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Abstract: Ischemic stroke (IS) is a neurological disorder with high rates of disability and mortality worldwide,
characterized by complex interactions between immune—inflammatory responses and various forms of cell death during its
onset and progression. In recent years, pyroptosis, a form of programmed cell death mediated by inflammasomes, has
attracted increasing attention for its critical role in post—stroke neuronal injury. Among the underlying mechanisms, the
NOD-like receptor family pyrin domain—containing 3 inflammasome—Gasdermin D (NLRP3—-GSDMD) pathway, as the
central signaling axis of pyroptosis, plays a crucial regulatory role in immune responses and neuronal dysfunction following
cerebral ischemia. However, current therapeutic strategies targeting this pathway remain limited by insufficient specificity
and an incomplete understanding of its mechanisms of action. Therefore, this review summarizes the immuno—inflammatory
pathology of IS, the mechanisms of the NLRP3-GSDMD pathway and pyroptosis, as well as emerging immunotherapeutic
strategies targeting this signaling axis, aiming to provide insights and references for future research on pyroptosis—based
immunomodulatory therapies for stroke.
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DAMPs: damage—associated molecular patterns; PAMPs: pathogen—associated molecular patterns; TLRs: toll-like receptors; IL-1f: interleukin—1

beta; NOD: NOD-like receptors; Caspase—1: cysteine—dependent aspartate—directed protease—1;1L—1B:interleukin—1 beta; [L-18: interleukin—-18; IL—

10:interleukin—10;TGF-: transforming growth factor-beta; IL-6: interleukin—6 ; TNF~o : tumor necrosis factor-alpha.
1 IS HRE SR IE R B AL I E

Fig.1 Mechanism of immune inflammatory response in ischemic stroke
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TNF:tumor necrosis factor; LPS:lipopolysaccharide;IL-1R:interleukin—1 receptor; TNFR:tumor necrosis factor receptor; TLR:toll-like receptor; NF—

kB:nuclear factor kappa B; NLRP3:NOD-like receptor family pyrin domain—containing 3; ASC:apoptosis—associated speck-like protein containing a
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Fig.2 Schematic diagram of pyroptosis mechanism mediated by the NLRP3-GSDMD pathway

2.3 NLRP3 - GSDMDEREE IS EEREES
MpmETIER

W E IR TIRAFAT 1S J&— ok 5 5E f e Sk
J5 N5 240 L T T % 1 A R ok 1 A B PR R
1S AJ fish 2 52 2= () S92 W 25, Hert NLRP3-GSDMD 38
BEAE A AL T R A T R EE AR . — T,
NLRP3 #& P /IMA# 128 1R 51 DAMPs 5 PAMPs #{ 3
T, 55 0058 A M 45 [ 400 43 0 0o B4R, i 412 fift
Caspase—1 Z4ff GSDMD JFJE SR, 5| & 4H i £
T, JF AR S8 0T B B BT, i — 25 Tl R AR E 9K
FRE™ o 5 — T T, 51238 Ak B S0 , D Tl R
T8 R A S Uk R PE Y . B,
NLRP3-GSDMD i#i % 75 A~ [F) 40 ffd S5 AU rp e 4525 57
PEFEF - B B, 76 4 28 00 RN A 28 150 o 40 g ( 32 22
Sk /INBE BT A M) T, NLRP3 48 M /M 380 7] B4
fil % GSDMD /1 T O A L A2 11, 3008 1l ) 38 i 28
RGO BB ) A0 BN . Bifi S, BBB A7
I {of7 56 25 40 oA 40 B/ W 2 A ok 4 i )
HEANR A, NLRP3 48 1 /IMA I Ak 32 52458 43 B ik 1L~
18 IL-18 S R K MR S E R , 5 S5 A fa i
AL, 33X 8 A3 R AE MR AR A K X
B Li SRR AR R T O R RS A 14
(METTL14)7E 1S H V5 FH < 1S J 70N 55 41 i A1 1

AL H ) METTL14 K745, 1 METTL 14 #6551
R /IS AR L AN B W ARG 28, S0 NLRP3 R
PE/AMAI RS , REHBURIE- . 1Ak, Sh s A
MCAO #5 % F2 B] , METTL14 #£38 3 /> T GSDMD-N
() &35, 3 400 ) /0 s I 200 L A 5 20 i e
NLRP3-GSDMD i % , AT A 4 ph 28 R4V H

