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WE TIEMHAEF (stimulator of interferon genes, STING) &AL T B M ARG Z A, FEFEEWEAIN., AR
RN A SARAH MR T 2045 2 Fh fe s 2R rh ik o AR RSB R S0P RGN OCHELH AT 43, STING LA HE sk ] 4219 75 2
XL BT N 2R IR Y 58 DNA AN, REESUREE S PO 2B o ZERN X AP SR AR A R T, AHMa 28 AT fg
HEMBGRAMEIET- U R ZMBm &4 . RBREVIMOC, NAEFRIETE 71, MUASHE Tl meEiEw R85, AT
TR DIRE, B LB N R SR A R A AT 5. ARk, BEETSERARWIRA , Z I STING 5 £ Fh4H
MLV Z MAEAE B 00k, I HS 5 g e B il R AT, EREXSgma kAL . R AR, ST,
AR F LR STING S5 20 5 AH L8 19 A OB FoTalb &, T STING 76 40 &5 i 45 ) 22 58 LA S 2P A g bl il v iy L
AER . ARLZEAR B AL X STING KTy s A - =2 (81 28 HAE A A B 25 S, S A 2880 Ll 56T o

FRpLE .

K@ TR T, A hREms, I, NSRBI, AR R

FESES  Q253, R392.11

T4 = 4l % [ F  (stimulator of interferon
genes, STING) , L F% N 85 B & H 173
(TMEM173), J&—FhfEdEfb B PR SF iR 532
e, TFEALEGAEAMAE RGN . H R A AN
RIARA AN T M b 3Rk, JREM TR 2,
STING 5 ¥ & H g -l 1 IR & Wil (cyclic GMP-
AMP synthase, c¢GAS) F: [ Wi Jig 4 5+ % DNA,
BRI RGN E AL 7o cGASTE R
STING ¥ b5+, 38 LIS M8 F e 47
TETAMh . S5DNASSS TG, cGAS kA% AR 1k
HEAGEPERAS, PR R S R S R - I T R
(cyclic GMP-AMP, ¢cGAMP), Fifi )5 #43 P9 o k9
[ STING ', STING {4 4 1 E5 B8R E . 14>l Jx
B fA45 488 (ligand-binding domain, LBD) #1144
Cim B HEb45# (C-terminal tail, CTT) ¥, X4bis
R e F B 5 A5 45 #4 38 (TM domain, TMD), 5
STING 7E B M LB E A . 24 LBD 5 cGAMP
G550, TSRS d STING FY 2 R A2ids . C
Uit J2 F 45 M & A5 5 4E Tank 45 & B 1 (Tank-
binding kinase 1, TBK1) W35, wJHEHEIRLES
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TBK1, {ff STING FE#E Ser366 @ik, #i T4 %
W5 K F 3 (interferon regulatory factor 3, IRF3),
Gl I+ E (type I interferons, IFN-1) Fik,
AL, STING T ¥F {5 5 1 8% 38 W] 0T 1% I 7 «B
(nuclear factor-kB, NF-kB), 5|#RAEKR T 15 L
R, BRI, STING MU 3806 AU
PUABTIME . SURTERIERN B REE, 0S54
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FLAER 2R TR S L BRI T AR
ZR R, H A 8R40 34 T fE ik & 4 i
R rRe, dEmigl R4S HE 0 o T 4E+rdm
JHL PN PR EE AR E PE R A L S D RE R IR iR, A
ar L R e o X AR B, AT BRAR A3
o ISR, HBT bl R a0 20 Lo
RAEY R A bR 2GSRI FI . 24
LRI 2 A R BOBR LA TR, 38 A0 2
LSRG, T DAYERFZARAR 28 B fd e . 2L
L e b AT (2 3 1V =S} B U S Y TR 4N
A WS TR AR AR & W i HA 22
JEFNEL BT 1y 2%, Horh £ i 2w o, AR
W O BAEA AR . SR, e
AIZRLAR T AR SR A2 40030 48, I AT Re ik &2 e
T PRAFAC ISR 10 SR, o B4 24 mT S B2k
LR A Bl K 2R AR TE M 4028 (mitochondrial
reactive oxygen species, mtROS), &4 fIsET ;
Al VUK T R 2 IR ) b AR 5 | A Al Rf o A I 2%
R IE e NN SN R e f S R Z N OB X e R ilin ey
&, B2 b A 43 240 g 1E b R 45 G B A
I P N A E CEE5 Y TR ST PE 28 TSP N
VLI 5T B, STING K& i sl 77 24 it AR Fgk
ok B BATREER, e R M S ki AR DRk
I . RETEHE R, STINGIRS 5
f g o s 0 B sl , X4 2P AR DI RE R F
(AN (S

S f 5 o e A DG T AR A AT BB AN A AE 2 ¢
B, AR CA RS T T2 I A
A FUR o AR SCERIR T STING 5 4 i 5% 22 8] 1 AH
HAEA, AN H S R R E
WAERRZR , DA K 35 VA7 40 Mg D RE 463405 19 0 - AL
s [\, WA STING TE4Z Gt e e = b
A REAS S TR T AT AERLIRL,  JTH8 T S
TFST B Jr B P R i e ) R [ A

1 STING5S4Hpazs 2z ERIFHEE A

1.1 Zhrfk
1.1.1  STINGSZhi ATl R4t

LRI P2 DI REAS RO AL, AN ZEHFRE
R, TEEER G . Be PG A g g 15
SRR TR OCHER . T IIRE 2R
P, SRR G 57 204 ROl & B . Ao
N, SORRE BT REE R G gERE D RERR A, H
R AE Y R A . BRI 2R S 2k iR B

e S A2 ) 100 S 1 0 B 1137 8 [ N2 R TR N
FIfi B AR A o 5 FR il o 40 2458 iRy, T
LR T R4 (WDNA ., R ARIEY ) 1
PSSR AR 2 ] (A B AC 4 e il e A, XA B
R A% R RN P3R5 TR N E S s A L NE|
WEAR I B LR AR B R ) T B, B DD RE 2R 4
PR P RF S A7 A S X A MR S T e A F
AU

