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INEHBR-IREREE (cGAS) A
ZHFNAFEHAIIRE

LA REFE TAET AETT
(RRWIHL TR ERIPE AR, R SIR4 P E500% . BT 650500)

BE HEHR-IMHFREEE (cyclic GMP-AMP synthase, ¢GAS) 1E N RKIR G Re 4Tl 1Y e8> -, T4k B N HeR Ta g
225 g W2 As LR RS o VE I — P B TR 245, cGAS fie EZE AR AE T REAS 150 41 e 57 Hh H B XUE DNA
(double-stranded DNA, dsDNA). FHXFHRFIHLEIA X 5> DNA BFIATR, BEAERBIAMNE AR BR EE Y DNA, 7EHLIAR
s TR AR IR R RS AL OE R, BB TR B] 45 ol iz 354 = 44 DA A48 o A ke i b 4 it s 2 BT /) 19 /K DN, {H cGAS X [ 44
dsDNA FiRBI S FEAMMFRSIR, 515 SN, s LZEnE RFEEDBRAE . Aicardi-Goutiéres ZE A 1E55 H B
GoPEMEG . (EFEREMR, cGAS B ANME M FEAE— AU . AR, HORBEZ MU LI, cGAS MR KRBT
MutZ N, B T HAUE S MBI B R R AN . I E, EN, cGASJRILH 54 M Re hgel F iy “JEZi” fE
o B8, cGASTERNAL TR # 1 GpeiUBIRAS . EE XS cGAS MTe 44 & S cGAS 18R I BB M S RELIBT 1 HL
PGS , NGRS LR 3R F 20 DNA 7742 A B e it . R, oGAS A4l SE R RS e M il T A0, Y
DNA KA, cGASRER TR ZEEMO0 S, S 5DNABGIBE IR, b, ZEDNAEHIENT, cGASHES 5k
B SCRISE K, B 1R A AR BB A RS . DR, S8 cGAS TE SRy IRl o R R e AR A S v I SUE AR, #0 )
cGAS /N FEFE 2 IE B T RN FH AT . ASCERAR T cGASEEHY, AR HAE A P AR ) Sz AR i 2 ML DT RE «
BRI B AARRISS . X5 X DNA Bl S 200 A SR . IR SREHAZNIELMIIGE: TR . BN RSBy
-7 DNAWIE R S5 6 R E EFIPLEL, 825 T cGASYEN B B eBe e R TE IS 1A/ Ny T 25 AR, R 5%

KR HEOHR-IRTRGE, KRGE, WAMZES, DNASLIBE, =&

FESES Q71 DOI: 10.3724/j.pibb.2025.0567

AR G G T8 72 B8 KT A J 45 Tl Dt 1 1) Je
Yo, 1989 AE e AR T BRI G A2 AR
(pattern recognition receptors, PRRs) FJHE &,
T RIRGPEPNIERE . PRRs 7] AT 2
I JEAA ¢ 43 F A (pathogen-associated molecular
patterns, PAMPs) I 4 U5 1 45 A OC 4 + £ =X
(damage associated molecular patterns, DAMPs) ,
PR 2 g2 28 AT U g . Hirh PAMPs £ %
A48 9 SR AR T RE A B DR ST RS, WA TR B 2 B
(lipopolysaccharide, LPS) . 4 [ 40 Jd B 25 11 55
EHFLsh¥ T, Toll ¥E3Z{A 4 (Toll-like receptor 4,
TLR4) JEiHU LPS B2 MR 5 52 4K . LPS
il TLRA ZHI, % LPS #5538 M5 CD HI M E#k 14
(cluster of differentiation 14, CD14) tp[E], K LPS
% % 3 TLRA/ME 45 b I+ 2
differentiation factor 2, MD-2) B &1k I, H T

(myeloid
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TLR4 1) Ak, SEMTE T i hEre LA 5 88
(myeloid differentiation primary response 88,
MyD88) MR A TIR 25 F 319175 5 TFN- (194%
3k #£ H  (TIR domain-containing adaptor inducing
IFN-B, TRIF) {&##iM:(5 S# % >, DAMPs Il iE
O A IR S R, IR . EEE R
B 05 . KIILCE, TR R YR A
JREIARAYE, H—JEgeh “upeti it Wi, 4R
M, BEAE BTSRRI e I P i Bl s
— R IVEE SR I LR Y PRRs WAHZE B A B, 0
TLR3 B % R3] i & ' (19 X RNA  (double

* ZFARHITIEMBTR LI (202401AT070312) ¥EH).
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stranded RNA, dsRNA) "', TLR7 iR 5] & &
5, 9 1 JR 7 1) B 4% RNA  (single stranded RNA,
ssSRNA) ', TLR8 3 2 51 & & I A1 IR 1 19
ssRNA, 1] TLRO e YU A= 9 v &4 R 1 R4k
JUmERERERR 17 (CpG) HEJ¥ M DNASE 7', 7EIH
BIENH R LA ST, TLR7, TLRS8 A1 TLRY Af LAl
it 5% 4 MyD88 4% 3k 73 7 BUIE T i A ¥ «B
(nuclear factor-xB, NF-«B) i@} [*!,

2013 PRI ATBA ' R A S H IR - IR &
fif (cyclic GMP-AMP synthase, cGAS). iZ[E§1E
i 5 dsDNA 256 JaTh ik, fEAA: s — A5 i3
IR GMP-AMP (cyclic GMP-AMP, c¢cGAMP), 475
T Pt 2 5 A 3 K (stimulator of interferon
genes, STING) , J& & fifi TANK %5 & W% W 1
(TANK binding kinase 1, TBK1) B2,
M fe TBK1 #f — L% T KM K T 3
(interferon regulatory factor 3, IRF3) —R{LIf-IK
1A T4 E (interferon, IFN) BUr=A4: 0, XJ&
— M IR B AZ IR I PRR,, HARAILH] 5 ik TLR
KGR AFAEREZEST . cGAS X TR R HIIE
AT DNA 175 FFf g, i —Fh R0
B Tz 0 M A% R Rz AR . bR, BEXT
cGAS 1T KR 922 07 225 (1) WF 58 N RN i 7 59 FROTH
B, 2EEATAHLE K B0 cGAS TEA T8 HL i J5A% R i 52
HRREI, XA 5T v i SR A AL R RN 15 A4 L o
(4 H A% IR A TR, SRR IC 22 50 1R g
A A B e M0 AN T B M E R4 D A
@, B TR S TR IR TR AL

AL, BRI Z BT IR R T cGAS HA Ml
ST STING RYAR £ LI RE . W, Sz N L
R AT, AE R BT R A2 45 (1 ¢cGAS AT\
JH 5 v 2 B8 R AN ML A%, A€ i 2 DNA BUEE By 24
(DNA double-strand break, DSB) 4b, #E/REHIfE
AR T RAR PN & 5 it — 2ok,
AFZH cGAS RETEI G 7 s 5 YL A B 45 5 e ik
B, BIHEE A S0 i 5E 5, LS DNA
o . AR ORGP Bl AR B cGAS B 45
cGAS ML SAE 2 I RE, JEXTH X A AR
BRI B OB it RO A PN s R BRI A T R
45, BT S

