
circRNA &I, cireRNA T HCATH AL R G2 I, 16
IT 1 — 7 R IR 0 1) SR 1, BB 2 PR BT 7T R T,
THA R G 7 R IE B cire RN A5 i 8 41
FESE. TR . RIEAEVIFSS. cireRNARTYEN
e A B R FE Y A R R IR R A R B DL S %
SRR A A A oy EERIER]. ARZ T FER Y, circRNA
RELETH AL R e e (8 A M rh 22 e 3k, TAE SN A
I RS RE I HFER AL, AR BN RGMIE YR 12
Wi T AUE D TR EY. PleireRNARIARR
AL difgtase it AR R YRR B W Bors et 18
AR R G I 27 BB TT TPeireRNAH B EAUE S
AR AR R R A T PR R A ] € VR TT T 6.

RE cireRNAZ 5 R R G0 R VO K AE

Baishidenge  WCJD | https:/ /www.wjgnet.com

956

R AR 05 FAE AN A 5 8 B it 9 IR
HEL, SR cire RN AR A R e ORI IR A2 W
TBIT AL R G IR T B A bR S ARV 2
M, HFEEFERE, A cireRNARIRIEIEANREE AHE
SE TR GIR (R AEVIRR B4, TN BA  cireRN A 57
T RIEAMUE Z IR R R G K, 182 5%}
HoAt Z 0 1 e BB R4 F HL, 5 cireRNATE
AN ) BT P90 R A AE AR i B AR 1 . RIS, FApS
WAL RS FAAAE 2 R R cireRNA, T A4
IEFEME—cireRNAVE AR I A bR ic A fe it —
RANETE. Bk, RA A TR AN A28 10 R G
circRNARFIANENL, & HEFH R GR thoRs
FIL I cireRNAT BEZA I R B AR SR AL TE T 2 (1 2 5 k.

2% LBk, cireRNASH A RS0 A BOC R
FUPARE T ETa TS, SN 1A R G MR A
EHLHIHE TR Z4ME. cire RNANRBEH AL R G K
JRHLE R L TR T RN, VR T fifcircRNATETHAL R
SR TR AR, TEBEK TE AL R SR ) A LA
BEA R AR, IR AT, e RT REAE I R
AR,

4  BEE

1 Sanger HL, Klotz G, Riesner D, Gross HJ, Kleinschmidt AK.
Viroids are single-stranded covalently closed circular RNA
molecules existing as highly base-paired rod-like structures.
Proc Natl Acad Sci USA 1976; 73: 3852-3856 [PMID: 1069269
DOI: 10.1073/ pnas.73.11.3852]

2 Holdt LM, Stahringer A, Sass K, Pichler G, Kulak NA, Wilfert
W, Kohlmaier A, Herbst A, Northoff BH, Nicolaou A, Gabel G,
Beutner F, Scholz M, Thiery J, Musunuru K, Krohn K, Mann
M, Teupser D. Circular non-coding RNA ANRIL modulates
ribosomal RNA maturation and atherosclerosis in humans.
Nat Commun 2016; 7: 12429 [PMID: 27539542 DOI: 10.1038/
ncomms12429]

3 Bai Y, Zhang Y, Han B, Yang L, Chen X, Huang R, Wu F, ChaoJ,
Liu P, Hu G, Zhang JH, Yao H. Circular RNA DLGAP4
Ameliorates Ischemic Stroke Outcomes by Targeting miR-143
to Regulate Endothelial-Mesenchymal Transition Associated
with Blood-Brain Barrier Integrity. ] Neurosci 2018; 38: 32-50
[PMID: 29114076 DOI: 10.1523 /JNEUROSCI.1348-17.2017]

4 Cheng X, Zhang L, Zhang K, Zhang G, Hu Y, Sun X, Zhao
C, Li H, Li YM, Zhao J. Circular RNA VMAZ21 protects
against intervertebral disc degeneration through targeting
miR-200c and X linked inhibitor-of-apoptosis protein. Ann
Rheum Dis 2018; 77: 770-779 [PMID: 29343508 DOI: 10.1136/
annrheumdis-2017-212056]

5  Hrr, RUE, KAE. IMRRNASIERINTER. {5
e N kA% 2015; 23: 5670-5676 [DOI: 10.11569/ wejd.v23.
i35.5670]

6 Memczak S, Jens M, Elefsinioti A, Torti F, Krueger ], Rybak
A, Maier L, Mackowiak SD, Gregersen LH, Munschauer M,
Loewer A, Ziebold U, Landthaler M, Kocks C, le Noble F,
Rajewsky N. Circular RNAs are a large class of animal RNAs
with regulatory potency. Nature 2013; 495: 333-338 [PMID:
23446348 DOL: 10.1038 /nature11928]

