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Research progress on the regulation of the autophagy-lysosome system by the cGAS-
STING pathway
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[Abstract] The cyclic GMP-AMP synthase - stimulator of interferon genes (¢cGAS-STING) signaling pathway is a pivotal innate
immune mechanism for sensing cytosolic double - stranded DNA. Its canonical role is to exert antiviral immunity by inducing the
expression of type | interferons and pro-inflammatory cytokines. However, recent studies have revealed that key components of this
pathway possess non-canonical functions capable of inducing autophagy through diverse mechanisms. Recent studies have revealed
that STING can also drive lysosomal biogenesis mediated by transcription factor EB (TFEB). These findings suggest that the ¢cGAS-
STING axis serves as a critical bridge linking innate immunity with the autophagy -lysosomal system. The activation of this pathway
yields pleiotropic effects, ranging from homeostatic preservation to the aggravation of disease progression, depending on the specific
pathological milieu. This review aims to summarize the latest advances in the molecular mechanisms and pathophysiological roles of
the ¢cGAS-STING-mediated activation of the autophagy-lysosomal system, providing a comprehensive framework for understanding its
biological functions and informing potential therapeutic strategies for related diseases.
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Figure 1 Framework diagram of autophagy-lysosome system induced by cGAS-STING pathway
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* 1274 Mo BE R K % 2 kR

546 55 8 1A
20268 A

JH %8 W] DL IS TFEB #1#1] IRF3 #0305 , 18 4% IFN 4K
A STINGT /5 55, XML R T — 1 H A
BN 38

4 cGAS-STING B iFS B ABARZENR
B4 IEER

F T TR HLH], cGAS-STING I8 B 30 1 B
FEA B A6 A T BT o SR AR R A7 e R 45 5 S E
S SRR IR . AR, 7E R R B OA B
L Z RGN e 2 U R B I , BE T R
AL R AEA, el A SR BB .

TEZ MR N, cGAS-STING 75 § 1 H I
Z5RmERE. EERFEMEREEERY,
STING REf% A 5 A LAY [ W S 348 1 R 5 1%
IERRANK A6 R [ B 2 T mTOR & Beclin-1", 7E
v G5 I PR VE A5 45, STING 3 5 He B8 i 45 ¥y 1 5
LC3 BB AH FLAE FH 0 B W, 33k 1 3R 30 /) i o 4
A 48 R AL, INEE P48 JORE R #45. 7EF
Jod 1 A9 P, cGAS-STING {5 538 1% Al [ W /K P
F+ 71, H cGAS-STING 15 5 il i i i b B w2 gk
TRET AR R AR R 15T 8 IR A RE
cGAS-STING 15 518 2% Fl [ Wk 1) R 1K K7 B F+
151, cGAS-STING {5 53 B Ji ik b | w3 7
PR B S AN R PR R

FHIR , 7 — S i A, cGAS-STING 5 3 1
W R A PR AR Y T RE . (EARAE HL0, 15 T AL L
U B () 4 B R AR o, STING A5 1 1 LA {3
PEF, o] DUHRAE HLO, 15 S AN st T 75 REPE
[, cGAS 7] LLIE T 1 Beclin-1 45 1 E W B
17 b R 4B T, 4R NSRRI BRI b Fa
A, NI 46 iy 9 = RS . MTE L B0 8
JH 96 AR A 0 S 1 JH 32 38 v, STING 15 5 (1) H Wi 7
JF 445 50 B A GR AR P BT S L
STING R GE 8 i A i B g4 A ) M1 LB AL Y, 358
RIS, I E A5, IX ULEH STING A~ S H
Wk 75 959 T R BN S 2 Bl s gk g B BT 3 &
LI

E bR S A 852 v, cGAS-STING Al E W 1 Th g
IRE . cGAS-STING i B350 Jo 8w B B 5a bt
ik Rg G 88 I8 25 BRI AE 5 AELTE NS 1k R S 1 STING B
T, T FR B I FF S0 2 (2 3k 40 i (1) 12 28
R B MR RS AR A (i
BAEKAER, &8N 5407 it 25 1 % .
cGAS-STING 3 i (1) B0 22 J8 20 B Wi, H H R iE

