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#016) cGAS-STING S S B AYH AR IHR

(P2 RER A AR S HORSA Be v B 25 2 KAR 25T PR 735 24 300 5 T A SR 48, 9 AT 210009)

H E RRBAEMOANAZ WIS IR T WA T DNA B8 B 45, SRAG A 3 82 A B (cGAS) 18 i 47 31 4w R P 49
DNA AL A R 5 = 4542 2",3-cGAMP, 15 5 45 i# 2 F i T W Z R B #13B F (STING) , # 545 % B T [RF3 A= NF-kB A
M, R Ay T R FREF K W F, 3 0 SR B A 95 Ao if M S 98 RO . cGAS-STING 45 5 i@ 34 9A 42 Z3L¥ 5
BRI AR TG Fe B & IR IR IR S S AT R R A e KR, B ¥e @) cGAS A STING &R @ #4789 2 T X LA + 4
FE 0l RMML, AT cGAS-STING 45 538 %8 69 SR 3T AT 7t R AR E R B ko 7 K ARG Jh 46, O B 48 B A7 S 4Rid
P cGASF= STING 8 N5 FHE-My , Hy )G 448 % 64 2 M B K RAE R 6 A
KT cGAS;STING; o FAa-4h; BA vk ; S AT A it
FE4SES R392;R914.2 XHEARERG A XEHS 1000 -5048(2020)03 -0249 -11
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Advances of drugs in targeting cGAS-STING signaling pathway

MEI Jiahao, HONG Ze, WANG Chen®
State Key Laboratory of Natural Medicines, School of Life Science and Technology, China Pharmaceutical University, Nanjing
210009, China

Abstract Invasion of pathogenic microorganisms and cell damage lead to abnormal accumulation of DNA in the
cytoplasm. Cyclic GMP-AMP synthase (¢cGAS) catalyzes the generation of second messenger 2', 3'-cGAMP by
recognizing DNA in the cytoplasm, transmitting signals to downstream stimulators of interferon gene (STING).
STING induces the translocation of transcription factors IRF3 and NF-kB into the nucleus to express and secrete
inflammatory factors such as type I interferon, which activate the body’s innate and adaptive immune responses.
Many studies have indicated that disturbance of ¢GAS-STING pathway regulation leads to the occurrence and
development of various diseases such as microbial infection, tumor and autoimmune diseases. Therefore, the
development of drugs targeting ¢cGAS and STING proteins is of great clinical value. This paper reviews the latest
research progress of cGAS-STING pathway and its roles in different diseases, and summarizes the small-molecule
compounds that have been reported to regulate ¢cGAS and STING, in order to provide theoretical reference for
future cGAS-STING pathway-related drug discovery.
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IE] A7 B P 2R G 2 NAR A P2 R B8 0 2 — dE By
2, ] DU SN R AR, I BB 5 B
200 Y 1R 3 0 200 N X D A AT A R A
[F] BN R R 2 T 40 28 R AR AE PR -, B2 2R AR SR 4
XS B D 3t S A T e T IR 2 I SR, T
KRt . EEA e 2500 MLk GEE
A EAAAE RS R Z 4R (pattern recognition
receptors, PRRs) , lb {11 Toll F£3Z 4K (Toll-like recep-
tors, TLRs) , RIG-1 #£ %2 {& (RIG-I-like receptors,
RLRs) ,NOD ¥ 5Z & (NOD-like receptors, NLRs) ,
DNA A2 &5 45 18 5 PR I A 1 3308 1 9 DA
F 1 F AL (pathogen-associated molecular pat-
terns, PAMPs) , [b W1 fiig 2 BE (lipopolysaccharide,
LPS) , HL8E A M # 1F IR (single strand ribonucleic
acid, ssRNA) , BUHE Il S8 A% B 4% 1R (double strand
deoxyribonucleic acid, dsDNA) %5, &5 T JiF 40 i
Rk AR

WAL AT T2 & W (cyclic GMP-AMP syn-
thase, cGAS) & —FP {7 T 4 fL 51 119 dsDNA 7
T B2 AA, T B R T AR T R e R
“F (stimulator of interferon genes, STING) /i 1 i
JitL 5T DNA 512 #Y [ A 5 52 2 W o DNA-cGAS-
STING {5 38 i B 9005 e e ML Py T 20 4 3