1 cGASHIZH

A NS Y HIIEE . cGAS # 1 H 522
ANEIER N, 3. N, B R

M (nucleotidyltransferase, NTase) #%[>5F44m
Mab21 G538, J5 P9 S [ A B T BE AR SF i C
uig 5 (Bl 1a) .

cGAS N (1~160 AW 751 ) I PRSF AL
25, A IEHM, $EHET 5 dsDNA 454 145 #4 3
fil . (EARFEEMNE, Nuglf A 25 dsDNAZ GG
VTR R R G E N B A O A, R XS
dsDNA %5 & )5, fB 98 M\ £ J7 i 52 i cGAS 5
dsDNA FAHEAERT, MM $E 1 cGAS HBEE P K
T iEH STING/IRF3 /™S HMF 556 FA0R 1, ik
N 36 P cGAS R 16 R B HEEThRE. an, Ay
1F H 7 114 N i o] DA SE 2 38 i1 5 DNA 2545 (10 1,
12 i cGAS-DNA 1 ¥ - & A 4 & (liquid-liquid
phase separation, LLPS) "' & — F (KA HAEH
AL T AR NSwIb & A 24 0] Bk
TERY R IEBRT 15, XSO S FEA 22 S I0 IA) e e R
1k, FI5:30 cGAS TEH 227 24 AN 5 I it Tk P
ik =, X —#LHA BB EZ N cGAS 51 & B B
PERLN, HE— BRI T N I e I cGAS i
WP EEE (B 1),

cGAS 1) C i (160~513 R ILMRFH) 75 A [
PrFph s BEARSE R SR TSI LT DLSE Y
X254, 4175 NTase #% 02558 (160~330) Fl
Mab21 25 #y38 (213~513) 2", cGAS 4j dsDNA 4%
EH3MEOALE (AL B, C) WTELSHESEI C
vty Hp 1220 R 2 [ i — SRR A B T .
AL TAMI A A o BB5E (oA T oB) LA I 7]
WEBRBR P B )2 (B1~p9) Fk, M2 %
4 o SEER A, PRI oA BBUE . RN
o I2E (aC. oD) F11A4~%EHz oA F1B1 B IE PE IR
(210~220 2 HE R BRI ) HHAE— P, cGASi
FEIE B cGAMP 1) 22 BT T5 1 5 I 45 460 235 D) AH 5% o
cGAS 5 dsDNA 45 & FEAKEEH aA . aC. oD FIF
PERRE T, 7RG —u (hFrk24k) A
— SR MY BER 45 F 5 (zine ribbon) , RS AE i
cGAS 5 dsDNA Z [RI A B AR . X cGAS 5
dsDNA 4545, cGAS =45 & HE i As——45 4
dsDNA FJF- 5 Wil oS, B 2Z (B 24P &
A, MG ERE A, AR 384 1 A
2, 123k cGAS 5 dsDNA HE—454 2 e
N7 P 305 1 A ] A S4B AR AL cGAMP 174, %
RO Wi S— R AETE GMP (1) 2323 5 AMP
) SR 2z 6], T2, 5"- R —HREE, 55 Ak
A= 7E GMP 1Y 5'-BE R 5 AMP 14 33 3 2 8], JB
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35 MR R, B 2',3'-cGAMP Sk,
2',3'-cGAMP VE % (5 Mk — 2045 5 I Bas A0 T
N W b 4% 3k 26 1 STING, 4k 1 i3 3 F i K 9%
BPE N 22 2 ORT] T A A R SR AZ 7 Uil
IR BRAT 7 B EEOR ) cGAS XiF dsDNA (13- 5]
MGG I T H P R, R 2 HT
dsDNA [ K & 7, 5% DNA Ml kb, K DNA
(>45bp) HRefl &k NI cGAS HIRE P 27,

FAN, Cmrihf Mab21 45893, (213~513 &3t

RFAI) IR AA T INAE. BeZ 382513 WM H
B, 453 cGAS LR IRF3, 125 S IFN-BIY
fE 71T, Mab21 45 F 3 40 — AN A 4 4 Ja
(390~404), REEZE G Zn> 2V, IRAMEIR R I, B
BT HE D G 98R cGAS i1k P S dsDNA-cGAS
AILLPS "7, FER R AR, S&1f cGAS 5
dsDNA 1) 45 45 7K 7 BE A, 3 1fif 3 ] cGAMP &
A, B Mab21 25 M3 6 cGAS Tl i M 110 2 4
FFEECEE (K lc),

(a) A cGAS
N NTase Mab21

1 160

213

330 513 aa

(b)

(©) PR e
v MWMW% ' . ()
o & = \ y inny
=
1 : .
) Nonsorooney, G

Fig. 1 The catalytic function of cGAS
E1 cGASHIfEILINEE

(a) cGASHYZMEL M, NG, NTaselZOE5H4H . Mab2 1 2543845 . (b) NufiXfcGASHHEPEMIIETT . Nt 15 dsDNAZE & 5 {2 #cGAS 5
dsDNAFEFIS), #78cGAS-dsDNAZ AIIILLPS; TEMM, Nompewimefl, MflcGASIMEMLIGTE. EIT A 177 A cGAS-dsDNAK A1
PRGN TXUEEDNA (#i6) 5 AcGASE (M) MssaRia. EHEIETPDBEURE T 6CTO S 4 2 I ChimeraX # e
Yotk g . (o) E W45 M9 4 (zinc ribbon) Bt 2k, g I cGAS 5 dsDNA [ 45 & Ml cGAMP [ 7= 4 . NTase: 1% 1 W2 i %
(nucleotidyltransferase) ; Mab2125 3 . HitE % 8 (12145038 (male abnormal 21 domain) ; dsDNA: XU#DNA (double stranded DNA) ;
cGAS: ¥ GMP-AMP & i (cyclic GMP-AMP synthase) ; A (ATP): it H = #§ 2 (adenosine triphosphate) ; G (GTP): & = #ifig
(guanosine triphosphate) ; A-G (cGAMP) : ¥ ]k GMP-AMP (cyclic GMP-AMP) ; LLPS: - AH43 % (liquid-liquid phase separation) ;
Zn* . ZHBEES T P Wik (phosphorylation); M. 45 2243%4] (mitotic phase) .



