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Abstract The cyclic guanosine monophosphate-adenosine monophosphate (GMP-AMP) synthase (¢cGAS protein) -
stimulator of interferon genes (STING protein) (cGAS-STING) signaling pathway is a crucial pathway for recognizing
abnormal DNA in the cytoplasm and activating the innate immune response system. After recognizing abnormal DNA
in the cytoplasm, ¢GAS protein can catalyze the synthesis of cyclic guanosine diphosphate adenosine (cyclic
GMP-AMP, ¢GAMP) from adenosine triphosphate (ATP) and guanosine triphosphate (GTP). cGAMP, as a second
messenger, activates the stimulator of interferon gene (STING protein) , promoting the release of type I interferons
and thus initiating a series of immune responses. The ¢GAS-STING pathway can regulate tumor metastasis and
growth, participate in anti-tumor innate immune responses, and exploring the mechanism of action of the
c¢GAS-STING pathway is of great significance in tumor immunotherapy. This review introduces the mechanism of
action of the ¢cGAS-STING pathway and summarizes various strategies currently used to activate the ¢cGAS-STING
pathway in anti-tumor immunotherapy.
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W TR S AF R & A B [eyclic guanosine monophosphate-adenosine monophosphate (GMP-AMP)
synthase, cGAS [ | /& —FhEMFLsh W) b K RO IR EE RE Wl , 70T 1207 6x10°. cGASHE L5 P&
A — AR EETCT B H 1~160 13 28 FE IR 5% JE 4 A8 i N s DX, AT DL SR 38 Ml 5 AN [R 4544 #1791 Y DNA 25
B, BERTE T HA DNA 9 R BHJED. cCAS P IEA — AR RS 1Y C o X sk, B Mab-21 4544
. AR T MAB21 KR 117, VE R cGAS/DneV FERTF IR B i (CD-NTase ) KR A B E K 5
HATLLY cGAS B N i XA &, {230k cGAS B IR . Ak, 12 cGAS B Y A) 37 B ik
A — DA TTHEAL A A, A5 — S8 BAT S A 2R BR AR BE . 2 cGAS 2 11 -5 40 i ot v A L%
DNA (dsDNA) BN TE /A5 75 DNA 455 /5 , HLZE G by TE HL a7 i) 2 SR ik Ak 25 55 0 £ (19 DNA B 1R 32
HERAMBAER], i cCASHE I Rk, N5 LEMS . AW NRER, IR
(AMP) ) 5'-WE IR 5 —BEIR S 1 (GTP) 9 2'-0H, =R (ATP) Y 3'-OH 5 S ¥R (GMP) Y 5'- 1R
Oy WIE R 2" -5 FN 3 -5 IR R, B AR 23 - FRIR S A IR TR IR Y (eyclic GMP-AMP, ¢GAMP).