2', 3'-cGAMP

(3 90°

\‘ \¢2 Yy ' ‘S
Re ~ 8L
4‘”‘%@) T e
)@ ?wq\)\ (/—35\ \i @ i B
JK(‘\‘M ) é);’g
% 5

STING

E1

(interferons, 1FNs) 5P R 28 A T o (tumor
crosis factor, TNF-a) FIF34r2 6 (interleukin 6, IL-
6) ZERAE R F A FRIB AW ORI 22 (15
FH, cGAS-STING {5 5 3 % 78 9 B 44 JB% e | Jirb 9
FE B PR SRR h Y B A A, A SO
XTI AF 2R cGAS-STING {5 5 38 % 1 55 i 92 3F e
FIHE 1] cGAS F1 STING £ [ 1Y 8 2l 551 A4 i) 551 7+
RIATLRR , G S e et Bie 575

ne-

1 cGAS-STING 5E@EK%

N cGAS Hy 522 > EE MR 21 B, AR O it
RN 60 kD, A7 F N AR Y 130-155 aa K AER
SEIF A, DIREE S i AN BB, T 155-522 aa A% T
cGAS 1 C R U MR A B S5 M 3R, & A — A F
HhC B AR b DX 3SR 43 HECEE R 1) BH B T 2R T IX
B2 cGASHl I bR X 8 5 XUBE DNA B2iE i
Jit SE TR B L) 2 2 B R4 B E K.
BEAk, cGAS I W REHR X el i 8 7 dit— R
H 5 DNA 194548, DNA 454 BER S cGAS 1
i 4 o Tty A 1k X 35k 1) &5 4 & HE L 1F T 2L ATP
GTP N JEMMEALTE i 275" F1 3'-5" 34K GAMP 431
(cyclic GMP-AMP) , Bl 2',3"-cGAMP (& 1-A)"',
15 7F 7 19 & cGAS % DNA 1% 18 91 I A e i T

A

2', 3'-cGAMP

PAAL AT TR 5 B (cGAS) FIT TR FIE AR T (STING ) B9 2 F 4544

A: ¢GAS-dsDNA-2',3"-cGAMP & 45 ¥ 4544 (PDB code: 4LEZ); B: /231 J7 i BRZS T STING C A 8t 45 44 38 (CTD [X 3) 1) 2K 14 45 4 (PDB code:

AEMU), 4731 /2 STING 454 2/ ,3'-cGAMP [ 25 [1 4544 (PDB code: 4KSY),

)

4552',3"-cGAMPJ STING CTD X% A RAZ AL AU SRR BRI " 7
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DNA J7 81 9 Fe 5, K BE DNA (>45 bp) RETE =44
MO cGAS T , L I I AR ZORL AR 32 45 5
FEPR 2 AR E M S 200 20 L5 DNA SR AL HRRE
HcGASTIE" .

2',3"-cGAMP 1£ 5 T {lif 32 {4 8 F STING 45 45
Ja SR 5 B A . NI STING 2 i 379
L FE TR A A, B N b 4 R ES BEIX (N terminal
transmembrane domain, NTD, 1-137 aa) , L AZ 1
2 45 4 X 3 (cyclic dinucleotides binding domain,
CBD, 138-340 aa) Al C K ¥gE 2 (C terminal tail,
CTT, 341-379 aa)'" . #EARZET STING EHH LA
IR RUIE AR, A 707 B NTD A B S 5%
Pl E N B BEE N , CBD DX A 40 e 5 v
BV FAR T R 27, 37-cGAMP. 27, 3'-
cGAMP [ 45 455 T STING 2K [ 1 23 [ # 42 i <V
B U 1A | H O A TO0E 4 F 1 40 B B
W T2 F L E STING —ZRAATE 1 U SRR A1 £ R 5L
1 (E1-B) , ZRAGHY STING & 1115 B N T 19 1]
1o 7R B AR B B I A i B b LUHE CTT X 847 55
TANK 25 & # i (TANK-binding kinase, TBK1) ,
TBK1 7 5 STING £ R 25 5 5 K A4 A R L
(172 5 22 B R K A= Wik AL, S172) , s FL I %
P Ak STING 2 1 I BERR 1L (366 {3 22 2 TR K /=
WAL , S366) , B MR AL 5 (9 STING £ [t — 20 LA
HCTT KR S W T TR 53
(interferon regulatory factors 3, IRF3) , f£ #F IRF3
Wtk (396 i 22 2 1 A& /W IR AL, S396) 1 — 2R Ak
AAKZ L WHE T B IFNs AH DG BE K (g 36 [l B
STING #4155 1 45 R SR SE R 7 Z AR A G B 1 6
(TNF receptor associated factor 6, TRAF6) , {5 £
A% KT kB (nuclear factor kappa-B, NF-«kB){E 5
i 175 T TNF-o FlIL-6 55 20 R . Y
2',3"-cGAMP &1L, 40 T 1 A ™ ¥ B0 15 41 — Wk
2 (cyclic diguanylate monophosphate, c-di-GMP)
IR B FR (cyclic diadenylate monophos-
phate, c-di-AMP) 43Tt fE 45 4 3 STING i CBD
DX, 75 505l BRI ' cGAS-STING {5 %5
T A (R i AR LR 2.

