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[Abstract] Cardiovascular disease (CVD) poses a serious threat to global population health, with inflammatory responses
closely associated with its pathogenesis and progression. The cyclic GMP-AMP synthase-stimulator of interferon genes (cGAS-
STING) signaling pathway is a key component of the innate immune system. By recognizing cytoplasmic DNA, cGAS-STING
activates interferon regulatory factor 3 (IRF3) and nuclear factor-kappa B (NF-«B), thereby inducing the production of type I
interferon (IFN-1) and various inflammatory factors, which orchestrate immune responses. This pathway not only serves as a key
regulatory component in inflammation, infections, cancers and autoimmune diseases, but also has been implicated in cellular
processes, including apoptosis, autophagy, cellular senescence, and metabolic regulation. Notably, the cGAS-STING signaling
pathway plays an important regulatory role in various CVDs (including atherosclerosis, myocardial infarction, heart failure, efc.).
Moreover, inhibition of the cGAS-STING pathway attenuates inflammation and ameliorates CVD progression, highlighting its
potential as a therapeutic target for CVD. This review systematically summarizes the regulatory mechanisms of the cGAS-STING
pathway in various CVDs and the latest research progress, and discusses the therapeutic promise of inhibitors of cGAS and STING,

aiming to provide new theoretical bases and strategic directions for CVD treatment.
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WA SR, o0 I 48 %6 I (cardiovascular disease,
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I35 (R FRC ) o O IUVEBE K 3 30 ke #n 3= 3 bk
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20134F, Sun R, LRI R G L
(cyclic GMP-AMP synthase, cGAS) FJ 5 51l Jitd it H A h i
XUEE DNA (U A ) DNA) M 54 sl it 2 1 5 B
DNA, U537 1 i) 28 $7 K DNA(mitochondria DNA,
mtDNA), Jf i i #E 0 & O
(stimulator of interferon genes, STING) M H. N5 >
i R S RN . ZIRRFSCIESS, cGAS-STING il
B 1R 28 BE O S 22 Fh CVD Hh s A TE TR M S RE S B
FRIE M CEEA T, fln, FeO NS/, B
J53 Y mtDNA 38 o 30 %0 B O 1A S T TR
(interferon type I, IFN-1)id %3k, Al hnfl.Co WLEEZE™
R R, T AT T AR BH BT T 2R A2 4K (interferon
receptor, IFNAR)EN% 5%41#5%%&@ s E&%E‘D%
DIReIHE m AR Bk, CvD RAR g B
I 1 Y9 DNA(UN mtDNA) KB B b8, HAS550%
JUERREE | RERAE . EALN IR R R RIE
T, R R G L5 A cGAS-STING i i 119 43 T ¢
fiE, BEARHAE CVvD H IR EENLER], IR ) %0
FEA/ N3 AR B R R, B AESR L CVD Y
BANETT RS HERSARE

1 cGAS-STING = Ei@ &

1.1 cGAS cGASTE MBI G Z A, AT 8 51 i i
N . AME RS SUEE DNA(dsDNA), 7E Zn 5 Bh F ,
dsDNA 5 cGASZE &I R HA Gk, #Emifiib GTP
K ATP & BLHS {7 fli 25 1R GMP-AMP(cGAMP) ¥,
cGAS X} dsDNA FJ UM A P ol dER e 50k, re i 2
Fh YR TE DNA(mtDNA . 4% DNA Z5)P, RyiE i o
P ARGE SN . A M 2 S A T B . A,
cGAS X} dsDNA Fy H Il = AT K B, (UK 1)
DNA(>45 bp) 64T S WG cGAS, i 45 46 1Y) DNA(Z
20 bp) W TG fi e HAR AL DI RE . IR R BB

cyclic GMP-AMP synthase-stimulator of interferon genes; cardiovascular disease; inflammatory responses

IO B A SRR R Z ok A SR A 1, SCRE R B X 4 i
I35l DNA MBS )™ A Y S 5 DNA 5K O BV 5
PERI . WAl BRMITT DNASK, 4058 &8 T4 ke
T L A0 38 — A% 11 I (extracellular cyclic dinucleotides,
eCDNis) s AT 847 41530 20 M 1 cGAS™, #F— B4R
T cGASTERPER I P YT REZ ML