<1282+ EMUEEEYIEER

Prog. Biochem. Biophys. 2026; 53 (5

2 cGASTEHMBEHANSRAEBENE

2.1 cGASXI AR ER IR & R &

L A% P W R FE R A 5 o 4 cGAS Uil
M dsDNA J&, Sk B cGAMP, 25 (5
fif cGAMP 5 STING 45 & {2 fif STING FH A 5 [ 4% 7%
P EIRFLAAR, VETTECN TBK1, TBKI1f# R IRF3
BERRALITIE L RIK AR, BRI TIER
sk Ay . AN, TEALRY STING I8 figif f TBK1
ol IkB i ¢ (IKKe) f& 2 NF-xB 1) 2 b F1
iR A — RSN R R A

AN [E)E FEE cGAS-STING i % 14 77 2044 5+
n, BT . RN RE, T LAIE i R
& B0 M N A VE R H dsDNA B3 2 7 32 14 400 if o
Mo T B cGAS B I 5 TR T & R
ik B R, AR R ], USPL ARG 7 1
(UAF1) -iz & ¢ 5 1 Bk B 1 (USP1) (USPI1-
(UAF1) -ubiquitin specific
peptidase 1 (USP1), UAF1-USP1) Kz ZliE &
K5 cGASHEAERM, @i Ml cGAS K48 {v £ 1)
wEAA, B cGASE M, Y P R
N B Ah, B AL cGAS, EIEMEH
T STING KGR ARG B 24 o an Y 70 3 Jek
i1 (influenza A virus, TAV) 1 g4 0077 =
HEAYHMEES, BERLA 7t B 2 B4R ROE STING >k
BOE TR LRI IR 20, F0r RNA W EEATAE D)
1, [F) B BE 45 180% cGAS-STING i 42 7, ™ & A
P WG 2R 48 25 A E e R 5 B 2 Y (severe acute
respiratory syndrome coronavirus 2, SARS-CoV-2)
YL S5 A AN A%, cGAS BRI I AZ
SRR Horp | BTG FAR G RE N 2 B, 3
Mok o oE N 2K R B BRI B
immunodeficiency virus, HIV) JE&4eqs F )5, @it
WA ST A3 LAY cDNA [RIFE BEIS TS cGAS-STING i
% (A BE A WE ST RS, R B EF X cGAS-
STING i i 14 398 % HIL il A 8ok bk 22 gl & 8. 4
45 9 Pk B2 BK 9% 8 % (lumpy skin disease virus,
LSDV) 7Ei&Yers M5, HAwS ) ORF142 &
Mol 5 STING #HE AR, fieiff STING ) H MR
fift, BN HRIREZEVEE R S, HIV AT &
ML, SR U cDNA 520 48, Bk
7 DNA 4 11 S JE PR 4 v gk i O 26 il 5 1 B
G FARIRSE R, SR cGAS iR R (BJRIR) 1
Yo i b, 0 cGAS ALk M BHLAS KR e 1Y

associated factor 1

(human

KW (CE ST A ) o hE R W W
(pseudorabies virus, PRV) F % i 49 £ J5 25
VP22 g 5175 5 DDX2 1 H 4 A 56 B 2 4l it o5
cGAS FIEAERT, M cGAS 1Y — Ak i SE K
SRR % 401, SARS-CoV-2 i i NSP6 fiil & F4) 4
o O 7 380375 5 1 WO B i STING,  #dk ake K AR a2
(M WE RN A0 7 AR S, AU B A R X
cGAS-STING i % A& A= ki, F 28 Wl 2 s e 1 i
FAR A B BRI Al R WL, ST IR
B, /NEUPETE 2 H 593 (zinc finger protein 593,
ZNF593) HEWE 67 7] 8 cGAS-STING 4709 B L/
%, Ham i BHAS cGAS 5 dsDNA 454 Ml
T RIR e N, I, ZNFS593 A Stk 12 M hE
v /N BUX B 2R 25 7 1 B (herpes simplex
virus type 1, HSV-1) BLAUAFIGHE Y DL EAFSE
e cGAS-STING il BT 15 Fe e St T B A
FEA

0 T SR G [ RE e 5 38 cGAS-STING i B0 .
LA 40 B AR T 3 20 B A AL - A A AR A A
o, EZA PR —FURRE T A0 R 5
(R fi & B s o5 — U AR T AN B R R S 1
TN 1132 K B AR BAE R R HIEEALE] o Y
2 7 3 20 R YL IN), TEN-B IS () R AR s 28 56
HE, WS EEAREME, HIEEA
DNA fE % B 42 9 cGAS IR B, #4IE K 4R % % 1
e SRR R AN M S, IR A R A Y
CpsA & I HEE 1A 18 B4 /MR 2, 7
15 T H B DNA K4 7% DNA BB, (A $E 42 oF
cGAS-STING il B8 i% ' sbah, o240 b o
K PN BE B 51 STING, SEP KRR pe kit . 1)
W, S5 A% 5y BRI 0 4 A B D MmsA il i 5
STING MIHAEF, %S STING i E WK R A,
AT BELIBTE R SR S e (5 5 1A% 5 5 (EIS147) . A
SRR AR TE R W el b, R T kiR
cGAS-STING i # U HLHI , [H cGAS AT SR A2 Wi ik
JEAAZ IR T TS SR B I 25 ) B 24 T
2.2 cGASI BIEIZERR KIR MR 2

FEIEFAERRIRET, AR LA S AR
FR. SR, TEFFE BB HEREST , NIRRT
A HE 2z I 2 40 B 5 A2 B DAMPs . X 4£ DAMPs
ek cGAS U, WM RBIAE & A B o P sk T
PPERIER N o A, H1 cGAS-STING il B i5 5
) SRAE U B Ry AT 1) IR Bl

FEVFLS P an e, B T 4 A% AE A DNA
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ZAh, ZORR T FE AR H A DNA, ZehifA DNA
(mitochondrial DNA, mtDNA) &% PAEE 41 4L
T Ve, JFot e A ey, 2/
2t My i 2k kL K B S ¥ A (mitochondrial
transcription factor A, TFAM) 1 %, TFAM ™
Z 45 5EmDNA |, XF4ERF mtDNA SE 84 DL
Mg =L EE . TFAM BY 5= 252 mtDNA 4
B, P ECmtDNA i EE 28 A0 M,
cGAS PUIIFAF IR TR 7 A4 ™ Ah, 3o

WA PR

PR AN 2R A2k | B A S M o Ak R 2 s 25 40
mtDNA 19528 M, 512 mtDNA Wt , 328177 38
CGAS JE N fih A2 3R ZU I SERE N F 15 BTG TR T R AE
MR . HR, R RERE 33 2 mtDNA Jit
#8571 &1 cGAS-STING il 1i0E , g EwEE
AH 5 43 W 3% A (senescence-associated secretory
phenotype, SASP) FRik [, A FEAMMIAY
& e el (E2),

ff DNase 117

B S e s . disE |

S |

ol / . ..'.-fA.l \
MRIVOVONK - .
4ISG . .

