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Abstract: The ¢cGAS-STING pathway is an innate immune mechanism that has been received extensive at—
tention in recent years. Cytoplasmic DNA is recognized by cyclic GMP-AMP synthase (cGAS) and then ¢GAS
catalyzes ATP and GTP to synthesize cyclic GMP-AMP (cGAMP). Subsequently, cGAMP binds to and acti—
vates stimulator of interferon genes (STING), which induces a series of innate immune responses including
production of type I interferons. More and more studies have shown that cGAS-STING pathway plays an im—
portant role in infectious diseases, autoimmune diseases and tumor immunology. This review summarizes ac—
tivation of ¢cGAS—STING pathway and its immune response and mechanism in the defense against viruses,
bacteria and parasites, hoping to find new targets for treatment of infectious diseases.
Key words: cyclic GMP-AMP synthase (cGAS); stimulator of interferon genes (STING); infection immunity;
signaling pathway
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FHIERBE R A ¥ (cyclic GMP-AMP synthase, ¢G—
ASWE—F i 5t DNA &R, HoAr T cGAS-
STING J&Z 3 #7551 BT Z A, MK
T B i A W I, IX R cGAS FEPTIR YL o s
rh A BEEAE M cGAS 30 [ 19 & UK A 22 B R
I 5 RIR IR RAE—E, F)a TR A Zs
HLERIAERTT, 1R T E PR AR R 2 60

1 c¢GAS-STING &R FIEHLE

cGAS & —FPB R I A2 44, & —Fp T
YA Y DNA 2 J8ds, AT AU BT DNA L
Ja s Fe RKAPE T, N2 cGAS i 14~ N Snghifs
B FER 1~160)F1 1 4> C ImZb e (IR 161~
522)44 i, Hirp C %t NTase 11 Mab21 54438 55
JELRSE, T N di s SR 1) — )75 fedk ik 3k &
FERSE, WFoT LA N 35 160 N FREEFEA R
cGAS XTI F /9157, A2, NTase Fil Mab21
WX cGAS I PEEICAH 29, cGAS 5 DNA 454
J& KRGS, 4L GTP Fl ATP A JFF 2 1R -
PRE R (cyclic GMP-AMP, cGAMP)®, DNA 5¢GAS
25 B2 B FELL R 252 M, L An: DNA KK,
T BE AR, Song SN 2R £ IE L FE T
5 (lysine acetyltransferase 5, KATS)% % & ¢GAS-
STING 38 [ (1) 1F ) 8 45 X 7, BT LAEE cGAS
) DNA 45 G Re 1 A 5154k, ¢cGAMP 7E cGAS-
STING 38 6 HH 78 24 IR PESE A4l /E TR
FELR % A F(stimulator of interferon genes, STING)
) 987 ) 5 B I TR P9 0 I R 1 5t STING!S: 101,
STING Hi 5 MM XS 2 i, =2 T N g,
STING X #R A% AT BR (4 1H U HAG R Sk, el
RS EERET STING 43 7454, W58
STING J&—F HA V B &5 0 1) — B Ak, A
STING 43 ¥4 [R %5 G —1> c—di-GMP 43F, STING
5 c~di-GMP Z5 A LS T I V IE SRR i
FAJRCT, T ek U 4, IR AT R
WHEFR A& STING (R IR A1, STING 3l i
H: C gkl sE4E TANK 2550 1 (TANK-bin-
ding kinase 1, TBK])*D?%?%%% 3 (inter—
feron regulatory factor 3, IRF3), TBK1 I IRF3 1}
AHE B2 AR IRF3 BERR Ak, i R IF S0
240 MAZ, LABLTE IFN-B (interferon—beta) 3K 1
SRk, AR TR AN, [ HTHIER
M5 32 STING ik KV By520R, STING (118
FEIR AT VA RO 5 S IRF3 A9 — S AL 34 n A &

