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Abstract

The cyclic GMP-AMP synthase (cGAS)-stimulator
of interferon gene (STING) signaling pathway is an
important immune response pathway in the cytoplasm,
and it is an important mechanism that regulates innate
immune and adaptive immune responses. As an

Baishidenge  WCJD | https:/ /www.wjgnet.com

important mechanism that detects and responds to
pathogens, the cGAS-STING signaling pathway plays a
key role in mediating immunity against DNA pathogens
and the body’s internal immunity against tumors.
Clinically, STING activators are often used for tumor
treatment. Also, cGAS can act as a tumor prognostic
marker. At present, related agonists of cGAS and STING
have been used in clinical treatment of colon cancer, but
their effects in tumors from other tissues are not clear yet.
Thus, their effectiveness and safety are still needed to be
further studied.

© The Author(s) 2020. Published by Baishideng Publishing
Group Inc. All rights reserved.
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DR RE, TR SRR AR — M IR R, i
R MG VR 45 B e R S 20T . B 7 A
SR B AR AR EEEAEE, —MEA
Y RPERITIERE NS S E s - B - IR A
& (cyclic GMP - AMP synthase, cGAS)-T-#L 25 it
[A(stimulator of interferon gene, STING )it i/ F >k it
ANNATRRES . ol % i T oA s T4 1 RT3
U AT HAEF . P B R SRS
5 TP i e 9eg ) L 9 R B 466 Pes i AE ke DRI T
T8 I AR S PR s A Bl ) ) c G AS-S TIN Gl 2t
SRR ER, SEALAA IR sz, DR 25 i i)
KAERNE, ILBETT H . ASCR X cGAS-STINGIH %
TE45 1 T BAH SCHIE TN PASEIR, 20 i a8 B 7E I R
HH R R S H ) i

1 cGAS-STINGIB{L R4k, ZRihA
cGAS(H IR 17 - IR H IR A i, cylic GMP-AMP
synthase) X FK C6ORF150 B MB21D1, & —F43 1 i &
£ 60 kDa 8 A, 1EN—FAEAE T M 2% DNA J&32
A5, Y IE HLA 1) S B R TR AR 5 £ FART ) DNA
e FHEEAH HAEA. ¢GAS 5 HIEMH DNA B
A G )R, CGASZRARMIF SRR, Gid — R FI
A1k, Bk P2 A 2'3-cGAMPY.,
STING X FRERIS/MYPS/MITA, &4
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TMEMI 73 M 4att () 2 Thae ek | AW, afai s
EELE RS, 3o RS M. R AR R AH ELAE
3R, PLA S TANKSE G0 1 (TANK-binding kinase 1,
TBK)MHEAEH S5, 5 EARE T, STING £
H AN S I5IRAS. £ 23-cGAMP 4545, STING KR E
TRAL SRR G, MNP S I R SR AR s
R RLAR. STINGREEETBK 1 iR 1L s S R
TFIRF-3(F5 FIRIFNR M) A5 5% SR S B0E K1
6(signal transduction and activator of transcription 6, STAT-
6), 1% Sk F-UCCL2, CCL6, CCL20%5, v ] i it
Lie BIH (1K K) (1375 P 05 7 K Tk B(nuclear factor
kappa-B, NF-kB)“"55 5 3[R 7 77 45 2 Bl g A= 9%

AATX e GAS-STINGHIHF FIZ B IR Z]. cGAS-
STIN Gith 3 f5z F- 388 1o %o 3 2 ¥ [ 4 % 51 RS B AN, 3T
SR, BEXISTINGIZ R4k WEER Ak, 1T W P i
G925 SN 7 THT FFIA'E FH A 328 T 1 2 Fofr o 24 A 2 = o g
1775 5. DNAJKHFEEGL 15 40 Ja A =X IR o0 52 44 &
MDAS= A A5 AR, B0 M IcGASA icGAMP, J&5
cGAMP 5 STINGH) — Rk 45 &, S TBK1-IRF3,NF-xB
LGSR, A4 T BT ILER. AL AL B
W ZFRAFMHS V-1, KSHV. HIV-1"H [{IDN AR/
IR T 85 S g, A BRI A S 92 (1) B A
g3 FERX — R E A FHKSHV AAHS V-14790 N
TGN L, SRR A CDFHMET
AR S T BT A=A, ol 1 = o 6, ok
ST B Sz, an 1,