Zi I ,NLRP3-GSDMD il B 7 1S Ji Y G 2 i B
KA B REEMAEN . Bl #s /M4
MR-, S5 T e RV A s 4ERE , PR E
X2 B 1 T T B R AR A A TR T R RN

3 Fase s Kek

25 F TR, BF % NLRP3-GSDMD 3 J% 1) 1 1 5
=R (BN, Nt I N E A= & a1 i) 6]
W g P /MAR I BTG S AN AR T R, TR 1S J5
HI 25105 5 SRE RV . ELARSERE AN T
3.1 @3 _EiFREET NLRP3 24K 8E 4 B

B15%F 3T 9, ChemR23 (ERV1/ChemR23) &
5 308 1% DR L 4 E R 8 VR R T I A2 B e 1
Liu Z5 445 W, 0% ChemR23 (41 RvEL 8 C-9)
o it & K ChemR23 1] U 52 4 28 50 3E 1~ JF 41 1l



222 HlR AR 2 (R A2 ) §547%

NLRP3 % M /IN K 19 16 4k 5 AH B, i B sl 30 il
ChemR23 £33 /i GSDMD-N 3k . F+ 5 IL-1B/IL-
18 K- FF L E 40 i £ 1, #5275 # 17] ChemR23 1] g
S 3046l NLRP3 A 5 1 £E 1o 48 8T 9 i 42 . Bel
SERIEGY & B AE R /Ny R AR 1) MCC950
FE IMCAO A Hh I 7t B ff 19 7 3880 A T 4 4 ol
NLRP3 J5 T , 45 T MCC950 (X sh 4 vh , 15 7 1k 4 24
AW A A0 1 A 0 2 AR (29 60% ) , IR 25 25t fig 3k
5 1 3 H /N A AT BB 0 /D (24 35%) o BE 4D, Pra
A0S B MCCO50 1T 2% fi# SIRT3-NLRP3 3K 5 /1Y &
i SN I B e T g 45 R G2 sl D] 48 77
R ABRE A ) o X ek AR R IR e o T
MCC950 #1 [] NLRP3 4 M /IMA 4 il 71136 7 ik il 4
T XU T -
32 B ARFEISIETHITES

Caspase—1 Fl GSDMD 52 40}l £5 TP AT B B 11y
KHETT o Lu %5 BAF5E 7 , Caspase—1 #1111l 51
Ac—YVAD-cmk 7] i V855 A (piperlongumine,
Pip) %} GSDMD-N F1 TL~1B 894 I4EH , 3271 Pip il
AEH A P Caspase—1 ARSI 40 it A2 T30 % 7= A= #i
AR RN o AN, Xu 26 FE— T tMCAO 1Y 3256
e B AT 0 3R U — A AR A 1 Effusol
AES 7] NLRP3 25 1, 2R Ji5 410 il JHL ok 3 il S 1 i
Y LA T SN, DTl A R A R 3 477 o Pan A
TERF ST P UESE T8 7 Caspase—1 #1171 CZL80 wJ 4
il A5 AE ) L R 2 /0N Ji S5 400 B A 98T, 3 ek A o
caspase— 1 fiE JE KA H /N A2 D BE MK &2 . X 4k
28 BALE 7R |, 8 3 1] caspase—1/GSDMD 41311
TP I AR, T A RABE T 9 R B, R IS 1)
B PEIRYTHRHE T L
3.3 I TR IR AR

NINJ 1A R F5c 8 & PR B4 20 A2 T 2 R A T 49
T WA A4k GSDMD 2 )5 i X — A e iR P e A
S IR 1 7E GSDMD JE AL IS A5 40 5 174
RS f A R N 24 (DAMPs ) iR, M T (2
FIURRAE R . Dong %5 HE—I5 3 K 220 141
BRI Ife R AT X BEGR 6 Hp & B0, 0 R K 3 Bk ok A
AP b B i v i 2 o (LAA-ATS 8035 ) I 35
NINJ 1 7K - Ji 25 0 T A e R L5540 4 I 1o 8
SEEARDC, PRI AT BRAE R A S AE AR 4 IR .
I L [ A A NIND T LA RH 1 240 A RS A0 i e 284 i 2>
DAMPs BT, 0T BB B B AR 4 2K 1 48 i 463 403 1)

