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circRNA/miRNA/mRNA 14 9927 Dy iig Ko At gl FERE LRI 55w
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(Y EFRE—WEER, & B % T 453100)

(4 E] FRBHR(A)EAZ T ERGBEHRELERL R FH AT RBY I EREAZ—,
B A7, A kA S AR R ZRIK RNA (cireRNA) T A3 4 /0> RNA (microRNA , miRNA ) 8 3% $2 & B 42 4# RNA(mRNA)
Ay Fk B H AT 5 F BRI A I (EC) B R R ML I VSMC) Fo B am L 69 38 A T A AL R T
BEEEIRE AL As HBRERENRE AT, LFk circRNA/miRNA/mRNA # 4 4 5 oh 4t & H 2t As 4
HrRHATIRA T, AR A B Rk AR AR AL IR R 0 S BRAE ST R
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Biological function of circRNA/miRNA/mRNA and the effect on atherosclerosis
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[ ABSTRACT] Atherosclerosis (As), as a chronic arterial wall inflammatory response in panvascular diseases, is one of
the main causes of cardiovascular and cerebrovascular diseases. At present, more and more studies have shown that circu-
lar RNA (circRNA) are involved in the pathogenetic process of atherosclerosis formation and development. It can mediate
microRNA (miRNA) regulation of messenger RNA ( mRNA) expression in target genes. The mechanisms include endo-
thelial cells, vascular smooth muscle cells and macrophages proliferation, migration, differentiation, apoptosis and inflam-
mation and other processes. And it involves multiple complex signaling pathways.  In this review, we comprehensively
analyze the biological function of circRNA/miRNA/mRNA and its effect on As in order to provide new ideas for the diagno-
sis and treatment of atherosclerotic diseases.
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Sk HERE AL (atherosclerosis, As) JEZh kAL FEXMAG IR A 5% 5 IR L R B P ER , ©
PRI AN T B O — A, W 0 Ik IRAE T AE A SR AN FSE R cireRNA
Eas ZANE MBI R G, Rz MR EE S5 RNA 5UFR R KR 1 miRNA 45
FRIREERE D B As SR MO IR ML BN, B LAEE 70 miRNA 454835 5E [ mRNA %54
PO MR P RSB BT R B AT R m A KERITHEE, SCE RNA TR E SRS 1
TR ARRERILE R A W N R RSB R OIS cireRNA DIARE I 77 X454 miRNA, JF
RE2AUE0 PN R AN 05 R IR AR 2R AR (0 PR SR RN S R FE T mRNA [k X2
HOR ML W78 R FWRAE A AE As TS ZBIE cireRNA BUFIATE As O WUIE TR R0 % 8 F S5 45 0
Ferpin B EEMAY | FEIUEIOR RNA (cireular &AL T S04 HI2 Wi FI WS A4 Whr
RNA, circRNA ) Fl{# /)N RNA ( microRNA , miRNA) 7 Ry dEpE 7 |
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WA K citecRNA [IWF 58 B W R A, circRNA
EE I IATE O R TR HEAEH, (HHES As
Z 18] T FE Y MR G R AT M DL R, A R I S
circRNA/miRNA/mRNA HHEAE F T B8 2167 As
%) BB A 3 5 A S AR % B B T (oxidized
low density lipoprotein, ox-LDL) 35 5 ) A THP-1
WAL, E S As BRI AR 50 B Hi O vk AR
GSE107522 & [ 2 h 73 #7 45 th 29 A~ 22 = R ik
(4 cireRNA™' o Z8RIABF 5%, — 300 % 58 bR 3 Jok 6 A
T Ak PO RS R85 B M) L PRAZ AR AR P cireRNA 3F
AN 5307, 8 A WS B2 T 22 R R A 1
circRNA W22 TRE, KB 1 342 P2E5FFKIK cireRNA,
[F) i #49 2 circRNA/miRNA/mRNA [ & 45 4 | 32 %2
Wz FZ A T 00 8 KA D MAPK (5 5 ok 2
5 200 0 B0 R 4 AR S R 5 R B ok ok A e
TRB e R AR DED ) [RIRE 72 0 A SR Bl ik s 7
UE S SeE R 20 k™ 5 pe 2 1R 3 0 — TR 52 v B | 3l
i RS circRNA-miRNA B0, &3 110 2%
SFRIBM circRNA , FF4EHEE FE AT IESE T circRNA
S5 ZMBM N &L B4, INKG 3 A R
AR R AESRAS RNA (cire_ANRIL) , % 5 T3 ik
SR T £ 1 O I A5 95 05 1) R PR 9p21 I S it 5
Pescadillo [AJJE 4 1 (PES1) &5 &, 15 S 87 I A
pS3 WG, RS As SCHEAN ML DI AE , BN T 41
PHT R GIREE " o ST UE S 8 i 2
S3R35 cire_ANRIL A7 4R 2 ok s A A Ak R BRASEAY
BRI cire_ANRIL 7 568005 9 22 3K W] 9 54 i
N B B SRR R SR RE BN AR SO cir-
cRNA/miRNA/mRNA X 4% 25 #4) (1) A5 ) 2% ) g S H:
e As KR R IRk R AT LR G 40T, LAy
SRR R AL PRS0 (12 W RN A 7 3R BT SRS

