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Advance of N° -methyladenosine modification on circular RNA

MA Yan, YAO Mu-Di, ZHAO Ya, JIANG Qin, CAO Guo-Fan*
(The Affiliated Eye Hospital of Nanjing Medical University, Nanjing 210029, China)

Abstract: N°-methyladenosine (m°A), the most abundant reversible modification in eukaryotic mRNA, regulates
RNA transcription, processing, splicing, degradation, translation and so on. Circular RNA (circRNA) is a class of
endogenously expressed non-coding RNA with a single-stranded circular structure, mainly deriving from back-
splicing of exons of pre-mRNAs, plays an important role in various pathophysiological processes. In recent years,
accumulating evidence shows that m°A modification regulates various aspects of circRNA metabolism, including
biogenesis, translation, degradation, cellular localization and circRNA-miRNA interaction. Dysregulated m°A
modification in circRNAs can be a cause of many diseases, such as immune-related diseases, cancers, acute
coronary syndrome, pulmonary arterial hypertension, age-related cataract and so on. This review mainly discusses
the regulatory mechanism of m°A modification on circRNA metabolism and the role of m*A-modified circRNAs in
diseases.
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S 1) BT S P — ik A DR 5 () L P POIR AR 4
4 RNA (non-coding RNA, ncRNA), 7E A [&]4) Fi [6]
BA @ BRI, # AN 2E circRNA 7] 78 HoAth )
Foft 32 DR 201 4% 2056 92 95 P 51 B CireRNA )
T fig & 22 i  E 958 4 W YR M RNA (competing
endogenous RNA, ceRNA) P! J2 RNA 4548 A (RNA
binding protein, RBP) ¥ 554+ s, {EiE A5
AKP EAEf R R RIE, #5405 circRNA I& 7] 2
MR A Y, 524 RNA fHEHE, circRNA K H
W& IR A G W% R SNV BB, B T8 s i)
FaoE e, A 2 e B 2R AR S 1) O A S R bR
ATz RIK, HR RIS SHEP N KA E VIR,
AR AR AR B P CireRNA [RIE 2 1
FEME Rt YodpIa) s RS SR TR
5 B, CireRNA T2 2 5411k, HHURE .
PR A A I R, AR 2 M AR B B R
RAEFE MBS T AE U

BT m°A 3 ZE I R RNA A& 1E
H AT A0 70 3 B P E m°A B4 mRNA E. K
EHFFEH, m°A & ncRNA %5 H A O %
WAL PRI AR, AE 2 Fh A 2 R A ik
JR bR EEER . m°A &1 AT 8 T Y circRNA
EVIRAE BHE. FRE . B3%18 ) circRNA-microRNA
TR 2 PR 25 AT 200 circRNA At S g . 2 5t
IR Bl Bk 47 & 1F (acute coronary syndrome, ACS). fiili
sk & (hypoxia-induced pulmonary hypertension, HPH)
FIEE 5 A O 14 F N [ (age-related cataract, ARC) 25 5
bR M AR B IEXHE AR mPA 1B it circRNA
VAR B WL A s 1t e b AT 2508 o

1 mAEIHIEIE circRNAK 4

m°A & 1fii ¥ circRNA J@ # Bt = m°A I 1)
mRNA A&7, HACHIEAMNE T circRNA B4 A]
Pl m°A &M, 15 mRNA —FE, circRNA (] METTL3
(methyltransferase like 3) 558 [ 50 ARG B, FFpE
YTHDF1 (YTH domain-containing protein 1)/ YTHDF2
(YTH domain-containing protein 2) £&iH 1] "),

1.1 m°A&IRIEEcire RNARAE 4 &

CircRNA 7E /S [ i A= 3R B AR b R 4% 2 F
WIEThRE. Rk, T f# circRNA A9k 4 ARSI
PRI E L E B, CircRNA HI2EY) R AL S50 5T 3
A, B BT (N TR S
1) AN T BRER (B R LIRS AL ) PR ST
BabLA =4 U, Tang %5 U7 R B m°A AT DA A