2008 4F-, Barber™ #ll Zhong LELIPT R E RN RN R T T TP = 3% R (stimulator of interferon
genes, STING £5[1). FfiJ5 , Shang 55 /) V& Uk B F B B R 52 /@M T STING 2 11945+ . STING
MBS SRR, HEE & — SR N uim g A, iy 4425 R E TM1 ~ TM4 ZH K,
FLAE &4 STING & 11 15 26 N BRI | . [Rlis, STING 2& & A — 68 -5 40 i o h oA 45 & 1
Cuinfe ‘T AL A5, AT 5 MR RBE IR 752 AR SC DR 1S A 53 AH DG O AZ A 1~ B 16 AL A - (TANK) 45
AP 1 (TANK-binding kinase 1, TBK1 ) M T HEZE V5 [N 3 (interferon regulatory factor 3, IRF3) 454,
IR e RO FER QAR T, STING 81 1 2 3y Wik —RIIE A, AT Al R R
2'3"-cGAMP S5 IR 7 F (eyclic dinucleotide, CDN) AT DA ik &0 88 A1t /K A BAE 45 & 2 STING
TR PO EER AL, 755 STING 2 11 & A M A2 Al (1] A HERS 29 20 nm) , AATITICTG STING £ 1 .
B% 0G99 STING 2 17T DA A6 TBK1, i IRF3 F1 %% 5% 3 i [N+ 6 (signal transducer and activator of
transeription 6, STAT-6) %5 T k% st N i1k, 75 80K Tl A 2 (chemokine ligand 2, CCL2) ¥4
AU FECiA 20 (chemokine ligand 20, CCL20) 484 0 7. SRR LI IRFI AL )E , &S T
Z-I(Interferon-1, TFN-I) FUHE 55 Gl I 15 AR S O AR DR 597 A8, AT e 2 240 28 P T 9 L 40 M )
TS, W cGAS-STING 3 #& (147 IR Sz mi g (P 1).
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Fig.1 dsDNA-mediated activation of the cGAS-STING pathway in tumor cells
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¢GAS-STING 38 A 0T LAFEE B RS Gesse i 107, o] REAEE e () & e FnFE RS . i AN B R BE,
FEMZ MR T cCAS-STING 3 #% AT BB 5| A&t RAEIR S IEAE . 4N, 7,12- " H 32K (a) BUE— R EUEDY)
AT SR IMATE IR A0 5T R 3005 cGAS-STING 8 %, 175 S/ N U BRIPR 09 & £ cGAS EE I
TR AT LA A3 1 ek 240 ) dsDINA, - Ty 328 s Jek 8 240 A PR ) A R STING 2 1 T LA 3 e 807 s e
J¥e 2., 3- AU AR R I e 0 AR K, S b -G 2R A A - IR I a2 g 200 e 1 e
e 53 AN, I A0 A R AEE B DNA R R AT DA I R W ) A I R o TS
cGAS-STING 3 # >k_F- i8] p52 B ik, DIl T 240 B i e g v PR AT O, ERER Anfer R FH A K
FEARMZFGTT ik R AG S cGAS-STING 3 %, 70438018 BT g Goyse i 17, - [] Asf 00 i) JEL o P g A
KANEERS AL HEAE T B — A B A 5 5 1]

ASCRAET STING BN F 0 IT & F cGAS-STING 3 J% (R80T M, 235 PEIR T T 4F 4 A 56 45U 1Y)
W .

1 Z5¥0iiE cGAS-STING & 2%

L1 INYFESY)

CDNs J& — R B ZE I RAR BN, REME HHEAE T STING 25 1. (HZ AR P e i)~
L i) 1 22 DA R 0E 1 A R )92 125 R 0 22 S5 IRl BB G PRV A R EL R BB AR X S5 IR AR N
PEPE /NG —F I R I SR AL A T R AU FF R (cyclic diguanosine monophosphate, CDG) BIECA (cyclic
di-guanosine monophosphate, c-di-GMP) , 36 H 5 CDG 412 ilife e IBERIE g KBk . 51 25 1) CDG 4
P, ZERIE QK IURL AT R e MR A0 b e T ik, (2 T CDG TR MR AL AR SR, B 1 e fie
PERREE , 6/ B SR A 2R AN R 358 T cGAS-STING 3 1A 5 A MRS Gra3e SR [ P 2(A) ~(D) 1.
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Fig.2 Synthesis procedure of supramolecular cyclic dinucleotide nanoparticle delivery system CDG-NPs
(A), cryo-EM image of CDG-NPs(B), CDG quantification in DC 2. 4 cells at 4 h after coculture with
CDG(423 pg/mL) and CDG -NPs(423 pg CDG/mL) measured by LC-MS(C), amount of IFN-8
secreted by RAW 264. 7 cocultured with CDG(146 pg/mL) and CDP-NPs(146 pg/mL CDG) for
24 h(D)"™, photographs and volume of tumors at 10th day after indicated treatments(E)"® and
representative fluorescence images of ROS in LLC cells after incubation of PBS, PDIC-NS or OXA
(2. 5 pmol/L) for 6 h(F)""

