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[ ABSTRACT] Atherosclerosis is the main pathological basis for the occurrence and development of cardiovascular and
cerebrovascular diseases.  Macrophage efferocytosis deficiency exists in the formation of atherosclerosis.  Defective effero-
cytosis leads to the accumulation of uncleared apoptotic cells and secondary necrosis, leading to characteristic formation of
necrotic core and plaque instability in atherosclerosis.  The complete process of efferocytosis includes recognition (“find
me” ) stage, phagocytosis( “eat me” ) stage, and the post-processing reaction ( digestion) stage. It has been reported that
miRNA is involved in the regulation of key signal transduction and lipid homeostasis in atherosclerotic efferocytosis.
This paper discussed the important role of efferocytosis in the process of atherosclerosis and the influence of efferocytosis
defect on atherosclerosis.  This review focuses on the regulatory effects of “eat me” and “don’t eat me” signals of effero-
cytosis in the overall inflammation of atherosclerosis, and meanwhile the regulation of miRNA on lipid metabolism and in-
flammation regression in atherosclerosis, and the fine tuning of miRNA targeting macrophage efferocytosis in the process
of atherosclerosis.
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Figure 1. Efferocytosis in As
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15 T A AR A A 32K 1(T cell immuno-
globulin mucin receptor 1,TIM1) %5 | i@ i #4550+
Vi) e DL i 2 TR A ok D s G DA i R T g o 4 4R
[ ( recombinant C-Mer proto oncogene tyrosine kinase,
MerTK) 45, ] Rl ZE(5 544 5 DGR L3l & 1 i
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JRUARHE B 15 355 Bk IR 86, T ) J&y 38 4 A S I, ML A
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M R A B ) |, o B L R &= F R4k
R A4/ E 1B (interleukin-18, TL-1B)
g CD47 WY 5 —A BTN 7, Gardai 251
W FE 25 AR I, IE #0100 2 D1 R e PR A i AE T
A4 £ R 3 R 38 CD47 , TR | 345 R 2 ( cal-
reticulin, CALR) , M T ) 52 1 26 41 Jif A &% HL 75 B2 0
. WA CD47 B = Xt As (9 =5
S5t M ZEIC O, 2 T A 28 R i (natural
killer, NK ) 4 ffd 119 2 9 1 3% 4k, 1 HL CD47 i ik
(MIAP410 ) AT -S5O AT T 40 il 9 36 £k, AT
# As N, Singla %" BF5E & B SIRPa 1 CD47
FEHE N F RS X I CD68p X, £ A JE As
Sk gk nt'e i 4 5 SIRP 2875 Ml HE 40
JRLIEAE Y SIRPo BRBFG /N BB 52 As B 52 R, 1T B B
YA CD47 R REPEBLC S 02 As FRAS L L,
A LIE Y, CD47/SIRPa 75 As it 33k, Jarr 25017
UER T BHIT SIRPac 1Y N 15 5 43 F & SH2 454 5§
2R % 2 PR W i 1 ( SH2-containing tyrosine phos-
phatases-1, SHP-1) 504 fify 1 4 7] CD47/SIRPo 1,
Pt SIRPa HLik B SR 244 T HIESE . 27 1, CD47/
SIRPo FBELIT AT fE 384 55 153 0 200 it 1) 5 I E 0, £ ik
MuFE & FEDT As FEFH

E DALY SR IA RNA :F:J’j[]( RNA interfer-
ence, RNAQ) B 55/ 19 RNAi PTERHE ] CD47,
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Figure 2. Reported miRNA related efferocytosis of As

(1) miR-122; 78 /)N BURT AR P S A A U v, 10 i)
miR-122 Y3635, AT AR i 4% AE [ s g K S22