12 STING STING /& — F 4 i [ (endoplasmic
reticulum, ER)I:EAIISIEE . 24 STING 5 cGAMP
iGla, HMERKRAEZN, W STING-cGAMP & &
Y. mES WG 2 eE A 2 A A (cor-m) il
ADP HZHEHAL A T GTP B/t S BENLIS fiy 2248, M
ER$%32 2 i /R BA ) SEAL T R /R BHA Y STING #1
SEITHEIR AL TANK 45 15 i it 1(TANK-binding kinase 1,
TBK1), #1451 #8 % # 15 K 5 3(interferon
regulatory factor 3, IRF3) WML 1L, #5 % JH 3 IFN-1
B4 2 0 3 3L [H] (interferon-stimulated genes, ISGs)
(223505 [, cGAS-STING %54 I kB
(inhibitor of kappa B kinase, IKK), filt & # [ F--«B
(nuclear factors kappa B, NF-kB){5 51 #9161k, #F
TTJEEAR 2 P F- 17 A0, cGAS-STING 53 )
TP X AR SR R B OCEHE, AR,
T I 1Y) S T AT R BIEN- 1 R B 5%
W RS RS, WS 5w IERAE . HAE
PO ALAY KA K e (181 1)

2 cGAS-STING 5 S EHIAT

2.1 mtDNABBIEVEN  ZORIRJE % mtDNA (131
ZEEA ey, =5 ATP 09 4= il S 15 1 & (reactive
oxygen species, ROS) UM, 7EABIRET, =24
Aok i 2R A B g B . B CVD hZokifk B
Wiz 2y e R B 55 A Qo I WO PETE B, IR Lok 14
SERYIFSI RN, S mtDNA R B, X
I cGAS-STING 53 % ) OCBE N IR PE P R
WL, IRk | NREEtE KA AL SO M
PR fER R, AT A AN . LRk A
ERN I, SEZaSET- I . O NLAnE R
B mtDNA, LA [ 53 Wb 85 55 43 WA 19 77 BT cGAS-
STING I 5, F3 30 IFN-1/1SGs [ F 1k, ekifk
S5 5 A(mitochondrial transcription factor A,
TFAM) 1] 4% mtDNA I & il flfE 5, 4 TFAM 245
PRI R B TEAM 334 32 B4 ] 5 7] i 7F mtDNA Jfl 57
W, 48RS cGAS-STING i i . TFAM A RES T
mtDNAJE i U BV ], 3458 cGAS Xf K 5 DNA (11
HIHEAL7, i ROS B4 Y mtDNA H$T = KB & 4
] fig 1(three prime repair exonuclease 1, TREX1) F8) 95 fit
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cGAS-STING {55 718 F& A
Overview of cGAS-STING pathway

cGAMP. & 7 R TFIR ; cGAS. RS TR MR a4 B ; dsDNA. B DNA; IKK. IxB U ; IRE3. THEZ I HT3; kBo -
KBINHIET o; NF-kB. B F-kB; STING. THLZEEEPI A5 TBK1. TANK 45 &4 1

MR TSR 1Y cGAS Wid R 11

WA, AHFFE LI, B AL IR -2 SR R i
F1 /B 24t A bk L9882 B PR AH OC X 2K 11 (B-cell lymphoma-2
gene-killer/B-cell lymphoma-2 gene-associated X protein,
BAK/BAX) 41 3 1Y) £k i K 1 [ 3 3% 4K (mitochondrial
outer membrane permeabilization, MOMP)% mtDNA B
R B AR Kim SEPY B, ROS W5 A HLIE
A [ 25 -3 18 1(voltage-dependent anion channell,
VDAC1) 5 RAL 1 2 5 I 45 mtDNA B B e (i, 42
71N 2R A T R B 1Y) 58 M R TR JE mtDNA it I K
cGAS-STING il B i (R0 P 3R
2.2 ERIWIMIIEEMEN  ER ST FBE i &
PREBTARSS, JR4ERr carfads, HINREZETL AT Y5 & ER
WL, 30 O A 47 S 2R UV (unfolded protein
response, UPR)H #1940 % S i [ 45 11 ORE RAE N
J5T W] 34 i (protein kinase R-like endoplasmic reticulum
kinase, PERK). Ml it &= SR i la(inositol-requiring
enzyme la, IRE-la). ¥4 % 5% 5% A F 6(activating
transcription factor 6, ATF6)] ok ¥k & 40 ig 2 & .
STING & F i3 455 ER (9 Ca> IR A2 i SE SR FLAE )
nF 1(stromal interaction moleculel, STIMI) EN T
ERJE, p[E] 5T Ca? i 16 & [ (Orail ) 4% ER ) Ca?*
Faas b,

