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BRI, AIEA ST IR FRREY,

ARPTFAAT, DNA #5737 i a5 8 NS5 4 Pk
ARG5S B . 1EIESE DNA FRE L5 BLIAT, A
A1 BB AT LRI e 02, 9] A v s 240 A 1) 47
FLOV, G RGN A ) DNA [R50 R 6 I 45 Fh
A FE P A A AR AL T — AN AL, R
BT RNAJREESL, i i A S A i el i v
#4152 DNA. TEEAZ AL, DNA fA7ET
Y M AZ AR R T, A0 M BT T AR AR A A A
DNA. {4 Wy 20 M5 K DNA 32 i 1) 4 o,
HEMBOE e R RGE, 16— & BRI T,
H{& DNA 7E4iE AR, S8A SHL A &
BT . — Bk, I RGENRETUN A &
DNA, {25 W20 A W52 S 14 Ffe e 248 A F T LA A 0 )
JET I DNA., 3 Ay 8 9 51 K e R I gg e e 1)
BOESRAE T —FhHLH . A SCKA 1S cGAS-STING i
HEAE SRR TE A DNA g S5 s A: 9 Hh i i s 1
5Iite, 15 A B Sy g Hh i N 22 I8 DL KR
S A M1k % cGAS-STING 15 53 % (1 S .

1 cGAS-STING £ E@ %

cGAS AU — A% R ¥ 4 Bl 4h 1 AN P A
EZf) DNA 54245038, 7670 DNA TG,
cGAS 4b T AMHIARET, 4 cGAS 1 DNA 45
G, cGAS 5 DNA ZEEEM—1 22 R
PRSP IE PR S AR, AL = B RR AR AT
(adenosine triphosphate , ATP) fil = # 2 & 1F
(guanosine triphosphate, GTP)%& B & iR AR 1F
2 (cyclic guanosine monophosphate adenosine
monophosphate, cGAMP). ¢cGAMP LJREEAE N
A5 {454 N W (endoplasmic reticulum, ER)AR
AT P& H ¥ [ F (stimulator of interferon

genes, STING), 3% S G AR 6 STING! > 1,
SRIG, TH1EAY STING M ER | = /R 3 A a) 25 Fl
B RFEAR R 5z ) fE gk R, STING
19 9R oK i 71 55 JF B0IE TANK 45 5 0 1
(TANK-binding kinase 1, TBK1), fi T4 Z= 517 [H
“F 3 (interferon regulatory factor 3, IRF3)#fzfk,
BEER LY IRF3 —SRALFFE A 4", STING
WIS B o, (4% R F- «B (nuclear factor-kappa
B, NF-kB)#l il 7] IxB ZE s R fb. , B2 1L 1Y) IxB
B R - OV ARGR R e AR, e
NF-kB #E AR, 5 IRF3 T3 KA R 13t
[EVE (L 1), 1375 5 TP 28 A8 M4t i X - 4 TNF
IL-1p F1 IL-6 By ik,
1.1 cGAS HIiEfL

cGAS # dsDNA 7 A KT DNA J¥411,
cGAS-dsDNA & AW ahIAZE R, cGAS 5
dsDNA (¥ -8 R 1 25 4 R S AT AT Bl 45
i cGAS [IE 5 DNA JF41 76505101 DNA
BEE B, W AN IR S R A A AL, TSI
F R DNA G cGAS MIRET), HEMLIEH
DNA X} 2 A% FR Bt A Bk B 5, DTS S S 5 1Y)
THEFKE, dsRNA AT LY cGAS 454, HAE
s cGASP AR 5T B, B Y dsDNA 5 cGAS
TG ARG S IR R TSR IR, SBAEA S E
BHES, MIELZ T, A % dsRNA TCiLFE cGAS
ISR, X AlfElE RNA JCEIG1E cGAS IR
K7, %5/ dsDNA (KJEEZ) M 15 bp) /& LALEIR SN
G IFHIE cGAS, (HEHK A DNA 75 S 80E 4 i N
1) cGAS %, Tl R A 24 M N AE7EAZ R B AN
Ho At 85 £
1.2 BRI BXT cGAS {EATT

