ISSN  1007-7626 HEAEYE S AP 2EIR htp://cjbmb. bjmu. edu. cn 2018 4F 2

CN 11-3870/Q Chinese Journal of Biochemistry and Molecular Biology 34(2) :117 ~ 128
: é/% 3& : DOI; 10. 13865/j. cnki. cjbmb. 2018. 02. 01

INIKE RNA B EAE B @ in s Y1 B 8 g8

K, REH, £ RS

(FHXRFHEZHARAFT CEABFE P S LA FE  266000)

HZE 3K RNA(circular RNA, circRNA) & —Fr 240 F A 2RIk 25 #69 MR 3E 4 2% RNA & F, R
A 5/ SHTEF A2 375% poly(A) BELM | A T 2 TR AR FEARAEE RS RE
A R RATRE T oA 3 A ER . SR F circRNA, R AF circRNA 4N B F-14F circRNA; 4 &
ANBEEFHREL P GBEMNFRARGRGZH, BMCEEABBILT AR Z R RME
circRNA, &0 T o ¥, L k4509 5 5] 454 42 € LA microRNA 548 A F ik 0 3 4 &,
3 5 RNA &6 Ra4%6 RIPMEFRITEBARAFT IR, CRLBE BRAB ATE ZLRE R
FHIRBARRAF RR AL KEEARE, KSR ET circRNA & A # B 69 9% = I6 JR 5 W7 47 &4
BA KR IR T e S IR R B A N circRNA 8975 R 45 AW PR AR T ik
B RIAE B VA B A o g 09 K B 5 5 @ R M 3£ circRNA 89 R #7 AF R 3t R, 712 B XA R 34T
circRNA #F %,

KA IR RNA %5 3038 &

HESES Q2

Circular RNA and Its Potential as a Disease Marker

XU Sheng, ZHOU Lu-Yu, WANG Kun~
( Developmental Cardiology Center, Institute of Transformation Medicine, Qingdao University, Qingdao 266000, Shandong, China)

Abstract Circular RNA (circRNA) is an endogenous noncoding RNA molecule with covalently closed
cyclic structure which does not have 5’ end cap and 3’ poly (A) tail. It is found to be evolutionary
conservative and stable with tissue specificity. According to the different sources of the sequences,
circRNA can be divided into three types: exon circRNA, intron circRNA, and exon-intron circRNA.
With the rapid development of bioinformatics and continuous innovation of high-throughput sequencing
technology, a large number of endogenous circRNA , which was mainly distributed in the cytoplasm, has
been found in eukaryotic cells. CircRNA, which has unique sequence structure, acts as microRNA
sponge, regulates selective splicing or transcription, binds to RNA-binding proteins and produces
pseudogenes by rolling translation. It is involved in cancer, diabetes, nervous system diseases,
atherosclerosis and other diseases. Numerous studies have shown that circRNAs may become potential
targets and clinical diagnostic markers for human disease. This review is a detailed study of the latest
progress of circRNA research, including its formation, characterization, biological function, research
methods, research database and its relationship to the disease.
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Key words circular RNA ; disease; database
IR RNA ( circular RNA | circRNA ) && —F11
W I R 2 A B9 9 VR P R 4 5 RNA (neRNA) M,
7E b iE22 70 4248 2 80 4R AR, cireRNA B IR AE
HEBE RNA 955 7 19 5 (K] 20 B & B, neRNA 45 K
FEAE 4% RNA (IncRNA) (f#(/)» RNA (microRNA)
FFAR RNA (cireRNA) 210 528 RNA JE L
FARE, i mRNA ( Fig. 1 a), circRNA #4751
I A2 5 J7 YA [ AT 328 3 Fh 2584 (‘Table
1): % & F circRNA ( exonic circRNA, ecRNA)
(Fig. 1 b, ¢) . & F circRNA ( circular intronic
RNA, c¢iRNA) (Fig. 1 d) AME F-IWN& T circRNA
( exon-introncircRNA, EIciRNA) ( Fig. lc), 5
ncRNA —#£, circRNA JF A FIZ5 M ik € T B W

V4 SR 8 1 LA AR ¢ RNA A K DY ) |
FIIH microRNA 4 1 2 JC 14 K 45 &5 microRNA |, If
FH 1k microRNA X} H #x 5& P 3¢ 35 (9 411 i 1E
2 =g =b: ¥ cop i U T SR G o S S R NE N R 2
A BT M, AN [R] A W b gl S ok
F AP TR R s R R R A
KHUNR, 280, WA 2 R 59505 | 3l
ik ks B B £k W PR R E | cireRNA .9 3 25 3
WEIEMAE 0 cireRNA 754 YK N A Hr ik
(R . B AT, cireRNA G 33 14 2 HoA 2 7 5k
15 3 5 2 M mRNA B 77 4 Bk 4 1

