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Abstract: Objective To investigate the regulatory effect of the cyclic guanosine monophosphate-adenosine monophosphate
adenosine synthetase (cGAS) -stimulator of interferon genes (STING) signaling pathway on the cytotoxicity of y8T cells against
hepatocellular carcinoma (HCC) through in wvitro experiments, and to provide new ideas for improving the efficacy of adoptive
immunotherapy based on y3T cells. Methods Peripheral blood mononuclear cells (PBMCs) were isolated and y3T cells were
multiplied, and their purity was measured. Mature y8T cells were divided into y8T group, y8T-G10 group, and ydT-H-151 group.
After 24 hours of in vitro stimulation, Western blot was used to measure the expression levels of key proteins in the cGAS-STING
signaling pathway, and ELISA was used to measure the concentrations of interferon-y (IFN-vy) and tumor necrosis factor-a (TNF-
a). The cells in each group were cocultured with MHCC-97H and Huh-7 cells for 6 hours, and then CCK8 assay was used to
measure the survival rate of HCC cells in each group. A one-way analysis of variance was used for comparison of normally
distributed continuous data between multiple groups, the Dunnett’s T3-test and the Tukey test were used for further comparision
between two groups. Results  Flow cytometry showed that the purity of y3T cells reached above 99%. Western blot showed that
there was no significant difference in the expression of cGAS between the y8T group and the other two groups; compared with the
v8T group, the yd8T-G10 group had significant increases in the expression levels of STING, phosphorylated STING, TBKI,
phosphorylated TBK1, interferon regulatory factor 3 (IRF3) , and phosphorylated IRF3, while the y8T-H-151 group had
significant reductions in the expression of these proteins. ELISA showed that compared with the y38T group, the y8T-G10 group had
significant increases in the secretion of IFN-y and TNF-a by v8T cells (P<0.01 and P<0.05), while the y3T-H-151 group had
significant reductions in IFN-y and TNF-a (P<0.01 and P<0.000 1). CCK-8 assay showed that compared with the y3T group, the
¥8T-G10 group had significant reductions in the survival rates of the two HCC cell lines (P<0.000 1), while the y8T-H-151 group
showed significant increases (P<0.000 1). Conclusion The ¢GAS-STING signaling pathway can regulate the cytotoxicity of y3T

cells against HCC in vitro.
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Figure 1 Purity detection of gamma delta T cells
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Figure 2 Effects of agonists and inhibitors on the growth of gamma delta T cells
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Figure 4 The killing effect of different stimuli of gamma delta T cells on different HCC cell lines

B3 LW W, FE4T ELISA K2l . 25 SR R, 5 ydT 4l
[ (1358.56 +29.45)pg/mL ]tk , ydT-G1041[ (1 475.52 +
17.29) pg/mL | yST 41 g 4310 (1 TN -y B . T+ 55 (P<0.01) ,
OT-H-151 ZH [ (1 254.33 + 14.20) pg/mL ] ydT 41 Jifd 43 14 )
TFN-y W] B A1 (P<0.01) 5 55 y8T 20 [ (75.48 + 0.28 ) pg/mL ]
AL, yT-G10 41 [ (77.31£0.13) pg/mL] yST 4il fits 43 i
) TNF-o B & 7+ 55 (P<0.05) , ydT-H-151 2H [ (68.61 +
1.17) pg/mL ] yST 40 53 46 Y TNF-o B {2 48R (P<0.000 1)
(5). VU LZERARIR, P8 IFN-y K TNF-o 433671 fiE J2:
cGAS-STING 15 53 4% Vi 45 v 41 g %oF A4 41 it 2% 43
B Z—

P<0.01 P<0.000 1
2000 - ;
pe0.01 7 p<00s
E 1500 2 804
oY) _ ~
R 2 60
glooo— P
S £ 40 1
[T T
500 4 £
E E 20 -
TR B ® 0= % @ ®
&7 &7
PN P o5
AP 7
o A o A
L & NS
g N
4831 @® @g ®