IFN Ji3 8l B 22361, B AEM I 4 F DNA 9 J5
RGP E B BN, BRIk,
cGAS-STING 3 % B9 30 il & 7 A4 T #8448
RAEWSE RAGE RN, N5 50 i
TR g

2 c¢GAS-STING #EREmBLEEDH
1£F
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JrE e — A B Y BRI 1 A 4Ll
ARG, T AR A AR BRES A, ALK
3 o A8 R ) A2 ARG 0 48 ST A o T R R
(DNA 3% RNA)Z175 57 A5 e ie i g 0 s 22 AL
P, 7ERLIASZ 2] DNA JEE AR I, 57 DNA
FAE R T EH) PAMP 5 cGAS A E U AR H,
M cGAS-STING i, -2 1 RTIR
977 A FNBE 1Y — RINPUREE RV, 12454 1k,
[ PR X T DNA SRR 5 cGAS-STING i
(B B A P2, cGAS-STING iR 42 7E 7 Rk U
Je i I e SO e E SR . A TR
W, cGAS FTLLRBIRGZ W B (herpes virus) Ja i 15
(poxvirus) , i 5 BF (adenovirus) LA I N FL 3k I8 i B
(human papilloma virus, HPV)Z % UL DNA J5 5,
H_Ei& DNA 352 n] LIaE g cGAS-STING & 42
BT BRI

YE R ANBEH B IRATIY DNA R 2 —, 9%
I RE CBIE S DNA AU O T BT DNA f%
SR cGAS. SR, AR ITRIE, BAaifaZ i s
1 (herpes simplex virus type 1, HSV-1)45 ZFi
JEREREFME T, Su AFS T YGIEM, HSV-1 35
ULAL (A1 TGI8 ) FEAR cGAS A5
RIFRIE, 8D cGAS FIRL R, I cGAS FISTING
I3 IFN-B J3 3 T3, Akt cGAS-STING
TP A, TEBRTE X RO . HSV-2
TR O S SN SR B A Y S R U B
RS, 538k, NS E 240 B # (human cytomega—
lovirus, HCMV) DNA X IRF3-IFN- T % ()38 7% [7)
PR T 3 Bl G827, B cGAS .STING Al
TBK1™, LAY A A BRI 4 B (ectromelia virus,
ECTV)?, Ma S5SHiE A 4 PR AH A 7
(Kaposi’s sarcoma—associated herpesvirus, KSHV)/&
YLt 23 E cGAS-STING 3@, I H ik LB
& DNA i & 9 i 1 22 Fh 2 11 5T RE A8 490 1) 322 38 %
I, Bn: e #E TR F 1 (viral inter—
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feron regulatory factor 1, vIRF1)ifl i fi{3R STING 5
TBK1 Z [8] (9 #H EAE FH, AT BH T DNA 1% 8%
o TERSZRANAL T, HER A L BT 2995 5 (hepatitis
B virus, HBV) DNA HA 555U A4 G2 fil s /1, 8
i cGAS JBHIF STING /351 & Je K ABE R >,
FT cGAS-STING ¢ J 3, A #F5 8N, 75
IHYT HBV B 5T, AN R STING
AT RS —RIB 0 L A A