il 1
3.4 BEIMMMENSHREESETRRERE
UTAER , AN A R HL P B 22 Rh ) B 4 01 (A
miRNA \IncRNA J 28 157 ) 17 2L 48 K AR 1) 15 41
A% 3 5 R ) 3 3% 0 F, B A S T 5 NLRP3-
GSDMD i % PV FE S 2R Y7 Mg o Yang %7 EAF
%% .7 , Sinomenine 7] 3 13 A AR HEHT (1 miRNA-
223-3p fEE /)N 5T 40 L M2 A A6 I il 4 48 o0
FET T, DT R P i (I v 5 R A M e S . I
A, Sun VU TER SN FA B BURFGE R 1T T RIE
JiE T 240 i Sk Y5 ) 2 AR miR—378a—5p fiE 18 12 1 il
NLRP3 /™SR FE T SN, D i e i A4 ot 28 R i O
RAFMLAYVER o X 28 K B4R 7 AN AR R A T
YER SRR 38 FTAEA EEX NLRP3-GSDMD i
PR )BT o AR, LI PR A% A A1) 32 RT3
s ] R UR S T B 2 AT AN L S [
RS W, £ X NLRP3-GSDMD 3 % 1 1
ToURT AE AN [ 2 10 BEL DT 28 P /DN (4 985006 i 240 e £
T3 B —— M BRI NLRP3 (4125 515 1k, 3
FELIBT caspase—1/GSDMD (1 sALAE T, F-21 Bf 1E T iif
I 10 24 % ) FH A 0 A A 5 11 B 8 1 4%, NLRP3-
GSDMD 3 % A I 45 & R R 2R h S e 697 1
BYIA .

4 BLELHED

Z¢ | ,NLRP3-GSDMD il A S5 f 41 il B2 177
IS 9 9 i 403 40 5 4k & e 928 o g v ke G S
ASC IR SZE T 1S 1 B KRR FRAL T . NLRP3-
GSDMD 3 455 40 B £ 7 A VR F DA SR T # ) i%
i % (445 BT NLRP3 #4356 | 1 il Caspase—1 Fll
GSDMD i M, DL S ] T Ui B 24 7 R NINJ 1 55 )
AR ik ZH 2 05 R e 2 TR, Sl AR v s
BRI R T B 7 1

H i, B4R 4 % NLRP3-GSDMD 18 % 75 IS 14
I7 R BIE S IS T R AR T
J6, A WG 245 B AE AR i RN sh i S R B B, i
SRR 5 N ZRA b g B 2 5 LI R T A Ak i
AP . R I R B 2 e Jo a1 Bl AL X BRI DR 1K
5, DASSTIE H G RIT 80 % e Mol AR 4 2 T %
WK, HRA BT S AL S P A HLT A= 2 5 K
BN AN B . B0, MCCO50 A B i ke #E , H



552 10 TSR 4 LT NLRP3-GSDMD 3 5% 1) 4 B A2 1~ 0845 -5 e a0 Pk B A vp 19 e e 3R 0 7 5 s 223

JHL P R 0 A S 0 o) RS B o) 1 I A 1
NINJ 1 FEEAE R S0 R I M, (R K i mT 58

MALUERE . KkTE BN 5%
VPR R IS A A bR BT R 2 b I IR
WF 5%, S B0 A AR A RS E T 9. K 4h, NLRP3-
GSDMD 3 7 A [7] 44 fif 21 29 R 72 B B 9 4
HA B ESFE, HArse= 5 emrss . Rkl n;

S 3k

[1] Tsao CW, Aday AW, Almarzooq ZI, et al. Heart disease and
stroke statistics—2023 update: a report from the american
heart association[J . Circulation, 2023, 147(8): €93-e621.
Campbell BCV, De Silva DA, Macleod MR, et al. Ischaemic
stroke[ J ]. Nat Rev Dis Primers, 2019, 5(1): 70.

(2

[

[3] Gao X, Liu D, Yue K, et al. Revolutionizing ischemic stroke
diagnosis and treatment: the promising role of neurovascular
unit—derived extracellular vesicles[ J |. Biomolecules, 2024, 14
(3): 378.

[4] Shehjar F, Maktabi B, Rahman ZA, et al. Stroke: molecular

[

mechanisms and therapies: update on recent developments[J].
Neurochem Int, 2023, 162: 105458.

[5] Shen X, Li M, Shao K, et al. Post-ischemic inflammatory
response in the brain: targeting immune cell in ischemic stroke
therapy[ J]. Front Mol Neurosci, 2023, 16: 1076016.

