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HfiE i NLRP3 48 /IMATE AL, T30 1 20 X B
AR T2 5 2R AT o Bl ko A A
b BT 98 S 2 BUBE R e BRI AR B SR,
FH T 38 A B FE AN [] 2L S UNE 2% A 14 B (R FD
HAVHIREE AR, NLRP3 RAE/IMA ) £ 2235 b gl
M ORI . IS A SR SR s B AR Y
YEFIY EA BB A S AR e . o, e
R 2 (absent in melanoma 2, AIM2) .
NLRP6 45 % SiE /IMA AT 38 3 /81 i Bt DNA . 421
HERHFAREE S 5 R EM RN, T
I, AR SCHE NLRP3 JEAE/IMA 19 25 K4 5 15 A Ll A
fili b, 458 HAR AN S h e BRAE AT &
gk gl EE G B NLRP3 RAE/IMATE 218 17
PR . BT Bk FERE AL RN 2 BB R
PVEHIRAE, DA REBZ R R . e, &
SCHAE T R AR i A T far . 0 NLRP3 412
FH W 14 4 & (interleukin, IL) -1 {5 %5 & T 1
GSDMD J AL 55 Sl M AE LN bR, H i AT
PORPTEL . A S ARMR RE L KIZE e im IR
UEHE AN S AR, DU R i e e e
A ANV SR

1 REHEXBHERERE

11 EZHNHSFHESKEREE

B MIMER IR T 415 50 2 1 Y g
o TR IR ) 2 A YA B G I
AT . b e AR . SR L2 R |
EETRRASKRM . B AMEDRER . 5 IR BNk
P RADIBERERT . A . TAnMREYE .
i ) 3 TR A | A A TR A R T ik sk
ARFFARME LA Sy, ANk B A EE T il % F
2P DNA 737 sl AN Tl 30 0 200 e ) 4 4y,
MBS AE R IR M DI RE iR s dokifk
rhe kit 5 2 ROS o 1 7 AR IR BN e = 5 1k, 7]
E—2E IR A . R RS S, TRl B
G RAETN o N2 PESAERE/Z DNA B . Sobiiita
ARAG R 2 F AR EER, Tk ik
iR, B, RIAEIFAE R Z R AR R,
M REE 2 P 2hn B IS A S ae iR (] 1
AT, A 5T S A AR T 1] o

I P 2R GEE S P SEAE R S i 4
R, RN ML IL-1B, IL-6 Fl R IR
HEPEF-a (tumor necrosis factor-alpha, TNF-a) 2§
RIEA KT T o I AR R AN R A SE 171

WAZ BN H LAY | Bhligems . FCERIR AR S e 40 i
HBMEERZ S, FR—JAE PR T I T A 2 DA
RYEFE 2 IILE] . TR, JET DNA AL
AL AR S5 2P BRI R AR BRAE A
THOTEZ B ", S bl R i e T 25
SRR A O R AEFebn, a0 C-X-C By #afb A +1id
&9 (C-X-C motif chemokine ligand 9, CXCL9) .
IL-1B. IL-5. a T4 % (interferon-alpha, IFN-a)
S, ATERERBA A ) A R AL D - IL-
1BV R B IR S AR B, ANMA] i A B NF-
kB 5 22 2L 5 35 4k & P (mitogen-activated
protein kinase, MAPK) 24Kz b BLH:5 5 05 B
NI RERERT . N B R A 4EfL, ieRES
TNF-o., IL-6 f4 BUIE SOBAEER, PR 8 e A
ST ATGIRAZN , PATTE 2 SRR s A 1
A RIRATHAR M RIE M RS kR
PRI, VAN 98 PR o 2 5 2 [R5 PR AR 5 ok T
F- B0 AN LR . RS g
PERIE MG AALE], MG S B 515 55 51
FANE, BRI JOIE SN B A B PRl - Rk ) DG B O
TIRT, A BTN A T A G I B A
B, I A O S LA S 2 i T 0 A
RIS S%,
12 REHEXBHESSERARRHNE

g M o 2 PTG af o 2 A OC Wk A
(senescence-associated secretory phenotype, SASP)
FERCANA IR . Bafb R . AR PR R0 56 o A
i, 3ok 53U PR REAS A SRy S e TR, (e ik
TR SF AR NSRBI AT RE S . SRS, A
PETHERAE I BEAFE IS TR, ot 2 A0 B A0 45 200 M e
DAKI IR, 2P K AR R R ], e
WY AR . e Dhie Je i S8 VRS A LA
ERPRTELOE PR 1 St AR R AR N TR
WOIE S, EAERFEA S %R 1 Ak i g 2 0
fith . FERE IR, SORARTIRE R A2 AT
HZRRROS, ROS 2 i — 25 il PR Z A (4R 55 57 4
M, 5 84 K& DNA (mitochondrial DNA,
mtDNA) M =AM, W R REAE B AH ¢
41 F B (damage-associated molecular pattern,
DAMP) I [ A e RS, B RAE N
[FAE, EARRSAE SR RITSED IR
4, #an AB T {E S DAMP, filt & T ifif % 4iF
i SRS v €<% s e I K (B 7K 1 5 S W A
A g F G0 AU 52 AR F I 5 SRSz A U0
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MR B AR AR S, A8 SRR T AT i —
A3 1 21 2 2 SO e i A AR i SR 2
IR BRFSEAEAERT, AR R

Z P A e BRI S 5 R T iR
IF 6 Fo A HLHE &R o Toll A 32 & (Toll-like
receptors, TLR) 8t 1R 5IHE4h K AR 9 1S 1 5
5L A FHMN T UG S, IS «B
(NF-xB) i, {3k 48 5F K FE R % 5% Y, 3R
GMP-AMP & i i (cyclic GMP-AMP synthase,
cGAS) 55 i JTT A% i JR 38 % T g 7 35 R 2 AN A
P, PIZRR I 5/ 2 1 mDNA B, AR
RAEFH LA -IR AT R (cyclic GMP-AMP,
cGAMP) 4t 5 T Il T 0 R KW ¥ H ¥
(stimulator of interferon genes, STING) 17 5 i [
WE . BT 9 NOD REZ R 1 (NOD-like
receptor, NLR) FZW L@ N E A &
T . BEHFREHES, % RIE DK
(inflammasome) MJZHBEFIEAL . S5 TRk LA
S GSDMD-NT Sk Y AL a1k A 20 AR
PG TR IIETE, DA AME . WA S oh 4k
Fri il ae 1 T RE, b ARE e DR B R 2
RURAS, A RIE /MR8 R S TG A it 1 254
1.3 REMEEESERERE