7 Yang W, Du WW, Li X, Yee AJ, Yang BB. Foxo3 activity

2020-10-08 | Volume 28 | Issue 19 |



10

11

12

13

14

15

16

17

18

19

20

21

J3aishideng®

promoted by non-coding effects of circular RNA and
Foxo3 pseudogene in the inhibition of tumor growth and
angiogenesis. Oncogene 2016; 35: 3919-3931 [PMID: 26657152
DOI: 10.1038/ onc.2015.460]

Jeck WR, Sharpless NE. Detecting and characterizing circular
RNAs. Nat Biotechnol 2014; 32: 453-461 [PMID: 24811520 DOIL:
10.1038/nbt.2890]

Guo JU, Agarwal V, Guo H, Bartel DP. Expanded
identification and characterization of mammalian circular
RNAs. Genome Biol 2014; 15: 409 [PMID: 25070500 DOI:
10.1186/s13059-014-0409-z]

Li Z, Huang C, Bao C, Chen L, Lin M, Wang X, Zhong G, Yu B,
Hu W, Dai L, Zhu P, Chang Z, Wu Q, Zhao Y, Jia Y, Xu P, Liu
H, Shan G. Exon-intron circular RNAs regulate transcription
in the nucleus. Nat Struct Mol Biol 2015; 22: 256-264 [PMID:
25664725 DOI: 10.1038 / nsmb.2959]

Zhang Y, Zhang XO, Chen T, Xiang JF, Yin QF, Xing YH, Zhu
S, Yang L, Chen LL. Circular intronic long noncoding RNAs.
Mol Cell 2013; 51: 792-806 [PMID: 24035497 DOI: 10.1016/
j-molcel.2013.08.017]

Ashwal-Fluss R, Meyer M, Pamudurti NR, Ivanov A, Bartok
O, Hanan M, Evantal N, Memczak S, Rajewsky N, Kadener
S. circRNA biogenesis competes with pre-mRNA splicing.
Mol Cell 2014; 56: 55-66 [PMID: 25242144 DOI: 10.1016/
j-molcel.2014.08.019]

Jeck WR, Sorrentino JA, Wang K, Slevin MK, Burd CE, Liu
J, Marzluff WF, Sharpless NE. Circular RNAs are abundant,
conserved, and associated with ALU repeats. RNA 2013; 19:
141-157 [PMID: 23249747 DOI: 10.1261 /rna.035667.112]
Hansen TB, Jensen TI, Clausen BH, Bramsen ]B, Finsen B,
Damgaard CK, Kjems J. Natural RNA circles function as
efficient microRNA sponges. Nature 2013; 495: 384-388 [PMID:
23446346 DOI: 10.1038 /nature11993]

Du WW, Yang W, Liu E, Yang Z, Dhaliwal P, Yang BB. Foxo3
circular RNA retards cell cycle progression via forming
ternary complexes with p21 and CDK2. Nucleic Acids Res 2016;
44: 2846-2858 [PMID: 26861625 DOI: 10.1093/nar/ gkw027]
AbouHaidar MG, Venkataraman S, Golshani A, Liu B,
Ahmad T. Novel coding, translation, and gene expression of a
replicating covalently closed circular RNA of 220 nt. Proc Natl
Acad Sci USA 2014; 111: 14542-14547 [PMID: 25253891 DOI:
10.1073/ pnas.1402814111]

Legnini I, Di Timoteo G, Rossi F, Morlando M, Briganti F,
Sthandier O, Fatica A, Santini T, Andronache A, Wade M,
Laneve P, Rajewsky N, Bozzoni I. Circ-ZNF609 Is a Circular
RNA that Can Be Translated and Functions in Myogenesis.
Mol Cell 2017; 66: 22-37.e9 [PMID: 28344082 DOI: 10.1016/
j-molcel.2017.02.017]

Pamudurti NR, Bartok O, Jens M, Ashwal-Fluss R,
Stottmeister C, Ruhe L, Hanan M, Wyler E, Perez-Hernandez
D, Ramberger E, Shenzis S, Samson M, Dittmar G, Landthaler
M, Chekulaeva M, Rajewsky N, Kadener S. Translation of
CircRNAs. Mol Cell 2017; 66: 9-21.e7 [PMID: 28344080 DOI:
10.1016/j.molcel.2017.02.021]

