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The Impact of cGAS-STING Signal Pathway in Cardiovascular Diseases

XIANG Qizhong', ZHANG Qinghai'**, ZHENG Zhaofen'**

('Department of Cardiology, the First Affiliated Hospital of Hunan Normal University
(Hunan Provincial People’s Hospital), Changsha 410000, China;
Clinical Medicine Research Center of Heart Failure of Hunan Province, Changsha 410000, China)

Abstract  cGAS (cyclic GMP-AMP synthase) is a DNA sensor that generates cGAMP (cyclic GMP-AMP)
by recognizing cytoplasmic DNA, which subsequently activates the STING (stimulator of interferon gene) and a se-
ries of downstream pathways to mediate immune and inflammatory responses. In recent years, emerging evidences
show that cGAS-STING signal pathways are significantly activated in a variety of cardiovascular diseases such as
myocardial infarction, heart failure and myocarditis, suggesting that it may play an important role in the pathogene-
sis of cardiovascular diseases. To further understand the functions of cGAS-STING signal pathways in cardiovascu-
lar diseases, this article summarizes the biochemical characteristics of cGAS and the role of cGAS-mediated signal
pathways in cardiovascular diseases.

Keywords cGAS; STING; inflammatory response; cardiovascular disease

WA, B I8 B 9K R R e B ) 00, A 3 R T 0 I R A IURE B L s ) S BB T

STK FRIUSZAARBE i 7] B, T ] ) 52 A4 BEL KT 7150, B-'5F R AT, (H R Qi 2017938 10 ML R
BN N LTRSS F W IR O 3 | G N Jpi (cardiovascular disease, CVD)J N 4 5 4=t 5t

FRVFIE 0 BN PR AP O EE AR FH 1) I3 5 9K 3R 52 AR i TETT NELI32%0T. (A1, Gn o] RGO L& 5005 (1) R
P OGP o) 75100058 0 LA IS 245 0 (1) i R 5 28 . FH B AR REGRCN ILE 55 () 204k I 260 4o XL A R
Wik H H#A: 2021-10-08 32 H Y 2021-11-08
IR HE 4 AT AU A I H (7R S 2019SK2021) B Bl [
*EWAEE . Tel: 15200936702, E-mail: Rock _kinhool@hotmail.com; Tel: 13974829586, E-mail: zhaofenz@foxmail.com
Received: October 8, 2021 Accepted: November 8, 2021

This work was supported by the Key Research and Development Program in the Area of Social Development of Hunan Province (Grant No.2019SK2021)
*Corresponding authors. Tel: +86-15200936702, E-mail: Rock_kinhool@hotmail.com; Tel: +86-13974829586, E-mail: zhaofenz@foxmail.com




[ J5 4 cGAS-STINGR 5 B AE Lo I 5 H (45 A

333

TR, 1548 e B ) — R A ER A L A ] .

R 5B R R P B2 & B (cyclic GMP-AMP syn-
thase, cGAS), .4 MB21D1, & —Fl DNAfL &R, 5
X DNA (double-stranded DNA, dsDNA)Z: & 5 #
EA IR AR SR - R R (cyclic GMP-AMP,
cGAMP), cGAMP AJ £ 55 — A5 i 4L TR FE A
3R F-(stimulator of interferon gene, STING), 21
R BEJAE S 8L, FEAEE BP0 AR iR . |
B A P58 1M 9 T M8 22 A 5% SORE HH A AR A SR B )
PERUS, RORE R 5~ Sz SO0E A o7 5 C A UIE B AE 4L AL
BP0 ) 32RO, O UL BRI A 1) R AR
RIS RAEEZNAIER, IR 78R IeGAS-
STING/E Tl B A2 0 WUBEFE O 77 38 58 48 2 35
I, PR cGAS-STINGA 53 B 78O LB 50 (1 A
BEFE A B A (. R, 3R 25 B HficGAS-
STINGAS 5 18 % 750 L8 R G b i H, F ] gk
T T ML AE P H BT HE s B A T7 107 AR 25
R EEMGASHI AL 247 5. cGAS-STINGS &
(R S A O L R 48 VR R AT A