1 ra, yOT 4L 7306 IFN-y Z5 5% 5 b, yOT A4 TNF-a 455
5 ~OT B4 it IFN-y & TNF-o 5 58
Figure 5 Results of IFN-y and TNF-«a secretion by gamma
delta T cells

3 itig

P R B R S th B oY Rt s
DI B TR A RUNIRYT R . BEA DRI RER A SE T
VT 4 A (14 3 2k S 16297 B S — 00 A 17 FH T e
PR, ISR RSB, (B RCRAT A 4R T2 ) 121
A BFFE R, cGAS-STING 15531 B A6 AL 45 T 4 1
1 22 P G 28 A0 i v s e 5k L IF S 5 TR AR TR S e TR
PES) S B I, — 7 TR T g e e
T2 A3 I & EGU RV L s 55— 7 e, 7T 55 iy
TR ER BT F b3 200 2 1A R A0 M AT T AR -1 A
A A ARSI R X — i B AR B T AR 2 e
SR F2 , {LE () AR T 35 2 e e A X e 8 A A 0 1 5
TRYT I 240 5 76 55 G028 K A s 300 590 B A5 I B, T
E— A B I PR ALY BRI, cGAS-STING {5 53
S AE IR G iR YT b B W . BRI, HRTSETIX
i AE ST 4 M h A 28 S o Rept s A . BT,
28 H I cGAS-STING {75 5538 # 1T e A yST 4H it v W] 4
EFIA IS SR v T AT HCC 19 A5 9 BE

A BF9E & B, TL-2 F1 ZOL B4 13 FH ] 7 AR A1 38
yOT 4R35 18200 AR % 28 2 IR AIE R I, 1% 07 vk
I 1A 1) yS T 40 i 2 B A2 e 7 90% LA I, M I SEiE o i
BET R AL E AN IR . B ST 45 SR R, 5 pmol/L 1Y
G105 H-151 1] 43 51 E Ay 384 a0 700 R il 790, 5% 10 ST 41



2578

lGRATRERZEE 415E 12852025412 8 J Clin Hepatol, Vol. 41 No. 12, Dec. 2025

it A1 %) 5 e R, 7R ¢GAS-STING {5 53 % il B S
5 5 ST 4R B9 A Kt 2 . Banerjee 25 2V 43H L G10
YEH ¢cGAS-STING 15 538 6 9 B sh 7, nT e AR Sh B 3
#F THP1-R232 Fl HEK-293T 41 g /1 STING 4K 11 M H: F i
I FBIBEIR L s Haag %5 P WFSEAESE  H-151 J&—Fh ik .
B (BT STING & ) HILM 25 & (e 5 28
RS E [ LA B ) 19 STING 5 B0, FEAR AR5 2
FEAMRIE L, AT 8 TBK B9 R £k 3740 il STING fo
R BEAL o (EAS I 2 1Y 2, 28 10 wmol/L ) cGAS-STING i
S G10 4138 24 hJ , yST 41 A A #i i Fn AR R 30
SEE TR LR AT BE VS B LA W T — 7 I, 2o
JE (R 2590 PT i 0 240 e o A, AT 400 1 3 5 i
BT 55— 7 T, i BE i ¢GAS-STING {75 5l #% n] fE 5 |
ey AR ERIFR R BG . Zha %R R,
BT ST 20 (4 % G o A2 14 T 40 i [X 3R 11 358 CDS 3R
F, AT L AEER AR . AN, BRI P R S A B TFN -y
TNF- o 25 40 i X7t o] BEXT vOT 240 i [ B 7= A 50 .
O A W 5T 2 W, IFN-+ 7] 3l i Fas 5% #/Fas it {& (fas
receptor/fas ligand , FAS/FASL) i #2471 T 1% 1L 1Y CD8* T 2
128 Faat

WHTSCATIA , G10 AT {2k STING K H i 2R (1 A9 B
R Ak, H-151 W) o J5] STING (A7 Bt 1k &% H: R i TBK 1
FHEAMBERI . AL R EIR , 28 cGAS-STING {7
53l B A G10 JII LS, yST 4 e 7 STING \P-STING
TBK1.P-TBK1 .IRF-3 & P-IRF-3 7 H 1 ik K F 175 T
T 4 5 17 £ 4 il 77 H-151 ZbBRAY yST 4l p , FiAE A
FIREIBAL, BRI E A MU . %
25 LA fE 5 G10 g STING 3 % 1 55 80 sh %112, 1iif H-
151 %6F STING 3 6 HAT 238 1 ol 1 AT 56122