A= B 4 Mo A JF IR 2 AE (open reading frames,
ORF) [ circRNA {149 & 4, i circRNA [ J 5§
P20 B R AEAE mCA B AR . R R ZE R 4
ALKBHS5 (alkB homolog 5), m°A #l circRNA = JiF i 2
B, wfx METTL3 W 5 22 A fe. [AlIk, ALKBHS
HTMETTL3 3 i i 45 m°A /K V51 cireRNA ) 4E
W% 4. AR, Di Timoteo 25 ' 23 7 m°A &1
X circZNF609 1 4F fi A1 B 2 U8 45 1 AL 1, R B
m°A L METTL3/YTHDCI (YTH domain containing
1) e 77 28 35 cireRNA [ R 4. FIFER,
TE4E E e B, METTL3 A 341 circ1662 )% ik .
Bk, mOA B AT LASE N cireRNA {44045 ik
SR, m°A 7T circRNA AE4 % A 1) AR 3 L)
FEH—PIRE (E 1),
1.2 m°AfEIHiE R circRNARYERE

CircRNA J2 ik = £ BRI (poly-A) & LI ]
G IR RNA, A A i i@ 4K 7 2047 3 e T
e PO, WEAE KB, — 26 cireRNA B A & A i 40 5
JERe, B ARIE AT A0 IRES (internal ribosome
entry sites) V' 1 m°A P iR AEI L K. m°A BREh K
circRNA % ¢ & X T~ eIF4G2 (eukaryotic initiation
factor 4 gamma 2) £ m°A [7]i:#% YTHDF3 (YTH domain-
containing protein 3) J5 311, H RN METTL3/14
o, 2 3EEE FTO (fat mass and obesity associated
gene) #IH U *, Legnini 28 " 7347 T m°A-Seq #l
FEUTERE, 5 HAh meA GRS R A ST
R I, circZNF609 75 & H AL, $277 X W AN R IR AR
H BB )7 S A AT REA7 /R — BB R . Yang %5
R cireRNA H 44 £ 5 I m°A 257, &4 m°A
FJ7 1 circRNA 2 5 IRES WK (1 #I iR i& 42, H#l
PR m°A AP R . A, Zhao 25 PR
RKIL, m°ABHHiH circE7 Al BIE R E7 B A, Y
B SN . CircRNA FF &4 £ 5 (1 m°A L5,
BN NREFARE, BA MRS m°A 1)
circRNA JEAN S W, P21, {8 = A 51 1) B0 28 )3 Bl L
il I T RO R JE 2, HLR R KSR ot
A B BA 10 R4 ThBE B SR1T,  circRNA [
PFEUREFE NI R A MR RIS, AR
il KIS E A 2 DhREE A Rz 48 (B 1),
1.3 mAEA AT cireRNA K] 4 iR

F LSRR M RNA, cireRNA B & £
(R HOIR S5 4, R 5 W k% B A VI g B g B SR,
circRNA J& Wl P i 1), fEAR KR FE B ANTE 2.
H AT CAnAZ A 27 IR 2 2 m°A 1B FF i RNA 19i&
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YTHDF3
Pri-mRNA elF4G2 3
- -
‘ - O/‘ — circRNATH
ALKBHS
METTL3
FTO J_ | 2 YTHDF2
1 CircRNA A=K 4
miRNA 74 I:] YTHDC1 HRSP12 - 4
- — ?) circRNA Ffif
O T — Rnase p/MRP complex .
rreia METTL14
A e VIRMA | METTL3 YTHDC1
RBP 254 » - < 4 IGF2BP2
P “Writers” N\ /’“‘GA 5
O ‘ O - O‘ - = HMGA2 circRNAJIL 7k i
N “Erasers” ’
circRNAF % 1
eest=e FTO  ALKBHS
- ) ~usr 6
e O/‘ —_— 5 3 ] circRNA[1/ceRNAFL |

