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Research progress on the role of macrophages in atherosclerosis
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Abstract Atherosclerosis (AS) is a chronic and inflammatory vascular disease. Macrophages are
common immune cells and play an important role in the development of AS. In recent years,
research has found that the formation of AS plaques is closely related to pathological and
physiological processes such as macrophage polarization, energy metabolism, and lipid
phagocytosis. This review aims to summarize the mechanism of macrophages in the development
of AS, and to explore potential therapeutic methods for delaying AS by regulating macrophages,
providing new ideas for the treatment and research of AS.
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BKHREEAL Catherosclerosis, AS) & —FBIE, SMEMEMAEHRY, Sk FERELIE
LML FIR (atherosclerotic cardio vascular disease, ASCVD) F& & ERIET (LB FHHP, AS
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macrophages, M2) . F#Z-y (interferon gamma, IFN-y) . fl§Z ¥ (lipopolysaccharide,
LPS) % M1, AU ZF Cinterleukin, IL) -13 Al IL-4 33 M2, M1 P24 IL-6. IL-1P.
SR FE R F-0. (tumor necrosis factor-a, TNF-a) Z{E R KT, M2 7L IL-10 ZHi % H
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B M1 BB AS KA, i M2, #i] M1 BRAGIESE AS K J& . Farias-Itao et all*?]
B PP AR T2 ) M1 530K TE B, BESRBIR S A oG, T M2 S BEEAGE |
A L I R R D M OE . b Ah, S B B (artesunate, ART) Y 75 kA 1% 5 R T - la
(hypoxia-inducible factor-1a, HIF-1a) FI#Z[AF xB (nuclear factor kappa-B, NF-xB) {55 i
(¥R IB ] M1 AL AZE MR ASISL. Song et alPHE A HER #h (Itaconate) JHiT F i/ B I
S M TP A R 2040 2 AHSSE T 2 (nuclear factorerythroid2—relatedfactor2, Nrf2)3iii] Hibk
fBIEZE AS. 55484ME B (ultra violetradiation b, UVB) I B it 5 (M B (protein kinase B,
PKB) BRR1L, (i M2 EVRZRMR AN, F25E AS BEIEL, Duan et al™ I E MR 480 A A
LRAEIRE A A-1 45481 (mitochondrial apolipoprotein A-I binding protein, AIBP) [k
Z BRI AL, (EHEBERR N AN TK 7 8 A R 75 530 1 (phosphatase and tensin
homolog induced putative kinase 1, PINK 1) [ 1) EI2 Jal > 2 b A 5 Wat (T 1l 2 12E M1 A4k,
Ak HE AS . 54 B 7T RS2 B P40 B 2E K [X] F-( hepatocyte growth factor, HGF) JEid i AS
A58 47 3 20 Bk ol B B B S A R I AP LA S, A MR, S M2 it
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Fig.1 Factors influencing macrophage polarization in AS



B2 AS A B AR AR AL I R

Fig.2 Factors influencing macrophage polarization in AS
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I 40 ) e A U A2 VA TR B A2 (pyruvate kinase muscle2, PKM2)  BHE% MR %5 2 il

DR BT, AR AR AR AN 7] A B T g o i e D8I B LA AR 2% 2R 22 1 Coxidized low-density
lipoprotein, ox LDL) - ifl ELWG 41 g o /) PKM2, {23t H %1 ox LDL, S50 AS kK4 (K 3),
PKM2 14177 ] BELIKT /1N Bl AS 35 J8 . Zhang et alt™7Hf% 384001 515 411 i 5 1A B SR IR 438 2R
-4 (monocarboxylatetransporterd, MCT4) A]ffi 20 & A FLER AL, WG AH RS E KA T/
AS BIREEERE, % AS B, AR IS I BT e R R IR E A 1

(glutaredoxin 1, Grx1) {4 H 552 s I E BE AR (15 5 8 11 S 230t H kA 5 30 42 24505
b3 (B BSEE 1 (mitogen-activated protein kinase phosphatase 1, MKP-1) F&f#, MM %
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Fig.3 The impact of energy metabolism and functional impairment of macrophages on AS
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Fig.4 The impact of energy metabolism and functional impairment of macrophages on AS
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LDL /& F A2 AS HIE E 4545, 1 ox LDL /& AS RERIEE XK. AHiflI%E,
ox LDL % — 2L & 1 (nitric oxide synthase-1, NOS1) 74 —% 4k & (nitric oxide, NO),
T2 CDA40 BCAALE B g4 i b Ak AT VA Rl -F- CD40 S2AAR7E N B i i 320k, T S BUR IE
SSIEE TN PR A NOST AiTZE /) NO W] BEZ R AS A RN - 4T L H E(Gasdermin
E, GSDME) AL ST T F B RAEHA, N AS Al 4 iR, ox LDL
7% 5 GSDME 7E B2l g 1%, JH{R it A T . BV GSDME 1978 fi, 7T g #1 ox LDL
FHFHEVRAEME T, A6 AS fikRE.

5L 20 P 7 G T2 B R A M A'S BREBIRTES F I GBI A, 3R 1 V0 A 4 T P P TR 3%
W52 AS HERE W 78 R BB BE 1) G & A o % (G protein stimulatory o subunit proteins, Gsa.)
FLAPEAT AS R ERLRE PR I Y . BOE Gsa M5 cAMP RN TLIESE &R

(cAMP response element binding protein, CREB) 45 CD36 ik, {E#kiRE A EIURIEIE

AMITE I, ek AS TR, 1T Gso J: P BREA B AL A ST ] N B AS HEJE . Wang et al??]
Ril, SRR A 4 (bromo domain-containing protein 4, BRD4) {3t LPS i S/ E
MR e, EHIHCEZ G0, (edt AS R AR, 1 ASH, Bty
X FERED Rz ZEE R EIKEY 9 (ubiquitin-specific peptidase 9X-linked, USP9X) F LA,
H5 BRI . IR S B TR IR SEAZ O & S8 0 oA A G230, ) I S
HMTE AS PR Th IR E A (B 5 .
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Fig.5 The mechanism by which lipid metabolism mediates macrophage influence on AS

progression
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B ZLA PRI . T 0 A I N R A AR N AS #ERE .
A SCHTIA ox LDL 0% NOS1 f CD40 Boikeik, 340 B4 i iy B 40 i 2 7] (7R 3
RO IAR AR, et AS FERIO). ZL4000 Jak2 JE[F VO17F 2848 SEL g e . 52 Bt
Fq, 0] s 2 Akt L R /R S R AST24T, et 41 i it #M B B (neutrophil extracellular
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V2 AN Z 00 -5 WURSEA RN, S il NRER T R 25V i) AN 32 e 254
EYARAE SR PR B0, ik, ik DAL D BE R T AS 2B AT] (B 6) o B
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B, gesh, M1/M2 B W20 58 1) 49K B AR 8 K AR FE IR #5148 (proteo lysis-targeting
chimera, PROTAC) HARESIEIT AS HIHT T B0, PROTAC HiAR & —FiE ] 4 157 P A
BOR, HA- PR B, R 9 — i BLa 77 J7 2CAE I PR B AN R S Hr AR 22 0 ] .
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YRR ) 07 2 245 W) 30K ZR Gt e 1 O BEPENKUR M IR P B2 22 Gt i B T s B4
KIRLA 5] S R IEHH, BTt AS A B2y 40, LR AR, S8 E Rk T
AS 5 EKIIN HE 77



e UIEWAKIINEERIGIT AS RIZHY)
Fig.6 Drugs targeting macrophages for the treatment of AS
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