(A—D) Copyright 2023, American Chemical Society; (E) Copyright 2021, Wiley Online Library; (F) Copyright 2024,
Wiley Online Library.
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B T RIRNIEPELE D /Ny, BN B3 A0 4 i SR K BRI FH T-3283% CDNs.  Chen %M 5 ARG
WICH — B Ak 4 3k B PR F A BVE S cGAMP MREFR JE A1 45 4, SRS 38 1 B 7 3000 5 Mn™ iR 15
FIRIZE HT (Mn-cGAMP K F ). 2RI B0 RS 4T 18 N AL AR AT A50RE B 1 20 PN T Tl AR
IR cCCAMP YRS, {8 cGAMP A1 Mo 0] DL AR S0 BEA T IEida% . RN, Mo [ B ot — Rl 22
1) STING #4337 LT cGAS-STING il i, i Mn®" 55 cGAMP [ 3L % A BB . i T7E Gass
JEU 45 2% 1 B16F 10 22 € 225 41 S B A v P74 T Mn-cGAMP 44 K2 15 B S e G e . 45 SR80,
Mn-cGAMP 44 K58 1 B4 G028 BT BE 77 EL I 5 69 cGAMP Al Mn®/cGAMP 18 &9 43 515 2. 25 F5 701 1. 34 4%
[E2(E) ].

T 22 CDNs 7E#8 % R R vh ) o3 il . A M 22 e B A ZUh AR BV 22 A BDIR , 1y X
F3%3% CDNs I RES | & 0942 S S BRIl , 98 N BLE— 2048 s 1 (i A8 20 207 A= N M CDNs /Y
WM . Zhao SR FH 3L WEAE AT A W (perylenediimide, PDIAEZE T JETE CDNs A9774: . PDI B+
WRAR, GR350 B R . ik s il 5l S I B A SRR R s R A
A R N BTG PE 4R B 3 (reactive oxygen species, ROS). ROS 7K~ 55 Y44 CDNs F 7= A= 25 U) A
K, K89 ROS AT LR e o N IE CDNs 1Y) A= . RIS, I PDI R = B4~ 0, R R L 4]
LA PDIl% 7 PDIC-NS. BfRER 151 AR E 85 T YRR, T A FR R, A AT L
A R I A ROS 7KK, A i P TR M CDNs A A= 1, 34 AT LA R0 T e & A 1% 6 196 i I 0% 2 i 1
(ectonucleotide pyrophosphatase 1, ENPP1) 7K MG PE, fif Dl T CDNs A= Wyfc e P 22 i lal [ 141 2(F) .
1.2 DNAEZ¥)

B B PR B AR VA R R, BOR B 22 I A L2 T 2 728 1) DNA R 810 A B . P98 N B BE T g 4
JiL e TR ST A T 2 DNA ZE259 1 Tl0E cGAS EE U™, (HR T4 LAY dsDNA K B2 /)N
F20 bp, HACFEAJE LUBLIG cCAS R, MELIB] A& cGAS-STING i #% 1 T g Sz mi oz -2 PRk, ]
AP T2 L dDNA K15 7 K2 1 55 W8 9 0B, 8 25 DNA 252503607 280 O . 2023 4
Xu ZE2 1 A R IR 1 5 R (rolling circle amplification, RCA) N T4 w17 HA HES 5 % 10 K 5
dsDNA ) DNA 44K 4E (DNA nanoflower, DNF) 2544, 1 FH#EIE FUIA (liposomes , LIPO ) X 1295 85 FF Fivkr i
AT, Hi4% T K AE dsDNA R FEPUR. DNF@LIPO. H FiZ% dsDNA AT 5 K B L5 M , T AT 30 S
cGAS B IR ARAR 2R , WG cGAS-STING B[R], PH 25— A ot i) G 8 (32005 2 A 0K, B 45 ) 2
BN A AT, KRS T DNF R APAH e . Ak, X R B REURLIA AT LA il & ATM2 58
/IMA (absent in melanoma 2) [TE A, 5% AIM2 RMH/MAN S R4 T, B3R T iR
JIlFE3(A) ]