YEFILHE] E, BRI STING S A7 AL [w) 4
Po Lin PRI, ER NGB BOE STING, %5

IRF3 BRI S A% 5 0r, (2 F IFN-1 B9 K35, T4l
ATF6 A] BHLITIZ L 72, M8 7R T ER LW I8 & UPR
I PRI cGAS-STING 5 5 2Kk [ . B3] IFN-1 B
HCEI ML . Wa SE2058 5 Sting™'535 3 [K 545 /)N BB
RGP, AR WA T 401 Ca>* B4 s, fili% ER
N FCRIARMIAET, 1T ER A i 550 T 4985 58 2 /N B
BT AIMIFET, $78 STING 7] 2 547 Ca> Fazs I
ERV . iRMFFEE, STING. ERI I UPRIE
BEAE JRAE S A A AE W R

VAR R B WFSE & B, PERK-ELA% BHIFAE 44 I 1
2a(eukaryotic initiation factor 2a, elF2a) i i 7E CVD
W) K A % e v & 5 G B Y. STING F TBKI-
IRF3 P01 A B2 PERK A (A AH FL/E F 9 T-3#40% PERK-
elF2c i %, [R] i PERK-elF2a JF A S [5] 7 45 cGAS-
STING {55 5125, Zhang %5760 LR JEE AR AU E 52,
STING ik I ¥4 1B ER W B0 (3R 8K p-PERK
p-elF20 Fll p-IRE-1a (YR IAKF-FHE1) , 1117 STING A
PSR DU AT X 46 ER bR i s IeAh, A8 Rk
?H(angiotensin II, Ang H)I%‘TE'F [t STING 3K 7E ER Jif
PTG S PR Y5, LT Bk ER N 3 ) 550 BELT
HEEAY S, BHET cGAS-STING/PERK-eIF2a il % AJ
SRR K . RAE S EF4EAL, RO AL RE
25 I, STING7ELHENEIE S CVD i it 7 v R HE A
H, HALHS BRI VIR G
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3 STINGEBE., ATz

R, cGAS-STING il i 1] 215 [0 . 41l

WML T LM, HR S FE L MERIY
K, BARREIT .
3.1 STING S5 FME  F Mg — i BE R ST A 4R A
Fo W A ok AR, X ZE R0 AR S O E P
STING W] filt & 2k 37 F TBK 1 A T R 1A F %
i g R, M STING 5 cGAMP 4SS T, A e
ER-fr RERR TR [H] X 28, 3 i WD 52 B iR LR AR
H /E H # 1 2(WD repeat domain phosphoinositide-
interacting protein 2, WIPI2) F1 [ Wit #H ¢ & 1 5
(autophagy related gene, ATGS), 5 S M CEH M 1
7 4k 3(microtubule-associated protein 1 light chain 3,
LC3) IR LI I A WA, R STING ELHEA™ T4 1 1k
Hb, TEALE TBKI SR L po2 d 1, HAEZEH:
li] [ WA 52, Il STING (33 BEE ™, STING
IR i 7F IEN-1 ]38 3 Janus SRS /(5 -5 6 S H
B S0 A F- (Janus kinase/signal transducer and activator
of transcription, JAK/STAT)FIRMELESE 3 /8 4L
fif} B/ WA 2 2 ¥ K 1 (phosphatidylinositol 3-kinase/
protein kinase B/mammalian target of rapamycin, PI3K/
Akt/mTOR) {5 5 AR A T 4B A e, e S A il
RANE P EBRAEE MY DIBED . Tambekar 5552 i — 2L 4
SE T STING 435 61 37 15 IRF3 FI LC3 45 4 T b 75 14 s
PIAANRI SR S SR, ARSI A L, A3
TR 7T 38 3 38005 cGAS-STING-IRF3 18 #4101 il A m
Rep AR A= R Bl LA M B35 7, AT [ LB A
SR T cGAS K& A RS FT 0 e AR R vt O LA B
Wi FHZ0 ML S PR, AT ORI O LR . b 3R
FidER T AWES cGAS-STING il # = i) £7 £ 52 2= 1)
PR AR .

