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WE [ /R% 4% B (Alzheimer’s disease, AD)Z —# LICIZ FOA R o gE AT B oh £ BRI W E BAT MR
. KR RES . BEM HE (AR FtauE B M A T R B4 - H i B A 0y R B E. ADFRE T AN
K7 3 Am 2 AL (R o BE 1 55 FT (R & 2 KL AKDNA (mitochondrial DNA, mtDNA)E i, #E 1 & 3 8- T 8 & &k B8 (cyc-
lic GMP-AMP synthase, cGAS)-T # % # [ %% [# F (stimulator of interferon genes, STING){z 5 i % . 7 4 & e #f
REAZERZEADEH /N AT Eh, B 5 58E KE KOS5 /N5 40 fa o & v o g8, (R 2 ik
ZH R AE o N R B RE P SR AL, I EADMZ Bty FH i, #E H BTmtDNA-cGAS-STING# % ] 88 2 i )T ADH %
EFE, B F A RENTREMERITHEL AR E N, DB IEREEADEREEFTHER. KL%
1 H R EmtDNA-cGAS-STING 5 5 # B W f{E 40 T W& R L5 5ADK £ X BRHGREANF, T8 w18 % iE
JT ADEY ] BE 1.

X8R I RF BB, cGAS, STING, mtDNA, # 4 % JE

Rl /R 2K 5 ER 99 (Alzheimer’s disease, AD)A&— i
W 5N R O AN AT 38 fh 22 3R AT M
PLZH BB A BIE # BE B (amyloid-B  protein, AR)JTARIE
FCHTVE R FEBE . 4 B PN tau B 1 Ok 06 TR 4K TR 1 1)
PR AP Y2 2 (neurofibrillary  tangles, NFTs)A 3 £
HERIE, SEULAZ RN T ekt ApR E L
VERE R (A TR 8 A (amyloid precursor protein, APP)

KR K B S APPER B- 73 W B U1 T Jlt P L3R 3%
599N R IR AL B K BL(APP-C99);  APP-C99Fi£iy-
Y IAEEIE], A A H138~49 N R IE R I A AR BIF T
T, A2NEFE TR M BT A P42 R BE BEBR M1 3 2,
5y, {EADYEHE R RCEIERL. B EATIH
Ak, 2 JE (neuroinflammation) & AD [t 5 55 2
REE, TN TR AR R i S e A, RS
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AT T 77 45 mtDNA-cGAS-STINGIE I : #1252 JEE 550 IR 7k 1 BR 95 B < BEA L i)

gz JE W EADH, KENiRa &S24, AN
I 32 BRI BOE PR R AIM2, HARHIE 2 (R 240
o AR T S R A SN A ML (extracel-
lular matrix, ECM)EZ#ZMAHALUEE, HiBTHEE
DR 1 S A SO AE RO, T R4 (10 26 R e /N e o 4
AL RBOE R 2R TUMI, AT E— 2 3 B 2 41 i
Rl N, AFEMIEIRIER Fo (tumor necrosis
factor-a, TNF-a). H4HI4) % (interleukin, IL)-4, IL-6,
IL-12%, &R JOREPERIEIE R, A FWAER %2
L gbAh, ADH A A G s i, A R T A
TR BAKELANAE .. NKAH A A% 40 i 5 208
e L RSB, [R5 G R A R R A, i
T I JORE KPR A A 2 e 45105, AT iR AD SR,
P SURBARA T, AR5 4 M o8 S 1 R IR IR
& i (cyclic GMP-AMP synthase, cGAS)- T & 3 A
T3 K F(stimulator of interferon genes, STING){E 5 i
PEME O, 3B R SRE R 3R 0E PA SN R B A R A
WD) RER . fEADRREL AR 1, AL R A A
LR D) RE[FRG 2 B FAADNA (mitochondrial DNA,
mtDNA)BE S EI4H AR =3 2. mtDNAME R —
3545 A 5% 2 745 3 (damage-associated molecular pat-
tern, DAMP)AEEIEcGAS-STINGIE 5 iE %, &Il
PHER 28 SE FH 5200 /)N 5 S5 200 J A W T e R S BT bt
Ab, H R I I G P IR SE 52 cGAS-STING
MR, AR ADJR L R S AR, A
LA PRI mIDNARE L] . cGAS-STINGAE 538 % 7
WHIE SADZ AR R, A 400K T ADJ B A 5
MR R AR R, JEE SRR R ) T R T
IV R BT R, B AE N TE R 48 1R AT M o B
RGBT SRS S BRI,