oy

e

S

Fig. 2 Erroneous recognition of self-DNA by cGAS
E2 cGASXHSDNARKIRIEIRF
MLLRADNA (mtDNA) (i, 28I icGASIR; P& I FIDNA MR SMIEE TREX 1R 1E I, 23 U T dsDNA 57 TR bk
cGASIHHI; A HHA R f# dsSDNAIYDNase IHHARHT, 23 3804 MHA P dsDNAR BERL R, SRV IFARNE, fH ) dsDNAT £& 21 i
T HEcGASIE ., cGAS-STINGA™ 519 RAR e bl FEIT : cGASTRAIBN M hdsDNAFET 54k, i NTaseZ5 8044 ATP . GTPILIE ik
cGAMP, cGAPMAE N8 A5 M IE A7 F B _FAYSTING, AR B i R AR 2 I TBK ISR AL . BERRIL B TBK L —H 15
IRF3#IE , —RUTEUMIRF3IAMZA-FIFN-BIY ™A, IFN-BifE— 25 F T IFISGs W3k . miDNA: ZRRLIA EUZ %I (mitochondrial
deoxyribonucleic acid) ; TREX1: 3-5| ¥ 16 & #% ik 4 VI B 1 (three-prime repair exonuclease 1) ; DNase I1: M & 4% W% & M2 B 11
(deoxyribonuclease I1) ; STING: THZ KA H T (stimulator of interferon genes); TBK1: TANKZE&#fff1 (TANK binding kinase 1) ;
IRF3: THZE M7 +3 (interferon regulatory factor 3); IFN-B: T-HEZp (interferon beta); ISG: THFEHHILH (interferon-stimulated

gene) o

B 5 A 2 T3 cGAS-STING {5 5l i A Z sl
MO, BKEh IFN S JF ek | B fee 0, S0k
- R 28 & 1E  (Aicardi-Goutiéres syndrome,
AGS) ZEANESE—F ™81 LB 28 RAEPEB

3-S5 Y16 E R AMIIEE 1 (three-prime repair
exonuclease 1, TREX1), X HEREERER
(¥ 3", 5" R B ANV Il JFC3E 2o B A i 5 DNA B 1k
cGAS-STING {5553t % 1) 5 8 0% . TREX1 I g
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RIEHLES TREX1 DyfEse e B UIAH ¢ ** . TREXI1
R114H f& AGS i # WINRAE Z —, ZRAR L
N TREX1 () R IAFE M, HI 55 TREXT HY g I
PE, X dsDNA (1% B fife 5503 e 22 ISk 1 1/
300, SHORFEMRAME dSDNAFLZE, 5] & 5
FUH) cGAS-STING i s . AWt iiE, &
4 Pk 21 B IR #5 (systemic lupus erythematosus,
SLE) MJ%& W5 TREX] 45M 56, #5417 TREXI
SRR 1A A F SLE A R X XU i 328 35 i ool
Ht—20 & B, 7E SLE M & (% 4h JA i 5 4% 40 i
(peripheral blood mononuclear cell, PBMCs) i
K ZNF593 il iz 4l T4 &K 1 (interferon
Beta 1, IFNBI) . T L% o4 (interferon alpha 4,
IFNA4) F1C-X-CHJ¥#afb N+ ik 10 (C-X-C
motif chemokine ligand 10, CXCL10) ) mRNA 3£
ik, BECERE RN RIEKT-, Z&IA] K SLE &
FRMLHT AT R MG . BR T TREX1 BB R i ot
KR, MJ5t dsDNA L B 3 Ao V5 (AR B2 i ik A2 E A 7
HEr . s ZE AN dsDNA $ DNase 11 [N
it IR s A Em AR, fEhE
B dsDNA FJRE 7 BRI, 4B ) DNase 1T
Br=m}, 2% FIEHA DNA BB, [EEEHA ik
A 7 1) DNA S 07 28 240 B o, 308 17 0 A% I
cGAS I JH B RAR B PE N 2B o T3 8, WA ] Xf
cGAS-STING {55 # 47 [ 445 . STING 2 [ 7] LA
I Z IR s B BRI, LA 13 B AR
(s (E2) . L, BB REREIS 45 5)
712 cGAS-STING i it BENG Ak, 35 B A B S
WEE . Fh, TEEZNAE YT, TREX1 5
DNase II 1Y & iA 9T, MR ER
dsDNA 4 7iF cGAS-STING i %, 774 8 Z T4
E NS (interferon-stimulated gene, ISGs) ,
M s 7 A RIE, cGAS KO /Y
ANRCIR R B ZF 4E 48 B (mouse embryonic
fibroblasts, MEFs) 7£3% L6 Z 5 11~12 4R
AT 5 0 o 2 BRI B &k AR A AR, T
cGAS WT () MEFs U 5 (£ 255 15~16 fAA S
EHRIRIF IR A AR T, IEAh, cGAS 7E
DNA 5475 S HL B8 5 5585 | & 1 240 it e 2 30 A vl 4
KBS B, AT 5 2 A O 40 M Y SASP Y 3R
ik T, EDNA RS B 55 Tovk e o i
ST, ffiA A DNA A RE Sk ik e % . T3]
o R, BRI K FEWS 45 T H cGAS 44
MEFME IR ZEAE 7, DL B cGAS 5 H B

JEVEPR MR LA R, N RIEE IR T
TEHE, i — BRI cGAS BT PR (1 ™A% P22 %t [
RS E R

AT cGAS G 32 B Z R ALHI AT . B
FEIFE 2, RNA AT LU i A 432 K 08755 cGAS
HIETE. RNARES cGASZESTEE S, (HIFA
BTG cGAS, T /&2 3k cGAS BIM /5, I 7E M i
dsDNA 7K ~F- 9 5 ik i 475 35 58 cGAS P 1) MY 5t
dsDNA IRE S 7, I4h cGAS 235 G3BP1 454,
G3BP1 & WHE R TiElE, ©2 5 —fM 5 RNAE
D7 BHPERN AR AL S 107 40 Mo 254, 4M I DNA #il
PAEHE T cGAS ENL T4 G3BP1 121 il ST i FR
H, UL, G3BPIAEMARAL, f cGASTEHLT 24
FE T NIRS 1 M 7 3] dsDNA &b 773X 86 4% 22 11 14
LB A T cGAS % DNA [R5, 3850 %t 15 32
TR R AR

BT cGAS [ B &b ke K 0 A i A m LA sg i H
g rEPESL, BHRRE B RE s AL T RE . ik
R & 1 I DUB W 5% B 5t USP15 AT DL 55 ¢GAS
HEAER, # cGAS 2592 RIS ILHE . RS
USP15 RE#5 K 5 cGAS —RALFILLPS, {#if5cGAS
RERS TR MR N DNA I 7 xS & SR AL 138 )
cGAS T HLE, W AIBIT cGAS F4 Wi T 805
Joa R AR BRAE T IR BOTRTTOR IS T

3 4RRaRE(L cGASHINZE Hi#Z

cGAS 1E ] M JFUA% R B AZ 2 il e B, TE R SR e
JEN B PR OER . RS ZIL, cGASL
REEN TAMAZAN ™ XM RENIIE5 & TR
Z % cGAS ZUM KA ? AR HT)
Efrar URHELEWNE, T EAREERNA
DNA IEML T, cGAS UMl oo F B9 5 5 W
WE? BRAEREIIBN 2 5T k3, 4t T4 225
AP IR, cGAS TR JE R4, M ink
FE B AR IT YRR, YA o RS
WG, SY RS54 B cGAS #1453 78 1 40 i 4%
W, JFSTER SR MRS A T Az i —
SLWFFEAR R, cGAS FY K173-1220 F1 H390-C405 [X.
B SR L 5 dsDNA 945 668 7, $fii cGAS
ANBETEARZ M 2L A b 1 Y R SR 4, DT FELAS
Hi N ™ (K3).,

IRV, cGAS H B I E N5
5 (nuclear localization signal, NLS), {iF 21~51
[ NLST A F 295~305 Y NLS2 ™, 4 4jif fifg JL [A]
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22 F IR 2 DNA R HEZ T, cGAS nf LUl
it H B NLS1 5% AE H o (importin-a) ZKEE
FIAHEL AR, S B0 p 40 6 5 1 400 A% A 2 £ T
HASERER S, cGAS Y Y215 137 55 25 B ik T g 4 12
¥ (B lymphoid tyrosine kinase, BLK) /&1t
B, HAZIRESHIE ) (E3).