7E ¢cGAS-STING 38 % A 47 [a) i $4E F, KK HI 55
PR G BT 2 B WF R W, 4 A STING 3%
B35 1 Wk 0 ) 750 P ) T 3 s e e G

5 INEFIREE

cGAS\STING J¢ Fifi TBK1 ¥l d i £ F 4L
1755 FIWE, STING i ] LUE I TREB G327 B A4
KA X AE cGAS-STING 3 % D e izt i H 28 S 00
R REIEWE, IR T X cGAS-STING 3@ #% 5 [ Wt i3
iR R G NTETC R B AR . RS H A IZ SURIRAS
T RFRE, HEG AR B E. il vl
AL 52 21 A A B AU RSO S e A
AT PAE SR 5“3 H A T B R
FAA” Z IR HEAT R HE B 25 D)4 23X R 2% I A G ]
HHELEME 7 3K 6 7] B3 R 58 4 B B BB A, cGAS-
STING 53 [ ML 7 [ Wik 42 5 SR B R A% 2 [A]
FRITERFE 22 SORTE AL, N Rtk — 4248 . 722 Fb
PR, cGAS-STING Il I RE 6 £5 0 15 5 H
EHE PR HAAPLE K2 RE—DH B . cGAS-
STING J #5753 [¥] [F WEAE AN [R5 B A B 0 A 4%
St FTh RO T AR S8 T et R B, IX N
HARPIHRAL TR T TR T EE fi . JCHAE M
H, KA A STING #3h 771 5 B W )57 o
v IR 8TV 0 5 AE AT 040 25 38 38 S LT 5w
KAEG A R e N IE 77 Bk — BT 5T . BEAE
BT cGAS-STING 3 i (1328 L i A& 1 5 G e 1k
TR AN 22 AR AT 1 AR 1 B AR AL T R AE
TP R B ORGE HT, el 0 STING A1 2
PR 51 Wk Y8 il T RE DAY B 2 1 SR AR Ak (]IS 3 4 i
T U RE RS, B R A E .
R KWL E T IF R BE R e 1k 2 B S R 2D
RE” 55 “ H g 2 AE DI RE” 14 STING 1 45771, 3K A
FRPIR IR HETR T H BT R TR o

Flzaim A

P PR R

Conflict of Interests:

The authors declared no conflict of interests.

e Sk AR

BT SCHRAG R S SRR B 2 SRS Bl AR LA 5T SC
R N SRR 5 JR AR 0 97 BT SC B AR T SO ] S AB T

Author’s Contributions:

WANG Jing was responsible for literature search, literature
review, and draft writing; LU Zhongkai was responsible for article
topic selection and literature verification; ZHOU Chunxiao was

responsible foracademic guidance,manuscriptreview and revision.



546 55 8 1

o RS FFRBE. cGAS-STING il B % H MRV IS 1 R ST Tt e L) 1.

2026 48 H M ERR 2R CH AR R , 2026, 46(8): 1269-1276 *1275¢
[%2it] [17] URBANSKA K, ORZECHOWSKI A. The secrets of alter-
native autophagy[J]. Cells,2021,10(11):3241
[1] CHEN C, XU P L. Cellular functions of ¢GAS-STING

[2]

[3]

[4]

[5]

(6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

signaling[J]. Trends Cell Biol, 2023, 33(8):630-648
GUI X, YANG H, LI T, et al. Autophagy induction via
STING trafficking is a primordial function of the ¢cGAS
pathway[ J]. Nature, 2019, 567(7747) : 262-266

ZHENG W L, XIA N W, ZHANG J J, et al. How the
innate immune DNA sensing ¢GAS-STING pathway is
involved in autophagy[J]. Int J Mol Sci, 2021, 22 (24) :
13232

DVORKIN S, CAMBIER S, VOLKMAN H E, et al. New
frontiers in the ¢cGAS-STING intracellular DNA -sensing
pathway[J]. Immunity, 2024, 57(4):718-730

HE J Y, ZHANG L L. The journey of STING: guiding
immune signaling through membrane trafficking [J].
Cytokine Growth Factor Rev,2024,78:25-36

LIQJ, WU P,DU Q J, et al. cGAS-STING, an important
signaling pathway in diseases and their therapy [J].
MedComm, 2024,5(4):e511

LIU S Q, CAI X, WU J X, et al. Phosphorylation of innate
immune adaptor proteins MAVS, STING, and TRIF induces
IRF3 activation[J ]. Science, 2015, 347(6227): aaa2630
ZHOU J L, ZHUANG Z, L1 ] M, et al. Significance of the
c¢GAS-STING pathway in health and disease[J]. Int J Mol
Sci, 2023,24(17): 13316

YAMAMOTO H, MATSUI T. Molecular mechanisms of

macroautophagy, microautophagy, and chaperone-mediated
autophagy[J 1. J Nippon Med Sch,2024,91(1):2-9
CHEN T, TU SY, DING L, et al. The role of autophagy in
viral infections[J ]. ] Biomed Sci,2023,30(1):5