RNA R & B 1 8%/ 8 B B R R R
(snRNP) "2 BUF1 microRNA™ | 33 2640 T/ FH AR

AW e, H 2 cireRNA AT LUAE ) microRNA - i S0 ik AR N (9 2 M 45 6 RNA A% 5t
Table 1 Characteristics of different types of circRNAs
Name Type Location Joint site Sequence feature Function
357 Participate in cyclization exons Function as miRNA
ccRNA Fxon Cytoplasms phosphodiester containing th.e reverse compler.nentary sponges ; .in.teract. with
bond sequence of introns and selective rbp; participate in
0
cyclization translation
2'-5' Enrichment of 5’ splice site contains 7 Reeulation of
egulation of gene
ciRNA Intron Nucleus phosphodiester GU motif, enrichment of 3" branch site guiaion of 8
. . transcription
bond contains 11 C motif
357 Participate in cyclization exons
EIGiRNA Fxon— Nucleus phosphodiester containing lh.e reverse compler.nenlary Regula.lioTl of gene
intron bond sequence of introns and selective transcription

cyclization

ecRNA; Exon circRNA ;ciRNA; Intron circRNA; ElciRNA: Exon-intron circRNA

1 IR RNA B4 AL

CircRNA & —Ff AN BAT 5" 3 7 7 A1 3" 35 poly
(A) BEEH I SRR RNA 207, Jeck 4542
th 2 RO [E A B 7 BR AR R R AL . PN BN PR L
(intron-pairing driven circularization) (Fig. 2a) fl&
RIUK 5 Ak ( Lariat-driven circularization) 7 ( Fig.
2b) o HTFE AN P 5 73 o S 1) AR Y 51 B X
T FRIREER SR I5 BYUI R BR NS FIFIEHS N 7,
EE"@}H‘//EZ ecRNA, Ul circEts-1 il cireSry' ™ ' i@

WA PR 2B REMR J%TJE/\EEZQE'Z
@ﬁf‘kﬁ?”‘ 35 B AR hnRNA 7254 5EF RNA F84
Pr& HAAPBH I B 755, SFEOMNE T BEER (exon
skipping) , JE iU 2R i ()4 3E — 20 B 4 7 A= Ah 18
¥ circRNA (ecRNA)

FAERTAT B9 51 2 7 #RBESE B cireRNA , 75 AE i,
R AR, TR EL AR 3 4 7 340 R AT DA AR g b T
AIFRME, LN Alu ST, KT, Alu ST ] g AR B
FNEEFPIRE D R AE U B HAMY R
FRoI AR AT G, oAb, MTE N & 7 b BT
MR T R A

BRI T2 5 RNA Rl fe, BilanH
FEpHLE A B 4E R (mannose-binding lectin, MBL) 1F
A RNA 254 2 11 ( RNA binding proteins, RBPs) [
TR 242 | AR PR ZE R TR 5 1 XT3
T W, R R AR ) KH 25 F 5% RNA 45 &
( quaking homolog, KH domain RNA binding, QKI)
SR 2 NS G TE— RS 5 AR T, RS
it QK #E B B i AR 2 MG R 5T Y A7 5 Ff
AR, {H RNA ZidE i ADARs (JR 1B 1E
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mRNA
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- ;&/'
mRNA @ EIciRNA
ecRNA

Fig.1 Classification of circRNAs

T RNA) |, GEZ5 A P B AR XU X 3, 2% o X% i) AH
HAER, AT cireRNA JERE 2
2 IR RNA g9451%

545 RNA A I, circRNA A JLAS 5 2 19 4
P, (1) 4R ZH0 T s, A /NGB 4376 4
MRz R 20 (2) KFERA ok A AN, N ok N
FEiN S F A BE (3) —2E cireRNA 38 33 fU5  JT
£ Y5 microRNA A B AEH, T 8 15 B A5 3 K 3£

(5/,\) Introl Intro2 Intro3

Seq.1 l Seq.2

Intro-pairing

Intro2

|

Intronic

Fig.2 CircRNA biogenesis

3 , (B) Introl Intro2 Intro3

Base-pairing

l

ExcnsBengessss

mRNA
ecRNA

ase-pairing

|
emopsee ()

ciRNA

ecRNA; Exon circRNA; c¢iRNA; Intron circRNA; EIciRNA : Exon-intron circRNA

KB (4) KR £ %0 cireRNA N 35 3F % 5 RNA
(ncRNA) 43 F 15 3L 1 Rk (5) B T 0 %k
circRNA TE5E S 403 A € 2 A, R 280 75 i
FIEE S5 J5 % W MR Y5 (6) cireRNA FIT 2R 1
mRNA —#EE A MR LU R/ o % & B B
B PER IR (7) cireRNA 75 22 R 26 580 1) 20 fifg 41
PR AR, W YA | 10 Y8 PR, L8R 7K F HAH
PR PE mRNA B 8 KSF 8 10 5 2L B (8)
circRNA ZEAS[A] (40 Ah b i 7R H ol S 0 R AR 1 ST 4

