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Abstract: Circular RNAs (circRNAs) are recently discovered endogenous non—coding RNAs whose head 3’

and tail 5’ ends covalently bond together to result in a circular form. They have been shown to inhibit the

function of microRNAs (miRNAs) as miRNA sponges in several diseases, particularly in inflammation, neuro—

logical diseases, cancer and atherosclerosis. Emerging evidences show that circRNAs play important roles in

the pathogenesis of human diseases and even can act as a biomarker for early diagnosis of certain diseases.

Herein, the biosynthesis, molecular characteristics and function of circRNAs were summarized, and the latest

progress of circRNAs in the context of neurological diseases was highlighted.
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NA), X FHAR RNA 15, b8 TR
PHEZSECT PR RNA (TE R, fan, o 5ok e
LA SRY (sex region of Y chromosome)TE 1E & I
DU T B SRY 2 o {HJ2, RNA AR P
BTN T T HE SR AR R RNA R, AT 52
AR B ZBAT, circRNA FIRTE L5460 LR
HAZ RSN WG 07K A, 5 H AL ZEPE RNA A
FLEE A B INARE o cireRNA [ F 2T REZ — 2 AE
9 miRNA “J3F G487, B miRNA, M 440
miRNA [R3E S, R, cireRNA 7EFER IR 5%
SR A Aot AR ke 4 EE A S0 (fine —tuning)”
EH . B Z BT IR, cireRNA 7EME IE
JHE BRI A LK ol 28 22 B0 S N 2R 90
iR PR AR AR IR, B e
SR EYE BRI T2 W, cir-
cRNA TERII 28 R 48 P I D) RE 52 31 MOk 8 22 1 ¢
T circRNA TEMZ R G B s 48, HERIAI &
JEORSFIE e S AEREME, B cireRNA AR pfi 2
RGPz SR T E R . X
B RATE ST cireRNA B9 7= A AL LA K A= 2
T REMSET B IA, SRJS A FH A4 cireRNA FEMIZE
RGP T

1 circRNA B7= £ H &I AN &

HHl, 2% circRNA B 7= A HL E 24 3 Ff
AL ERIKS AL (lariat—driven circular—
ization) . N 75 - Iic XJ 4K 5J) 1) 214k (intron —pairing -
driven circularization) A & RBP B X 3K 5l 1 35 fk
(RBP—pairing—driven circularization)™- '3, 551 PR
BRI HIA RNA e B il 7 RNA R4 T
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Fig.1 Lariat—driven circularization™"
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F—NEFIFAIR RNA (exon—intron circRNA, Elci-
RNA), {HH % A= AL 1 A B, — U583,
N PR A7 25 9 I 1) AN 52 7 91 (reverse
complementary repeat, RCR)Z 55 LRI, 75
HEAE IR FE . RCR JP41 87 A 5T 08 56 7 41 1)
BEPLESZ . —Fh RNA Ji S0 il —— 0 1 0 2 1 1
(adenosine deaminase that acts on RNA, ADAR1),
AL RCR AVEF, @Bk ADARL F] i 25 3 i
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Fig.2 Intron-pairing-driven circularization'
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Fig.3 RBP-pairing—driven circularization™
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circRNA B4 5" iiE 45 ¥ F1 3" 35 poly(A) &,
[N UL REHR P R AU i () 7K i o 5 FLMh RNA AH
FE, circRNA HUMMERE, PRI RZ/E mRNA 1 5
fE0sl, (RS, IEEH T 5 imiE 25 # F 3' % poly(A)
FEZEFIIAFAE, mRNA RE S M AN AZ H ke kA 5
YA, M = X SEZE A Y cireRNA &I 3 A
207 AR R ? T cireRNA 1Y HAZAL
A — S W e, Fora AHEN cireRNA /2
TE 20 AL 53 Z4 0 I A A 5 1, (R AE R4 24
FIAZETTH cireRNA AT RLE A4 HE R, e T
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H i 1 cireRNA 5385 7347 LLF JLF.
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2 T2 ) FRE fise FEL VK BELVAT R 4329 cireRNA L B 42
RNA 5k ) BE IR ), TE8E M fE b, HA
circRNA A DL 5 BERESE 1K o BERCHEN 5, FEHIA Y
EFT, 2k RNA iF 88, — B b 5 2P RNA
VPIERS HBEIE, A R AT T SCHR A cire—
RNA 4385 H k22 S5 45, i@ o] AR poly(T)
BE T R R Z AT 7, B 5 A poly(A) 8 M4tk
mRNA 5%&4H poly(A)%  circRNA 43 B2,