[6] LiQ, Cao Y, Dang C, et al. Inhibition of double-strand DNA-
sensing ¢GAS ameliorates brain injury after ischemic stroke
[J]. EMBO Mol Med, 2020, 12(4): e11002.

[7] Wang Q, Kohls W, Wills M, et al. A novel stroke

rehabilitation strategy and underlying stress granule regulations

through inhibition of NLRP3 inflammasome activation [J].CNS

Neurosci Ther, 2024, 30(1): e14405.

W IE A, AR, PR Rl B e I PR YT R ARk

B L 1) o 2 G T TR E R [T . o R 20 M 2%

#5,2025,51(8) :490-495.

(8

—

Zeng XY, Gao XX, Yin J. Advances in targeting
neuroinflammatory for futile recanalization after endovascular
treatment of ischemic stroke[J]. Chin J Nerv Ment Dis, 2025,
51(8):490-495.

[9] Jin X, Ma Y, Liu D, et al. Role of pyroptosis in the
pathogenesis and treatment of diseases[J]. Med Comm, 2023,
4(3): e249.

[10] Shi S, Zhang Q, Qu C, et al. Identification of pyroptosis—
related immune signature and drugs for ischemic stroke [J].
Front Genet, 2022, 13: 909482.

[11] Robinson N, Ganesan R, Hegediis C, et al. Programmed

necrotic cell death of macrophages: focus on pyroptosis,

T X230 B R 1S YR A s [) 14 [l 2, BH A e AT
TEIHL . (RIS, 3R 285 4 22 DR RV 743 5 A 5t A%
fa ks R 43200, A Bl TS0 A rf i e 1yl 5
AR TR . FE T, NLRP3-GSDMD 18 [ ) 48 iy
FET AR TE 1S WA JE I VE R 8 T &
RIFHIL A BRARE , L ORRG T e TS MR R &R
PEAL T A BS B 5 SR T 1)

necroptosis, and parthanatos [J]. Redox Biol, 2019, 26:
101239.

[12] Wu C, Lu W, Zhang Y, et al. Inflammasome activation
triggers blood clotting and host death through pyroptosis [J].
Immunity, 2019, 50(6): 1401-1411. e4.

[13] Su X, Liu B, Wang S, et al. NLRP3 inflammasome: a
potential therapeutic target to minimize renal ischemia/
reperfusion injury during transplantation [J]. Transpl
Immunol, 2022, 75: 101718.

[14] Wang S, Chen Y, Wu C, et al. Trehalose alleviates
myocardial ischemia/reperfusion injury by inhibiting NLRP3-
mediated pyroptosis [J]. Appl Biochem Biotechnol, 2024,
196(3): 1194-1210.

[15] Zhang Y, Yao Z, Xiao Y, et al. Downregulated XBP - 1
rescues cerebral ischemia/reperfusion injury - induced
pyroptosis via the NLRP3/caspase - 1/GSDMD axis [J].
Mediators Inflamm, 2022, 2022(1) : 8007078.

[16] Shang J, Huang G, Wang B, et al. Shuxuetong injection
inhibits pyroptosis in acute ischemic stroke via CD44/NLRP3/
GSDMD signal[ J]. J Ethnopharmacol, 2025, 345: 119618.

[17] Park J, Kim JY, Kim YR, et al. Reparative system arising
from CCR2 (+) monocyte conversion attenuates neuroinflam-
mation following ischemic stroke [J]. Transl Stroke Res,
2021, 12(5): 879-893.

[18] Jin B, Han Y, Xu F, et al. Translatome analysis in acute
ischemic stroke: astrocytes and microglia exhibit differences
in poststroke alternative splicing of expressed transcripts [J].
FASEB J, 2024, 38(15): €23855.

[19] Qin C, Zhou LQ, Ma XT, et al. Dual functions of microglia in
ischemic stroke[ J |. Neurosci Bull, 2019, 35(5): 921-933.

[20] Jia H, Qi X, Fu L, et al. NLRP3 inflammasome inhibitor
ameliorates ischemic stroke by reprogramming the phenotype
of microglia/macrophage in a murine model of distal middle
cerebral artery occlusion [ J]. Neuropathology, 2022, 42(3) :
181-189.

[21] Xiao L, Zheng H, LiJ, et al. Neuroinflammation mediated by

NLRP3 inflammasome after intracerebral hemorrhage and



224

HlR AR 2 (R A2 )

547 %

[22]

(28]

[29]

potential therapeutic targets [J]. Mol Neurobiol, 2020, 57
(12): 5130-5149.