B 7N LA A HE dsDNA, He 552448 H 1 38806 42 g 240 R Ay SREms . loeg 240 B A 5 2 e S ke
JE, MY E S B E R IR KB dsDNA, 7T LLUA 0TS ¢GAS 3 ™. ¥ 87 2 (tannic acid,
TA) F Mn® JE B F) M TA Fic A 09 28 A0 B 7E BIOF 10 210 F2 181, AR J5 76 H AR I 571 2R SRl 20
T BE R . B R AN IUR , AN IR IR 2 5 cGAS B 145 I % cGAS-STING
T[] PR R ) Mn™ 23 A7 R0 E R 2 240 A i [ 181 3(B) AT (C) .

FAAARAS DNA 225 A IR YT 30 5 A DU 2 AR 0 S e 20U >, T FE DNA 2R 259 PO A e %
TERANRE RS AT SOROE S e R GE , 175 T SR AN Gl | POl 58 S5 05 DL K A2 AR A0 M PR - ) 700, 1
TN R S CD8YT 4 M i3T5 7. T IR 9 b, T & 17 I e W - B8 R - % Wy 5 3R M AU A% 1 R (CpG
oligodeoxynucleotides, CpG ODNs) . F.1 g 6t g J5i A (monophosphoryl lipid A, MPLA) DL Jz K s i 4
(imiquimod ) 55 22 #2732 K (pattern recognition receptors, PRRs) I a4 M e 224257, #4518 DNA
LGP HEATHBIE . Zhang S50 F PR 5 WAL A 00 5, 383 TR A RS DR IR RA | 2
PR R OI& W5y (PED) |, {f PEL B2 g PEAS 2] 25 AR, el 85 1 DNA 2511 346 26 484K
(PolyGu). £ It 5% W 1) 25 1) 32 326 AN A HL 48 38 2% DNA R 25 A, Rl el T4 380 T IB I 5 1y
PEL, AR WA TR fin iy DhEe, MR S RE#E 5 2 DNA SR 25 W) i i ik A h, 25K
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Fig. 3 Synthesis procedure of DNF@LIPO using RCA reactionand further modification(A)"”?, researchers
injected C57BL/6 mice subcutaneously on day 0 with either naive cancer cells (cancer-challenged)
or LMP vaccines and measured the tumor burden(B), researchers recorded SDS - PAGE results
from the supernatant and the cell pellet of the LMP vaccines and naive cancer cells after hypotonic
treatment(C)™, synthesis procedure of PolyGu design and preparation of PolyGu NVs with model
antigenOVA (D)™ and synthesis procedure of forantigen-polymer conjugates(E)""

(C) Mark 1. pellet of naive cancer cells; Mark 2. supernatant of naive cancer cells; Mark 3. pellet of LMP vaccine;
Mark 4. supernatant of LMP vaccine. (A) Copyright 2023, Wiley Online Library; (B, C) Copyright 2024, Wiley
Online Library; (D) Copyright 2024, American Chemical Society; (E) Copyright 2024, American Chemical Society.

Tk R AR (K 3(D) ). Chen &PV FIFNE M H H 5L R G HR (reversible addition-
fragmentation chain transfer, RAFT), PL4-153&-4- (B8 H WeaR ) Gl M BEE 5 7) , F 2-P9 s T e -2- Y k-
1-P T PR A R (AMPS ) Fl 2- ( — FH 20 0% ) IR BE N A R £ T (DMAEMA ) 5 R 254 p (AMPS-co-DMAE-
MA), BV PAD. M HAT S A 500 B9 A L al ] ) 3] 38 TLR9-MyD88 i % Fll ¢cGAS-STING i %
[EI3(E) ].