LRI RRAE — LR S 2L A N )
kiR, HpoNMmESN NEAMEERNL
(dynamin-related protein 1, DRP1)., DRPI J&—Ff
GTP /K fff i, JHCMAH 5T b e 48 S 3 S (A 3R 18T
iE— D 20 A AR R A48, JHSEIT AR SR/ NE L)
{EREAR . TEARFRAY Z R R, Zbr AR L A3f
FEAR AT 38 2 DRP LR ) 7y AR b iR 7 2L, JF
M STING 1 g% 3% 1k * o )z, STING T iiFs
T TBK1 82338 Y FR L fR s 2400 A& A 1 i
Ab, STING 5 —Fh FiiF T T4 E B (interferon-
beta, IFN-B) ifi it STAT5-PGAMS-DRP1 i B4 £k
RARREAEN TN, 5 DRP1 P EIfESEL R AR5y
UL W, FEIEFABREST, SRR
STING 8 if AH B 77 3[R 4E R 240 B P PR B A R
SR, FESRZUN PR RF LRI T, AT A STING
XTSRRI TR Sy A, NI KB (5. 1l
u, 7EUVB R 2Rk 24 R
H STING 3 1 2 BEO , BT IR S 6 5 R
a5 F A 2 (R & 1 3 (NOD-, LRR- and pyrin
domain-containing protein 3, NLRP3) /509 [ j7
21O A 8 NS A NE e AR RS R TR N
30 v %o iy v %o N R S RS R 5 A R A RO
H—AERRARA R . R G H RA S AR
HYIRE, TR FER R Ry . AL
Rl A AR TR, ZORATE N A S 4 i s
O3 LR AR A T B T TR AR S 5
(outer mitochondrial membrane, OMM) Fl1£k Hi {1k
N (inner mitochondrial membrane, IMM) |1
3 Ff GTP i, 43 2 2 B Ik il 5 25 11 1 A2
(mitofusin 1 and 2, MFN1 and MFN2) L) K A#1£8
ZE45E M 1 (optic atrophy protein 1, OPA1). {&4h
Wroe kB, OMM & T IMM Bl 45, MFN &
OMM il & (1 £ HE 1, GTP 454 MFN J5 {fi HoA4
ST ERSEHHD N HSRAS, PR AHSRZ R
195 GTP 454 1 MEN il 1 G 45 F 3k Al 11 1 &
AR T RAE R OMM i3 E—i . K
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&R, %: THENHEFSHBIFZENEELRE 3

2 4b 3 OPAL, B K OPA1 (long-OPAI, L-
OPA1), it H TMD $7E 1/ IMM 1, BEALAEDS
FE 0 M SRS 7 85, IR REVE M %5 OPA1 (short-
OPAl, S-OPAl) HERIMAZF-H . S-OPAl &
OPA1 & YIHI G A R RLARAS , B REREAE T IMM P
B ARG, AT IMM B @l & 72 1o, 78
TR, Dokt mlA ) L RS STING i
i QR Ui 5 A N e LBy i ¢ o )
1, STING #4524 f& 5 MFN 25 5 i i 2 br 1A
fillG, 5 mtROS FIAR BT A KT8, e
SRR, R FERUR RO

LRI AWENE D —Fh A MR B, AEAERELR
LA BT e A T 7 TP R A A0 Y TR AR
25 (ROS) WINLIK . HEFRE= | 4 2 55 5
T, AN R AR S I A T . T 4R
LR L RS E PR AN AN N A R RRoE v, i
TR 10 IS T T S5 28 A R R o A4 L R 32 o sl 2
REJCTRIALRiIA, FROMZRAR A MR, ZbiiR A mE S
BT 4N RA N a. 2R ALRIAR T AL
EWERAL, TR RERLR F W A e D44 F 5 b, 2
RAARRE ARG, TR R A A, [FIZERERE
fRERLR AU Z B W AT 4R sh i, bR
T WA L AERR O A WA DU s e G
R AR SEBHARLS s d. 2ok iR N Y B R BEA
Rfe 14, 2R A W JE A PINK-Parkin /-5 F1E
PINK-Parkin /AR R B 20

LR [ T STING B9 7 3 i3 ol Peidi 4b
PRECRIARSZ IR 72, RS 2o A Py ) o it 5%
PR, MR STING 0 . YL kifk B
W E I, A B TIERR LR, AR A BT
o B 2k KL /& DNA  (mitochondrial DNA,
mtDNA) 7K, SEmifidl STING #i& . FHAnF
RTINS % NSNS AT NE R s TR L N S e
B I WESZ BH sk S B ARE G e Dh RE A, 22312
iff 26 B0 AR 51 15 A1 ¢ 4 F 85 20 (mitochondrial
damage-associated molecular patterns, mtDAMPs)
BEHC, a0 mtDNA #E A 4 8 57 # 3% STING il
B 2 Liusg 2 BRI, SRR [ Az 410
BT, mtROS Tk M it i Br, Bk 22 i o s & i
AR AET, FfiJS mDNA BEROT 0SB v 4 i
STING {7 5 i, et RYEHFRIX S B, A
FRICTEM A, 2ok B WA A Bl E  (H-5 S A il
HREARET,  E WA ] 5 AR O ME LU BR 32
ALK, AT BB LR S AR A W, SR,

ZII AT BETCIA e AN PR AL, AR TT R R A
ABITANM, S H STING 38 % Az J FB 2H 2 4 92 4
AR~ S SN A NI & BV o A
mtDAMPs B, #8015 STING 1 5% X AH 56 R AEH 1
G3U, BTG A AR S B AR SO, FEARAE
PEYGR AR P E AR P

AN, EAMR RN, STING X H b HEA —
EREAVER, A STING % H BA - FERY
ik, WFoE &8, STING rl 47 F TBK1 AL
W AN, HAERBEN AESZIR, REE#E S5 LC3
MHEAEH, R BRI R, Wi E 2 R
T HWE R A B A VERE AR . STING #TE J5 &7 5
2N M - R R P E] BE % (endoplasmic
reticulum-Golgi intermediate compartment,
ERGIC), 5 STING [ ERGIC "] {E K [ WA i 14
BRI, 2 A WA )6 B SR 2 -
EERARH RS T HmEE, (B HRTET STING
XTSRRI A W) BRI VERT, = IRAMESE,
AR IRR . HAMNRERY, ELMRREML
Rk gt #E e, STING R4 1 TBK1 K HEH %4
JEREMMEN . TBK1 &Lk A& A P R AH S5 A
AR (sequestosome 1, SQSTMI, X 44 P62)
M2 (optineurin, OPTN) B2 fk i F2
AT E B S T . P62 FTOPTN 1 M Zkifk H
WEAHOC R BB AR T, LB AR X FEabifk A
W A Y 2 R 2 56 B . TBKI A i3 42 9 P62 Al
OPTN WyERR Ak, HEMiHESh LML IA 7 WEAR T R,
TEAERF R AR IE B A= BRI B A S 40 M N R AR e Ty
EAEZE Y, SR, HATCT STING 783X
— i AR BAARE R AE TS 2 R . R4 TBKI
YE24 STING 1 Pl 1, H 5 STING Z [ fF7E 4
W0 b RIS 515 7 0 R, (HTBKIXTEpiA H
Wk ()2 R P 2 7552 1) STING Ay, B Rl e
. Ak, i RERKEIRA BT
Y&, PLpE— 0 STING 78 TBK1 /S Ay £ ki ik F
g o A v i 2R AR e AR AL . IR, STING
PR LR ] WK — 2 PR 22 2 ] WAE JC LR 1Y)
EYER . MOCHEER R Bk R s 5248, DL STING
FITHRE SRS H, YRR A 0 28 i A 1 3 Rl ™
o, AN, FEH WA OCHE N E3 V2 R % 1
(E3 ubiquitin-protein ligase parkin, Parkin) &7k
AT, BMfigeniiisz 252040, STING MG
U AT T B A e A 1 T 0 i S AN R )
JUE Y . Y & B WA B 2 (aldehyde
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dehydrogenase 2, ALDH2) ¥ 19 1% 1t 52 29 i
f, K mtDNA £ Fifi 5 Zebr 74 58 48 M 0 il I8 i it
AHNH S, 54 STING e . SR, Al 22
FIKSE ALDH2 (Wi PEfS . M5 mDNA 7K T B
FNIEH G, STING # B IE KPR IR E ,
AR HESRIAAR FI I, TG BRAZ AR LRk P