1 mtDNA5cGAS-STING;# %

1.1 c¢GAS-STING;# %

cGAS-STINGE # 1 4H e Py [l 5 4 7% 7 25 1 %
OME S, AL O cGAS & — Tl i B R 57 1 o 5
DNAKSZ %, AEfs 5 MR 1 22 ROk 1 WUEEDNA
(double-stranded DNA, dsDNA), 355 JF/ADNA .
LERIADNA (mtDNA)LL K DNA MRS, kit
WHAF 5L T B8 I BT F (interferon, TFN)ZE 2 5E
RIS aRIE, 1278 1 Dit-5 G 4% v R %O

142

ER. fEIXANEE Y, cGASS5dsDNAZ S )G, HEHE
PERE S, ML = BERR IR T (ATP) 5 =B R % (GTP)
B A SR - IR R (cyclic GMP-AMP,
c¢GAMP), cGAMPHE & E AL T WM ISTING, ek
J& BT SRR BGE . B0S J5 IS TING M P 5 M 4%
P13 E R AR, I STANKSS &1 (TANK-bind-
ing kinase 1, TBK1)AHEAEHRHEH A4 HERBEERIL
S (p-TBK1 S172); B 5 0% I TBK 1 — DR
ESTING A S T PR AT 73 (interferon
regulatory factor 3, IRF3), AR ILSTING (p-
STING S366) LA J B AL IFIRF3 (p-IRF3 S386
S396). p-IRF3TE L — AR I NAZ 5 3 3 98 iF & K G
IENZE A (0L 5 — 5 TGS A% 7B (nuclear
factor kappa B, NF-xB)#I##% A (inhibitor of NF-kB,
IkB)BF(IkB kinase, 1KK), 4 IxkBBEREI-EHEHZ
FALBRR, AR L NF-« B M 30, 121305 # ANAZ,
)R BT 2 AR IR 7 s (B D12

1.2 mtDNA LKL AR AL
LR 90 B 0 e AR AR R A H B0 T 207
FIT, S 4ERFAIMI I IR H ThREAN A AR B E 2. OfF
WERERW, ShEIBAT BRI O M s, B R
Ve 2 o v AT LR B LR R Th RE RS, ZRRifA
Dy Re b B mtDN AR U i 5T dsDNA f 1 25k
P BT A R I mtDN AT 375 cGAS-STINGIH #, I
L5 o B R T 1) SE SN, S S AR, H
i, A Z R AR E S 5 5 mIDNARE U . B
T E, EER G DU HLEI(E2): 55 A RS )
MR, Bel-2 K% HBAK (BCL2 antagonist/killer 1)£71
BAX (BCL2 associated X, apoptosis regulator) & [ /£ 2k
RIAR TR B ALIE, T B LA S I 5 19 1 (mito-
chondrial outer membrane permeabilization, MOMP), LA
SRR A R e 40 B, XA A mtDN A S AR A4
RS89 B T R T, R P L R S 3
P #4341 (mitochondrial permeability transition pores,
mPTP) ) TF AN AL A4 A F A (g B 2 -7 e
(voltage-dependent anion channel, VDAC)¥)5E R4k [A]
FEAT A 332 BAmtDNA I AN, ghdt, LA py i s
FIPHB1 (Prohibitin1)3d ik 1 # 28 b A A J5 i 535 P 7
mtDNABE O RE s A R A . AR AL
K 58 1 AFG3L2 (AFG3 like matrix AAA peptidase
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B 1 Ap/tauiiid 53 mtDNA-cGAS-STINGHUE RS ADFH & 40 1 73 T WLk, FEADRIEIIL T, ABUTA Eitaut B HE MR
B i A /N 5T 4 L KL A SR A S, @ﬁ%*iﬁﬂ%@i&ﬁi“?ﬁ mtDNA**ﬁK@B@Dﬁ. W S mtDNAE 15 05 5% 70 TR 5K
(damage-associated molecular patterns, DAMPs), S5cGASFER L&, WoH HAEM DB IR 3 — (5 182'3"-cGAMP. %[5 {H5>
T I YT R T STING — A4 O BC A4 25 - sl fid 6 FUA R L HE, BRENSTING — R ALz B /R FEAK. 7R /R R4, STINGS:4E
JFRUETBK L, 755 H A BERR AL (S172060 7)), 4k T BERR (L STING I CiS366/% st X IRF3[1IS386L 5., M HEIRFINZE )y T T4k
FEMME TR, SIEN, STING-TBKIE SYBIEIKKEME, J&5& N FIkBalfIS32/S3647 MBI I 51 K iz R
fift, BEBNF-kB (p50/p635) AMZIRBITNE-0, IL-6554i % K 1 KIA. UEAF, cGAS-STING(S 5 il #imNLRP3 A0k A, — 7 i)
/NG SR AT M ABRI AT B AE 0, 53— 5 I3 Caspase- 1415 BTL- 1 BT A )£ e, e 48 98 RE SRR RIS