2 EREBFiHiE GAS-STING &I

AR, &)@ B PRI R o E ) 72 0 3005 cGAS-STING 3 2. R 1 B8 Vb 1) 4 45 DA
FASEAE R R 32 10 4 S 2 mT ke A ek 9 200 B P A2 IS RN 2R R A R, T dsDINA 88 7530 28] e 4 6 114 240 e S
B G dsDNA 1] 5 cGAS 1454, 0% cGAS-STING T % . {H A2 M R A S i 1o L i i
2 M R 75 dsDNA (1905 218142 B4 75 cGAS-STING 3 % . 2018 4F, Jiang 21 % ¥ Mn* ELA & 335005
cGAS-STING il i i B ZEE A . Y AN IR BRI, 40 6 r 20 s R R 75 20 i R 5 4 i 2 2 L ok B il
Mo E4HHE BT . e A Mn® AT DASE 55 cGAS Z PN 21 L 5T dsDNA 1 RS, B R $ I O 5
DNA fmi B B8 7, (AR AN H A5 30E cGAS 25 F16E 1 1) DNA L BEUS 4 TE cCGAS B 1. ILAh, Mk
Mo Fs o] IR HE cGAMP (A2 A%, 358 cGAMP 55 STING #5945 G RE 71 . R, vk EE 1) Mn® 31458
i A5 411 ) cGAS-STING i JAb T I AL IR S . 1 24/ BB Z A6 c 2, HAKHT DNA SR 22 A AE 7 00
ZH R EIHER . 20204, Jiang S5 UE—ERH T Mn> 3496 cGAS-STING i@ & IHLE] . 5812541
REARTE, Mo 0] LLE %5 cGAS 8 1454 TS cGAS-STING 18 #, FLiZ i FE I+ AHKH dsDNA /Y4
A, HA S HEAL cGAMP A= %

R T RGE S Mn® Z IR AN, BT N DL T RSG5 6 &5 R 440 i
TIE cGAS-STING 3l % . 7E%E BL 9 KAk, MnO, F MnO HAG 84T (4 pH M Pk, AT 45 v 0 )

Chem. J. Chinese Universities, 2025, 46(1), 20240241 20240241(5/10)
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PEEOL Sun SESHIAE T MnO K FIURL, FF: ) FSURE 4322 (14 77 576 MnO 9K A0k R T3 — 2 A FL 5
A (mSi0,). 7EHi15 MnO@mSiO, A4 KA 5, SCHE IR IH 8K GRGD) 211 MnO@mSiO, 44 K ik 3=
1A, 753 MnO@mSiO,-iIRGD 4 KIFHL . 5 Mn-Fe,0, 48 K ks 55 He b 5 B4 K BURIAR EE L 5438 MnO
2y A TORE T DL B - b v 1 pH AR 928 4k . 76 pH=7. 4 I3, MnO@mSiO,-iRGD 44 K ki A 23 9k i
WL B S Gl R R B 12 W AE pH=5. 4 1922 s T TR e 72 h INBE R A . X R S R 0 IR R B
AL AR 20 KSR () R gt AR E Mn® BRI, DA TS0 cGAS-STING il i . b4k, 22l iRGD B4
OKIORTE A N 95385 R ) Ry BA I ) 38 S 25 4 Tt , R g ME AR 2358 . JF B, mSio, s flifs gk
WA B2 Gy AR AN, AR T AR O A AR R . R, MnO@mSiO, A% 1 Fb MnO B
55, MEILEA T MRUBUZ A MERELIE 4(A) FI(B) 1.