FasE Rk AN BT cireRNA 7] LU 3o 25 1

W ARG . cireRNA 1T DL & BCrE 51 90 (di-
vergent primer) 2K 14 (K] 4, LHMES I YIAGEY™
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Fig.4 Divergent primers used for quantitation of circ—
RNA®

BEAh, — e LR P T cireRNA (945
HA . Glazar FPE KT circBase BH& )% (http://
www.circhase.org/), X M FERE T HATC 44
BRI FTA citcRNA, Ghosal & T Circ2Trait
TEZR T H (http:/gyanxetbeta.com/ciredb/), T LA F5i il
circRNA 5 miRNA .circRNA 5 25 [ i % (1) 4 .
VM4 . Flt, Dudekula VA% T Circlnter—
actome %X #& FE (http://circinteractome.nia.nih.gov/),
B AT TN miRNA Fl cire RNA FAH A

2 circRNA BIEMZIhEE

2.1 circRNA £ miRNA“S Fi54”

HMR T cireRNA (9 E 2N RESAE WHRHE mi-
RNA B“7r 745", #0H) miRNA F)7E £, AT
58 miRNA R AR EE Y2 IRP #, 3X 2K cireRNA
ERAAAET MM B0, ¢iRS-7 &AL 70
A miR-7 MZSE AL, AR miR-7 B9 4> 11
2B miR—~7, AATAHIBG] miR-7 BTG AEY ciRS-
7 BERS R 1Y B/ NI AZPERE SCE 1 (cerebellar
degeneration—related protein 1, CDR1)J#E 559,
N HRZ J CDRlas (antisense to the cerebellar de—
generation —related protein 1 transcript)s c¢iRS -7/
CDRlas 5 miR-7 Y45 G miR-7 AYHERL N 0K
AR LA FERE IR i %55 CDR1as 255
B g/, 5 miR=7 BTG E RIS,
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5 SRY HEFRFEZFIKHE circRNA Sry A 16 1> miR-
138 45407 55, Wl miR-138 AYZEIRFEAE™, 55—
5T W, ZNF 3L H 1) circRNA ZNF91 £ 24
A~ miR-23 54N E AT 7 A miR-199 Z5A07 51,
WAk, cir-ITCH W71 588 E3 12 28 7% H: [ 1) 41
B, ATVE R miR—7 .miR—17 Fl miR-214 f4
Oy,
2.2 circRNA 5ZE80FRHEEES

circRNA MY HES RNA 454, e 5& %
(R RBP)AE G AWFFEHGE circRNA BEZ S
AGO FE 1 (Argonaute) L1 & RNA JE A M 1T AH 125
HUS3 ) MBL RN FEK R MBL # [1 7T LIAE N RBP
S5 45 1E MBL BIRTK RNA 1, 2 fif Ho3R LT AR
circMBL, #1Iifi] RNA 9% M H. cireMBL X fgE
MBL & [1454, il MBL 8 1R 6 2 5, —uk
circRNA (ﬁl] ci—ankrd52 .ci-mem35 Fl ci—sirt7)72<'§
RNA A A ZEMBLaR, IR 5 75 32 5L
LIRS N, ci—anked52 W] LLIFETS F 2L A
HRBA SR, 725 RNA RAEH 1 /Y 4E
fifr, EERE DR (% S, —2E EIciRNA (140 cire—
EIF3J il circPAIP2) 7] L5 Ul snRNA A HA4E
PR FEEE S AR, cireRNA 18 7] LY mRNA 1
Fasett. W94, CDR1as REMISFEE CDR1 1Y
mRNA {E#F 5 [l RIE, circRasGEF1B A i
i€ ICAM~-1 ) mRNA, 1F [@ 375 ICAM-1 %
[ ZRIB,
2.3 circRNA HYE0EThER