Yang Y, Gao X, Zhang M, Yan S, Sun C, Xiao F, Huang
N, Yang X, Zhao K, Zhou H, Huang S, Xie B, Zhang N.
Novel Role of FBXW7 Circular RNA in Repressing Glioma
Tumorigenesis. | Natl Cancer Inst 2018; 110: 304-315 [PMID:
28903484 DOI: 10.1093/jnci/ djx166]

Zhang M, Huang N, Yang X, Luo J, Yan S, Xiao F, Chen W,
Gao X, Zhao K, Zhou H, Li Z, Ming L, Xie B, Zhang N. A
novel protein encoded by the circular form of the SHPRH
gene suppresses glioma tumorigenesis. Oncogene 2018; 37:
1805-1814 [PMID: 29343848 DOI: 10.1038/s41388-017-0019-9]
Yang Y, Fan X, Mao M, Song X, Wu P, Zhang Y, Jin Y, Yang
Y, Chen LL, Wang Y, Wong CC, Xiao X, Wang Z. Extensive

WCJD | https://www.wjgnet.com

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

BIRE, 5. IWARNADBIL ARG IDB e E

translation of circular RNAs driven by N’-methyladenosine.
Cell Res 2017; 27: 626-641 [PMID: 28281539 DOI: 10.1038/
cr.2017.31]

Li F, Zhang L, Li W, Deng ], Zheng J, An M, Lu ], Zhou
Y. Circular RNA ITCH has inhibitory effect on ESCC by
suppressing the Wnt/ 3-catenin pathway. Oncotarget 2015; 6:
6001-6013 [PMID: 25749389 DOI: 10.18632/ oncotarget.3469]
Xia W, Qiu M, Chen R, Wang S, Leng X, Wang J, Xu Y, Hu
J, Dong G, Xu PL, Yin R. Circular RNA has_circ_0067934
is upregulated in esophageal squamous cell carcinoma
and promoted proliferation. Sci Rep 2016; 6: 35576 [PMID:
27752108 DOI: 10.1038 / srep35576]

Su H, Lin F, Deng X, Shen L, Fang Y, Fei Z, Zhao L, Zhang
X, Pan H, Xie D, Jin X, Xie C. Profiling and bioinformatics
analyses reveal differential circular RNA expression in
radioresistant esophageal cancer cells. | Transl Med 2016; 14:
225 [PMID: 27465405 DOI: 10.1186/s12967-016-0977-7]

SunJ, Yuan X, Li X, Wang D, Shan T, Wang W, Wan Q, Wang
X, Yan ], Gao S. Comparative transcriptome analysis of the
global circular RNAs expression profiles between SHEE and
SHEEC cell lines. Am | Transl Res 2017; 9: 5169-5179 [PMID:
29218114]

Niu C, Zhao L, Guo X, Shen Y, Shao Y, Liu F. Diagnostic
Accuracy of circRNAs in Esophageal Cancer: A Meta-
Analysis. Dis Markers 2019; 2019: 9673129 [PMID: 31534563
DOI: 10.1155/2019/9673129]

Chen ], Li Y, Zheng Q, Bao C, He ], Chen B, Lyu D, Zheng
B, XuY, Long Z, Zhou Y, Zhu H, Wang Y, He X, Shi Y,
Huang S. Circular RNA profile identifies circPVT1 as a
proliferative factor and prognostic marker in gastric cancer.
Cancer Lett 2017; 388: 208-219 [PMID: 27986464 DOI: 10.1016/
j.canlet.2016.12.006]

Pan H, Li T, Jiang Y, Pan C, Ding Y, Huang Z, Yu H, Kong D.
Overexpression of Circular RNA ciRS-7 Abrogates the Tumor
Suppressive Effect of miR-7 on Gastric Cancer via PTEN/
PI3BK/AKT Signaling Pathway. ] Cell Biochemn 2018; 119: 440-
446 [PMID: 28608528 DOI: 10.1002/jcb.26201]

Shao Y, Chen L, Lu R, Zhang X, Xiao B, Ye G, Guo J. Decreased
expression of hsa_circ_0001895 in human gastric cancer and its
clinical significances. Tumour Biol 2017; 39: 1010428317699125
[PMID: 28443463 DOI: 10.1177/1010428317699125]

Zhang ], Liu H, Hou L, Wang G, Zhang R, Huang Y, Chen
X, Zhu ]. Circular RNA_LARP4 inhibits cell proliferation
and invasion of gastric cancer by sponging miR-424-5p and
regulating LATS1 expression. Mol Cancer 2017; 16: 151 [PMID:
28893265 DOI: 10.1186/512943-017-0719-3]