(2)miR-33 ; Feinberg 252 845 T miR-33 A
1 JIE R 7 IR B8 BB, ik 20 I [T e o 28 Al

FH Al (apolipoprotein A1, ApoAl ) #MHE, H A5 it ] %
iz H R BUARAEH], AL SR ATP 456 @55z
& A1 ( ATP-binding cassette transporter A1, ABCA1) |
[& B 5 JC 45 5 25 1 1 ( sterol-regulatory element
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binding protein 1,SREBP1) #l SREBP2, Price %"
WFFEUE M, miR-33 i 2% 1) 5 200 g i g O ] o
W IR T IR A, Sy B A ML RE  4EHF M1 4
R X AT FESE P miR-33 MR As AY FEZHLH,
T AE 4 B AR B G 2 1 32 AR SE R B B (low density
lipoprotein receptor gene dificient, LDLR™™ ) /)N &,
miR-33 5 I 2 51 8 e | e 8% 3R HEHT RN & A 1
JiE . miR-33 VA 58 A L ZE 4 T A [ i A7 7 DA
X4 B NI A0 S R ARBT  Fr A

(3) miR-155 . A BIF5E "2 il T 4 AL R 4 L i
1 (oxidized low density lipoprotein, ox-LDL) i/ 5
BN miR-155 BRIB AR, YY1/ HEH £
LTRALTHE 2/4 (histone deacetylase 2/4, HDAC) & &
P miR-155 FYZRIE 0] ox-LDL %S AU IR
ML N, Lee 2510 & A% K T «B (nuclear factor
kappa B, NF-kB) 7& AL T id L4 miR-155 i
TR eNOS (3L, RNAPMEERRWI miR-155
AR B I Ak P F AR 2 ( chemokine ligand 2,
CCL2) Y3k, AT /b B A% A i ) As BREHR 1) 55
% MA, miR-155 ELHEANH] B AL 6 (B cell
lymphoma 6, Bcl6) [ 35, #54 miR155~ W 4 ifg
/NP TUER Bel6 nl 3 i SEHUE BT CCL2 ik
VA B2 miR-155 A3 i sk 3 koks HEAE AL R AE 1 o

(4) miR-148a; 2 I K 4 SEEL 5T ( genome-wide
association study, GWAS) 25 25 0 #1 I /R, miR-148a
Z 5% R 25 11 3Z K (low density lipoprotein re-
ceptor, LDLR) Fl ABCA1 I [& B 4% 12 8 H 1K1K,
TER IR IR SR CSTBL/6) MR H E rbR
(ApoE™ ") /ML, miR-128-1 5 miR-148a % 5 I8 it
iz F AN A0 B A TR 2 IR A2, O 9899 1l
IR AT 3o = K

(5) miR-223 : miR-223 1] L0046 E 361 5 114 45 i
R AH [ R AN HE ) L) Pnox ] 410 ) L 1 240 At
PR SR AR , IR R B 5 W AR 7 2 2L M
A B JBE B B ARAL

(6) miR-27 ; HLAZ A i i ik miR-27a 3 i
TR ZH A AR T B R (extracellular regulated ki-
nase , ERK) #l1 il 57| Sprouty2 7E A% 4 ffd v oY 2 3k,
et ERK BEFR AL, 998 1L-10 43, K W] miR-
27a Xf W75 A0 B A0 0 A 3 AL AR A A 9 5 A
RPN 3E 3 RNA I AR A /0 BB AL I
miR-27b JEFT 45 Angptl3 Fl Gpam 25 8 Jg i 1t
RN RIE . miR-27b BOCHEREDIAE MG 57 A1 As
/N RS AN v 52 47 [ e

(7) miR-128 . FH 8 2 A% R S S 3 A% 1 1 410+l

miR-128-1 ¥4 7 /INEUFFIE LDLR (93634 F1 LDL %
B, T IS | I s A, B 00 24 LDLR 7l g 1
AR

(8) miR-148 ; miR-148a ff1 [i] 842 LDLR % ik,
TS BEAK MK LDL ZKSF , 3 88 ) 2 55 B8 ot g i
R A IE D I ABCAT F0R 1 B0 R TG 1L 2B (1
P ol ( AMP-activated protein kinase ol ,AMPKal )
Tk Zhang 5 B KIUE W hsa-miR-148b
T8 o ] 145 S W WLZH Y (vascular smooth muscle
cell, VSMC) H [ #44K 52 8 4 90 ( heat shock protein
90, HSP9O ) HAG $1 3 58 AN 1T #% DI RE , 15 fidt X} AR 44
A, As BB A BEH ) hsa-miR-148b I 3% T i,
HSP90 J& VSMC ' hsa-miR-148b HY B HEHE 5