2 cGAS-STINGESHMESBIBEEIFRS 5%
bzt
cGASHISTING T Hufie fofie(H SR Fe 5 H K H)%),
ST CDATBEWTIM I Gl i 25 s iR 7 AR g
S ZR 10 G P2 1 R B D, i — S R B R T
R, WAL R (R TS HAR 4. U= AR
[ 78 TF N2 243 [ A e B A3 N S 28 R U R 4
e R BT, DR IR A S P e R A AR SR 4
FEAI) T BUIEN, AR LABS [ 5 g, R T4
MRIAE ORI B%E, HeGAMPIEANSZ IR-T [ 45 (40
G557, AT elE N A N B0 E 5 5
AR B X IR A S, TR R TFN-IE ST e i
1) G2 25 [ B LH G o, B R E . B Z1FN-L
55 AR 0 T I T v 0 R A R AR Y,
IFN-I{5 54 356 FNK AU B iR s v ikt & 51 %
JieeTeE 240 PR 58 SO AR L E

BT RS, IR A, ARG N T K
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dsDNA dsDNA from cytoplasm (bacteria, retroviral, tumor), agonists
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NF-«B signaling pathway
(B) stng —> IKK-IKBa

@ IRF3
(C) @ IRF3
Type | intefferons

Nucleus
oo/

DC: Cross-priming, tumor immune

Anti-tumor effects

1 DURSSRAIREE /965, 15BAcGAS-STING/TBKI/IRF3/-nucleus DNASERK, 1 BT RAVRELEES. A: JNFDNA (R THHF A48l

TRamNe . WL EE . L) B: BIDNAJS, cGAS*AEcGAMPAHICDNS: 2°3—cGAMPZE S cGAS,[HcGAS TR AN, JGIESTING 2§
{k. STINGIES/RAEM FSTBKIZREE; C: STING-TBK1/IKKFSER (VIR F3FIIkBa, —S(VAIREER VIR F3 AR, P4 T B2 D: SUflNF—«B
TERTEAL, (RdE T BT R B i RE nl T s Ramieh & Ak, s WA EZIATT; B oAy 1 TR e A TIvE %%, DC:

MBI

HUARE IR St 2 5 IR 3 28 27 HIORH % 1Y) B 23T
FEAR S 32 0 R (R AH DG U2 R 1 AR R AT 3
TEE TSN G W R, IR O 5 R AR AE 8 58
i R0 SR 98 VR 20 BB TECE IR A B . i
EAEH M2 BRI, R R, hrERigeiE. T4
it W GER R =i G Y R AP e SN 1K = 4 =% PSR V& 9
R fidemig s, oxf e AR KAz 2 i 3 RIME A, FohNF-«B,
MMP(matrix metalloproteinase, & /i 4@ & (i) 5 N H
BLONF-«BIERIE. RINGE . J5 RGeS FE AKX
AVER. S4b, e A 5 v ) e 2 B sd el A i
AATEMERRNEY), FEUHEHLSAADNATIY, 75

45 B e A 15 T i TR IR, R 2R A
BUE T, A8 R JR R 24 AR, AH G R 3R A 46 1 5
W, dEtevE SORE R T SosR A, 45 B T K
A TSI E G PAEATAL (BB ARG W aech
Z O, nEI R VR E PR S B R AR A PR R
2 AR H AL RS

SEE e — RV R AL, BE A A
AL R 28 M R B A AR AE 22 . ARSI 60, IR 1) &
AR R S AN P RN A R (S S AR A OC. HETE:
BEOGVER S B A R M5 5@ BR 45 Wnt/B-catenin.
Notch. IL-6/JAK-STAT3. PI3K-Akt-mTOR. TGF-
Smads®{5 5B, XtcGAS-STINGIBH & il U
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I8 R AR A T A2 NcGAS-STING-
TBKI-IRF3- | B4 2@ H: STINGHAEiFES [ BIFN
7 A i — B BUE PUMYE C D8+ T4 iil. CRCZ 2
CD8-+TH 35 1) 14 1 5 58 4 ¥ 191 J AH DK, CD8+T4H
Je By T B R 40 M AR S U Bl i CR CANA; B R REE
REA IR GH M 5 SIRTFNAG = A, R A s v,
FEIRAN A (dendritic cell, DC) F [JcGAS-STING I #14>
L, LSRR RS X 28 3 I e sh R 4 5 C D8
PHPETHH A, CDSPHPETH AT Xt G2 J Ik v 1) i i
RKDCU A | RIT . WHAR R, (R4 MR e
Bir, DCHITFN-BARIE /& STINGHK i 14 1.