Figure 1 Molecular mechanisms underlying the roles of AP/tau in AD neuroinflammation via activation of the mtDNA-cGAS-STING pathway.
Under the pathological conditions of AD, the deposition of Ap or pathological aggregation of tau protein triggers mitochondrial oxidative stress in
microglia, leading to increased mitochondrial membrane permeability and the release of mtDNA into the cytoplasm. The free mtDNA then acts as
DAMPs, which specifically bind to cGAS, activating its catalytic function and generating the second messenger 2'3'-cGAMP. This messenger
molecule induces the dimerization of STING on the endoplasmic reticulum through its ligand-binding domain, driving the translocation of the STING
dimer to the Golgi apparatus. At the Golgi, STING recruits and activates TBK1 via its autophosphorylation (at S172), which subsequently
phosphorylates STING (S366) and IRF3 (S386), promoting the nuclear translocation of IRF3 to initiate the transcription of type I interferons and other
cytokines. Simultaneously, the STING-TBK1 complex activates IKK kinase, which mediates the phosphorylation of IxkBa at S32/S36 sites, resulting in
its ubiquitination and degradation, and hence the release of NF-kB (p50/p65) into the nucleus to facilitate the transcriptional activation of pro-
inflammatory factors, including TNF-a and IL-6. The cGAS-STING signaling pathway also activates the NLRP3 inflammasome, on the one hand,
inhibiting the phagocytic clearance of AP by microglia, and on the other hand, promoting Caspase-1-mediated maturation of IL-1f precursors, thereby
amplifying the cascade of neuroinflammation

subunit 2) &% SPG7 (spastic paraplegia type 7)JEE H W) 3L (R SR A g BRI AL, PO B R AR K
&Y, hRMHImPTPHIFF I, MIA 2FH (EmtDNA LERAR AR SR T ORI S, A REME T
Ia) V\]iﬁtlj“s] HNMFET.. mPTPIEIE ¥ B HVDAC, R H E i

mP TP 7 14 2038 46 B OK i 52 2 FI ADH #4876 B {7 B (adenine nucleotide translocase, ANT)K I fIED
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Bl 2 mtDNARPETSHLH] KI5 ADAIRIR. mtDNA PR ZA L R LS (1) il LRk SMRBAX/BAKSLIE; (i ) Zeki
AmPTP ) FF /. mPTPHVDAC, ANTHICypDZH i, 7E4HHI A5 T, CypD MZR R AL 7 i 437 2 Y S, fis e mPTPH 7. &k
A P9 2R I PHB L@ # HImP TP AL, #/>mtDNAI SN, TEADRILIRA T, btk WA R MABRET S5CypDAH ELAEH, {2
BEROSE Y, JFHE 5 CypDIal A B e Az, 30— fid &k mPTPIT . eAb, ABIE ] 8L 5 VDACE & B BEL R A E5 8 4%, AT N
JlmP TP 7 5 P

