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Current studies of cytokines in the pathogenesis of atherosclerosis and its thera-

peutic measures

LI Zhi-Ming, WANG Ming-Jie"
Shanghai Key Laboratory of Bioactive Small Molecules, Department of Physiology and Pathophysiology, School of Basic Medical
Sciences, Shanghai Key Innovation Team of High-Level Local Universities, Fudan University, Shanghai 200032, China

Abstract: Atherosclerosis is a chronic inflammatory disease. Cytokine-related research provides an important direction for the
prevention and treatment of atherosclerosis. Cytokines, produced by different types of cells and acting on a range of targets, play a key
role in the pathogenesis and progression of atherosclerosis. This review summarizes the main pro-inflammatory and anti-inflammatory
cytokines related to atherosclerosis and their underlying mechanism. We also outline current anti-atherosclerosis treatments targeting
cytokines. The research and treatment prospects of cytokines in the prevention and treatment of atherosclerosis are discussed briefly as

well.
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WrEEERAE T, (R R T AT E i AS K
A, A2 1P (interleukin-1B, IL-1P). 40/
4% 6 (interleukin-6, IL-6) AR SR LR T o (tumor
necrosis factor-o, TNF-o)o 7T % 14 41 Ag [K] 7 7] 771 1]
AS K4, A4 4 2 10 (interleukin-10, IL-10) 1
AL A K AT B (transforming growth factor-B, TGF-B).
A, BN LI AT I R R rh A RE ML 82 B AE AS
RASRES, RAMAMBRETFERET®Y, ik
A TFRIA TR, Kk, HSe R EaRE T
JEREM E IR S T — B R . S5EEER
E (apolipoprotein E, ApoE) #.ii/IN (ApoE™") L,
TNF-o £ ApoE XU PR i 5% /1N 55 AH % B4 10 AR T %
27 50% "' IL-1B F1 ApoE XU K= [X] # B&: /N B 16T AS
PEHTHALL ApoE™ /N AR 30%, 2 % 40 i (K] ¥
RILEZHLT ApoE " MR ", DL EWF IR, IF
J& A M DR 7 AH SG RYR 9T A B T BRI AS 1 & AR 2 8l
RGP Ii HIHERE «

1 4paEFE5AS

R 2 ISR R B, T AR A 1 4 i R B
VR AR PR 1 B AR AS BRIR L.
L1 R&MHMRET

F BAR R VA K7 A IL-1B. IL-6 Al TNF-a
s U0, R 40 M #44k 2 1 1 (monocyte chemotactic
protein-1, MCP-1) " G842 iF (1 41 g 5 1l & P9 Fz 4
MG B, 5 5 20RE PR O I R I R AR, TRt

HE B ZEH Acta Physiologica Sinica, June 25, 2021, 73(3): 501-508

MCP-1 12 —Fh e (2 RV A 1. BRI
it #% #) #1 [X] ¥ (macrophage migration inhibitory
factor, MIF) 7£ ¥4k ¥ 4% 40 i I e 77 T 5 MCP-1 #H
8L, BB T N B 40 i Rk A DR T AN B Bt 4T,
e 4k 10 4 i o S A R 5 E IR AR T (oxidized
low density lipoprotein, ox-LDL) Ft] 5 1 FI{E 48 1 41
IR F 1) i U 9 iR AT AGAE K R F (platelet-
derived growth factor, PDGF) th 2 5 T AS ) 4 JiE i
2o I EVEZHAE S WA 1) PDGF & —Fhas 77 1 g il
U AN 223 245, AT~ L4E ik A=
RAVEAR P g A &K IL-18 1 TL-12 M7 IL-
21 Ve 2 e R M R AR A R0 . 1T IL-1B 764X
ZAE RV TR B R OER MY, R A SH
R K HIAE & BE J1, L REfe it IL-6. TL-18 )7 i,
TR RAE N BEFE R W], TL-1 REV5 5 40 il
[E] 5P 1 (intercellular adhesion molecule-1, [CAM-1)
R LA 21 B &6 Bt 29 7 1 (vascular cell adhesion mole-
cule-1, VCAM-1) f & ik, &3 A48 pyiE % ™.
IL-1B B85 5“7 LA A 43 TL-6 ™21, TL-6 T 8
U248 i 7 A A 4 R 1 AR AR 4 VAR, IR
AS (R REHFE (K 1),
1.2 M AEREF