WL R, 25323 R @@(ZS—hydroxycholesterol s
25-HC) A3 i 4 fi] STING T 14 22 I W, ki I o 22
M T, D B A N K o Bl bk P € (middle
cerebral artery occlusion, MCAO)i75F I FH A [ FH -2
HRRIIRERY . MeAh, WAL ER A(Activin A) AT SE
ifil cGAS-STING 41 YL J& F W, AT P47 4 220
B2 B MR L. Rk, $1] STING A5
FIE AT R AR 2R T R TR A HE A
3.2 STING S54MIFET:  STINGBRIAHE F KRS, if
AiEFZ MBI T . PR KB, <GAS-
STING i # 7] 38 1 ER )i i . NOD ¥ 32 {A 51k &
pyrin %% ¥4 3 &5 FH 3(NOD-like receptor thermal protein
domain associated protein 3, NLRP3) % i /NMA G 1L |
NEF- kB/IRF3/IEN-1 {5 5 i fff 5 i 72 filh ¢ 4 7200,
Chattopadhyay %617 & #il, STING AJ #4 5% i 2 1k 119

TBKI1 i IRF3, J&5 # il id BAX/BAK ##i ) )7 X B
A ST Jiang FE7E MCAO MR & 8, H il
230 i RT WY  R  ARL T, J OE EA
JE R TIRE

cGAS-STING i % U5 & W) ¥ B 14 40 M 5E 1
(lysosomal cell death, LCD)@%?H}B@*&%?@%EE@E
BEHLH . FE R STING iz 2 VA B AT B f65e
#EVE, S LCD. [FM, LAl 4 F il ot K4
Ui, WS NLRP3 RAE/NMA, A2 3 1 40 i A = (IL) -
18/IL-18 1Y BRI, AT A 5 40 i £ 70 Bk 4h
mtDNA 31 cGAS-STING il [ 1] ‘5 IFN-1 Fl I IR
FEA F-a(TNF-o) i ik, BTSRRI
45 Ky Bk B ¥ ¥ (mixed lineage kinase domain-like
pseudokinase, MLKL) Fl 37 fA& #H B 1F F & (1 # 3
(receptor-interacting protein kinase 3, RIPK3), itk % IR
FEME T,

BRICT AR A R P A e ToE 20, AT 2

5 CvD B HEARR o LY I o 2R R N A
mtDNA B, J cGAS-STING il 5, ik ifif i i
JIE i R A R AR Aok e 19 WRARORE X R E T, 0o e
S A0 A KEY. Kong %M & B, E i £ HE
(lipopolysaccharide, LPS )i i) IFEAE L JUL (sepsis-
induced cardiomyopathy, SIC)/)NFRABEHY A, [ ) 41 Y
F & 3t )5t 69(islet cell autoantigen 69, ICA69) 1] 4 i
STING {55, EURICT- S a0, 177 ICAG9 ikt
AT PR S SARAET S, $Eon izl K ST %
DIM R o EAHE AR, JATX) cGAS-STING iff j#
FAXUa R - R T 4 BB Y mtDNA AT
TZIE B R B H B (caspase) 2 K iz b 3l 1o V1)
IFK i cGAS HIIRF3 ol 4 i il v, i 4 e se i
FEX e RGO EE DU 9,
3.3 STING 54l =2 LIARBER AR Z)
REZ TR AR, R AEI SR R M2 4
HiBfL, J& CVD SFAF I AHCHR OGN, (HH
FARBUE R BB, AFTE R, AR FERE A
W F FIZRL AR D RE A, S BUMI BT DNA 53 P 2
I cGAS-STING i ™). [, % & 4l Jify nl 43
W I 2% 1 5 2 AH G 41 b 3 7Y (senescence-associated
secretory phenotype, SASP), HL{&H#&MAIMIAF . &
s e S e SN P OV B Z R Rt o R R PR S
FEGEAEE, 1 mtDNA 53 (1 cGAS-STING 3 f#% 1 34
TG T2 SASP (19730, el R AN PN Y
HEs),

