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Circular RNA: A New Member of Competing Endogenous RNAs
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(Department of Biochemistry and Molecular Biology, Ningbo University School of Medicine,
Zhejiang Provincial Key Laboratory of Pathophysiology, Ningbo 315211, China)

Abstract Circular RNAs (circRNAs) are broadly found in various species’ cells. They have several
characteristics including structural stability, high expression and expression in a tissue-specific manner. Recent
studies have demonstrated that several circRNAs regulate gene expression acting as competing endogenous RNAs
(ceRNAs). circRNAs sequester microRNAs (miRNAs) to terminate suppression of their targets and modulate the
expression level of other related RNA molecules, which share the same miRNA response elements (MREs). The
findings of circRNAs’ function in gene expression not only expand our understanding about ceRNA regulation
network, but also indicate that circRNAs might be developed as potential drugs and used in disease diagnosis and
treatment.
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Y, Z0 LA v 19 NS R 36 ik circRNA; 1 Jeck &5
10N 8 AT 4 40 Jf v A 21 7 5825 0002 F i)
circRNA; Memczak 251 lI] JA\RNA-seq%l 4 ' % &
HZ52 000F A HcireRNA. 1 900/ il cireRNA I
700%0 £k dicircRNA. IE 4k, cireRNAW 4 UE B % i
FELE T AR B A el

124 Ak, AR FRATT ) IX HecircRNA P H 4k
AW 2 D) e IE N 2 B /b SR SR Al ) I IRIFE 9 R
B, — YcircRNAR] LA 58 4+ 1% P JRNA(competing
endogenous RNA, ceRNA) i {1, & 5 5 [K £ 158 1 %
AIAE IS, cireRNAG 1T 45 F5microRNA(miRNA)
ke BEL I i 2 6 HERNA R FH, AT P # miRNA
RERRI AL KPS Sy Ah, A8 A W) AA v 8 3l A7 A5 1)
circRNAR A GE & — 8 51 B (1) 38 B 4 5% i Pl 4 A 7,
BAT P HABRNAZK Y . 75 81 2 s AT ok B
B AR S5 D g o A A SO 43 H R AL
FEAES DHRERIN FHH 5% .
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A: lariat-driven circularization; B: intron-pairing-driven circularization.
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Fig.1 Mechanisms of circRNA formation
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ZHOER T A MLT, HP A RS, (2) L 2k
RNATEFSGE, AT 9 B Al (3)VF £ cireRNAK X
I 55 2 HERNAR 38 7K P A1 24, — L8circRNAT
I KL & e AT I A M S A AR 104501, (4)
K250k B0 g i BE DAL Ak f 10148 (5)—
LecircRNAHH AT miRNA N % JT £ (miRNA response
element, MRE), fit 5 miRNAA FAFEH M2, (6) KB4
2 AEM IS RNA (noncoding RNA, ncRNA)!,

R R AE fffcireRNA K # 7 B b — 28 5 2L
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0 S 3 PR 3 s i 42 1) A 224 57 T i B o o )
cireRNAE A7 45 My i A e i 3 JE RIS M RFAIE, 1X
i EATHE K FEceRNAT] fig, A HF A I Hb i 2
miRNAKF-.

HH T K 2 HlcireRNA H £ [ 51 9 A 55 DR 1) 20
TR, B BUE AT AT B 2 PERNASE #4441
mRNA)ILZEMRE, MM i 44 2 115 3R 187K, i
A5 AT R e s ) (1) U 45 FH2 . Salmena %52
WA, ncRNA LG iIRNA S I 5 F hy ceRNA, K&
IAZ RS TE 4. B, —FhFR A “linc-RoR”
[ K B 9F 4 9 RNA(long noncoding RNA, IncRNA)
Al L R T G 4 S miR- 1450 1 15 22 BE A DG F%
SR TR IR KPR