HAL b, 4R ZHH cireRNA SRV T 4mis &
BT R LR R 41, i HLE o P A . 84X
B circRNA JE B BB A BRI DIREVE? Wang S5
A 3 i PR 4 i ) VIR 52, S IR AR A
A=t (internal ribosome entry site, IRES)EI’J circRNA
REE B A 2K, il — W W woR, A
IRES 504 28 S BIES5H (5 THAS H AT 3" poly(A) 8
Z5H)HY cireRNA W AFTE RIIFE DI REDS, A WHoE 4l
1B, —EhN g T cirecRNA S B IR 1, (H 2
FHEHWFSE 7R, circRNA A2 16 %5 5 1R 7T fig &
POt mRNA 4 SEAS (1 BH R, FLAS B IF N RES
S 5, BN “mRNA FEBFmRNA trap)”®, T,
Yang P RHGE T circRNA f77E N°-H L AR
AL (N°~methyladenosine, 6mA or m°A), Jf H.i%
BimRESE P circRNA B, B4%E%, Sebastian
Kadener B A A ) FH S mi A% 700 358 1) 422 A K
S UIAN/is (ribosome footprinting)?'yffﬂ? Ko EA B

IHEEMY circRNAMY, 1T Irene Bozzoni F BN 3E 11 1%
PREEAF/N BRI IEST cire—ZNF609 7 B 122 B 1%
E A, I HaxE S U & AR A e,
DL IE 25 BN IR RNA B D REDF o8 3244 T4
WA AR

3 circRNA S 5#HZ RS ERFHIEE

A AS EH R R D e 45 2R o, G Y
circRNA Fr i sy, 1 AR K B fEr, cire-
RNA TER 8L A7 BB (23514 4, cire—
RNA TEMZIE R A28 DL 58 fub vl S P ik 752
HH R ek, WE7R T cireRNA 7E R ZE R G0
AEZAE I, 1SS T S E RGO K
Y circRNA .

M 4 % % (Parkinson’s disease, PD)42 H1 K
RFTEUE TR 2 CRE R 2 TR T AR 5 | Y
M RGN o FERIKF M2 B2 K A
IR F SIS BF 5T SR S, a— 58 fi A% 26 11 (a—synu—
clein, a=Syn)J& PD A& tL il i F Y S B o014 1,
a—Syn (W3 FEFR R 235 | 2 EUGRE M 2T g
Pt S IR A R WoR, miR-7 REFEAIK a—Syn
(1) mRNA 7K, i FL, #d CDR las A4 iimiR-
7GR, B miR-7 SRR R KA. I,
CDR1as #l miR-7 1R ATREFE PD A J AL B4 I
U Eh E SR JiUE (I

T — T S B 28 R GRS —— AT R A iR
K (Alzheimer’s disease, AD)+&H B—TEMHEEE 14
JER B . X —iI i 5 miRNA ¢, 434G
let =7i.miR —451 .miR =338 .miR -210 .miR -181c,
miR-146b .miR-15 il miR-9 &5, 17 K E %
21 A (ubiquitin protein ligase A, UBE2A)J&EmiR -
7 B — AR, TE B-TEM R 1 A BR A
EEIEHHEEMMEM . Lukiv E5% B, 5IEHFH
ZUMI L, AD BFE DX ciRS-7 B3 T, M
FECmiR=7 KPHE, 1R A miR-7 AT DL
B-TEMFERE TR R, W ATE i tau 25171 19 = 0
WAk, ) FEORE . I — T 7R, miR-138
A RARA (retinoic acid receptor alpha)/GSK-38
(glycogen synthase kinase—3B8)il B4 U tau FOBERR
&, T E AD /)N BUBERL R miR-138 21k LA™,
I, circRNA Sry #l miR-138 7E AD Hit HAKJE 45
PLHEHER R AT IR AR B