2 cGAS-STING S EBREILSER

TEHLR ) 509 75 . B4l 3 7 1, cGAS-STING
SEEBAEEREEEH, HENEAKRTEES

PEAG Y — ZR B RE R AL, S 1 A R S
P& BB o Su SEY R B, 2 AU N A g R v 1
(human immunodeficiency virus-2, HIV-2) W%
HFHHEX (viral protein X, VpX) Al DL AT STING 454,
BEFEPEAN ] cGAS-STING {5 53 A5 10 T il 42
M NF-«B {5 53 3, 2> TNF- o0 FilIL-6 45 58 35 K]
TR, Aguirre 557 R BB A T 1Y AR S5 40 2R
4 2B (non-structural protein 2B, NS2B) a] DL #
FFGIHE cGAS VMR it , (AN RE VUM R UL 1L 7
Hh it 5 ) SRR DNA L 30 1 1 2 TFNs 5 Fke
B TSR cGAS-STING {5 5 I 75§ JF
A=y bRl DR R E AR L BT LT B ) STING
AR SR AR R BT A T ST

cGAS-STING {5 5 i fi# 38 id {2 7 1 7 TFNs,
TNF-o FTL-6 25 JAE N 533k , —J7 T RETS T 40 i
FEAE R PR M L A (interferon-stimulated
genes, ISGs) , 1M} 73— J7 T GE fie 14 W 5 200 i 1] T 2
i 52 3 BT B, I TR S (HE R 4 i
fiE N2 1~ J2 1 0 1 cGAS-STING 15 55 3 i M 11 %k
e S i AR S B AT A B, 1R
FUIR I g AT 5 22 B R 40 1 &2 P L cGAS
FITSTING 4 2k [A] 3 ik 3 W et A% 2 B A 1 8 R 4
R0 HAE A KPS BEAT (0 1E % Zh fig
AL A AE o T H Woa 855 % 91 Jgs 20
fi i N b B A K B F A2 4K 2 (human epidermal
growth factor receptor 2, HER2) 1] A8 % RAC-B
22 F R/ 95 E R 2 H B (RAC-beta serine/threo-
nine-protein kinase, AKT), #i] STING 15 > i i,
PEit T e e o TR A BIF9T e AN 2R NF-kB
T I P BV L SRR RV 2 S 5 R R A
WeRs S ekt LA K MR S BRI TP 0 0L AR A 2
HE MR OB AR . B Y R P AT R
(dimethylolbutanoic acid [2, 2-bis (hydroxymethyl)
butyric acid], DMBA) 2x 5 B3 [ # 1 40 i #%
DNA A 457 , I feft H R e 80 240 B 5, DA T35 4
HEEN ) cGAS-STING {5 , e #E B ki 227 ide
A il 957 0 ) G e R AR ey TR RS B i 1Y
Ji 98 20 B v, 20 5T P B4 DNA AT LAJBOTG ¢GAS, T
MR 27, 3"-cGAMP REif i Gap Junction [i] KN
(19 I B o A0 s e 7% , 0 — 2230 cGAS-STING {5
i, V5T 1 A TFNs Fl TNF-o 55 S 4E K 7%k
AR, TR T Y S AE PR 123 38 3 55 930 #1407 =X
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H S Spepom
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o fa e -

DTN ¥ DAPIPY
HMEDNA HSDNA
O ——2.3-cGAMP e i
LRI

O

N

B2 cGAS-STING 55l % &K

Q

IFNB, TNFA, IL6,...