Bl m°Af&iHIEIEcircRNARIThRE R AEFA#LH

%2z —. m°A &1 5 11 circRNA 7] 38 i+ YTHDF2-
HRSP12-RNase P/MRP i # #% W2 N V) B B& figt 7,
HRSPI12 (heat-responsive protein 12) J&—Fi%% YTHDF2
Al RNaseP/MRP (% 1 N VIlg ) (8L EH, Tk
YTHDF2-HRSP12-RNaseP/MRP & &%), YTHDF2
NEIFHT. %4 m°A 1) circRNA # YTHDF2 if
A EF, RNaseP/MRP HJ #4417 P V) I 2 i . HRSP12
CEA AL R RIS T NI B 2R B, B
Jei, meA B cireRNA #ikF0E T, M S a8
circRNA {8 %2 8 fi AL W) 52 Dh Re (1) & 4k, Bk vl AL,
m°A f&HETE circRNA 1405 Thfg 2 0 circRNA
BRI A2 —, s T cireRNA 1 m°A &1/
T2 BRI AL (B 1.
1.4 mAfBIREHZEcircRNARIBE R H
CireNSUN2 /& — Fft # ZL (1) H{ & 2 5K RNA,
Chen %5 P 75 K 7 g 40 g v % B m°A &4 ] )
circNSUN2 () i Ji 4 tH o 40 B % 7h 1 m°A 15 1 1
circNSUN2 [ YTHDC1 PA m°A H Z AL AR #6115 =X
NG B AZ S B B0 5T . CireNSUN2 S 76 41 it fii
W il cireNSUN2/IGF2BP2 (insulin-like growth factor
2 mRNA-binding protein 2)/HMGA2 RNA- & (A Jii =
JLEEY), 9 HMGA2 mRNA [fE e, fedkk
[ R . CireNSUN2 Al HMGA?2 15 45 i AT i 7%
HH 2R A R 20 B R e T SR R K e 2 A R
ik B DL bS5 B R . cireNSUN2 (1 m®A & 1 i
F7 cireNSUN2 fifg 22 % i A HMGA2 Fa g DME k45 B
Fr s AT 56 4%, cireNSUN2 1] fig A2 45 iy i 2 2 10 TiUs

P EFETTE A (B 1),
1.5 m°Af&IHE{ZEcireRNAR ceRNAALE

a4 NIETE RNA (competing endogenous RNA,
ceRNA) {15t /216 % 5 microRNA 2 W 7tfF: (microRNA
response element, MRE) 2% & [ 4 12 5 4F 2 i RNA
5 4 4E 4 microRNA A7 55, M #0il] microRNA %
P ®, CireRNA J@ % H A7 % /> microRNA W 7 54,
254y microRNA JEHIf| A IIRE, M m°A (&1 )
circRNA 38 13 18 #5% circRNA 5 microRNA [ 45 4 M
i 384 5% microRNA Zh & B Su % B9 fE B A T 10
HPH £ & b % B, circRNAs (] m°A % i& 1 i,
circRNA/microRNA/mRNA 4% 57 m°A &1 11358
B T BELEEBM circRNA 4, m°A iE AT DUER 52 T
Uie 3 [0 R BEARCIRAS SR 20 cireRNA [ DjfE. YAP
(Yes-associated protein) {F 4 Hippo 15 5 i 4% T i )
FERNHTFZ—, BUZ5ZMMENRE. K
J& B, cire 104075 Ali#E YAP 454 miR-582-3p i
BERFR AR A, T YAP ) m°A &M EE T 55 miR-
382-5P [AHELAEFH, M-S 80 YAP [ 40, 2k
Jiih cire_104075 Xt & AOGREAE AT B2 (1)