1 cGASHIEMEEMUER=
1.1 cGASZ#H

N FKcGASH: R & AL T N G tuikoql3, Hgwhd

[FIcGAS 522 MR EE TR A L, A& — N FcGAS
L5 1 0 L 45 A 1K B DN 160 & 3 R N S b —
AN 362 T HE R 1A% HF IR 4 7 i 45 M 3k, 1%
G5 o 8 5 U G5 e, LA A 2 A ST T 1 T ) B
AU, AEANCGASTR T A7 1E > 1] 5 DNA%E
AL, RIASL & K BAL A, AL EfEcGAS H
DNA4: & Ja I S8k R R 3EAEF, BAL S 2 S
LcGAS 5 & 5DNAW B [7] 45 &1, dsDNAL
cGASZ: & Ja i 17 S cGASH B 281k, T i HHcGAS
JedsDNAMY R I2:2 00 — B Ak 454, & > dsDNA
S T BAK AN cGASHIAR S K — 1 cGAS
IBAL mi 5 A1, ARk, B 9T K IeGASK T A7
TEE =ANGE A, BICHL s, HCAL A 5cGAS %
IR 1 S cGASTR AL B ) A 500,
1.2 cGASHAPRZE L

WFFARIE , cGAST ZAA/ETHIMN, EnlfiL
TR . AR, AR AT A T 4 B ) R
. H-7E£20064F, STETSONF MEDZHITOV!”
% I 1 J DNA BT 388 5 AN 4 88T TolLRE 52 445 [ L 1 412
B R R 7 A, 10 U PR T DN AR &
X MR, BIAZ BN A DNAT RAR 52 1R 31 52
Ay BRAE BB R, 76 AR HE 5 M R DNAZE 4 1) [F) i
e H 5 G L A DNAM EAE . H E20134F,

(A) 1 160 522
CGAS  —— |
N-terminal Catalytic domain
domain
(B) Apo (inactive) Dimer (active)
Catalytic domain
Ist .
\ protomer
_—
N-terminal 5 |
domain Lobe Lobe
1 2 2nd 4
protomer
Active site Closure
Ordering

A: NcGASA KR B, FUaLFE H1 160/ 2 SE 8 A4 TN A Ui S 3224 28 S R ) F (103 ME S5 F 45 B: cGASEE M n 2 B (76 1)), DNA 5cGASE &
FHI R R ARG 5 I i cGASH U . 5 #5 cGASTE AL AN G cGAS(1 ).

A: schematic drawing of human full-length cGAS domain, containing a 160-amino-acid N-terminal domain along with a 362-amino-acid catalytic do-

main; B: schematic drawing of cGAS structure (Left). DNA binding and dimer formation activate cGAS by ordering of an active site activation loop

and closure of the active site channel (Right).

1

cGASHILEHI R EE MR (RIESE SCHk 7112250

Fig.1 ¢GAS structure and its active conformation (modified from reference [7])
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CHENZE Pl i 45 28 afi fb, J2 e 5 o 0tk 7 A7 e R R
T B T IR e % W K 5 1 cGAS, FFIEBcGAS
i JFiDNAZE 4 J5 vl i R T T3 & 7= A K
FE“Md JIDNAfE R 28 1E . H 2, “Hu FiDNAK
ZARIX R H AT AR RS 2 . B, AN
HRIENER TR, NESaEamE. BErEgn
Ko N 2 (I 95 FEA% 41 9 (human myeloid leukemia
mononuclear cell, THP-1)%5 % F 4 iy 25 24 1) 40 ffd 1%
HHITEAE S & IcGAS! . HR, BR TR Ah, K
17 DNAT 8 4R & E A f A% N 1A TDNA K i, cGAS
A A BB TP 25 5 BP0 B S B A A 2 41 1)
93 75 76 20 AR AZ P9 A2 k) 1 B AL, I — AL fEcGAS
FEIR /N B AR R4S CAGIEN 20, R, IE R B R,
B T4 ML AZ N IR cGAS U] i 2 A 5 H & DNAH
SEA BT RIEIRES W ? SO 7t R I, 40 i% M
1% ZIMAEAZ R (nucleosome core particle, NCP)&
HE P cGASHIHIF T & nT DL i 2 AL 52 4
PEHIHICGASHITEAL, ELAENCPXT AT 25 BB A5 () 25
[) 5 57 5% R BCB A, 15 S CAL A5 e GAS-NCP#E BH 11
cGASEDNAZE &, [A] I 3k v] # il cGAS I — R b it
FERY,