PRI/ NADE T ARG | SEAE PR BRI
REAICTZIAI AL E . SAE/IMEIE LS = 1)
IL-1B FIIL-18 AT AEFH T4 e i 20 A B 41 21 5 o 4
Ji, RS R R AR AE A GRS s GSDMD 4 S 4
JHRSE B L S 4 B A T W) T RS TR 2 i NS )
ARG, DA o AT e Ji . Rr2Er)
PN IR TE I AT (2 4 A0 e 2 I 2 A OGS IR A
B, flRAE/MAE G MR T AL A
ST FRAERF I SR

SR, RAE/IMATEARRIZH LAY 225 A 4
AV ERIFAME,. fEfERg. . e
BEFR S SR AU, SRE/IMA G 52 B 7 B 1 o
R WUCAEE BT 7 . R [ e A S A i s
KR BRE, Jf A B e B R e Bk . P
I, SOAE/IMATE IS A9k PRAR AN [R) 5 A e 5
ARG W RIE BT s, MR = B AR O
LRI o B SRE /MR AL AL . T Ak R
MG HMAET KR, Rt P A A A
AP T A VE 5 A SRR S AR A A

Forr, RAE/IMAA T 1 TL-1B FIL-18 B AT
BT EBAL 000, FeH A 2R,

T A 1) 5 S A i — 2D i SASP AR 22 R
PRSI, T RRAE-TEE I IE 0] s ds 1o Hak, 4
i3 T B A L PN A R TSN S i Sy S AR
2 a7 N Ry AR S O [ BTN AW 1157 4 28 72 €7 3=
W5 ORE IR PV A, RReny gt RAEIR S &
TS, MHALHEEBRERR T, &%
T BRFAH 248 E RN TR Y 6E
Wik HI, FFRIFETTE R E R rh A2 i
FESEPER RAE/IVARTE AL, ST A SCRT 2 R bk
e N, G BT 3 A D A s Ak
P AL T T3 W RN 7R A5

2 REMESHERET

2.1 REMEREMAR S 7%

SIE/ME TR RZIRE N . HERE PR
BERSFESH  (apoptosis-associated speck-like protein
containing a CARD, ASC) A & 1 bt X & H i
(cysteine aspartic acid specific protease, caspase)
WNZEAREY . ZWEA FEE PS5
DAMP I PAMP 1y “J&3Z 8% " (receptor) , f4f
NOD # %Z {& # 1 (NOD-like receptor, NLR) .
AIM2 Fll Pyrin % 22/ NLR G DI FE 450 F BA
AR, FEALE 3 E R, LT N I A RO 45
3k, WCARD. PYDFIBIRZ5H5Y, 1571 Fif
LI5S 2 i TR A & RIS S,
IR NACHT Z5 340, & NLR G M6 i RAAE P X3
A FRE SR, R CIRE S 5e s
MR # & ¥4 (leucine-rich repeat, LRR), #437]
Z 5455 DAMP 5 PAMP. 1 AIM2 {26, 7
PN JEA A B, N Ui Y PY D 45 14 38T C g )
T ERIFEFEEMA (hematopoietic interferon-
inducible nuclear protein, HIN) £y, 2 Fh32
PR 1 AT AR 6] (8 N IR RS NI A 2 4%
SiE/IMATECTE . TEAN A1 B M 2H 2 BSOS rh & 44256
B Y (R 1),

23 8 1 ASC B3 CARD 25 #4381 PYD 4544
B, FELE PYD A5 EE AH AR, 552K
HEHSHERE AW . b5 nlil i CARD-CARD
ZE R S AH B AE F A 5% caspase-1 HiiR, S H &4
UK A VIE A R S K p20/p10, 7E
P /IMATE Ak R H H B B ASC BE A5 A 3 R AL
W DECZ RS> W NLR K% %5 CARD 25435,
£ H 4 (NLR family CARD domain containing 4,
NLRC4) 5 HA CARD 455, W7E R EH%
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Table 1 Representative activation signals of different inflammasomes

RIEAE BT
NLRPI  SUHBUEHE (LD ), fa3CH M 2, & K # AU & Flpat7.8 7, 5K 2V

ATP 20 BHFIEE R B s100E A% B 1FP3s B2, ghkifadm el B3, p-igkir R e BYL R E Rk B0 =4

NLRP3 f )
WITRE (Seroval Typhimurium) WIS RS (T3SS) 4HREME. T3SSWATEA A HIEER BT
NAIP/NLRC4
WENZE B (L. pneumophila) HIMIEE A B
A2 2 REDNARER DNA B LRI ADNA MO,
BRI (F nucleatum) DNA 141
NLRP6  HolRiaE 2) IXUEERNA. lEZ B (LPS) 19 4%
CARDS  —fikJLfikAEe/9 (DPPS/DPPY) (44

LT, FIEHEZE (lethal toxin); ATP, —@EfRHE" (adenosine triphosphate); IFP35, T4 %S HE 35 (interferon-induced protein 35) ;
NAIP, NLRZEEMT- #1511 (NLR family apoptosis inhibitory protein) ; NLRC4, NLRZ Ji & CARDZE 54 14 (NLR family CARD
domain-containing protein 4); T3SS, A/ RS (type 111 secretion system) ; L. pneumophila, W&Hli %= F1H (Legionella pneumophila) ;

DNA, AR (deoxyribonucleic acid) ; RNA, AR (ribonucleic acid) ;
CARDZE#IRFE 18 (caspase recruitment domain-containing protein 8) ;

tum, HAZWFTHE (Fusobacterium nucleatum) .

LEAMTEN T B G I3 caspase-1 . iX
— IR TG I FEIA 2 DR AS . AN B T
JEAEZ RN R L FE R, 7RI BRSO
PEVEFE R B WL it — 2D 5
2.2 NLRPSJ*(T_IJ\TZWE"WE’J%?*JWU

AN AR /IVA G T el o S AR | 2H g4 sk 4

NSRS, A2k caspase-1 {Mc\ IL-1p/IL-

18 AR M A AT, P, NLRP3 RAE/MA
& BRI N IZ I R AE MR Z —, HS ki 7
ZH| WHEES” BIEE, DAkt B IO RO K
e B PE AL AU 2 . B — (5 5 EAF PAMP,
DAMP 55 BT, 4B mi iy TLRs ., 41 A
T2 A ] L N 2 A S RO NF-«B i, EiR
NLRP3 Ml pro-IL-1B S5 5541 73 Y ik, HFRN T
F# 55 (priming) ', NLRP3 454K [ it 23 %
WAL . 12 RAEBIER MRS 40, filn
72 % E3 % 0 FBXL2 7] 41 5 NLRP3 72 K k%
fit ) EHBEAEFD (protein kinase D, PKD) 4%
NLRP3 @ik, =545 HigGfk ', M3 [F 4
P& NLRP3 e e . WA Sad AR 7