BUA BIF 5% E I S yST 20 X I 9 40 i 2L A % 1 1
FIt0) AR BRGE b S B, TR T G10 B H-151 313
vOT 40 A J , L 2R 15 e 1 & 2B AH N A8 Ak, $2 7R cGAS-
STING 155538 [H AT ZEAR SR yST 240 X JH-Jea 4t e 7 5

JH AT 38 a2 s AR & FE BT VR AL 46 53 W TFN-y
TNF-o 28 40 Jif PR 5~ LA S 1o 242527 il i 5 L 2% -
TR B 1R A% L R T RN 2, L 45 FAS/FASL il
A R A T (A3 B R 2 L cGAS-STING
5 30 [ A B 5 20 R e AR Y v ) g i 3 TT
T LML PR G RN o G, 323 R I T AR
iR TR 455 v 18R % A5 400 43 08 TFN-y 7 i} TF Ny 7]
HE— 2 BITE FAS A S0 08 7105 STING 300 i BE AR 34

NF-kB A%, 5 IRF3 4 % sk I F U [A] 15 = TNF-a %
BB AL, cGAS-STING 15 538 7R Al 2 #E CD8T 4l g
o3I ZEFLE 5 ORI B, DT FE BT 75 26 R P B S iz
R PR R ST R AL B — Bk, 2B
cGAS-STING 5 38 % 7] 838 1 2Lk 42 2 5 P8 2 48T
YL XT HCC R DI RE

WF5E 45 B H W, cGAS-STING {55 5 18 8% 7T 8 5 T
2 Jf 73 9 TFN-y 55 TNF-at. TFN-y 3l i 22 LI & 45350
PR AE < (1) B0 Janus S0 1155555 5 S S0
1A, R B2 e R 1) K A R AR 8 (cysteinyl
aspartate specific proteinase, Caspase)-1.3.8 L1 & B itk
21 i R -2 3 PR A G X BRI FAS 19335, 2RI 5 i
AP 12035 (2) 5 TNF B RIVE T , 25 p16INK4a-Rb i
A S R A0 i 505 (3) TR LA P i 2R K T
(vascular endothelial growth factor, VEGF)-A Jf-RE 3R N |2
S, $U0 AR PR A A T 5 () SRS 2 Pt
YA, I ST IR S e RN o BN, 24 CD4*T 41 i K i
43U TRN-y BiF 0] S8 2% 493 1 988 4 S 152 e 240 B 047 Dy i
T GE 5 T 9 M1 TR 5 240 R ) 43 W TNF-o IL-12 55
P, F— 2548 B IR BT 1 AR 5 103 40 45 G 28 380 4
Jit, AT 375 Bk P 2 B2 A UM A 5 A T 250l
#He3% CD8* T4 RS 4 g A i 40 B R BRI Ah,
TNF-o 75 A] 38 1 2 Fhig 2 A S A T, Blin, TNF-a
5 i3 40 B 2 1 TNF 24K 1 4555 , filh % TNF 5244 1 A1
AT S5 M IR K 1 -Fas M1 SCAET- S5 M WK (1 2 A 1R
B, ¥ 52 IT 00 Caspase-8 5 Caspase-3, 51 A& SLIH T-2%
6 S 1575 TR, TNF-oc 1] BELIBT VEGF 75 5 1 P9 B2 40 it
DNA & i, I T I VEGF 22 1 3k 3k | AT & #5741 45 4=
FAEFIN LR g R 7R, cGAS-STING 15 53 B 15 14
Ah AT BEIE o I 2 yS T 21 M 43 WA IFN-y 5 TNF-o, 5% i H
X HCC [ R0