Figure 2 Mechanisms of mtDNA release and their association with AD. mtDNA release from damaged mitochondria mainly relies on the following
mechanisms: (i) through the BAX/BAK pores in the outer mitochondrial membrane; (ii) the opening of the mitochondrial mPTP. The mPTP is mainly
composed of VDAC, ANT, and CypD. Under cellular stress conditions, CypD translocates from the mitochondrial matrix to the inner membrane,
triggering the opening of the mPTP. Conversely, the inner mitochondrial membrane protein PHB1 reduces the leakage of mtDNA by inhibiting the
opening of the mPTP. In the pathological context of AD, mitochondrial accumulation of A drives a series of pro-inflammatory and pro-oxidative
events. Specifically, AB interacts with CypD to promote ROS production and enhance CypD translocation to the inner membrane, creating a
feedforward loop that exacerbates mPTP opening. Moreover, Ap can promote mPTP opening by directly binding to VDAC or inducing calcium
overload in the mitochondria

(cyclophilin D, CypD)#4 i, HH1 CypD 7 T~ £ b i JL i
R SR T B H A 2 PRSI A T B kA P g
IR, fi RmPTPH . Jeii it 7o 7R, fEADE
& UL S ADBERY/IN R B K I & RAR TP ABIZWI AR R, J5 2
it 2 A B R mPTPEE (T (&2). ApHTiE

11 5 CypDAH EAE H e 3t £ ki A4 3% P % (reactive  oxy-

PR S SRR ARG B T RE 2, fe & Bl R R AROS ™=
2 B mPTPH K.

cGAS-STING;TE 4 8 7% fE ADYs Lk J o
HI4E

gen species, ROS)FI=Az, MG 5ECypDFE A FI| 2 Hi
A4 A S 5 Fe AR BE T 5 mP TP IE (19 T Y. CypDIt)
R AR 3P 0 22 0 S 52 AP S EAL A A 3 ) 4T BE
T2, IR AD/IN BRI S i o g N R s 0, ghah,
AB SRR ) tau B 45 #iiE 7T i i 5 VDA C EAE 4%
mPTPEIE (I FF, S EARE uLebi ik fefng 222,
BE 3RS K 2 S EmP TP A 55 — B B R K.
ABA B Jo LT BB AT W RT B R i 4 - 4 AT P
MESATPEFII DR, T 802 P B 185 1 FE B0,
WIHIN-H FE-D- R A2 18 52 14 (N-methyl-D-aspartate re-
ceptor, NMDAR). a-ZFE-3-F2FE-5-F L -4- 7 e 1y
1% %2 4 (alpha-amino-3-hydroxy-5-methyl-4-isoxazole-

propionic acid receptor, AMPAR)%, ‘T i 2% (145 = 1
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ADIEN—F R b IR AT PR, ok S5k
Ji& 52 3| 22 M R 2R B SE M. AR AT T R A AL 25T, A7
TEPIFIEPAD: B ZHEAD (early-onset Alzheimer’s
disease, EOAD)FH#: & HAD (late-onset Alzheimer’s
disease, LOAD)*. WF 7t iR, APP. F# &K1 (preseni-
lin-1, PSHFER . F# K2 (presenilin-2, PS2)3E K 5AF
2 5SEOADHI KRR S PS15PS22Ey-7r il 8 &
P A AL S, MR R BB S P b l, 1B
500 Fy-7r W B APPYIEI A EHE M B, HPSIS
PS2FEA 2 G HAPPHE S H VIE, PRt 2 AR, 5
LOAD K 5 3 e M — AR R [ 2 K2 BlE B HE  (apo-
lipoprotein E, APOE)S:H™). APOEIed 51 3k [ 2
LOAD# SR IEAL WK K. S35 A F A
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HAEE, 45— ed S5 A0 3 D AN S AD ) XURS: 19 0 2
2.2%, TIAR Y P> e4 55 A7 B PR A N R RSz 3G I 29139
T BRIBAEIR R A, ADIIE IG5 AR5 U5 2 ik
Ziash. WL A ARECRRE) . R VRSO (R R
)~ BRI (AHAAR ) IAEE DR ER (22 5 G &
DIAAOR, IR PR 2K AT iRl e 22 SO AT 0 38 AR X