TR A B, STING H3E I A B X 41
JL = AR A T, BN, S A M T mtDNA BT
P0G 9 STING W S 38 nZemidk FL g ity & A, T BR
TP, APPSR, JERR R
R FESRES E RS A R T, AN IR R Lok A
AR EARE, 50 F8RRaA T 525
ATPZE7=/KF-, Bt i 3k STING A2 (I Zhr ik
WG BRAZ B, X AT AT B 15 i 40 B i 2E A7 g
I3 P8, JRAE STING FE I 17 Ze i AR R 8 Ty TH & 45
PR, (AHAE R LLE N T WAAE R R YE. i,
TERE PRI R STING T = GE 0 il 15 42 T 4 il
1A 18 5E W) 375 % K ¢ (peroxisome proliferator-
activated receptor y, PPARY) 41 FHIL kiAo 24 F0
bR ANE, FEAML gL &L . X0l RE
2 T STING X GRS 4 (0 98 19 38 31— e i PR
i 2 5 i A i STING ML is , LAk
T () R BB R A . FERRERN HOIR A
N, STING X4 bL (A (4 1E ] 8 5 n] BR R 45, MM
ISR AR 5 . PEAAE , i i iR 77 i 2 2
RET, Gasdermin D (GSDMD) FU L4 g ki
K EREE, BN AR AR fLIE o ot A2 42
mtDNA B 2= A5, IS STING.
Jii f) STING 5 NLRP3-caspase-1-GSDMD #4 i 1 J%Z
Wi, 2P IRGRLAR , E A R AH R
g s TERIBIEEEREE T, AN IR 40 mtROS A
BCHEIN, SRR Z A I, mtDNA G
[ STING {2 #F T Zehifk AW & A= . SRmT, i
HOES % AL NEN S 7 TSR E 1 E2 % A L NN A TR 5 & i )
AR Y XV RE S L R AR R A g S BOR =
mtROS B K, TRafbdifur, Thae T REmZk
PR FWEIARRS 2, o BERIE AU ZoRi A B W] RE
HHEHIRe R, MR e
1.1.2  STING S5 ZbifA 11y

AT AAFSE & B, STING A4 B 1] LIAE N i+
Wil, FERE K EE e 2, T
Fitk, BRHER, STING 7E4E 7 28 kAR 1) B 1
A RS I B H A L R,
STING i £ 5 1 AR M ] 25 3 i 2 (voltage-

dependent anion channel 2, VDAC2) #54, HHlES
25 1l i VDAC2 L M N Tt 19 3 1] £6KE 14
STING #ik = W 5| LR AR F5 4 4%, 3 /il mtROS A=
B, R ARSE RS I ATP 2B B, DT O 2 40 i 2
2 SRR, A A R R ARG 0 o 2 41
PR A (B TR ) WEE, I8
025 T IR A M Aok A e AR R A, BRI
mtDNA 7% STING, 1 B8 200 Ml 4 A= e e S vk
Fers, MR AR AR e IR A
i, STING T fig BR il 515 25— DA P J5 I ik A 2ok ik
(EEY A G W AT e NS 7 A LN (S R & S
B A 2, STING A & 4% HIE AR G e 5%
B o LR AZ B TP B B A A AH DG R AR
1 T BT Ap RUUY BT RIS e I G T s S i bu
IRF3 ML T3 A ZRidR 5] K s 2k . JIRVHR G 2R
F{EEAZ1K S (Takeda G-protein-coupled receptor 5,
TGRS) FHEP I ] 5] % 55 25 PPN 5T I i ) 2 4
PR, MM mtROS A=A, 1 i mtDNA 451 1 91k 8=
PEABE ST, KEBE STING, JET R & 95 KN
A
1.1.3  STING SR it
LAUAVE AR ) E 2RI, 5532 3%
TRz, SEUCHIIREERTL. TEdERrgobiigk
RIFRAS T, STING 455 HEAEM . 005
U 200 R RN € B 5 2L 2R ok AR e e, B
PR AR SV E ] . AR & AR Z BH AR
A, doRifRat B R RN, BlIR
mtDNA 75 F BT, 0% STING i %, H
T3 T4k kappa B I8 ¢ (inhibitor of kappa
B kinase-¢, IKKe) F[ml il A s 20 i 4 G or 4 i
HYEE S A TGV, FEIRARDTAEMAC, FTREVE N
— PP LR AL R R S LR AR 2k . SR, STING
VTS L A] RE S BB 7 AL I R AR S . TRA
5T STING X2 A4 A G ) P8 2 HL I 5 2% 1 S i
ZERRFR, AT IR B G AL AT EBOR
S PR AEBT (0 Jy 1) T kA, STING 2 507
AARRRZ TR . AT e R I, )
e R AR PE % & 1 FE & 1 (yeast mitochondrial
escape 1-like, YMEIL) 3K 3/ mtDNA i) B il %
STING i #%, 413 H W B LU sERZ R L, 4k
Frdi M SRR i IR RS . [AlE), STING
BB GRVES R LN AW N g Rl I e = ES Y A
(UNTUE S TR Eiigieay i AR v O 2O 7o e
IREIRIE , DA FREE AR L AN 3 0
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STING 5 2 A o7 2 455 il 5 Gt Z IR A7 75 46 1)
RHEIWAE R R . SRR Zhfs, Hk
PG RGBSy 2L B WX Ry =k
BRSO, SR LR A — D8, FEit
P FE T STING KHEH M HEAEH] . LRk 2 11 5
fff mtDAMP JE AT, STING B H T i i 2
e sh SRR o ZERARLAR A W, T bR A FH )
i SICRER;, FEE mtDAMP B9/, 2k iRy
20 A Wi 323X STING B0 7 A — & A il 2%
R, EEMT MR B BRIZAN, STING
AR Ui 43 R LR o3 R A AE — i I R R
Mo XFBHZN0FHFES50 . ATk
FiE i RGP, AT A R ZR A ) 5l
SV fe e R (B D) 2R, Zerifksh
B — BRA 2 TR RS . i, FEZh:
KRS ZBHATE LT, SBUELR AR 2, i
M 51 % i STING 4 3 19 R 5E N o X 80 5
STING 2 AR i I 15 LTI R 45 . Zobi Ak |3 i
b BE G A S STING WYAESAH O . 7E— & 35 [l N
STING M H T Ui % Zewi A 8y g = P Al LA K B
W1 22 5 T 175 B e A2 14 43 24 R0 [ W 453 477 R 25 1)
TR, ST — 2 B R AT 5 AERR LR AR ) 2%
RS, JEHRPR STING RYZERE s DIHE
1.2 MK