(9) miR-181; A WF5E i i H#E 7. ApoE ™ /ML As
B FER T N A NF-kB {55815 3h s 1o 4
RIERF IR LI T As AR, miR-181 FKjik
SRR WS 0 s NF-xB, LK 5 14 R 40 i 35
o5 R G028 A LR SR G 18 AR |, 7 20 Ik o e il Ak
it R AR

(10) miR-125 : miR-125a-5p A] fE7E— & F2FF |
P ox-LDL J1 384 BAAZ%/ 155 1k 200 B A 412 48 S 107 I ot
5 WD S Ak 5] B 45 5 25 A OC 3K 1 9 (Loxysterol-
binding protein-related protein 9, ORP9) ik

(11) miR-146 ; 45 UE 4% % 177 miR-146 1 i) 4
P RAE , miR-146 BB 5 HuR 8 3 ] eNOS 11
FRRALE N 21 1L, 15K miR-146a 239 4
B AR B | T AE RSN EIK miR-146a/b BLAE/IN R
RN miR-146a G TS 9 K2 41 I35 £k . miR-146
I 96 NF-xB 18 H LA S MAP {8 B8 3T iz
WA K N #5 H (early growth response protein,
EGR) #5%HF, A5 #EH mi-146a J&: NF-«B
5515 F R SR T 7, ApoE 1 42 1= A% 41
Ji A P miR-146a 187K - 22 FE 08 58 A%/ B
WM TG AL AT As VER

(12) miR-126 ; A i miR-126 4§ ¥4 1k A
TR 12( CXC chemokine ligand 12,CXCL12) HY e
A, miR-126 FERT/IMETE L i G HAE 5%
ST 16 (—F G B ABIKZ ARG S T
F), I ik & [ Sl 1 B 1] %, 38 in CXCL12 1)
FEAE CXCLI2 e Hisz ik CXCR4 HEPLAR L T2, IF
SR, AR RIAZER T B (high glu-
cose, HG ) 19 . I 4fi i [ AR T miR-126 19 3% ik,
ADAMY [ZRIEH LRGN, XL e ' i 15 5 P A
M 2EFUESE ADAMO 3'UTR &4 miR-126 #0554
il ADAMY 7] /b = W 175 3 1Y MerTK 48 K fife, &
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SUONT U 1 T A R A T 9% R MerTK DI RE Y 3 2%
1 IR miR-126 AT el 55 (R W 75 5 ) 1 4 e L 2451
Y, BAN, SIEH DA L, NS RO miR-126
FERBAR, ADAMO FRBAH LRGN, 7 W5 R 9 1] B
E W 170 WL 40 B ( apoptotic cardiomyocyte, ACM)
(I ZETIRE , T 34 5 6 28 1T Rl 23 DR W PR 5 RS 1
SN AR SR 5 D IE B

(13) miR-34a: A WF 75 0] miR-34a B 7E H
B AN P 2 8 0 0 R A 23R B v A7 )
VR AN M B ZE AR, 2 MO ZE R 17, miR-34a /&
— Tl p53 A 4 i 410 1] L, miR-34a 410 i L 3E
VB P8 3 A AxI[ —Fh 251 98 7= 41 Bt (apop-
totic cell , AC) %32 14 it 2 2 I | A 2 S R AL g DL
BRAE 2T 7 T1 M RBEN T, R miR-
3a TITHIMIZE, A As 1E,

(14) miR-301b: miR-301b W RE il i 40 3L
KLEF3 i 111 3 AL N B 105 400 B 53 4k, 3 8 35 miR-
301b Pl L= LN TR B 17 40 B 431k, R B KLEF3
FEACET I, T miR-301b {23 1L 2E LN TR G
105 4L A3 Ak KLF3 kK7 Bl |