A)

(B)
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Fig.4 Synthesis procedure of MnO@mSiO,-iRGD NPs(A), accumulative Mn release of MnO @mSiO,-
iRGD NPs in PBS solution with different pH values(7. 4, 6. 5, and 5. 4) at 37 °C(B)"", synthesis of
ISAMn-MOF(C), type I interferon activity in culture supernatant from BMDCs treated with 40
pg/mL ISAMn-MOF or 200 pmol/L MnCl, for 2, 4, 6, 12, and 24 h, respectively(D)™' and H&E

and TUNEL staining images of primary tumors at day 7 after intravenous injection of various

groups(E)*"
(A, B) Copyright 2022, American Chemical Society; (C, D) Copyright 2023, American Chemical Society;
(E) Copyright 2023, American Chemical Society.

% T MnO,, BFFE A G285 4 B - HUHEZR (MOFs ) 5 1A B4 K b4l it i Frggh o6 ih s SR,
KZEMOFs (B FAEIE RGP ik A, B = e i B ) . 2023 4F, Zheng 55 | F MnCL 1y
2 (SA) & M, T 5T Mn> ) MOFs (ISAMn-MOF). ISAMn-MOF EAT#58 i pH Wi 3 fiE 1, 25 S840 N 45
J& . ATERR PRGOS T B M, SCEUME A Min® Ve I, ATTS cGAS-STING 38 . 5 [ 46 7] i
) MnCLAH LG, ISAMn-MOF A LA IR TP R i i i i 4485, (R R AN IR o3 i i 3 sy 2~ 16 15, 149
T Mn*340% cGAS-STING @ FE I RE ST, & T MR 8 Fig . i T HEAA pHIm N RETT, 720
AR Hax NS AN EIE R LE 4(C)F1(D) .

B T R E MOFs MOBHEE cGAS-STING B I BE ), TE Z 5545 th7E MOFs M RHE 842550
SEFERG DL R AERE [ . Chen %1 4 )8 A HLHESL-801 (MOF-801) 5 CpG ODNs 454, #57% STING #%
i 6- — H FLBEHI-4- B2 (DMXAA) , H 41255 B MOF-CpG-DMXAA 4K ik: . Zhou 2545 i 1,4-

Chem. J. Chinese Universities, 2025, 46(1), 20240241 20240241(6/10)
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HA R AE A 1) SR PN ToE e (PABDIA) | H DU (FRJEREE ) NIIbR (TCPP) | i — 2 TR A Akt 4 i B L 2R
Y A, 45 T HAG R 2 L (PEG) 52 )2 1Y PMOF 94K 0k . BEJS , #F STING B4 5h77 SR-717 n#
F|PMOF i ZfLE5F v, 1581 T SR@PMOF 44K . %90 K BURI IR A6 30 97 e A TG i, W] [R] A
T s P R AL g [ 1 4(E) .

3 HEFEEIEcGAS-STING iE i

FERLYT (radiation therapy, RT) 413 A9 G2 I 17 SR 0% H, cGAS-STING 3 38 5 HL AT AR 38 9 1 FH Aig
ST A SRR R AR T, (R B A S AR R B2, RN AT AR ) dsDNA.
RIS, )90 4 SR B i A2 URR 38 240 i S5 H 7Y DNA B '3 DNA SEAHIMIRR R 8 DNA KA RS, B
HL, JEDNA A H AR, 76 DNA IR BWI IR 2 /0 RS, BIG 25 /i DNA SUSR e % 1 T4
A, KA A A T BO0EE R Y. FE R A A L DNA A B DNA H H 2 B 2 1 1
X DNA 3 5 LA %, 1754 DNA () B3 ALH AT DNA ([ L0, TS cGAS-STING 18
H . BRI, ARG A B X P BRST , GE 2 BT #0E cGAS-STING i@ I RE S AN . fF9E &
B, Rl XL a0 AW ER &, R R ORI A% 82 #1 DI 1 (three prime repair exonuclease 1,
Trex1) ) FRIR AW BT Trex1 AT DLREAE ML A9 dsDNA, {7742 () dsDNA {IX T340 cCAS & 1)
B, AN cGAS-STING 3@ i . [RIutt: , foff FH ey 7 386 R0 it = I 240 R R T S ) SRl , AE RS AR
SRR R A TR RH S cGAS-STING 3, 7T AR B o 4 A iU a s