5 (endoplasmic reticulum, ER) i # #%
MoRARAERY T, X —RES G s A —14
MEFREREE, AR TG B A it 3
BT, JFZ2 S5HNESE TSR . b T4k
W IIAES . P8 AU AR 228 BRI R A
UifefaE, b EE— Ry TR RIS,
W58 fe R R A B 2 8 N BT R A & R RN
(unfolded protein response, UPR) ', Kimhff57 3
], STING 5 UPR X [ #7752 2% i) AH B JH AR
%, JFH STING 5 M A WA R, RS Y
A BT PRSI T 1
1.2.1  STINGSj A AT & 8 H

YUK Z RS AT BESZ e N i AR, &
BARrESEATRER, Hmg NI N
JOT ) 7 ST B PR R UPR R B PEAILH ALl
i AR ER 8 1 Y IE B A & A I R & R
HEERR, LURE ERERAS . BN 270 3
A ER 3E B AR 1RGN . OS5 5k 1 6 (activating
transcription factor 6, ATF6) . & M RNA FE PN
5t W 34 B (protein kinase RNA-like endoplasmic

PERK) #1 JJl B 75 % B 1
(inositol requiring enzyme 1, IRE1), iX%&ER i
R AR5 S AN F TR ME 5 g, 2 W A AR
UPR "% 58 kI, Fe e/ e 440 furt, UPR
HIRED B HN e B 9., 51 & STING i 4k,
L bR [ vEE T BRI AN R, SCBE STING 11
YoREEIIEE, HX —d BRI A TR X
RAE 5, [ARE, TREL 760 B 40 s, &
13 BHL 1l STING [ f R fid i STING /5 A9 E4E B 41
MO T B, IRED XF STING iH A5 2 24, A
{UA BT STING 7E ER _FRUEAFTE, i HE AT
R iR E S, EHE STING F&fi, S5 HA ER & 1
[ 85 STING ik 5, AW AL, IREL X F
PERE S SR AT BR A, B T 1 A o IR 98 3
UPR 19 3 Fofrid (6 76 A [m] 240} v 5 2 STING 3 i 3%
W, NS RME 0 & A U AeE, X b
P P I I 7 38K S 2K ATF6 3 33k A ROS T
e E— 2B STING 38 5 1E% DiRE, Jfi i i
i STING FEff A UYL DI REAZ 401 (0, FE
LU AL, UPR RELLI0E W3R i PERK IR A2
/1> STING i mtDNA () BEHOR I Ford 4, S2a
Gopg kit (o o IR HL, A B P R 95 T
Hi 5 STING /R &, 8 20 M JR L i [ 7
2B, TR R e,
VIZWPIERYL, R PIAEAEARIN Y A JST 099 7 384 71
FAGE T HLE] o PN T X STING 5 | A P4 JoT 1
I PR B — i I BRIVE AT, 82 VS BR IS STING
LA Bz UPR A 5 2 11 DA T 3kt e ask B 1149 A J53 ) o 934 %oF
2 M3 A A T AR SE, STING XJ A JiT ]
WEAFAEM . 1w AR B 452 219 [
RAAZES, STING i 203 UPR, 1 {2 i 4i ifg
I W R MG P SR, R R A i s 4 s o 2
TR, T AN BB 1 ML R IR AL, 45 R
Yo o7 Ak, STING A 3 i I8 45 P9 I I [ g
PR PENE R o 2 40 16 300 388 3% 109 2% [ BH Pk P B
STING fg B8 P 5% & 7= A= 1 38 IR AT IR (c-di-
AMP), FEMGI &N BN . S, PERK 0
AW AR AL RN E R R EAEEY 1
(mammalian target of rapamycin complex 1,
mTORC1) MY, (RN AN, A B T4ekr
T W 20 it 0 AR A7 RE O R IE W Ih R . BFOT £,
STING 7E ik B A AT Bk . R B STING B fdi ]
2y g fE , JCYA K £ PERK 1976 1L B
%A EEHEMRATT, N A RER R E R

reticulum kinase,
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Fig. 1 The mutual regulatory relationship between STING and mitochondrial dynamics
Bl STINGEZ&HEHNFZBWEERTXR

(a) ZRARRBTETETRGL. LORIR 240 SEI 2 sl B R LR A 5 (B LR AR A PR A3 B o M ZRL B RIS, Zobifh s 4R
FIDRPIAN 240304 S LN S W00 53 B9, B 35k o A 1 ol L IO o T i 5 2 A4 =2 1] U £ By R b Ak il 5 AT W B 3 4. (b)
STING 5 8 1A 5t 2 il 22 52 22 0] AR AR EC IS o 2R {4 43 %4 ] 3 2ok SR 1A [ W75 B STING L i 43 F 28 b ADNA  (mtDNA) , i 41
STING#%i% ; STINGH] it F i/ FTBK 1ML RiiA /> %4 ; STINGHY S — T 5> T IFN-BZSTAT5-PGAMS-DRP 13 #4528 A (At 5 T P B
[, H-UrFIDRPUE L RRSr2E ;. mDNAREHHE FISTING RT3 InZRifk AW, TEBRSZIMZPLAR ;s mZohi Al & 0 vl 42 #ESTINGII -
(¢) STINGXJERR TR R I, e oA, STING IR BLbiiAit SLbifkm G| AL G, (EFRRRRLG, Sk
P (mtROS) FINE BT KT TH R, 5 RRAIMIRAET, BZHPUMIRERON ; KIS MRS S B gkt B A 2 R mtROSAE
B, B REHIESTING, 1 AAIMISTINGFEY , SIRARIE L ; ZORIRRA BT . LRI 17 Wi A 5 5 A Bl £ PR AR i S 5 L S o A
Ty 18 B B4 25 R 4 00 STING, 518 R¥E KL . DRPL: sy A M C & 11 (dynamin-related protein 1) ; mtDNA: £ %7 14 DNA
(mitochondrial DNA); STING: T #tZE 3K MK F (stimulator of interferon genes) ; TBK1: Tank%h 4 i MH#1 (Tank-binding kinase 1) ;
IFN-B: T##p (interferon - beta) ; PGAMS: B H TR LN KM 515 (phosphoglycerate mutase family member 5); mtROS: ZAifAk
W42 (mitochondrial reactive oxygen species) . A<l fifi fiBioRender.com#: il

B, B2 o B MO (0 STING Frdmihl, 51 % sk
(R A BT I R 7 A AR [ 1Y STING ¥
6 AT | A sm B ) P T R 8, 7 i e A L AE T
FARE S R, R AR RS R
STING K 1803% 512 UPR ' IRF3 1 PERK 38 % I
P, M mtROSHEZ, B/NEHM L E/ET 7,
STING L g 3R A5 528 5 | L i P9 o I B S e 5 & T

MR, IO T AR MUECR s A BE— AP R S
PEBFAEALE 3250, S AR BT HGR B T A 5%
fF 7 A, NSRS STING Z A 77 76 2 2% /Y
FHE I THLH], IR AT, S AT ERL
PILRIAERF AN A PREARAS , X e S A 2k
JO7 S UERI R e, AT g gk R W 1k
A (1E12).
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1.2.2  STING 5 P4 J5 o9 2 51y