3
lSplice acceptor

SA SD

O O-

Exonic Lariat intro

(A) Intron-pairing-driven circularization. (B) Lariat-driven circularization
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fIERT 5 (9) REA 573" H P A Z2 3 it R 2 A L4
IFRZERE %) RNA SMU)A% IR Bk RNase R HLA midit
PEPS UL cireRNA BAESAEHERF A, REH
PRI cireRNA 1P 123 e e 4 T2 2 AR
10 h 9 mRNA 1 H. [ il B 28 J6 44 M M E ( CFS)
rh R I 1 400 Ff cireRNAP

3 IRk RNAs BIThaE

CircRNA 7] LAYEA microRNA ( miRNA ) ¥ 45 |
TR B R B S IR S . 5 RBPs 455
PAK cireRNA AT LIATAE YRR
3.1 CircRNA £ miRNA G452 1E R’

CircRNA 3 & 454 19 miRNA 0 )37 7644 ( miRNA
response element, MRE) , 25 & miRNA JfBH 1k &A1)
Table 2 circRNAs act as miRNA sponge

5 mRNA M EAEH (Fig. 3a) .

CiRS-7 ( CDRlas )" Hl Sry circRNA
(cireSry) U ISR P A DG B 1 ( cerebellar
degeneration associated protein 1, CDR1) FIZ 4K
BEEJL SRY 4, RS ARGET S ~E P,
CDRlas ik AT LAy /b il (R FROF B AR H & &, 1 4
miR-7 ] Pk & 1IE %, % B CDRlas A g5 miR-7 &5
&1 K H HIPK3 JER MG T 2 1 circHIPK3 JLER
HIPK3 mRNA , g EMHI R4l A<, it 28t
R E 1 cireHIPK3 3 id 18 MRS A7 5
TR 9 > miRNA I B R4S A miR-124 0 H:
W PE (Table 2) , {HJ& A4 W) 15 B 2 50 HF & 4,
miRNA 45& 07 58 200 cireRNAs A—E A TRIRAY
WELRVEIT, AL cire RNA JURIESE TR i > !

Name Source

Sequence feature

Function

Produced by the cerebellar
degeneration

protein 1 (CDR1)

CDRlas!® % associated

proteins

(3.31] Produced by dysregulated rat
testis SRY

Derived from Exon2 of the
HIPK3 gene

CireSry

CircHIPK3

More than 70 miR-7 binding sites and
can form RISC with miR-7 and Ago2

More than 10 miR-138 binding sites

18 potential binding sites

Promote miR-7 degradation of the
target gene

As a miR-138 sponge

Affecting nine types of miRNAs that
inhibit cell proliferation

3.2 CircRNA BTEF M ENER

W5, circRNA 2 55 7] A5 57 43 Fll#% 55 1) )4
¥2(Fig. 3b) , AT A8 B & pre-mRNA 3 1 A [F] /1) 55
27 (BN R B B2 00 40 77 A2 ARl mRNA
B SRR S B, cireRNA X 7] 28 59 7] g % 7 4=
WY W i R P MR L B o B oBY 7 MBL
(muscleblind) %5 2 4N F 7= B9 cireMbl, H 585
HERY) pre-RNA il & 554, cireMbl Sz HAW 3 Py & ¢
HA PRSI MBL 454 7 55, 9% MBL 3830 H R 557
], MBL 7K 3 4 V8 15 & 2 52 W0 cireMbl 197 BY,
XA R 00 3 P 5 )3 51 T ) MBL 45 & 4
IJ__—'[IQ] 5
3.3 CircRNA 5 RNA &4 EHHEEER

CircRNA A g fll — L2 PEJE i RNA —HE
RBPs 4562k K AE AW 2= D)5 . 24 B 5 RBPs fil
P E R G A 0, AT LLES] RNA 4568 H
MR AE F LA K i A7 Th e, TR B JB B & A 1A
(Fig. 3¢)., EcRNA 1] LIRS Hb 5 20 i v (%) e b B
H R 456, fF 8 RNA 3¢ DNA 5 5 4bF
HIZE A 48 O RNA 454 & 11 RNA fil DNA 2
BAEAEMEA . 1 CDRlas A L5 miRNA 1EF A

T Ago2 AL ILR L IEE KRR
3.4 CircRNA {ERRz#IF

I JLAREWE9E & PR, cireRNA 0 B B &E A R
FITHAE . (1) 2MFRAR mRNA 45 N 3R WK BE A7
5. (internal ribosome entry site, IRES) FF41 H Hi% 5
R WE U 45 A I, AT LL7E B A0 i e e
(2) M B R 408 W HELAE A L5 cireRNA
ghA T AR R AN RN R P S sh B (3) #E A
A ORF(FFH B2 HE ) 1 K B FF 1 TG 40 B 6 128 R 42
i, cireRNA A S0 B = AR B U5 6 K
FEE 4l GFP (S (28 B F1) TF B B2 4E 1)
circRNA ] il Zh %% 5% GFPMY; (4) FE88 circRNA 1E
NS i B 13 AN 7 B P AR AR R A A
poly-A RBIUIBZEI 2 5 | I J 3 %t 5 BB E 1Y)
TR I 2 b AN T AR (5) HBE R R R G Y
circRNA 7] 38 1 28 0 F B A& B & 0 R P 3
(RCA) 74 4K 1 i (Fig. 3d) , X FRATFHE Y
RNA ik Z R 454, cireRNA YA L7 2 K H
SRR T LA REFE 25 7 B4 N Ta] BE PN 4 v L4k
PEXFE L = 10 BAA HAEAESR IR, KAk
FLZ NP cireRNA 38 33 B2 1 N6 (m6A ) i H 4k
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X[42]

R BK B 2 1
3.5 CircRNA ﬂTiHﬁE\zE.