Huang M, He YR, Liang LC, Huang Q, Zhu ZQ. Circular
RNA hsa_circ_0000745 may serve as a diagnostic marker for
gastric cancer. World | Gastroenterol 2017; 23: 6330-6338 [PMID:
28974900 DOL: 10.3748 / wjg.v23.134.6330]

Zhang Y, Li ], Yu ], Liu H, Shen Z, Ye G, Mou T, Qi X, Li
G. Circular RNAs signature predicts the early recurrence
of stage III gastric cancer after radical surgery. Oncotarget
2017; 8: 22936-22943 [PMID: 28206972 DOI: 10.18632/
oncotarget.15288]

IHEE. R circ RNARITFELE . I MK hsa_circ_0033634/1
TIRE . BUEITIE. 22T 22N 2018

b, R, EINAh, i, AEEIR. cire RNAVEX B EISHTRR
1T P I mea AT, SRS SifTT 2019; 32: 675-681
Huang G, Zhu H, Shi Y, Wu W, Cai H, Chen X. cir-ITCH
plays an inhibitory role in colorectal cancer by regulating the
Wnt/ B-catenin pathway. PLoS One 2015; 10: 0131225 [PMID:
26110611 DOI: 10.1371 /journal.pone.0131225]

Weng W, Wei Q, Toden S, Yoshida K, Nagasaka T, Fujiwara
T, Cai S, Qin H, Ma Y, Goel A. Circular RNA ciRS-7-A
Promising Prognostic Biomarker and a Potential Therapeutic

2020-10-08 | Volume 28 | Issue 19 |



37

38

39

40

41

42

43

45

46

J3aishideng®

SR, 5. INARNATEBCARGPBIPEVARERE

Target in Colorectal Cancer. Clin Cancer Res 2017; 23: 3918-
3928 [PMID: 28174233 DOI: 10.1158/1078-0432.CCR-16-2541]
Zeng K, Chen X, Xu M, Liu X, Hu X, Xu T, Sun H, Pan Y, He
B, Wang S. CircHIPK3 promotes colorectal cancer growth
and metastasis by sponging miR-7. Cell Death Dis 2018; 9: 417
[PMID: 29549306 DOI: 10.1038/ s41419-018-0454-8]

Xu XW, Zheng BA, Hu ZM, Qian ZY, Huang CJ, Liu XQ, Wu
WD. Circular RNA hsa_circ_000984 promotes colon cancer
growth and metastasis by sponging miR-106b. Oncotarget
2017; 8: 91674-91683 [PMID: 29207676 DOI: 10.18632/
oncotarget.21748]

Xie H, Ren X, Xin S, Lan X, Lu G, Lin Y, Yang S, Zeng Z, Liao
W, Ding YQ, Liang L. Emerging roles of circRNA_001569
targeting miR-145 in the proliferation and invasion of
colorectal cancer. Oncotarget 2016; 7: 26680-26691 [PMID:
27058418 DOI: 10.18632/ oncotarget.8589]

Hsiao KY, Lin YC, Gupta SK, Chang N, Yen L, Sun HS, Tsai SJ.
Noncoding Effects of Circular RNA CCDC66 Promote Colon
Cancer Growth and Metastasis. Cancer Res 2017; 77: 2339-2350
[PMID: 28249903 DOI: 10.1158/0008-5472.CAN-16-1883]

Li XN, Wang Z]J, Ye CX, Zhao BC, Li ZL, Yang Y. RNA
sequencing reveals the expression profiles of circRNA and
indicates that circDDX17 acts as a tumor suppressor in
colorectal cancer. | Exp Clin Cancer Res 2018; 37: 325 [PMID:
30591054 DOI: 10.1186/ s13046-018-1006-x]

Tian J, Xi X, Wang ], Yu J, Huang Q, Ma R, Zhang X, Li H,
Wang L. CircRNA hsa_circ_0004585 as a potential biomarker
for colorectal cancer. Cancer Manag Res 2019; 11: 5413-5423
[PMID: 31354349 DOI: 10.2147/ CMAR.5199436]

Tk, B, PR IECARIMRISHRY NRNADTI .
FUE N5 2017; 25: 1446-1453 [DOIL: 10.11569/ wejd.v25.
i16.1446]