2 B4circRNAT 7 HIN{KceRNA
ceRNATER Ui 1] Al s T A [ 28 Y FIRNA
PLmiRNAK /i 3 B i 1 5 2% ceRNA K 2% (ceRNA
network, ceRNET). ceRNET & — Ff Jo ] B W 4%
(scale-free network), H(A%H A1 —PiceRNAR) K kK
P K 2 Al 4 A ceRNETIR P 25 KR A2 W) A AR AR 072
EAMALEFATE 2 1 AR e sy 22 1) 2 2 i )
(1), B4R FATT: mRNARR T HATE S R T
FUBE B DI RESL, EATHE e s n R P Bost & &
A S E ) D) RE; [FRE, IncRNAW A AE R
JUR R AL A 43 LA 2 Dy REP0, A1 8 3¢ Ja 7K
A EAE . Memezak %5 Hansen S5 R Aiff 57
McircRNAFFEP 78 T ceRNAIH N 25(E2).
Hansen521 1201148 & B, /I i 22 11 4 5% 4
1(cerebellar degeneration-related protein 1, CDRI)%E
AR IE PR Ay /)N i A PR AT S0 i 1 1R S sl
(antisense to the cerebellar degeneration-related protein
1 transcript, CDR 1as) [ ¥4 4R K AR [ SCHE 5% ) (natural
antisense transcript, NAT). 5 — JNATI# o i 5t 7
IR B T 45 A SRR s B A T T 3CAN TR
CDR lasid g 5 miRNAMT AR, FFey 2 584 oAb
HImiR-671 42N, 18 b 5 W97 v, MemezakZE!S)
FlHansenZ:U'7% $1L, CDR1astd & T miR-7¢] Z1704
MRE, {HEIA #miR-7F% fif . Al 4134 % B, CDR1as
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mRNA, IncRNA and circRNA sharing MREs regulate their respective roles by competing for miRNAs.
B2 ceRNARM%E
Fig.2 ceRNA network
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MG AR RIA, FUE AT 41 i s, 24
CDRlasiH 1A I, B A8 K & 45 A miR-7, #lilmiR-7
(35 T, 5 BmiR-74E by 1 3R 0k K SF T i
CDR 1asfik % i& I, & 6 miR-735 ¥ (1) 400 ) 15 1] B
fiX, FHmiR-7THLFR I FIE K PRI, Memezak
S GUR I, 725 5 1R i Hh B R 1A CDR 1asH &
b A kD, X5 P E R miR-7 5 | RN — 3K
Hansen 5 o AMIFFT T — i s 1Y G 0 A4 il
YL [X (sex-determining region Y, Sry)ffjcircRNA, i%
circRNA I 77 /FmiR-138/1 16 "MRE, 7] 1 & K 44X
miRNA i 4 (natural miRNA sponge)#l #ilmiR-138/1]
TS

5 H A 2% A [jceRNAM b, circRNATE K
ceRNAH A L R AL #: & %, K2 U H HceRNA
IRNAZ 1~ 8] B AH B AR R 2 6 FR (P, 3K i k45
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PEmiRNAFIHI B REAR . SRR, H AT LA 9256 R I,
CircRNAAN &) # RN ARG FImiRNA FF figgl14 1517 3 fifi
F3circRNAAT 1] §E 1] LLES 2 Hh 4 I miRNA TS g (1) &
o ok, A ISR, 2 HcireRNAE 7 £ ik
(RS HBAS 73 - R A AT K EEMRENT,
I, circRNARE S I 7] 45 & BOB UK S miRNA, M iy
S R LR A . i, A S R A i
HEK293 " [{JCDR Lasfl ## & I GE % &5 5 2920 0001
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VF Z cireRNA) & 18 B A7 I 2% Ry 5 1k, X I
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miRNAAH B AE T AM(EI3A), cirecRNAZ /b ik o] fig B AT
PLR3FF Tl fE: (1)cireRNAJE i3 B 55 H 4 ) H 82 17
# H A RNAZK “F-(FE3B).  # 41, CDR1asfE 5 CDRI
mRNA B AMNELXE, AT 55CDRI mRNA e E P2,
(2)cireRNAfE 5 £ 1l 45 5 (K130), $0H & [ g
PEL SRR TR A PRI 410y B0 9 R 1 IR
PEOSI73334 11 4, CDR 1asBE 55 il 4% £ 111 (Argonaute,
AGO) B35 4 45057, (3)—ScircRNA 1] 1 g F 12 1)
BB Fi 3 2 115 1) 25 (&1 3D)E3¢0,