EAE B A R s 2R A7 T, cGAS-STINGIEE
AT DA T 9 AL S e A 3 TR R IR AL
TN EE . 45 SCRRIRIE B = cGASFISTINGHI /N R
JR I AT e 2 B N5k, FEE R AT, cGAS-
STINGIEARHIE AT T BT R A AN E A K
IR TR R

7ECGAS-STING 5STAT3H, A ik G LABE
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FAMIL-2, TNF-afIIFN-y X STING/STAT3#ii/r 5 T %Y
TF NI 12 11 PN K T4 M 375 3o SEBL ). IR S 1
cGAMPIK S (1] STING/S TAT3 Al 5% £ 40l i eg i3k Jig v
HEL I HEEAE . A3 TR IE 2 7E Sting-/-/N R 1 45 i 4141
1, STAT3 MIL-61K 7KV, TSTAT3 /2 il it e
R ITL-6R I R80T, X4 JLR 1, STINGIE T
P 2 iy v 1) 9 DI PR o 485 P R R A2, STING AT LA
il CRCIRUBE A

cGAS-STING 5 TGF-Bili i £ {EJiUJT (radiotherapy,
RT)5PD-L 1AM I3 [F 45 F, 2 e A 8 1) 2 WL
B A R IRIEP DN ARG KB P D-L 1 R I8 @ i
ATM/ATR/Chk LT 1 FcGAS/STINGH R & 4% L
W, IEW T DNAT G5 5757 S PD-L1R A F i /EH.
FIFE, 2B ARG IR a7 45 B e T A v AP,
TEJBCT 1 IR B8 307 AN B TXR3(— A A AL 4K 5
k), 175 TR A A A RIDN AR, f#cGAS-STING
BARWOE, B RBOT SR,

STINGHUE R A /MA: P8 HH S SCHRTRE, Sting-/-
ZIN B PR 5 i AL 213 v 0 5% 1T DR DR B L A ek b
MITL-18%614% FEASTING Eifl 7 R YEANLRP3 &
NLRP6JHLE. Bl W, STING A ik 405 /M
541 25 fim P A

AR, AT STINGIE M L& K O 5| ELiE
TRIT R T IR I A, T RE TR YT, HATE
SE ) A AL YR S TINGAC R c GAMP{ S HHiFR
TR TR R, Z R O N R B I R,
VER5 G 2 25 401 350 B[R] 11 P 2 e f) SR s ).
A SCHRIRIER— /N> T STING IS, @it — i A
R F PN KRR [Tk Jie 5 2 R R (A BZD) BEAL A P 1
FERMAS, QI T ISR IS TINGESE & A4 i T A B
FIIABZI(diABZIs). 7] .45 8 1 s T e 1E # 11
/NERERIIK N %5 T diABZI STINGH# SN2 51 EE5m 2 14t
iR 1, AR R T IR,

EARERRE, 123875 B I H X 2 Fhdl SRR R
(P A R A SCRRP R, 8 A3 S STIN G Sh (2,
FEREOZIR. il AR R IIRTT 2
R TR RS T B Z IR AT IR VAT 1 228
S TTIEIBHE NI R A v6 7 1) B B4,

52 MR, B STINGHITE E R L 45 H ip i
SIS 1 2% A5 L 1 AR MR 2R 3 . A SCRRR B AE
StingiFR /N B AL 23 9 RE AN BRI 3G 0, e AR AR
RPN, SIS R FECRCKR B AR B, 45
ZAMISting-/-IN BRUIMLIE H B 48 X (WIL-6 FIK C) 7K~
THEr. UbAb, p-STAT3HIZKFAESting-/-/IN B 45 is 4H 41
B, JEE R IL-6RI RN T, A BT 45 g