AWFFRM F2E Y cireRNA 3 BE B 106 4 o)
FRa G BB B A cireRNA T A B EE R [43]
(Fig. 3e), M/NERIEEHEA T circRFWD2 AH L 1Y 2R
AL S (AP BT 65 2) s BT R, 33 A
FERI{E Y cireRFWD2 fTAEBCE R " 9 N “ MR EE v {5

/

) circREWD2 5 A B FE A, DL K A7 F cireRFWD2
HRERIR 6 A F A R IEE AR TP 51, LINE-1 4y
i RNA 3 533 3 77 5 Poly (A) BIAFAE, 42
circRFWD2 #5635 H 1 39 S E Poly (A) P
B, BLHH—2E cireRFWD2 HE5E T —Fh o 41 59 75 20 bk
WS cDNA . R, 7E LU BFSE cireRNA B 207%
JE BB R S50 1
\

e.Generate

b.Transcription seudogenes

regulation @

DNA
Transcription
5 ‘
Pre-mRNA” =——Exon Exon2 Exon3
Back splicing

b.Affectand skip splicin
alternative

splicing / \ Skip spllcmg

only

CaDExon1 Exon4 @O
Mature mRNA

EIciRNA

O

GapExon1

Mature mRNA &

Fig.3 The main functions of the circRNA

mature mRNA

Rib@n%
f d.Rollin

cricRN

Proteins .
translation

(a) miRNA sponge: circRNA binds miRNA to affect its biological function

and regulate miRNA target gene activity; (b) Regulating selective splicing or transcription; stable ¢iRNAs and EIciRNAs are
located in the nucleus, bind to RNAs and promote transcription; circRNAs compete with pre-mRNA splicing to reduce linear
mRNA and exclude specificity from pre-mRNA to change the composition of processed mRNA; (c¢) Interaction with RBPs;

circRNA binds RBPs and ribonucleoprotein complexes to prevent these factors from functioning and play a " storage"

(d) Rolling circle translation ;

function;

some in vitro circRNAs can be translated into proteins by means of a roll loop amplification

mechanism; (e) Generate pseudogenes: some circRNAs may be reverse transcribed into cDNA and integrated into the genome,

and integration is not yet clear

4 INIK RNA IR &

4.1 FFEWMEFRZE

CircRNA (AR &5 4 AT & A e vk, vl KT
AL, B0 v 4 F A2 W 2 O 1k E AT 0 26 2l Ak %
FE (1) HEBRAMITEE R KRR B R .57 K S %
i &1 U1 il 555 o i R 2 80 2% RNA AR B circRNA,
FEH cireRNA 457 5L 5 | 9 6] Bl R 5 647 52 2407

Ab T R LD R B E B cireRNAMS ST (2)
circRNA 7R ¥t A7 P 45 44 fﬁﬁﬂf@%ﬂﬁ(*L@L
JE K HEL M RNA 18, 5 [FJRE D % AR LG, R
Y circRNA JE51 5 /> , TE 55 22 B8k i v 1 1 7% 1 J
T R AT LA I Northern EIEME5E cireRNAMT
(3) 18 3 5 G A 24 A2 AR AL 40 L /K AF | 7 A
circRNA , {8 [ siRNA Bz X EZH R T4 circRNA
FIR KA circRNA REN 2
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4.2 SEENF

GG 5y FLEY)S AR L e il 3 A
Y5 BRI 4 A R e BB AR BE () civeRNA 4243t
THERR, CireRNA j# I [z [n] 8742 7 A4F T 5 48] RNA-
seq FEARTR: 0T X 43 B ) B 4257 o5 FAR B AR 45
FARRCRAAG , BIFSE 5 I 3 2 AT 1) 5 ek 0 572
HEAT T ARG . (1) Bk ZE R A1 B 7 FHEA AN
B, FE cireRNA EE P S A A ARG 517
FVBHRIEAT LR 5 (2) 3 S0 i AN TR 1 77371 L
PR, AR S IREAFFILHEL; (3) i it 24
BB, 2 cDNA P8I HREI cireRNA 4311
HHi W T cireRNA 43 F 8F 58 (19 5235 A Map-
Splice™!  CircSeq'"’ | CIRI"™' I CIRCexplorer' ' %5