circRNAM S () 45 1E A1 22 BF 1 2 RE, 1641
70 AR iy BF 25 RO 2 v B T R I Y T S (1)
cireRNAAE Jg £ 52 13 2% I miRNAF 1 7. AH LAY
& H B MRE M miRNAF 24157, circRNA S 1 %
FHMRE, RJ LA [A] i 40 AN [F] R miRNA, 44 19 25 1
FEER . S 4b, il SO MRER) RS, s
LL 451 ] DL A cire RNATE 2 AN [ (1 18 15 2 . B8R
CA BN RIF R T A7 2 FIMRER) 26 1 miRNA

] G LA A7 A8 HimiRNA K D AE. 5 U1: CDR1as 4 7 a5 IEHE bR 25 LU ) (short tandem target

(A) = (B)
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miRNA &
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RNA
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Other RNA ——7 ~—— T~
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N
(C) . Q’rotein (D) Q
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A: #RceRNA; B: cireRNA i B FE B 1 2 4F 1 HIRNA; C: cireRNATH T 8 AT BB D: cireRNAE N 8 A & IR AR
A: circ-ceRNA; B: circRNA directly target RNA by base pairing; C: regulator of protein; D: template for protein synthesis.
&3 circRNABYEZETNRE
Fig.3 Main roles of circRNAs
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mimic, STTM)®, {HcircRNAYE F& 5& M 77 1 b &
BOE A . (2)cirecRNAH] + 8 52 Hb i #ERNASE
4 & H(RNA-binding protein, RBP)f¥] 7% ¥4. 1] i:
Bohjanen§ P8 i | — MR e X 0E % ok
(transactivation response element, TAR)RNA, ¢ %
5 I B0 T 4% £ [ (transactivating regulatory
protein, Tat), M A G 2§k B 5 2 178 (human
immunodeficiency virus type 1, HIV-1)3& [X] ] & 1%,
(3)cireRNAYE 2y B8 5 1 82 11 0T & JBE A, 491 2,
Perriman%5:CF H circRNA K I & il T 4% 8, % )t 5
[1(green fluorescent protein, GFP). (4)circRNAJY [
TFRNAT#. 4R THRNA(circularized interfering
RNA, ciRNA) 1 T~ 45 #4 Fd e, PRI AS 2 9 4% 1R g
B A, TP AR AL T35 38 B /N T SERNAPY, (5)
circRNAE Jy i BT 74 (aptamer) H = 5 R4 25 & 5 2
HEFR. UmekageS5 il & 1 — Bl IR 16 B 45 55 A
# (streptavidin) RNAGE it A4, A e PR T 4 Pk
RNAJGERCAE . (6)cireRNASE A A= Dbr &M 1150
W K oy AR T e B TeireRNA B8 E V3%
ATTR] BT 5 s A AA R 3k B cireRNA . Burd 5541k
LT PRI INK AL 53 5 ARG A RN A(circular
antisense noncoding RNA in the INK4 locus, cANRIL)
[2IE 55 BN K SR AE Ak s AR AH G o

4 RE

S cireRNA T A WITRIEE 5, A0 2L R
S 2 Wil e cireRNAJ L [ ceRNAKFTIE 1] 24 254
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miRNA 5P, 5 A] K 4F € miRNAGE 4 2 424 24
circRNA [1) 2 ZURF S ME F0 B a8 1 A n] fig flicireRNA
A — B RUF I AE Wb . BRI, A KcircRNA
(1) T fie A A FATIR A 7T, FRATT ) cireRNATE
CeRNET H i) & 454 I LA B e v (1) — 26 40 15475 8K
HZFED . cireRNAZ 55 A2 R e 1t AR L]
WARRAT LR

AR, cireRNAE A IE P 44 R 48, Kosik™!
AU S miRNA AL Ay 44 7725, R A1 4
Jei WGP A ) o 7 A1 87 i 44, BIKSCDR Lastiy 44 4
circR-1. BEAAEWME B4R, Hil oA K4
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