Baishidenge  WCJD | https:/ /www.wjgnet.com

¥ A2, R BIS TIN G AT R it vok /b 45 Mg 9 A SR 1 il
7} e

3 cGAS/STINGYE NG B IpfE i HE TG BIAT S

WIFT S48, cGAS-STINGIE K BEWS 77 A4 22 Fh A= 4
RN, A AT U R, e A2
TR IR TG B adt REROAE . A8 SCHRARIE e G A S5 it Ji
DN AJER 8 A% 2 It AF G 358 R 76 45 i P Ja 20 23 b = 3R
ik, HeAh, KILeGAS FiAS BHHE Bl 0%, X Tk
ATARL i A PRI T 48 T L AR AN AR 8 BRI
cGAS/STING(E 5% 5, #4125,

&5 M e 5 A 2R il 52 4k 51 kD 1 1 SOE A OK.
cGASH L iz BRI AR 2R A2 A i (g —Fp . LI
[RAH AR, fIcGAS rs72960018, cGAS rs9352000, Fll
TMEMI173 548 AV HAT 5 22 AR (1 S Aoy R 485 7
CRCARS A3 m, H5 R AT R 2 N T
PN R FARAE R 2R A B A, 12H0 B AR F (4
I RE SR T s LR [ B TIE.
IL-1B TL-18°Y, TL-22"3KIA Fif sk sk, &k S8
FES Wm ABE hn. 1E 5 9K EIL-18 TL-22 XIL-
22BP(IL-2245 4 8 )% A RIS R, HRIEPISTING I 5
IL-18_ifd, i#t— FiRIL-22BPHIZKIA, TL-22BP AT
TL-22; TITL-22 84 F B 2 {2 itk 45 e ok A= 1) ) 2 72

STING ] D 2 AL 40l 45 g ik A, &
FEEAFR T 5 0E, BOE R M MAR/EE S T A
IFN. STING 1] §EiEL 15 T T BUIFN =4 et — s
PR CDS+TAH L. CRCZHZ 1 CD8+THH LI I3
SR BRI Ak, A SCRike g BT S e
A, STINGAE T 24 2 P4, 35cGAS/STING
JA ST RABEALTTER, STINGH; YR, SHSTING
Fik KV TE 0 BiTE EDN ARG S F4E, RREr- 4
FHOCAHMIER T, AT 58501 3 e 5240 B g 4 i G s 1k
. XKL T cGAS K STINGIH 7K -5 45 e (1 A R B
B B R S (AR AR .

4 cGAS-STINGEB BV MREDFI R N AR
cGAS-STINGIE Aot b2 A4 1 [ 45 H 28 1 B8 223504,
T2 I8 I 1) 3N AU TE R FH T IR v 7 g TR B Y i
P IR E L ZBR(DMXAA), 1E R — AN
cGAS-STING&#Z 2P E e 15 2 A i & /D RUA
WRES PESE SRIFN A2, (HE AENDMXAA5STING
VERIES, A= AESTINGES BN, Rtk 3% 345 5
PN cGAS-STINGEEN I I R LI AE J6 7 ) H 2
.

e F T R S AE IS TINGELSh 77, A SCiHkikiE —

2020-11-08 | Volume 28 | Issue 21 |



EHS, 5. cGAS-STINGIESBIS LS ipREPaV ERBHIT

FiAL AP0 XUE — R B2 (D SDP) RS LUK H Th B 14
ASTINGTH HE/N RS TIN G 32 1 5 27 5 48 g &)
TN, HRIH 7K MPURSEoMEIERN. BT
cGAMP™, ADU-S100""45 /Ny P Eh7R 41, w2
F A ) BAT W SRS TIN G & 1 A4 il
DR REFZ I AB Z 1Tt i B R DK (diABZs). AL
HYIRENS BSOS TING, BAT s Z PR vs 1. X
PR 1 I R e P R ) G R ) S B A A S
YT IR G B Tt B . CDN s —FlaE 543 201
STINGENF, H AR B A3 2 1 RS FH R (c-di-
GMP)55 k% 20 ffg 38 A5 M 2= i 1 TG B V6 97 R IA TR
HIZHUEMAGE-b™, & RENS S SR AL S BT B