LA A0 M K 7 mT 4] AS TR BRI R, Hh
S VAN I P R A FRAZ AR AN T 40 B
A TGF-B & — MR ZE PR MBI . Bk
W, TGF-B 7E ApoE” /NRAEW L FiX)E, NRE

1 SRR AAF AL £ B 094 S Fed K M tm e B

Table 1. Major pro-inflammatory and anti-inflammatory cytokines related to atherosclerosis

Cytokines  Pro/anti-inflammation  Effects in atherosclerosis progression

IL-1B Promoting Increase ICAM-1, VCAM-1 and IL-6 ")
Promote the migration of smooth muscle cells """

IL-6 Promoting Induce endothelial cell dysfunction, vascular smooth muscle proliferation and migration '
Induce the liver to produce fibrinogen, plasminogen activator inhibitor and C-reactive protein *”

TNF-a Promoting Destroy the tight junctions between endothelial cells and promote the adhesion of monocytes
to the surface of endothelial cells
Promote LDL to enter the subendothelial layer and accelerate the accumulation of lipids in the
blood vessel wall ™!

MIF Promoting Promote the adhesion of monocytes to endothelial cells and the phagocytosis of ox-LDL by
macrophages "> '¥

IL-10 Suppressing Decrease TNF-a, MCP-1 and ICAM-1 "

TGF-p Suppressing Inhibit plaque development and stabilize plaque *”

IL-13 Suppressing Increase the collagen content of plaques and increase the proportion of M2 macrophages *”

MIF: macrophage migration inhibitory factor; TNF-o:: tumor necrosis factor-a; TGF-f: transforming growth factor-f; LDL: low density
lipoprotein; ox-LDL: oxidized LDL; ICAM-1: intercellular adhesion molecule-1; VCAM-1: vascular cell adhesion molecule-1; MCP-1:

monocyte chemotactic protein-1.
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B kA5 4 T AR A AR SR Ly, B R ) R D Rl 4 1
%, RILEPLRMPT AS B P B Mg A
T IL-10 AT BRI 2 P40 e IRl F TNF-o FHZ B 201
ICAM-1 (A g 2,

IL-10 Fl TGF-B #0745 T Zi st 4,
IL-10 7] LA AR AR %6 M40 B X -7 AL I 7 R IE T+
1AL IR P A s B, (et A R s
fi& % A (low density lipoprotein, LDL) f{J45H ), #11
Gl SRR b= € Y i o e e S L A= S BN i )
[7] G 728 R RIRE PR 1) M2 B 5 A BY TGF-B 3 o #11
i T GHAR AT BE PR ApoE ™™ /MR AS [FI AR,
M 380 ApoE™ /I8 R BE B Fa e 1 Y. IL-10 A1
TGF-B HIHIAE 5 RS T 20 11 184 58 A2 4% 14 40 B IR
T3 B TL-13 S24HBI T 4000 2 (T helper 2 cell,
Th2) 7 W HIPL R PRI DR 7, 2k IL-13 &S
FE R 224 N BT ik oA e 2 J R 2 AR 6 B9 IL-13
Aab 2 vy AR ) PRI LDL A2 44 R B /N BRUE BEER
WIRIR & B BN, VCAM-1 Fik[EI%, Hat:

40 o

¥ M2 24 S bk e s B, R R AR
PEHRCR (£ 1), L4 BE THRIEARE 1, A%
WFALHRIR TL-4 "R AEDT AS 2 B, (B R
B TL-4 G615 S S BOORT I 98 0 S o2 2%, TRt
W 7 B — T ST 8 TL-4 72 AS HURFEITER
1.3 ASHXHMEFEENESER