MBL AT U HE cireMBL F)AEH) A BE, T cire—
MBL 3 AT DI MBL 8 145, 5 MBL AL
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455, NJE MBL Y ELA [F]J54) MBNL 3 1 7E 558
HMHNLE FE N R (myotonic dystrophy, DM)H 2 &
HEAEM . 5 DM A CEUR SR ILE, CUG Al
CCUG HE Jy 5| 2 ML M Sh 4514, MBNL
P A) 5 X S PR 4 5 DTS 20 S A Y B 1R BY
F, Tk SEAE R BT A SR A BP0 2 1 B )
5 DM Iifi AR AR 565559, (R, cireMBL AR AT fig
i#f MBL/MBNL 2 7€ DM 19 E0i HL 3 it &
RHERIER] -

T3 b, BF5E K BUAE B AR i (major de—
pressive disorder, MDD) & 19 70 J&] I 52~ 4% 21 il
HRLLE cireRNA 13RIE 517 5 (RS BEAR I,
MDD & % #h JA 1 B A% 40 B Y hsa_cireR-
NA_103636 ik T, (HIEHTIARIAYT 8 filJa,
MDD i H hsa_circRNA_103636 ik 4 i #1
Mo FIRZERARIR, hsa_cireRNA_103636 1R 7 fiE
J& MDD ZWiAG 7 A

circRNA AU H %S 54 R0,
W AT DA o HoA R A s e i 22 R D RE, TR
Z W CIESE, circRNA 25 Z 80 g i & 4B &
Ji&, AL A AL R GE R 5 S AR
SR P IR S . ciRS-T AR K 3k,
TEPf 28 BE A R R TE 20 AR h 2kl FE/)N
SR ZE B AR ORE AR DL S R B AL v, miR—
7 R AR ) 10048 A= N g H A o,
I, ciRS-7 IR RES: 55 28 28 e M g 1
BLiil. Fu 55058 R B, miR-138 AEiE o #E 3 K
RUNX3 (Runt-related transcription factor 3)J 15 T
A R B A Y B )BT, T cireRNA Sry CIEi!!

®1 HERS

il miR-138 3G M. EAF, Has—circRNA 2149 H
HTE CD19 FHE bk B 40 ff Hh 223K, 78 CD34 [H
P B4 U0 EEL 200 L DA R AP 20 i A AN Rk, 2R
& BRI A, cireRNA R AT BE 5 4 22 RS
RIEPELIRAH R o

SEBR b, circRNA 754 28 22 Ge 5 0 B RS 1 AR
A RFE IR IR R A o circRNA Flpf
28 R GEPIN M G Z B s AL F S A2
L5 B4 SEL D A B

BESRE

JE4HS RNA (£24% miRNA . IncRNA Pl K cire—
RNA %) K SRk, B4R R NI
B A2 Wi i #8517, AEZRAS RNA 8525 T
R, FTLME & ZFHE R R & A o T cire—
RNA Jh— T A PR AR 43485 4 el JHL Bl oy A1 1 2k
R FFricd, AR5 5 55 FoAb 4 i oy 1Y) 43+
[X43o circRNA B I #0 [a) 16y 7 3248 T 48 1)
A o cireRNA VERBRIZWT T H, HA LR ILA
Rp S e e 1) PRI ORNT I 2) 25K e 1
3) FRH M 4) HERE R VR FL AT
W BIBFSE 45K, circRNA [OZ5 89 Fn I BEATY SR 4 1R
ZA @ ) BHEAFFST, B 520 cireRNA 3
I R AR B AE N ) A B RS AR T
circRNA FINEE; TEMAH L circRNA RIAHY
SIS PE RN 20 M 2 07 B A 0 T RE A4

circRNA TR (1) 2546 AN D) BB A HL B A R 78 92
AL G2 WG T BV TR A DA X 2 il
FFE cireRNA 4RI HE 5248 S0 BS99, 7T LA

4
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Table 1 Summary of circRNAs in human neurological diseases