H 5550 bR e B F /b H 3 . CD NS4 P 2
i Ieg B A 5 K TR 1 . R T LI PR 22 A PR R 5
PRI R A

5 &g

cGAS- STING/E T IE B AE A 5T P 2 22 1) Sl B
TR, A E A % B 4. cGASTE A — AR
AR B2 A4, VR0 A B R 4 DN A, AT 8
cGAS-STING-TBKI-IRF3-IFNfi S TAT/{5 5@ i 7= 4=
[ BUIFN. P2 A e /M ST IS 5 e s, /N
JEERA. SR, cGASHIEMMENE 205 45 A ¢, H.
TES e c G ASTE R 1 22 R, SESTINGAE
GRIGETIER. ANREHRE 10w AKPFA L, &
M e kiR, [N e G ASIHA 1R N R IALE e K I
PR EVITE 7. STING R R0 2% AR A/ el S 1Y
IFNEFIR A S5 W Mos B Rk A2, H RS AE IR o 58
BB SEEECDS+TAIN, W] R OGS4 e B W, 1E
DR bk, 7545 IR Va7 77 T, cGAS-STINGI# 24 130
FUZHRE NN, H AT 40k H— 2 B g R
FEMCcGAS/STINGIBNH, 1481t fu e B ith Ry
FPER N AR A, I BAEANR T4 n) 2
ST e o B S e R e IR, SR e 22 Ak
AIEEME, DUROREAS [E] i 1 28 R 22 AT e i .

6 ZEXE

1 Swann ]B, Hayakawa Y, Zerafa N, Sheehan KC, Scott B,
Schreiber RD, Hertzog P, Smyth M]J. Type I IEN contributes
to NK cell homeostasis, activation, and antitumor function. |
Immunol 2007; 178: 7540-7549 [PMID: 17548588 DOI: 10.4049/
jfimmunol.178.12.7540]

2 Yang J, Tang X, Nandakumar KS, Cheng K. Autophagy
induced by STING, an unnoticed and primordial function of
cGAS. Cell Mol Immunol 2019; 16: 683-684 [PMID: 31142798
DOI: 10.1038/s41423-019-0240-2]

3 Burdette DL, Monroe KM, Sotelo-Troha K, Iwig JS, Eckert B,
Hyodo M, Hayakawa Y, Vance RE. STING is a direct innate
immune sensor of cyclic di-GMP. Nature 2011; 478: 515-518
[PMID: 21947006 DOI: 10.1038 /nature10429]

Baishidenge  WCJD | https:/ /www.wjgnet.com

1088

o

7%

10

11

12

13

14

15

16

17

18

Zhong B, Yang Y, Li S, Wang YY, Li Y, Diao F, Lei C, He X,
Zhang L, Tien P, Shu HB. The adaptor protein MITA links
virus-sensing receptors to IRF3 transcription factor activation.
Immunity 2008; 29: 538-550 [PMID: 18818105 DOI: 10.1016/
jimmuni.2008.09.003]

Ishikawa H, Barber GN. STING is an endoplasmic reticulum
adaptor that facilitates innate immune signalling. Nature 2008;
455: 674-678 [PMID: 18724357 DOI: 10.1038 / nature07317]

Chen DS, Mellman I. Oncology meets immunology: the cancer-
immunity cycle. Immunity 2013; 39: 1-10 [PMID: 23890059 DOI:
10.1016/j.immuni.2013.07.012]

Li A, YiM, Qin S, Song Y, Chu Q, Wu K. Activating cGAS-
STING pathway for the optimal effect of cancer immunotherapy.
J Hematol Oncol 2019; 12: 35 [PMID: 30935414 DOI: 10.1186/
513045-019-0721-x]

Deng L, Liang H, Xu M, Yang X, Burnette B, Arina A, Li XD,
Mauceri H, Beckett M, Darga T, Huang X, Gajewski TF, Chen
7], Fu YX, Weichselbaum RR. STING-Dependent Cytosolic
DNA Sensing Promotes Radiation-Induced Type I Interferon-
Dependent Antitumor Immunity in Immunogenic Tumors.
Immunity 2014; 41: 843-852 [PMID: 25517616 DOI: 10.1016/
jimmuni.2014.10.019]

Wang H, Hu S, Chen X, Shi H, Chen C, Sun L, Chen Z]. cGAS
is essential for the antitumor effect of immune checkpoint
blockade. Proc Natl Acad Sci USA 2017; 114: 1637-1642 [PMID:
28137885 DOI: 10.1073/ pnas.1621363114]