Y

AN DNA PR DNA 406 cGAS, A2 — (51 27,3 -cGAMP, 2',3'-cGAMP 5 iz 32 /K2 1 STING 45 & )5 ,5 12 STING [7] {5 /R SR 7 9f
K1 22 BAL FH S TBK % 57 K7 TRF3 T NF-kB, e F TRF3 A1 NF-kB B 1L A1 — B A0 A 3000 20 KA G R e 5% . TBK1: TANK £5453%
fiff; TRF3: 40 Z 495 K 1 3; NF-kB: #% K 1~ B; IFNB: T2 B I [H; TNFA: iR sE A 1 o JE [ IL6: A5 6 3£

VBT T b Jed 40 0 b, D2 28 1 e 40 g 2R A
5 b, cGAS-STING {5 51 i 15 IR e Az R Jie A
SR R b R4 AR A 0 ELAE ER 2 1 i g
B R AR AN S ) K B 48R 52 cGAS-STING
15 = i % R 0% 2 FEAR U B B IR S A T L (H2
AN [ i 8 v STING 03 790 08 22 AP FIAT ROPE s 2
PPN
HLIR P STING {5 5 38 ¢ 10 9 25 5 BTG i

BT A B RPEBNE . — IR P 2 25
240 N R R AU R D BE S 5, LL AN TREX T, RNAS-
EH2A, SAMHD1 %5 55 ] 2 A= 2878, 42 14 DNA 7 44
5 8 SR AR 5 A0 A0 L PR )RR SRR,
B B R A R LS AGS £5
A AE (Aicardi-Goutieres syndrome, AGS) . & 4t 1%
21 Bt IR #& (systemic lupus erythematosus, SLE)

G 5 — 28 gAY STING & A & 4E V1471,
N154S F1 VI55M 45 s 5748 (56 147 0o 46 2 1R 5 7%
BLSE TR 55 154 00 RAT 58 A8 i 22 R , 55 155
L 451 2 R 578 I R &R ) , 3 B STING 5 AR
i E9F 2,3 -cGAMP R AT RES2E0E | i #F R AE I 1
Fre FA MBI, S B LB . IR L&
PRI R LR T LN, R By kAT
2P AR, A AP A s 72, M &8 4% JiE A1
MV A F BB BUR S , pm hg g —
i 44 N5 & T S LIS Y STING AH G i 8 97 A5
(STING-associated vasculopathy with onset in infancy,
SAVI),

Br T LRI A, AR R AT R B R i 2
AR 5 2 B 5 cGAS-STING 15 5 1 ¢ 4 2
WUIAOC . TE QPR BRI A v IRFE 2 2L %
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A MIE DNA 23175 5 BB v i) 1 058 200 i 53 0 K 1 2R
it [, 3 A U, T X — IR TE cGAS il
STING & [H] i B /N B b 9 2% . 7 DNASE?2
XA R 2 8 () JR 3 v BE R N B B T A
IFNs i B 35, A 12 20 40 i B 39, )+ 7
cGAS Fll STING & A i [ /)N R v 36 o i IR A5 31) 22
W, WA T/ cGAS-STING 4549 T %I IFNs 43
AIRES S T M AR B o ZE A 4 2R /) BRBE 7Y

R1 5 cGAS-STING 1551 A S P

o, AT R B T B B3 32 2 E 5 parkin (E3
ubiquitin-protein ligase parkin, PRKN) Fl& [ il
PINK1 (serine/threonine-protein kinase PINK1) , 57
LR AR B 57 19 DNA 7] GE1 5 E I 1B
M AE /) BRASE A ol STING 5 11 47 56 B e, T
AU AG B0 A e HATEL 5 cGAS-STING {5 %5
A f R O A P L3R 1