Li X, Yao M, Li L, et al. Aloe—emodin alleviates cerebral
ischemia-reperfusion  injury by regulating microglial
polarization and pyroptosis through inhibition of NLRP3
inflammasome activation [J]. Phytomedicine, 2024, 129:
155578.

Xu S, Lu J, Shao A, et al. Glial cells: role of the immune
response in ischemic stroke [J]. Front Immunol, 2020,
11: 294.

Peng L., Hu G, Yao Q, et al. Microglia autophagy in ischemic
stroke: a double—edged sword [J]. Front Immunol, 2022,
13: 1013311.

Chen J, Jin J, Zhang XI, et al. Microglial Inc—=U90926
facilitates neutrophil infiltration in ischemic stroke via MDH2/
CXCI.2 axis[J]. Mol Ther Oncol, 2021, 29(9) : 2873-2885.
Long Y, Li X, Deng J, et al. Modulating the polarization
phenotype of microglia - a valuable strategy for central
nervous system diseases [J]. Ageing Res Rev, 2024, 93:
102160.

Liu Z, Shen X, Li M, et al. Exploring the nexus: how
ferroptosis, microglia, and neuroinflammation converge in
ischemic stroke pathogenesis [J]. Mol Neurobiol, 2025: 1-
12. doi:10.1007/S12035-025-04815-7

Guan X, Zhu S, Song J, et al. Microglial CMPK2 promotes
neuroinflammation and brain injury after ischemic stroke [J].
Cell Rep Med, 2024, 5(5). doi: 10.1016/J.XCRM.2024.101522
Qian Y, Yang L., Chen J, et al. SRGN amplifies microglia—
mediated neuroinflammation and exacerbates ischemic brain
injury[J]. ] Neuroinflammation, 2024, 21(1): 35.
Castillo-Gonzdlez J, Gonzalez—Rey E. Beyond wrecking a
wall: revisiting the concept of blood - brain barrier
breakdown in ischemic stroke [ J]. Neural Regen Res, 2025,
20(7): 1944-1956.
Candelario=Jalil E,  Dijkhuizen @ RM, Magnus T.
Neuroinflammation, stroke, blood=brain barrier dysfunction,
and imaging modalities [J]. Stroke, 2022, 53 (5) : 1473-
1486.

lordache M P, Buliman A, Costea—Firan C, et al
Immunological and inflammatory biomarkers in the prognosis,
prevention, and treatment of ischemic stroke: a review of a
decade of advancement[]]. Int J Mol Sci, 2025, 26 (16) :
7928.

Dong M, Chen Y, Wang Q, et al. The novel compound CP-
10 suppresses microglia—mediated neuroinflammation and
neutrophil chemotaxis and attenuates ischemic brain injury by

targeting FPR1[J]. Neuropharmacology, 2025: 110528. doi:
10.1016/J.Neuropharm.2025.110528

[34]

[35

s

b

[38

[42]

[47]

ladecola C, Buckwalter MS, Anrather J. Immune responses to
stroke: mechanisms, modulation, and therapeutic potential
[J].J Clin Invest, 2020, 130(6): 2777-2788.

Jickling GC, Liu DZ, Ander BP, et al. Targeting neutrophils
in ischemic stroke: translational insights from experimental
studies [J]. J Cereb Blood Flow Metab, 2015, 35 (6) :
888-901.

MaY, YangS, He Q, et al. The role of immune cells in post—
stroke angiogenesis and neuronal remodeling: the known and
the unknown[J . Front Immunol, 2021, 12: 784098.

Kang L, Yu H, Yang X, et al. Neutrophil extracellular traps
released by neutrophils impair revascularization and vascular
remodeling after stroke [J]. Nat Commun, 2020, 11 (1) :
2488.

Wanrooy BJ, Wen SW, Wong CHY. Dynamic roles of
neutrophils in post - stroke neuroinflammation [J]. Immunol
Cell Biol, 2021, 99(9) : 924-935.

Xie M, Hao Y, Feng L, et al. Neutrophil heterogeneity and
its roles in the inflammatory network after ischemic stroke [J].
Curr Neuropharmacol, 2023, 21(3): 621-650.

Cai W, Liu S, Hu M, et al. Functional dynamics of
neutrophils after ischemic stroke [J]. Transl Stroke Res,
2020, 11(1): 108-121.