Dunn GP, Bruce AT, Sheehan KC, Shankaran V, Uppaluri
R, Bui JD, Diamond MS, Koebel CM, Arthur C, White JM,
Schreiber RD. A critical function for type I interferons in cancer
immunoediting. Nat Immunol 2005; 6: 722-729 [PMID: 15951814
DOI: 10.1038/ni1213]

Estrella V, Chen T, Lloyd M, Wojtkowiak ], Cornnell HH,
Ibrahim-Hashim A, Bailey K, Balagurunathan Y, Rothberg JM,
Sloane BF, Johnson J, Gatenby RA, Gillies R]. Acidity generated
by the tumor microenvironment drives local invasion. Cancer
Res 2013; 73: 1524-1535 [PMID: 23288510 DOI: 10.1158/0008-
5472 CAN-12-2796]

Woo SR, Corrales L, Gajewski TF. The STING pathway and the
T cell-inflamed tumor microenvironment. Trends Immunol 2015;
36: 250-256 [PMID: 25758021 DOI: 10.1016/].it.2015.02.003]
Farhood B, Najafi M, Mortezaee K. CD8" cytotoxic T lymphocytes
in cancer immunotherapy: A review. | Cell Physiol 2019; 234: 8509-
8521 [PMID: 30520029 DOI: 10.1002/jcp.27782]

Bertrand FE, Angus CW, Partis W], Sigounas G. Developmental
pathways in colon cancer: crosstalk between WNT, BMP,
Hedgehog and Notch. Cell Cycle 2012; 11: 4344-4351 [PMID:
23032367 DOI: 104161/ cc.22134]

Naito Y, Saito K, Shiiba K, Ohuchi A, Saigenji K, Nagura H,
Ohtani H. CD8+ T cells infiltrated within cancer cell nests as a
prognostic factor in human colorectal cancer. Cancer Res 1998;
58: 3491-3494 [PMID: 9721846]

Fuertes MB, Kacha AK, Kline ], Woo SR, Kranz DM, Murphy
KM, Gajewski TF. Host type I IEN signals are required for
antitumor CD8+ T cell responses through CD8{alpha}+
dendritic cells. | Exp Med 2011; 208: 2005-2016 [PMID: 21930765
DOI: 10.1084/jem.20101159]

Andzinski L, Spanier J, Kasnitz N, Kroger A, Jin L, Brinkmann
MM, Kalinke U, Weiss S, Jablonska J, Lienenklaus S. Growing
tumors induce a local STING dependent Type I IFN response
in dendritic cells. Int | Cancer 2016; 139: 1350-1357 [PMID:
27116225 DOI: 10.1002/ijc.30159]

Diamond MS, Kinder M, Matsushita H, Mashayekhi M, Dunn
GP, Archambault JM, Lee H, Arthur CD, White JM, Kalinke
U, Murphy KM, Schreiber RD. Type I interferon is selectively
required by dendritic cells for immune rejection of tumors. |
Exp Med 2011; 208: 1989-2003 [PMID: 21930769 DOIL: 10.1084/
jem.20101158]

2020-11-08 | Volume 28 | Issue 21 |



19

20

21

23

24

25

26

27

28

29

30

31

J3aishideng®

EHS, 5. cGAS-STINGESBIBASIHETOVERN IR

Yang H, Wang H, Ren J, Chen Q, Chen ZJ. cGAS is essential
for cellular senescence. Proc Natl Acad Sci USA 2017; 114:
E4612-E4620 [PMID: 28533362 DOI: 10.1073 / pnas.1705499114]
Gliick S, Guey B, Gulen MF, Wolter K, Kang TW, Schmacke
NA, Bridgeman A, Rehwinkel ], Zender L, Ablasser A. Innate
immune sensing of cytosolic chromatin fragments through
c¢GAS promotes senescence. Nat Cell Biol 2017; 19: 1061-1070
[PMID: 28759028 DOI: 10.1038/ ncb3586]

Jiang X, Liu G, Hu Z, Chen G, Chen J, Lv Z. cGAMP inhibits
tumor growth in colorectal cancer metastasis through the
STING/STAT3 axis in a zebrafish xenograft model. Fish
Shellfish Immunol 2019; 95: 220-226 [PMID: 31586458 DOI:
10.1016/j.£51.2019.09.075]

Zhu Q, Man SM, Gurung P, Liu Z, Vogel P, Lamkanfi M,
Kanneganti TD. Cutting edge: STING mediates protection
against colorectal tumorigenesis by governing the magnitude
of intestinal inflammation. | Immunol 2014; 193: 47794782
[PMID: 25320273 DOI: 10.4049/ jimmunol.1402051]