Table 3 Free online database

CIRT S M AR LRI 75 TS A
FERIZ X 3 5 1Y civeRNA 17 HLiE TR RS TE T
FERELAZ A W) 09I P Bt . T cireRNA AN HAT
poly ()5 1, {55500 SE2 AT 6595 AL
ribo-zero kit 25 % rRNA, £ F{ RNase R 2% B& £k 1
RNA BRI DEREAT AT circRNA 1

5 IFPE RNA A EURE

BfiZ circRNA 9 fF 5% B >k B 72, circRNA A
TR MER AT AW e, o 1 3 R AT
circRNA WF 58 A SC WS A | AT Al ] — 26 6 2% 1) 7E 45
BRI, 08 N GenBank 1 Bl & 3 SC R IR EE
Y circRNA (Table 3)

Introduction

Allows users to search for functional
classes or procedures

Provides a wealth of information
about the genome position of
cirRNA-related diseases and several

circRNAs

Contains the most circulatory
annotations, especially the human

circRNA

With information on the matching of

Name New version URL

starBase v2. 01 July 2013 http ;. //starbase. sysu. edu. cn/

circBase! ™! ” December 2015 http ://www. circbase. org/

cire2 Traits " December 2013 http : // gyanxet-beta. com/ circdb

ne2Cancer"™’ http : //www. Bioinfo. Tsinghua. edu. cn/nc2Cance
CircNet 1 December 2015 http ://circnet. mbe. nctu. edu. tw/

deepBase v2. 01" November 2015 http ://biocenter. sysu. edu. cn/deepBase/
CircInteractome!™  December 2015 http : // circinteractome. nia. nih. gov

the circRNA with the associated
RNA binding protein

" With BLAST Web interface, comparable to the sequence of the circRNA; CircNet is the only database provided in the sample of the

circRNA expression

AT W &gl J2e 1 5€ G i 4 1Y, 4B
JEHRRA F O RYRFAE , I HL R e o AN ), A A5 A
b P i) R iz A REARIBCHE RS T 42 1h A9 1 8

6 INIK RNA 5%&5%

CDR1as J2 C 0 15 45 Fl o s Wges i | b 98
P R GEPR B TR IR AN 1L R 1Y) cireRNA 2
— [AFE, cireMBL 38 2% 5 Ho A B i 26 14 LI BF i
FLNTE g R PEFT M mRNA O EL), X se sy
T 5 CHE miRNA FIEE R K5 1 2 4 6 R | cireRNA
AT RELE NS A9 ke DR RNt J v R FE EE B
6.1 circRNA 7£:0 [ & & FHI1ER
6.1.1 BEHSPIE KA A EB MiR-223 &
—Fh N IEAETE S R, AT OSSO LR K, 0 1 32
AL U2 B AR AT AR O JIF IR K b, ARC (B
CARD Z5H 309 8 T30 A7) 4 8 miR-223 K it

FEARA S miR-223 MTRE" JEE R miRNA T4 5%
M miRNA 7.0 LR S KA T2 e i 38127
oML DGR Y cireRNA (HRCR) 7] DL B #2454 miR-
223 I AE A N TR P miR-223 ¥ 458 4 ] miR-223 ¥
P, PEMFEAR ARC B3RS . AL, i@ HRCR 34
T WUARIAC R O BERERALG Ty 3, IAh, B
AR OGO LA B 25 T R IR THERR