2 mAfEIEEIEcireRNAZERF P RIER

2.1 mAfEiHcircRNAS R4 &
AERF A E e (ARG R W) RIKER F
ANHE AL I RS o B R AR G B B A T e, A
B0 (¥ 2E 12 B U7 kR A S VEAE . AR
circRNA RJ 3 i 1iF = By i i3k B o 75 2 DX 9 R0
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BUE RG-1 @48, SFECFIETE, BRRERB
T A PR PE circRNA U 7] 38 50 5] 2 9F 2 2211 5 9%
J% . Chen %5 "% 5L A= ) & I 9 P9 IR 1% cireRNA
(circSELF) A] & 2 m°A &1, m°A 1&1fiff) circRNA
¥ YTHDF2 il 45 A “H &M 41, #—F
P %7 R 48 RIG-1 B0E - 10K 4 m°A &1 1 4h
JE M cireRNA (circFOREIGN) 7] 7E K3 i #2 1) £ ¥
ZESTAAAERIEOL N BOE RZ RSt HAh, Zhao
25 PR 5 R B m°A & M (1 N 7L 3k 9% 9 7 (human
papillomavirus, HPV) SRJE IR RNA circE7 # H7)
NS NS Bl Rk T T (P
W . Hk, m°A ATYE RSB H & 75 AR "circRNA
fARic, cireRNA [ m°A &1 nl 401 4ME M circRNA
75 0 AR 4 5 M G g%, m°A & ¥ circRNAs 75 fif
Je (R S 1R YT J7 T AL 1R B R
2.2 m°AfgiHAcircRNA S g

m°A {155 circRNA #5825 D) #H¢, m°A
BRI circRNA FFES 5 T MBI R E K€, 4
Bt i F A = OB E R, B s
e HCHE LI R R T R, 5 AR R EBUE B,
CireNSUN2 ) m°A & 1 i@ iof {1 335 ffd J55 % HH A0 T B
circNSUN2/IGF2BP2/HMGA2 RNA- & [ i =t &
E YRR HMGA2mRNA, {245 e i # 2
B30 2 — R E W aRbEaE, LA B S s
# 2 i HPV 5121 B9, Zhou 2 " 72 N8 #0541
Jitl (HeLa 40 ) H 57 7 m°A-circRNA ()43 K 21
K, IR T circRNA | m°A 1511 1 248 ffg 25 7Y
R iate HEAh, mA MM circARHGAP12 j@ it
IGF2BP2/FOXM1 i i % ¥ 80 /£ i ¥ CirE7 /2
M HPV 5 2 H1 40 B8 ) —Fh circRNA, 5 CaSki = %
FEAPRA RN AN K ZE DI, m°A &1fiE CircE7
b —ANE R, BB R bR P
Guge Wi, (e SR R A P AR /NG M i
i, cireNDUFB2 ff] m°A & 4fi f5 Bh T~ 5% E3 32 &
% ;B TRIM2S5 (tripartite motif-containing 25) 45 J&#
R85 = IGF2BPs (insulin-like growth factor 2 mRNA-
binding proteins) ] 45 & Jf {2 #F IGF2BPs [¥]iZ % k.
Bfe, AT P A /N 20 e e (0 38 0 A e i B, A
RS, METTL3 531 cireNRIP1 33T cireNRIP1/
miR-199a & 12 75 R o R 35 S0 AE A 7 7R
J#EH, VIRMA (vir like mA methyltransferase associated
protein, KIAA1429/VIRMA) f{#% ] circDLC1 5 T4
finJ& (hepatocellular carcinoma, HCC) ) 7l J5 & J& #H
7%, circDLC1 il i HuR-MMP1 4 #l ] HCC ) 2E

KRR B ST DL WP U Ss, circRNA ) m°A
e MR I KA R AR S i S E A .
B LR IEPEMER Ah, cireRNA 1 m°A 1&1fiiE 58k
7RI 2P o R AEBINZG 1 HCC H, m°A
AN circRNA-SORE 7K~F-, Jfifiid circRNA-SORE/
miR-103a-2-5p. miR-660-3p/Wnt. B- I E g%
7 i 2t R B fE RISk T, mOA 1]
PAREE circCUX1 [RIE, MRk circCUX1 {21t~
W e 240 L %o O 7 PR U
2.3 meAEMEEcircRNASACS