cGASKR T AL TAIMR . AL, FolidiiE
BOREAETHP-1. 7Kk A= 4 1) 8 B8 R 5 15 I 41 Al 25 4
JHR, 3 A E N v 5 A I LR 4,5 — B R AR L
1 FH s AL T 40 B A 9 I, FLNA 3 51 2K I cGAS X
EYDNA s SPETH w1, 0 T-95 07 BEDNA Js 87 F
P, 2EFHATAN, cGASEN T4 5
MIETEDNASY B, 38 v LM dFcGASTE P, B iy i
5% #DNA J M2,
1.3 cGASEEFER

WK OBt BEM 5=,
1. SUMOA B T B8 A 55 52 4 1 U 4% cGASTE 14 (1)
HEWLHT . SONGEEF>E T X GFP-cGASHEAT it 1
3BT R I, GFP-cGAS A AE6 M IR AL 18 &
MEA A L, BRI S30567 51 M L TEAEK384. K414
AL AT cGASH R I T, {H2 Z ALK 19847 5
A BE IR 7 1 7= A2 . DATZERYR B, B =] UG
M8 C AL cGASHI T cGASHUE, MITA 24
HITREXT /I B BT P8 38 I B IF: 2B K /N BR A A7
Wi, HE TR, T DMK SR E] DT AR R A] BH 2
il Aicardi-Goutieres 2 & fiF £ 3 I T H0 & & Mo
DNAJK B G J5, 40 M & 2 B & R 1R A 2R

B H K EE-1 0] 38 1 V) #IcGASH D140, D15747 &4
DAk /D cGAMPF= A HIRITRY T 40 3 I B By
AR, 2R SRR F 2L 3 R I S(protein arginine
methyltransferase 5, PRMTS) "] il it B 240 cGAS 1)
R12447 55, 41 cGAS 5 DNAK) 45 & I A 18 T4
FIFEE, B cGASHIR 12407 A5 RS R IR B o i =
P& 5 T LAPRMTS #1171 351 0] 952> ¢ GAS FH 24 I
PEE I TR 0 3 R B R 3 S B R cGAS
1) 0 3 Jo B MR AL i) B A R A B T 3 — 20 ) B
cGAS-STINGIH #% /1T [ AH ST (L o