WAL, Rik—B BT cGAS 7R 5 26 KAk
RSN AR, A AR 5E AT BARI T cGAS Bl
#(cGas ™)l STING FEE R (Sting™) /N5 B A= #Y
(WT)/INERFEA 0T R SESR, SIESE T ¢GAS 7E DNA 4
FKHNEAS 58 b B ZAE . BN, Sun 26
W5 KB, cGAS = TEAR KRR BE EIHBR T
HSV -1 JE&YLS T = 1) cGAMP 36 PE, I B
T IRF3 &4k, RWAE HSV -1 R &,
cGAS XFT cGAMP B9 Al IRF3 (3T 2 A
A BATFIERM, 3T cGAS BREE/N U 4N
i (60 435 BT ZE 41 | 15 0 400 AT S 4T ), 7
DNA #% el DNA i iR gL, R AR E 1 A
TR AHADG A T, H B TR R
il A 2 40 b B3 A R AT B AR
Cheng PR SLIGZE R IR, cGas™ 1Y Sting” /7N
YL ECTV J5 R 3 M i s ki, JF Haz s
RUNGXT ECTV i 5 8 IH 3658 . 75 4b, (RSN
YUSEIGZE L R 7E GAS H1 STING 2k (1 55
T, /NN RN HSV-1 J5, T BTHE
FERKOFIH 2P, @R, cGAS i STING ik
W ECT T R R A B D, 16 B PR T
SNV, AT AH R M AE SF T B AR A Y
Sl A EERE, AR IR, BRI
BG5S SN S 3, IFN—B FIVAH I HUie 1555 %
FEYIFEAR, B cGAS-STING i B (14 B2k Ff R 23 5%
W5 3 N BE YT IR, R W] cGAS-STING 38 [ 11Y
SRR AN R i B BE T R

% DNA JKEEAL, cGAS WAy R st i 5
SR BE (1 96 R O REAL IR o TR 300 7 SR 7
RNA —J7 1 ] LU SR AR #5155 8 1 (mi-
tochondrial antiviral signaling protein, MAVS)K i
B RNA PR R R, 55— 7 Tt ] 283
W cGAS—cGAMP-STING 342K 3], 45 4 HIV
RNA 30055 556 8 DNAP . Hfl RNA Ji5#E,
e A aE MIRRIZIN 2, 5 DNA JHE2RA, 15 &
4 i A e IR G S5 A — B B[] Py A w0 )

STING Ak, JF B0 &M, 75 cGAS-STINGIE
BZ AN, TFN—a A1 TFN-B ) mRNA &2
/D, T8 TR RN IR, R Ak
P 25 A AE SR 5 2 B (SARS-CoV -2) A A 56
WFFE[FIRE R B, SARS-CoV-2 J&YLJ5 ¢GAS-STING
T PG, TR 15 SARS-CoV-2 ORF9bP
FIl SARS-CoV-2 ORF3a™%} ¢GAS-STING i ;2
FHIHIER
22 MFEHRRGE

cGAS-STING 3 F§ AT 1 55 RGeS % T
Pl A A UG AT 2 R AP IRV Y, 15 32 5]
A UYL, T AT e — R EH B R ™
Yy, BRI T R T-H0 3R RIAE AT DAl LA iy
A HEes ) 254kt DNA AT LASEA TS 401G
Y5, ke F A AR AL A1 DNA [RRE 2 fi
& cGAS-STING %, EHAH, ENIMETGAS-
STING 3 % 75 25 A= MU s 1) I 90 ok il
Z, gl TERE