TR AR — & R . 158 8P
HEWEFE ALKIE T IFN-y 5 TNF-o 2 Ff 40 it K 7 (19 28 1k
L, Ji S 58 ] gE— A R 5T L IFN B0kl 25 57 1
A4k, LLEE 4 1 b ) B ¢cGAS-STING {5 5 18 #% %) vST 40
M RE A TR EEBLE] . HK , ARSI AIE T 12 38 B A A
AR JF ST 41 % 45 HCC 40 2500 1 o P 4 FH . L AR
TFN-y 5 TNF-c 25 4 it P 1 T 7E i ed S 2R B8 v 55 45 01
T G E A, {FL 1 JG 12 58 4 E W 223 6 8 VR P 4T yS T 41
JifL A5 HCC RO H PR 454 S5 R Ah e s 25 SR — ., i
S PRI v s e DR 38 A2 2% 490 G i A T 3 5 g A
7S - 1o 718 5 cGAS-STING {55 -1 %, S S0 %



b, % . R EEH-RESHB-THREERRMEF (cGAS-STING )5 518 & #iE X7
y&T 48 AL 2% 1 B4 4 R S8 B ) VR 4216 AR

2579

SRR 1K AT BT g e s A RS
KR, B R A1 R e 2 R DR [R]UR 4TI H0 f cGAS-
STING {5 23 %1, .24 62% 1) HCC 5B 1770 B B 40
P96 9 T 98 i R ) 5 PR 4 45 S R T SR
N e 20 2 S b B A S AR T SR AR P9 i 3, #7 2RF e
N R T AW LR ) R R Y NN D SN
PR HEBR AR T E TN

25 LJTib , cGAS-STING 15 518 [ e TE AR SN 4% v T
YA HCC W RV E R AH L ELAARBIL ] i A A A, HLtk
3 4% B8 A IH 45 ST 200 i X6 L Ath Fifr g %) 28 A R AT 5
— RN . ARG A B O AR T T ST 4 Y S 4 e
JETT VR Y7 SR 1) SR 5 B AR B

BIBEER. AR T202354A 18828 67T K
FHE-WEBERARCEERAFH, T KJ2023-
163-01,

FIFEMRERE . A R G AAFTH) 3500 7
{EETHER: A A TREAL, T F A NF9R
A FBIF S0 F AEGKRET O TAIES,
SR RAI L EFRATH ﬁu}zéﬁﬁa
WA F G AL i R A& L ek, RS
EZin V-r B

SE Xk

[1] BRAY F, LAVERSANNE M, SUNG H, et al. Global cancer statistics
2022: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries[J]. CA Cancer J Clin, 2024, 74(3):
229-263. DOI: 10.3322/caac.21834.

[2] HAN BF, ZHENG RS, ZENG HM, et al. Cancer incidence and mortal-
ity in China, 2022[J]. J Natl Cancer Cent, 2024, 4(1): 47-53. DOI:
10.1016/j.jncc.2024.01.006.

[3] DU BY, YU RH, GENG XQ, et al. The function of MSP-activated y3T
cells in hepatocellular carcinomalJ]. Int Immunopharmacol, 2023,
124(Pt A): 110893. DOI: 10.1016/j.intimp.2023.110893.

[4] AMAJALA KC, GUDIVADA IP, MALLA RR. Gamma delta T cells:
Role in immunotherapy of hepatocellular carcinomalJ]. Crit Rev On-
cog, 2023, 28(4): 41-50. DOI: 10.1615/critrevoncog.2023049893.

[51 XI XY, GUO Y, ZHU M, et al. Identification of new potential antigen
recognized by y3T cells in hepatocellular carcinomalJ]. Cancer Im-
munol Immunother, 2021, 70(7): 1917-1927. DOI: 10.1007/s00262-
020-02826-y.

[6] BENMEBAREK MR, KARCHES CH, CADILHA BL, et al
mechanisms of chimeric antigen receptor (CAR) T cells[J].
Mol Sci, 2019, 20(6): 1283. DOI: 10.3390/ijms20061283.

[7] OU L, ZHANG A, CHENG YX, et al. The cGAS-STING pathway: A
promising immunotherapy target[J]. Front Immunol, 2021, 12:
795048. DOI: 10.3389/fimmu.2021.795048.