AR cGAS TH LAY FEAL G 2@ 1 H 5 dsDNA
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(254, (IR AE e H A LRI SR IE ST cGAS i .
Sk TR TR A ke W i i B T RERR A 1 28 - A R
AHLAEXT H & DNA JoW 2, cGAS Et #liF)E
A6 i o Ll S MEEA TR A . DBl cGAS B Akt
TR AL ST H T cGAS MITEE, W cGAS
A AR S Ake (1938 J% 22 (8] AT BEAF 7E A B
ERPY, A & B 4B TTLL4 F1 TTLLG6 fi

Virus cGAS-STING pathway

cGAS KA AMERALIN T cGAS HyEME, BRI
JIkMi CCP5 H1 CCP6 i % X F g 1 J5 0% cGAS
WP X PIREL T, RS cGAS
Dl B TR Ak B8 7 S Tk e T A T T 0 o, 7 4 13X
B — AN PR ;3P A8 i 2 A o] 5 o R £ o )
cGAS WM 7 HATH G S ARG, A FFriE—
LA

Bacteria

Bl 1. ¢GAS-STING ESEBREE
Schematic diagram of cGAS-STING signal pathway. Viruses and bacteria are dangerous pattern of
molecules. Cytoplasmic DNA binds and activates cGAS to catalyze ATP and GTP synthetic 2°,3’-cGAMP, which
combines with the ligand STING of ER, transports to the Golgi apparatus, then IKK and TBK1 are activated. TBK1
is phosphorylated by activation of STING, and IRF3 is then phosphorylated by TBK1. Phosphorylated IRF3 forms a
dimer and enters the nucleus, which along with NF-kB activates the expression of type I interferon and other

Figure 1.

immune regulatory molecules.
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1.3 cGAS MR MBI T

it cGAS MEEREH TIMRFERMN, X H
cGAS JEH I HE ORI T —FhiE R L=
FZMBEMRRC AR ET cGAS BRL, Hit
7 DNA HlVEL DNA 5 52 GL s 7 A= TP R A2
LR 5 TR AE BB o TEXSEA L, cGAS Kb
(BT A DNA F S bR, X%
B, 2% cGAS 1YL R ik &l 1 F Wt AL AL
TLBR
1.4 STING K4k

STING TERIEARIGA 4 MERLs I, KE
FI4HETE BR B L, KR ILEE sk T 40 i 5
. IR BAATERCA, STING #47E ER % -
TR R AK, — 4~ cGAMP 43118 i i K A FH AN &
A S —A STING —RIKh.Lasss &,
0 STING WG K AR Rl — A~ FR A v
F& B (carboxyl-terminal tail, CTT), 4 %= LG
TBK1, {H7E STING abiAZE# FE A% STING 1)
CTT. M4 F @B IR Hr, A AN,
cGAMP %54 STING T 36 F25 et T — 4
Y5 STING FREK G GRS ENLT, XT3 CTT
TERZERIT TBKI IR 4EH) , IIfifH TBK1 B4R
1k STING 4 CTT, ifilixX %} IRF3 B30E 35 o s 27,

cGAMP %54 STING Ji A A, STING i Ik
Ml TBKI1, 4%1fi4r 5% NF-xB fl IRF3, TBKI
T 22 SRR IR A PRI SE MR Ik STING, fufh2f
366 P22 FR . XFl STING FmEER 1k Xt bl J5
TBK1 B2k IRF3 26 HEY, BRIk STING
454 %) IRF3 i — N7 IE AL A X, 3@ TBK1 44
%% IRF3 JH 1R L. —H IRF3 @Bk, &4
T — A~ TR A AR A, i S TIEW
Rk HART E R, 6135 MAVS . TRIF #1 STING

