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1  cGASZHLFDNAH | TfE

20084, 2EF A1 5 1E P ¥ (endoplasmic reticu-
lum, ER)H I T —Ff 1956 K G032 P 5 SCH 8 T
STING™™, ‘B REW B DNAMIE, RIEHFIE T
> BRI, STINGIE AN SDNA B 454, i 2
YA EE A5 08, 0B A R S R (cyclic
di-GMP, ¢-di-GMP)FII IR & (cyclic di-AMP, c-
di-AMP)Z5 &, RAM R, 5 TG 50 THE
WA s S ARTT, AE LA, STINGHIMIE
TTRERNR2012FE 4 # R, BABHEBEFRE R
BN T RIET S5 SR N K IcGAMP, E1EA
— PR A5, BB S5 STINGS A B3
W 1 TR RN, BWosEEA %N, G, %3]
A3 sk A= A 73 B8 R 5 B 0 1 4 92 /S RO 4 4T R
ZRL929 1 % 5 UL c GAMP & LI, T & fr kg
cGAS™. cGASHI S BN A 4 38 B R ML O AT
F, JUHZDNAS T 2 LRI BT T —
FHAHTIRT], S [l e it 70 sk b AR AR X R .

1.1 cGASIRFIAYDNARE

IRENOEIR (Y23 3 CR R e TryE X et e S N - 3|
2 Bl 28 R AR 1 S5 0 1T e S EUDN A 22 52 2 40 i 5
X B NG0B DN A CGASIR A 45 &, Ffik—
JREME TR, I, 20 B A A5 TR AR 1 Ak
TEMEDNAZBUIEcGASI B ZIPAMP.  IE4h, fHEEH Y
AN IEEDNA, BIEEKEADNA. LR A
DNA. fit% HDNAZEY Al EIEcGAS 5| K& [E A %
SR,

MG 2T K, cGASKH X EEDNA (double-
stranded DNA, dsDNA)IiRAIAE /155, FIRN, cGAS
L dsDNA PS5 69 5 3 ZAR T dsDNARKE, TS
HAZE BT IR IC K. HX T dsDNA, cGASKTH#.
BEDNA (single-stranded DNA, ssDNA)#J R 51 BE 15 55,
— A F AR BIRNAY, 4R17, Herzner A" VR 3,
cGASHT LAl R 9 N2 T 7 G 8 B 95 22 [ ssDNA L
WA 7 s, FRA2 YZUDNA. Ak, KiE
DNAJ B 1) 4 iy Jil B A7 AE RN A:DNA Z= A2 Bt 7]
DL B0HGAS!. LL_ERT 4t % W, dsDNA, ssDNALL
JRNA:DNAZE A BELE— 2 26 1F N #0 #cGAS TR
il DT SR ] A 2 N

12 cGASTHAL T G M2k n

cGASE — M S22 B AN EH, EMN
Uity 45 A6 45 ER 2B 1~ 160 R L FR AL K, W RES I ANA
FIFDNAZE S 07 25, cGASHICHE A5 161~52207 5
TR, 5 — M NTasek% O 45 Ky I A — > 1 kA
FMREAFTF L HU(C.  elegans) ™ R I 1) &1 % AR ~F i1 Male
Abnormal 21(Mab2 )Z5#35""). 24Mab21 45 #1354
BROchS, cGASZK L SIFN-BRIAMGE S, VME 4
cGASTIRE P R A B ™. Mab21 45 K935 th 3 35 4>
PR H—B 2B FES SN BT B R, 2
B4y W A oR e, P 43 2 8] B — AN B AR R o
WE P ER ISR — NE VRS SRR, TR AT A
XTTH, FE—DNNMFE, Fam i erig g
¥, fEIRIDNAFE S, cGASTTERIE A ik, 454
DNA T B BE 3-8, DNAXUFEERTEcGASHI o
BRI MIEEAR A5 L, cGASHI B AATEDNA S DLk xt
SRR S5, &2 2 &m,
McGASEDNAM B4 &5, WS KRA R
LA SR FFFT IR AL D48, ATPFIGTPHEN 148,
cGAS KAERHE K ATPHIGTPHEA & BicGAMP. & i,
fIcGAMPHE N4 i i S ER K _E ISTING4E 4. STING
1E 5 cGAMPEE & B T il — > B = SR AR il VI
L, PASTINGHClity 45 #)1k(C-terminal domain,
CTD)RFEEMMFEN. HcGAMPLE 45, STINGHIH
FRRAER, VR RN A, HER—ANE
HIEcGAMP LT, REEWNESEENRE. 5
cGAMP4E & )5, STINGM N I M [ = /R Bk i 8, 55
£ FIFHITBKIAIKKs, FHaiHE [ BTIRENT
M4 PR 1 ik,

AWK A F BIRR 20 B AR R 40 B P A s e SR 4
SrEINLE, 25 41 B A= i B 1 % A B B g AR
cGASA 3 1 il A G 2 W0 R A 52 2 43 25 1) T
cGAS Ny A 1 L HIJGF?, X Refg e i 57 4
HIDNAZ &, SEcGAS-DNA S &% -UAH 73
5. X FicGAS-DNAS &) HIAH 7> B A1 7 — AN HEXT
M RFRES, B8 080 S ecGASHE R R T W% 1% A7) i
TREX1, BAFSEATHI, (23E T cGAMP ™= AEFl [l 4
TREE SIS, KFEFIMDNALL R T 5 DNA R fit
et cGAS-DNAK & W) K- AH 2> 55, AT 38 56
cGASHIEg G, X AERE T AT A cGASHIE 2
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¥ 5DNA T HIHK G %, cGAS-DNAK &4 17 -
TAH 43 B cGAMP [ 72 A5 AN E AT G 28 RIS 2 a0b 2
[, T — S A A 1 I i RS PR 43 B B S
FE ik, GaolIB\"VR I, a-Flly-SR5 i 40 i i %
IEORF52FIVP225E M, B3R cGAS-DNA K &1 k-ii
AH A3 85, AT U0 i) ] A G e U0 S IR e 2 1 i, % AR
FUTE 3599 SRR ) B AR ELAE SR AL TR .