[8] LI T, CHEN ZJ. The cGAS-cGAMP-STING pathway connects DNA
damage to inflammation, senescence, and cancer[J]. J Exp Med,
2018, 215(5): 1287-1299. DOI: 10.1084/jem.20180139.

[9] AN X, ZHU YY, ZHENG TS, et al. An analysis of the expression and

Killing
Int J

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

association with immune cell infiltration of the cGAS/STING pathway
in pan-cancer[J]. Mol Ther Nucleic Acids, 2019, 14: 80-89. DOI:
10.1016/j.omtn.2018.11.003.

SUGAWARA Y, HIBI T. Surgical treatment of hepatocellular carci-
nomalJ]. Biosci Trends, 2021, 15(3): 138-141. DOI: 10.5582/bst.
2021.01094.

LIU DM, SONG TQ. Changes in and challenges regarding the surgi-
cal treatment of hepatocellular carcinoma in ChinalJ]. Biosci
Trends, 2021, 15(3): 142-147. DOI: 10.5582/bst.2021.01083.

LI R, JOHNSON R, YU GL, et al. Preservation of cell-based immuno-
therapies for clinical trials[J]. Cytotherapy, 2019, 21(9): 943-957.
DOI: 10.1016/j.jcyt.2019.07.004.

ALNAGGAR M, XU Y, LI JX, et al. Allogenic Vy9V32 T cell as new
potential immunotherapy drug for solid tumor: A case study for chol-
angiocarcinomalJ]. J Immunother Cancer, 2019, 7(1): 36. DOl
10.1186/s40425-019-0501-8.

XU 'Y, XIANG Z, ALNAGGAR M, et al. Allogeneic Vy9Vs2 T-cell im-
munotherapy exhibits promising clinical safety and prolongs the sur-
vival of patients with late-stage lung or liver cancer[J]. Cell Mol Im-
munol, 2021, 18(2): 427-439. DOI: 10.1038/s41423-020-0515-7.
WANG XY, ZHANG HB, WANG YQ, et al. DNA sensing via the
cGAS/STING pathway activates the immunoproteasome and adap-
tive T-cell immunity[J]. EMBO J, 2023, 42(8): e110597. DOI:
10.15252/embj.2022110597.

MOTEDAYEN AVAL L, PEASE JE, SHARMA R, et al. Challenges and
opportunities in the clinical development of STING agonists for can-
cer immunotherapy[J]. J Clin Med, 2020, 9(10): 3323. DOI:
10.3390/jcm9103323.

NAKAMURA T, SATO T, ENDO R, et al. STING agonist loaded lipid
nanoparticles overcome anti-PD-1 resistance in melanoma lung me-
tastasis via NK cell activation[J]. J Immunother Cancer, 2021, 9
(7):e0028-52. DOI: 10.1136/jitc-2021-002852.

KONDO M, 1ZUMI T, FUJIEDA N, et al. Expansion of human periph-
eral blood vy3 T cells using zoledronate[J]. J Vis Exp, 2011(55):
3182. DOI: 10.3791/3182.

HOERES T, SMETAK M, PRETSCHER D, et al. Improving the effi-
ciency of Vy9V82 T-cell immunotherapy in cancer[J]. Front Immu-
nol, 2018, 9: 800. DOI: 10.3389/fimmu.2018.00800.

DIELI F, VERMIJLEN D, FULFARO F, et al. Targeting human
{gammal}delta)T cells with zoledronate and interleukin-2 for immuno-
therapy of hormone-refractory prostate cancer[J]. Cancer Res,
2007, 67(15): 7450-7457. DOI: 10.1158/0008-5472.CAN-07-0199.
BANERJEE M, MIDDYA S, SHRIVASTAVA R, et al. G10 is a direct
activator of human STING[J]. PLoS One, 2020, 15(9): e0237743.
DOI: 10.1371/journal.pone.0237743.

HAAG SM, GULEN MF, REYMOND L, et al. Targeting STING with
covalent small-molecule inhibitors[J]. Nature, 2018, 559(7713):
269-273. DOI: 10.1038/s41586-018-0287-8.