FEWN I LA 6 R 43k 0 F R B — A
PR5F B R P (Pp-Leu-X-le-Ser, HA®)-F /Rl
B, X FOREMEIERR), BAEZ 3 R ECAR R
R R A R AL . X S Sk A T R B RR 1k
TBK1 #Rfk IRF3 484t 7 —FhFal AL, X —#L
TR THERTA REE UG TBKI MIRFrp, R
DR, AR RIS 25 S B IRF3 U AT R
Fik, XWEPETAESRATIRE ., Bea 8
B EPEB — D E ML . WA AR STING
(5 366 1 22 A PRI 1L 23 3 3 STING 1 R fidk A1
cGAS-STING 553 9 76 P2 4R 1M, K STING
(55 366 222 MRBEENNAMRIG, 76 DNA 5
cGAMP FYHIE T AR 23 K A efe , w15 366 if
2 A RIFA RN A . 2T R, STING
Z FARE, 208 3 FORRFIEIES E3 2%
HEHEHENT STING AiE LA IEJA¥EAE N E3 (2 R i%
FEHE TRIM32 I TRIMS6 1] LIEiE STING FI%5 63
PSR (K63) kA 2 iz Z Ak, DA 3 5 L T Ui
i AR, B AE ER 1 AMFR-GP78 Al
INSIG1 ZH 1Y E3 12 3= i #6352 5 W e i STING
) K27 28z £1k . TBKI1 BIZEEM TR K5
GBI ZF, B3 Z X &M RNFS
TRIM30a f23E T STING fY K48 2Rz £k, fifi
HOWE R (IR AR , 2B DNA 552U
REAAHIDY, Bz, ZFRATE STING {&fkok sk
W RER IR 2%, Wil — AR R 2
Z R ACH B3 12 RIEHEMAEAR N X STING i J% 11
YER .
1.5 STING %3z R i1y

STING 5 cGAMP 455 J i )\ ER %12 1%
JRIX, TR s RS54 ARF GTPase #1115
A B IR 2 A 0] STING f %4 12 2k 1 BELUBT T 3%
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PR AL 2, VLB STING HO%: 5 W5 538 Ik
WA E AR . A IR B RO B T Ipa) fiff
GTPase ) ARF ZZ 521 , M BH 1 STING M ER-
1 R SE A R A X B R SR Y s, R il
STING SR THLE =4, STING (55 88 1 91 fif
e 2 R AE B R SRR AL, 38 bl Ak 2
Tl B I A PSP R FR R HoR A STING A%
fmetk, MMFHLE T STING fiEHERY, STING 5%
WHAF SRR, nIREE T [ WEfE A A R >,
PEARIE, AWM ULK1-ATG] f[RE2 5 T STING
fREAR, {H STING $E 1] A W AR AL AT A
1.6 HAEWHEF

TER B cGAS AE B T 3 3 i 1Y g BT
DNA B2 85 ZHT, — S H A /) 8 B pk b /Ry
DNA Ji&5Z %%, 1UF5 DNA 254 % H (DNA-dependent
activator of IRFs, DAI). DDX41 (DEAD-box
helicase 41). THLRFEFE 16 (IFN-y-inducible
protein 16, IFT16/P204)%:5, SR, XL (A7E
JEHIL BT DNA i B v B4R P A 30, 700 5t
DRUR WA — A SRR SE 5 I A G . DAL 6t
B R /N B AT LA DNA J# i DNA Sl s gy = 24E
IEH T HFERN AP, FEE, @it CRISPR/Cas9
FORBK TFI16 B HHMIT 5T DNA Bl 25155
EH TR, 5k s e i) DNA Rz s R
FHIZ, cGAS MR e X % Y DNA sl 547
DNA 9% 5 A Y1 (145 DNA R a5 . ik b i
A, seaME T TR 4 B, cGAS
TERGHMLST DNA Gl g b i S TR 7 4 BAY
FETCARIAEF

cGAS IR A LIS A W5+ beclin-1 4545,
X FPAHE A S 5 STING AR AL 5
AP, cGAS 5 beclin-1 FIZ5S beclin-1 B4
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YR A W 7R 5 7 RUBICON, M55 H
WAL UEfL B R DNA 895 5 .