1.3 cGASZ L [E A %5 1S TRk

1ERIATE I, cGASIE X [ S i 12 3
MM TRE(EI). HAE 5 18 B T FEA LA HE AR5
M R YL R R IEE EAE . Tampietro A
W R, HHcGASESTINGIfEY £ S EM LR &
A 25 F0RRIZ 8 25 KL AE 7 235 T %, Reinert%%
NUSTERe B, P T R e 0 7 R YR R TFN-B
72 AR AT cGAS-STINGI® 2. Bk &4k, £ Fhal
IV IR AR JEAE . G BT Y. B e i £
P 2 0 T DL R S s B R A e B U
IFN-BI R IEF+ & R T cGAS. K, cGAS-
STING/E 5 8 F#% 0 HEPU JF il A= ) B e 2 G E

cGAS-STINGA 518 Bt AT {2 FEHL g Gy B 25

ATP
cGAS k

iR 2 L DN A BE 25 Byt N, Tt — 2 1 i
cGAS-STINGf5 5 il BE IR0, I 79 R S e 1.
AR, FHW S BEAS B r AR S0 bR 5 T A 1
BRAL. AR, R 22 IR B8 o B R A A5 41 ) 571 (-
mune checkpoint inhibitors, ICIs)iGJ7 LM%, + 2 H I
FRHERE. J5 IR FC R, cGAS-STINGIE i 7 BH Wi % 7%
R AT IR T IR R SRR IE I, s cGAS-
STING/% 538 1] DL (B ICTs P T 2R,

2 cGASHIHAL

FE R [F PR 3T BN, cGASHRIYE 71 B - H B
TEJRAE SN EE (M. brevicollis)3:RH M, M. bre-
vicollisth & A TR A PR R H N H 1 R IME— 5
cGASFEUFFI At — B R, E 54
P cGASHI T e v] Be AR T FLah¥, RIFEAER
DNAVUNSZAR RIEE . B 5 A3, cGAS
B PRI7E 28 B KN B (Schistosoma  mansoni)F i 22,
20194, KranzuschFIPAKIN, ZHEH T 1EECGAS/DncV
FEMZ AT IR #% 2 B (cGAS/DncV-like nucleotidyltrans-
ferases, CD-NTases), IX& %50 B AR SF .

dsDNA O
MNT QGAMFD (STING )
~ > ERGIC
N o (STING )
(sTING )
3 g -
oo
<« XD
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Type 1PN )< @ iRE )
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Figure 1 The canonical signaling pathway activation of cGAS
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CD-NTases & FI] FH 1% g AT RS 25 BN [F FP S A 28—
AR /D WL IR =A% H BRCAAG, TAT TS AN [F] 52 44
P57 R AriEh PO 1% B BN R M R AR
B (Tribolium  castaneum) Ik H 5 N FEcGASEE
MIThEE IR BT () A XP_969398.1. B EH= A%
cGASHE I FR VR (14 8 45 F N City (1) — 2k ol i, {H
HAb L5 NFEcGASEAREL, #EA — AR RIS
FEGERY. BIEXTXP_969398. 13— 9k, 1% B\ K I
0 I R AL AR E SR S cGASHE 214 (cGAS-like  recep-
tor, cGLR)[IFEK. 5 AFEcGASAHMZ, HifcGLR
W45 & dsRNATTAEDNA, 724 —Fh 4 5 i372'-
cGAMP, RIEFRIZTIVER. Lucilia cuprina, Drosophi-
la eugracilis, Drosophila erectaDrosophila simulansVU/>
b R Y cGLR Y Al i1 1| dsRNA, IEIH X —FE K 7F B
o RS ER, RS BB SR (Drosophila melanoga-
ster) TIICGT194 5cGASE FE AR ™, (HE AR B
WEME. HRAECGT7194, Holleufer2s A5 I\ B2 i SR8 v o
% 534 FICGLR, 73 HCG12970M1CG30424%5 [
Zifid, 744 NcGLRIFICcGLR2. ¢GLRI1AEMS IR HdsRNA
A f3"2'-cGAMP, TMicGLR24:/#%32"-8¢2'3-cGAMP, —
15 e BE STING AINF-k B #i 1 S e I N, RAFE DT
PEEM. Liugg NPAA K cGAS IER 5 513174
1, IWBE L B (Barchydanio reriovar)FE K 4 FHE B A A6
REIHAcGASIHVRFEE K (DreGASaM DrcGASb).
DreGASa/b3E R 43 I 1 5/6 4~ 4M 2T F14/54 W& F 41
R, AT 13/199 Ak F4212/5916 bpAE R 2H 1 B
DrcGASa/b -5 FL 31 YIcGASs H A ALK 25 #4358,
A — NI RE . — P NTaseZEFyik. —/"Mab21
SER IR — AN Cim g5 3k, 5 A 3P cGASsHI L,
DrcGASa/b EL A BARLRSF I = R 51, Zas s =
MDNAZE G, — A = IR S A — S cGAMPHEAL,
P48, XA A A [F YR, AL R mfE A
[, DrscGASalflfiFLa)¥IcGAS—FE/F/ETRAF64: &
FEF¥, MDrscGASbi%A. (H =& LASTINGH i 77
X2 SIFN-BHINF-kBfE Si@ B i Ll Rk
B, cGASTEHEIEFE o 45 K A1 Dh BB A7 AE — 58 AR ~F
PE, ELEA [FEA R b R 3E DD RE RN LA 22 .

3 cGASHIENIHE
cGASE N TEE[PRRSs, 7F [E 4 % h % {F & 5

ITREEAE . SR, B O 22 5| i A FE R
B S M 7 A B I, cGASHRIRE
T H D REI IR 5 RO N E S X PR v T
AU IUAE I Z AL B3R5 18110, AR AL cGASTESH
JH P S 5 A v RS TR 8 62, cGASAS R 1) D REAE AT £ Fifi
EAFRRAIESL. BRI, AT, BI#kE
2 0 B R R W B (B -1ymphoid tyrosine kinase, BLK)5
cGASTEMUK WAHTLAE L, S1EEcGASHE2 1507 RIS = IR
KA, SEM4ERFcGASHI MBI EAL. 241
KIEDNAFAGI, cGASEE2150L % 2 B2 2 iR 1k,
B J5 cGAS HI JU gk B AL B A MU A2 N, IR B 52 £DNA
X U 288 A7 0 1) [R] 5 2 4H A 5 I DN AR 473 15 = i
F2BY MacKenzieZE NPPVE I, cGASIE2: 5 10 7E 41D
JRHF R b, AT RS, cGASE IR A%
P IIDNABOE A %%, BTFRY], cGASHE I TR
1R 4 B DNABEE I E 52, I ok =2 7 7T R
Lz NDNAT A 0%, HHBARNLEIE Rt —
WF9E. MAh, Kagan[HBA4E R T cGASHIZH LI & fr
R FEAFUVNR P ERRGHILT, cGASTERFEIRET
SENL T AU, AR TE R I, cGASHINSmAR ML &,
TEZH M5 H s IE AT, T A P R g ol I ol T Tt UL
(phosphoinositide phosphate, PIPs)# 1™’ cGASH
N i 45 F4 35k 11 1 FEL A FIPTPs 1) 671 FE Ao 88 3L 5 HE 20087 AH
ghit, MIMAEcGASHT B EAIIE b, X e o it e 1
cGASH H & I EDNABE I T3 5 5 Mk
P i, SunZs APY7EHeLaFITHP- 120 i fr 20 i 5
AN A% v [ B W 5% B cGAS I A, FE7ECGASI
169~174% FEFR A7 i R I T % AME (S 5 (nuclear  export
signal, NES). 7EiZf5 SEH N, cGASPARL th ik 4ERr ik
1 1(chromosome region maintenance 1, CRM1){#KHi[1)
AR, IRAIDNA, WS % (s 5l i, ek
AP IR 5 RZBHIHICRM, BLEBRENESH R
FERAL 25T, (FEcGASHE N2 5 1 3 7 4 LB, 6
2 FECcGASIRAIDNAMAE I, ik 3 4E
TR, KIERIEBOE RN, Ui cGASTE AR5t H117
T AN 45 G DNA R Ty e R T NES £ 1) ) 240 B o it
WA, PMTHRZNNCGAS AT AN
DNAFTEIE? EHXTIX ANl B, L2 50t 98 kK B 40 i
% NI R AR B S BB RE . B e,
cGASIE I IR T IS IR I HER222 AR 241 LA JEE
IR )25 A H B T H2ARH2BIE B R M 148, 1%
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Pl 3R ) 456 A 1912 /M S i cGASIDNAZS & 7
i, TR R cGAS AT U AACIR A% 38 S — SRR T 1,
HEMANHIcGASHIEIE. McGASEH2AFIH2B L 14
R G R R 5, 1l AR R LD
AT cCGASHEE FIHIHIE F, 33E— B E SEAZ /MATE S ]
YT R% N cGASHRE IR CEEAE A, R, 7E4niefs £
RRTHIAR, MR, cGASHIMIE & B2
RN AR AT gL T, Chen B % BL7E 41
B2 ZME], cGASHITE A gAMb, HILHLE] S5 1%
IMETED, SHcGASHIN FERERILAR DG, 17 220 24idFE
W, —J7 T, cGASHINI#E BFE KL B(aurora ki-
nase B, AKB)TEW WA 20 24t B Eg b, {8
cGASR L BIMZ IR MIRe /1, n— i, Hen%
HAIA cGASTE A0 T 0 75 1 55 A I FE B 3] 3 7 P
FFHLEISERIBELLE T cGASTEA 243 24301 1A s ™. 42
FRTIR, cGASTELHM PN 2 57 (1A% 1 1 4 B 1T LALRIE S
HZAAF T cGASTHRERI IE & R AE, nT b 15 %A T
cGAS T WO T 80U B Sl M BT