BT IL-1B B2 28 AR, o6 e = A Ll (1)
W R TR N B4, 6 R AR 9S> T X (patho-
gen-associated molecular patterns, PAMPs), 11 ili 4 4<
JGAK (Chlamydia pneumonia) ®. B¢ fGIAH 4 1
12 (danger-associated molecular patterns, DAMPs),
WS 1 (heat shock protein, HSP) *”, 5 Toll £
24K (Toll-like receptor, TLR) [ il #h &5 #3454 )
ARG S T, AR IL-18 AR (B 1) B
TLR 5N g HREH BEFE 7340 B F (myeloid
differentiation factor 88, MyD88) 454, Ja &%
J1 TR R A B 1 SZ AR A S W 1R 4 (IL-1
receptor-associated kinase 1 and 4, IRAK1 and IRAK4),
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Fig. 1. Production of pro-inflammatory cytokine IL-1B. DAMPs: danger-associated molecular patterns; TLR: Toll-like receptor;
MyD88: myeloid differentiation factor 88; IRAK1/4: IL-1 receptor-associated kinase 1 and 4; TRAF6: tumor necrosis factor receptor-
associated factor 6; IKK: inhibitor of nuclear factor kappaB kinase; NLRP3: nucleotide-binding oligomerization domain, leucine-rich

repeat and pyrin domain containing 3; ASC: apoptosis-associated speck-like protein containing a CARD; GSDMD: gasdermin D. This

figure was created in BioRender.com.
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T O 2 3R % 16 Bl b SR BE R 1 AR AR SC TRL T 6
(tumor necrosis factor receptor-associated factor 6,
TRAF6). TRAF6 41 53 I 3% 1% Bl 1 «B #l il &2 B2
(inhibitor of nuclear factor kB, IkB) [ ¥ i & & &
(IxB kinase, IKK), 1%E & 44f kB B IGE K42
FACREME. tH p6s Al p50 P FE B 4L A % 1A ¥
kB (nuclear factor B, NF-xB) #% B¢ iU 35 7 i N\ 41
Mz, AR FIECPER e, #esk it pro-IL-1. pro-
IL-18 1 A ¥ 44 (1) NOD # %2 14 & H 3 (nucleotide-
binding oligomerization domain, leucine-rich repeat
and pyrin domain containing 3, NLRP3) B8 —y
T, 22 T3 A2 G A W VA T AR 8 388 i T2 RS ) JIER ]
g P K 4 P2X7-ATP (purinergic 2X7-adenosine
triphosphate) 38 & #M i 5 S0 Y K U E BRAIG 10 45
HRREMGE NLRP3 R PE/MA . 3L NLRP3 4 /)
1R 55 8 T AH B STFE 82 1 (apoptosisassociated speck-
like protein containing a CARD, ASC). pro-Caspase-1
HEAEGY . pro-Caspase-1 £HHAE GYVIE
5 AL 5 R pro-IL-1 A pro-IL-18 73 fi# A 12 2 3 1
(¥ e TL-1B A IL-18, b3l i F i 4¢ 1 4 it PR
FETRCR M Ak 5 51 RS 98 5E [ . k4, Caspase-1 1]
#4618 Bk 2 D (gasdermin D, GSDMD) J&5 % i
() GSDMD (IR W m] FE A M 5 IR R “ AL 7, 5l
i H S A e Bk, 4H MR S RUY DAMPs
S SR G R, IR R B

IL-6 W] I 45 & IL-6 2K B — e B &),
HEEBERES gpl30 X =Tt B &Y, 51/E T
M MR I JAK (Janus kinases) {5 5 1% G 5 H
15 [Kl-F 3 (signal transducer and activator of transcrip-
tion 3, STAT3) FIUHUE, 4K 51 S (g 5 H G HE Al ) e
o fMi IL-6/STAT3 3@ i ml yk 5% ApoE ™ /IR v i
B AS RAE .

IL-10 5 5 = AL A R 715 5 B 0] 20 1 3
(suppressor of cytokine signaling-3, SOCS3), SOCS3
A I AN [ H 3 2 A I ) /)N BB R4 L TNF-o £
AL A (nitric oxide, NO) 55 1 2 9 Je 2
TGF-B 5 52 R4 17 J5 WAL Smad2 A1 Smad3 HH,
P55 Smadd4 JE RRE SN 5 ) Smad &4k . TGF-B
I Smad3 @AM HIF I UL 55 38— F L A&
filg A IL-6 )ik ™, (B AR 5t H tH TGF-p/Smad
Gl S5 T ox-LDL i S 4 E T Y,
KA % TGF-B 2 5 AS HARHLHI A #7 ik — 25
EZ e
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2 SHXTHREEFRIIMBIMASIATT KRG