1 circRNA/miRNA/mRNA W 4H 5% & & 4
$ Ik

circRNA 7B N TEMEIE 405 RNA , & % miRNA
SEOALE  SEESE S miRNA , BET 7Y miRNA %
HF WL mRNA 701 R 87K, 3X —AE L
AR N M TR RNA AL %L # R % R
WEEH W M Z A~ RNA 40 7, EE AL HE mRNA |
miRNA [ circRNA KK AEEIEZAS RNA (IncRNA) 45
1.1 circRNA

circRNA 73+ 2 B IR G5 H) , S5 M4tk
RNA A[A], AN5Z RNA SMI 2 , 556808 A 5 K
fit, circRNA T 1976 4ETEAl & 95 B 5 KB &

B A R B R BRI P A B D BE A R
I H &SRR A &=, JF RS R EM, BEE =i
T RGBSR R R, Bk R R
W1, cireRNA 75 [ S8 09 £ 9 b 72 A7 1
circRNA 731 RN 7 3 3m BT 4k 5 Fish e 1
5/ S BY A AR HEAE — AL, P L 375 W R T 5
Fa L — Fb LM P 5 FRAR G541 cireRNA B IA
B PR R TR B SR R 5 R A R R T, 224 miRNA
“UFLR” T A PRI miRNA X 4 55 P mRNA
PRI

B4 miRNA M4 FH , cireRNA 3878 HiAtl 4= 9y
FUIRE, A cireRNA fETERMEIRZE &AL, DASE L
BERe, A= Har, FR TR cireRNA 1Y B
RERZ R T EERUE, A cireRNA £ 7] 5
RNA %54 # 1 ( RNA binding protein, RBP) &5 & 5
SR IR BV A RBP B S PELS A TR cir-
cRNA BE % 5% W AH OC 85 1 0T /Y 3% 3k, i L
“miRNA W40 ISR H T miRNA B IIRE T2 58
K circRNA 5 miRNA S dEgi & i A 5
miRNA 254 (%) mRNA 15 DLRE G, DA T 8 5o #0854
mRNA 73 F ) FRIE K, X — il BB FR A circRNA/
miRNA/mRNA W& (& 1)

/\/\/ miRNA
v/
| circBRNA | —
WA \5
L - § S
NV
vd
f\—/%/\_/
mRNA

B 1. circRNA/miRNA/mRNA EfEX &
Figure 1. circRNA/miRNA/mRNA interaction relationship

1.2 miRNA

miRNA J&— 2 IR i B2 DR ST 1 3 S B 5 i
RNA, T IZ A T EHAZ A Wb AR Al A% D 2B i,
20 ~25 MR R, miRNA % 50
mRNA3' S E g X 3, (3/-UTR ) 4% S 45 4, i
Pt 5t 05 B 2 P mRNA 1Y 802 o #2, AT B Bt
mRNA FIPE AL mRNA [ A S B0%E 1 02255 1
", miRNA MITERI# AR L & A2 501k 40
JI 48 B R 9 T A 2 O I A R Y R R R
FFEHGE , miR-142-5p 7E As WP ik, Hisd Nl
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O L R 8 fk A= K I F B2 (transforming growth
factor-B2 , TGF-B2) fE #E A FH W40 g 98 727, miR-
31-5p I8 o #E ) 0 R I 2R R A T (insulin-de-
grading enzyme, TDE) & # {2 As /F '™ . miRNA
F NG e L PR F TR ] 125 ) 24 v Hi B2 AR A, il it 22
TS 50 SN0 &R R, A
As IEHGSHE