R,

2.1  cGAS-STING E BT A2 5 hE
ADJ R BE R, W IR R A T RE RS S
mtDNARE . ABAItaukbH A/ i 5 41 g 4R 7] LLiFS
SmtDNARERE MG, 3orb AAbHE 5 W 2% 51| 28 1A
FEAS AR . ATPF7 ARl Ab 2 AR i 37 2 [ A1 L &
ROS/K P&, RN RRIAA D) fEFpg >0, ARk
tau B [ 75 FE 1 SR ik R /N e I 41 i 48 A SR AL R R
i 22 MK BimtDNA-cGAS-STING 4 (1 B 1] K 2
SIREELD). B EMH, AD/NRAERISXFAD/N R TE2
HEEE, B M 24 FimtDNAZK S, 6 H # (5xFAD
/N R4 PR FFmtDNA & B 2 T3 AR RN R, 9
H =% SmtDNAS =M, X LR 7T 2R mtDNA
B ADR B EBUBRMLEE. 65 THLH R, hifk
Hi,T-f% 1% B (electron transport chain, ETC)) 5% /& H
H3t it L fid R S S B SRS DR B2, T A RE
KETCH BB (015 1 S IR R AR ) 12, S8k
AR RE RG], okl & AL B, 5IEROSTLE,
W EIROSE S FmtDNA [ & A0 5145 1 % 5
RO YA I mDN A 8- 48 S HE IS DN AN 3L L il
1 (8-0x0G DNA glycosylase 1, OGG1)& &, 8L #Flapi%
RN VIBE1(Flap endonuclease 1, FEND)VIE|I N H B &
BB R, BRI R, METLNARRH E
AR FIHFENTRRIE K, i K mtDNA 7]
LS 975 1 1 S BRI, (AR B, OGG I TR
WO AT A S xFAD /) BRmtDNA P 44k 4 4 P &
M R H BB IR . X — LA R & S A %
iE 0 BB S N 1) S8 3 SRR AT S R g i s ), 3
/N 5 4T L L B 2R A B T 5 LR mtDNA 7 & 11
BETHE, JEEVE NCGAS-STINGIE M 1% 00 il
2R, 7RI R b 2B 47 1 A8 I R v R 37 E A D7),
cGASHISTING & ZAE/NR LA Mg h Rk, 5K
TFN B RAE UYL Tk B3, i 72 A D v 25 23 e J
mtDNAEE I I SO0, ADRERL/IN BRI Hh Aol

25 LA/ SR A0 1 STING ik #5552 452 1 2% Xie
2 NPURIL, S5EARUNRHLE, 6 AR IISXFAD/N R
M 2023 cGAS 5 dsDNA I AH BLAE F 5% 1 445%, p-
STING, p-TBKI1, p-IRF3[I/KF i EHE, McGAS
(R R e 9 S X FAD /N BRI 1 28 2 i 5 WA AN BREE . Udeo-
chu AP I, cGAS-STINGIBESTEP301S tauft K]
ZIN BB S AR R N 2R AD K i o s, 3t T 5 R TFN
S, HIXR s N A T mtDN A EZ . TcGAS
F B 2k TS R /N 2 S5 4 P TEN R R R 0 2658, 9%
P301S/)N R I iCAZ RS

B IR 4G A RS MR Z R E3  (nucleo-
tide-binding oligomerization domain-like receptor pro-
tein-3, NLRP3) 4 Jit /IMA & il 2 B AL & ik, LR %t
DyRe WG Caspase-1, SEUL-1BHI AR ik, 25
AN AR T 2 Al AE T PO K E iR
B, ADJ T FE A, ABRENS fih & /NI 5 41 i NLRP3
IS, TINLRP3 P2 010 -1 BAS B th i) 5 2 4
RIE, ML e, SEACIZIhEERRGY, £ 2 F
ST IR993 SR AR AH 9% 43 F-185 = (pathogen-associated mole-
cular pattern, PAMP)EDAMP{EH F, NLRP3 7] £
cGAS-STINGIE B HIE". phah, TL-1ptikiFse ]
7 FmtDNA BT B05cGAS-STINGIB 4, IK3)
TENZE 58 MM DR - (R, MO i e i), i
BB AIF 95 45 7 cGAS-STINGHINLRP3 I W 4% S48 1 48 i
B MAAEMEAER, B3 FEZ 5 ADR E i 2
FRLE 9 RE HITE K.