Shevtsov M, Sato H, Multhoff G, Shibata A. Novel Approaches
to Improve the Efficacy of Immuno-Radiotherapy. Front Oncol
2019; 9: 156 [PMID: 30941308 DOI: 10.3389/ fonc.2019.00156]
Marill J, Mohamed Anesary N, Paris S. DNA damage
enhancement by radiotherapy-activated hafnium oxide
nanoparticles improves cGAS-STING pathway activation in
human colorectal cancer cells. Radiother Oncol 2019; 141: 262-266
[PMID: 31439450 DOI: 10.1016/j.radonc.2019.07.029]

Li T, Chen ZJ. The cGAS-cGAMP-STING pathway connects
DNA damage to inflammation, senescence, and cancer. | Exp
Med 2018; 215: 1287-1299 [PMID: 29622565 DOI: 10.1084/
jem.20180139]

Mullard A. Can innate immune system targets turn up the heat
on ‘cold” tumours? Nat Rev Drug Discov 2018; 17: 3-5 [PMID:
29282375 DOI: 10.1038 /nrd.2017.264]

Ramanjulu JM, Pesiridis GS, Yang J, Concha N, Singhaus R,
Zhang SY, Tran JL, Moore P, Lehmann S, Eberl HC, Muelbaier
M, Schneck JL, Clemens ], Adam M, Mehlmann J, Romano J,
Morales A, Kang J, Leister L, Graybill TL, Charnley AK, Ye G,
Nevins N, Behnia K, Wolf Al, Kasparcova V, Nurse K, Wang
L, Puhl AC, Li Y, Klein M, Hopson CB, Guss ], Bantscheff M,
Bergamini G, Reilly MA, Lian Y, Duffy KJ, Adams J, Foley KP,
Gough PJ, Marquis RW, Smothers J, Hoos A, Bertin J. Design of
amidobenzimidazole STING receptor agonists with systemic
activity. Nature 2018; 564: 439-443 [PMID: 30405246 DOI:
10.1038/s41586-018-0705-y]

Corrales L, Gajewski TF. Molecular Pathways: Targeting the
Stimulator of Interferon Genes (STING) in the Immunotherapy
of Cancer. Clin Cancer Res 2015; 21: 4774-4779 [PMID: 26373573
DOI: 10.1158/1078-0432.CCR-15-1362]

Corvinus FM, Orth C, Moriggl R, Tsareva SA, Wagner S,
Pfitzner EB, Baus D, Kaufmann R, Huber LA, Zatloukal K,
Beug H, Ohlschliager P, Schiitz A, Halbhuber K]J, Friedrich K.
Persistent STAT3 activation in colon cancer is associated with
enhanced cell proliferation and tumor growth. Neoplasia 2005; 7:
545-555 [PMID: 16036105 DOI: 10.1593 / neo.04571]

Yang CA, Huang HY, Chang YS, Lin CL, Lai IL, Chang ]JG.
DNA-Sensing and Nuclease Gene Expressions as Markers
for Colorectal Cancer Progression. Oncology 2017; 92: 115-124
[PMID: 27988520 DOI: 10.1159/000452281]

Vasudevan A, Baruah PS, Smith JC, Wang Z, Sayles NM,
Andrews P, Kendall ], Leu J, Chunduri NK, Levy D, Wigler

WCJD | https://www.wjgnet.com

32

33

35

36

37

38

39

40

41

42

1089

M, Storchova Z, Sheltzer JM. Single-Chromosomal Gains Can
Function as Metastasis Suppressors and Promoters in Colon
Cancer. Dev Cell 2020; 52: 413-428.e6 [PMID: 32097652 DOI:
10.1016/j.devcel.2020.01.034]

He L, ChenY, Wu Y, Xu Y, Zhang Z, Liu Z. Nucleic acid
sensing pattern recognition receptors in the development of
colorectal cancer and colitis. Cell Mol Life Sci 2017; 74: 2395-2411
[PMID: 28224203 DOI: 10.1007/s00018-017-2477-1]