JE SR HUE S [ AZYERR B IR, How UL
HIUA 4 Fh, AR A (E] H R BRI
JEFE A= HIEJRH . Gallego—Marin S04 15 512
BOIESE, cGAS XEEMSEIR UL Z] DNA (Pf gDNA)
FEEARSIER, cGAS-STING 18 P& 7E =
JRAURY 2 515 T R R BE
Jirt HUE S WA — Bl S A AR g% RNA LS A 21
DNA F4 40 ifd 7MEE (extracellular vesicle, EV), EV—
DNA 8 B A B 1 3 40 i o b, SR 5 B00E
STING FYZHI LT DNA {28642, PGP EIE
FEYL A LT A, TFN—-B mRNA 7K - Fi%E ¢ pf
gDNA 5319 IFN-B KV R 2 T e, ARk g
RIS BB 2T 40 A 15 T TFN-B8 mRNA [
Fik, FWEF B DNA 7R ot #2 e g —Fb
AR PAMP Ji 8lifE EBER 2 RN, 5 At
TR, JE R HURYLRY STING 755 R4S
cGas™ /NI, Bl B EAT, RN R B L
A TRI(WT) /N BUREE 1 P 2 A R B7 A R 1 1 2 A
HUMAE™ B X 5 AU It A 2R B R4,
Wang 53] FH /N BB & 81, P05 T HL 0% J v
B IOE T B cGAS, B = cGAS H1 STING 149/ B
S )RR H A R TES IR
SRR IE], Sfe 19 MLk = I 3808 R FIGRA LS
SIAIT AL T8 EARMUAE T, ek STING f)%E
RAILFIELL, A B FHE5E cGAS-STING {5 = MG
RARPERIN o I, cGAS il STING TEHG T2 4E
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RGeS L R
M, FAH—LeFsE KB, RN cGAS-STING
o M R AR T 1 /N BB TR e A
e AR o LA e /T o Souza S5,
ST H DNA FTABE cGAS RBIFIESTING,
2 [ DNA % YL B A /N SRV G R 2T 4 41
J )5 77 A e K SE B TFN—-8 mRNA, {H Z1%08 B Y
SRR ENE /)N B RE ST 2 M W e R . 5
Ah, BT L FIE TR YM R RGN RS,
cGas™ B/ IN BRAAR P BT 2R3 M B 5 7K TFN -
o Al IFN-B, HBGLREIRIER, 258 s 4 R
cGAS F1 STING ik Fé/IN AT YM B YL BA7 5 1Y
HATHES, FTEAR IR, B ¢ Gas™ /N UG
PRIE D R IR S TN EE, Rtk cGAS-STINGI&E
AP R U P E T BE R E A2 2 HE .
23 HIBRE
cGAS-STING {551 & s 5 =218 17 E

[ BT R, lE R, 1T AR aA
R A X9 R AR I G N B RN, AR SE B L
KEEAN PRIt 2 380 T BT 2= A4 4
g T BT RS A 2Rk, i
LAY Toll #£3Z2 4K (toll-like receptor, TLR)M i 55
R T 244> TLRO (420 B SR PRAZ 20 it 3 1 2
WrRsrE e, AR REAS 7 1 AT HEERY, X IE 2
M AT cGAS IFEAE . BF5E 2R BH, THP-1 4
JHE N 0 BRAZE A0 6 P 0 40 ) % e A 200 i 3
HEZS TR S, MG ¢cGAS F1 STING K155 IFN-
B Az, IERH ¢cGAS AT LUK AL H 9 41 DN A
PLIIE cGAS-STING 38 [ = G e ) ), PRI,
cGAS BR T REKIM 2555 DNA F1254: HU DNA 4h,
AT ARSI A A A 20 TR DNA, A48 95 2% [CRH P
P AT 22 QRPN L 503 5 00 % b g i
PCR 73 HrdE—3EUESE, ¢GAS X} T4 DNA 55
IFN-B = SR AT D), LS, Zhang SEH0H B
UCHEBH, 5 9 V0 B AR JRLAAC DNA J2 B e i 2 v
S IFN-B =L il & %, T cGAS 1Ek DNA 4
JRES, TEHNZ DNA J7 1 &A% T A ] ol ik i 78
Fo BEAR, cGAS W AT VE S50 BFF IR R 5
RAPELIRER, WFFE R, AE AN BB W4 i
L, 5RO RFF R DNA B0E cGAS LU AEcGAMP,
TR cGAS 23 BH IEAHSC R 7 19 7= A F0 A WA 75
S, cGAS ik = FBUBG LA RAT R IBIER
BEmEsl, Xl REERR AT, A5 £ cGAS-
STING 3 J% PR 51 M o v 1 40 B DNA D= A T Y

TP R AR R AL T, (H/NRSEK B 7R, cGAS-
STING 38 78 XTPifili 2 BEER BB oA | 353l
i, HARIEOUR, A2 STING iR 7E % F-ouse
AR, 5 G STINGR 1 STINGR, g 41738 H %}
cGAMP [ W 15855, (HSCH0 &30, R232H R4
T i 5 A TR RIS 1 e O B TS AR B HEAE
HAZES/IN cGAS figfiefili STING™™ HI STING™!
BTG, X & T STING 2 A8 K AT LA i DNA
il cGAS, [Ht, 7E ¢GAS 5 STING 8728 1A 2 [i] af;
VFIRAF A FEEAS A AT P B 1,