(15) miR-21: WF5E £ 13! ApoE ™ /N Bl FF miR-
21 FYFE R B B AR Tk A bR 6 B AW (lym-
phocyte antigen 6 complex, Ly-6C ) 1K 5% & 41 }fd ( Ly-
6Clo) JE 25 ML B 240 I i AR A JE A B 1 PR il 7
As, B YE I 02 R AR AT RE 2 i T 5 R A 5L
T ZEAE FH A2 40RO 1) 3k B R A A T

(16) miR-10b; Li % ABF5E™ % B, £ L
XK MR ( protocatechuic acid, PCA ) i & miR-10b/
KLF4/MerTK & 7242 3 F W5 240 22 O ZEVE .

(17) miR-143/145 . /N KLU 7 1 UL 40 it H 4k
5 10038 F- 18 LA B 43 AR5 S PR F Myocardin 2% miR-
143/145 112235 0] LT B A1 336 5 IR (361 9 672 4 5 ) 1)

R, IR EE G R miR-143/145 4 -
UL 200 1) 5 0 4 AR 20 oA, AR b M 20

(18) miR-432-5p . miR-432-5p W3 PR Kelch B
ECH #H5¢% H 1(Kelch-like ECH-associated protein 1,
Keapl ) 475 Nref2/SLCTALL iy, 005 ke o, 7H- 38 v 451 403
7 WL o S AR IE T

(19) miR-15a-5p . AW 5T 4 F WA T ik
ShhKiAs FE 1 Ak 1L FE AR B miR-15a-5p 3 BEAIK,
miR-15a-5p FEIRTT BES 5305 NF-xB 42 & VSMC
XF ox-LDL FHEICE N, T T BORIEF As iFJE

(20) miR17/20a/106a: Zhu 2" 4875 T miR17/
20a/106a J2& L Wk 41 {5 AE 5 by 1 8t 771, 10 ) i A
ZRE| K0y /N BB B A0 i P Y miR-17/20a/
106a 2372 SIRPa TE5% 55 J5 /K7 B | DT 46
Tl 9 A1 240 i PR 7 149 4 006 R % RE J2 17, A5 455 A A
I afb s,

(21) miR-378a F1 miR-149; Ye % H/R T K
BEAE SRS RNA (long non-coding RNA | IncRNA ) .0 JIlL
FHE AL A0 % 8 5% /R ( myocardial infarction associated
transcript, MIAT) 7EIK Vi F As BEHL B9 AFRE 1
MIAT 1EJ —Fh miRNA ¥ 25, 38 33 ¥ 458 W UL miR-
149-5p , iE [P TP AWE 7 F CD47 W3k, B2
Jfl MIAT/miR-149-5p/CD47 18 & sk in 7 T B
WGk 20 B PR TR 53 %6, 055 T SR BB RE S (T A, /2 As
WICHEH & Je i) S R . miR-378a Fl miR-149-
Sp it CD47 P25 As™™ | Chen %50 BF5E &
B ApoE ™ /N CD47 Fab K34 i, 55 Py s A%
M As BEHUE A C, ox-LDL 755 19 5 41 i
miR-378a M FIKFEAL T ApoE ™ /NE Y SIRPa 7K
S, IO T B A A A VG M miR-378a i
Al LA il & TNF-o F1 1L-6 Y530

F 1. B IRER miRNA BT As RIZEEAR
Table 1. ReportedmiRNA for regulating As and efferocytosis

) Xt As iy XEMIZER L
miRNA fEH HEBEA Y s SCHR A 5
miR-122 R R R R R FFE R 23k, R A et As  RUIRIE  [22-23]
miR-33a/b VTR A NG AR A R I, I ABCAI SREBPI #il SREBP2 R As  JhIIEZE  [20,39]
/D RE R R ApoAl ANk, 306 [A) 4 iz
JE B, B R AR

miR-155 BTG LI M1 R R A A SOCS1 .HBP1 .BCL6 .eNOS et As  HIAEZE  [25-27]
RA TR

miR-148b O] XL S WL 200 i ) 3 A T B HSP90 fEdt As  MHIEZE [28]
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) Xt As By XERZER L
mi e R T
RNA EH £ fE s SCHR R 5