PEoE R CA IR N T N oL 7 O N1 )
A3 G MR cGAS 197 307 A2 £ Fh SASP A -,
IEN-B. IL-1B. IL-6 Fll IL-8 55, fi& ¥F 5% 40 itk 5
26, IEN-1 7R 5 S DNA GG B THiEs ps3 K



KA 3 2 5P s /R ™), Zhang Rk B,
STING 45 PERK-elF2c i 1 72 40 g 5 % 5 38 B 4T
itk , 25 cGAS-STING i J& J5 , 1 B 5y 4%
i K " ) o S RN AR o Uryga SR B, WK
7 S SR 0538 1 R cGAS-STING-TBK1 {5 518
B, AT A LAN I (vascular smooth muscle cell,
VSMC) %% N SASP /3, R 50 90 438 / 48 ikt 240 Jfd S 4
5 A RLLMEAAE ;s 1 cGAS BY STING R B 5 vl 417
il SASP [y &k, M A HF AN i A . 2
cGAS-STING 18 % 2 1% 132 DNA 5 147 5 40 Jifd %5 2 1 0
Zh IR SASP AR A 2 5 AU E 1Y
SEF 0 5 DI RE RS

4 cGAS-STING & B& X0 I B e B 22 i

4.1 ONUEZE O UEEFE 2 R ek B ik 2 bk b 25 |
RO LR ML PEIRFE . King 2519 % 31, /N Bl WU
FUJE 4d, FET-C LAY DNA W] 30 B4 i
M) cGAS-STING-IRF3 i, T3 IFN-1 (9774 F 5 Je
WSS, dEmTOoNe 3 #; i IRF3
2 IR B s 1l TEN A2 AR v AT AR TG 7 I P8R 8 0E
UG OIETIRE, JFREAEAR, PR IEN-1 W™
A SR IUBESE J5 O B R B i EZ R R . L4,
Ter Horst S5 7E R ELOWUBESEAL Y cp 2 B, 2 i
S IFN-a (15 000 U) M EO AU, SEZAEOED
ik FEAEEARY K, DL Ak s A B A
ELSIE A e A Y AWK S =R RN TR O TN
WLEEFE £8 35196 20 A% A M 5 S AL A 23 BT 7, 1SGs
35 A5 44 A BEVTI 220 2 87 ik AR 2 RS L
(LVEDVi) B AR (BPO 2 85 0 B A 8 G, R
IFN-115 506G A T A0 E HAY . IFN-178
S BE LR 22 R R, AL IFN-1 15
5 R AR W SR B (A0 AR S A R, i 4 B
IEN-1 {55 W R0 % . s im p IEN-1 T30 A=
TEC WURBFE 5 1Y SR I (I DB 1), B
DA IR, 1 HTSE ) R IEN-1 {5 5 1S
WELCT IR ], SO AT R PR S A 1T
PEHEAE s KRR IEN-1 AR50 ] BESS I Ak
BERANNE (AN B 40 . LT AR AN A5 ) O SOV o 25
I, IEN-1A55 (AR VR A0 e 75 200 B 1 s 1 P
A, HALFMIFRIRARE