RAE/MASE (55 1 ATP ., ShiRY R . 151
AFZ R %, AT KM
g 1A 453 405 . R 1A Ty B B A 4 4N S 1 4R HF
NLRP3 & /IMA ) L FNG . i aed 72 mT DA fig
FR NLRP3 HAMHPRAS, R AAWS U, IF
i i NACHT %5 4 4, (NAIP, CIITA, HETE,
and TP1 domain) 4~ S & E L ', NLRP3 B i%

LPS, §Z M (lipopolysaccharide) ; CARDS, &
DPP8/DPP9, —JIKFLJKTF8/9 (dipeptidyl peptidase 8/9); F. nuclea-

FISE AL T NIMA AH S 7 (NIMA-related
kinase 7, NEK7) %5 CHEHHIH 7125 L &
NLRP3 F & ATP %54 5K ffid 2, K5 NLRP3 i
i PYD-PYD AHEAEHIFH 5K 8 H ASC, ASC it
— 38 17 CARD-CARD #f H.{F JH # % pro-caspase-
1, AR RIEMEE Y. 2EE&Y
{2 fiff caspase-1 7 b, A F IL-1B/IL-18 1L 2B
Ll K GSDMD %, 25 A faT:
23 REMEEMEET

Y TR — R PR IEEE T =, S
JATANIR], HURRAE Ay 240 R e 24 K i o ) o 7
i, SRS AR BN RAE RN . Fe], dRMIAET Bk
FUE A B A PR R T & B . caspase-1 4K 4 2 Y
Seroab fE . AR, S ZEMFSR KW, caspase-1.
caspase-4 fil caspase-5 55 £ Fit 5 it #H 5 caspase ¥4 1]
i o U1 #) GSDMD, B il H: Bk fL 45 44 38 (pore-
forming domain, PFD), M M4 5 40 g 24 i 14 58
T . Gasdermin £ [ 521 /2 4 M A5 T (10 DG HEARUN;

+ , {1 &% GSDMA. GSDMB. GSDMC,
GSDMD #1 GSDME Ll K PIVK 4 =) K i 36 /Y

GSDMD i N s s fL&5#5% (GSDMD-N) FlEA
H AR C ozt (GSDMD-C) 4aL, ™
HHIER XA RS T, GSDMD FEFES
DS RIE, it GSDMD-N 45 F 58 317 40 fo s
FRALH LI S LIS, M/ IL-1B FIIL-18
LYAEHR T IR, RN E TR SBE
FEPr . Il B s | R dipgaT B (B 1),
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YHRRLFE TR 43 A R S/ IMA R 28 R AR A S
iRt ELMGEED, AN BRI E S
RIS AT/ MASZARER 1, SR TP B AR /MA
EAEY, J5& U caspase-1 BUIG L. T ALY
caspase-1 A [f] B} §] #| pro-IL-1B., pro-IL-18 DA }
GSDMD; GSDMD ## YJ 1 J& H 5 H: N s 45 74 5,
IZEE I AE AR S RAE LIS, — AR
B TL-1B A IL-18 [l M ARSIk, 53— J7 TR
HMMEBE T . SRR, R RA
MugeTs =, FEAR g E g, Be 2T B S M
Jit N ) N3 caspase-4 . caspase-5 1¥ /)N Fi caspase-11
255 I O FLm TS P, TS AR Y caspase-4/5/11 iE 1T
YI#) GSDMD, 5 FfLiE P ii S A AR T B0, 1
Ak, caspase-4/5/11 B9 Ak 18 ] 3 1 Z2 FhHIL il R
RIEN o - FH9 GSDMD FLIE T i ] e g4 2 1
AR, R AL 3E80% NLRP3 489 /M, {3 IL-1B
SIL-18 A SR ¥, it % h & LRI &
g iRts, MMM T R AL R S i
SUAHCT, FFPERE TL-1B A TL-18 K R A 5 )
b3 G NTTRTE 3 G, &4 59 5 PR =4I e
SV
24 AIM2, NLRP65ZTEMHXXKIE

SAE /MBS T 10 A A2 1 HE A BR T NLRP3
. AIM2 AT U B AU DNA, I it ASC
4 5 Fl caspase-1 i fL A2 ¥ TL-1B. IL-18 A% 24 %
GSDMDAKHS PRI AR T =, i R vp L 4
AFEME . SRR RER T . mtDNA B LA i
Jo e i b B sl A% IE B, i DNA JBH1H [ 2k
TEACIRAE TR TE SRR, PP, MRt A B
KA IEn 245 22 85 19 DNA 1] 0% ¢GAS - STING
T, R A I S A DG ARRE RN AT SASP IE A 5
ULk, JfLT DNA B 2R Al g i ATM2 RAE /M
LS 5 R E R 00 5 ST
HE—25 X 50 W 2538 76 AR TR DNA SRR . 42y
Ko B Be b AT Bk, - e BH R A% i ()2 S
eSS . PR P PG e &

NLRP6 N 3= 22 3218 F 17 I Bz 240 it A3 53-8 &=
AR, SPaE PR . MR AN o A e
TR EAE SIS, EAR LT AR I i T B
S lp i st mn . WERS M R REMIUE R
FEA S, (BRI IE B AL A5 i HAT — 2 (B
RUFN A BEMPE 0, 45 1 58 88 11 Bl I 1 B e
TIRe N R FELS A 24, NLRP6 1] i i3 5%
WEEY =) Gy O SRR RAIE S 5 RGAMEAREE RAE .