B N 15 TRV 205 AR B R AR rh oy TG OB
fate, TR S B A7 I R 1 AR
o A5, STING RY 5 5 X 56 5E T Al ot
THIE, AVFEE s, Jf H STING WA 5 H
28 PN AR S B 3, B P o )
B KOF s e e AN RS E B STING 3 % 9
T, 1LY 2 7l (transient receptor potential
vanilloid type-2, TRPV2) [HI32H485 251 M PN Jo )
Bzt , DR d X nteE, BiERH R
il LR 2, STING A5 25 - i, b
FEJEEH PN 0T D 05 B8 7K A8 Ak, IFAE SR AR 2
Mo KT AH BAEFH 28 F 1 (stromal interaction
molecule 1, STIMI1) J& P ot W 8544 84, N
J M Ca® i A7 FE S B, STIMI1 %% 2 28 P JiT ) fi
(ER-plasma membrane, ER-PM) &5, Y
5 R il T A 5 38 B B8R 1 1 (calcium release-
activated calcium channel protein 1, CRCM1, t#x
Orail) 454, #7JF Ca” i, fRIFCa A, 4
STING 7E i TN BT R JF 5 STIMI &5, 5B
TR s S BT 55 25 7K R R, STIMI /9
B B T STING, fiiHAN TIHOH RS ™, ZEA
E9% % (human rhinovirus, HRV) BEYLHiE], N
JoT P I 5 7R BE 0 A ARG A7 1) Ca> BEAIG, 384 STIMI
BIFNEM, MR STING., {H STING 22 i
B % T BEBE HRV Fr 40 , I L iz 35 i A
STING ¥ iF A WE e T # B A B 2 5 8
S B, STING (43X i 48 000 HoAy —
SEIRIT T, EFXF STING A Bl T 1 B 1l 4036 9 75
JRYLIRIT AN o A, PR IIAE R B A s 5
b 200 0 #8578 3 % 5, STING 76 40 Jifg 5% 22 8] fY) 55 F
A2 Bk R v BARAE M A B . R ABESE STING
S TE A A T S 2 i 25 D) BB S B K Bl
T2 N LA I A A T, AT RE A R Y
TR AR YT B B R
1.3 #pa%

AR MEAZ R BRI R A S g e A g, oA
BIE L T YRR Rz Y, DA st
MR E T . A% NAETE ZFh BT #E6 (quality
control, QC) i&4%, fUfii DNA FimFEiil . RNA it
R AE A B E, e TEER, R E AR
B DNA B8k . il R AR B . mRNA

1) 5 L Ko A% N A B 3 T s 2 1 T D e e . 4
Fp BN R Y A DNA T B i AR vk R gk
Hu A, (EAE A B N DNA %8 St 1 B B2 A
g1, STING 5 40 Mo 4% 2 R 241 id A 1k 285 U AH G
TERFEEI A 2257 24 /v, AR ] i A 52 i
B, REGIEIERL, JFREHL B R Ai M
XUERIZA S BRI, HN R Y R AR SLHE T
BRI R, R ZWERE RS, Mz falk
TR, R, NIRRT, B
cGAS WEIFRTR S %, (HX S 258 K 2 HEF X 4 i
BEARRIBIESE, JF Ho = SO % 24000 [A)— 4 v
STING HY ELAZEIESE . T, Sato 55 ™ i i 20 i
il &Rl AL R G AR A% X6 STING RIAEH, &3
cGAS 7E 21 it 5 1 i i AR R AN & s 1) — 4>
SRAT TR, AN E cGAS-STING #1219 3
PN R, XA SRR, ATRER N
FHEST AU, /D BRI A% T 25 5
I cGAS-STING i %, fliZAE NZS A b 152 M (B
R — R K . STING AL HFSE Wi 1 40 i 2% 1) g
B, BS54 NRENANRREZ T, 41
MusfsErh, STING AR E/EN, Bhrl1E 0 4 i
RO LA, R g R e
0T A i D RE o STING ik 2 IS 5 e 441 i v
RIS | 2GR 2, DR SF iR 4 i 5
b 00 AN 2 O R R A ML) e SRR,
53 54 55 RS R A A FS e Y R BUMOZ B B
I, S5GHEHATT IR A i S i, AR
A% B B A M BT, AN HE SR i 3 T
cGAS, 1M H cGAS 1 o] 75 i #% b L 2 JF 0iE
STING, RIEHUMERN > AYORHIESS, 5
RV BHMINE Y KL E P (ataxia telangiectasia
mutated, ATM) Fl T K y iF 5 & H 16
(interferon-y-inducible factor 16, IFI116) 1] LI~z
T cGAS 1% STING, X B i Jr 20 B 28 L T X)
DNA f5i 5 BRI i 7 MY S, 1Tl cGAS X
FEIE R DNA it &8 21 20 e 5 ) 2 el g

AN, YHME 2 205 2 R R, sk
GRAF | BRI . BRI RRGTRI LA oy R A
Al HE S & DNA $t 45 - LI [\ 7 R ik 28 i i v
W% cGAS-STING i g %, 7E X F i &0 T
cGAS-STING i i 28 M AU AE HTE A /2 PAREXT
AN, AALTC T B i B v A ) )
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Fig.2 Molecular mechanism of the interaction between STING and endoplasmic reticulum
B2 STINGES M EM 2z B8 EEFH 5 FHLE

(a) PRI R GE . P9I 2 BRI A A RN, 20— R PSR UPRIE B PEALE] . 0% ATF6 . PERKHIIRELA] 5 G AN [F]
W R IR RN, AL FFBLUPR, A3k P 5 ) e 34 n o s 1) e ) 8 1 BT &, ANl D o R T & A 18 . (b) STING Y
DAL P AR A 4% o 0 R R R A S At e UPRFPE’JIREUJ(?}TWJE%%&JE)‘(F P S STINGYE Ak, Bl Ji5 8 5k b [ Wi i
HEBRANMI B ;. STINGURESSHAT UPR, i th (2 SEA0 0 WSS PR AN P9 S AAR , I EL T i A (2 a8 5 e At M A QO e, i e
N TR BIMI R B AL , IS s IREI/EEEBANE R0, ol B 1 STING A K AL HESTING /i S AR MBI 7=,
HEME BB H Y. (c) M STINGIIREIRAF SRS | & 1 P 5T I N I 45 S BCTAIMIPA T, I TN RECHRE (kb 2> LR S e B AL il
ZA, IR R BaE G R &, (d) STING 'ﬁl’\]ﬁﬂ*ﬁﬂﬁﬂ?"?&iﬂ TEHELL R A, PERKIFLLS , i/ STING I i
ZRIADNA (mtDNA) [HBEHORINHISTINGIWE AL, DAL SIS e kit s A8 14 A 5 I 730 2% (A UPR 74 35 2K 75 AN R 40 i T 5 S STING (¥
SLREWOE , R SRR R KA. Hod, ATFeRt Fik &4l NROS T, AN STING R IA 5 1IE ¥ Thfg, I H ik 2xim o) fie i
STING (1 [ fif T BOLHUR L DI g Z H1 . ER: WM (endoplasmic reticulum) 5 STING: T4 % 5 KRl A+ (stimulator of interferon
genes); IREl: WIEEF7 201 (inositol requiring enzyme 1); ATF6: 355k 76 (activating transcription factor 6); PERK: & H#HRNA
FEN L34 (protein kinase RNA-like endoplasmic reticulum kinase); UPR: A& HEH )W (unfolded protein response); mtDNA: ki
IADNA (mitochondrial DNA); ROS: {EPE4ZS (reactive oxygen species). Z<[I{#i FiBioRender.com%: il

