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The role of macrophage polarization in cardiovascular disease and Chinese medicine

intervention
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[ABSTRACT] Macrophages are heterogeneous and plastic, and the microenvironment is a key factor affecting the phe-
notypic changes of macrophages. In cardiovascular disease, macrophages can polarize into different phenotypes ( MI1,
M2 ,et al) depending on their microenvironment.  They express different surface receptors, release different cytokines, are
regulated by a variety of signaling pathways and transcriptions, and perform different functions in the development of cardio-
vascular diseases. M1 is responsible for initiating and maintaining inflammatory responses by secreting pro-inflammatory
factors; M2 is involved in inflammation resolution and tissue repair by secreting anti-inflammatory factors.  Traditional
Chinese medicines have the functions of strengthening the body, promoting blood circulation and removing blood stasis,
clearing heat and detoxifying. By regulating JAK/STAT, PI3K/Akt, Toll receptors and other signaling pathways, it re-
duces the aggregation of macrophages, promotes the polarization of macrophages to M2 or restores M1/M2 homeostasis to
improve the inflammatory microenvironment and delay disease progression.  This paper mainly systematically sorts out the
origin of macrophages, the polarization and regulation mechanism of macrophages, the role of macrophage polarization in
cardiovascular diseases and the intervention of traditional Chinese medicine, and provides theoretical guidance for clinical
prevention and treatment of cardiovascular diseases.
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1. BRI RE ALEIFIThRE

Table 1. Phenotype, mechanism and function of macrophage polarization

L 4 . - 2
i i e L i
M1 JeZ M vy T £, CD80.CD86,CDI6/ IL-1B.IL-6.IL-12 IL-23 . TLR4/NF-«kB. IRF5, JiJf & Thl s
LA M SE R B 32 MHC T iNOS TNF-a, # 1k K F 3% f& JAK/STATI Notch AR (T
HF (CXCR)1 ~3,CXCL8 ~
10.CCI2 ~5 .CCL11
M2
M2a  IL-4.IL-13 CD206 MHCII | TL- Arg-1, IL-10, TGF-B. JAK/STAT6 IRF4 R fEEdLeR
1R . Dectin-1 CCL17 ,CCL22
M2b ¥ AW TLR  CD206 MHCI.CD86 CD86 MHCII .  IL-10, TLR4.PI3K 123 Th2 1E 1k Fi
BEhF el T-1 324K 1L-1B
LR
M2c  BHEZBUISE M IL-10  CD206.CD163 IL-10 ,TGF-B ., Arg-1,CX- JAK/STAT3 NF-«kB  Hi# fe#AL4EE
CL13
M2d  TLR #3h5E lF  CD206 IL-10 \VEGF TLR4 NF-«B PR bR 0 A AR

T A2A 324k

3.1 TLR4 ZSi&EEE

TLR4 A0 — P I R 32 1, 7 240 i
RIERN MR KRR B EEE™ | TLR4 B4
(ZSTEVRSE 2 Y ISR O S n U 5 e ]
LPS) 454, &8 2 /L H - 88 (myeloid differentiation
factor 88, MyD88 ) #f< i 11 i3 42 B T- #2415 A+ 3
(interferon regulatory factor-3,IRF-3) {&fLAZ K F «B
(nuclear factor-kB, NF-kB) , DA i #F 2 %€ K T 0 &
i, E VAR AL, HU, TLRA 3 #%-5 HoAt
R SRR S U A, 0 LPS 5 5 A9 TLR4 5 %
WOE JAK2/STAT 245 M1 ARAL I B 2k
WIS PR T o bt B R A A A Ak,
72 W6 i FL3E i 9 ) TLR4/NF-kB {55538 % , 15 5 H
WEAR AR 1] M2 BRI AL, DR AsT
3.2 Notch FS i@