SRM, NLRP6 Xif FEAilh TR FHf 445 #a) 1% e M A FH A 3
T2 B st . BT R IRE &
A Y BE S5, A R e 2L o 5T ik — 20 i 1
NLRP6 75 H e $4 1) SR S ELAR L

AIM2 FI NLRP6 53 51| M\ i 5T DNA 2501 & g 1
TRV R T R Z LN, (H
H R HAEA R AR S Hh i 2R I . (]
R TTER AT R A A AR . M2,
NLRP3 RBHE 3 5 B TR S 0 Ml . W IR 7 . 2k
PR REREAT . AN T R B R AR S 2
WEMKGET, TEMSRITHER . BXTR. 3
ook A A0 2 UM R S5 h B B R G
HLHIFIT eSS 2 ', Bk, F—30K LA NLRP3
R, MNFEBIHCA . Bisil . LEESY
SR RN SO IR R R A, AR
AN 3 2 AE DG T A AR A5

3 FREMEXERHHRENMEMESIEE
HLFI

TG OCHYER I BRRA R A . kiR 0 S 4
MEVEBRIIEE F e, b NLRP3 R AE/IMA R HREETE 1k
AL T HFE T S AR T, FEEARE
£ IRRE R AL OCAF 5 Al i R e
4 _E L {2 2 NLRP3 S AE/IMATE AL, 2E 1 18 i
RIEA TR A AR TS S S A8 B, (1
A BT I A X BT AR B A R R A 2 A AR
Pk (E2),

31 FREBEFSHERF

HR P2 R GRT TR R — R DR E M 4T
FEGEAT M SR SR R AR B, HE v BT R g B
(Alzheimer’ s disease, AD) VAFEFTHEINHITIRE R
IR AZ O I R F IR, H i 2855 382 R A1 2 41 A S
AB S H RAEDIVE, DL 20N i BEBE I ft Tau
EHREE R RBEE . h4 %R
(Parkinson’ s disease, PD) W|LLiz ) I GE i Ky
o3RI, HmBRARRIE P ) 2 ELURERE M 2270 o
il A% B 11 0 S SRR RN 2 /IMATE 1 Y, TE R
A I P 2 11 TR 5 2 A R 200 i 4 o 4 ol 8 T T e
MR, PR S B o] b Re A
FRE RN o /NI 41 A NLRP3 4 /INA S P e
g AR R AR 5 M A R E Z 8] 0y 2L R
ST BRI ARE /MATE A Y TSR L X B
B S BRI R i S e 20 2 B 05 A BT AR [A]
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m NACHT
#—1{&S (Priming) E {55 (Activation)
] D PYD
=
890 ATP BHME  EHE C) asc
PAMPsIDAMPs

w’“%:"'" e
¥ J

KSNfR  ERSIRS LM EThRERES

l
e

SR

NLRP3
_LiENLRP3. pro-IL-1BERE HRIESEEL
Caspase-17&{t
IL-1B oo l .
IL-18 e 1.. GSDMD-N 0.
. i (31 kpa) A y X
i sesessene | r boscesees :
e GSDMD-C et Y el
RS TR (zzkoa)  SECMONEIEIR P

Fig. 1 NLRP3 inflammasome assembly and its role in mediating pyroptosis
E1 NLRP3RGENEMARE RN SHEET TR

R AR A 6 23 T 5% 20 (pathogen-associated molecular patterns) ; DAMPs, i 155 4 3¢ 4> T #5 3. (damage-associated molecular
patterns) ; ATP, —B§MiZ/iR " (adenosine triphosphate) ; ROS, {44 (reactive oxygen species); NF-xB, #%HF«xB (nuclear factor kappa
B); NLRP3, 0k 25 44 3 I NOD#E 3Z {K KX 5 75 113 (NOD-like receptor family pyrin domain-containing 3) ; NEK7, NIMA ] 3¢ i fif§ 7
(NIMA-related kinase 7); LRR, &52RFRER TS (leucine-rich repeats); NACHT, PINAIP, CHTA. HET-EFITP1#y 4 I HREE & R
fL&5H5 (NATP, CIITA, HET-E and TP1 domain); PYD, MEBEZGHUEL (pyrin domain); ASC, #tbbR A BESEAR L5 SR A T-HIDCHERT
FE#E 1 (apoptosis-associated speck-like protein containing a caspase activation and recruitment domain) ; B R HEE-1 (cysteine
aspartic acid specific protease-1) ; IL, 4% (interleukin) ; GSDMD-N, 8 % 2 D4 3 i Bt (N-terminal fragment of gasdermin D) ;
GSDMD-C, 47 Z DR H B (C-terminal fragment of gasdermin D) .

PAMPs,

Caspase-1,

3.1.1  ABSNLRP34IE/MATE 1L ZBEPE, 1E ADSRHLERR R FE G .

ABJEHIEMFERTIARE A4 B%ME&%M%MEE
MR B P2 A () B 39~43 NREBERR I 2k, Hilg
FHEAT R ABr-sofl APia 7V BFFEEM, B
AEIRIEEC, AR YUIRBRAUR AR 28 BT, D60~
69 % 1Y 18% 14 22 80 & L 11 65%, HERBIH L
W, R ZAE R AD &k i 52 16 5
R, T REAR NN BB RGO ™ e

AT, AR HUAR PR LB K T 1 Beiﬁ
Haﬂﬁﬂﬂlﬂ%fﬁﬂjz o SRTESE AR R B?f‘r%é@*@
%, AR R JRLFYE, FFmRLIL A
PELFYEREAR 7 . AP UL AR - B A B SR 1 4

TEAD H1, AP X NLRP3 48 i /IMA 13805 ¥ K
ZH N EE, AR ATE N NIV RN 5
B/ ST A AR Az 4K (i TLR2/4) iR
A, P NF-xB {55 #%, 9% NLRP3 Fl pro-IL-
1B G E, Ja sh RAE /MR BE 7 ik,
AP RN S R AT 2Bl /NI T A i A W S, Rl R
IR BHAR EE, SEUSEABIASUEA
it B B 2 M0, fih & NLRP3 485 /MA 4% 70

IeAh, AR SER AL Al P LA DI BERR G, (2 it
ROS 19 K Az B LA K ox-mtDNA [ B, i

NLRP3 {20 %% ., NLRP3 7§ fbJ5 7= A= 14 R AEAT it i)
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B SRy A 28 RAE RN, IR M /NI 3 40 B X AB
BB, TR (DR S ROAE W AH B AR T 1)
UK

TE MR LU ST FP AR 2 T Fsh PS8 AH R A 45
W AWFIE R, AD & k4 21 b a] & ) 51
NLRP3 R 4E/MART G ; JF H 75 APP/PS1 4 KL [
IINERHP R BR Nirp3 ZEIR 5%, Caspl FEIH,  GEAS B 2 0
/NN AB TR, I EGE &4/ N 23 [R)E
RS . R EEEE IR, NLRP3 RIE/MAS 5
ADJRFEHERE , {HC T+ H NLRP3 RAE/MATE AD
FEE R B 2 BRITA B/ I3 240 2 0 o 550 7
KA TGS e —2 A
3.1.2 ok T S NLRP3RAE/IMATE AL

o 5 fil A% B 11 1 S SR AR Bl 3k O\ K 2 PD
BRGSO TP ) — AR S P E IR S R
TEFIE a 2% 8 B BACHE R /NELR, o 2 fih
BB KT RE S R s, Y Ser129
BERR ALY o R AL R T, 7E 10 /N B i 2 5t
A LS AR RN o R E AL A B
HA MR, WA 2 RAERSE
(EEZERIY) . AR BN, ZFER o 58 il 2R
PR IRUS , TR Bl 5 B N 3 ROS 3 - {2
i NLRP3 . caspase-1 1 ft S bl 24 IL-18 BE L 70777,
IR, S8 o S M A% R 1 R AR AR B i 28 oo 1 i
() mtDNA 19 75 W E A /NS T A s AR, TR Ak
AN A T B0 U T A R 075 b R i 2R T AE SR PO
NLRP3 & fE /MMAE , 5] & GSDMD 4 5 1 41 Jig
Ji=