WA BTSN AFEA, AN cGAS AT &
FT—FiER ¥, BAEISGs 1S T A M40 HIA%
Hh I B B 240 i o TP AT e S WD RE Ol R
cGAS 169~174 i i 4 4 1 #% % tF {5 %5 (nuclear
export signal, NES) 5 CRMI # H 1 H 4
S (E3),

AR 5T R R O U 4 AT TR 4R cGAS A
JiL s A7 2 Y 0 e PR PR B N,
MR 15005 o8 ) B RN, A A A& %
A Rl T B A IR R B R S, e
cGAS SRR A EAER, WEHE cGAS Y
WAL TG P, PECF U7 ISGs By ki (K3).
X—RIEH, cGAS IYE N S A5 P BE gk B
REFOITR Y, R 4 T B 25l i 15 5 1SGs R ik
b BHER M5, SR, BHIER IR 3l o GAS
AZ i 0 B ot b 8 B S OIL A A e it — 20
FEIBH

4 ZHBcGASKEHFERARERINEE

cGAS 1E Jy it Jo A% R K 32 %, 7E 2F A 4 i A%
Jo, RUEmIIG KRR I DNA, E9F R8RS %
2 RIRGIE N E, $27R cGAS Y EIE PETEAZ N
Z R RS . BER R, B IMARTT LA A
cGAS M M . AL T#LEE 1) dsDNA, c¢GAS Xf #%
IMEFEESER T, XTET cGAS 5 —H AL
Wil 255 . cGASHKEE 3 DNALS &M (A, B,
C) FMAHM B4 dsDNAZE G T S58/MARY
A MAREE A B = R sk 2 (R222, R241)
5 ¥/ME I H2A-H2B 57 — RIR IR PEsR 3L (B61.
E64. D90 FIE64) Z[H] BN AR FHSCEL 1 2504
XA T AR NN ARSI ARG, oGAS 5/
RIS RIRERE IR . E—2B 0P R B, B/MAL
cGAS B B i s5 45 & J5 1%, FEas n) LRI T
cGAS MR (cGASEIE A2 —), Ml
FOCHL TG VB I S5 PRAMSLHRAESE, i A
INAT] SR H] cGAS UG T 7, 4, B
IR IR K IR, A% N cGAS 48 K45 Yy {0 i X %
L, XM cGAS IR IL, B cGAS i

RIS TCIE RS 2 ¢, JF FZLSIMAR T34
J5t B 5E # S cGAS 1Y) NTase #2045 #4938, b 41,
cGAS W EAb A it 9l A B AT e i H 5 e (8 i 26 5
(IRE T, T cGAS ik PE ™0, DL e dt
[l 7R 1 A/ IMATE 455 X cGAS B 4 4 1
YERT, ABH T BAR Y 53 B AT 75 2 — 250 5% 1
WY, 4o, Gy i Al FE AR L 2 cGAS 7E
BN 5 st adt A P (IR Y DNA ff i 2 A2
S cGAS R I P2

TEAH A RIS, R AL AT LA R A N
cGAS BT , [HAEA 2243 24501 00 i A 4 PR A
A T 2S5 AT cGAS & KRR, X —1E 0
i £ 5% A BAAS 20 R 2 11 1 cGAS 18 BTG 2 4
AT e 20 S v gl e X — TR ), BRSO E,
TEA 2257 5800), BR T B85 cGAS B 455l
cGAS G Z A1, cGAS N ity 19 128 J il iR b th 25 17
il cGAS B fHEALIG PE >0 73 —Jr i, N cGAS 1Y
F RS2 BN A B S AR 7, HARE A7
ZEZ-EHMHARS (ubiquitin proteasomal system,
UPS) 17, MR, ZR-EAMKRISTE
200 0 JE 300 o R A7 % P cGAS, i SPSB3 (A
SPRY Z5#4 A1 SOCS & 1 3) il PiFs &
cGAS C i i FE PRSP Y Asn-Asn (NN) 8 i 5.4
% cGAS, SPSB3 fifi/5i 5 cullin-RING {2 & i% 1% 5
(ubiquitin ligase 5) B &AWL H, /v F# cGAS Y
ZEALRES > (F3), W0 cGAS 1 Bl 5 &1
X HAZ N e DR G AT X —HLHI
T 2 J) 30 1 R R oRS i R 55 4% N ¢ GAS R K-
WA £ cGAS TEAZ N PRI Th ) T REPEDTAR o it
Ab, TEIEH AR, BRSE R 7T G ) P i
S, Rt B R A B A W T (barrier-to-
autointegration factor, BAF) ftiliid H &5 dsDNA
R FT, K cGAS M cGAS-dsDNA & &4 &
ek, MMTBHLAT cGAS 5 dsDNA 454 ", kit
B CGAS PR 49y L5 2 Il M SR o 1 i %A

DAL ZIRFSEIESE, cGAS Al T A1 A% N
H 2 U E A A P AR A A 2 3 2 ],
H ML B A% MATE 45 . cGAS I
BRSSOz AR, 3K LU R[] B A%
N cGAS HE R IBE TR Seyse i 20 [ B S b 22
WU, ARSI Y Z2 FhBIL L [ o 4% o GASS Tl 1
g (F3). X RN, #cGAS AlRER %
WS T HIRIR PR N 22 Z A AR 2 BT RE
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Fig.3 Mechanism of cGAS nuclear—cytoplasmic transport and inhibition of nuclear cGAS innate immune function
El3 GASEZ-TREFIEHLEI R INHEIZ A cGAS KA SR I HERIHLHI