Blank-Stein N, Mass E. Macrophage and monocyte subsets in
response to ischemic stroke [J]. Eur J Immunol, 2023, 53
(10): 2250233.

Wattananit S, Tornero D, Graubardt N, et al. Monocyte—
derived macrophages contribute to spontaneous long—term
functional recovery after stroke in mice [J]. J Neurosci,
2016, 36(15): 4182-4195.

Cao XW, Yang H, Liu XM, et al. Blocking postsynaptic
density=93 binding to C-X3-C motif chemokine ligand 1
promotes microglial phenotypic transformation during acute
ischemic stroke[ ] ]. Neural Regen Res, 2023, 18(5): 1033-
1039.

Zhang A, Liu Y, Xu H, et al. CCL17 exerts neuroprotection
through activation of CCR4/mTORC2 axis in microglia after
subarachnoid haemorrhage in rats [J]. Stroke Vasc Neurol,
2023, 8(1). doi:10.1136/SVN-2022-001659

Wang Y, Jin H, Wang Y, et al. Sult2bl deficiency
exacerbates ischemic stroke by promoting pro—inflammatory
macrophage polarization in mice []]. Theranostics, 2021, 11
(20): 10074

Zhou X, Xue S, Si XK, et al. Impact of peripheral
lymphocyte subsets on prognosis for patients after acute
ischemic stroke:
approach[J]. CNS Neurosci Ther, 2024, 30(8) : €70023.
Hoffmann A, Dege T, Kunze R, et al. Early blood - brain

a potential disease prediction model



5234

TSR 4 LT NLRP3-GSDMD 3 5% 1) 4 B A2 1~ 0845 -5 e a0 Pk B A vp 19 e e 3R 0 7 5 s 225

[57]

barrier disruption in ischemic stroke initiates multifocally
around capillaries/venules[J]. Stroke, 2018, 49(6) : 1479—
1487.

Zheng Y, Ren Z, Liu Y, et al. T cell interactions with
microglia in immune—inflammatory processes of ischemic
stroke[ J |. Neural Regen Res, 2025, 20(5): 1277-1292.
Wang J, Gao Y, Yuan Y, et al. Th17 cells and IL-17A in
ischemic stroke [J]. Mol Neurobiol, 2024, 61 (4) : 2411-
2429.

Zhang D, Ren J, Luo Y, et al. T cell response in ischemic
stroke: from mechanisms to translational insights [J]. Front
Immunol, 2021, 12: 707972.

Wang Y, Chen Y, Meng L, et al. Electro—acupuncture
treatment inhibits the inflammatory response by regulating yd
T and treg cells in ischemic stroke [J]. Exp Neurol, 2023,
362: 114324.
Westendorp WF, Dames C, Nederkoorn PJ, et al
Immunodepression, infections, and functional outcome in
ischemic stroke[ J |. Stroke, 2022, 53(5): 1438-1448.

Faura J, Bustamante A, Mir6—Mur F, et al. Stroke-induced
immunosuppression: implications for the prevention and
prediction of post—stroke infections[J]. J Neuroinflammation,
2021, 18(1): 127.

Zhang Z, Lv M, Zhou X, et al. Roles of peripheral immune
cells in the recovery of neurological function after ischemic
stroke[J]. Front Cell Neurosci, 2022, 16: 1013905.

Zhao D, Zhu J, Hu K. Stroke-associated pneumonia and
stroke—induced immunodepression [J]. Chin J Intern Med,
2020, 59(5): 395-399.

Scheitz JF, Sposato LA, Schulz-Menger J, et al. Stroke —
heart syndrome: recent advances and challenges [J]. J Am
Heart Assoc, 2022, 11(17): e026528.

Xie X, Wang L, Dong S, et al. Immune regulation of the gut—
brain axis and lung=brain axis involved in ischemic stroke[J].
Neural Regen Res, 2024, 19(3): 519-528.

Nozaki K, Li L, Miao EA. Innate sensors trigger regulated
cell death to combat intracellular infection [J]. Annu Rev
Immunol, 2022, 40(1): 469-498.

Lu F, Lan Z, Xin Z, et al. Emerging insights into molecular
underlying  pyroptosis and  functions  of
inflammasomes in diseases [J]. J Cell Physiol, 2020, 235
(4): 3207-3221.

mechanisms

Duncan JA, Bergstralh DT, Wang Y, et al. Cryopyrin/
NALP3 binds ATP/dATP, is an ATPase, and requires ATP
binding to mediate inflammatory signaling[J]. Proc Natl Acad
Sci USA, 2007, 104(19): 8041-8046.