NLRP3 R AF /MABIE 0] A5 Wl 4F- IL-
135 TL-18 FORERA, IR et 28 e Jo 4 Jfa 2 A % S Ak
N, X TTRE R IVE R . RAEA
T T fi L 30 I 5 % P 2 A 2 B o0 5 R fk IR 1
(TR, AEESME] Gy 20 1w i S R, DT
TR EBAAE K 5 /N S5 4 ARl NLRP3 48 5 /)N
TR T fE S FBUR RANI AT, FEmRiiph g
TG T A RS, DA T AR A 22 B e ol 45 O 1) A5
B5 20 AR, TL-1B 5 TL-18 i £ 5 98 58 fil i AR 5
R B IR 3R . B LORATIRE L &
R AR T, NI AE 22 TH Il 220
BAR

SRS, NLRP3 RAE/NMEJEER: F 0 & H
FRRES BN RIEMEET S, ADH, ABUL
FL Tau £ FUR DG 95 Ko/ INBE T 240 T B D e T
LR RAE /MR AL, I INE AR IEBRRERS . 5

il 05 F1 Tau 25 FUREE ;. PD iU 2225 o 5 fili 2R
FIREE . Sobiik SO BHA D Re S8 ARG, SR ek
Z B MRE M A TTI i A L RAEY 1 . FETFHIZR
A7 VE AT 1Y A R AR 5 8 3 B b B T
NLRP3 SEAE /M J 7 A [R5 72 B B H LA K A [
it A LS B %) AR = A R Y AR
J7I]

32 BRI

TR (osteoarthritis, OA) 2T ZAH 4
LR RMIE B STy BRI, A AF IS 1Y
K, KEAPUM A i RAR, SR At . o A i 4
AN, TR A A 5 IS BRECR IR, SRty
JSC N M 4 VR T 1) O I AR R 1 s Al ]
i SASP BEFICAAE - | Ak PR 1 366 Joi o i
fifg, DA K3 r 35 S 45495 AN AR T 4 B B i 19 DAMPs
AR A e A . B S B R I BRI
WA R R IR AR AR, R
BN OA X TRERMEWEEREZ — %,

TEOA T AR, BILMRN ) oA . 2R o
EAHLUG 55 2 I e TR F 5 1T &
NLRP3 [ TG FIAL e ol 72 o £F 4% 4 i 11 v B
(fibronectin fragments, FN-f) AJ3# 4315 TLR2/4-
NF-«B iffi 1% [ % NLRP3 % pro-IL-1B %31k, %R
i PR R ST R A i R 3k Y OA BB A1 B 4Kk
B4, NLRP3, ASC Fli%fkAY caspase-1 # ik
W4 hn . 98 %1% S #) NADPH A fL i 4 (NADPH
oxidase 4, NOX4) HHit4: ROS A= il il fie i 98 4E /)y
isAl, SR IEREAR SN L AT iS5 OA
NLRP3 /MM 42 5 Wi se itk — 20 &
PR, w2 ECE Y0 NOP2/Sun RNA 1 55 F4 il 2
(NOP2/Sun RNA methyltransferase 2, NSUN2) 4}
A 5-H LB mENE  (5-methylcytosine, m°C) {&iffi
B, 0 NSUN2 AT [m] i 9 5 50 20 M 5 5
NLRP3 i fb Fil OA it J& ™ o X — 25 R o,
NLRP3 A 2 2 15 i i, vl g2 54
R B L R A,

AP g R, NLRP3 & AE/MATE 1k
AR HE OA BB it . WA AESE, HFF0A
#EJE . Hrh, caspase-1 1%L/ 5 GSDMD-NT 1Y
AT AR AR T, YRR R RS e
PR, FEREAIEA PG ol Jm i S S I . 4
1) 24 B PRl TL- 1B 55 AT 9l 40 B A Qi R iF
i 4 )& H ¥ (matrix metalloproteinase, MMP)
Kl AR A R 724 E i (a disintegrin and
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metalloprotease with a thrombospondin motif,
ADAMTS) “FREERIEMRERIS, A IR R
LT R MERRAR , 0 40 B /156 2 2R AR R
A 0 R NLRP3 SEAE /MAKH SC R IED 8 19 55
— FE T o VAN L 7F DAMPs IR B0
NLRP3 RAE/MA, BRI IL-1B, TL-18 42 RAF AT
VEF T AT A T A R B A, (2 i R 2
MIZEAE I INE R BB AR OAE Y Ah, T
B B AR R A S s 4 A T e
2 5 NLRP3 R AE /A A 5 (9 F T 23 A OA I 72
R

NLRP3 X} OA BI85/ FHAFTERE R ek o 19l
w, A ARYIBRE S 09/ OA BT, Nirp3
g I I A YR B SR R B 8 0 ', NLRP3 &
SE/IMATE OA R IRIR BT B vl 68 HLAT A [R] 9 /E H 4r
fiE: e, HG b FE S BERAE . R
i PR R S B v A LS SR A OG5 B e
Ji€, FPLERY NLRP3 RAE/MATEALTT et — 2225
OB LR REAR . Ol T B R I A OA R E 1
PRI AERE . XSEZERLE/R . NLRP3 1] REAEAL
PN P ESAAE R AL T AR SR, X T ALY,
T 3B OA M REAUA TR HFVE I . Je St ot e EEAR
i F BRI . R B LA S sz R S IS A
AT )2, e ¥0 ) T T P A~ A2
SRR HES AR YR .
3.3 shEkREEREL

shkkFETE {1k (atherosclerosis, AS) &Il %
A . AHMAR B A R R . I RS e R
U S R A R Sh e e e i R, R
Tt P o L0 R BRE A . AP A X X —
e R A mEAMEEN, ABURRY, 408
M2 A B KR Ik 52.5%, 2o PR
36.3% 1. 80 & LA b A HE I Bh ik BE e A O
92.7%, HBMKAEYFHEREMS %, oS
o KU T 22% 7 REARISE I, P9 R 4T
AE MR . B I AL HA A ERE ) 2 48,
220 L B BT AN R ) SASP A DAMPs FE 453
o 33 e AR A AT DS 5 S8 i /IMACAH G L R (9 7 5%
FRER ARG 0L /B RE S e 2 K 2 i SRS e g Y