6.1.2 Fhmk#wAEm AL  Burd %Y &I, cANRIL
( circular antisense non-coding RNA in the INK4
locus) 3 1K % A INK4a/ARF ( inhibitor of CDK4/
alternative reading frame ) 7% A 45 , H 5 8l ks #
REAL XU ARG, IX Az e 5 35 VI i i A% IR 2
PRGN 284 A OCHK 73 BT 87, B 3 R 1A
INK4/ARF ( CDKN2a/b) B34 (4 57 9p21. 3, 53l ik it
FERE AL 19 S &Pk B AT 5 4% 4 TR 2 B 1k (single
nucleotide polymorphisms,SNPs) , #f— 5% B~ ,
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cANRIL J& 3L INK4/ARF W) ) UG 17 ol 3l
iR R 2 R 5 W ok Ml INK4/ARF 3R
k1O DN 52 0 2 Jik kG R R Ak 1 RS XU, R B
cANRIL VR BB AIf T S kR A B LA — € /1Y
RHRHE
6.1.3 whFRE WP T foxo3 B 4K
1) circ-Foxo3 , 78 &A1 £ 3 AR B O IIURE A v 1 3
Fik XS R AR R YA B RE,
circFoxo3 M= FRARE L Z A A G, iz
2 S, RIE cire-Foxo3 11422 35 Re 41 1 41 Jif 1% 78 A1
2 i J5) 30 L Cire-Foxo3 3 % 43 Aii 78 40 g i
T, SYOEEE P ID-1 MR N7 B2F1, ARALR
W F O FAK M HIF1a AH B AEH, 5% N T 1D-1
(inhibitor of DNA binding-1) ,E2F1 ( E2F transcription
factor 1), FAK ( focal adhension kinase) #1 HIFla
(hypoxia-inducible factor 1 a) {AEE A 20 Bl £ i} 4
KRIEPEZVER, FTLL circFoxo3 AEFH 11 i L6 [ 7 ik
N GAHLAZ DTG X Fh T 800, 5T R P
T cire-Foxo3 FIEER 2 [0 Y IEAISEHE ) it e
Jfa 5 r B 1 F0 EE T E A ID-1,E2F1  FAK 1 HIFla
FEBH IR BT DI RE , B/ A I A 1B B 4 i ik
170 M A LR B AH RIS
6.1.4 skt OIS (myocardial infarction,
MI) — B 2 BRIE T MIAR B 0 2 2 — 1
TECNUREAE & e F v SO LR I A B 0 JUL
MR AE T AL L Cdrlas B VE N miR-7 V643 1
IRE, AT LA ] miR-7 (3G #E2% ) miR-7 a / b
I 17T PARP FU/ O LR RO 12 45 O A
YL 7 SP1 ( specificity protein 1) I PARP ( poly
ADP-ribose polymerase) J& miR-7 #l K& [H | 7£ Bt S IR
J7 N EMMESE miR-7 a i AU T 720 L
FEAE & e 3t A bt R AR JR T AR T T R,
Cdrlas 1 FEAR miR-7 a M6 PEFI{EE miR-7 a #8
FEDH (40 PARP F1 SP1) 7E MI 543 ip 033k , iF9T &
B, Cdrlas / miR-7 a 760 UEESE 55 9.0 HILAH A
o B EAE ., Cdrlas 760 WLAHAE H 7E N
miR-7 a AL REA LB T cireRNA 5.0 JILEE
FEA &, i HLARME T ol O IIURE JEAH SC 40 45 1 T 7E
EPARINIER
6.2 circRNA 5# % R 5 K%

CircRNA fiz LRl 2H 2 ik B GA , FE i 3
s & AR AR AN, BA P2

I RE Y Ak AL S A B N & T X cireRNA
FIRACFBAR XL R, AZERIH cireRNA FRA7K
S TR I A 2R P RNAP ™) Rybak-wolf 45127
Al You 45 W58 T TRl KN cireRNA &1, 2
INTERZIE T, 280 cireRNA 5 AH L (46 RNA
MERUAH LRIk b9 8 i 2R G 4 E AT A i 2 4 4L
circRNA , & BUR I BT R cireRNA 197 51 il 38
BT [ b 2 18] BAT v BE AR ST

Lin 417" 58 o g 7 4 8 #2552 A
(oxygen-glucose deprivation/reoxygenation, OGD/R)
1 HT22 A0MIBEAY | % B mmu-circRNA-015947 132
K TIEH M, %W cireRNA KR35 405 OGD/R
WRMZ A, REN B, miR-7 EREE
VA a- S A EE FAZ R R A BRI,
X 55 B R PR T RS T RN A AR I R AR A G
Lukiw' ™ &I 758 & BB IR 2 15 21955 ( Alzheimer’ s
disease , AD) [ &5 CAl X35, 77 7F miRNA-circRNA
ZY Y4V, 24 CDRlas ( CiRS-7) 2 ik B al % bt
miR-7 WRESIIHFI T, miR-7 A Fk St BT
LT RGP R H R A £
VA TS M0 ARl 28 2R GG TR 5 D BE , XAk ZH 4L
R, LS A P R R R AR R
FBRAZE ST, B S N TR R B Z ARG
RAEAE A0 M K b, @ it B TDP43 (43 kD
transactivation response DNA-binding protein ) Tfij 1] il
HAME ) I, B GiRNA 25 T %01 B
W ZRAEA G &gt 72, CireRNA 7E#1 28 22 40P AL
il 1 ANV AE {H cireRNA 7R 28 R G500 oA
BB,
6.3 circRNA 7EHEFR & HI1EF

CDRlas( ciRS-7) 7EMEIRIF AL 7 i f i B
BAEHT, ey B AN RESZ 0 IR B 3R 4300 4 ) B
FERSAS IR (JBR 8 AP0 , 2l s T, T 51 &
WEPRIR 7Y BESE & B, miR-7 REME GBS B 40
JRLsE , HAEE S B e b pd Rk it B 40
2O EIIRE - BURR S R - A T, T R
PR o 38, miR-7 i i B R A 2R AR S %
MRS B 40May 18 , 1 CDRlas( CiRS-7) fE M 30 il
miR-7 TIRE, TR & B i 4%, KRB miR-7
FTRESZ A BN B 200 B A BRI, ) g 2 4 PR s 1) 7
TEVRITREA
6.4 circRNA 7ZEREEHRHIER
6.4.1 F& L % 101 B S E K E
AL 555 418U cireRNA, LK 36 il ift 2% i A
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f) circRNA 43 5E , % B Hsa-circ-002059 1£ & J#
R I P I KO F R J5 IR JAH H A 2
St [R5 86 20 211 Has-cire-002059 7K - g E 1% T
R AR, i — 20 R T KOS B
Ji g B B I 35 AH 5%, 16 B Hsa-cire-002059 v 4E -k H
T2 Wi A bR S