% BRI A w“gg;g;%ﬁ SHDNAKE B
figea DMBA 5 & 14 i ki /1N BRUSE 7Y STING KO g3 #Hifif1#% DNA [17]
b % ¥ AN 9 g e N RS STING KO g% #fiif1#% DNA [18,27]
RGN BRI B SNE M pAZ A 27 37 -cGAMP i | T NA NA (28]
SAVI B M IFNs Fak s NA NA [23]
AGSZEATE Trex] /, RnaseH2 "/, Samhd 17~ /NRAEARYL B35 T cGAS/STING KO % #H A% DNA [20]

A TFNs FE ik i i

SRR R T e 2 /) FRUAR 28 ¢GAS/STING KO ¥ NA [24]
142 FRAE Prkn /", Pinkl /= i& Bl #EE /] AR STING KO 23t 2R fR DNA [26]
LR RAEILTTIMN Dnase2a /N BRI F 35 DNASE2A S BER 5845 ¢GAS/STING KO 2% 4/ FI4H A% DNA  [19,25,29]
AR D B B A Alu % 3475 L B RPEJET cGAS/STING KO 23 £ikifi DNA [30]
RS B P2k ALD /)N FRAR 7Y STING KO k3% NA [31]
Fer4efk CCL /N B 2 STING KO 3% NA [32]
L LAESE ELE{NEY cGAS/STING KO #t%  4iiffi#h DNA [33]
AP 7 MCD /INRAEHS, HFD /)N FRAR STING KO k3% 2RI DNA [34]
T 1ft PEE R IR e /NI s B A 45 L 2L/ U R STING KO 3% NA [35]

KO: F [F B, NA: TCIESREG DMBA: ¥ L TR, SAVIE: 5 T2 LI 1) STING AH2C ML A 575 ; RPE: #LIM B (5 2% [ J 40 i, ALD: VRS

PP ; MCD: 25 202 IRAd 5 = T & HED: gk E

3 0[5 cGAS-STING 5 S B BRHZAWH L

YT ¢GAS-STING {55 5 3 I 75 95 5 1 2 L &
Jre R R E A T T L — S s R sk
BRI SR S5 B A5 38 20 175 3 20 B T sl 2k b A
54405 5 2540 S5 PN 1K) DNA 3R 42 38 11 38076 ¢ GAS-
STING {5 53 [ , 42 S AL ) S e D RE, T LA
#[a] cGAS 1 STING 85 [ 14 245 1) FF 2t 3 7 i
WFFE A o
3.1 cGAS 9] 7

H R, TLREHE 1) cGAS Y 34 30 77034 B AT il
BAR— SR T (P S 1 B TS T L
B cGAS (B , (0 BT 55 A9 A 808k B 2t = HL G
FEARN = L BE AR TG S22 a0 . I,
HFIMFFIIF I L . Vincent 25 3@ 1 #5714

Hh cGAS il 5 A 7 vk | v il o 0 3 Ak A
RU. 521 & @ & L4 S e A il cGAS BTG o 7671
FUBA 4% B W 40 i (RAW 264. 7) (1Y 1A A #5584 ep
RU. 521 X T T 8 IFNs 35 A9 50 i R (1C,,)
700 nmol/L. L4 fH 5B, RU. 521 @ 3 5
P cGAS RUMEALA SR 27, 3" -cGAMP & 1, AT
RIEMHIER . F—2 M58 2B RU. 521 X B
U5 cGAS B35 P i 30 1) 22 2 3 & T N cGAS R
F1, 1 LAz Ak 5 1A BAFH 8T 18 S 56 VR T 8 11 T
I TR cGAS il 15 4 19 e T4k & 9 G140 Fi
G150, HAE N AR B g 28 B AR SRS A v, G150 3%
PR R B9 A 24 15 P (1C5, R 600 nmol/L) ™, it
Ah, Hall 2540 LLDECIEAGIN 27, 3" -cGAMP (7=
MR A T aE RO 1 , O 28 HH Ak A 9 PF-06928215
5 N cGAS 5 B ZE A1 1M 0. 2 wmol/L, i 7 i
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cGAS BT 2 EAM IR R 4.9 wmol/L. {H /2 7E 4
JsE g, PF-06928215 I N DNA 75 5 41 it
N IFN-B ik, X AT AE 5 L& W4 i I fE ) Fl s
MIEEALEERETA K.