2 circRNA/miRNA/mRNA % As B850

HH, AHOCHTSEHGE 1ok A B K sh P sl
circRNA/miRNA/mRNA V#4425 P84 As TP L
H A ] i B A (] 240 B 1) 2 RE , 045 N Bz 240 i
(endothelial cells, EC) . IfiL % “F- 1 UL 40 il ( vascular
smooth muscle cells, VSMC) Zfg , DA 5 W5 20 it 38 15
SERREIAE P AR SRR A As, LUR 4SS EEAT
) it
2.1 circRNA/miRNA/mRNA 5 EC

EC J2.0 L8 RGN FEALH 0 51, e 445 14
FaAS Dy S 2 OCE AR EC TIRERREAT 2 As KA
M EZLRMIFRA EC B0 5 RAE Z RIAFAEH .
YEH 1M civeRNA AT E ST EC 1Y 95E 0, 3 o 4% A
F kB(nuclear factor kappa-B,NF-«B) {5518 F R 4)
il BEC ZRAEFHTS , I As R A= BRI WF9T B
IR cire_0003645 7E 2 S M HUR S E IR 5 H (oxidized
LDL, ox-LDL) if5 5 B Btk 4 B2 48 ( human um-
bilical vein endothelial cells, HUVEC) il As H3# If13%
i3 5 R K cire_0003645 PLER I 1T NF-kB & 12

Mot i ox-LDL 5 S0 EC 4IE MY T, i@ 1T NF-
kB % 12 i #F ox-LDL ¥ F 1Y EC 3% 1/, cire _
0065149 354+ 1 25 & miR-330-5p, 18 3 B i% NF-xB
{E5 M , M H NF-xB p65 23k , 3 Ihigg 158 H
o ( tumor necrosis factor-o, TNF-a) . FH 40 il 42 6
(interleukin-6,1L-6) FI H 4 fig /- & 1B (interleukin-
18,1L-1B) 7=, i i EC 458 | iT8% K il EC
U%t[zﬂ .

SEBR EASIA] cireRNA 38 13 5 A8 [A] miRNA 5% 4
PEZEG, i cireRNA 25 & 3 —FFEBE miRNA | £
B cireRNA 7] 254 Z 0 miRNA & 4% 55 4 M 4 5
Pk /E FH . 0 cireRNA 2 247 50 1B (A il 36
(cire_USP36 , XFK circ_003204) 7] 524> miRNA #H
HAEH A EC, WS R cire_USP36 i i W B
miR-637 K358 WNT4 (1)K, 520 WNT/B-catenin
SR PSS BC A B, A As
T EC ThfEREE ) . Bk, cire_USP36 J{ Bt 7] 18
1§ miR-197-3p/ROBO1 iy 55 Hi ox-LDL 5 &
() HUVEC DhBE R is, Il & #E50 As FEFI™ .
A W5 B R cire _0003204 7E 22 ox-LDL &b 3 j5
HUVEC &3k W 3 FH &, IR 4 cire _0003204/
miR942-5p/HDACY i ¥: il 4 il 41 i 3 58 175 =
SEAL RN S A I HUVEC #4455

ITAESK cireRNA X EC P45 7E FH B9 BT 55 2 B 4F
I Ft, circRNA 3a 4P 45 G miRNA AT 4100 i X #E
SERM IR M EC S FE | RAE P TSR F AL
CBWEM (£ 1),