T RZM AN AS B — 4 %), wiEid 4]
i FH L T Bk A B A 385U (3-hydroxy-3-methyl-
glutaryl coenzyme A reductase, HMG-CoA) [1]7F 4 )ik
b JE [ B PR B, AT I 38 B ARG L PRI 0R o Ay T
KA BEIRLE AS BEHL [ J ik U, (R fhyT
AR AE — SE R BIAUAR 2 M, 1%~10% ) &
B 5 HILVLA IR, DA ARTT 2R 25 W Ak DL
(1) 6% M, RUbyT R A2 38 hn—f%, K%
J& A8 & A HH [ B (low-density lipoprotein cholesterol,
LDL-C) [fI7K-FAUX BEAK 6%, T LA 257 AN R
SSEIN . BR T BRARMLAG & &4, B 280E, JoH
A0t 2 I R T R IR 9T AT LLIEAIC AS 1 A
B, PR X R 2 (V6 T A H 52 B E AR
2.1 §txtRFEH LR F—IL-1BRATT i

CANTOS (Canakinumab Anti-inflammatory
Thrombosis Outcomes Study) #& — T EAl G O U SE
T3 5210 5 7R AL ] R 94 B 4T (Canakinumab) J& A8 75
FREAC O ML A8 i R U e . RN e —Fh
et TL-1B 4h 4 AT BB A 428 4 FH 1) B e B A
CANTOS R 5645 AR W RGN B0 w] AE AN WAL I i
ACPIE L T BRIR R 2R ) C B (C-reac-
tive protein, CRP) 1 IL-6 & iE bR &Ko 5 2IE
AIZHALE, &= H B M 150 mg RN HTA]
2 B R R O JUURE B 2580 0L A5 5 (R AT T2 356 1Y,
PR -RAER IR E N AS WIVBTEZ Y. (BEASE
RN, XRTECAHMAMTT AW a7 &l -
PHE NG 25 RCR, Falifdi RN Buxt AS )i fE
RS A CH BT R E AR . AEERE IL-1B () CAN-
TOS IR RATAT LIS H LR 4518 « RV LU
Ay T 25 I i i At gk — 20 B A O a5 9095 1)
EORFRAGET R W, NI A AS HLAIETT AT 47
PRpt T Im IR RIS SR B I 28 XS R TV 2
Mo BN AR PR L F R % (B AR RER D) .

TESNY) LS T, ApoE ™ B 38 5 ] i 4 J]
45 7 P IL-1B (1) 5T & XOMAO52, fEH XL %
ApoE ™" Ity AS HEFE P, FF & NLRP3 J5 T B 52
KL, AH NLPR3 % % /MA 5 IL-1B 73 W ik 21>,
AS TSRS kiR B VR TER) IL-1 SR A4
(interleukin-1 receptor antagonist, IL-1Ra) J& — Fj' 2
AT IL-1 R E R, feS IL-1B a2 ihss &AL
s, MR IL-1B, sk AS FRAE B, FEORSK
IR EIR, ApoE” {51 IL-1Ra 244 T Lt ApoE"
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9 5L B A 2 IL-1Ra /N BURBE ALK 30% B,
2.2 $txE MR M ARE TR FE

IL-6 7£J3%GL A4 47 (1) F AP B e E e 4n g A T
N e SO el s Q- < (/2 i 211 N P R
IL-6 tHJ2 —Fh SRE bR Y, & BT LA
B RIEAKTo IR FE R, A B0 S0 B 3%
I3 o IL-6 /K3 . AT IL-1B F1 TNF-a
M, HETA % IL-6 KR MEIG R T8>, H3:
BELLTL-6 (1) FELIET 77 FEER 54T (tocilizumab) .
BREHUZ — MR 5 IL-6 SE 4+ 45 & IL-6 2 AR H 50
FEHUA, AT/ 2 %8 1 40 R 1 IL-6 5 IL-6 32 &
(Rrgh A, oot X IS K B I LA P I o g B,
TR M2 B2 AS Bk AR . AH AR B Fi 3R AT
FHFEERFA T N 7 M LDL [ /K B, [R5
fERFEER U AT IEAME, TSI T RGBS N
RS R ek FaR GG, GRS LIRiE.