cGAS-STING i fifid 2 5.0 WIFEBEJ5 1 M A4 i 1)
WA o Cao SEWVR BN, FE20MEO WA ZEIH [a] 41
il cGAS 235 1] T 155 7 7 — S Ak & & i (inducible
nitric oxide synthase, iNOS), {&iFE W4 fifg A M1 (i
#) I M2(PL ) T MG AL, .o UE &2 Ik
MG BN S2ERE . B, cGAS-STING il & 7E.0 L
FERE G (R S | L Wk 20 B Ak AL EAS &2 rp e
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HEAEH], 0 ] T IR0 P O R s O U SE
T (0 BRI A, H LI R % ARV A5 A
Ul
42 AS ASE—MIBVESRAEVEDN, LA IKEEBER
HIE S AR R ONARAE , BREBRAE 22 O i 1l 4 A2 (A
O WUVEFE | A v ) i 3 B R 0S5 By 5 2
AS YRR RIS, EWGEAA  PR A  RTo
JULEH L P 360 5 R TR A AE PRl 1R A i RE R BT 1l
4.2.1  FEANAE-cGAS-STING 4K 8l 4 it 55 A T AR
LR AN 57 5 0T o AS EJE Y B . BT dsDNA #¢
EL WA M A W5, A0 cGAS-STING i %, fil &
5T 3 5 5 S BT I T 1(signal transducer and
activator of transcriptionl, STAT1), 55 M1 AUt fk,
AR E R, EENR B TUAR; I cGAS W
A g/ IEL ] s ) B B R e K 440 L A B 5>, Pham
SESIYE R R 11 E(ApoE) /MBI R B, iRk
£ (HFD) A] 5 2 3 2 ik E Wi 41 Jifd DNA Bl b i
WNETR 1L 1 21 & 1 H2A ZZ K X (phosphorylated histone
H2A variant X, yH2AX). pS3 Fl1¥4% DNA & cGAMP/
STING TR KF-Fhimr, STING 3 [H Rl B w4l S 1k
) C-176 403 0 AT 98045 Bl bk 5 BE S AR
W/ N RN K B AR, I BRI AR AE R Y
RiIKKF. Rz, BREAMR - PEZR 5 STING W AT
TR AS K S . RINSER /R, STING s il {2
PEE RN RAE R T HY3R35,  H TBK1 5 NF-xB AL
HWS 5, Lin 5597555004 (coronary heart
disease, CHD) & # AS BE 3 [ ApoE™ /N & B,
STING R4 IRF3 (235K F- T, i IRF3 2
SR /N R BEHO AR | A B T g B AR
W18 . ATREAYAILEI A, IRF3 w5 AT 40 1 45 4
AR -1 (vascular celladhesion molecule 1, VCAM-1)
A8 43 05 V208 8 18] 285 B 43 -1 (intercellular cell adhesion
molecule 1, ICAM-1)FRik, M IMTIE55 B W40 M1
B, Bk, 7E A AL % AR B 1 (oxidized low-
density lipoprotein, ox-LDL) Ab P Y B 4 B9 AT CHD
AN B AZ AR, R % DNAZE &
H 43(trans-active response DNA/RNA bind protein 43,
TDP-43) kAN TDP-43 155 mtDNA B, %
15 cGAS-STING {5 T iy, fEik NF-xB B, A
B-i% FREE 11 (B-catenin) 5 1k A AL A BE W) UG 32
K y(PPAR-Y) B GARIYIE 1L, Al ¥ 1 R 32 1A
CD36 (¥ sk, T MR 2 L g4 14 9 S g R A ot
B, 25 F, cGAS-STING i 4 ] i i P4 5 e 4
IR AL . R BT M S AE B ke 3K Bl AS Y e, HEE
[11) 12 368 % 2 P R VST R T SR
422 P ANHE-cGAS-STING il P4 Jz #5405 2 fig
BERT N AR AR AS I AR LR, N RIES
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N B - [B] it %% 1k (endothelial-mesenchymal transition,
EMT) 5 AS B &R Z YA E5S . Mao 5% 80, 4%
A 2 1T 3 75 5 N 3 8 K P B2 40 B (human aortic
endothelial cells, HAECs) RS TR LNE (T &k
mtDNA-cGAS-STING-IRF3 il %, & # 1454 ICAM-1
()i sh I ICAM-1 638, 15 P45 N 2
S R0 B O 2 PN B ARE 5 TT STING A il o AT 3
EEIbE AR

EMT /& N [ DI RERR A 10 AR, Al sl AS BE
Hery e . F e ARG E B 7= . Lin S &
PR, AEREPRALFE A HAECs H 4RSS 1 PR, —%&
LA (NO) A i /b, R 20 T 7% BE ) 3 5 %]
R HOKE TR, B Z5 S EMT; %l 2 cGAS-
STING i [0 I . H mtDNA G [A 3055 1238 5 7R ]
T EMT; 1 cGAS FEH mf B ] B i A A he iR 15 5
(IRAE . EALN BN EMT. WHAYE Jy AS (1) B G R:
HZ, nl i3 HAECs 2% £ k1A DNA #5145 K 384
I cGAS-STING, JHE#F e 13k, i finl
PR A B BEHE 8 RS AR, A N
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