Diseases circRNA Target Mechanisms
PD ciRS-7 miR-7 miR-7 promotes the degradation of a—synuclein mRNA
levels and reduces a—synuclein expression®!.
AD ciRS-7 miR-7 ciRS-7 is significantly reduced in AD patients and miR-7
may down-regulate AD relevant targets™.
circRNA Sry miR-138  miR-138 promotes tau phosphorylation by targeting
the RARA/GSK-38 pathway™".
DM circMBL MBNL MBNL proteins lead to sequestration of the stem—loop structures
in nuclear foci and results in mis—splicing of various transcripts® .
MDD hsa_circRNA_103636 ~ Unknown  The expression of hsa_circRNA_103636 in peripheral blood
mononuclear cells (PBMCs) of MDD patients is significantly decreased®".
Nervous malignant tumour  ciRS-7 miR-7 miR -7 can strongly reduce angiogenesis and tumour proliferation in
murine glioblastoma xenografts or neuroblastoma tumour model® .
Nervous inflammatory circRNA Sry miR-138  miR-138 can balance the ratio of Th1/Th2 via targeting RTF3!l,
diseases hsa—circRNA 2149 Unknown  hsa—circRNA 2149 has been detected in CD19+ leukocytes but

not CD34+ leukocytes, neutrophils or HEK293 cells'®l,




%

6

VPR IR RNA 5 A REH

501

RS W S B O 58 A FRIC o cireRNA fY
miRNA 7> T4 " D REWAT W] REAE A B DR G 4 AT
FLRRHEE AR . T cireRNA 7ERI 2 R G085
WAL IE REUR S . B A5 B4 DL &
ER Y F AR R R, #57R circRNA FEMIZE R
GEy5hi i A R AR T FRAE D RE, B R FRATTEE N A
T cireRNA (1l PRIGYT A2 Wk s S A 19 32
FeAndsgh .

52 3L ik (References):

(1]

(2]

(3]

[4]

(5]

[6]

(7]

8]

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Sanger H L, Klotz G, Riesner D, et al. Viroids are single—strand—
ed covalently closed circular RNA molecules existing as highly
base—paired rod-like structures[J]. Proceedings of the National
Academy of Sciences USA, 1976, 73(11): 3852-3856.

Hsu M T, Coca—Prados M. Electron microscopic evidence for
the circular form of RNA in the cytoplasm of eukaryotic cells[]].
Nature, 1979, 280(5720): 339-340.

Floris G, Zhang L, Follesa P, et al. Regulatory role of circular
RNAs and neurological disorders[J]. Molecular Neurobiology,
2017, 54(7): 5156-5165.

Salzman J, Gawad C, Wang P L, et al. Circular RNAs are the
predominant transcript isoform from hundreds of human genes
in diverse cell types[J]. PLoS One, 2012, 7(2): €30733.

Jeck W R, Sharpless N E. Detecting and characterizing circu—
lar RNAs[J]. Nature Biotechnology, 2014, 32(5): 453-461.
Hang Q, Isaji T, Hou S, et al. A key regulator of cell adhesion:
identification and characterization of important N—glycosylation
sites on integrin alpha$ for cell migration[J]. Molecular and Cel-
lular Biology, 2017, 37(9): ¢00558-16.

Capel B, Swain A, Nicolis S, et al. Circular transcripts of the
testis—determining gene Sry in adult mouse testis[J]. Cell, 1993,
73(5): 1019-1030.

Hansen T B, Jensen T I, Clausen B H, et al. Natural RNA cir—
cles function as efficient microRNA sponges|J]. Nature, 2013,
495(7441): 384-388.

Barrett S P, Salzman J. Circular RNAs: analysis, expression and
potential functions[J]. Development, 2016, 143(11): 1838-1847.
Lasda E, Parker R. Circular RNAs: diversity of form and func—
tion[J]. RNA, 2014, 20(12): 1829-1842.

Li TR, JiaY J, Wang Q, et al. Circular RNA: a new star in
neurological diseases[J]. The International Journal of Neuro-
science, 2017, 127(8): 726-734.

Kumar L, Shamsuzzama, Haque R, et al. Circular RNAs: the
emerging class of non—coding RNAs and their potential role in
human neurodegenerative diseases[J]. Molecular Neurobiology,
2017, 54(9): 7224-7234.

Zhang X O, Wang H B, Zhang Y, et al. Complementary sequence—
mediated exon circularization|]]. Cell, 2014, 159(1): 134-147.
Ivanov A, Memczak S, Wyler E, et al. Analysis of intron se—
quences reveals hallmarks of circular RNA biogenesis in ani—
mals[J]. Cell Reports, 2015, 10(2): 170-177.