2 c¢GAS-STING 1z &3& B W o 8

It cGAS B FE/N BN B A8 7 )5 53R W] cGAS
JE— AT LIRS0 A DNA B R 5 A M
Bz, JLT-REIRBIFTAT dSDNA F 77 A e i 24
cGAS-STING {55l PEAENTBE . AMER . Wi5E s
BEIRGL DA B s R RN R e Y R 4
LIRE
2.1 cGAS-STING {55@BE7E DNA JEE R
HIYEH

DNA Ji5#: AMZHLIAJS , dsDNA BEME 7 S HLIA
PR REEN, U TR R A NS Y
7P . cGAS R AR B 7 DNA, il i
STING-TBK1 {551 %5 a5 X 2% DNA s
(LN A28 2595 5 (herpes simplex virus 1, HSV-1),
4 ¥ i % (vaccinia virus , VACV) . Jf )% 7
(adenovirus, Ad). E 4fLH5EE(cytomegalovirus,
CMV) Fl K i 74 A 98 Al OC 96 92 9 B (Kaposi’s
sarcoma-associated herpesvirus, KSHV) %5165
M, HAMKHE cGAS Fil STING S TR
FrA BBl LRI HCMV 5, B0 18] 5 40 i )
cGAS-STING 15 7 i s T 5 5 77 A2 1 8T
%, MM EHESREMER . KSHV EYLRE 3
I ¢cGAS-STING {55 %, Wil cGAS Fl STING
JEAIH T KSHV B Y A B2 40 L H IFN-B 35 4L
IRF3 1 TBK1 MBI LK - uRefik, fi75 AR
WIS R A BRI £ 0 Caviar BRI, mEbR
STING HIZAMMEREAL T IFN-B B97=4:; Bz cGAS
5 STING HJ/NRAEZF] HSV-1., /N y JIB0s 5
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68 T, VACV JE&YLEf A7 TIFN-B, HAKNWEEETH
JEFHE . ¢cGAS Fll STING HREER/NHEXT RNA Ji#
St AR R b ¢GAS B STING 4
HAEIRYY RNA R FERT 230 WA IE 8 1 TR 3, Al e
EMT cGAS HBEERES T AR TIE,
XS TTE 2 X THEHT DNA B RNA 5 2 19 1 N &
PAREEE, F34h, PRINEY RNA J% 8 i /g 58040
M 5 A At TS24I DNA 2588 T 41 i
Hr, NS cGAS g, A B TR RNA 8
SR W R 1 B R A B A Ol AT DL
cGAS J# % , A5 B T-%F RNA 527 A i B A7),
Anghelina % &, 7£ ¢cGAS Hl STING &[4 Bt 5
f/NELH, TBKI1. IRF3 (B2 b K 7 B/
ik, #EME S A IFN-B. A 5 AF 40 i 5 -3 /b
JH 20 8 005 1 2 s K OE TR RE T B X BB
HW, B cGAS-STING 1l 1 ly 152
9 8 DNA JRZE I, R TR RE, 51k
oM S A, KREPUWEEEM, R
cGAS-STING {55 5 i [ 7E 5T DNA 5 5 2 b 1 2
KEE,
2.2 c¢GAS-STING g5 E 7 RNA JRERGeh
wIfER

cGAS JE L SR BE (L HG HIV-1 1 HIV-2)I1)
SERIRAZ A0 HIV BB ACSE HE A I 2 i
RO ZE MR 4 i (dendritic cells, DCs)J&, JREEATT
DAL 3 2 SRR 5 RNA %467 ¢cDNA, ¢DNA
e E RS B AR G B e E R 4
b, 3 S R R R AN 2 SR B Y S R S
SN o BRI, GRS HE A 7 1 56 R M 52 B4 35 B
W BH IR0 5t DNA B — 215 32 R 2 (a0
SAMHDI1 ., TREX1 #il CPSF6)%k £3hfiE, Bl cGAS
A LAY ) 4 M5 rh 5 A B RO YT DNA i Bk #45