2 cGAS-STING T FFHIESBREAEE

P TR
2.1 c¢GAS-STING-TBK1-IRF34& #1iE IZ 1+ S 18!
FMERKN

HRTHT 7T R, cGAS5dsDNA%Z: & 5 T l—A
2200 R AR WIS, H>16 bpHIdsDNA R 1] [ i
L cGASZK I FIANL £ BAL f1 45 & FFBUEcGAS!,
LUECKE® PV 5t R I, AR50 BE (1.67 pg/mL)
DNA 35T R, 88~4 003 bplf] dsDNAHII# THP141]
M JE IR TR MR IB T B 22 572, (H R IERRIRE
(0.167 pg/mL) SR EE(0.016 7 pg/mL) DNAFIE L
™, dsDNAJRIF IR TP R KB NI fE /1 5 dsDNAK B
BCIE BE, 33X — 4 s A0 45 M 53 P4 A2 Y DN ATE AR
(1R LT R RE e S0 CR A P g% ) NS, 5 dsDNA
455 J5 cGASTHEMESS W I3 M ROk HE e, DL ATP,
GTP AR & W e B AE RR2°,3°-cGAMP, i J5
cGAMPYAE R 28 A5 45 & gt e 0 T N s )
L STINGP, STINGIEAL 5 tH BLA R e 28 I 2
R RARE AW, H N5 N 5 4% 22 1y R B A9
R & R FEAR ISTING R 1 _E 7§ A 2 bk & R 7%
F(Cys88/9N) W BRIt o A A Al I A0 1 L A4 L
il i AN 48, (HIX — I FE NSTING & R #4371 B
AT T BB, 5 E B, STINGH i ik L CoK bify
A TANK £ 4 % i 1 (TANK-binding kinase 1, TBK1)
GEE PSR AL TBK L, 4L I TBK 13—
TR AL A7 T A AR (I STING 2R (A CAR i () {4 sF 5
J7%1|(phosphorylation of a conserved consensus motif,
pLxIS), B J5 4% 15 A7 3(interferon regulatory
factor 3, IRF3)¥4 5 i R 1k FIpLxIS /7 41 45 & I S il
TBK1, # M FIRF3M B AL, 22 fFIRF3 =5
Ak JE N0 M A%, AT AR 3T 4 2 i 2R A (1A
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22)P3, cGAS-STINGIE % 2 HU JF A G 18 s 1)
HEWLH 2 —. KREIUEIE P, cGAS-STINGIH
51 B A 92095 55 S 15 D5 PG PALRE AF DGR 92 05 B 5
DNAJH B & e il 5 ST T30 3 S Bk % 55 3
(R0 B S BT,
2.2 ¢GAS-STING-NF-kBiEZE NS RKAE K M

4 7 4 M) cGAS-STING-TBK 1 -IRF33# i 41,
H A 78 & BlcGAS-STINGAS 5 il i 148 nf LLIE i A
WRAFIRF3 I oA & 12 R FE B 2 Thae. RE T %
(I T R B, cGAS-STINGAE 5 38 %/ 5 RE [ B
5 #% X -¥--kB(nuclear factor-kappa B, NF-kB). #2%4
JF 754K 2R 1 U8 (mitogen-activated protein kinases,
MAPK) #3035 A 5%, 15 /& cGAS-STINGAS 5 il % 7%
HENF-kB. MAPKWLH A B . YURE PSR 5 K
Hl, % TAR DNA/RNAZS &4 (1438 77

LRRLRIEIE AL, T 2R RDNA (mitochondrial
DNA, mtDNA)FE ML, #0% cGAS-STINGIH %,
FINF-«B. 7E 12 4 Ul 2 B840 JiE (amyotrophic lat-
eral sclerosis, ALS) &35 1115 3V 2 B8 T4 i d s 1
IZ B E T L ALSIE AL/ R 7 LASTINGH il 551 )5,
ZIN BRI Rz J5 RN B R FRNF-x B3 I 5 25 B AR L
LA MG I B k. AN, ABE &5 [ FANGEEH
WEFURIL, TBKIE AR —2D F I NF-xBIIRIE.
SR1M, DE OLIVEIRA MANNZEUIRIHF 5% Bor, NS/
B 20 Jf R STING R CAR 3 ik 2% SR A% J, NF-kBER 1A K
DB N, TR R, 75 R STING v il it
AT TBK 1 ) S R FE i A e ENF B I ik (1]
2b)#, A TBKIESTINGA 5 [INF-xB# i + Bt
Y A AT Rtk — PR AL, (A T INF-xB
g Al IR TR RN EE X —,

Pathogens Dead cells Mitochondria damage
v
NN dsDNA
b: activating NF-xB
ATP  ©
_ NF-«B |
GTP ©
c: autophagy
induction
 LC3 g