4  cGASHIFTThEE
4.1 cGASHEHMIE L

ML Z R — DA A it B2, U IE
WAEMEAAE R CEENAEEN. FS4REE
H R %, NIEFEZWMDNABUSG . sk g4 "
5, AMER R ORI s BRI AR
S BUE YR R S SR Y g £ 4
ZA NIRRT, W R T AEKE T AR
S, XN GARR N 5 A K5 W3R Y (senescence-as-
sociated secretory phenotype, SASP). fiff 5T & B, DNA#H
52 FEAFNs =48, Sl K9z, Yangs
LN BRUVE G BT 440 M 1 Cas B R RER S, 21
M5 R LR, KA R . B S, BT
FHE R KIEA T (— U2, BA RS S0
FEMBENIE A SEAME L, X — R A
cGASXT A T Z IR, 45 B R BlcGASXT T4l il 3%
B WRRID AT D cGASHI BRI £ 522 1] A5
IL-6, IL-8, IFN-B, CXCL10AIP217E N Y3 Z AH < 4t g
T (2B A 40, Dous A 75 38 3 4i i v R B
cGASHIE L KX STING SRR &, WEcGAS-
STINGl % 2 54l g 2. tsh, Ligs A%
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RIN, cGASIE ] I STINGIEAK #1977 =X Il 45 2 Jf 5%
¥ EA R Y, cGAS 5 CDK A EAE H 3 3L A
SE A7 BT Y AR B A . CDK LB i $#RNFS8 1) 55
£E ) [A) Y5 A it 7% 4% (non-homologous  end joining,
NHEN) /13 (IDNAE SR, ki PRI R gy (i fdk
ARG, (RS IR, cGASIXFE 4
i 53 ) 1 2 2 A AR T 4% Gt c GAS-STING 5 5
K, R AY IR, cGAS-STING/E 51l
P55 IS ASPAE 8 1 A2 AR Je Hh ke B X T] Sl E
FA. T3 THT, 322 40 43 WA () 200 B DR T AT e vy
(G R LA, T 3k il S s, et g IR R s )
—J7 1, 7EMS M RE A, TN W A SRR,
IL-1BFIMMPEE 5552 43 Wb 2 AR Jogg g o A= 10). ax
R E 1 42 4 FH AT BE 5 R I IR OA S OG. EA,
Y 5E % 5 I cGAS-STINGIE B 130 7T fE AT i3k B
W EWPR AR, ZIEE R IRIT RIS E
TR AL (B e e S DL ERF R R, cGASIEIT
AR EARARSTING 1) 77 A FE i B it 3 2 it 72, 1
5 2 P 1 R AR R R (E2).

4.2  cGASTHIENME H mk

WA — o 2 L A 490 0 £ 3 281 il A o foe PR
FRRE R, A BT 40 B P A 0 55 A 208 1 0 Y,
WFF R I, cGAS-STINGIE I HA 75 5 HEE M IhaE,
FLIX A RS T STING i (0 41 2 A At 46 14 (1]
THFEA(E2). 20 R AR YR A S, cGASEUE
G IcGAMPE STING4: &, J53# 5SEC24CHH AR
FH, AN JE R 2F E N COP-TIZEH,  TF B P9 5 Y- i /K
FeAR 8] = (endoplasmic reticulum-Golgi intermediate
compartment, ERGIC). ERGIC{E N WIPI2 5 £ FILC3 I
AR SRR, B BT R/ INMATE Fi, AT 448 i
I3 B2 IORNABUDNABEAT W B, B A e 37,
— PP SACAE R R CATTE I Fh——i 2% 1 [ STINGTE
ghky bk = Cu I TBK 1S Ik, (A7) SR BEBE /EcGAMP
FIEUE e B W MARITE A, 1B 55 E 2 cGAS-
STINGI# % 1) — N 2 Hm BRSSPI ThRe, T3
i 1 BT ERIE e,

4.3  cGASTH# 4 M Tk

T SR EAT TR A B AN AL RE T B4l
FEEACY. TN B A T AR, XETA
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Figure 2 Regulatory mechanisms and functions of cGAS

Mo BA EIRE R, TR L aerECY, 75k A
S BRI A S 0 BB G % v T T TR AR, T4
K F1(T cell factor 1, TCF1)s& H Tef 79w 15 %% 3¢ R F,
{E R WNT/B-cateninid i I 1) B 52 2808 (K 5 17 #2 IR
it 0% B AT F) R TE AE SR S e TY
t, TCF1Z THETAM R &, TCF1T CD8 T4 /& —
5 5PD-1 G A A s VA 7 R IE AR G T4H i
TR BB, 4UH P AIcGASMISTINGIE T 114
TCF1IFR X 4ERFCDS” TR T-1E, XTI h g4
R AR P, cGAS-STINGIE /1 (I TFNs @
AHAMEIAK TR 4EH:CD8™ T4 TCF1 IR L, T
cGASIIH R 2 W Z HEIHITCFL. [FIF, S8 M FIIFN-
BE MK T cGASHEICDS TR -FTCF1 )2k,
I, cGASHESERFTANMITPE(E2), FFTEZ 2RI
B BE T PE T A0 9 N T, AR 3t S e A 7
TR BT R