2.2 c¢GAS-STING:E M iE s APYLR

/IR IO 200 2 R H ) T G e AT M, e e
FHIEMRAR, MM EAERPZARA 1E 7. {E4E ADYR B
Je, ABAR B 2 /N B T 4 i A I T RE 1
IS BRI, fEAD/NR I, /N4 A
FLAEAEARBEHLE [, J5 8 S EUN R AN AR YR
J152 45, N EABHINFTsAR B0 HpLHI AT g
JEADMEH A, 1 2 (42 58 20 B R 7 BB /N T 48
7R F BT 75 40 i ZR B A, [ M2 R BN IR I
YA FEAR NAFVEBE S 5 M1 R BB, 78 SXFAD /N R
2R R I, p-STING 5p-IRF3-5 ARBEHL & Fl (1) /)
B R A R AP 3 e AL, cGASHIB = Bl FHSTING
FHFIHS 1503 N e 540 5 R AB R RE A,
NLRP3EASTINGHI R, 75/ T 41 e 75 0 D BE i
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W FEREEBE . HenekaZ A& T, NLRP3&EL
Caspase-1 B 23 38 58 /NI BT 40 Ml R D e, (73 AT
TRk,

STINGHITEAL B SIIENI AR, J5& 75 TR
BFE A (interferon-stimulated genes, ISG)IFZRiA, XF4H
MR A arE sh R B E BN TR G SR
3 (interferon-induced transmembrane protein 3,
IFITM3)J& T ISGHK Wk, RA T & HimEistt,
IFN-I'SIFN-I1 B, 2 50048 JO0E S 3 AR 22 38 47 1
AR R BRI, ABALEE R, IFITM3TE/
Ji AN A 3R B A, Tl cGAS-STING &
IFITM3 )2 % & 2 FFAR 3. Hurs NDYBF £ 9,
IFITM3 A AE y- 2 i B R T BE E, lid Hy-2 I B AH
HAEM, ERHEXTAPPRIVIENEM:, M mABH ™~
Az, FESXFAD/NERH, FBRIFITM3 ] &35 FEGy-20 i
TS PE IR DD ABUTAR. IX R, ABTE/INR 5T 48 i DL
cGAS-STINGH ) /7 AU ANIFITM3 &3, it i
y-or WA VDN R AB42FR 22, R 1E ADYs 33 Je (I£13).

WEFRRI, ABRETE S T /NI ot 4 i i A= A8 i
e, A H e ™ AR 07 SN S B RR A T AR A R TR A, N
TR A A R D) X AL AR 2 /N IR 5 4T
M= AR R R R TR D RE LA S AERF A #2222
GRS BEAAEDSL SR, /N PR AN M R S
T AR, HAeE AU B>, FECEWEDIRE NI, 2
BEABIITTARANAD BE R DRIk, /B R 40 L Th
SH A RE S T ABUUA FImDNA IR . R ntk, ¥t
AP S EmMDNARE L, 3% cGAS-STING
TG, TR /N5 A AR ) S AR 22 580 1R D
JNPL 3o B 7 A A e A P TR S5 S R AR A /N e
FRANM MR AR T, 3 — b T A Th e
HHIE AT L, ABUTAR S /N 40 S DT e 5 i Z (AR AR
SARMAHEAER. fEIEW M EE L, ERERMARH
P /IN B T AP ) AR v PR AS B MG 0, T 4ERe v 22
FAAS, AR I ] 58 55 A BE A AR 48 9 E 2% S 30
B AP R DI RE 32, XA 2= i3t — 5 R B AR
TR, I INRIEE JOE, T OB AR RRET, X Aok
PEPEIAEADI) K e rhkie g EEAEH, g — P amii/NgR
JR 20 B AE HR R 28 2R G R XU T 1 A .