ZHU ZX, LI HX, LU QZ, et al. mRNA-engineered CD5-CAR-y3T">
cells for the immunotherapy of T-cell acute lymphoblastic leukemia
[J]. Adv Sci (Weinh), 2024, 11(35): e2400024. DOI: 10.1002/
advs.202400024.

BADOVINAC VP, TVINNEREIM AR, HARTY JT. Regulation of
antigen-specific CD8" T cell homeostasis by perforin and interferon-
gammalJ]. Science, 2000, 290(5495): 1354-1358. DOI: 10.1126/
science.290.5495.1354.

YIN KL, CHU KJ, LI M, et al. Immune regulatory networks and
therapy of y8& T cells in liver cancer: Recent trends and advance-
ments[J]. J Clin Transl Hepatol, 2024, 12(3): 287-297. DOI:
10.14218/JCTH.2023.00355.

ZAKERI' N, HALL A, SWADLING L, et al. Characterisation and induc-
tion of tissue-resident gamma delta T-cells to target hepatocellular
carcinomalJ]. Nat Commun, 2022, 13: 1372. DOI: 10.1038/s41467-
022-29012-1.



2580

lGRATRERZEE 415E 12852025412 8 J Clin Hepatol, Vol. 41 No. 12, Dec. 2025

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

YUAN MG, WANG WJ, HAWES |, et al. Advancements in v8T cell engi-
neering: Paving the way for enhanced cancer immunotherapy[J].
Front Immunol, 2024, 15: 1360237. DOI: 10.3389/fimmu.2024.1360237.
LI XM, LU HM, GU YZ, et al. Tim-3 suppresses the killing effect of Vy
9V32 T cells on colon cancer cells by reducing perforin and gran-
zyme B expression[J]. Exp Cell Res, 2020, 386(1): 111719. DOl
10.1016/j.yexcr.2019.111719.

LIN JJ, ZENG DY, HE HY, et al. Gene therapy for human ovarian
cancer cells using efficient expression of Fas gene combined with
3T cells[J]. Mol Med Rep, 2017, 16(4): 3791-3798. DOI: 10.3892/
mmr.2017.7107.

AHN EY, PAN G, VICKERS SM, et al. IFN-gammaupregulates
apoptosis-related molecules and enhances Fas-mediated apoptosis
in human cholangiocarcinomalJ]. Int J Cancer, 2002, 100(4): 445-
451. DOI: 10.1002/ijc.10516.

ABE T, BARBER GN. Cytosolic-DNA-mediated, STING-dependent
proinflammatory gene induction necessitates canonical NF-«B acti-
vation through TBK1[J]. J Virol, 2014, 88(10): 5328-5341. DOI:
10.1128/JVI.00037-14.

VIEIRA RS, NASCIMENTO MS, NORONHA IH, et al. STING signal-
ing drives production of innate cytokines, generation of CD8" T cells
and enhanced protection against Trypanosoma cruzi infection[J].
Front Immunol, 2022, 12: 775346. DOI: 10.3389/fimmu.2021.775346.
KUSE N, SUN XM, AKAHOSHI T, et al. Priming of HIV-1-specific CD8"
T cells with strong functional properties from naive T cells[J]. EBio-
Medicine, 2019, 42: 109-119. DOI: 10.1016/j.ebiom.2019.03.078.

SU QY, WANG F, DONG ZB, et al. IFN-+ induces apoptosis in hu-
man melanocytes by activating the JAK1/STAT1 signaling pathway
[J]. Mol Med Rep, 2020, 22(4): 3111-3116. DOIl: 10.3892/
mmr.2020.11403.

BRAUMULLER H, WIEDER T, BRENNER E, et al. T-helper-1-cell cy-
tokines drive cancer into senescencelJ]. Nature, 2013, 494
(7437):361-365. DOI: 10.1038/nature11824.

BOIERI M, MARCHESE E, PHAM QM, et al. Thymic stromal
lymphopoietin-stimulated CD4" T cells induce senescence in ad-
vanced breast cancer[J]. Front Cell Dev Biol, 2022, 10: 1002692.
DOI: 10.3389/fcell.2022.1002692.