———— Autophagosome
@ formation

d: inducing lysosomal

cell death
Endolysosome
IFN- 1

a: cGAS5DNALS & Ja 281 — R I F) RO N A2 i AR 2, IF LLATP K GTPON JFR 5 )2°,3°-cGAMP, B, 27,3 -cGAMPH &5 & JF i 16
STING. TBKIHAL R HETBK LK1 IR F3BERR AL, FFALHEIFN-BIIZIE . b NF-xB R B AT TBK & A6 5 (4 Ui 2, 2Rl e
STINGH 1AM 52 FIHLE] 4% . c: STINGHEHELC3 I 2 B WA I L. d: AL RIS TING K 4 7330k 25 7 6 A4 I T Bl [ A, SR i i e 7y
STING) R n] S EA G @ E VR I 5 S AT, X — IRV B A i sE

a: upon binding to DNA, cGAS undergoes a conformational change to an active state and produces 2°,3’-cGAMP from ATP and GTP, which is subse-

a: activateing STING degradation
transcription of

IFN-B

Lysosomal cell death

quently binding to and activates STING. Followed by TBK1 activation, then leading to TBK1-dependent phosphorylation of IRF3 and transcriptionally
promote IFN-B expression. b: activation of NF-kB is either governed downstream of TBK1 activation or emanates from a yet to be identified mecha-
nism in STING. c: STING promotes LC3 lipidation and autophagosome formation. d: activated STING is trafficked to endolysosomes for degradation.
STING accumulation in lysosomes leads to lysosomal membrane permeabilization and following cell death known as lysosome-dependent cell death.
E2 cGAS-STINGIESBERHEMFINEE
Fig.2 c¢GAS-STING signal pathways and its biological functions
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TENF-kB & 7 1k 5 # #INF-«x B3R 12X 1) 40 A Hp % Yo
dsDNA B G 83 5 I e = 4R D BT TR,
2.3 c¢GAS-STING-LC3i& RN S B /MEFL AR

cGAS-STINGAS 5@ BB T i i %5 IRF3.
NF-«kB R FEHUHR R ARG 0 H Ah, i gei it i 5
W F — S5 SR R R e IS5 A% A B AT T L PRalif s
T3 T B R G PR 2 OH e 2 B SR T R AR B R AR R
IFE ] 4547, 24 STING 5 cGAMPE: & 3 is 1k 5 |
STINGM P4 Jiit I 5 22 P9 5 19X — 1 7% J2 47 P T) 4 (en-
doplasmic reticulum-golgi intermediate compartment,
ERGIC), & A STINGHIERGICH 1 ALC3 JIg 4k i) 3k
TR, X SR AW IMATE S D IR, IR, cGAMPE,
A] B AT WIPI2 AT ATGS 42 (e #E LC3 gtk
(El2¢)7*, GUIZEWHE 5t K IR, i 2% 1 [l STING B
SRERRCAR by, (HARARBEE T AN, 3815 S AW AT
RESTING 2 H 5 G DR . EAtk, cGAS-STING
55 IE S R T TBK T A IRF3FR AT T R 3%
BE5HFESAWKIRE R B ARREN, H2WEE
PO FE G S JONE IR NS5 AR )54 FH R eT BLEL AR
2.4 cGAS-STING SAESAR M AMTE T

JRGY . To B M 20E DL SR IE S PR DN AR
155 & , P4 IR (RIDNAR] DL 55022 ot 28 784 1) 41 g
BT, o, cGAS-STINGAE 5 il 4 175 & 1) 14 il 4
PE2H M 8 T3 1% 1] R A2 B S DNAS 5 48 B F2 7 14
FETHIE EALH] 2 — (B 2d)"Y. STINGZ: & G
TBK 1544 M i 2R He A4 73 1k 22 RasAH ¢ 25 E 7 FH 14
VR R AA, B fo 762 1 B A TP PR 7% IR, BEAT
RIAENEE R, HliDNA S cGAS-STING
S EEE LG, STING K #4552 42 i B Ak, it 3 in
T A8 1 S VA AR Y, B S 5 B0 B AR A
HBE T, 7] A I T A 1 44 e 0 T i B K MR,
WOENODFE 52 7 5K k3 98 Rk /A, 13— 20 (2 12E 41
BUT. AR 98 9 R T (PR (H2, STING M i /K
TR IR TR G, o 2802 1 U B R B A A A2 175
TRV M B8 T AL A B