Jeck W R, Sorrentino J A, Wang K, et al. Circular RNAs are
abundant, conserved, and associated with ALU repeats|[J]. RNA,
2013, 19(2): 141-157.

Aktas T, Avsar Ilik I, Maticzka D, et al. DHX9 suppresses

RNA processing defects originating from the Alu invasion of

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

[33]

[34]

[35]

the human genome[J]. Nature, 2017, 544(7648): 115-119.
Bonizzato A, Gaffo E, Te Kronnie G, et al. CircRNAs in hema—
topoiesis and hematological malignancies|J]. Blood Cancer Jour—
nal, 2016, 6(10): e483.

Starke S, Jost I, Rossbach O, et al. Exon circularization requires
canonical splice signals[J]. Cell Reports, 2015, 10(1): 103-111.
Van Rossum D, Verheijen B M, Pasterkamp R J. Circular RNAs:
novel regulators of neuronal development[J]. Frontiers in Molec—
ular Neuroscience, 2016, 9: 74.

Suzuki H, Zuo Y, Wang J, et al. Characterization of RNase R—
digested cellular RNA source that consists of lariat and circu—
lar RNAs from pre—-mRNA splicing[J]. Nucleic Acids Research,
2006, 34(8): e63.

Hansen T B, Wiklund E D, Bramsen ] B, et al. miRNA-depen—
dent gene silencing involving Ago2-mediated cleavage of a cir—
cular antisense RNA[J]. The EMBO Journal, 2011, 3021): 4414—
4422.

Schindler C W, Krolewski J J, Rush M G. Selective trapping
of circular double—stranded DNA molecules in solidifying aga—
rose[]]. Plasmid, 1982, 7(3): 263-270.

Yang L, Duff M O, Graveley B R, ei al. Genomewide characteri—
zation of non—polyadenylated RNAs[J]. Genome Biology, 2011,
12(2): R16.

Panda A C, Gorospe M. Detection and analysis of circular
RNAs by RT-PCR[J]. Bio—protocol, 2018, 8(6), DOI: 10.21769/
BioProtoc.2775.

Glazar P, Papavasileiou P, Rajewsky N. circBase: a database
for circular RNAs[J]. RNA, 2014, 20(11): 1666-1670.

Ghosal S, Das S, Sen R, et al. Circ2Traits: a comprehensive
database for circular RNA potentially associated with disease
and traits[J]. Frontiers in Genetics, 2013, 4: 283.

Dudekula D B, Panda A C, Grammatikakis I, et al. Circlnter—
actome: a web tool for exploring circular RNAs and their in—
teracting proteins and microRNAg[J]. RNA Biology, 2016, 13(1):
34-42.

Yang Y, Fan X, Mao M, et al. Extensive translation of circular
RNAs driven by N°~methyladenosine[J]. Cell Research, 2017,
27: 626-641.

Palla M, Cristani C, Giovannetti M, et al. Identification and
characterization of lactic acid bacteria and yeasts of PDO Tus—
can bread sourdough by culture dependent and independent
methods|J]. International Journal of Food Microbiology, 2017,
250: 19-26.

Memczak S, Jens M, Elefsinioti A, et al. Circular RNAs are a
large class of animal RNAs with regulatory potency[J]. Nature,
2013, 495(7441): 333-338.

Guo J U, Agarwal V, Guo H, et al. Expanded identification
and characterization of mammalian circular RNAs[J]. Genome
Biology, 2014, 15: 409.

Li F, Zhang L, Li W, et al. Circular RNA ITCH has inhibitory
effect on ESCC by suppressing the Wnt/beta—catenin pathway[J].
Oncotarget, 2015, 6(8): 6001-6013.

Ashwal-Fluss R, Meyer M, Pamudurti N R, ez al. circRNA bio—
genesis competes with pre—mRNA splicing[J]. Molecular Cell,
2014, 56(1): 55-66.

Zhang Y, Zhang X O, Chen T, et al. Circular intronic long
noncoding RNAs[J]. Molecular Cell, 2013, 51(6): 792-806.

Li Z, Huang C, Bao C, et al. Exon—intron circular RNAs regu—
late transcription in the nucleus[J]. Nature Structural & Molec—

ular Biology, 2015, 22(3): 256-264.