JORGOVANOVIC D, SONG MJ, WANG LP, et al. Roles of IFN-y in
tumor progression and regression: A review[J]. Biomark Res, 2020,
8:49. DOI: 10.1186/s40364-020-00228-x.

KAMMERTOENS T, FRIESE C, ARINA A, et al. Tumour ischaemia by

(Il PR BT BB 2 7B )7 H R = 2 i D B T i 4

B, A EE AR B R FT(2025 5 iR B A 2T

[39]

[40]

[41]

[42]

[43]

[44]

[45]

interferon- y resembles physiological blood vessel regression[J].
Nature, 2017, 545(7652): 98-102. DOI: 10.1038/nature22311.
KRUSE B, BUZZAI AC, SHRIDHAR N, et al. CD4" T cell-induced in-
flammatory cell death controls immune-evasive tumours[J]. Nature,
2023, 618(7967): 1033-1040. DOI: 10.1038/s41586-023-06199-x.
GUILLAUME J, PERZOLLI A, BOES M. Strategies to overcome low
MHC-I expression in paediatric and adult tumours[J]. Immunother
Adv, 2023, 4(1): Itad028. DOI: 10.1093/immadv/Itad028.

CHOSA N, KYAKUMOTO S, KITO N, et al. Mechanism of Fas-
mediated cell death and its enhancement by TNF-alpha in human
salivary gland adenocarcinoma cell line HSG[J]. Eur J Oral Sci,
2004, 112(4): 338-346. DOI: 10.1111/j.1600-0722.2004.00145 .x.
BAKSHI HA, QUINN GA, NASEF MM, et al. Crocin inhibits angiogen-
esis and metastasis in colon cancer via TNF-a/NF-kB/VEGF path-
ways[J]. Cells, 2022, 11(9): 1502. DOI: 10.3390/cells11091502.
DENG Y, GAO HY, WU QH. T-2 toxin induces immunosenescence
in RAW264.7 macrophages by activating the HIF-1a/cGAS-STING
pathway[J]. J Agric Food Chem, 2024, 72(43): 24046-24057. DOI:
10.1021/acs.jafc.4c07268.

WU 8Y, XIAO Y, WEI JL, et al. MYC suppresses STING-dependent
innate immunity by transcriptionally upregulating DNMT1 in triple-
negative breast cancer[J]. J Immunother Cancer, 2021, 9(7):
€002528. DOI: 10.1136/jitc-2021-002528.

LIU FR, LIAO ZB, ZHANG ZG. MYC in liver cancer: Mechanisms
and targeted therapy opportunities[J]. Oncogene, 2023, 42(45):
3303-3318. DOI: 10.1038/s41388-023-02861-w.

Wi B 2025-04-12; RFABEHA: 2025-05-23
AXwE: BHF

BlHEA: HU S, WANG EQ, DUO XY, et al. Activation of the
cyclic guanosine monophosphate-adenosine monophosphate
adenosine synthetase-stimulator of interferon genes signaling
pathway regulates the cytotoxicity of 3T cells against
hepatoma cells[J]. J Clin Hepatol, 2025, 41(12): 2572-2580.
Hih, 258, 2B, & HBERSH-RESAB-THRRER

R EF (cGAS-STING ) 5518

BOE XS ’YST Qﬁﬂﬁﬁﬁﬁtﬁﬂ*iﬂi

R R ey A (U], ImARATABRS 275, 2025, 41(12): 2572-
2580.

FIAEAR & (4200 i) ) B e Z A Qs AR AT A% 2%

TEHEE—

EVHS

B G IR R 4402, 800 Fra B F 1,715,400 47] 5091, K& # L 0.73, F 3 71 L 34.7, 808 T3 B F 46,

B PR FEAF A E R B AIE R L AR

CEEEY SRS SY

2R, Qs AT I3 2 &
BASHP) P HEL B 4245 A5 0] 1.91%; £ 188 A E A S HI R P HEL 5
s

VAR %44 82,9, f£ 2202 FF F B A+
1745 45 BT 2.16% ; 78 19 Fp i 105 52 £

QU BT R g 22 &) 4 4535
2025412 A 258