ACS FIsh ki FEAE4L (atherosclerosis, AS) J& 4=
BRI ZFIBE T B R, v U™ FE IR IR
FRAE , T R N 2R A B I 1 I Ak T AR figR B
WK, TR THE T -1 (interferon regulatory
factor, IRF-1) W] ¥ i 28 A0 AIK % 2 g 22 B (oxidized
low-density lipoprotein, ox-LDL) 5 5 {1t = I 41 Jifg £
T2, SEIRIEAZ O BB HL 3 ), Guo & ¥
WEF R, 765 ACS EWE4 g 4, hsa_circ_0029589
(R 221k AR, T circ_0029589 [ m°A HI K44
filf METTL3 /K~F-B1 B 7t . b4t o 3Rk B
Jifg IRF-1 AJ 5] cire 0029589 ik EHIE I circ 0029589
K] m°A /K. R METTL3 A] 3400 circ_0029589 f1]
Tk BT, kAT AL, IRF-1 @ik
ek circ_0029589 ) m°A &1 I 4] circ_0029589
Fik, T ACS 1 B GEGH M AR TR SR R R
m°A &) cire_0029589 #1 [vi 1 45 5 W5 21 g v 76 ML
HIATBEN ACS Je AS ISy T HR AT I HE £
2.4 mAEiHRcircRNA SHPH

k21 3 1) HPH A& — i el B 28 51 /62 1R 12 1
ATVEEOR, H AT TE A A VAT S . Su & P
3 i v B mCA W FE AT cireRNA L, 08 T oK
S, HPH F7 m°A-circRNA 34 K3E . w70 & B0,
TEARIMNERER 261 F 5 cireRNA 1) m°A F 15 B 5%
k. AN, m°A &4 circXpo6 Al circTmtc3 A A
i B0 circRNA AT miRNA 22 [8] (1) 4 B F >k
i Wnt fil FoxO {2 5@ % . HPH " m°A-circRNA [f]
7= 5 MR IA KT 2 m°A BT Y circRNA/microRNA/
mRNA W 2512, FUTHAT§E2 5 HPH it e sl fE
NRBERR Y. SR, m°A-cireRNA X} HPH )
Il PR = SO gk — P BRIE .
2.5 mlAEiHERcircRNASARC

ARC 2 BREFMA I BErG 1) F 2 JF B, K
JERL K] AN B o Li 25 ™ 1 54 MeRIP-Seq (methylated
RNA immunoprecipitation sequencing) % ARC H m°A
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#1 m° A& circRNAZER K R EI/ER

VAL A e haetE 2230k

T E circE7 m AR (i cire E7THIHI AR S Pk s, (REE7H & AR S SR A K [27]

T S circARHGAPI2  m°AM#i [ circ ARHGAP12i# 33 IGF2BP2/FOXM 13 4 & ¥4 35U 16 H [35]

4 e cireNSUN2 m° A1 cire NSUN2/{E 3k 5 4t R JilicireNSUN2/IGF2BP2/HMGA?2 - [28]
RNAZ=TCE Y, ¥ EHMGA2MRNA, ks i FF 572

¢ e circ1662 m* ARG I cire RN AR A= 114 1% [19]

/N it circeNDUFB2 m° A& ) cireNDUFB2 Af {2 3 J% B TRIM25/CireNDUFB2/IGF2BPs = 7T [36]
HEW, IR3HIGF2BPsIZ Ak B4 i

B P circNRIP1 METTL3 % 5 [ficireNRIP 138 i cireNRIP 1/miR-199a3& % 5 ¥ £0 1 [37]

40 g circDLC1 VIRMA ##% [ circDLC 138 i3 HuR-MMP 1 i1 | HCC ) £E K A 72 [38]

JHF- 44 Ff circRNA-SORE  m°Af&MiffcircRNA-SORE/E ymiR-103a-2-5p MImiR-660-3pif 47, =4  [39]
PEBE Wat/B-catenini 12, 5 5 FFH it & Fr 4R 8 gtk

JHF 240 e e circ_104075 Circ_104075i@ i m° AME i i YAPSE £-miR-582-3p i i3k s ) & A= [32]

I R R A circCUX1 m AR E circCUX T RIE, FifkcireCUX R E T WA ¥ 40 0T U [40]

AMERARBNKSE A 1E  hsa_cire_0029589 mAf&ififilifilcirc_00295893K ik, fEHFACSH EMEANMAT M ARER L [44]