Yang X, Xiong Q, Wu Y, Li S, Ge F. Quantitative Proteomics
Reveals the Regulatory Networks of Circular RNA CDR1as in
Hepatocellular Carcinoma Cells. | Proteome Res 2017; 16: 3891-
3902 [PMID: 28892615 DOI: 10.1021/ acs.jproteome.7b00519]
Han D, Li J, Wang H, Su X, Hou J, Gu Y, Qian C, Lin Y, Liu
X, Huang M, Li N, Zhou W, Yu Y, Cao X. Circular RNA
circMTOL1 acts as the sponge of microRNA-9 to suppress
hepatocellular carcinoma progression. Hepatology 2017; 66:
1151-1164 [PMID: 28520103 DOI: 10.1002/hep.29270]

Fu L, Yao T, Chen Q, Mo X, Hu Y, Guo J. Screening
differential circular RNA expression profiles reveals hsa_
circ_0004018 is associated with hepatocellular carcinoma.
Oncotarget 2017; 8: 58405-58416 [PMID: 28938566 DOI:

WCJD | https://www.wjgnet.com

47

48

49

50

51

52

53

54

55

958

10.18632/ oncotarget.16881]

Yao Z, Luo J, Hu K, Lin J, Huang H, Wang Q, Zhang P, Xiong Z,
He C, Huang Z, Liu B, Yang Y. ZKSCAN1 gene and its related
circular RNA (circZKSCAN1) both inhibit hepatocellular
carcinoma cell growth, migration, and invasion but through
different signaling pathways. Mol Oncol 2017; 11: 422-437
[PMID: 28211215 DOI: 10.1002/1878-0261.12045]

Yu J, Xu QG, Wang ZG, Yang Y, Zhang L, Ma JZ, Sun SH,
Yang F, Zhou WP. Circular RNA cSMARCADJ inhibits growth
and metastasis in hepatocellular carcinoma. | Hepatol 2018; 68:
1214-1227 [PMID: 29378234 DOI: 10.1016/j.jhep.2018.01.012]
Huang XY, Huang ZL, Xu YH, Zheng Q, Chen Z, Song W,
Zhou ], Tang ZY, Huang XY. Comprehensive circular RNA
profiling reveals the regulatory role of the circRNA-100338/
miR-141-3p pathway in hepatitis B-related hepatocellular
carcinoma. Sci Rep 2017; 7: 5428 [PMID: 28710406 DOI:
10.1038/541598-017-05432-8]

Shi L, Yan P, Liang Y, Sun Y, Shen ], Zhou S, Lin H, Liang X,
Cai X. Circular RNA expression is suppressed by androgen
receptor (AR)-regulated adenosine deaminase that acts on
RNA (ADAR1) in human hepatocellular carcinoma. Cell
Death Dis 2017; 8: 3171 [PMID: 29144509 DOI: 10.1038/
cddis.2017.556]

Guo W, Zhang ], Zhang D, Cao S, Li G, Zhang S, Wang Z,
Wen P, Yang H, Shi X, Pan ], Ye H. Polymorphisms and
expression pattern of circular RNA circ-ITCH contributes to
the carcinogenesis of hepatocellular carcinoma. Oncotarget
2017; 8: 48169-48177 [PMID: 28636993 DOI: 10.18632/
oncotarget.18327]

Yang J, Cong X, Ren M, Sun H, Liu T, Chen G, Wang Q,
LiZ, Yu S, Yang Q. Circular RNA hsa_circRNA_0007334
is Predicted to Promote MMP7 and COL1A1 Expression
by Functioning as a miRNA Sponge in Pancreatic Ductal
Adenocarcinoma. | Oncol 2019; 2019: 7630894 [PMID:
31428151 DOI: 10.1155/2019/7630894]

Huang W], Wang Y, Liu S, Yang J, Guo SX, Wang L, Wang H,
Fan YF. Silencing circular RNA hsa_circ_0000977 suppresses
pancreatic ductal adenocarcinoma progression by stimulating
miR-874-3p and inhibiting PLK1 expression. Carncer Lett 2018;
422:70-80 [PMID: 29454093 DOI: 10.1016/j.canlet.2018.02.014]
B, CireRNA NOL10I# " #4387 IR miR —874-3p
HEf RN S/ e ETanIN LRI ZE. TN FTTEERER
24,2019

SKOKAE. TR IImRIR B M TS/ Hisa_cire_0007564: 5017
WTRITIUSHTEIbR ). JCsTT: AR £bz, 2018

B 4a: ks SIMES A X gk

2020-10-08 | Volume 28 | Issue 19 |



Jaishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton,
CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wjgnet.com
https://www.wjgnet.com

ISSN 1009-3079

‘ ‘ H ‘ Il

771009°307056 ‘NH‘

9

© 2020 Baishideng Publishing Group Inc. All rights reserved.