% 1. circRNA/miRNA/mRNA ¥} EC Th&E i 2201
Table 1. Effects of circRNA/miRNA/mRNA on EC function

circRNA miRNA mRNA X} EC TIRE )0 SR
cire_0000231 miR-135a-5p CLIC4 {2t EC RAE N [27]
circ_0004104 miR-328-3p TRIM14 {RHE EC PAT ARAEFE AR I [28]
circ_RSF1 miR-135b-5p HDCAL1 {3k EC 345 4] EC T 484E [29]
circ_RSF1 miR-758 CCND2 fEit EC 35 F % [30]
cire_0006896 miR1264 DNMTI {E#k EC W5 T8 [31]
circ_PTPRA miR-636 SP1 {3k EC 89758 7 EC T [32]
circ_0000345 miR-129-5p TET2 Wi EC T [33]
circ_0068087 miR-186-5p ROBOI1 il EC JAT-  SRE LR I [34]
circ_0093887 miR-876-3p CCND2/SUCNRA i EC FT R [35]
circ_DIP2C miR-556-5p TET2 Ml EC R AE [36]
circ_0003204 miR-370-3p TGF-BR2 PN EC 345 IEB F M A TE AL [37]

1. CLIC4 . S ALY 40 i Y388 4 ( chloride intracellular channel 4 ) ; TRIM14 ; = J5 3£ 14 ( tripartite motif 14) ; HDCAL ; 21 % H 2= Z BEAL B 1
(histone deacetylase 1) ; CCND2 : 4 ffd I 5 H D2 (cyclin D2) ; DNMT1 . DNA H 354550 1 ( DNA methyltransferase 1) ;SP1 455 MEHEE A 1 (spe-
cific glycoproteinl ) ; TET2 ; FF 3 i W5 g XU 4208 2 ( tet methyleytosine dioxygenase 2) ; ROBO1 : 35| 5 3Z{& 1 (roundabout guidance receptor 1) ;

SUCNRA ; BEFARR (5 515865214 1 (succinate signaling receptor) ,,
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2.2 circRNA/miRNA/mRNA 5 VSMC

circRNA AMYZ 5 EC TIE, 55 5% VSMC
HUFE R 20 M SR I ) i AR B R A 2 As i
T, N circ _USP36 7E As % Fl ox-LDL % S 1
HUVSMC H3&ik i, AU S 5 EC Tihg, b
i3I miR-182-5p/KLFS fli 3K i % i1 ox-LDL 7

Sl HUVSMC #1457 | RIAEE HFFEFE H cireRNA _

0044073 7£ As FH LIS 2 = 3R 1K, X circRNA A
L5 miR-107 e 25 G2 #E EC 395 5%, i i
WO JAK/STAT {5 538 %, W %15 5 IL-18 . 1L-6 I
TNF-a S5 RAEH T3R5, 2 510 VSMC #4956 5
FRIE N ) B4 NF-kB /51 VSMC 45 32
RUFGARAE As FUHT P IEIE B rpofe A0 VR T, B4
cire-SIRT1 il 33 4+ 3 NF-xB {5 5 il % 5 miR-132/
212 454 e hfs 3L SIRT1 13k, S A% NF-
kB p65 1% L BEAL RIS, #1125 VSMC R i
R AR

circRNA 3 i 5 A A miRNA Se4PEgs &, T
ENGIESE- S R N A R R (- S T -]
VSMC ZhfE, cire_CHFR ( X FX circ_0029589 ) 1F N
miR-241-3p 3a 4+ Pk IR PE RNA, 35 42 30 i miR-
241-3p X WNT3 () &3k I8 4, T 8 15 ox-LDL %5

S VSMC 35 iR A EN e A miR-
370/FOXO01/CyclinD1 i % {i¢ #f VSMC 34 58 Fl i
Rl b As BERE . SR, AR AR5 R Y cire _
0029589 i 1 HEARVE 145 & miR-424-5p TEJRHE S
ZHARKAT 2 (insulin-like growth factor-2,IGF-2)
F3k, cire _ 0029589 WL K Il il B ox-LDL 4k B ()
VSMC 458 1T #8175 5 40 i 4 1=, miR-424-5p J&
circ_0029589 T i/ L A, N M 5% T cire _
0029589 Xt ox-LDL HI¥# Y VSMC 355 | iT 7% 1228
FPAT T HRAE . 78 ox-LDL 4L HE Y VSMC
IGF-2 j& miR-424-5p T JiF# 5L A, miR-424-5p 1 &
il R IGF-2 IG5 ER MR 28 A HE 4 i
AT R EIP As BFERT