I P B 200 b 2 ] R A T I i B B2
Ao T8 N R 20 ™ A= i 9 RE A o RN B 3 T A2
AR AN M BN Bt A AR, PN R D RERR A 23 it
— A TIN B A B AR AR N . AR Bl
SEEGZRM], IL-1p ] 5f i NF-kB i#F— 54 it NLRP3

Fik, JEUNLRP3 - IL-1B 1E S i, FHAR IR Kz 4
i 2 R I/ T 5K P RERREAS: , ] NLRP3 B IL-1PB
5 dds kA ik . 7E AS R, K& AR &
P18 L W3 4 MR 28, 382k TLR A NF-xB 3 fi
FPRRSE NMAR DG Sy ek, PRAEFURIBE T 2
M0 200 AN B A R R T st 2 e A B Tk 240
J, 5 L 200 A P U 25 DL T SR R o O [ e 1A
JIEL (T T A AS BREBR b () F LA T A, BRI
2 R IS T A RS AR RSB 473 RN A N 25
U I B B, SEmif F NLRP3 &5 /MA L %
e caspase-1 1 4k 110 3 A DG AT RE T R
AT AR G 20 T A2 453 20 B AR A DGR 5
PEBREE T . SIIFS R, B Wk fE 5 A e
JAE/IMATE AL A5 K ASHRASIE AT 56 12 ieAh,
JIF L A AR RE A RS AMA R B, SRR
REFE AT LA S ROS 8 & M7 E o 1 ROS J& NLRP3 &
iE /AT B[R] B

NLRP3 i 4k 77 A= 59 IL-1p 1 TL-18 T 34 58 Py fz
Fhb o> T Motk R 23k, (R SE A AN S AR AN BE
RN, TR0 AS ER IS d, NLRP3 X}
TN AN BEZR AN B W b RN R o 7 45
EATELLAE YA RN, (HIAG 5 R R AR
R AL 22 S 10 R HON T RESZ IR A . a8
15 50 . AR B B A R S AL o PR
NLRP3 7E AS H 9 I PR 75 SCAS I A DL BE B 1 AR T
Wi, WEREES G REHAEG M . Ao M B il A 5 4
DA A 725 6 T
3.4 28UERTE

2 AUBH IR AR (type 2 diabetes mellitus, T2DM)
R B ACIRRAR R A PR 2 —, HAZ O
REOE S [ 5 R AP TR & AN RE R A . B 4F
W, RS BAM . BRI SREE . A
Wi DI RE T R LA S b iR 5 2 i R AR . 2/ B
W, Nirp3 w55 n] D8R B 7 41 89 RE I 5038 B A1 1%
PR BT R R, 6B NLRP3 25 5 % A1 b
RIS " A, AT UTER G BT R
2 (silence information regulator 2, sirtuin 2,
SIRT2) 41 A9 NLRP3 2 Z Bk Ak nl i ik 1 il R AE /S
TR ZH ey iy /N BRI AR M SR R BR 5 A, i
— 25 PR 3 M O AR R N S AT B AR
NLRP3 (iHALRAS ' [Altt, NLRP3 RAE/IMATE
T2DM P fEN i AR . AR, R
i R A I 2 A7 1) B 2
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341 RS TEMFEZIKENLRPIRGE/IMATE 1L

BEE ARSI, R B 20 A A 14 FR A 0 1o
Bz TR, R4 B AN BN S R . T
BV B0 5 B M S A b 3 A I AR R
B, RS RIRPU AT B A, MTEIREE
N RENS R RS R A, UL
ATRES 5 B A AU R AR i B .
B 201 M B L3 A FH) S RE A T T o 7 il 15 J 3 e 28
TS, R SRAE /MRS TS S L 5 1 1

[ 5 JE M FEZ K (islet amyloid polypeptide,
IAPP) 2B B AR5 W5 e 5 FR AL ] 3 Y
T 3T AR IS E . RS F BT N
AR I AT, AR DG B W S B AR TR N B
D)2 1) 55 485 R 3T B 2 (RN A2 30 A0 R X T B
fif AT VE MY REIE M ) 19 N TAPP B 5 7 A g 51
RURFFEMFEDIRL 10, TAPP JREEMR T 1N N R
fE (s, 7685 B w40 i {2 2F NLRP3 i k.,
IF IR B AR T RERERS 17, AR R AR TAPP
AT BIVE T RAE/IMATE LA A BB . LI mT
£ TAPP 55 K % i Toll B2 K2 (TLR2) 2
HEREBEY, LI RN F 5 5. 15 IAPP 3
BRI R F Al AT 2 5, 1T LS80
il A B 63 405 LA S 2 2R I B By B, fik
NLRP3 JAE/IMA AT 55 TL-1B B o o197
W E M, A TAPP 7EME S B 4N A DTFH &
ASC FIIL-1B [ Fik B EHE, JFn] HH:5 NLRP3
SE8 A Sh R AE/MATEAL , #78 NLRP3 724 S i 5
VE AR ER 5 10 B AN i ) R B A R RO
FHIO A ZF B4 Py R 4 NLRP3 3 1 &
GSDMD # i1t B2 X5 T2DM HJE 1 AH X 57 ik 4T3 ke
Z oI NARUESE o
3.4.2 HMUFARIGER- S NLRP3 R/ IMAE 1L

BRI SR AR Ak AN, FERA ] i i E IR 4
LU SR EE, (E0F NLRP3 G fb. it
15 25 2 v I 4T ) 4 i 2 A RD A ) R & 2 ek
Ar . WFFEFRME, AT IE i NLRP3 MK H 0 A K 4%
fE A ¥ 3 (growth differentiation factor 3, GDF3)
- B SE AL A (monoamine oxidase A, MAOA)
S 144 5 i 7 4 L 4 X 2 R R A
fife, T R BR Nirp3 RE A% Tk 5228 16 /N B I i
W XS R, NLRP3 AN R AE Ak ks
M R, AT S S IR 412U T
REREIR, ML X B B 55 R AR b A0 10 AR itE—
RIS

o> @md

FEULSERN |, BT R TR B 5 ) A i /)
RBOE(R S o WARIIR IR FR 245 R 2 T2DM
H 3K 3f) NLRP3 48k /IMABE e (555 . AR
A B AN N B B TN, R A T
WeRE, VS NLRP3 S/ IMA T2 i IL-18 4306 12
WK, kit iR vT i 5 NLRP3 25 (& A b ik
PRAG M A AR 1 S E /IMA Y 4285 S5 38005 . BIFGTe
I P P £ IS A 7= A s R R T e A R I S e 75
fiff ZDHHC17 B/EH T, 5 NLRP3 4 Cys898 fif
JAigh4y, HE9R NLRP3 5 NEK7 (IAHE AR, IR
#E NLRP3 [1] 53 1) S 3 8 R A4 0 28 5 6 e 7 O
R A S T