TER 2257580, cCGASRETER, BHEmERG, SPEasE 4 THcGASIEZNIE; ilidcGAS A BHEHTAUNLS1, improtin-oif B.AEH]
HEAMMI ;Y251 R0 TR ALl cGAS AR s LB T AYISGHR 5 B cGASTH A NES 5 CRMIAH ARt A% s BRIV T B cGASI
HCRMIMTEAEH . FE PRI cGASHAMFIHILTEYE . BT )7 cGAS 58 /IMAE A WIA R BE45H . IZEER T /NcGASE T (k)
) S58/ME (HEAH2A (@) /H2B (4(5) /H3 () /H4 (£I(), DNANEG) MEEHR. KR T PDBEWR A H17A08%
S5 155 308 ] ChimeraX 8 {218 Y4 A2 G 21, NLS: BENLfE S (nuclear localization signal) ; NES: #4555 (nuclear export signal) ;
H2A: 41#HH2A (histone H2A); H2B: Z1# HH2B (histone H2B); H3: #1#H3 (histone H3); H4: Z1#[HH4 (histone H4); BAF:
BEBE A #A]F1 (barrier-to-autointegration factor 1); Me: FH3&fk (methylation); Ub: 7ZZfk (ubiquitination); CRM1: Jei X Im4iHF
1 (chromosome region maintenance 1); BLK: Bk 41 (B lymphocyte kinase); importin-o.: #%4i AZE o (importin o) o

recombination, HR) HI3E [A] J§ K i % 3 (non-

2 ", Ay Qzﬂ AB
5 HRZHCGASHYIFEZ AT homologous end joining, NHEJ) "“***/, HR #Y - f

5.1 cGASTEDNARR5EE FHIThEE

EHE ARG, SRS FEIRNARSMY IR R
S ECE RN A R B A A2 295, Horh DSB
SR N H Y DNA S 45 KRB ST | MR b XoT
DSB#AT&5 , WIAT G 8505 A A Fa e I 5 |
PR A, W, AR ESE . X DSB #EfT
B i EE WA AR MR E A (homologous

M T R EE S 2R 5 Az 7, Bl DA R4S
R IERE, X AMEE R A T S R R
P o 1 NHEJ W2 38 2F 400 P 1~ W 24 1Y DNA K
wiigE R, BA T EHE R AR R 25 55|
Y8R AR S P8 FE NHED 4 45 48 8 ik #2
NHEJ, c¢-NHE)) , 2% [ & #
(alternative NHEJ, alt-NHEJ), 8% A5k [a] K

(canonical
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U S %% (microhomology-mediated end joining,
MMEJ) , MR R 4E A9 X 5] 32 2 4E T alt-NHEJ Y
T Ui 5 B A TR Tl Ak BRI BY 2~10 bp (146 [F U8 7 371
AReTF IR Nl fE  HEr, KREHR
TN cGAS figfis 2 J7 H M| HR, %4 DNA
BB . FEEER A Z BT, cGAS I
AL AT 20, # i 5 ADP B
(poly (ADP-ribose) , PAR) 5% ADP #5545 iff 1
(poly (ADP-ribose) polymerase 1, PARP1) %54,
FHA% PARP1-Timeless & 5B A, i HR B4
W B RS S DNA UGN, 25 RLE A
WA 1 (ribosomal oxygenase 1, RIOX1) 41
T AN cGAS K506 (/NELcGAS K491) 17 i it 2 H
HAk, PHES cGAS 5 SGF29 HAE, fifi cGAS RS E
PEAESG I 15 BELES PARP1-Timeless /5 HR '
cGAS K254 i /5 1Y I & IE AL A& 1 & 52 1 cGAS 5
DNA 254G 11, 2 cGAS 5 PARP1 B A H.AE H
55, IR HRIEYE, $275 cGAS/F HR i Djfig =
B3 5 B M YA 56 T L 5 A I g 4
cGAS it A BRI A A YAk DNA &£
JE45, FHAT HR &5 58 #% h OCH 3 H RADS1 A3
EERA, RZMHI HREE ™ BR T % HRE
PRI, AT HGE cGAS 2 5 Hib i) DSB &
g%, WNHEJ: cGAS 5 Ku 8045 &M E &
Yy, WIHE5E DNA-PKes F1&7Z Z ARG USP 7 Z [A] (1)
MEAMER, JEMHE 5 DNA-PKes & IR ETE, R
i ¥F c-NHEJ i& 12 /& & DNA # " . M % ,
cGAS-Ku80 & ¥ i i B #4545 Pold 17 3 7k
P alt-NHEJT "0 (& 4a) o fe B BB 5% & 81,
TERRRE B, cGAS UL gi (463, 511, 527,
530) MIRAS, i cGAS B HR (UM As, 4edF T
PR R R 2R, SRR B A5 Tk 1 O

P AN, G IRA AL 2 5 7 DNA
B 0, AR R A AR E T, AN T
SR HR 5% (transcription-coupled homologous
recombination, TC-HR) "% #FFE 2 W, cGAS
K394 5 PAR #H & /E H #1 il T PARP1 /i & 1Y
¥ ADP ¥ i 3t 1 (Poly (ADP-ribosyl) ation,
PARylation), PFHf PARP17E R I 3% '), b
41 T PARP1 47 5 ) MMEJ 15 5% 53 175 R X 35 119 18
T, A A ) R AR I T R ) HR KA T
B, /8 T cGAS FE 4 Ml £ DNA B &2 %45 I
BT SAER M (E4d) . X2tk B A R
T cGAS 7E DNA i {16 5 [ 28 v i) Z2 SR AR H

B2 HRiX T cGAS 1E DNA &5 v i/ & 7 52
S ST F IRIR SN A W TCHGE , A0 cGAS B
PEIEH BT, B RIR P N 24 F DNA B PR )
REHR LSRR —A~7 P 2 (B B R A
M), X T BESE: cGAS THREWFFE I — A8 7 1w o

Uit eV T EAZ G 0 1A R Ui 1) DNA-2R 1R
G, 05 E R DNAJES] (TTAGGG) il
RO (Shelterin &2 G4K) , X Fh 45 H BEAZ {1
Prgea i, ke O AR S g 1 TR R L
DNA, Ry AREr: ", Wik, mk ke
PEXT T 20ME IR H B A bR oG B, TR IR H 4
R8RS i R AU ST B I P
Hayflick 7 FR A, 4§ 25 1F A 5 % ol 08 T 10 /2
JP e AR R, N R R AR A 2 i B 52
PEREE S cGASHIE ", X CEP IR LI, 1
AN U20S #E A 2250 24300, Homkr Y
Shelterin & & 2 B ok, BRI Hi
 DNA #10if5 5, iz 400 T i) cGAS IER i) 5
SR/ R4S 4, 78 Y Shelterin AR A (7, 18
i1 5 CDKI1 AH EAE A, BHKT RNFS [a] 53 455 157 5 44
5%, il U208 20 ke kb R 1 NHET B &
PR3 T s 40 it 3 R AL i A Pk ) (&l 4b), 31X
AT RE R0 68 200 A 1 RS 20 4% cGAS 5 ki A
Ui AR AR, AT 23 PR 2R e M A o Pt
TESR W o IZ ML A B T ik g8 4n i e &2 R )
DNA 5105 P55 T Uk /0 e o (A st S5 800G 1Y) B g2
SR, SE AR A ORI A A N . X B
FE A W] 3k G ik A % A A TR Y DNA 5245118
=R The S
52 cGAS54HEHl