Notch {551 P% 2 5 P8 £ 40 M 1) 434k 378 | 2E
HFMER ., ZiEKHE Notch 21K ( Notchl ~4) Fifk
(Delta FEERAAR 1 3 Fl 4, Jaggedl F Jagged2) 40N
R FAF AR5, Noteh 3806 2 i Bl iR 45 451
& R R y o WSS WA TR AT
IR 24 PR Notch g N 254435, ( Notch intracel-
lular domain,NICD) , ffi NICD %% % 40 Mo 4%, I 7E Tk
07 5, 5 £F 4 R & W FE ( cellulose synthase-like,
CSL) 2 H A A 8 H 454, NINTJA 3l Notch T i
HL D A 0 Noteh {75 B 5 42 5 s 4
Mt Ak, F5ERIT, M1 7Y W 40 i A9 Notchl 3244
AR IR, AT S S M1 AR Al s, M2 B Ak 1
51 D4/ Notehl Fliif iof i T W I i 4 5 3K 4

J& 2 111 i ( adisintegrin and metalloprotease, ADAM )
Iy o WA VR4 A, B NICD A%, S EALE

%54 % M ( recombination signal-binding protein-J,

RBP-J) AHE A, 2 i2F M1 B4R A6 [R] B4 i
I 200 1) M2 IR AR
3.3 JAK/STAT {5 8i#E 8

JAK/STAT 15 il #% 2 5 40 f 54 58 0 AL 4
PEPR T ARl R, BRI MR R A S JAK/
STAT A &, M1 BIE BRI 5 STATI B R
PR UIAR G, M2 B AL £ 2K M T STAT3 [ STAT6
A B K 15 5 5% 5 30 ) 5 (suppressor of
cytokine signaling, SOCS ) [ & ik 36 fn'>" | 1 %,
IFN-y 5 HAZ 454 9180 JAK, M5 T STATI
MBI 1L, /v & M1 B AL ; T4 3@ i JAK1/3 F
STAT6 UL AT M2 R AL
3.4 PB3K/Akt {5SiEK

PI3K/ Akt {5538 115 L I 240 i 7% ik R 28
TEHERE AL W20 B A Ak e AR T, BF9E kW,
FLER Aktl HEDR, AR LL M1 UG 3 5 RBR Ake2
FH G, i L M2 BURR AR T AL
@Akl [ miR-155 mRNA 3k 0% % st
T p65/i%i fb B 41 i B N F kappa §% 4% 14 58
(RelA/NF-xB ) il i, 4ill il SOCS1, i 5 M1 B4}
B, @Ak ] miR-155, #0G CAAT/ 3 A1k
Wik ¥ 8 A B ( CCAAT/enhancer binding proteinf,
C/EBPB) , /-5 M2 Ik, @OBEEELRAEEN
7 (bone morphogenetic protein-7, BMP-7) [ 2 %5
WA K H 5 11 Z K (bone morphogenetic protein re-



264 ISSN 1007-3949 Chin J Arterioscler, Vol. 31, No. 3,2023
ceptor-2, BMPR-2) , i 5 SMAD1/5/8 B ik, Bi%  1EWIE 1,
PI3K 36 Aktl, 755 F w4 g i) M2 Ui AL,
IFN-y LPS - Dll4
Akt1 Notch1
JAK1/2 TRIF  |RAK1  MyD88
STATH IRF3 TRAF6 NF-«B
PES/pSO ReIA/NF- kB o——
SOCSHt
C/EBPB
STAT6 STAT3 miR-155
P Akt1
JAK1/3
IL-4/IL-13 -

B 1. EMEARRLIEE S
SEER A, MR I, TRIF. TIR &5 M3 HE 8 (1 ; IRAKL . AT 32 1 2 04HH S 15
TRAFG : PRI R FE IR F-SZ A AHE K F 6 ; SMAD1/5/8 : SMAD 14 1/5/8,

Figure 1. The regulation mechanism of macrophage polarization
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Figure 2. Targets of Chinese medicine regulating macrophage polarization and anti-CVD inflammation
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