bR T 43 R LAY/ e A R, — e e g
W25l ke A 2R T BE o An S5 08 3
cGAS FII DNA [ 25 # 5cdls , AT THEA LA i
KRBT — RIVBUER W), v A (quina-
crine, QC) . 2 & ¥ (hydroxychloroquine, HCQ)
45, T LB RS cGAS Il DNA A H.45 &, il 1
IFNs 35 o (HIEAE R 2L 5250 h L B, X e fb 5 W)
A AESH A DNA H L, JF7E 10 wmol/L B N2
P A AE T, B ABTIE SR 25 W) ] T4l 1 2
IFNs B9 2 PR A 5% 18 . 7E QC I HCQ Y LA
W AL A — R AN BUIE B 25 W AT A T
I 3 LA R A8 T R AN e AL )
X6, SEHAEN], A5 X6 1E Trex 1™ /N B 1 K
T B 41 S (bone marrow-derived macrophage,
BMDM) 1 SLE f£ 2 i Z1 Ji il B 4% 48 il (peripheral
blood mononuclear cell, PBMC) FEE T # T 74 ISGs
FIRW TR B A A R 2 AR RN
FIHIBUES 2590 TIRIT F B S PR Y B4
P, A R it — 2D B F 9T . Lin S5 R B, 28 2
By R T LA R IR TIREE (epigallocate-
chin gallate, EGCG) A] LLid & #1)1 il GTP Bl i 1% £
F1 1 (GTPase-activating protein SH3 domain-binding
protein 1, G3BP1) & [ 1 , ] 42 410 ] cGAS A0
DNA 254, [Al— BN Dai 55 & B, LBk W
AT DLE S BEAE cGAS A T i TR TFNs A2,
It HLAE Trex 1™ /N N FI AGS 835 R 5 14 )T 4

X2

o </N]'\/\N
HO-P-0 N

o Ny,
OHO 37y
2% ¥ h

|

3 : oz
v N 5>L00H
! N -P-OH
T, UEC
N ~N
X

o
e-di-GMP: X, ,=0; Y, , = NH,
B3 RO E5 5

c-di-AMP : X, , =NHy; Y,,=H

3'3-cGAMP : X,,Y,= NH,. Y, =H; X, =0

CDNs 7] LL7E B8 i 30 5% vh A2 1F CDS* T 411 g
WAk, P AR RS AR R B —2 B

200 i mP A D S A ) R

25 b, P R cGAS i T X 18 10 45 # 5l %
cGAS/DNA & & Wy i 25 ¥ it A7 e vt 1 16 &
HAT S e vE, BT LSl — A B i
R B RIS £, BR A T 4 T Y 2K 1R
SEFBCE B A KA HERE ) cGAS /N FIIF 58 0E
P EL, Bk 8 2 (0 B TE B 3 55 e 2 1
B i AR, o] DA SO S B AR A S5
S T LA R R e 2R BRI B e A
AR WA SE 7 W]
3.2 STING #3h 7

1 T STING 15 5 38 % 19 #4005 2 2F 7 i T A
IFNs [ 2R I5 FEPTIR B o2 BT s S e h R 45 %
TERER, B DL 1) STING 25 i sh 7 F & —
B IZSUR A5 A . STING 34 3h 71 i 72 &
BAEPTEARA R (eyclic dinucleotides, CDNs)
FAUY DA RN R NGB R R B . CDNs
e ARG TR ORI, SR R BRSPS A R AZ 1T R (ade-
nosine monophosphate, AMP ) 1 5 I M A2 4 A% iR
(guanosine monophosphate, GMP )il 15 25 HLE§ iR —
R BY B PR L S RS e-di-GMP AR b
IR LS o-di-AMP 5% ¢cGAMP, 1 ¢cGAS #Efb A= Al
1y 2", 3'-cGAMP & I L. 2 W) 7 9 M — & 0 1Y
CDNs, AHX} T 3", 3"-cGAMP H1H A i CDNs, 2’,
37-cGAMP FI STING H.A5 55 (1 55 F1 ), 76 B35
(K, J7 i, e e-di-GMP, 3", 2'-cGAMP F13',3'-
cGAMP I 99%, [ 2", 2'-cGAMP ik 98%'“', 2',3'-
cGAMP LIS B 2045 A 3] STING - RAKTE 1%,
1 A4S, 5 S STING 25 H Y 2 M 0E . RIRAF
FER A AT IR b 2E 25 A =X LR 3