circRNA A{YZ5 VSMC 3458 T8 T2 &%
JiE S A LR IB TP TT VSMC 3%, 1 VSMC &1k
IR As Bl R A R R, — T KAE mb AR5
ok B AR K P9 Rz 40 A A i A ( HUVEC-Exos ) /)
circRNA J& 75 DL S AN i 15 VSMC 3 % B9 3
tH, eire_0077930 3 i 56 G+ 45 A miR-622, fiff R %t
Kras & 13835, FHRfE b mBE AT VSMC =& 1)
KHEVH ] T Kras 235K, 155 VSMC 2%
(%2),

% 2. circRNA/miRNA/mRNA % VSMC Ih & H Z 0
Table 2. Effects of circRNA/miRNA/mRNA on VSMC function

circRNA miRNA mRNA Xt VSMC B 1) & i 275 SCHR
circ_0010283 miR-370-3p HMGB1 {3t VSMC 3% )1 1288 [45]
circ_GRN miR-214-3p FOXO01 fift VSMC 3858 7% | RIE [46]
circ_SATB2 miR-939 STIMI1 {23 VSMC 3458 T [47]
cire_MPAK1 miR-22-3p MECP2 {23t VSMC 345l i [48]
circ_PTPRA miR-636 SPI {23t VSMC JJ T, #id] VSMC 3478 [32]
circ_UBR4 miR-107 ROCKI 0k VSMC 5 [49]
cire_MTO1 miR-182-5p RASAI ikl vSMC HE TR [50]
cire_0010283 miR-133a-3p PAPPA Mk VSMC 145 T8 [51]
cire_MAP3K5 miR-22-3p TET2 Ml VSMC B4 [52]
circ_0000345 — HIF-1a il vemc T (53]
circ_00295889 miR-214-3p STIMI ikl VSMC 345 iR [54]
circ_DHCR24 miR-149-5p MMP9 k] VSMC 1954 T [55]

. HMGBI . BT B R iEE 1 Bl (high mobility group box 1) ; FOXO1 SR RERL 5EIK T O1 (fork head like transcription factor Ol ) ; STIM1 LR
MHEAEH 3 1( (stromal interaction molecule 1) ; MECP2 ; I 54k CpG ZEEE 2( methyl-CpG-binding protein 2) ; ROCKI1 ; Rho P 1 ( Rho/Rho-
associated coiled-coil containing kinasel ) ; RASAI ; Ras p21 Z& FH #7557 1 (Ras p21 protein activator 1) ; PAPPA . #EWRM I H H A ( pregnancy-as-
sociated plasma protein A) ; HIF-1a ; 548375 5 7 1 o (hypoxia inducible factor-1a) ; MMP-9 . 357 4> J& 25 4 i 9 ( matrix metalloproteinases-9) , “—"
LR TCHEAREL

2.3 circRNA/miRNA/mRNA 5 5z E 1% 40 i
5 W5 4400 B A V0 T BALAZ 40 O, B 4 B T ox-
LDL F Ak 55 0 7R 40 i, T2 1% As BEHL 8 8 i 2% 0

circRNA 3 73 circRNA/miRNA/mRNA K 4% )8 45 &
G2 5IRE A E WA R 5 | A R S5 B
TR, DN E £ 4 i B AN BE B A% 00 SR B 55 24~
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WA, E As, WP B R cire_0001879 Hl circ_
0004104 TE5EAR B0 KB £8 34 100355 Hh Ak 50 02 Wk 3
EIERY, HR cire_0004104 it £k E THP-1 3k
PR W20 i 3 PR 363K E cire_0004104 1 F 3540,
N5 2, 3-XUIN 4 1 (indoleamine 2, 3-dioxygenase
1,IDO1) )i 4 )@ & FH ¥ 8 (matrix metalloproteinase-
8, MMP-8) .CD40 254 As F [R5 A W 2 ), i
#HIBE T A 1 (apolipoprotein A I | ApoA 1) K
MG 1 (RNASEL) 541 As LR RA B R RS,
45 RAESE T cire_0004104 i3 32357 THP-1 3
5 L W 4 i v TE A5 As FEDN SRR MRS As
FEHFRIRIER S A 2 0 i 3 51 50 BT o
Al circRNA 7%, & B circ_0029589 . circ_0002984 F
circ_0010283 7E ox-LDL 55 1Y VSMC His B2 [,
I HoIG RS 45 S B TRF-1 38 i {2 #F 3 m6A 1
HEPI ] cire_0029589 Al #F St iR sl ik £ & 1iF Al
As FE TR WEAI I TR S AL T