4.4  cGASTHEHMPET:

WA, 58 A28 18 O A IEA T~ TS B A AL, 2
Kl 2 75 3 FIDNA$ 5 A 5 10 40 i 08 02 4k i T
cGAS-STING& 2. ReinertZ N 50 R B, (RIK

HHIHR

255eCDNEUESTING

{eHBLNRAEE
FSEMBIEIET

BT T

{eHBRRE

ICIsIEEI

FER T Y Bp Alf 92 o 75 U8 e T I /0 BR300 2
Y [F)cGAS-STINGI %, 75 SIFN-BFIX, 1Mk fE
(1) T 784 i 9 2 o 25 B 05 [ c GAS-STIN Gl %
T 2> 3% Caspase-3 45t Ao 40 M 7 T2l %, 51 A2 /N B
o1 A A e AN O TS, R, HIcGAS/
STING/NLRP3 & #% 1] LA B Ak 04 S0 35 ke 1) i
AREERZ AU (nucleus pulposus cells, NPCs)IFTZ, i
R HEN] A A ERY A, cGASTT LAEHE 40 g 2443 2L
BELVE S0 BB M . BT cGAS 5% /M I 45
G RAFTHESDNAME G, FkcGASEH#
/MR ) SDNASEFI W 5. fEPURE 259,
W AZBE TS T (10 IR 4 i A 22 7 24 B BRI, cGAS
B T 5 NG A, TS B S AR
cGAMP, cGAMPFE Tl STING-IRF315 5 i,
BRI I IRF3/ELN ML N L2 1B A R, fBBRBel-xLXf & A
A S PE A RIE R, SR MR IR T, R
B R R R T cGASIX R S 4 i E T Y
LIy RE TT 38 6 A2 RN 5 S0 L I e R LR 0 R A
PERPT. UL BB, cGAST LU A S 4n g v
TEMRE 9 B B G LA SO 1) 250 A8 M 25 0 0 v Ok 5
AR (E2).
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4.5  cGASHIH L% %7 4

FE M B 77T, cGASHI D BI04 1 8 42 4
(E12). YuanZe NPYWF 7B, KR HEmR AL EE AT LU S48
R B, LR ADNATEN I3 cGASHTR I, HEif
BT cGAS-STING-IRF3 1. 0% HIRF33E N 21 i,
GBI MstIZE R R BT, 3 S Mse 11335, 3k S 3
Mstl B YAPRWE, BSA&MHImeE#H4. cGAS-
STING I B A1 5 0 10457 3 A 1) 7T A 54 s 2R 3 1)
M AT 11 4 S 45 oK.

4.6 cGASTHIEDNAL Hil 2

DNAE T2 52 2 4% 012, DNAK 6 =45 314E
SR &R AL, DNAS SIS FES, DNAM e
FEDNAXUEEFT T, B 5 2 P 5 AH OC 1 88 o AN il 25
£ ZIDNAXUHE RIS AL B 1 . R XA DNAFS
3, SERDNARIE ], BRI, cGASH] LLA¥ 4k
W HIDNAS B FE. LanBIBA 058 KB, cGASHE
O] 1 4T AR R R A P B B, e EL R 4
AT HAZ AL FIDNAGE A e 71, AT FLBEE 14
AR WFISTING & . 13— 2B PIHLHIHTE 70 A R, 40 tx
WHIcGASLALIKH TDNAL &K N5 B Hl X E A
HAEH, AT R A ) SRk TR, 4ERER I X 1
FETE. cGASHRIHT, 5 S ATk B E R, &
il X As e VERRAIG, 3 il T & s R, X AR
A2 A XS T AR IO SRR R B, X N R
HIATT BE R AL 18T 18 JR A,

4.7 cGASH BRI E ]

20164F, Chen B\ 7 3 t0 2008 R Al IR opr
M, cGASELSTINGHIER K 2z FEHTPD-L1IGTT K.
B R A, 4T cGAMPIAYT A #E3E HTPD-L1 X}
JRg A PE F, $E s/ AR 1. AL
TR I, cGAMPLLcGAS-STINGHK #i () 77 AL HER 5
ARGH M AR, (kR AE DS PLR  a,  ANTT fE 2k
iR A A R L TR S B CDS” T4 i X i 988 440 i F 5%
EH]. de Mingo Pulido®s NP*YBF5t RIL, 2454
JEar A RUTIM-3 8% BELITIY, AL A4 2 384 InRg SR HR 48 ffa ek
BAPDNARI N EAEH, (R cGAS-STINGIH % 1 ¥,
T 3 e e JRE A B B R AE . T cGAS A
STINGHIHIJ5, BIFiTim-39077 L& H 52 B

268

EITIRCR A & 32 204, L LR W], cGASHE
GBS B R SR S B O VR 9T R A AR EE 2
ZEAEH.

4.8 cGASTHIEDNA#MEE W2

fEE @R, DNA S 52 21 YR P S/MEPE R 25 1
T FEAR G, DNABE ZIBEDNAS 5] 1A &H
RN EERFEZ—. DNABEGRETZER R
TV B (base excision repair, BER). #Z 1 ER )4
(nucleotide excision repair, NER). %Mt (mismatch re-
pair, MMR). [F]J&E 2] (homologous recombination,
HR)FINHEJ. 1% He 48 57 i o 248 45 200 Mt phy it A A e 1k
ek 201 84EARMA VR I, cGASTT LA
DNA#HIE SRS, (EdtiEm k4. UDNAKARMN
BRI, LT B3 AIcGASZE2 1 S i A ik 2L W FR 1L
Fe A B4R Mo k% N, 38 I Coi 25 14 350 5 W IR A0 1)
H2AXZE &, A S5 4icGASEIADNARIGI A . 1
DNAXUEEWI AT, cGASHIT 5PAPRIE K E &)
KANHIPAPR/Timeless B A A A, #H DNAKI[F]
PRE A, dtmFEEERAANTE M. Jiang%E
NS R REIESE, cGASHEIT A SDNA RV &
HIMHIDNAKEE, iz in, ERHA T E
PEXEIN, AT RIET .