miR-223 SRS A S )5 R4, I 5 HMGS1 .SC4MOL .SRB1 . PKNOXI i As, KIWARIE  [29-30]
0 M1 R A J1& HDLC

miR-27a Pk W 40 L M2 AR &8 0 1L-10 CD206 .DC-SIGN 4% BT As EUWRIE  [31]

miR-27hb B AR 0 4 S J5 TR PPARG .GMAP BT As KIWMGE  [32]

miR-128 PR A ARSI BRI BE ABCAL (SIRT1 JHE & 2324 1 Hi As KILE  [28]
#[5 LDLR

miR-148a A LDLR 1k, 06 5 R A% I LDLR .ABCA1 ,AMPKal Hi As FIRIE  [28,33]
4 LDL /K

miR-181h AT NF-xB 15530 [, 0] P 5z 40 KL A U As KIWIRIE  [34-35]
Jitg 5 E

miR-125a-5p Y/ 5 W 200 i v G I B ORI 40 e [ #H ORPY BT As KILRE  [36]
TR

miR-146a/b  #75 NF-kB MAPK {5 S8 ¥, N K AR HuR (F05] P e #1 BL As fetpfizE  [37-38]
RV 200 e o X 0 31 96 R —E AL RS /E RNA 8584 1)

miR-126 VL I I 0 R A ) 48 i S g RGS16 . ADAM9 BT As fEtiuzE  [39-40]

miR-34a {0 AN AR vE R T A AXL SIRT1 R fRiEREEE [41]

miR-301b VAT IR | e AT, g T Sk nT B KLF3 U As FWRIE  [42]
#) LDLR #0341 B s 40 i 531k

miR-21 35l 9 I 2 g Ly-6C PR As {RIEHIZE [43]

miR-10b P4 200 B S0 2 3 2% 5k K F- KLF4 KLF4 MerTK Pt As feitpfzE  [44]
B9 miRNA #4543

miR-145/143  f& S 1M 8 - LN e 1) 5 s 4 ffu A MYOCD Pt As EtuzE  [45]
il ia

miR-432-5p BRI -FE R A S O LA Keapl U As RWARIE  [46]
Mg B S AL kIt

miR-15a-5p  FIRES 5 #G NF-xB 54,5 5 IKKo IKKss ,p65 BT As RIIRE  [47]

VSMC X} ox-LDL Hy45

5 BESRE

MZEAE ML EL e i 4%, EERIE H 3z ik
B 2 W5 I B A5 5 3 6 ok L) Al Ak FL 38 B4 2% 5%
Jiif, HHET CDA7 5 5A/E AR a7 s e 91z
P&, 22 AT IR RIS . (Al T a2 iR
HIBFSE, CDAT ik sl SIRPo HTAARLE O 1L 45 95 9 43
WS AL TR IR E D, AR 2 PR, W A
SERRIRRMFEIT As AL, A S T M ZEXT
As KA HEREL R P EAE ], LA X M SR A
LERY B CDA7/SIRPa FITE As £2FERIES S T HFE
BRI TT R0 miRNA 7E As AR 35 15 B AR 5
PRAETHIR | As 2 R i) 55 05 200 R 4 i ZE A P A0 A
WYERSE AT T 2538, HET As BFE P oC T4

[i1] |5 Wk 40 i Jf 28 CD47/SIRPa 15 5l A9 miRNA #f
A Z, XA e R RWFGE As 19— 81 7 1Al
miRNA A48 K o o 326 2 4 i, R4S ] e A7 78
A L ER I AZ 100 A BE T miRNA 232 1 DL &
AT B G E ROV AR R (H S il 75T miRNA J7
VAR PR R AE T miRNA 40 M S 4
UM, SEBL T % A 25 A AT REMEDT R ok
miRNA BEER IR As i BP0 T 07 A AR HE S Bk
HRPRIT FB .

ZE BT , N miRNA AT TR 017 f ZE A9 S A5
K RIEY As AERA —E S BN E LG R X,

[ 3% 30k ]
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