MR, Z ISR B8 circRNA 324 P45 4
miRNA fiE#F A% AN 36 5 T 78 | RIE ST RE,
cire_TM7SF3 0] B # 5 THP-1 3 V5 5 W 40 i b 1
miR-206 AHEAE H, 38 2k 410 ] 1] 4 2 08 i S0 ( as-
partate dehydrogenase , ASPH) B335 , #1ii] THP-1 F
WEAMM A TG 7, 1 A0 M 08 T A AN A R
AN, WA BFFEIESE cire_SCAP 3 i 45 miR-221-
5p/ R IR 3B ( phosphodiesterases 3B, PDE3B) i
S THP-1 E g 20 i b i g o R 3R L RE Rl AR AR
W) 2 E AT cireRNA T, & PR cireDENNDIB
(circ_0000081) (YL 5 As 1F i K R 40 i IE il 42
TR, M cire_0000081 7] 3 = 4 7 fIH [ m &b HE
G ox-LDL 75 5 (0 0 IR 4 B Y A%, I 5640F T
circ_0000081 14 miR-175p WH#E4E 25 1L-1B HA5T
WP K B BT As AE ™. LB ), cirecRNA/
miRNA/mRNA W E5H02 5 As BA KRB E290
A PR RR LR NG BRI A PR A
2.4 circRNA/miRNA/mRNA 5 fig 48 it

W52 W circRNA/miRNA/mRNA [ 25 45 ¥4 76
EC J VSMC #5147 FI D) RE R ft | A% B 05 20 2 i <5
5 i B AR (HHAE As (AL -p 4575 22
F 2R SRS . EC K VSMC i 5 FIZh e g 2
W VAN IR I 2 2 5 1 As 5 BRI S AR e B
B ) EZEHLE], WA T 2 miRNA JLFAT 25
As GIRBEHIE B ) 4z ad 20 L G BB RS As
B e J e LA AR T A ) 4 AR R 1
FEBEH , 5560 1 & A K T B

ALANE, circRNA 34 7] 38 o 8 45 3 Wk 52 )

As BTG BRI B A YR BT,
circ_0030042 7 0o 5 S8 2 100355 v i 2 1 O ot
FIRNE R NIEYE EA% G B A F 4A- I (eukaryotic in-
itiation factor 4A Il , eIF4A3) AYTE4E , #1H] H1 ox-LDL
S A HUVEC 5% F W, 2k #5738 d e 0,
cire_HIPK3 3 i #7 H WK B i ox-LDL 5 5 1)
HUVEC g i % &, i miR-190b/ATGT 15 % 38
FEMR As RPN 2 5 e BRI A IR Y
RIS SR cireRNA/miRNA/mRNA #1458 2% A i
TR AR AR, S BRI As AR

3 R E

28 FRRR , RS T cireRNA/miRNA/mRNA
FHEZ [H) 7 D) &4 ) 45, Ko A= Wy 2= D g, I X%
FEEETE As TR IAERPLRIE T 0I2PR T, B 7R Ui
circRNA/miRNA/mRNA W55 7E As H 8 2219
VA T B W58 BAR , cireRNA 3 3 Z2 R A5 4 S 8
A £ miRNA 4% mRNA hEE, 2 5 As e
P FRR ER B AR A5 S 1 Sl B, B AR
JE N cireRNA 1R —Fp ELARJE AT I 7100 As $515
W5 A H ISR ABES , #E— 2 7E As 835 30
Yy s 20 AR H i LATR A 5T TG IE , R % B
As i AR 3L AR v 4 FH G B Y G B R 4 TR T
PRI I U, LA Ay 2 Ik ok AR el Ak M 3 o 1) 7 0 12
W AR T S O B A= bR 5 BB AR YT
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