4.9 1 EM

A% Ae — P A% L [ P AZ A L AR 5 1), ek
PTG R B L R H R, oA 20240k, iR
I3 ) e AR TE [m) 41 PR VS A RS sl s S T IR R e
A, RIS BE w60 22 21 41 I A% P T i — S IS 1) ik
B HRROR I, AR R 0 5 2 R P R A
5, WEEERR S SRR B e R L R
TR BE O, A8 1 B A3 A0 I A 045
AMIFFRR I, AL B RS, cGASTT #5545 2%
fr B R, PR S R e e R 50,
X AR AT BE 2 4% 55 P i I AH G 13'~5" DNASMI)
BETREX 1M1, 7 S0k 8 W R B AR o i S8 37
Rz 202148, AVEEHESZGAS ML B
WSz AR, Wz S RS H o EE AN R
Cgas™] U MANE W iz e, k2 id 3Rk Cgasml
LT PR A P 1 B 4 B ) 5 1 S B A
AR, RN R B, Cgasti R n] LU 2 38 Nk % 18



REBE: ARl 2023 4 53 % A2

WA 15 G ) T 23 2 A B P PRI Bz A 2R L 7 i B,
cGASTH LAl IT B 547 T 335507 22536041 I LC3AH
HAER X IH(LC3 interacting region, LIR) S5l A5 &
F11A/1B-5#4%3(light chain 3, LC3) L #40 HAE I, i1
BZ IS T 2 VA R B R, cGASA 3 I B W % iR
AJ DL 2 PR AR 40 A N cGAMP IR B, T 38 40 20 At 7Y
[ A e 2 )k P

4.10  cGASPUN IS ERALH —BERR

R AT (cyclic  dinucleotides, CDN)#& R iZE
VIR B Y B 5T, LA Hc-di-
AMP, c-di-GMPAHlc-GAMP. 7£ 4 il P CDNGE it 45 &
STINGH#UE [ BF-HUE OB, 351 1 42 20 AR 1) [T 5 %
P2 S R VR A B 43 M, CDNTT 43 941 i )9 CDN
(intracellular CDN, iCDN)F141 i #/NCDN(extracellular
CDN, eCDN). Hi# ¢ B+ 5STINGH BAEH, Gk
RAFERIE, M5 M52 W B3NS 7 fe
RAETNRE. SR, W FLEIYI40 Xt e CDN B HIHL ] 5
IR, 20194, AU ¥ 38 R GAS T L
4 fa % e CDN B N HEAR BENUAAR ST 85 e [ BL. 4
eCDN PAM % 2 K 77 AN FE NGRS, ¢GAS
Al DUBIEE N BRI CDN I 5 B A EAEH. BEJS
cGASH & %1k, XK CDN-cGASE &), ZEaMY
B8 5 5 STINGS: & I IESTING. HEEZE, cGAS
I~ G CDNEUE STING ML FEA MK T cGAS A %
cGAMPIPfE ], a2, BEIACDNTE FcGAS KA —
FAb, HRMUFcGASTEASHIIE & M cGAMP,
STING & H A £ 2 A 41 i (1) CDN P S50 1 S 28 il A<
HrEAFIcGAMP. ¢cGAS/EJ1eCDNThEE 1] DL ¢
BEWUARRTR B2 T, AT B AR B S e 3 B I AL
545,

5 R cGASHIBTSY I N F Al 5t

BRI Z BT R R, cGASTEREAE. RAEMEK
9 LA S A R R R A R BRI EH, cGASEL&
BN R IR 2SR, BT S0 TR B i
Al cGASTEYEM /N T 254, BT, cGASHIHH]
FIBIF 7T 7 T HE R R, — 25 s Bl T DNA S
cGASII&E 4, MM cGASIIVIREEGE. Biltn, B
PUEER 20 R IR A IMHI cGASThAEITEH; X6nT

TURI7 cGAS-STING /N S B & bl &,
Wangs N2 VUR I, Vau7 3R 4 i M R G JE
HE SR I 25 I B B BE AN I cGASEFVE 1, RIFEHTR
EF; ALS1EITHMH] cGASKTdsDNA TR HIE FH e
B ML I3 26 v i BB AR Y 5 — S 2 e
55 G 45 A cGASITEENL 55, T HIH]cGAS 5K
M4 4, BEIEcGAMPI = 4. WRU.5217°),
RU.365" G150, PF-06928215""%% k4h, DaiZ
ANTSRBL, cGAS ™t =AM R 45 45 i S Lys384,
Lys394, Lys414[) LA cGASITEPE B G H 2, 1+
— 7 1) A S AT A R YR, T WL AR SR
R LG E] ULAR B8 B B 38 58 cGASH 4 B4k,  Fld
BoE, MM Aicardi-GoutidresZE S E B E I H &
CRLIATR

ZHTHIBT R R B, cGASTEME (AL F IR I 454
DNA, & HcGAMPHEGE [E A 4. s 1, 3% I,
Mn”T] DA B3 0E cGAS TG 1, & icGAMPISIE [Fl
B4 HcGAS HAK FTIRIEK 394748, B
cGAS5 DNAEFEAH I 1) 28 FE R 7k ik Lys384 MlLys394
FL R 58 4 M HIDNAXT cGAS KBS /EH, (HiXFh
RAFFEARF M 7 S 1cGASHEUE, ¥ HMn™ 1r11%
WAE ) 5648 1dsDNAE S:cGAS AT X #L
W IR I, Mn® 5cGASHIGTPH KcGAS-Mn? -
pppGpG=TeE &Y, BHIEFE T cGASTE AL R TE
R AN RE R o e, Fh PR AL BT, 1T R cGAS K
B 5L G DNABOE B H AL R AR, S0s g
P2 B cGAMPS™ . SEISER], Mn™ i id /i SeGAS-
STINGIZZ KOS (e HECDS” T ML [ 4R %47 41 o
FIBEAE . B SR R AN PR R SRR, HEmA
iR A e, AR 2R K. Mn® fE HcGASEET A,
S5HPD-125Y0 8 R =28 B B P RIVE A, 93 85¢
AEPIPD-1VRYT BT ALY S8R 97 F BN i 24
BT RCRE, DL BB R, BOEcGAS TRt
X 22 PP VR T R, SR, SR 1Al cGASHIEBh 71 E
B W AT B A

BIRXTcGASIIT AL .28 H & R, (H anfarks i
ECGASIPIBLNE, e 3k Gy 40 o B g 1 8 A A6 R AT =5
Fit— bR, AT IR 2 EE 5 CRISPR-Cas94:
FE DRI 2H I e H R I & L, KA B T I BH e GAS 1 1
AL eAh, R ESEL. Bt ik cGASIH
R PEROE R, JF 5 Rk A S (W PD-1/PD-L18X

269



F 55 cCGASTIRERT FURE R

Tim-3)EIVEGUARICH, (EHEICISHIFTMBRCR, AreL ARG I % 25907 B8 A cG A ST A 771 B4 ]
A ARIETT SR T IF B AEBAN, Biasr i, 0 T 2255 KB HF AW R IR R.