MIRFE LB, AR A W A2k A
il ™R LB A A R S N 7 2 2 A i A A
NLRP3 5, F )2 & 16 fk iy 3 ik, AERE . M o 1 Fn
TAPP SR 4E M 76 53X — JE Rk b 4R M 5 58 1) T % 5 21
BA5S, (EFFLLEbE | TAPP DUFR I B 40 i At 22k
W e B AT i — 2D & R R0, TR U
FHEFAS I 5 NLRP3 i 4L . 05 ZHRHT A B
UMD RE TR, B S| & AR n = 9 B
o RV TAPP 5 5 E W40 A NLRP3 15 1k A 1L-1 3
S SR SR DA TR SRk, H B4
BT EIR TR, DU B NLRP3 RE TSI T
U TL-1 BT, A7 A I A0 e S s AR
Il R HE— 2L B IE

4 FBETHORMEENRAER

4.1 HEREMEBEENGYFA L

NLRP3 % it /IMA BE % J8% 1 58 2 1o A v B R (1Y)
LRARS . R AT RERERS . SR AR I BTRAE .
AT B AR, IR AN RIS B A 2H S5 0 e
64 IL-1B. IL-18 Bl A1 GSDMD 41 5 19 4 Jid £
T-. I, #00H NLRP3 48 5E /MA Al 42 48 M 7 %
PSSR ERME TIRTESRMG . BT X2 fF 5o
ST IR AGAIR, — RN 205 50
0B A A7) IE AL TR R B &2 B B, 653
e 259 & UE AR PRETIS IR sl R G R, w120
JR I HAE R AT . IG5 A O R
D5 TR,V 7 o ARIEVE AT, FRE LA SR A
FG R AR B Oty . B4 ] NLRP3 2H 258
T LA R BH W T Ui 9 5 DY s Al M AR T . SR,
NLRP3 2 5HuRGL i . s masies,
K S8 AT %0 i ] BE R IR B S R
G RH S 1) A I v e BT
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RERXBBER r )
AB/a-syn BEREEH FEER & th IAPP/BE# it
- difimE : e o) 2 a
o EREER @ v
« ERRSKE S
o LRHIKTHRERSRS
E HE—{=5(Priming) {55 (Activation)
v {EHERESTRE
B > « NF-kBE{L + mtROS a=e=== 3
« NLRP3/pro-IL-1B o BHESHA '
SR . gss%lgmpsf Bt

NLRP3ZUE/ VA E &k

P,

'

IL-1BAIIL-1878 <— caspase-135{t —> GSDMDZYE
) |
REERA AR
S— ﬂ-‘/

RLIRHIEA
DAMPSE
(ﬁ?ﬁﬁl&k)

ARG SREXRE

Q S
e
Prl/Ri& A BRI R BXTR 28VERRYE
___________ (AD/PD) .. A0 o (T20M)

Fig. 2 Shared upstream mechanisms and pathological consequences of NLRP3 inflammasome activation in age-related
diseases
B2 FEHEXEFHPNLRPIRAE/MEFE XL E LFHSRESER

AP, B-TEMEEE A (amyloid beta) ; a-syn, oZEfilii%4E I (alpha-synuclein); IAPP, [HBIEMFEZLNK (islet amyloid polypeptide) ; NF-kB,
#%HFxB (nuclear factor kappa B); NLRP3, #% 1 HREY A 45 i3k R T I A& AR 45332 4K3  (nucleotide-binding domain
leucine-rich repeat and pyrin domain-containing receptor 3); mtROS, ZeAifAiH1H4AJE (mitochondrial reactive oxygen species); SASP, F#A
KT F R (senescence-associated secretory phenotype) ; DAMPs, i1 # 55> FA55 (damage-associated molecular patterns) ; Caspase-1,
BERIE FIREE-1 (cysteine aspartic acid specific protease-1); IL, 412 (interleukin); GSDMD, 4D (gasdermin D); AD, PFA[/RIxifEk
% (Alzheimer’ s disease); PD, M4 #%i§ (Parkinson’ s disease); OA, ‘B KT AR (osteoarthritis); AS, zhkifAEE{L (atherosclerosis);
T2DM, 2AUEIRIF (type 2 diabetes mellitus) o

e a
[ENEE

IFBEWT AT A TR, MIARFRFEETE R T ST /MA
e X —SRIEAITRI R, A B R B B

411 FEAR i AR ST
FEEMOCH A MRS A TR R .

FRp Il R TS AT 0 B S Bl A S e AR A i B SASP AR | AU A bR R D BE 2 40,

A [a] s} 4 55 NF-xB 45 1 T 15 15 5 A1 NLRP3 31



XXXX; XX (XX)

wE, F: REMERZREBXERFHERNE 11+

Wil o B, IRk S5 405 1T il bR
] B — AR A T B 3 i P Bl AT AN AT 3
AW AR izsh . RERIEAGTHL. HGEHERR
TR A R A A WAL AR s, nls TR PR
14t ATP . mtDNA FAEFEPEY) BTy LR, DA ]
PEREAR ST /IMATER AL T 4 IR 27 2 sl R a2 Ik
AR (NP E) HEIMBEMAES, TR
SR IE R OIRE, WD NEER S AL, NI TR KB
RO 4 B [ A s R Ge it el st (R
BRI R B L, WA WA TG £
RO AR ZE S, HGE e AP AR G 1R
T IE /A - AT T3 [ 1 FER AT o

FIRT=Y) . 26 A B AN UL AL 1 770t mT LA
SUNL =N AR S E AT RN N R 352
Me) NLRP3 @B 7, filan, I AfEge 24
O ZAE A NACHT S5 A 38 A il 51, vl 5
NLRP3 i 279 fi bt 2 /R JE A% 36 4 4, FH By
NLRP3 5 NEK7 WA BEAEFT, M #0fil NLRP3 %
FE/NR 2 5350 Y. B A& LB
HDAC 11 fill 77 £ 7 i R 1 45¢ 284 v Jé 0 i %7 NLRP3
PAE/MAERIINHI RN . SR s, HDAC3 AJ i
5 LR ARFE S F SPTIIES 703 & iR, 3 am
SP1 5 NLRP3 Jii 8 710 &5 & A8 J1, Mo I 14
NLRP3 FikFHAE st Hw Ak, i HDAC3 BE#EM:
P06 7] RGFP966 BEMS A7 R iz # ,  o Elis
/NEBh B RE R AL AR R T E U R A
5500 it A7 AE EFEPEAS I B[], HDAC il 71 K
O F AT B i R RO 3 R A 3k, RIS R
JAUBS: o
4.1.2  IHINLRP3 AL/ IMALH 208 1%