(@)

N
o ¢ fNH
HO—i‘I’—O N ka

NH,
QHQ 3 (6] o
yi iy —

6ch=)
O—P-OH
o

(0]

A

NH, 2', 3'-cGAMP

I R 7 1 B BT Mg AL & 9, BRTE 44 £ Fh
CDNs #E Al AR FTEC IR R AFSE (F2) . A K STING
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MR BE, 45 B[] cGAS-STING 15238 B4 2 Wy i iF 5% 3k 255

PR B4 25 W A 2 P TR AR )2 RO A HoAtb 23k

R2 AT R AN RIFFE B B BB STING sl 77

PERATHE , R AR

ey A ) FLAS SR 275 SR R i o
ADU-S100/MIW815 Aduro Biotech STING it NCT02675439
ADU-S100/WIW815+PDR0O0O1 Aduro Biotech STING + PD-1 it +iv NCT03172936
MK-1454 Merck STING it NCT03010176
GSK3745417 GSK STING iv NCT03843359
BMS986301 BMS STING it SITC 2018 P525
ExoSTING Codiak BioSciences STING it SITC 2018 P618
MV-626 Mavupharma ENPP1 ip SITC 2018 P410
STACT-TREX1 Actym Therapeutics TREX1 it, iv SITC 2018 P235
SYN-STING Synlogic STING iv SITC 2018 P624
SB11285 Spring Bank Pharmaceuticals STING ip, it, iv AACR 2017 P-A25
CRD-100 Curadev Pharma STING it [50]
GSK532 GSK STING iv [51]
Liposomal cGAMP-NP UNC-Chapel Hill STING iv [52]
SRCB-0001 GSK STING po [51]

iR PG iv: #BKTE S ip: MR VST po: I AR;SITC 2018: & S8 167 23 2018 4F & 2318, AACR 2017:3€ B MR A5 6 23 2017 4 e fie
BERREIRTT 20 PD-1ARFFPESE TR 11 1; ENPP LAZ 2 N AL R R B/ B2 R 1 TREX 1 SR WA R ity 3

3.3 STING #7#) 7

VT AR AR AIFFE & B STING 1) 533 P 6 3 B0
FEDIREZ GLAE TS K AGS . SLE FI SAVI 45 [ 5 i
PRI, 3K UL A AGAIE 58 5 T 4 E A STING 41 i) 551 1)
FF % o Merck 2 @ 19 Siu 25558 13 ALIS (automated
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0500 A B0 ] 40 8] STING N i 85 I X PN 2 bk 41
T P A ) T A6 T 4D /N 43— 400 o 550k, 32 345 g Ay A
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1) 88 3 F1 91 o7 2 bt 2 2 (Ji5 11 43 7 4 5 A Cys88
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/NERH AR RE S I B N I R . T
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B AR IAIT P, AGS Fl SAVI 25 55 WL - A
ABRIGIT 259, Im IR b H i LAE FH Janus 3G
il 390 >y = g o e 1 J L 5 A B HE ) cGAS B
STING (R4 57 A RE S ] 1 29 TFNs 75 3 1Y H 21
405 , i BE 2 ) TNF-o £ TL-6 25 48 i R 1 5 B0
HAIE , AN ] STING 25 1 F0 4 i 77t BE i
32 STING S H WG B T, B 240 AR P Bz 41 i 45
ZRAEAET -,

AN 2ETT K V845 cGAS-STING 15 518 B 14 i
Bl A A B PV AR 2R R RO LA G
T o He A A STING 3848l 301 0 47 i 8 5 958 3R
7 AR AT Rk R g KR o B A 1 S R G
SEWUAB GG ELEFE T . FE B IS G A
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