Cao 25 H K #GE R 48 T HIO,-PVP 4K 0k: , FFLH S ILA, 38 2 385748 (PAH) 38 )5 KMnO,
A8 M0, 5%, Fe 845 5] —Fh A% -5e 9 K 52 G kR HIMn-PAH. Hirh, HIO, A% & —Fh e 350, <23
X S 2 BT 5 2 1 i Fiad 0 X XA 4k B 1 SR R RE 7, 15 S e IR A BB T, SR AL A 1 ik
JEPUERN dsDNA LATTE cGAS-STING 3 % . 1 MnO, 52 21| 88 4 it HP = 2238 1) GSH IS 2w B e, 7
BE#AR GSH /K- (4 [R] IRHRBETHCH Min®*, 32755 ¢GAS 28 FAXT T dsDNA AU . (BAEIE W i, BT GSH
IKFEAR, MO, 582 A% ﬁt%lﬂ%ﬁ% IE'J igcig EI’J{ Tiﬁz%[lﬁl 5(A)~(C)].

(A) Oxygen generation
- = w-g =
! l, Woee ¥

5 o \.

o 10 20 30 0 sn
GSH depletion

’CTJ?W

0 50 100 200 300

BPNS@MnZ BPNS@Mn?/CpG

(E) Saline PSPA +US

STING
agonist

l

5 44.1 STIN.G —  APCs activaton —>» {ijcst
- activation response

PSPA
Tumor
inhibition

«— I — SDT—>CD}

APC-CD62L

BV510-CD44

Fig. 5 Photos of different concentrations of HfMn-PAH reacting with H,O,(upper) and GSH(lower) (A),
TEM image of HfMn-PAH without (-)GSH treatment(B), TEM image of HfMn-PAH with (+)GSH
treatment(C)™", amount of IFN-g secreted by RAW 264. 7 cocultured with CDG (146 pg/mL) and
CDP-NPs (146 pg/mL CDG) for 24 h(D)*" and flow cytometry plots of effector memory T cells(T,,,)
(CD44"=* CD62L"") gated in CD3* CD8" T cells(E)*"
(A—C) Copyright 2024, American Chemical Society; (D) Copyright 2024, American Chemical Society; (E) Copyright
2023, Wiley Online Library.
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bR 7T R & MGG, DTS B R 2 B 1 OCTE . TR T, SR TOuI s ROV R
71971 (photodynamic therapy, PDT)Z54 16 . A FDEHGR 3R 2R . YO U7 K i 6 ik
W, 22 NEES BRI RO RS , ARG — RG0S A WAk SO, 4 2 il 6 ) 40 e Al S A A i 2 e
FIROS(ANHLE SR 0,) B FIASERIANAE . Ding 5 & T —FAUKIARITE &, 1% F & Es
IIKIIURLER . 55— R 9RO (NP1) B 28O BEGR) YR i % (TBE) , RIS PDT 3R AT 8508 = ML P
ROS f7KF-, BRI GSH K-, fi A A dsDNA B9477 , #00% cGAS-STING 3 % . 45 —Fh 4 K ik
(NP2) H 17 2 PG A 58 R i AR, T A 8060 2 Jia 2 19 R B Ab b 72 977 1k STING 2 9 R . 1%
KB G A PDT SRS T cGAS-STING 3 H , FA R T STING 2 1 R .