Fu J, Wu H. Structural mechanisms of NLRP3 inflammasome

assembly and activation [J]. Annu Rev Immunol, 2023, 41

[66]

[70]

[71]

[74]

(1): 301-316.

Oh SH, Choi YK, Lee S]. Pattern recognition receptors and
inflammasome: now and beyond [J]. Mol Cells, 2025:
100239. doi: 10.1016/j.mocell.2025.100239

Li S, Fang Y, Zhang Y, et al. Microglial NLRP3
inflammasome activates neurotoxic astrocytes in depression—
like mice[J]. Cell Rep Med, 2022, 41(4). doi: 10.1016/J.
CELREP.2022.111532

Xu J, Zhang L, Duan Y, et al. NEK7 phosphorylation
amplifies NLRP3 inflammasome activation downstream of
potassium efflux and gasdermin D[] ]. Sei Immunol,, 2025, 10
(103): eadl2993.

Pellegrini C, Fornai M, Antonioli L, et al. Phytochemicals as
novel therapeutic strategies for NLRP3 inflammasome-related
neurological, metabolic, and inflammatory diseases[J]. Int J
Mol Sci, 2019, 20(12): 2876.

Zhang Y, Zhao Y, Zhang J, et al. Mechanisms of NLRP3
inflaimmasome activation: its role in the treatment of
alzheimer’ s disease [J]. Neurochem Res, 2020, 45 (11) :
2560-2572.

Holley CL, Schroder K. The rOX-stars of inflammation: links
between the inflammasome and mitochondrial meltdown [J].
Clin Transl Immunol, 2020, 9(2): e01109.

Moretti J, Blander JM. Increasing complexity of NLRP3
inflammasome regulation[J 1. J Leucoc Biol, 2021, 109(3) :
561-571.

Kelley N, Jeltema D, Duan Y, et al. The NLRP3
inflammasome: an overview of mechanisms of activation and
regulation[ J ]. Int J Mol Sci, 2019, 20(13): 3328.

Wang L, Hauenstein AV. The NLRP3 inflammasome:
mechanism of action, role in disease and therapies [J]. Mol
Aspects Med, 2020, 76: 100889.

Ohto U, Kamitsukasa Y, Ishida H, et al. Structural basis for
the oligomerization—-mediated regulation of NLRP3 inflamma-
some activation [J]. Proc Natl Acad Sci USA, 2022, 119
(11): €2121353119.

Franke M, Bieber M, Kraft P, et al. The NLRP3
inflammasome drives inflammation in ischemia/reperfusion
injury after transient middle cerebral artery occlusion in mice
[J].Brain Behav Immun, 2021, 92: 221-231.

Wang Z, Xi Y, Lan J, et al. Effects of electroacupuncture on
neural function and the expression of inflammation—related
proteins NLRP3/caspase—1 in rats with ischemic stroke [J].
Neuro Report, 2025, 36(9) : 456-466.

Hu R, Liang J, Ding L, et al. Edaravone dexborneol provides
neuroprotective benefits by suppressing NLRP3 inflamma-
some—induced microglial pyroptosis in experimental ischemic

stroke[ J . Int Immunopharmacol, 2022, 113: 109315.



226 HlR AR 2 (R A2 ) %547 %
[75] Long J, Sun Y, Liu S, et al. Targeting pyroptosis as a macrophage polarization and NLRP3 inflammasome activation

[83]

[88]

preventive and therapeutic approach for stroke[J]. Cell Death
Discov, 2023, 9(1): 155.

Kuang S, Zheng J, Yang H, et al. Structure insight of
GSDMD reveals the basis of GSDMD autoinhibition in cell
pyroptosis [J]. Proc Natl Acad Sci USA, 2017, 114 (40) :
10642-10647.

Liu X, Zhang Z, Ruan J, et al. Inflammasome-activated
gasdermin D causes pyroptosis by forming membrane pores
[J]. Nature, 2016, 535(7610): 153-158.

Wei C, Jiang W, Wang R, et al. Brain endothelial GSDMD
activation mediates inflammatory BBB  breakdown [J].
Nature, 2024, 629(8013) : 893-900.

Ma X, Hao J, Wu J, et al. Prussian blue nanozyme as a
pyroptosis inhibitor alleviates neurodegeneration [J]. Adv
Mater, 2022, 34(15): 2106723.