% 3wk

19

20

21

22

23

24

25

270

Briard B, Place D E, Kanneganti T D. DNA sensing in the innate immune response. Physiology, 2020, 35: 112-124

Abe T, Barber G N. Cytosolic-DNA-mediated, STING-dependent proinflammatory gene induction necessitates canonical NF-kB activation
through TBK1. J Virol, 2014, 88: 5328-5341

Sun W, Li Y, Chen L, et al. ERIS, an endoplasmic reticulum IFN stimulator, activates innate immune signaling through dimerization. Proc Natl
Acad Sci USA, 2009, 106: 8653-8658

Zhong B, Yang Y, Li S, et al. The adaptor protein MITA links virus-sensing receptors to IRF3 transcription factor activation. Immunity, 2008, 29:
538-550

Ishikawa H, Barber G N. STING is an endoplasmic reticulum adaptor that facilitates innate immune signalling. Nature, 2008, 455: 674-678
Cong X, Yuan Z, Du Y, et al. Crystal structures of porcine STINGCBD-CDN complexes reveal the mechanism of ligand recognition and
discrimination of STING proteins. J Biol Chem, 2019, 294: 1142011432

Kato K, Omura H, Ishitani R, et al. Cyclic GMP-AMP as an endogenous second messenger in innate immune signaling by cytosolic DNA. Annu
Rev Biochem, 2017, 86: 541-566

Sun L, Wu J, Du F, et al. Cyclic GMP-AMP synthase is a cytosolic DNA sensor that activates the type I interferon pathway. Science, 2013, 339:
786-791

Hopfhner K P, Hornung V. Molecular mechanisms and cellular functions of cGAS-STING signalling. Nat Rev Mol Cell Biol, 2020, 21: 501-521
Tao J, Zhou X, Jiang Z. cGAS-cGAMP-STING: the three musketeers of cytosolic DNA sensing and signaling. [IUBMB Life, 2016, 68: 858-870
Herzner A M, Hagmann C A, Goldeck M, et al. Sequence-specific activation of the DNA sensor cGAS by Y-form DNA structures as found in
primary HIV-1 cDNA. Nat Immunol, 2015, 16: 1025-1033

Mankan A K, Schmidt T, Chauhan D, et al. Cytosolic RNA:DNA hybrids activate the cGAS-STING axis. EMBO J, 2014, 33: 2937-2946
Civril F, Deimling T, de Oliveira Mann C C, et al. Structural mechanism of cytosolic DNA sensing by cGAS. Nature, 2013, 498: 332-337
Ablasser A, Chen Z J. ¢cGAS in action: expanding roles in immunity and inflammation. Science, 2019, 363: 1055

Du M, Chen Z J. DNA-induced liquid phase condensation of cGAS activates innate immune signaling. Science, 2018, 361: 704709

Xu G, Liu C, Zhou S, et al. Viral tegument proteins restrict cGAS-DNA phase separation to mediate immune evasion. Mol Cell, 2021, 81: 2823—
2837.¢9

Tampietro M, Dumont C, Mathieu C, et al. Activation of cGAS/STING pathway upon paramyxovirus infection. iScience, 2021, 24: 102519
Reinert L S, Rashidi A S, Tran D N, et al. Brain immune cells undergo cGAS/STING-dependent apoptosis during herpes simplex virus type 1
infection to limit type I IFN production. J Clin Invest, 2020, 131: e136824

Zhang Y, Yeruva L, Marinov A, et al. The DNA sensor, cyclic GMP-AMP synthase, is essential for induction of IFN-f during Chlamydia
trachomatis infection. J Immunol, 2014, 193: 2394-2404

Watson R O, Bell S L, MacDuff D A, et al. The cytosolic sensor cGAS detects Mycobacterium tuberculosis DNA to induce type I interferons and
activate autophagy. Cell Host Microbe, 2015, 17: 811-819

Hansen K, Prabakaran T, Laustsen A, et al. Listeria monocytogenes induces IFNP expression through an IF116-, cGAS- and STING-dependent
pathway. EMBO J, 2014, 33: 1654-1666

Andrade W A, Agarwal S, Mo S, et al. Type I interferon induction by Neisseria gonorrhoeae: dual requirement of cyclic GMP-AMP synthase and
Toll-like receptor 4. Cell Rep, 2016, 15: 2438-2448

Wang H, Hu S, Chen X, et al. cGAS is essential for the antitumor effect of immune checkpoint blockade. Proc Natl Acad Sci USA, 2017, 114:
1637-1642

de Mingo Pulido A, Hinggi K, Celias D P, et al. The inhibitory receptor TIM-3 limits activation of the cGAS-STING pathway in intra-tumoral
dendritic cells by suppressing extracellular DNA uptake. Immunity, 2021, 54: 1154-1167.e7

Wu X, Wu F H, Wang X, et al. Molecular evolutionary and structural analysis of the cytosolic DNA sensor cGAS and STING. Nucleic Acids Res,


https://doi.org/10.1152/physiol.00022.2019
https://doi.org/10.1128/JVI.00037-14
https://doi.org/10.1073/pnas.0900850106
https://doi.org/10.1073/pnas.0900850106
https://doi.org/10.1016/j.immuni.2008.09.003
https://doi.org/10.1038/nature07317
https://doi.org/10.1074/jbc.RA119.007367
https://doi.org/10.1146/annurev-biochem-061516-044813
https://doi.org/10.1146/annurev-biochem-061516-044813
https://doi.org/10.1126/science.1232458
https://doi.org/10.1038/s41580-020-0244-x
https://doi.org/10.1002/iub.1566
https://doi.org/10.1038/ni.3267
https://doi.org/10.15252/embj.201488726
https://doi.org/10.1038/nature12305
https://doi.org/10.1126/science.aat8657
https://doi.org/10.1126/science.aat1022
https://doi.org/10.1016/j.molcel.2021.05.002
https://doi.org/10.1016/j.isci.2021.102519
https://doi.org/10.1172/JCI136824
https://doi.org/10.4049/jimmunol.1302718
https://doi.org/10.1016/j.chom.2015.05.004
https://doi.org/10.15252/embj.201488029
https://doi.org/10.1016/j.celrep.2016.05.030
https://doi.org/10.1073/pnas.1621363114
https://doi.org/10.1016/j.immuni.2021.04.019
https://doi.org/10.1093/nar/gku569

REBE: ARl 2023 4 53 % A2

26

27

28
29

30

31
32

33
34
35
36

37
38
39
40
41
42

43

44

45

46

47

48
49

50
51

52
53

54

55

2014, 42: 8243-8257

Whiteley A T, Eaglesham J B, de Oliveira Mann C C, et al. Bacterial cGAS-like enzymes synthesize diverse nucleotide signals. Nature, 2019,
567: 194-199

Slavik K M, Morehouse B R, Ragucci A E, et al. cGAS-like receptors sense RNA and control 3'2'-cGAMP signalling in Drosophila. Nature,
2021, 597: 109-113

Holleufer A, Winther K G, Gad H H, et al. Two cGAS-like receptors induce antiviral immunity in Drosophila. Nature, 2021, 597: 114-118
Liu Z F, JiJ F, Jiang X F, et al. Characterization of cGAS homologs in innate and adaptive mucosal immunities in zebrafish gives evolutionary
insights into cGAS-STING pathway. FASEB J, 2020, 34: 7786-7809

Barnett K C, Coronas-Serna J M, Zhou W, et al. Phosphoinositide interactions position cGAS at the plasma membrane to ensure efficient
distinction between self- and viral DNA. Cell, 2019, 176: 1432-1446.¢11

Liu H, Zhang H, Wu X, et al. Nuclear cGAS suppresses DNA repair and promotes tumorigenesis. Nature, 2018, 563: 131-136