502 Lo A 2018 4F

[36] Ng W L, Marinov G K, Liau E S, et al. Inducible RasGEF1B Letters, 2015, 589(6): 726-729.
circular RNA is a positive regulator of ICAM-1 in the TLR4/ [55] Mooers B H, Logue J S, Berglund J A. The structural basis of
LPS pathway[J]. RNA Biology, 2016, 13(9): 861-871. myotonic dystrophy from the crystal structure of CUG repeats|J].

[37] Wang Y, Wang Z. Efficient backsplicing produces translatable Proceedings of the National Academy of Sciences USA, 2005,
circular mRNAs[J]. RNA, 2015, 21(2): 172-179. 102(46): 16626-16631.

[38] Granados—Riveron J T, Aquino—Jarquin G. The complexity of [56] Miller ] W, Urbinati C R, Teng—Umnuay P, ei al. Recruitment
the translation ability of circRNAs[J]. Biochimica et Biophysi— of human muscleblind proteins to (CUG)n expansions associated
ca Acta-Gene Regulatory Mechanisms, 2016, 1859(10): 1245- with myotonic dystrophy[J]. The EMBO Journal, 2000, 19(17):
1251. 4439-4448.

[39] Begum S, Yiu A, Stebbing J, et al. Novel tumour suppressive [57] Cui X, Niu W, Kong L, et al. hsa_circRNA_103636: potential
protein encoded by circular RNA, circ ~SHPRH, in glioblas— novel diagnostic and therapeutic biomarker in major depres—
tomas[J]. Oncogene, 2018, 37(30): 4055-4057. sive disorder]J]. Biomarkers in Medicine, 2016, 10(9): 943-952.

[40] Chao C W, Chan D C, Kuo A, et al. The mouse formin (Fmn) [58] Bachmayr—Heyda A, Reiner A T, Auer K, et al. Correlation of
gene: abundant circular RNA transcripts and gene —targeted circular RNA abundance with proliferation —exemplified with
deletion analysis[J]. Molecular Medicine, 1998, 4(9): 614-628. colorectal and ovarian cancer, idiopathic lung fibrosis, and nor—

[41] Pamudurti N R, Bartok O, Jens M, et al. Translation of circR— mal human tissues[J]. Scientific Reports, 2015, 5: 8057.
NAs[J]. Molecular Cell, 2017, 66(1): 9-21.€7. [59] Hsiao K'Y, Lin Y C, Gupta S K, et al. Noncoding effects of cir—

[42] Legnini I, Di Timoteo G, Rossi F, et al. Circ=ZNF609 is a circu— cular RNA CCDC66 promote colon cancer growth and metasta—
lar RNA that can be translated and functions in myogenesis|J]. sis|J]. Cancer Research, 2017, 77(9): 2339-2350.

Molecular Cell, 2017, 66(1): 22-37.€9. [60] Huynh F C, Jones F E. MicroRNA-7 inhibits multiple oncogenic

[43] Rybak-Wolf A, Stottmeister C, Glazar P, et al. Circular RNAs pathways to suppress HER2Deltal6 mediated breast tumorige—
in the mammalian brain are highly abundant, conserved, and nesis and reverse trastuzumab resistance[J]. PLoS One, 2014, 9
dynamically expressed[J]. Molecular Cell, 2015, 58(5): 870-885. (12): e114419.

[44] Westholm J O, Miura P, Olson S, et al. Genome—wide analysis [61] Berg V, Rusch M, Vartak N, et al. miRs—-138 and —424 control
of Drosophila circular RNAs reveals their structural and se— palmitoylation—dependent CD95-mediated cell death by target—
quence properties and age—dependent neural accumulation[]]. ing acyl protein thioesterases 1 and 2 in CLL[]]. Blood, 2015,
Cell Reports, 2014, 9(5): 1966-1980. 125(19): 2948-2957.