6.4.2 i Li %@t 684 & ik 40 i
b R E R A R 55 412 cin-ITCH 22 57 380 it

RIL, cir-ITCH 768 8 W IR 41 A s £ 4 i 4 U0 %
S2sy T 1 B 0 S O i R P =1 o 1]
cir-ITCH i i & 4% miR-7 ,miR-17 1 miR-214 4
T2 B AE S 5 ITCH B9 K3k, NTITFE Wnt 38 %
RHEIHRIVERT 0B cir-ITCH 75 £ %5 R 240 i 98 &
e R R AR E AR,

6.4.3 JFE  Xu %7 LB, CDRlas 78 I 95 41 21
PR A RS R I R A8 ( microvascular
invasion, MVI) &A% VA X, miR-7 78 40 g
v, W5 RS R PIK3CD F1 p70S6K FEikfiE )7, i
aob BB AL i > BG n R AE R AL (MVT) B AR S

Table 4 Some known diseases-related CircRNAs

R AN 5 S S, 5 W I TS LT 24
FEAR L Y CDRlas 2k 635 W), 8 4 W B miR-7 >k
PSP 5B CDRlas A1 S JIF 64 801 45 4240
A IRR Y, IR AE SRy — T 0 0 AT B A (R
JRRIAR YT AT

6.4.4 THE (EEIUFEALUT CDRlas BRIE S
TS, T miR-7 78 B U8 4L 2 (1 6 151K
FHASFA L, e HUEANME Hela 1 C33 A 4l A
133K CDRlas J& , 3@ 0] miR-7 B3GR B8 w5 4
Morh miR-7 B98I [ FAK 19 33K, 2 & B3 1y
(focal adhesion kinase , FAK) RERZAE i7F & 2505 40 i 1)
B AR 28 KA B, 0 R O B e, X R B
CDRlas Al miR-7 DA M % %5 BE I Wl (focal adhesion
kinase , FAK) Z 8] ) A B /E H 5 8 S0 19 ¢ R %
DI EEXE CIRS-T AT M 45 1 4y F L RIA YT, A
SRR B A2 RGOS Ak A, IRARSE
circRNA RE @b T fi HOps BRAIL I , 2R3 AH R
(TREH ST, T 2R B M OE Y cireRNA
faj B2 gk o N A S % i (Table 4) .

Diseases CircRNA Signal path Features

Heart falllure/ HRCR miR-223, ARC Combined with miR-223 reduced ARC expression

Pathological hypertrophy

Atherosclerosis cANRIL INK4/ARF Expression of INK4 /AR ‘was inhibited by
specific multi comb comb family complexes
Preve scription factors ID1, E2F1, FAK

Heart aging cire-Foxo3 D1, E2F1, FAK, HIFla . cnt transeription factors TDL, ’ and
HIF1a play a role

Myocardial infarction CDRlas miR-7, SP1, PARP Reduce. miR-7 a activity and promote SPL, PARP
expression

Alzheimer” s disease CDRlas miR-7, a-synuclein The expression of a-synuclelfl and ubiquitin protein
ligase A was regulated by miR-7

Diabetes CDRlas miR-7 . Islet beta cells Inhibit r.mR-7. function, stimulate pancreatic beta
cell proliferation

Liver cancer CDRlas miR-7, PIK3CD, p70S6K Inhibition of m1R-7' activity, decreased PIK3CD
and p70S6K expression

Cervical cancer CDRlas miR7 . FAK Inhibition of miR-7 activity enhances FAK

Hsa-circ-002059

Stomach cancer

cir-ITCH

Esophageal cancer

miR-7, miR-17, miR-214

expression
Regulatory effect

As miR-7, miR-17, miR-214 molecular sponge
enhances ITCH expression

7 BRI RBZABZHEIFIK RNA

F# circRNA TRENFIY A9 A 8 | Mok il 2
FIRIEFE N DI XS cireRNA 735 248K, 3% HE 51 2435 45 A
GRS RIE M A circRNA {5 B (Table 5) , £ 45 24 FK |

TIRE 55 E A SRR AR S IR 5
ZEMH,

RZ circRNA W 7E D RE IEFE B o8 i, A
T cireRNA FFHSCINBE , A BEZE— 20 U424t H:
fbFEEIIRE
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Table 5 Some diseases-related circRNAs

Serial

Name

number

Features

Signal path

Sample

10

11

13

14

15

16

17

Heart-related
(HRCR) '

CircRNA_100290!""

CircZKSCAN1 [#]

Hsa_circ_
0005105

CircCCDC66

Hsa_circ_

0000190

CircHIATI B

Circ- Foxo3!®

CircRNA_000203%!

Circ100284 %!

Hsa_circ_

0000069

Hsa_circ_

00546335

Has_circ_

0067934

CDRlas[™

cZNF292!°!