MacKenzie K J, Carroll P, Martin C A, et al. cGAS surveillance of micronuclei links genome instability to innate immunity. Nature, 2017, 548:
461-465

Balla T. Phosphoinositides: tiny lipids with giant impact on cell regulation. Physiol Rev, 2013, 93: 1019-1137

Sun H, Huang Y, Mei S, et al. A nuclear export signal is required for cGAS to sense cytosolic DNA. Cell Rep, 2021, 34: 108586

Zhao B, Xu P, Rowlett C M, et al. The molecular basis of tight nuclear tethering and inactivation of cGAS. Nature, 2020, 587: 673-677
Michalski S, de Oliveira Mann C C, Stafford C A, et al. Structural basis for sequestration and autoinhibition of cGAS by chromatin. Nature, 2020,
587: 678-682

Boyer J A, Spangler C J, Strauss J D, et al. Structural basis of nucleosome-dependent cGAS inhibition. Science, 2020, 370: 450454

Pathare G R, Decout A, Gliick S, et al. Structural mechanism of ¢cGAS inhibition by the nucleosome. Nature, 2020, 587: 668—672

Kujirai T, Zierhut C, Takizawa Y, et al. Structural basis for the inhibition of cGAS by nucleosomes. Science, 2020, 370: 455-458

Li T, Huang T, Du M, et al. Phosphorylation and chromatin tethering prevent cGAS activation during mitosis. Science, 2021, 371

Liu J, Wang L, Wang Z, et al. Roles of telomere biology in cell senescence, replicative and chronological ageing. Cells, 2019, 8: 54

Zhang F, Zakaria S M, Hogqvist Tabor V, et al. MYC and RAS are unable to cooperate in overcoming cellular senescence and apoptosis in
normal human fibroblasts. Cell Cycle, 2018, 17: 2697-2715

Yang H, Wang H, Ren J, et al. cGAS is essential for cellular senescence. Proc Natl Acad Sci USA, 2017, 114: E4612-E4620

Dou Z, Ghosh K, Vizioli M G, et al. Cytoplasmic chromatin triggers inflammation in senescence and cancer. Nature, 2017, 550: 402—406

Li X, Li X, Xie C, et al. cGAS guards against chromosome end-to-end fusions during mitosis and facilitates replicative senescence. Protein Cell,
2022, 13: 47-64

Loo T M, Miyata K, Tanaka Y, et al. Cellular senescence and senescence-associated secretory phenotype via the cGAS-STING signaling pathway
in cancer. Cancer Sci, 2020, 111: 304-311

Wu'Y, Wei Q, Yu J. The cGAS/STING pathway: a sensor of senescence-associated DNA damage and trigger of inflammation in early age-related
macular degeneration. Clin Interv Aging, 2019, Volume 14: 1277-1283

Mizushima N, Komatsu M. Autophagy: renovation of cells and tissues. Cell, 2011, 147: 728-741

Gui X, Yang H, Li T, et al. Autophagy induction via STING trafficking is a primordial function of the cGAS pathway. Nature, 2019, 567: 262—
266

Wen L, Tang F. Single-cell sequencing in stem cell biology. Genome Biol, 2016, 17: 71

Vodnala S K, FEil R, Kishton R J, et al. T cell stemness and dysfunction in tumors are triggered by a common mechanism. Science, 2019, 363:
1417

Kim C, Jin J, Weyand C M, et al. The transcription factor TCF1 in T cell differentiation and aging. Int J Mol Sci, 2020, 21: 6497

Im S J, Hashimoto M, Gerner M Y, et al. Defining CD8" T cells that provide the proliferative burst after PD-1 therapy. Nature, 2016, 537: 417—
421

Li W, Lu L, Lu J, et al. cGAS-STING-mediated DNA sensing maintains CD8" T cell stemness and promotes antitumor T cell therapy. Sci Transl
Med, 2020, 12: eaay9013

Li C, Liu W, Wang F, et al. DNA damage-triggered activation of cGAS-STING pathway induces apoptosis in human keratinocyte HaCaT cells.
Mol Immunol, 2021, 131: 180-190

271


https://doi.org/10.1038/s41586-019-0953-5
https://doi.org/10.1038/s41586-021-03743-5
https://doi.org/10.1038/s41586-021-03800-z
https://doi.org/10.1096/fj.201902833R
https://doi.org/10.1016/j.cell.2019.01.049
https://doi.org/10.1038/s41586-018-0629-6
https://doi.org/10.1038/nature23449
https://doi.org/10.1152/physrev.00028.2012
https://doi.org/10.1016/j.celrep.2020.108586
https://doi.org/10.1038/s41586-020-2749-z
https://doi.org/10.1038/s41586-020-2748-0
https://doi.org/10.1126/science.abd0609
https://doi.org/10.1038/s41586-020-2750-6
https://doi.org/10.1126/science.abd0237
https://doi.org/10.1126/science.abc5386
https://doi.org/10.3390/cells8010054
https://doi.org/10.1080/15384101.2018.1553339
https://doi.org/10.1073/pnas.1705499114
https://doi.org/10.1038/nature24050
https://doi.org/10.1007/s13238-021-00879-y
https://doi.org/10.1111/cas.14266
https://doi.org/10.2147/CIA.S200637
https://doi.org/10.1016/j.cell.2011.10.026
https://doi.org/10.1038/s41586-019-1006-9
https://doi.org/10.1186/s13059-016-0941-0
https://doi.org/10.1126/science.aau0135
https://doi.org/10.3390/ijms21186497
https://doi.org/10.1038/nature19330
https://doi.org/10.1126/scitranslmed.aay9013
https://doi.org/10.1126/scitranslmed.aay9013
https://doi.org/10.1016/j.molimm.2020.12.037

F 55 cCGASTIRERT FURE R

56

57
58

59
60

61

62
63

64
65

66

67

68

69

70

71

72

73

74

75

76

77

78
79

80

81

82

272

Tian Y, Bao Z, Ji Y, et al. Epigallocatechin-3-gallate protects H,O,-induced nucleus pulposus cell apoptosis and inflammation by inhibiting
c¢GAS/Sting/NLRP3 activation. Drug Des Devel Ther, 2020, Volume 14: 2113-2122

Zierhut C, Yamaguchi N, Paredes M, et al. The cytoplasmic DNA sensor cGAS promotes mitotic cell death. Cell, 2019, 178: 302-315.¢23
Yuan L, Mao Y, Luo W, et al. Palmitic acid dysregulates the Hippo-YAP pathway and inhibits angiogenesis by inducing mitochondrial damage
and activating the cytosolic DNA sensor cGAS-STING-IRF3 signaling mechanism. J Biol Chem, 2017, 292: 15002—15015

Chen H, Chen H, Zhang J, et al. cGAS suppresses genomic instability as a decelerator of replication forks. Sci Adv, 2020, 6: eabb8941
Chatterjee N, Walker G C. Mechanisms of DNA damage, repair, and mutagenesis. Environ Mol Mutagen, 2017, 58: 235-263