SRR, DN fik 2 40 2 R0 A 20 i TR 5 1) 15
SFREW BRIz 4, HIV 55 DNA L BE B 40 i
% WA & B 45 5 1 (polyglutamine-binding
protein 1, PGBP1)I4], PGBP1 ¥R K4k 4 4k
5 HIV Ji5 5 DNA 255, HaJbim WW 45155
cGAS HHEAEM, I cGAS-STING 155 .
ik PGBP1 A K KFHIL HIV 155 DCs B 5% X
N, [FFE, PGBP1 2751 DCs Xf HIV Y 55 [ &
REJIFEAIK. cGAS TERMFE 5% cDNA HifE
E 24" Jie 3 PN 51 0 5 i g AN B ST,
Z cGAS 5 STING F/NRAREXT Z Mt s (a4
JENEZ M)A T AR A Y B AR 25, 3%
PP S T EON TR G SR 8 RNA 7EHT
J5E S B 4 AT, RNA i RNA fif g
fiti RIG-1 Fll MAVS RyiRfR gk 2], o0 5% g
i cDNA, #XJ5ilid cGAS-STING &4 B A 5]
A% MAVS il cGAS HIH, % MAVS Al
cGAS 2333 B 4HiJf 52 i o B ™ B A B . LI,
MAVS Fl ¢cGAS R A I 39 5 s B B Al 2 A
HEBE Y, et B g AR bk, g5 R,
CGAS TEWi i 53895 w5 e vh R 45 AR
2.3 c¢GAS-STING {55 # B7E 40 B L P /R
& T8 DNA, V240 nl LURAE
FLENPIANML, A A A0 P A2 1O 4 R
BT 3 WA K R oy TR e B A B b, R
SR AN TE AEAN T DNA & ey e A 40 M 5T 9, {21
Z AN AN F L cGAS-STING ®21ES T4
R4 DUABEAN RS, AN cGAS Kk
KA B, RIS BEA MBI dsDNA, B0G
STING, 75L& eI T4, R, cGAS
W55 ST A DNA JESZ 88 &AM IR A, 3]
PE TR RN R R AR L AEAH T (N2 A% Sy
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FOAF I B R R B L VT TR B 45) I cGAS
5, STING @kFé I/ BRI B Al e, IFN-B
FOZH L PR 71 7= 2 2R R B2 S A, A e
B AT L7 A STING S8 ik — A% R (cyclic
dinucleotides, CDNs), B4 STING Jif T~
ATMEAE . BET, 58NS cGAS
R AN TSI, AR AT B . TR IR
PR ERBECTE . IREHPEHTICE . WITIRE . B
BEEKTA . PEIZERI . KRR, REBEREM B 41
BEERTAY BT R AE AR R B A — IR
STING T AJ& cGAS 177 20755/ )s B Wk 4 i v
THRE 50, BB cGAS MR T, KE%
X TR FSIE AN R, BR 1A
P 2805 w3 B 5o B v R R AR A B T PR AR
F L AR AR A0 B R e oL v 2 4 (A FBIL A 1 S
BIH, AERRSETEOLT, 2 R XL
—If, LA cGAS 5538 I 78 240 P R e S bk
P AR A i ilE— 25
2.4 c¢GAS-STING @ I7E B B S MR M 5w
HVE A