3  c¢GAS-STINGIE B X0 [ & 2 Gt B
w1
3.1 (LAEESE

SO UASE B A — ol p T 7 Jhk B 2 et ik £
SR O i 3 00 WLER I S8 B 9 500, o0 LA A 45
P B BE T Ja B4 A0 26 43 15 1 (damage-associated

molecular patterns, DAMPSs) FIRE JECR 30 [ 4 2%
SR AT R I, O NUBESE J5 A J I 5% 20 i 1)
W 2 F2 0 JUUREFE 83 e 25 B AL R B 37 0000 BT 1, 4
71N B A A0 A 0 JUUE B ) A A e R e v e 47 B B
PRI, KING S8 3 %6k /) B O JULAE B [X 35k 1 44
JRLEE R AT B 20 BERNAN 7 3 A, 73 B8t — B A% 40
kIR ) T4 &= 175 5 9l i (interferon-inducible cells,
IFNICs), H.IFNICsn] i@ id & Wi M JEDNABE cGAS-
STINGA 5 i % MR #E I TR M =4I 5.0
WILHE Y 5 0 5 SE M, TicGAS. IRF3. IFNARZE [N ik
B BT DAY 0 38 32 44 o M 44 U 8 A R e /)
B L B . ELRGH IR AT 2> UM M2 T A
[ 7R F) 20 P 70 ) A H A TR AR D, MY I 4
FERIFMERAENE ) U E e, M2 B - 2
RIFPLR TARHIEEAEH, CAOSESIF 5T K, 2k
Co UL AL J5 1] cGA S I 232 45 2 1E 5 g 411 Frj M2
RILEEA, TR O 5 O LR, 2 E 0 LE
2. PR, $HcGAS-STINGAS 53 #% 1) s 7 R
xf e UREZE B A VR IT e

O WILRE B Ji5 o0 L 48 453 475 16 9 36 975 40 i
WHE. MR T K A, R T R A
Bax(Bcl-2-associated X protein)/BAK(Bcl-2 homolo-
gous antagonist/killer) £ Z& LA SME AL, { mtDNA
PN JoE B33 R IRAE O WU SE B 1 41 g Ah
DNA%P, g JiimtDNAZJR A e #if5 cGAS-STING A 5
K. RN ERSIK ARG, BHEX
AN AN RNINE| S w7 A i = iy RS S i)
LA RRIE RS, SO TO6FRC BT3RO 40
FAEC LR, Rk, SO LZH Mg 353 4% f5 mtDN ARE
TN 4 S 72 75 T cGAS-STING S 5 3 i [ HAF
Co LA B A5 07 AR v B A A AT 5 ik — 2 Sy
B
3.2 ILIRB

O ) S U % — Tl el O JUE 5 K B T S 1R
f, CAREIR R ME . T BT P A = ) SEE IR DA K S
ok 3 v il K b K A R K b S AR AGE D R AIE ) 25
BAIE, & BRI B N A0 T 3 AN T BG n i) 32 2 K]
2 B8, ORI 2 BUESE R, O ) — g
PEARREVESI, JORE I BE 1 B0 F ik — 2 380U
= HY LA E I RERRAT, (H JAEAE O ) 3 8 1 R e
o (A I BLE) H AT S B, B /ERENEWALP7,
EXACT-HF®*, OPT-CHFP” &5 Iifi PR 46 Hh % -0
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715 v FR A PR IGIT R OB BT R, PR B
by 2 JE 388 % 7 00 7 35 38 R AR AL, A Bh T 34K
BT IR o 7 3 ) 1R 7 0 S g 1O-1e0-en it 5 SR B,
TE 4 R Tl P 0 U996 1) 40 ) 32 0 B R RN
O 25 5l B 26 B T A0 il cGAS & L R IiFCXCL10
(1) 2¢35, $27RcGAS-STING/S SR 1278 0 J1 5 35
WA ROBOEE . HUZECIRE 58 K I, 16 1K )y 48 1 e
FHF/DNRO A, f1H]cGAS-STING S &
36 I ] DL/ 980 PR 1 B A RE A B IR L 0
WLAH A 08 12, AT e O WL EE A, BR300 I T RE .
B 0 1% 55 5 cGAS-STINGAE 5 i % 5 0 7T it
b T AR M B, cGAS-STINGAS 53 J% 75 0 ) £ 35
(1 2 99 310 R R BT R 1) EL AR AR Y B FL B M) cGAS-
STINGIE % % 0 77 % 8 I8+ WA B AT A Ff itk — 20
W SRR
3.3 DA%