AR AR A A T T A A g % G T
B, RS R SR B i e 2 S R AR e
P, WREMEEENREZ — ", G HREE,
7 STING $FF ) U20S 4, cGAS ] 5 DNA K
il SCRR 128 B AT 22 52 ) SCRAE AR B, Y 4t i
W cGAS BT, A2 il SURIE R ZE Kbk, 41 g
Pk sasg, kA RIRES, HEH Rt T
Ref- S SO B X O R T i B T (Bl 4e) o
B O 5 & MR 9% (pancreatic  ductal
adenocarcinoma, PDAC) 4HfiErf, cGASHEW/ 5
TP Al ATRI A A P 35004 20 it &2 7 ik
S E, Rl PE A EE T 25 19 PDAC $E4E TR Y97
28 X L B R cGAS B WK bR 1A TR
ST
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AL A R IR LN ) cGAS-STING il A%, HE—2P 4R i o8 G iR e R o e 2k
BRI AR AR, ZlE RS A BN cGAS BARBHE MM, 21215 DNA
OB R A ERN R RN TRIFRE, ML #0125 DNAZ KA, Nk, JGig cGASTE
REAS (I HE LR A0 LA SO R SR R R R IR MO S LR R WL I fE, e AS
AOAERT, B REMHE MR AR KA PRIE T, K DNA SRS F4E RS N RS E v, o 25 XU
T WaE o IR, AR ORI T . ORI 2B TRl By
A RCRIE R, AWOT . BRMTE . STING sl 21, (SO ARR S i 5 B 4 AR e Tk
FR A S A A AR P B s R AP SRR BRI E AR TR

(a) HR ®)
MRIVOVONR M "
= A prsy avA
¢GAS / \ KZ:?IWMW rene 1
s B TG
I\ CGAS s —/I & 1
cGAS cGAS l g‘%*ﬁDSB
Mﬂ: m
Nobss / S0 M/M 50 \wwu
MWW ¢GAS . .
N - S MMCGAMS OOV
cGAS SO 5 OB 1 \i
| SRV OGS
ﬁ l NHEJ NHEJ

N DNA 15
| | @ Y
A an
¢-NHEJ a-NHEJ /__M}m
¢GAS WT = ¢GAS KO
) VA
© X ¥ T o
¢cGAS WT ¢cGAS KO \ o \ s
g E DO E 1 W

) S |

— — — —

e =kl
DNAT 47 77 U

Fig.4 ¢GAS mediates DNA damage repair and stabilizes replication forks in the cell nucleus
Eld4 cGASTEAMEZH I+ SDNARGIEEMIBEE HIX

(a) cGASHRENSIE i 4 e o T BHLAFHE AR M HIHR 85 5 cGASBHIHPARP1-Timeless & A4 T ORI HIHR, XA~ BB cGAS H & 1Y
Crotonylationf& il il ; cGASSKuSOAH H/EHMHIPOLQAYZR L, Mifila-NHET; cGASHE#FDNA-PKesfYiZ E 1k, {Eifc-NHEI, (b) M
M, cGASZEETE v X, sk imX v A . (¢) cGASBREMWESATER SN I, Rl L iidifE. (d) 7EfsHEHRIERE H,
cGASHIHIPARPIA S HYMME]J, BEFFHRN % 5536 IR X i 4746 52 . Timeless: timeless/S & 17 AT 1 (timeless circadian regulator) ;
PARP1: RADP-# Wi E & il (poly (ADP-ribose) polymerase 1); Ku70 (XRCC6): X4k 1E 2 38 X H4ME 16 (X-ray repair cross
complementing 6); Ku80 (XRCCS5): XHILiEE 38 W HAME1S5 (X-ray repair cross complementing 5); DNA-PKcs: DNAfK# & [ B AL
I3E (protein kinase, DNA-activated, catalytic polypeptide); USP7: {Z Z455EIKH#7 (ubiquitin specific peptidase 7); CtIP: CtBPAHHAE
FH# 1 (CtBP-interacting protein) ; MRN: MRE11-RAD50-NBS1%& &%) (MREI1-RAD50-NBSI complex); POLQ: DNAX 4 if0 (DNA
polymerase theta) ; HR: [AIJFH 2 (homologous recombination); c-NHEJ: £t [R]JFEA 4% 4% (classical non-homologous end joining) ;
a-NHEJ: EAUPAERIEA 1% (alternative non-homologous end joining) ; DSB: DNAXNEEHKIZE (double-strand break); ¢cGAS WT: c¢GAS
Bf M (cGAS wild-type); ¢cGAS KO: cGASHEBE (cGAS knockout); RADS1: RADS1H4fifi (RAD51 recombinase); RAD52: RADS2[A]
4 (RADS2 homolog) ; RNA POL II: RNA &Il (RNA polymerase I1) ; MMEJ: i [{] J5 A ¥ % #%  (microhomology-mediated end
joining); Crotonylation: MG ik,
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6 RESREIE

e ) 104E B, cGAS IINREISE] T 21
KTEFHTE . K M & 244 cGAS 1 b 4t i o
WZPRIERAZ A0 RAR e B ) 2 B RE 5P 2 N
KRB R ER, S5 AGS. REMA TR
Sl TR IR, cGAS LBk
RMEZETRECHER, W 2E
(Hutchinson-Gilford syndrome) #1 ik 44 2¢ & 1iF
(Werner syndrome, WS) %5 3 & #5200
cGAS IR TERE BRI K FFrh ook 7O i, X —
RISy =3 DNA B Ik 5 2 2 i i Wi, i
cGAS 1 MR K FF TR AL 7 ST HEM
Je8 R R FR ) SR it R v 2 L INTRME DNA 451477

P AT . R ER S, DLAIIRIGYT
AT ™ A2 ) DNA #5405, X S6 R 24T LAE R
PAMPs 31 cGAS, HILX} cGAS ¥t iR T
PR TG TR R T . R R B,
cGAS AL 7 1) cGAMP 2= — Tl DA 923 241 Fifd 3] 93
S5 A A R SR s it P, DRI e e 24 i IR
1% cGAS, 7 R N cGAMP (197K - il N B R Bt
Jifged G BT AR U2, BT E A 24Xt cGAS-
STING i&@ F B 25 &, B 1R F B e M5
AT IRIT TR IR 259 . AL ¥ cGAS A
/N T 27 LI LA, B R GRS, | ik s
EAWITE cGAS 38 #% Hh (A FIHLIR AN B A B R 45
H(ED,

Table 1 Small-molecule modulators of cGAS/STING
F1 cGAS/STINGHYI/ND FRETFI

B2 R AR YEFHET 5 W IR EEPTN
cGASHIH 7 X6 5 cGAS_FEDNASE & 7 S A HAF XOATE Trex 1™/ BB 5 1 2 FRAR /N UG 41400 [123]
H, BH#ScGASXTdsDNAM A5 INF-BZISGs[7K-F
Hydroxychloroquine  FHWicGAS5dsDNAMIAH EAEH  Hydroxychloroquine £t ¥ THP-140 iy, BEfE M4l [124]