W, EARESI R RMEBI I KA. HIL, 14 ZbEE

STING 7E40 A% Hh 322 R W AR, X 4 3r 40 B A — B mRNA B % 8 (1 il £
Mok shRE LR et E R (K 3a), PEAWR, fEANERES . e RET S T R i E

FAE O I BORME R, STING 18 X A Ml
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EORRIRS A —a R . RV SRR ARG
Ji 9% 5 B (Kaposi’ s sarcoma-associated
herpesvirus, KSHV) & ry4ufirt, —fpi%ss
M\ EH & 5k K 1 (nuclear paraspeckle assembly
transcript 1, NEAT1) &I BEEE [ A5 BUAZ B R
HE A BA SMEAZ DNA AT DIHE . 446 2
IE F & DNAK}, Un7e KSHV RG], &I A
RIS AY), M T 5 A NEAT1 & ¥ 26
5B 4 cGAS-STING "™ KM 5 Wi A2 4n
MurpBE S RE, HUAKEA PR EEE I, F1ERIE
JEJ7, AR i &R O YR PRk
FETESAZME AR BT 45l R P I, cGAS gt Hi S
RS A AZ ARG &, U0 STING 5 [ S fa2e e iy 110>
([513b) . STING il # iy ix — I RELS & L2 S
HiEfe, N2 ARIRER, —EfRE F5
% 7 cGAS-STING i & X UL (1) S B2 DI RE o
1.5 RER

VB —Fh R B2 IR R A g, JLNER
FRPEIREE K Z K L RVE ], ST oG R
HRE N B ZFh R+, dERRA0 I PR i A
A WS EHATE STING {5 5 i R 5 4oy e 7 22
A, BE LT BE MR REZL T 1) STING . B 1A )
AE I % T £ STING 5 AR Al B 23 5| e A Mg i
(g S 1o ], STING Xt At 2 A —
PR, HEATHL T FiFR ARG IRE, B
L B B R A RS — RGO R AR
B A2 1, (S [R) 48 g 28 20 o STING X 145 il {4
(R SR AN AR TRD 10 20 SRR JER L A 4t i G e 2F
AEANPIINT, STING UG J5 #e B BN B b, fe i
VBT, 5 I BEAHOR MR A I PE T, g s
BT AN T SO AN R A R T R
M, 76 E W20 MR SR 0 rh 30 1Y STING
AL MMIET: . M, STING @ e vt A
W5 RN AR TR A S S A e 5 151k, i
2 it R 5 M a4 5 OR K

(systemic lupus

erythematosus, SLE) BY&4: 5K RE, iXE7=R7n]
B 20 ML N STING WG R BE . o WA L) e o)
REZE S AOC Y BFSEERE, UK-F- STING S A
BTk ek B2, MRRSE STING B0 3 i 1
P WA R A R 26 1k A g M CRARHILR DL &
3¢). UL, #R3% STING XA B A B L K L )
YEFUAT LI iB Y7 SLE S5 5 B (b L%, iy 1
fift STING 255 SLE & Hi O e AL
1.6 TR BERMK

T A A —FPARBRA /N | ph B R 2
ML RS , FAAE T EAZAIMIN , H I 2 IRe 2l
JI I TR A L R Y B 48k o M —Fh 2 Zh RE 4 i
i, SR A Y /NI BE A T U [ PR
LA A B TR, T A e H 2l
—, Al BRI el ROS SEAR = P4 4 19 ot
AR B, STING HAT ML) LC3 AH BLAEH
X (LC3 interacting regions, LIRs), T H{&Y5
LC3 M EAEM ARSI AW, 78 AWEABOS 72
HORAEEZAME R 0 TR A SR 1 (acyl-
CoA oxidase 1, ACOX1) i iR S fb i B it ,
Wi F LA b F A i, D RERE S 5T
TR R A G o DUBRE B I 2 KR L0 5
(silent information regulator 2 family member 5,
SIRTS) W 3 it 410 il ACOX1 I ¥ - IR AT ik
M FETh e, FE TR 40 SIRTS T ik, ACOX1
TR BT A KA 1,0, PERGE, HLO, M it
NANMIAZ , 5| 5T SUASi AT DNA XUEE T 22, i
BUDNA ki 1 (K13d). HAET, MARAPR
ESEX Bl DNA $5 173 72 75 23 51 S cGAS-STING il j#
WO DA Rk 48 A 0 it A £ 451475 % STING 3 it 2% 7
AR 7 SE T, IRARR A A A
STING 4™ A W Z [l IR &, 7T REA F T A& 30
JFFREESE I i AR 7 BT 7 [ 5587 T
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Fig. 3 Molecular mechanisms of the mutual regulation between STING and the nucleus * ribosomes * lysosomes * and
peroxisomes

E3 STINGERE#Z ~ B ~ iSRS |40 EsE 2 B4 EE TS FHLE
(a) MANAAZZ I, SR AT, U i e GO AR SR TRt B a I Ll Re . it ZURR ARG, UZE Nk
Wi, RS, HANAEYROEIAT R, S cGASYI SN, BiEKF T L4 STING, ATMANIFI6HEMS M. T cGASIEIE
STING, X FPE 7 T4 X DNASG S R 5 R S0 o 8 BEG J5 1 STING RS AN AL I D RERASHEA T I, 2 5485
AR EIBAT . EAMF S D, STING KRS IEM, B RETT LISE Ao R0 220 540 A i, LR AR e e Py
BRI Tite. (b) M2 EERE, ERMOMFEEN ST R BIARIEINS . cGASAI B %5 & A flE 1 ) B AR ZS &, B0
STING, M5 LGP . (c) WHHHATIRE L BEEAFE, T SFHESTINGHH MR, XESFL RIS L L, FEF, STINGX
BB —E IR EER, ERENE SN [ B 0B i i R B — R VG RN, A A B B A 8, (RS E AR BT S | & R 4G
FZES . MR AR (IR 4E4i) B, STINGHCRTE G 5B REaAT, (EIFERHAGR, FS ARt
AN AN, AR TS BB RRE R T AR, STING Wl i (2 b i B R AL e A SR 2R 4B B e S5 1% Ak, N HEsh 248
PELBHRIE (SLE) MIRAELRE. (O B BERESIRTS o] i i 1 i ACOX LIt AR AT oA I H T . 7R anMap, SIRTSER AT
W, ACOX &M L FH, M~ E KIS AL E (H0.), HO0-ABMEMHIE A, FEDONAKEA M. BT, DNABIG RG]
HLcGAS - STINGIE B3, LA RGT S AL A (1 8 47 % STING s 2 7= A AT Fisg i i N IR , A Rl — 2R . cGAS: B 1F-MR 1T
IR hilE (cyclic GMP — AMP synthase) ; STING: T-HZRILHHHA T (stimulator of interferon genes); cGAMP: 2 {5 {34 & HiR- AR 1
2 (cyclic GMP-AMP) ; TFI16: Tty FHE 116 (interferon-y-inducible factor 16); ATM: A M B A MAE Y 5K KA IL (ataxia
telangiectasia mutated) ; SIRTS: ULER{E BT F2EK A 515 (silent information regulator 2 family member 5); ACOX1: BEIE4HEFAS L
fiti1 (acyl-CoA oxidase 1), Z<[E{fi fiiBioRender.comZ: il
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2 STINGS#Mzs 2 B EEEEERR R
HERARENX
21 R