TR 4B BB AR HUB R H A AR iR
DR 2 (0 ) B S e M o UL 58 S 250 ) 2 o LR 1)
UL O3, o B YL R A E OB, 3R T S B
O L B IR B8 B T 2 o0 UL AR A R e £ JE )
9 BEAE B 2 — ), SR W 5C R B, cGAS-
STINGAE 5 i I 75 9 5 M O WL 58 R R FE“ W 7] 817
WAE R, — 75T, i B8 8 G J5 M 5T I ZEDNA
REWIE cGAS-STINGTE 5 i@ %, Rk 18 TR
(7= A T R AE DU B E L, 59— J7 1, c¢GAS-
STINGAS 5 i B (0% 4 5 5 40RE S B JF 3k —
A7 T E O LA A B B MO LR AE, cGAS
[ A 7 L A Bl 2 A R e R R I G PR O WL 56 v R AR
HEMEH . TEAR 2 057 T I 00 0 L5453 /) IR
BEAY o STING M p-IRF3 % 35 7K “F B & 36 n, &
FRSTING K [F R B 240 1] g 2 0575 S (00 140
RAE W R ET, HFECEDNROThEE, EKD
SRR A7 IS E AT R B, v EHE B T RO
% %2 ADPHZ B 5 4 i3 1-cGAS-NF-« Bl # i
oI BE 4 1 W A B ) R AN A R R 0 UL AR 1
KA, Ml cGASH U AT A B ) 1X — 28 E )
T, A, cGASTE B & s O LR 1 R A
RIEH RIFESy I M B . TETREXTE: R
bR S0 B B s RO L2 /N B, P LLEE
] 041 c G AS [ 24 1) mT & 3 B A1 A 4 /)N B0 U AL
ZUHPIFN-B. T 40 2 0 Bk ] JecGAMP R ik,
F A O PR AT 4 A0 K 98 RE S RIT, B AT,

cGAS-STINGE B LN R K RAE . KIEK
T 5 &5 07 1 R 45 B B AE H, {E fRIEcGAS-STING
5 I R PR PR R AR B A b, ] o A
Fifs T o FE 90 I BLgE — B A 0 WL, 3K — ) i
A R RN A 5L
34 LIEEREXEREZRN ScGAS-STING
=S IR

TEL L WROHH % PP 25 00 1 A 07 S 6 TR 3R AR5
1A FcGAS-STINGA 58 i e i3k 0 118 5 98 1) K
R AR R — P BT & R R 2R 5] R A
JL ) A4 R A, 3 2 4 i mT b 22 b AOE TR F,
B G BN 3 22 A0 O 9 Wk 3R 1Y (senescence-associated
secretory phenotype, SASP), SASP4H il /= 4= — R ¥
73 WA 5543 AR 1~ 3 35 P9 2 D) BB RS P4 IS 5
SRR O A B O 0 S5
S0 MR, AR R I RO A
259 ]l 1L cGAS-STINGA 51l B I #2 SASP A T 11
A2 R, R 3R 5 2 IR R $E SASP I T AE BT, R
B B A > e 25 g M e o 1 s R R 2 — T i 4
1 2RI AR . FE ImtDNA, 3 1M 4 3FmtDNA-cGAS-
STING-IRF3I8 % iz 2 5| 2 N 52 4t B 98 R 22 JiR 15 3%
HLHL, MISTINGE /) B HiX — J B2 B R g 5504 A
235 W 5 PolSenior T H (B 7E VAL =654 I 22 A
(P f AN 4L 22 2 UERVL I 2 R0 85 5B H )
Z 5# AT R 73 B, RILSTING 293Q55 A £ K 58
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