CircRarl 1

CircTCF25!

circRNA As an endogenous miR-223 sponge to inhibit

cardiac hypertrophy and heart failure

As a competitive endogenous RNA that regulates
CDK6 expression through a member of the
spongiform miR-29b family

And ZKSCANImRNA in

inhibition of HCC growth, migration and invasion

close cooperation,

The degradation of extracellular matrix ( ECM)
was promoted by modulating the expression of
miR-26 a target NAMPT

By modulating the oncogene subtype, knockout
circCCDCO66 inhibited tumor growth and cancer
invasion in xenotransplantation and in situ mouse
models, respectively

A new noninvasive biomarker for the diagnosis of
gastric cancer

As a metastatic inhibitor of inhibition of AR-
enhanced ¢ccRCC cell migration and invasion

Promote heart senescence by regulating a variety
of factors associated with stress and aging
reactions

Enhance the expression of fibrosis related genes

Accelerate cell cycle and lead to malignant
transformation

Upregulate and promote cell proliferation,

migration and invasion

For the early stage of diabetes and T2DM to
provide a certain diagnostic ability

Uptake esophageal squamous cell carcinoma,
promote proliferation

Can regulate the activity of miRNAs, mRNA and
RBP, play a specific biological role

As a risk factor for hepatic microvascular
infiltration in hepatocellular carcinoma

Inhibit angiogenesis by inhibiting glioma cell
proliferation and cell cycle progression

The expression of caspase8 and p38 was up-
regulated by mRNA and protein levels by
regulating microRNA miR-671
LncRpa neuronal apoptosis

by promoting

and miR-107,

increase CDK6 expression, promote in vitro and

Downregulate miR-103 a-3p

in vitro proliferation and migration

MiR-223

MiR-29

ZKSCANImRNA

MiR-26 a

Cell

immigration; invasion;

proliferation

do not depend on the
growth of anchorage

MiR-195-5p/29 a-3p/
29¢-3

ID-1, E2F1,
and HIFla

FAK

’

MiR-26b-5p, Colla2
and CTGF

MiR-217; EZH2;
cyclin Dland CDK4

miR-7

Wnt/3-catenin

MiR-671

MiR-103 a-3p, MiR-
107

Mouse cardiomyocytes

Human oral squamous
cell carcinoma

(0SCC) .

Human hepatocellular

carcinoma ( HCC)

Osteoarthritis (OA)

Colorectal cancer

(CRC)

Gastric cancer tissue

AR Enhanced c¢cRCC
cells

Elderly patients and
heart samples of mice

Mouse cardiac
fibroblasts

HaCaT cells
Colorectal cancer
(CRC)

Type 2 diabetes
mellitus (T2DM)
patients

Esophageal squamous
cell carcinoma

(ESCC)

HCC and matched non-
tumor tissue

Hepatocellular
carcinoma

Human glial tumor tube

Lead-induced
neurotoxicity in mouse
models

Bladder Cancer
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Continued Table 5

Serial
Name Features

number

Signal path Sample

Hsa_circRNA_

18 103636

new class of MDD biomarkers

19  Hsa_circ_001569"%

20  CircHIPK3*!

Hsa_circ_

2 00016491

HCC

invasion of colorectal cancer (CRC)

Is reproducible and readily detectable in clinical
blood samples and may have the potential as a

As a positive regulator of cell proliferation and

Binds to miR-124 and inhibits miR-124 activity

As a new potential biomarker of HCC, may play
a role in the carcinogenesis and metastasis of

Severe depression

(MDD)
. Colorectal cancer
MiR-145 (CRC)
MiR-124 Normal and cancerous

tissue

Human hepatocellular
carcinoma ( HCC)

8 HMBE5REE

CircRNA HA )M fRSF M SR Pk DL

S8 PR R (AR AR DR 0 T A MR T YA o
Y ERABE R, IF LA v 50 Ry o)A
PG B2 BRI B &, TR B EAEAR KL
B ARG, DL BE cireRNA T i R
QR DRI JRRAE /O ML R 28 RGP b 1
B R TR ifﬂﬁﬁ%ﬁ?ﬁuﬂ%ﬂ{nfﬁlﬂmo
circRNA FYIIRE A 58 IR A, #H % circRNA {55 B
%‘&T}El?pﬁiﬁtg%ﬂiﬁgimfx@%ﬁk}%ﬁﬁﬁﬁ
circRNA $2 41t 11y fir R B9 4, (B 2 A 2 M8
JPEIAS I8 H, A RE A BUR BT B 4TI Y cireRNA {5
B M IE 8 4 1 1 3547 cireRNA 890558, BT
circRNA A4 M ARG —, B2 AV~ DIREA FF
HE— 2G5, S 5B A S A TE LA s A T 0
XYL cireRNA FYBIF 5838 A AH YK Y %22 5k, (H B
FEWFFR NG BIAIRSS S, MG A AR KK, circRNA
(R Ll LT H 231848 S A G AT, SO A T
BRI B, ik cireRNA BYAF R AE 1S
BRI,
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