AR cGAS-STING {5 53 i £ 281528 A6
A Py ) EEERF LS, {2 cGAS WIRIFEAZ
£ [ SIS Y DNA fil & B B 5o 1 U o A ] A
20 Az LR AR R i i R B 40T Y DNA 4B
Al Efih % cGAS il , cGAS il %5 H B T
i Z [ BB R BV A 7E Aicardi-Goutiéres ZE51iE
(Aicardi-Goutiéres syndrome, AGS)HF5FESL,
AGS JE—Z IR A S e b gy, FEAHER
S T AT IR I F AT, %L
BB E MO R, R R LA G H
24y, 4345 TREX1, RNase H2, SAMHDI .
JR 2 ADARD A2 {8 MDAS, X2y
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Jth FAEBZ TREX1 3k RNaseH2 DIRER)/INR
cGAS-STING il {4 % 1M 35 Y. TREX1 J&
—Fh ] A SR ) dsDNA FIEL4%E DNA 4]
it TREX1 BREAR/NEL, 7EH AR R LA A W35E
FEWERAE, JLHIZOMA; MAEHZ TREX]
AN, AREBR GRS cGAS B STING (LA
—ANEMIE, EAR KRR LA e T B
B B e H0621 - RNase H2 fEF%f#% RNA-DNA
ZsCH Y RNA, JFLBRTE DNA & il 2 rh iR
A5 dsDNA H NS . — D RIAMELARTE BRI
RNase H2A S8 A b/ BURR: , 76 R BASE T
o X /N BV iR 04 S 20 i 2R 0 Hh T PR 3R %
FER MR T (HaX P ikl 1t cGAS 57 STING
B BT BRI, IHBR STING ] BRI 28 /) F
B FE = W B vE % . DNase 11 2 1E & B4+ 1 1k
DNA ) R 2, BMEk SR8V,
FEOMIRRG it 20 1 BT R AL 40, T
K Z A (interferon receptor, IFNAR)MY LR AL
T/NRMEMG R EIES, EMER T TLRO =4
MyD88 ZIANBE . A R , .= DNase II #l IFNAR
/NS k R JET R , IX T RE R 1 TFHFE ™ A Rk
AR R ¥ Br 53, 7E DNase-1I B[E/NEA, cGAS
5 STING YK 1T A58 SRR AT TR IR BOE 5 |
H B I IORE Fp A RAY ) 2 s (2 A A
N cGAS L FE RIS 5 N A B 555 5 4IRS
RAL TR, A#E cGAS-STING ®ARIATT F-it
N H B e RS PR IR L T 2%

3 JFEMAE YRR cGAS-STING =

= W By R

3.1 DNA JEE k% ¢cGAS-STING {558 B ISR IE
DNA Z&¢ 51K H DNA JERE(EN 18 TS8R
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B N kB Y cGAS IR FIF LS A

BEBUSEHENIAY DNA J&, ML A s — (50
2°,3°-cGAMP 5 STING 454, 1§ 1Ll STING — %
N ER HeFe 2 m /KA A, BEfSHH5F TBK1 F1
IRF3, fiEik IRF3 F3E F AR —RITE &, SR)5
TEALIY IRF3 &) 0o B A A% P 975 5 18U IFN (9 3R
ik, TEFR RS /REAR Z AT, 1546 STING #G
NF-xB, S0 REAIE TR E . A0 IR A
YAE T Z 2L IR 2 S rb, RZBBUED)
E 2 AL ) ke ) e s R TGE
Jk, ZREEEE b Z R kR cGAS-STING
Ao R, R 1 HIES TR
[i] DNA i8¢ 26 F1ET X cGAS-STING {5518 & H

LI ¢cGAS. STING Wi, KR dbmlEm
AL
3.2 RNA f5FEki% ¢cGAS-STING 15 58 B 5
S oGAS-STING i 7E ] DNA JiEEH Y
YEFRIEL RNA ik ez AT g, (BARZHHR IR
52, RNA JREERIE Gl cGAS Zi# STING /-Fh9
PURTEE R IR e S EA B D) AR R o RNA J #5400
B2 Pt BERHLIET cGAS-STING 3 B HI0E . 36 2
IHZH 25 T AR RNA R 5ERT cGAS-STING
SEEET LA cGAS. STING WM, RIGEHIE
HRAE LT . 2R BN B (yellow fever
virus, YFV) ., A% 9% 5 (hepatitis C virus, HCV),
BRI BE(Dengue fever virus, DENV), AR5