RUE T R TR R —
SEPTEIER, (HABFRE R T TR X T4
PRVE A FIA B 1, Sz 40 i A 2=k
P E T cGAS-STING 3l Bl 1 A TP =2k,
5 T AT BE 2% 18 3 TR SO = A AN F)
S LR AT IRt B h, PR 2 T
R P2 21 55 1 X BT, I, #
H ST & BiAE BRI PP A caspase—1 25 1
il cGAS-STING 15738 s, MiREARiA&RP T 2T
PR B E KR XSS E A, e R
B R Gerh, T AR R T RE XS A 37 A AR
HIVERS; 15 £ cGAS-STING i BE s 77k 1
RITHRZNS T A B 5 58 5a 2 R P e )i 2
HI 55 HHCBT 1, WA R R

3 REERE

cGAS-STING i F{AE 2 — A 20 DNA 1
AR, 18 E BSR4 () S AL,
TEAE BRI P B i AR foi i Ry
AW ILEZ WA, TR0 RIRR AL E 400
J&, H R ZH0R PR 5% ) 0T DNA R 2
15 EApa BT b, VRSP0 B9 M BT DNA 158
% cGAS HIITEE G, HEMEGE ¢GAS-STING i#
%, Ja sh e g, B T BT R

AT, ENANET cGAS-STING 18 FEAET /R
Je e 5 1 BIAE R, 4B & 5 £ 1 WL AR Ak
e 3430 AH BATSRA VL [ 8 — 2 RN i
P, Hean, AR AR — SRR . HAR G
T RE R L, (R SR AT
DNA SR EE AN B, MEF%T RNA 5 25 127 AF Uk
Ye B IS H) LB D o AT 5T R,
cGAS-STING i 2 541 RNA Jiagidy, (HRNA
iR cGAS-STING i [ 2 [A] A E AL v R 5
S, cGAS X B RNA J& 15 [RIREAFAE TR A
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ML RO 2R — N ZR ST 7 ). 3 4h
TR SR, cGAS-STING i % IR AL 5 0 s
B AR, LRIt T B35 A e Fk e . BARED
1 cGAS THU) 40 5 P 9395 SRR DNA 5 42338 1
cGAS-STING &2 AT 1 BRI Em =4, 5 1
R ACE LR AR [ RS 2 A AR gL 3
M AFIIER, BEA R VE R SAEEARR 5
Ml Hoan, AERRSeiR e s al T, T BT R R A sk
SRR IE T I RAE RV, U BTG R
%, X AT e S50 BN T RT3 A9 AT A uk
TR EAE—E LR FIL, cGAS-STING % 1)
DI EIESES R C o R PR AP O i S RalA WV -7
M, [ 7 22 B 2 TS I I

XFFAF A UG &, ACHT AR B e
FARPELYE A E— DR A ST A gD
BRI, A USSR, cGAS-STING i
BP0 = K IFN-B AR T 1L-10 ik, 1L-
10 7 1 B2 2 7 il AN A Bz o7 %Ak, DT 42 15
T FHUPHRYRRE T o T L N 24 FHE i
WIAHRZ, 15 F B2k cGAS-STING i i Hhi kg
AE ) iR, PR, iznﬁﬁﬂ*ﬁa@%ﬂﬁnumfﬂ
HIFIVER T cGAS-STING 38 %, DIiGEns F054
BiEHRLRE, A FF 5 2 WF o8 & 2 BRIz . B
2, RAFIHT cGAS-STING i % 5 %7 2 1t DNA
Z [BIVEALE] SR80, A B T & 04T 25 AF HUsk
YL LS, NI A R 25 A8 HUm B iR 9 T
AT F LAY, W] 35 cGAS-STING i@ B 7EHUR
T P g2 v I 4
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