Jiang H, Xue X, Panda S, et al. Chromatin-bound cGAS is an inhibitor of DNA repair and hence accelerates genome destabilization and cell
death. EMBO J, 2019, 38: €102718

Guo X, Dai X, Wu X, et al. Understanding the birth of rupture-prone and irreparable micronuclei. Chromosoma, 2020, 129: 181-200

Guo X, Dai X, Wu X, et al. Small but Strong: Mutational and functional landscapes of micronuclei in cancer genomes. Int J Cancer, 2020, 148:
812-824

Kirsch-Volders M, Bolognesi C, Ceppi M, et al. Micronuclei, inflammation and auto-immune disease. Mutat Res, 2020, 786: 108335

Franzke B, Schwingshackl L, Wagner K H. Chromosomal damage measured by the cytokinesis block micronucleus cytome assay in diabetes and
obesity—a systematic review and meta-analysis. Mutat Res, 2020, 786: 108343

Fenech M, Holland N, Kirsch-Volders M, et al. Micronuclei and disease—report of HUMN project workshop at Rennes 2019 EEMGS
conference. Mutat Res, 2020, 850-851: 503133

Mohr L, Toufektchan E, von Morgen P, et al. ER-directed TREX1 limits cGAS activation at micronuclei. Mol Cell, 2020, 81: 724-738.e9
Zhao M, Wang F, Wu J, et al. CGAS is a micronucleophagy receptor for the clearance of micronuclei. Autophagy, 2021, 17: 3976-3991
Luteijn R D, Zaver S A, Gowen B G, et al. SLC19A1 transports immunoreactive cyclic dinucleotides. Nature, 2019, 573: 434-438

Liu H, Moura-Alves P, Pei G, et al. cGAS facilitates sensing of extracellular cyclic dinucleotides to activate innate immunity. EMBO Rep, 2019,
20: ¢46293

An J, Woodward J J, Lai W, et al. A novel anti-malarial drug derivative inhibits cyclic GMP-AMP synthase in Trex/ deficient mice. Arthritis
Rheumatol, 2018, 70: 1807-1819

Wang M, Sooreshjani M A, Mikek C, et al. Suramin potently inhibits cGAMP synthase, cGAS, in THP1 cells to modulate IFN-f levels. Future
Med Chem, 2018, 10: 1301-1317

Steinhagen F, Zillinger T, Peukert K, et al. Suppressive oligodeoxynucleotides containing TTAGGG motifs Inhibit cGAS activation in human
monocytes. Eur J Immunol, 2017, 48: 605-611

Li Q, Cao Y, Dang C, et al. Inhibition of double-strand DNA-sensing cGAS ameliorates brain injury after ischemic stroke. EMBO Mol Med,
2020, 12

Vincent J, Adura C, Gao P, et al. Small molecule inhibition of cGAS reduces interferon expression in primary macrophages from autoimmune
mice. Nat Commun, 2017, 8: 750

Lama L, Adura C, Xie W, et al. Development of human cGAS-specific small-molecule inhibitors for repression of dsDNA-triggered interferon
expression. Nat Commun, 2019, 10: 2261

Decout A, Katz J D, Venkatraman S, et al. The cGAS-STING pathway as a therapeutic target in inflammatory diseases. Nat Rev Immunol, 2021,
21: 548-569

Dai J, Huang Y J, He X, et al. Acetylation blocks cGAS activity and inhibits self-DNA-induced autoimmunity. Cell, 2019, 176: 1447-1460.e14
Wang C, Guan Y, Lv M, et al. Manganese increases the sensitivity of the cGAS-STING pathway for double-stranded DNA and is required for the
host defense against DNA viruses. Immunity, 2018, 48: 675-687.¢7

Zhao Z, Ma Z, Wang B, et al. Mn>* directly activates cGAS and structural analysis suggests Mn”" induces a noncanonical catalytic synthesis of 2’
3'-cGAMP. Cell Rep, 2020, 32: 108053

Lv M, Chen M, Zhang R, et al. Manganese is critical for antitumor immune responses via cGAS-STING and improves the efficacy of clinical
immunotherapy. Cell Res, 2020, 30: 966-979

Ding C, Song Z, Shen A, et al. Small molecules targeting the innate immune cGAS-STING-TBKI signaling pathway. Acta Pharm Sin B, 2020,
10: 22722298


https://doi.org/10.2147/DDDT.S251623
https://doi.org/10.1016/j.cell.2019.05.035
https://doi.org/10.1074/jbc.M117.804005
https://doi.org/10.1126/sciadv.abb8941
https://doi.org/10.1002/em.22087
https://doi.org/10.15252/embj.2019102718
https://doi.org/10.1007/s00412-020-00741-w
https://doi.org/10.1002/ijc.33300
https://doi.org/10.1016/j.mrrev.2020.108335
https://doi.org/10.1016/j.mrrev.2020.108343
https://doi.org/10.1016/j.mrgentox.2020.503133
https://doi.org/10.1016/j.molcel.2020.12.037
https://doi.org/10.1080/15548627.2021.1899440
https://doi.org/10.1038/s41586-019-1553-0
https://doi.org/10.15252/embr.201846293
https://doi.org/10.1002/art.40559
https://doi.org/10.1002/art.40559
https://doi.org/10.4155/fmc-2017-0322
https://doi.org/10.4155/fmc-2017-0322
https://doi.org/10.1002/eji.201747338
https://doi.org/10.15252/emmm.201911002
https://doi.org/10.1038/s41467-017-00833-9
https://doi.org/10.1038/s41467-019-08620-4
https://doi.org/10.1038/s41577-021-00524-z
https://doi.org/10.1016/j.cell.2019.01.016
https://doi.org/10.1016/j.immuni.2018.03.017
https://doi.org/10.1016/j.celrep.2020.108053
https://doi.org/10.1038/s41422-020-00395-4
https://doi.org/10.1016/j.apsb.2020.03.001

REBE: ARl 2023 4 53 % A2

Progress in functional characterization of cGAS

WANG Zhuo, ZHAO MengMeng & LIU HaiPeng

Clinical and Translational Research Center, Shanghai Pulmonary Hospital, Shanghai 200433, China

Pattern-recognition receptors are critical for the sensing of pathogen-associated molecular patterns or danger-associated molecular
patterns and the mounting of innate immunity and shaping of adaptive immunity. The identification of cyclic GMP-AMP synthase
(cGAS) as a major cytosolic DNA receptor is a milestone in the field of DNA sensing. Accumulating evidences demonstrated that
c¢GAS is an important PRR that plays fundamental roles in health and diseases. Apart from its canonical role in activating STING-
dependent type I interferon responses by sensing DNA, cGAS has also been demonstrated to be critical for the regulation of DNA
repair, autophagy, cell senescence and apoptosis, etc. In this review, we aim to summarize the novel functions of cGAS and the
underlying mechanisms, and discuss the potential values to target cGAS for clinical therapy of multiple diseases.

¢GAS, STING, DNA recognition, innate immunity
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