LIUS Z,YAO S J, YANG H, et al. Autophagy: regulator
of cell death[J]. Cell Death Dis, 2023, 14(10): 648
DIKIC I, ELAZAR Z. Mechanism and medical implica-
tions of mammalian autophagy [J]. Nat Rev Mol Cell
Biol, 2018, 19(6): 349-364

DEBNATH J, GAMMOH N, RYAN K M. Autophagy and
autophagy - related pathways in cancer [J]. Nat Rev Mol
Cell Biol,2023,24(8):560-575

PARZYCH K R, KLIONSKY D J. An overview of autopha-
gy: morphology, mechanism, and regulation [J]. Antioxid
Redox Signal , 2014,20(3): 460-473

ZHAO 'Y G, CODOGNO P,ZHANG H. Machinery, regula-
tion and pathophysiological implications of autophagosome
maturation[ J]. Nat Rev Mol Cell Biol,2021,22(11):733-
750

ZHANG J, XIANG Q, WU M, et al. Autophagy regulators
in cancer[J]. Int J Mol Sci, 2023,24(13): 10944

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

LI W, HE P C, HUANG Y G, et al. Selective autophagy of
intracellular organelles: recent research advances [Jl.
Theranostics, 2021, 11(1):222-256

LIANG Q M, SEO G J, CHOL Y J, et al. Crosstalk
between the ¢GAS DNA sensor and beclin- 1 autophagy
protein shapes innate antimicrobial immune responses[J].
Cell Host Microbe, 2014, 15(2):228-238

ZHAO M M, WANG F, WU J H, et al. CGAS is a micro-
nucleophagy receptor for the clearance of micronuclei[J].
Autophagy, 2021, 17(12):3976-3991

MIJALJICA D, KLIONSKY D J. The necessity of
nucleophagic modality [J]. Autophagy, 2022, 18 (2) :
443-448

GONG X Y, WANG Y L, TANG Y B, et al. ATG16L1
adopts a dual-binding site mode to interact with WIPI2b
in autophagy[J]. Sci Adv,2023,9(9): eadf0824

WAN W, QIAN C Y, WANG Q, et al. STING directly
recruits  WIPI2 for autophagosome formation during
STING -induced autophagy [J]. EMBO J, 2023, 42 (8) :
EMBJ2022112387

FISCHER T D, WANG C X, PADMAN B S, et al. STING
induces LC3B lipidation onto single - membrane vesicles
via the V-ATPase and ATG16L1-WD40 domain[J]. ]
Cell Biol,2020,219(12): 202009128

LIU B X, CARLSON R J, PIRES I S, et al. Human STING
is a proton channel [J]. Science, 2023, 381 (6657) : 508—
514

XU Y, ZHOU P, CHENG S, et al. A bacterial effector
reveals the V - ATPase - ATGI6L1 axis that initiates
xenophagy[ J 1. Cell, 2019, 178(3):552-566

ZHENG Z H, ZHAO M, SHAN H, et al. Noncanonical
autophagy is a new strategy to inhibit HSV - 1 through
STING1 activation[J]. Autophagy,2023,19(12):3096-3112
HASAN M, GONUGUNTA V K, DOBBS N, et al. Chronic
innate immune activation of TBK1 suppresses mTORC1
activity and dysregulates cellular metabolism [J]. Proc
Natl Acad Sci USA, 2017, 114(4):746-751

BODUR C, KAZYKEN D, HUANG K Z, et al. The IKK-
related kinase TBK1 activates mTORC1 directly in response
to growth factors and innate immune agonists [J]. EMBO
1,2018,37(1>:19-38

KUMAR S, GU Y X, ABUDU Y P, et al. Phosphorylation
of syntaxin 17 by TBK1 controls autophagy initiation[J].
Dev Cell, 2019,49(1): 130-144

PILLI M, ARKO-MENSAH J, PONPUAK M, et al. TBK-1

promotes autophagy - mediated antimicrobial defense by



*1276° [

R

546 55 8 1A

7ok 202648 f

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

controlling autophagosome maturation [J]. Immunity,
2012,37(2):223-234

LUY Y, LI Z J,ZHANG S Q, et al. Cellular mitophagy:
mechanism, roles in diseases and small molecule pharma-
cological regulation[J]. Theranostics, 2023, 13(2): 736-
766

RICHTER B, SLITER D A, HERHAUS L, et al. Phos-
phorylation of OPTN by TBK1 enhances its binding to Ub
chains and promotes selective autophagy of damaged
mitochondria [J]. Proc Natl Acad Sei USA, 2016, 113
(15):4039-4044