B W 40 B 43 9 1) TNF-a 2 5 4 5 R JE M,
TNF-o [FIAHSSIGIT FTREE IR IR AS 3EFE 7 H il
B LS 5 BT TNF-o0 B9 54T, 20 B 78 K B g
(adalimumab). &£ AT (infliximab), 2 Bk $.41
(certolizumab pegol). & 7 & (etanercept) & — Fi
AHELT TNF 2481 5, 5 TNF-o A 5 =56 M 71
TNF-o FELITARIZR 254 B, Copl e 6 2 o e B A
HSHEE A TR I R RIB ST % . BL TNF-a 5
DNRRAE R 28 R A O 1T 8 B85 A R Al AS FIAH R
O I 9 9 TR RIS, R O A TS 8 <5 A 98 1 1 T
AS 1 {H . TNF-o BHI A AT B R
LIRS R IR =R, EZF /N
75 5 7 (1 B R B B T AR ICAM-1 7K B R B2,
1B B3 F 70 3 B BELIET TNF-o J5 LDL 5% A 3k PR i B
/N BRI 2R A 1) SRE AR ED7KF FRAK,  (H RS AR e 1
A R B ass Y, nl g SO i S FE RN
KAEZ, FIEFRE— B AR BT
TNF-o BHIWr 9677 2R T 28R MO RN B
AT B M, & R SR EN A as T
AS WI¥RYT, M= BRI RUESE o
2.3 $txtind - 4mpaE T RaTT SRR

55NV 2 M 40 R DR - ) R AR AL, T A
TR NEAH MR T AT 22 A8 AS, {EBNH) St HL
37— &R .

1R TGF-B FREIAIFRE T ApoE”™ /MR AS
BE PO, S — T SR, S Bk BRI T
2 A R 5 TL-10 38 % 247 2 AL v] R P A 4k

TR % AS B/ Y. 3 2R 0A 41 i Sk R [
IL-10 A 3 o 12 2 = Wk 200 o O 3 I 1) 0, B AR
A5 A O EL R R B, e SORE RN AS 2, T
TESK H AS B dr, 385 TL-10 35 X AS Jii 25 BF
BRI RN BB T B0 AS g R T IR E
SR, BEIR JE SRR R B 45 A T RERZ L
5 PEAI ML R TR 97 I RCR -

AT FE LA I 2R/ oy s TR B
Fbih 5 HALT T KaaH S ) T AL & (hydrogen
sulfide, H,S) /&2 — M LSS 501, 1E AS 3]
VIR R R T a R, AMETE HLS ik
NaHS "] )R 2% /N AS K&, FoEstik, JF29—
SEFLFE 5T AR A e Y. Moore BF 7t A1 BAIRIE, —
g 7 H,S Atk FW 1256 ] il i 410161 41 12 g 22 45
S IkB BEER LA p65 JEFI AL, 8/ G 4
AR 2 PE () TL-18. TNF-a Al IL-6 1, AH 53 i
HHXS 5 — Ff A 245 PR 25 BE BB (leonurine) A 503
B, 2% BRSO A @ ] NF-«B M0 TR E %R
I8 RSN ik AR R AE A IR T IR B T A AR E B
P AR MR AN 2 2 1) TL-6 BB T RIS,
MR T AS. FaoE B fE A © DLW R
ANHZ RN IR PR R B R AT (4T 48 1 A
SRR E S

B0 28 PR 40 B R ¥ R AH SS9 B AT REAE
WSR-S, NBRT Al AR T k. A IE
FEREAT ) e BERLHR — A R SR IS 4R 29 2 2 1A
H4 383 B ) W PR SR B N7 O34T VA

3 $TXT4EREETFHUHASRTT RIS B R E
SRS LI o S = TR D i PN AP S E
AS JRTT SRS AFAEA 2 AL, ROV 7B 1 2
5 AS HUtRE, AR HA RO T R AR, A
DN o IR B B by EL 3% A T ) A T RE S AT LAk g
RIJLE . A TSR HLie 2 VELR I A 7 (136 )7 7T g
34T R R A KUK B DRI, Rk A i R T R
IPT AS ¥R IT SR IE 75 B2t — P PP ALAL o
HG, A B ISR 2 VAR R T B s T
B 7 TVEA Rtk . 54 K SRAE Biomaterials
B R SRR R A SR B BT A SRS ) R RS
AT FUAE B AR B ARG PR PER) TL-10 1835 2R 22
FOAL I SEIAC ORI . 12 SR AE AN I 544 2 13 7K
PR B> T AS BRAE . BRI AT R R
FLIFRIT AS Wi REZ IS H AR Y. 15 2R
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