TEZ R AR, SMIEPE DNA RN T %
JER N A8 G B, X — o B AR T cGAS-
STING 5 53 % . cGASFE T STING 1 -
W+, MU TN, AR Az
P AR DNA R B, 4405 5518 45 STING,
FIUR VBT RN, I EHEHSUREEN . It
i % O BCAFE DNA BN 5 800G 58 K 14 58 K A g B
AR P AHSS G R OS] ) PRt b B gL is 2
Ab, STING 7R RE UM A S AR A {52 Jir 440 it 25 ) g
BEf , JE XA gs Dh e EAT IR Y, G o AR AR
cGAS ¥R 12 78 O AR A Wi g, AN F BE i
TR 20 M A5 7, DA S IR A L A
R N . B, N A E R EE (Peste des
petits ruminants virus, PPRV) JE&4Lif Py it X 2
AEF U UPR 1 ATF6 S0, 38 i 4t s =
Z KR R JE AL A OC EE 5 (melanoma
differentiation related gene 5, MDAS) -STING-
ATF6 il %5 & AWk, sl dil, JHiERE R
Pr&EE, DERr g EREitese 7 DURE
(Hantavirus, HTNV) 4281 IRE1-XBP1 /M5
BT R LTS AL RIG-T, - 12D fiEF STING FIE4H
Ji 5 LA o AR B2, STING & Rab7A #H
HAE Rl A0 A g, DA RR R R Y e
BRI RN, b T R IR, B ST
SRR OB AR R . SR R, cGASTE
2 5 R R BEIRSS G, BOE STING, 51 & fie i
SR M Epstein-Barr J% #F  (Epstein-Barr virus,
EBV) YLt fifg ] 24 A ] Bl B e B, e
B DNA FIARSEHE FITE RV & A 3k 2Ly ]
B RG], DL EA TR STING A 521 1 A
THRE . TRASRNTIX LEI 2 0] BB e BRI UL 1 I PR R
I PR AT A RN SR

SR, 5 7 18 i EL M ] STING 07 5%
I H Ay TR SR STING 15 518 3 1Y e
PERINE, XA e R AL IR T 20 X B A
Sy &AM o Ban, NFL KR e EE 16/18 ! (human
papillomavirus 16/18, HPV16/18) JEJL4l 5K A
BILRA A ERREAT, P ETEEAR
R IAIFEEE N BTN E AR STING 4 i Homh iz
ool o N2 g Bk PR N B 1A
immunodeficiency virus type 1, HIV-1) FIEHEDNEIR

(human

%7 (African swine fever virus, ASFV) 3334
STING #y7Z % 1k #l STING F i & 1 TBK1 i 1%
IRF3 B I fig "7, gy Bk 7 1 7 (herpes
simplex virus type 1, HSV-1) 55 S0 071,
FESTING ik = F 99 S i 25 6L, SEMT 5] &R 5+
PR LF 4E4k . ASFV 1Y L82L J [H ¢ ik {2 ¢k STING
() k- VS AR RO i, Ay o PR e b 3k 1Y) 2 A it
TR o 0 eAh, T STING 540 #% 22 18] ()
HHEJATTAER, STING B M 1T G 5 A 1A 7 AH 2G5
TR HH S . AERBIEVRYTAIE, AT T AT
5%, STING B ff AN Ry & — B TS R IE TR 7
Tiidio BN, Vi BAT BRGNS
E B T AE IR 9T o BT B® A5 W B BS5/Faulkner
(Coxsackie virus B5/Faulkner, CV-B5/F) i#Ei1iES
ANARR TR, CEE/ N e EAA VR R AR
FHo SR, 5 E A 9 40 I N 300G STING 3 [ 25
W TR B, A A B K
REfEHE STING F#fif, 3 B0k 5% A1 75 1) e g ik ik
MTTHESR FAR TR T, ST R B, W
IEER AR g ki 5 STING Z [ C R,
JEHG T 2R AR IR T I T o
22 PhE

STING i B 1F R — P A 2L B s o 8 iR 97 ok
W, AEDTITIRE G 0 & AU RS E R A
RN ™, STING 3 o Wi I 2 Fh 240 Jf 2% 1 D e
PRI A i, I I8 3h g% )1V . Ranoa S H: [F]
3 SIS PL, STING 1R s b K EFa s
YER, BTV A 240 225 SR 4 05,
IR R 4 A PR % e AR 1 1 T e s ) R e — R
4%, I W AN A S REIR S AT 225y 240 0L, LA
20 N ZEASE S o e A o 9 R DR R 1 4 A
P L AT E B cGAS-STING i@ A, 5
L RMEAT 5 DTS A S E iR 2 RS
FW, JEOIRATEEY (chromosomal instability,
CIN) J&Z/id 5T dsDNA [ R ZRIE . A AR
FERH W gm A 22 B R vh 48 5 R A et ik
FEOTES K0 B R I — A e SR DA R AR
7 O AR R D SN fAZ ) DNA B 455 Fn
THZIY 3 i, DNA BURE I, i FBUEE DNA 7E
2 0 S5 v A R R S 2 LT DNA (52445 ¢cGAS, iF
— 0G4 STING (5538 [, {23F CD8™ T 41 f £ Jih
JERRE . A TR A DNAB R,
EVE STING s, M BIPTIRRCH = 7, BR
T80 [ 5 DNA KB iR, STING i X it
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2 N
JN o

SR, S5 5 Y S e e ML AL, STING
{5510 B O UE S e 2 AR i A A s, IR
STING F kBN B E TG A R A 2 BRI
1 Hl 40 B (myeloid-derived suppressor cells,
MDSCs) & Z Fl s i G IR Zh N 2R, 35 AE
e Al . B A YT A2 VR BB R
MDSCs f£ 7& T B % # ¥ 5% (tumor
microenvironment, TME) ™1, H i UPR ;4L
i, 38 i 7 mtDNA BRG] STING A3, Bk
CDS8" T 4 A 54 5 FNBe Mg e S s, DT R AP
Yt e A7 T E R GE R R I s O BRI T 4
XG5 Ah, STING B i 25 T 3R i A 55 b
PR IE PR AN FE T RN T, 385 R AH DT Y
S, AR R s R, AT
BPEIRIT YT RL e Rk, STING #8h 7 B i
TEAE R —FG T e 2 M e g - A e vh kA
WR, BRI cGAS-STING i 1 5 21 i 1Y
PR I SN . SR, Bl R B, S g
4 BfL STING {7 4 7T B8 7 25 4t B G 1k S By BHL 1 45 25
- DA PR BT I 3 o) SRR R b A i 0] i
TN A A2 K T2 STING X g 240 it A= K i =7
JEEZRNY, T BES AN A LA S A B B A B ek
YIRSk — 20 B STING X i 4 il
PIVE FIBILHIRAT B T R I RIG Y T 3G 8 ik
2.3 HWEZRITHERR