[45] You X, Vlatkovic I, Babic A, et al. Neural circular RNAs are [62] Hansen T B, Kjems J, Damgaard C K. Circular RNA and miR-
derived from synaptic genes and regulated by development and 7 in cancer|J]. Cancer Research, 2013, 73(18): 5609-5612.
plasticity[J]. Nature Neuroscience, 2015, 18(4): 603-610. [63] Liu Z, Jiang Z, Huang J, et al. miR -7 inhibits glioblastoma

[46] Constantin L. Circular RNAs and neuronal development[J]. Ad- growth by simultaneously interfering with the PI3K/ATK and
vances in Experimental Medicine and Biology, 2018, 1087: 205- Raf/MEK/ERK pathways[J]. International Journal of Oncology,
213. 2014, 44(5): 1571-1580.

[47] Lim K L, Dawson V L, Dawson T M. The cast of molecular [64] Babae N, Bourajjaj M, Liu Y, et al. Systemic miRNA-7 deliv—
characters in Parkinson’s disease: felons, conspirators, and ery inhibits tumor angiogenesis and growth in murine xenograft
suspects|J]. Annals of the New York Academy of Sciences, 2003, glioblastomalJ]. Oncotarget, 2014, 5(16): 6687-6700.

991: 80-92. [65] Fu D, Yu W, Li M, et al. MicroRNA-138 regulates the balance

[48] Junn E, Lee K W, Jeong B S, et al. Repression of alpha—synu— of Th1/Th2 via targeting RUNX3 in psoriasis[J]. Immunology
clein expression and toxicity by microRNA-7[J]. Proceedings of Letters, 2015, 166(1): 55-62.
the National Academy of Sciences USA, 2009, 106(31): 13052— [66] Shao Y, Chen Y. Roles of circular RNAs in neurologic diseasel[]].
13057. Frontiers in Molecular Neuroscience, 2016, 9: 25.

[49] Hebert S S, Horre K, Nicolai L, et al. Loss of microRNA cluster [67] Maurer R A, Erwin C R, Donelson J E. Analysis of 5" flanking
miR-29a/b-1 in sporadic Alzheimer’s disease correlates with sequences and intron—exon boundaries of the rat prolactin gene[J].
increased BACE1/beta—secretase expression[J]. Proceedings of The Journal of Biological Chemistry, 1981, 256(20): 10524-10528.
the National Academy of Sciences USA, 2008, 105(17): 6415- [68] Suzuki H, Tsukahara T. A view of pre—mRNA splicing from
6420. RNase R resistant RNAs[J]. International Journal of Molecular

[50] Maes O C, An J, Sarojini H, et al. Murine microRNAs implicated Sciences, 2014, 15(6): 9331-9342.
in liver functions and aging process[J]. Mechanisms of Ageing [69] Goodrow T L, Storer R D, Leander K R, et al. Murine p53 in—
and Development, 2008, 129(9): 534-541. tron sequences 5-8 and their use in polymerase chain reac—

[51] Cogswell J P, Ward J, Taylor I A, et al. Identification of miR— tion/direct sequencing analysis of p53 mutations in CD-1 mouse
NA changes in Alzheimer’s disease brain and CSF yields pu— liver and lung tumors[J]. Molecular Carcinogenesis, 1992, 5(1):
tative biomarkers and insights into disease pathways[J]. Journal 9-15.
of Alzheimer’s Disease, 2008, 14(1): 27-41. [70] Bougueleret L, Tekaia F, Sauvaget I, et al. Objective compari—

[52] Maes O C, Chertkow H M, Wang E, et al. MicroRNA: implica— son of exon and intron sequences by means of 2—dimensional
tions for Alzheimer disease and other human CNS disorders[J]. data analysis methods[J]. Nucleic Acids Research, 1988, 16(5):
Current Genomics, 2009, 10(3): 154-168. 1729-1738.

[53] Lukiw W J. Circular RNA (circRNA) in Alzheimer’s disease [71] Konopka A K, Smythers G W, Owens J, et al. Distance analysis

[54]

(AD)[J]. Frontiers in Genetics, 2013, 4: 307.
Wang X, Tan L, Lu Y, et al. MicroRNA-138 promotes tau phos—
phorylation by targeting retinoic acid receptor alpha[J]. FEBS

helps to establish characteristic motifs in intron sequences[J].

Gene Analysis Techniques, 1987, 4(4): 63-74.