Wang K, Sun Z, Ru J, et al. Ablation of GSDMD improves
outcome of ischemic stroke through blocking canonical and
non—canonical inflammasomes dependent pyroptosis in
microglia[ J |. Front Neurol, 2020, 11: 577927.

Chen R, Zhu H, Wang Z, et al. Targeting microglia/
macrophages Notchl protects neurons from pyroptosis in
ischemic stroke[ J |. Brain Sci, 2023, 13(12): 1657.
Castellanos—Molina A, Bretheau F, Boisvert A, et al.
Constitutive DAMPs in CNS injury: from preclinical insights
to clinical perspectives[]]. Brain Behav Immun, 2024, 122:
583-595.

Bertheloot D, Latz E, Franklin BS. Necroptosis, pyroptosis
and apoptosis: an intricate game of cell death [J]. Mol
Immunol, 2021, 18(5): 1106-1121.

Rinald JH, Troy CM. A review of cell death pathways in
hemorrhagic stroke [J]. Front Cell Dev Biol, 2025, 13:
1570569.

Han PP, Han Y, Shen XY, et al. NLRP3 inflammasome
activation after ischemic stroke [J]. Behav Brain Res, 2023,
452: 114578.

Gao L, Dong Q, Song Z, et al. NLRP3 inflammasome: a
promising target in ischemic stroke [J]. Inflamm Res, 2017,
66(1): 17-24.

Zeng 7], Lin X, Yang L, et al. Activation of inflammasomes
and relevant modulators for the treatment of microglia—
mediated neuroinflammation in ischemic stroke [J]. Mol
Neurobiol, 2024, 61(12): 10792-10804.

Li Y, LiJ, Yu Q, et al. METTL14 regulates microglia/

[89]

[92]

after ischemic stroke by the KAT3B-STING axis [J].
Neurobiol Dis, 2023, 185: 106253.

Liu L, Zhang J, Lu K, et al. ChemR23 signaling ameliorates
brain injury via inhibiting NLRP3 inflammasome—mediated
neuronal pyroptosis in ischemic stroke [J].J Transl Med,
2024, 22(1): 23.

Bellut M, Bieber M, Kraft P, et al. Delayed NLRP3
inflammasome  inhibition ameliorates  subacute  stroke
progression in mice [J]. J Neuroinflammation, 2023, 20
(1): 4.

Prakash R, Waseem A, Siddiqui AJ, et al. MCC950
mitigates  SIRT3-NLRP3-driven inflammation and rescues
post=stroke neurogenesis [J]. Biomed Pharmacother, 2025,
183: 117861.

Lu J, Dai X, Xi S, et al. Piperine protects against cerebral
ischemic injury by regulating the Caspase—l-mediated
pyroptosis pathway [J]. Front Pharmacol, 2025, 16:
1601873.

Xu L, Li S, Qi J, et al. Effusol ameliorates ischemic stroke
NLRP3 regulate  NLRP3

by  targeting protein  to

inflammasome—mediated  pyroptosis [J]. Phytomedicine,
2025, 136: 156253.

Pan L, Tang W, Wang K, et al. Novel caspase—1 inhibitor
CZL80 improves neurological function in mice after
progressive ischemic stroke within a long therapeutic time—
window[ ] ]. Acta Pharmacol Sin, 2022, 43(11): 2817-2827.
Kayagaki N, Kornfeld OS, Lee BL, et al. NINJ1 mediates
plasma membrane rupture during lytic cell death[]J]. Nature,
2021, 591(7848): 131-136.

Dong N, Wu X, Hong T, et al. Elevated serum ninjurin—1 is
associated with a high risk of large artery atherosclerotic acute
ischemic stroke [J]. Transl Stroke Res, 2023, 14 (4) :
465-471.

Yang Q, Chen Q, Zhang KB, et al. Sinomenine alleviates
neuroinflammation in chronic cerebral hypoperfusion by
promoting M2 microglial polarization and inhibiting neuronal
pyroptosis  via miRNA-223-3p [J]. Acta

Neuropathol Commun, 2025, 13(1): 48.

exosomal

Sun R, Liao W, Lang T, et al. Astrocyte—derived exosomal
miR-378a-5p mitigates cerebral ischemic neuroinflammation
by modulating NLRP3-mediated pyroptosis [J]. Front

Immunol, 2024, 15: 1454116.

(i #HEZ)