= 1. BiT#[E ¢cGAS/STING 1% ¢cGAS-STING S 2B RE DNA FEE

Table 1. DNA viral proteins that inhibit the cGAS-STING signaling pathway by targeting cGAS/STING
DNA virus Protein Evasion of mechanism Reference
KSHV LANA Interacting with cGAS to inhibit cGAS activity [41]

ORF52 Blocking the binding of DNA to cGAS directly to inhibit cGAS activity [42]
vIRF1  Binding to STING to prevent its binding to TBK1 [43]
HSV-1 VP22  Interacting with cGAS to inhibit cGAS activity [51]
UL37  Making cGAS of human and mouse deamidation [52]
UL41  Reducing the protein level of cGAS by degrading the mRNA level of cGAS [53]
VP11/12 Interacting with cGAS to promote the degradation of STING [54]
VP1-2  After deleting VP1-2 to induce STING signaling pathway [55]
ICP27  Interacting with STING and TBK1 to inhibit IRF3 phosphorylated TBK1 [66]
HCMV IE2 Promoting degradation of STING by the proteasome pathway [47]
ULS82  Blocking the translocation of STING complex to inhibit the downstream pathway of STING  [48]
UL48  Inhibiting ubiquitination of STING, and then completely blocking its activation [49]
M48 Interacting with STING to prevent its interaction with TBK1 [50]
UL31 Dissociating DNA from cGAS to inhibit the activation of cGAS [56]
ULS83 Inhibiting the activation of cGAS [57]
US9 Interacting with STING to inhibit its dimerization and activation [58]
MHV68 ORF64 Inhibiting the activation of STING [50]
MCMV ml152  Delaying translocation of STING to inhibit the activation of antiviral signaling pathway [50]
M48 Interacting with STING to prevent its interaction with TBK1 [59]
HBV Pol Binding to STING and reducing the activity and function of its K63 polyubiquitin ligase [60]
Adenovirus E1A Binding to STING by the LXCXE motif to inhibit its signal pathway [67]
HPV E7 Binding STING by the LXCXE motif to inhibit its signal pathway [67]
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2. BiTHEE cGAS-STING #Hl#] cGAS-STING 5 51® KM RNA ImHEH

Table 2. RNA viral proteins that inhibit the cGAS-STING signaling pathway by targeting cGAS/STING
RNA virus Protein Evasion of mechanism Reference
YFV NS4B Interacting with STING to inhibit the activation of STING-mediated signaling pathway [61]

HCV NS4B Interacting with STING to destroy the formation of STING complex [62]
DENV NS2B/3 Binding and cracking of STING [63]
HCOV-NL63 PLP2-TM ir;tz?lc;gga:;t};;”ll;IING to inhibit the formation of STING dimer and block the interaction o
PEDV PLP Binding STING to inhibit its ubiquitination [65]
SARS-CoV  PLP Inhibiting STING activity and negatively regulating its dimerization and ubiquitination [68]

##(human coronavirus, HCoV). ¥&iif g5 25
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cGAS-STING signaling pathway: important mechanisms of
immune surveillance

Pingping Zhou, Tao Wang, Yuan Sun, Hua-Ji Qiu’

State Key Laboratory of Veterinary Biotechnology, Harbin Veterinary Research Institute, Chinese Academy of Agricultural
Sciences, Harbin 150069, Heilongjiang Province, China

Abstract: The recognition of microbial nucleic acids is a major mechanism by which the immune system detects
pathogenic microorganisms. Cyclic guanosine phosphate adenosine synthase is a cytoplasmic DNA sensor that
activates the CGAS-STING pathway after sensing pathogenic DNA. The cGAS-STING pathway not only mediates
innate immune response against infections by a large variety of DNA-containing pathogens, but also senses
tumor-derived DNA to generate intrinsic antitumor immunity. However, aberrant activation of the cGAS-STING
pathway by autologous DNA can also lead to autoimmune and inflammatory diseases. The paper reviews the
cGAS-STING signaling pathway and its regulation and functions in antiviral innate immunity, and expounds the
role of the cGAS-STING signaling pathway in defensing viral infections and diseases.
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