Y7 7% (photothermal therapy, PTT )t J&—Fh & %2 IR IR YT YRS R . PTT &2 —Fh R R A
ARG YT T3, REOCRERAH O AR , 8 A T i R B il B R AR S IR A I B IR AR H 2. PTT YA
Wr & Je i e T NATTIF e St B 46 30) O AR B RE I B R 4R, B 1 D6 FAEE 46 2% (photothermal
conversion efficiency, PCE) I GG B R B 37 51 5GP, Liang 55877 & BR824 K Fr (black phosphorus
nanosheets, BPNS) B A5 455 00 PCEAE, F+ 781 -7 HES FIVE AEAE 7 25 43100 AH AR R 045 3800 B 245
Y. 383 BPNS 5 Mn™ JE17 & SR A ] 45 17 BPNS@Mn™ B 48, JF 38 5 £t 280 1 1 e - 9 1 - 1 W 0
(eytosine-phosphate-Guanine, CpG )| 5 BPNS@Mn*/CpG. BPNS@Mn>*/CpG ) FHIEE T STING i [l
TLRI(toll-like receptor 9)id i, [FIETEA T PTT HM , WA 0K M2 B WA % b o M1 A, fil A i 28
AR B, f2HE T CD4 F1 CD8 Tk L4 iR [ 14 5(D) J.

73l 11951 (sonodynamic therapy , SDT) 21| FH 75 SEGRIAE R 75 5 I 7™ A2 K ROS RIS K g 24
LR . 3R] LA RGO IOCTE A L 2R B TR A R R i IS N DR 45 288 7 ) 8 ok 2 i
TEAME , DAGE 2 I PN ROS (2R . ROS AT LA 2 b (40 ml 240 i A2z 52 B4 40, DA 7 A AR P AR
DNA (mtDNA) #1#% DNA (nDNA). X465 % () DNA H Bt BB AN, 5 cGAS 2 T4 45
M 25 31 16 cGAS-STING 3 #% (19 H 105, Jeift, Yu ZE5008 1] 45 2 G4 55 ) 40 K UKL (control
semiconducting polymer nano-particles, CSPN)-5 STING # 251) B Z£ /K4 1R 2 (methyl salicylate 2, MSA-2)
WA, [ GSHTEALR . Fo A RIBCR , 4074 T RS R ROS, W GSH AR 2B |
THIRZS . GSH YRR B 23S GSHTEALR , MM HE S HAH A 1 MSA-2 FRE . AR, 7ERZ 2
R IEH HEUR, 1T GSH A& JEEUR, IFA 20T GSHEE ], MSA-2 to iy LIRS 3R
T RAFRRL I PEL P S (E) |

4 LRESRZE

cGAS-STING 3 [ &AM g N — A5 B L B o o 25 A4, e HIRAER I A B | e W AN 45
BB R T EEVEN . ASCFRE RS T MR g iGr  RE , BE ¢GAS-STING 8 i AS
] S . 3% % DNA 2825 ) (3 1% ¢GAS 2 1) £ CDNs 25 /43 7 25 ¥ (30 1% STING 25 1) 2 3006
cGAS-STING 3 P () F B MG . BT Mn™ W] LLE 3 5 cGAS FE 145G TG cGAS-STING 38 % , %
KA RHL BTz B s ia T . A, IR A N ROS 1 RSB SRR R AN A%
PR IR DNA 5% B0 cGAS A& 1. Ak, RT, SDT HIPDT 9697 J7 el S 0% ¢GAS-STING il f& 11
EEFE.

FEIE 20 1045, 006 cGAS-STING 3 % (1) & FP SR WS AN B . SR, RERAFAETE ZHRER . 4%
VIR A AR PEAS I, MELLRGE IR AP 5 T 20 YAT B R e MR 2, B G TEIR N R i 5
AT 25 AR R I PR, X IE B BV EE M, XS SR A R e . = Tak
WERHR AR S 0 A AR 25 M L 1 g —Fiish 3% STING B4 3h 7 19 T B, MOk Bz BIBF5E A B I Bk
I, TRAFRSE cGAS-STING B, FRE 253836 DR SRS FUFR A, FENIR a7 B R T ek AT
IV 1) & T
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