M BT ESENN  (neurodegenerative diseases,
NDD) J&—4H i Z R 28 22 Ge s 5 | e 114 5 Joa
PIR, ALFEPT R P00 BR%  (Alzheimer’ s disease,
AD) . P4 7% (Parkinson’ s disease, PD) . #i
WO R L ML ZE @B BE M R M L E
(amyotrophic lateral sclerosis, ALS) . % 4E il £ I
#% (Huntington’ s disease, HD). A#Efifn. Al15
PERT . 2 K PEACAE  (multiple sclerosis, MS)
A, IX SR g S B MK s L R 28 o0 AT R AR
P 1 Al A SR 2N I R A kR UM
XK, EZPBRITHEER LR e R . 4R )
REMI1I175 5 STING M PTG , fEZFanifirh 5] &
P29 7 or b, BG40 M 2% D 58 451 45 A1
STING i #% #H BAF FH Al GE R IR AT PR B0 1R )T 1Y
RS S IR RIEE R BT, AD B O I S
fRR AR E Y, BRERNARTIREZH, T
mtDNA Ht#2 JE AT, A0S STING,  JEMiFE

S A R ARG 5 | R ) 240 25 1o 38 A

Wy, T STING X 4ohkifhk | WA e EfEH], HAR
v T ERR B, fEBE IR T, A
AD JBF IR R A . SRR R Z BT R
JRiE B mtDNA i, N STING i, W i
O WU, G 0 R A R P 3 IAa AR
[ W848, 445 Parkin A1 PINK1 145 L5848, i
W B B T RBRIIRE R IR kit . TEiRN
LERMARN SRR, B = Parkin 5 PINK 1 (/N2>
FLE mtDNA, #7% STING, 53212 sl Hefa s 4
JUAR LA 5 . 2RI K TAR DNA 255 8 1 43
(transactive response DNA binding protein 43,
TDP43) %45 T2 mtDNA il 1o £ 7 1A i 15 P 5%
L (mitochondrial permeability transition pore,
mPTP) I VDACI i ittt , Bl 72 A /) B4
JfLH L cGAS-STING #ii iy 75 =i 3 1 B T4 R Al
RITAME -, IMEL ALS ', Ak, FEF4E
T 4 ) 4 R T PRASEAS rp i WL EE 21 STING Al T
BT R T, Alfe SRM MK EKIRA
o el 25 T fif cGAS-STING e #f iR 1714
PRI R R S, DA A 20 X e R T R
Wi, RTRE I RIGT R P 2k . ARm, H
T OCT STING 3t B 57 78 AE BRERSG T A 25580
23RN 17 FRR AT RN E BAARFE Ar, mAR
it — 58 K48 78 cGAS-STING-TBK 1 {55 4k 1
MEIRTTYEBR P AIVE T 5 .
24 RMEERSR

45T STING i % A A RE TR A {320 I 1 Y
DNA, LB X 41 g #5% ok U5 9 P I8 1 DNA S
N, I TR TC TR PR SERE I A B S PR rh 7 i
EHEEME N TORE S I TR E )
MO T R A, SRIE(E 52 MR Z BSR40
MR AN S G o R TRUE A S0 48
SiE , JCH IR A AL A0 45 rh P 40 e A R 20 i )
SR, DR R AN A AR i, JUH
MR IRFE K 7 (tumor necrosis factor, TNF) #l
4 2-1 (interleukin-1, IL-1) "1 B PRI
L% (diabetic cardiomyopathy, DCM) LA Jg i fX
F . GRART RE AR T B PR SRR BTG W ARAE . A
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Abstract Interferon stimulating factor (STING), a transmembrane protein residing in the endoplasmic
reticulum, is extensively involved in the sensing and transduction of intracellular signals and serves as a crucial
component of the innate immune system. STING is capable of directly or indirectly responding to abnormal DNA
originating from diverse sources within the cytoplasm, thereby fulfilling its classical antiviral and antitumor

functions. Structurally, STING is composed of 4 transmembrane helices, a cytoplasmic ligand binding domain
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(LBD), and a C terminal tail structure (CTT). The transmembrane domain (TM), which is formed by the
transmembrane helical structures, anchors STING to the endoplasmic reticulum, while the LBD is in charge of
binding to cyclic dinucleotides (CDNs). The classical second messenger, cyclic guanosine monophosphate-
adenosine monophosphate (cGAMP), represents a key upstream molecule for STING activation. Once cGAMP
binds to LBD, STING experiences conformational alterations, which subsequently lead to the recruitment of Tank-
binding kinase 1 (TBK1) via the CTT domain. This, in turn, mediates interferon secretion and promotes the
activation and migration of dendritic cells, T cells, and natural killer cells. Additionally, STING is able to activate
nuclear factor-xB (NF-«B), thereby initiating the synthesis and release of inflammatory factors and augmenting
the body's immune response. In recent years, an increasing number of studies have disclosed the non-classical
functions of STING. It has been found that STING plays a significant role in organelle regulation. STING is not
only implicated in the quality control systems of organelles such as mitochondria and endoplasmic reticulum but
also modulates the functions of these organelles. For instance, STING can influence key aspects of organelle
quality control, including mitochondrial fission and fusion, mitophagy, and endoplasmic reticulum stress. This
regulatory effect is not unidirectional; rather, it is subject to organelle feedback regulation, thereby forming a
complex interaction network. STING also exerts a monitoring function on the nucleus and ribosomes, which
further enhances the role of the cGAS-STING pathway in infection-related immunity. The interaction mechanism
between STING and organelles is highly intricate, which, within a certain range, enhances the cells' capacity to
respond to external stimuli and survival pressure. However, once the balance of this interaction is disrupted, it
may result in the occurrence and development of inflammatory diseases, such as aseptic inflammation and
autoimmune diseases. Excessive activation or malfunction of STING may trigger an over-exuberant inflammatory
response, which subsequently leads to tissue damage and pathological states. This review recapitulates the recent
interactions between STING and diverse organelles, encompassing its multifarious functions in antiviral,
antitumor, organelle regulation, and immune regulation. These investigations not only deepen the comprehension
of molecular mechanisms underlying STING but also offer novel concepts for the exploration of human disease
pathogenesis and the development of potential treatment strategies. In the future, with further probing into STING
function and its regulatory mechanisms, it is anticipated to pioneer new approaches for the treatment of complex

diseases such as inflammatory diseases and tumors.

Key words stimulator of interferon genes,organelles dysfunction, mutual regulation, human diseases, organelle
quality control
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