Catalano C, da Silva Filho M1, Frank C, Lu S, Jiraskova K,
Vymetalkova V, Levy M, Liska V, Vycital O, Naccarati A,
Vodickova L, Hemminki K, Vodicka P, Weber ANR, Forsti
A. Epistatic effect of TLR3 and cGAS-STING-IKKe-TBK1-IFN
signaling variants on colorectal cancer risk. Cancer Med 2020; 9:
1473-1484 [PMID: 31869529 DOI: 10.1002/ cam4.2804]

Elinav E, Nowarski R, Thaiss CA, Hu B, Jin C, Flavell RA.
Inflammation-induced cancer: crosstalk between tumours,
immune cells and microorganisms. Nat Rev Cancer 2013; 13:
759-771 [PMID: 24154716 DOI: 10.1038 /nrc3611]

Huber S, Gagliani N, Zenewicz LA, Huber FJ, Bosurgi L, Hu
B, Hedl M, Zhang W, O’Connor W Jr, Murphy AJ, Valenzuela
DM, Yancopoulos GD, Booth CJ, Cho JH, Ouyang W, Abraham
C, Flavell RA. IL-22BP is regulated by the inflammasome and
modulates tumorigenesis in the intestine. Nature 2012; 491: 259-
263 [PMID: 23075849 DOI: 10.1038/nature11535]

Ahn ], Konno H, Barber GN. Diverse roles of STING-dependent
signaling on the development of cancer. Oncogene 2015; 34:
5302-5308 [PMID: 25639870 DOI: 10.1038/ onc.2014.457]

Konno H, Yamauchi S, Berglund A, Putney RM, Mulé J],
Barber GN. Suppression of STING signaling through epigenetic
silencing and missense mutation impedes DNA damage
mediated cytokine production. Oncogene 2018; 37: 20372051
[PMID: 29367762 DOI: 10.1038/ s41388-017-0120-0]

Conlon ], Burdette DL, Sharma S, Bhat N, Thompson M,
Jiang Z, Rathinam VA, Monks B, Jin T, Xiao TS, Vogel SN,
Vance RE, Fitzgerald KA. Mouse, but not human STING,
binds and signals in response to the vascular disrupting agent
5,6-dimethylxanthenone-4-acetic acid. | Immunol 2013; 190:
5216-5225 [PMID: 23585680 DOI: 10.4049/jimmunol.1300097]
Liu B, Tang L, Zhang X, Ma ], Sehgal M, Cheng J, Zhang X,
Zhou Y, Du Y, Kulp J, Guo JT, Chang J. A cell-based high
throughput screening assay for the discovery of cGAS-STING
pathway agonists. Antiviral Res 2017; 147: 37-46 [PMID:
28982551 DOI: 10.1016/j.antiviral.2017.10.001]

Eaglesham JB, Kranzusch PJ. Conserved strategies for pathogen
evasion of cGAS-STING immunity. Curr Opin Immunol 2020;
66: 27-34 [PMID: 32339908 DOI: 10.1016/j.c0i.2020.04.002]
Sivick KE, Desbien AL, Glickman LH, Reiner GL, Corrales L,
Surh NH, Hudson TE, Vu UT, Francica BJ, Banda T, Katibah
GE, Kanne DB, Leong JJ, Metchette K, Bruml JR, Ndubaku CO,
McKenna JM, Feng Y, Zheng L, Bender SL, Cho CY, Leong
ML, van Elsas A, Dubensky TW Jr, McWhirter SM. Magnitude
of Therapeutic STING Activation Determines CD8" T Cell-
Mediated Anti-tumor Immunity. Cell Rep 2018; 25: 3074-3085.e5
[PMID: 30540940 DOI: 10.1016/j.celrep.2018.11.047]

Chandra D, Quispe-Tintaya W, Jahangir A, Asafu-Adjei D,
Ramos I, Sintim HO, Zhou ], Hayakawa Y, Karaolis DK,
Gravekamp C. STING ligand c-di-GMP improves cancer
vaccination against metastatic breast cancer. Cancer Immunol
Res 2014; 2: 901-910 [PMID: 24913717 DOI: 10.1158/2326-6066.
CIR-13-0123]

At B4R HIMER A RALE

2020-11-08 | Volume 28 | Issue 21 |



JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton,
CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wjgnet.com
https://www.wjgnet.com

ISSN 1009-3079

““21>

771009°307056 N"”

9

© 2020 Baishideng Publishing Group Inc. All rights reserved.