Jiti 20 ik v circXpo6 m A& ficireRNA{E 3 S miRNAZ I AR, 18T WntflFoxOil % [30]

circTmtc3

circRNA KILRAFATH T, FFEHXT ARC B AR
15 WL #3547 MeRIP-seq 1 RNA-seq 5k & 43 1 F1 GO
(gene ontology). KEGG (Kyoto Encyclo- pedia of Genes
and Genomes) 18 /34T, S5 R KI, SXTHEAIAHLL,
ARC H# eRAK L 2410 (lens epithelium cell, LEC)
J cireRNA o m°A 7K P[4/, ALKBHS %&ik /K F
FE . H DNA i . DNA &5 A AR 0 ¢
ff] circRNA T i 2 5 ARC AL HLH] . PR,
circRNA 1J m*A 1&1fi o] 4 @ 1d 45 5 ARC & %
KMERRIESE LECHHAE, T MR F A
IR AL B iR IT ARC ST ) LA .

F1EEET m°A B 1 cireRNA 75 75 9% 7 2
bR VR AL o
3 RE

m°A &1 1] cireRNA O RN R WL,
TE AN [ 1 A 2355 2 0k F2 A s R R Rk . Bk
% 2 (A B 78 % W m°A AT 4 cireRNA {15, AL FE
circRNA [AEYIRAE . BB, BRAEAMIE R, m°A
1B circRNA 7E% 5. Mg, ACS. HPH Al
ARC %5 2 Fhoic g 3k #2 i R 55 CREAE . B AT,
MeRIP-seq F1 RNA-seq k& 0 32 22 H T 12908 75 0
HESME mCA B circRNA, gRT-PCR. RIP (RNA
immunoprecipitation assays). RNA pull down Fl17¢ )
AR S B R A T PR R m°A {2 1fi circRNA
I/E FHALE] . A, PA-m°A-seq ' F1 miCLIP (m°A

individual-nucleotide resolution UV crosslinking and

immunoprecipitation) 7 25 3% K A] ik 5] BB 3L ) H
B, BRI T A IR 77 v U m°A-REF-seq
(m°A-sensitive RNA-endoribonuclease-facilitated
sequencing) ', DART-seq (deamination adjacent to
RNA modification targets) *” I m°A-SEAL (FTO-
assisted m°A selective chemical labeling method) *” %%
J7 1 fe DB 73 M AR R v AL AR KF . B
RNA &1 fEES S RNA SRR MR EAE 121
B9 HE R R e At Rk i B AR R T, R Z
HAE B0 RN R (K R R T . mCA B
circRNA B Ft 1 — 54 K 1 R M A% 42 1y
TERE T 2% 20 238 B BIE e 40k

SR, mA i) cireRNA B 5T H # i AE7EIR
% A . (1) B AT 3 m°A #90J5 : MeRIP-seq A~
BB MBI AL R e L o0 #, ME LIRS 2 A7 m°A,  HL
BRI ARAFAE S A R R MR, cireRNA | m°A
AE 1 1) N TE) R0 7 28 BAR LSRR B T
(2) 248 55 2 m°A {1 f) cireRNA JH#s 22, 1
m°A E1Hiff) cireRNA TEH 1 AE ) 5 Th eI A 1R
KB E ;. (3) AT m°A &1 i) circRNA 5%
A 32 AR v £ A PO B AR T R IR AR A,
REEAT IR AL I, AR R 2 5 IR SR A
TERHMET R KGRI TTk, 2Bt
7t m°A 181fi 55 circRNA VE4UAE FHHLEI, IS
TR R FAC MBI, TR AR R W bR ey
ANEITHE A, AR AL R AE N R 1297 7
T AAE TR ) (3% 2).
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AT o5 T AT m°A [48]
DART-seq  AKIGPIA OIS HFR RSO 5E 2 0251 BB FEFI S [ RNA [49]
m°A-SEAL  RIK#iHiik ISR SIRNAF AR TS bRl e AR [R5 TR G 1S [46]
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