2.3 cGAS-STINGIE B AR 2E oKL 40 G K
PR IR 9 5 R G e 1 LA B 73 S LA
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RGBT LR, TEXT PR FR 40 M S iR A4 0 72
RAFFEE/ERPY, EZ My R T ki i ol
B, A S 5 55 2 G A R IS DA TR 5 AO0E
L — 5 T, RN 2 5 S A S R M
YRR T2 I RIE, AT S Thfg 5 JORE [ S,
Fy—J5 T, W R AR B (4037 kKDRIRH & T B e
£ M (cationic antimicrobial protein of 37 kD, CAP37){
BN R AN TG, A5 R =K R 28 41
Kl TNF-afHIL-1p1%. £ 16 5t % 8], CAP37/EAD
FHRIW A FRIE I, HAPAiE AL ILCAPITHIH
AN X A R R R TE AR AT e R,
LT M ()3 B A TT BRI R 48 R R R 2B 20154F
() — T et — 20 L RFIZ 4518 ADBIRYR 1, ABfEidt
Hh R 2 R E A I R R B, AL RT RE VS A ABAY
S Ay v R L 2 T 96K B 4 3 6 AH 26 B (Lympho-
cyte function-associated antigen, IFA-1)5 I P ¥ & 1H
MM AP F-1 (intercellular adhesion molecule-1,
ICAM-1) (P AH ELAE FH, T A P e 8 P 200 i 32 3
i3 A FEFEE LA BN 0 i R,

T A AR — TRURIF 50 %o H P 40 B IRE R B L ) A T R
SERE MR, %7 I A VE S mtDNABLA B ]
HRP KL 4T IR I, v S 240N B AR I ) i
STING, NLRP3, IL-1p5R A & &% LT, M FRSTING,
NLRP3, IL-1BE:H 5, Joil i i v 54 ARIE E mtDNAH
REEiE SRl iR, B R 2o ke
STING 5 NLRP3AHEAEH, MR 3 98 5E /M 1 34
2L BRT, FESTING R R /N SRR A ki 41 g
o, ABEEmtDNARIES, IL-1PFINLRP3 A TG B E A8
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Figure 3 Activation of the mtDNA-cGAS-STING pathway promotes AP secretion in neurons. Activation of the mtDNA-cGAS-STING pathway in
microglia leads to the release of inflammatory mediators such as IFNs, which stimulate neurons to initiate the expression of ISGs. Among these,
IFITM3, a key member of the ISGs family, specifically binds to y-secretase and significantly enhances its enzymatic activity, thereby promoting the
cleavage of the C-terminal fragment of amyloid precursor protein (APP-C99) to generate Ap monomers. These Ap monomers undergo sequential
structural transformations extracellularly, progressing through oligomeric and fibrillar intermediate states, and ultimately aggregate to form
characteristic amyloid plaques. Notably, extracellular A deposition can further induce the release of mtDNA from microglia, creating a vicious cycle
of “AB-mtDNA-inflammation” that exacerbates AD pathology. A few reported compounds, including TSG, NR, and silymarin, exert neuroprotective
effects by inhibiting the activation of the mtDNA-cGAS-STING pathway. Additionally, RU.521 (a specific inhibitor of cGAS) and H151 (a specific
inhibitor of STING) have been shown to suppress AP secretion and delay AD progression in mouse models
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Table 1 Agents that target the mtDNA-cGAS-STING pathway for alleviating Alzheimer’s disease
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Alzheimer’s disease is a neurodegenerative disorder associated with aging, characterized clinically by progressive memory
impairment and cognitive decline. The pathological hallmarks include cerebral gray matter atrophy, extracellular amyloid plaques
composed of B-amyloid aggregates, and intracellular neurofibrillary tangles (NFTs) arising from hyperphosphorylated tau protein.
Emerging evidence indicates that oxidative stress and mitochondrial dysfunction during AD pathology promote the release of
mtDNA, resulting in activation of the cGAS-STING signaling pathway. As an evolutionarily conserved innate immune pathway, the
cGAS-STING pathway demonstrates significant activation in microglia of AD patients, which contributes to neuroinflammatory
responses, suppression of the phagocytic function of microglia, enhanced adhesion of neutrophils to the vascular endothelium, and
ultimately exacerbates the pathogenesis of AD. Therefore, targeting the mtDNA-cGAS-STING pathway could be a potential
therapeutic strategy to alleviate neurodegeneration and improve cognitive function, with the hope of providing new insights for
clinical improvement of AD symptoms. This review will systematically discuss the mechanistic interplay between mtDNA leakage
and cGAS-STING activation in AD pathophysiology, while critically evaluating the translational potential and clinical challenges of
modulating this pathway for AD intervention.
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