Jf -HIFN-B7= 45
Suramin ¥ cGAS-dsDNA & & ¥ # 1 Suramini#]dsDNA S I THP1-Dual 4l f HIFN-B  [125]
dsDNA B #it tH 35k s
Al51 5 dsDNATE 4+ 455 cGAS ALS1H Trex 1™~ THP-140 ffd HIFN-B A FUFIFNH]  [126]
BHER AFITIAIISG1S) H L
Quinacrine i A\DNAH!, BHAFcGAS-dsDNA Quinacrine 1l il dsDNA %5 3 () THP1 48 g -F IFN-B [124, 127]
HEMIEHL PR
RU.332/RU.521/RU.365 £k £ cGAS [ i fit 4k 75 VE A7 s, #05 Trex 1™/ RBMDMs 4 it HH IFN-B 1 3k [128]
PF-06928215 0= HIcGAMPI = A JIHIHT DNA S S THP-1 Dual40 il HIFN-BF= 4= [129]
G150 it dsDNAYE 10 AR E g (NZB sk [130]
FRIFN-BIIF=4E
Compound S3 FIFH ARG (PPiase) RIS RSt iT oM [131]
W, S3EFE M cGASIEHTE
Compounds 25 LPS5 3 (1 2 M5 475 /8 B2 H Compounds 2588 [132]
5 [ I/ I B L 75 12 48 40 i DR -1 (R 7K
Aspirin W 1k cGAS  (Lys384. Lys394. X Trex!™"/INBEAT M i i3 59 Aspirin, BG4 [133]
Lys414) 47501 LAk, Skl IE4H 23 cGAS T SR K F s BRAR O E2H 4
cGASHIHIE ISGsf##ik
STING# )7 MK-1454 BWIGSTING V9T SRR Phase T (NCT03010176)
GSK3745417 VAIT AR Phase T (NCT03843359)
SB-11285 VRIT SRR Phase T (NCT04096638)

STING# sh 75 B KR . https://clinicaltrials.gov/ . Hydroxychloroquine: ¥ ; Suramin: 75$7PH; Quinacrine: ZEZNFEMK; Aspirin: B
FAIVCHR; INF-B: BTHLZE (interferon-beta); ISG: THZEAFLILA (interferon-stimulated gene); Trexl: 3-GIMEEZERIMIIAE 1 (three-
prime repair exonuclease 1); THP-1: A ZPEFAZANNE 1 MG 40 ; BMDMs: & 46 JHE M E WEANIE (bone marrow-derived macrophages) ;

LPS: liZH¥ (lipopolysaccharide); Lys: #i%fg (lysine).
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ARSCH PR ELE T cGAS RYSEHE . V40 i 5E 7
AR P ) 2 ST BE S AN A% R R 2 T e, R
W T cGAS 52 Z il B ks B Db i 1, HOR TR BY)
TIRE AN A2 4 5 (e BRI 2 DIAI G o 1M T
DNAJEZE%, cGAS&1a EREm o, 2iF
ZHRIEBIRNIR A, JEEE . DNA#GiBE L
M TTERE , e | & Iie RE LA R P S e T dk
(RBTHOLS, AR SCHFE IR A T A AT T cGAS [ ZFf
Uikg, BTENIGIRISY TSR U

SRIM , TEXT cGAS WF 5T R 1 2 K2
ik A cGAS ZEHHGUBT AR T AR ? FL 4N
SENL UM PR R IR S AR R e b RS
IIREARTF Y cGAS? 4 cGAS #l, HiAth PRRs 275 [A]
FEIR B JREVE R WX e IR A ST, 4 5E
PG KR HLH A, 0 cGAS VR IR YTl
SN A, MG . R SRRE . R ARG
PR P AT A I SR AT T PR S

M WAL R (http://www.pibb.ac.cn, http://
www.cnki.net ) :
PIBB_ 20250567 Figure S1.pdf
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nucleic acid sensor, cGAS is primarily characterized by its capacity to recognize double-stranded DNA (dsDNA)
in the cytosol. Upon binding to dsDNA, cGAS undergoes a conformational change that promotes its dimerization
and subsequent enzymatic activation. Once activated, it catalyzes the synthesis of the second messenger 2, 3'
-cGAMP from ATP and GTP. cGAMP then binds to the adaptor protein STING, which resides on the endoplasmic
reticulum (ER) membrane. The binding process triggers STING to traffic from the ER to the Golgi apparatus,
where it is phosphorylated by the kinase TBKI1. Phosphorylated STING serves as a docking site for the
transcription factor IRF3, facilitating its phosphorylation by TBK1. Once phosphorylated, IRF3 forms dimers and
translocates to the nucleus, where it drives the expression of type I interferons and pro-inflammatory cytokines,
initiating a potent antimicrobial state. The DNA-sensing mechanism of cGAS is inherently non-selective
regarding the origin of its ligand. It readily detects exogenous DNA from invading pathogens, thereby playing an
indispensable role in host defense against microbial infections. However, this same mechanism also enables cGAS
to recognize self-DNA that leaks from the nucleus or mitochondria into the cytosol under various cellular stress
conditions. While critical for immunity, the recognition of self-dsDNA by ¢GAS can disrupt cellular homeostasis
and trigger aberrant inflammatory responses. The loss of self-tolerance can precipitate or exacerbate the
pathogenesis of autoimmune disorders such as systemic lupus erythematosus (SLE) and Aicardi-Gouticres
syndrome (AGS), highlighting the dual role of cGAS as both a sentinel for infection and a potential driver of
autoimmune pathology. Notably, the subcellular localization of cGAS is not still. Increasing recent researches
have revealed that cGAS is also abundant within the nucleus, challenging the traditional view of it solely as a
cytosolic nucleic acid sensor. Within the nucleus, cGAS exhibits non-canonical functions that are distinct from its
canonical immunological role. First, cGAS exists in a state of stringent immunological silence in the nucleus, with
mechanisms involving its competitive binding to histones and its post-translational modifications which block the
activation of cGAS enzymatic activity, thus, effectively preventing it from mounting an autoimmune attack on
genomic DNA. Second, cGAS plays a critical role in maintaining genomic stability. Upon DNA damage, cGAS is
rapidly recruited to the lesion site and participates in the DNA damage repair process. Moreover, under conditions
of DNA replication stress, cGAS contributes to the stabilization of replication forks, preventing the cell from
entering a state of uncontrolled hyper-replication. Consequently, in light of the dual role of cGAS in both immune
regulation and tumor development, the development of small-molecule drugs targeting cGAS holds significant
therapeutic promise. This review summarizes the structural characteristics of cGAS and its canonical function as a
pattern recognition receptor in the cytosol, including the types of pathogens it recognizes and the autoimmune
responses resulting from erroneous recognition of self-DNA. It then focuses on its emerging non-canonical
functions within the nucleus, detailing its nucleocytoplasmic shuttling, the mechanisms underlying its nuclear
immune quiescence, and its role in mediating DNA damage repair and replication fork stabilization. Finally, the
review discusses the progress and application prospects of small-molecule drugs targeting cGAS for the treatment

of autoimmune diseases and cancer.
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