RAVENHILL B J, BOYLE K B, VON MUHLINEN N, et
al. The cargo receptor NDP52 initiates selective autophagy
by recruiting the ULK complex to cytosol-invading bacte-
ria[J]. Mol Cell, 2019, 74(2): 320-329

VARGAS J N S, WANG C X, BUNKER E, et al. Spatio-
temporal control of ULK1 activation by NDP52 and TBK1
during selective autophagy [J]. Mol Cell, 2019, 74 (2) :
347-362

HEO J M, ORDUREAU A, SWARUP S, et al. RAB7A
phosphorylation by TBKI promotes mitophagy via the
PINK - PARKIN pathway [J]. Sci Adv, 2018, 4 (11) :
eaav0443

WILD P, FARHAN H, MCEWAN D G, et al. Phosphoryla-
tion of the autophagy receptor optineurin restricts salmo-
nella growth[J]. Science,2011,333(6039):228-233

LI J, YANG Y, GE Y, et al. Restricting intracellular
salmonella proliferation by coordinating p-TBK1 mediated
mitophagy and xenophagy[J]. Autophagy, 2026, 22(3):
445-467

GABIG-CIMINSKA M. Dysregulated TFEB - autophagy -
lysosome pathway links acute COVID-19 immunopathology
to long COVID sequelae [J]. Front Immunol, 2025, 16:
1708364

RUOLO I, NAPOLITANO S, POSTIGLIONE L, et al.
Investigation of dynamic regulation of TFEB nuclear shut-
tling by microfluidics and quantitative modelling [J].
Commun Biol, 2025, 8:443

XU Y F, WAN W. Induction of lysosome biogenesis is a
novel function of the CGAS-STING1 pathway[J]. Auto-
phagy,2025,21(5):1163-1164

LV B,DION W A, YANG H X, et al. A TBK1-independent
primordial function of STING in lysosomal biogenesis[J].
Mol Cell, 2024, 84(20):3979-3996

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

TAPIA P J, MARTINA J A, CONTRERAS P S, et al.
TFEB and TFE3 regulate STINGI1 - dependent immune
responses by controlling type I interferon signaling [J].
Autophagy, 2025,21(9):2028-2045

WANG J L, LI Z, SONG Z X, et al. The effect of spinal
cord STING/ATGS -mediated autophagy activation on the
development of diabetic neuropathic pain in rats [J].
Biochem Biophys Res Commun, 2025, 760: 151686
KONG L Q, XU P F, SHEN N, et al. STING orchestrates
microglia polarization via interaction with LC3 in autophagy
after ischemial J]. Cell Death Dis, 2024, 15(11): 824
SUNJ D, YUM Q, DU W Z, et al. The cGAS-STING
pathway promotes the development of preeclampsia by up-
regulating autophagy: mechanisms and implications [J].
Int Immunopharmacol, 2024, 128: 111531

ZHU S N, CHEN Q Y, SUN J D, et al. The ¢cGAS-STING
pathway promotes endometriosis by up-regulating autopha-
gy[J . Int Immunopharmacol, 2023, 117: 109644
ABDULLAH A, MOBILIO F, CRACK P J, et al. STING-
mediated autophagy is protective against H,O, - induced
cell death[J]. Int J Mol Sci, 2020,21(19): 7059

KHAN S, MENTRUP H L, NOVAK E A, et al. Cyclic
GMP-AMP synthase contributes to epithelial homeostasis
in intestinal inflammation via Beclin-1-mediated autopha-
ey[J]. FASEB J,2022,36(5): 22282

ZHANG H, LIANG T, DUAN W L, et al. STING modu-
lates HBV-related acute-on-chronic liver failure by media-
ting autophagy and macrophage polarization [J]. Immu-
nobiology,2025,230(1): 152860

SCHMID M, FISCHER P, ENGL M, et al. The interplay
between autophagy and ¢GAS-STING signaling and its
implications for cancer [J]. Front Immunol, 2024, 15:
1356369

LI'Y J, YANG Q, CHEN H, et al. TFAM downregulation
promotes autophagy and ESCC survival through mtDNA
stress-mediated STING pathway[J]. Oncogene, 2022, 41
(30):3735-3746

XU G S, SHU Y N, JIANG M H, et al. Intervention in the
crosstalk between the cGAS-STING pathway and autophagy
using an oligonucleotide-based bioorthogonal platform for
amplifying immunotherapy[J]. Nano Lett, 2025,25(24):
9834-9844

(Y75 :2026-03-23; & E : 2026-04-15; F B : 2026-04-26)

(ALtmit: 3% A)