LA NLRP3 A] #E caspase-1 i £k 2 Aif [7] B
I TL-18, 1L-18 B4 M GSDMD Y&, g [t
PR REL T — A T RN P P BN SE# . MCC950
WSR2 R NLRP3 #4157 2 —, AlfE
JHT NACHT %5 #4 5 141 il H: ATP g 7% M F 5E 5%
b, FEARSN LIS A R S5/ IMA S A Wi 412
SRR IL-1B B G5 43 . FEZF 1 B RAEVE I
H B G P 0 sh WA b R R AR T
SR, FHAH G PR IT &30 H 2 2 P2 4 PEAE 5 R
il 16 B Sl AR v e R RN Y T RS RERE AR
IS PN N o 2 2

Hl, 2854 1RG0 #— 8 NLRP3 #il
G IS ) NIRRT N 7 I N O i
(Dapansutrile) 725 X AERFF P La 05

R ARG T IR T 0, AR5 i o B AR
O TEVR R 0/ INFEAS T BRI S rhr o 26 B S A0 i
2k el eI RS ANRY T B R R, R
REIE A RS AE S 12 PR A e e . ZETA AR
$iFEFE (Selnoflast) TEWHIZ LSS 7 2 1o TAWFST H RE
i 400 ) 2 A 4 i, TL-18 Bk, SR T AR RS AR
H, HALURGER ARG RIS A BR 12 X —4&5
IR, 259k B4 S50 24 v BE T4 71 A S i /N
R, 5 AT A e AR 4 20 R 9 g 2R R 1) R 4
YEH

X PR TR, BB 2Fad I ik 5 B IR
FHTF/INBE B A A R ce Y 7 R S o 0 — 01/ VR
A FFHCPETD AT W, I 2E 5 M NLRP3 1) il
FINT-0796 AT FE B A 32 108 A 5 AR 23 A
B IR BRI B R, IR R A 4%
FETERR 12 (HIZHFoE EEIEM etk 25108 h
SEFE ST, FEAS RIS AN 2 DL e e
XA e E R BIG R R I R iR . BB B, H
F2 NLRP3 10 il 77 © 90 25 56 55\ 0 s 78 1) A AR
RIGTER I, (B2 A B h i = 7
panii] )7 SSM. allE
4.1.3  BHWT T S0E - A A i AR T

TL- 138 %2 T I BAGSIE 9 A ) i 22 1) - 78 B
. KAFHPT (Canakinumab, IL-1BEAHT) FHIp
% (Anakinra, IL-132KF5H05)) 254 Wi
FIETENG R TI697 H B RAEMEBR 121, IL-1
P 7E T2DM RAE S il Hp HA Al i ik > 1L
1B 77 15 ok G2 f AR JE (IR i o e, R
TL- 1 0 500 A I PR v R 3 T B (R e R AN
R LA 2 A MR AR 1) ) 32 IO FH AT T I 2 F Bk
e BTG, TR RS IR 2 I AL A R
Z—o IL-1 {553 B Ae 1 = ol By 2R,
A S RHL T r] BB i ™ FE R 1 & 2% . CANTOS
RIGEE R BN, RIBHPL R AT AR BE A O WA
(A 5E < p=W. R N (K= G N (BN il npe ) W 7 o
Y, HIPR B ERM TR ik, 4
2477 X BRI N . R P R T A H R EE
B, RIS H 4 25— AR SR, %)
T B 2 0 A B T 5 P29 D7 AN
R TR TR, AR e S IRy T 4
BAEPEG R A S B R 2 e A

GSDMD/E AT R OHATEH, LT
RAE/ MG TS R, EEN SRS R
SER TR, H TR SR —Fh 2 38 B 2 24
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B )5 (Food and Drug Administration, FDA)
it ] T RGO R 25, AT 0 8 A
Cys191 BHWr GSDMD LB JE Jf, 75 e 5 i 45 A
JEILH AR Y A, IRBREREERE . E SR
WA SR R RS i 57 SKS6 2N TE S AT A7 24
il GSDMD /- FET- ™0, BRI, X /YZE
B HA O RN SR B A B, SRR TR
BN e 5¢ 4 13 I T GSDMD #1 il o Hoak,
GSDMD FEHUIA S B i rh A WEAEH, BRA-5
SEMERIESN, RS 510 FPURY: . 8RR
AR YERE, 2P RE T HIE & 19 S ML)

€. AL, GSDMD RGAL-S 4 S 52 2 1] 4
TEBNATAE, BRI BORZA 2L AT AR 5 e 7
. HRET, 45K Z%0GSDMD 45k T 55 55 %
BB, HICHAH] TR ARG T AIRER 259

SRR, 0 i) JEAE /MR- 240 £ T e )
FELG AN PR A1l PR R R 7 T 25 HL
mo ARITHRMAEAEHIZS . W AE RO 2
TIHAFAE R 22 5 0 BT RE AR IR BB T SR
ANEALLL I sm ™ AP bR, ML 7% &
P B Be . RAEFRA | LG E LRI 25K
B (3%2).

R2 HEREM-BRECEREZHMRBONE . BRREELRD

Table 2 Advantages,

limitations, and translational bottlenecks of major therapeutic strategies targeting the inflamma-

some - pyroptosis pathway

T RE25 SR FRITE RO
NLRP3%F ikl M BEL BT 98 SiE /M I
ﬁjﬁiinm@mm“mlzﬁﬁTﬂiiwfQﬁgzggﬁgz%;¥ﬂﬂ%ﬁﬁ%%%m\Hﬁﬁ&%ﬁ%ﬁﬁs&%
T = [116] ZHAR TIEBCE, F /N y, e % GEA AT EAR

o i . KRG SRR T AL

IL-1EERHI  Canakinumab (31331

il 741 Anakinra (3 HZWES R

POt e N AT {3
B O g
fig 120, SKs6 L) i

GSDMD 41

i TFRIK

FHIGSDMD 4 [ 40 g A T2 28 R AT I
ZRBSLIY BEAR L AT i IR R e S hE

L ANBEELE MR SO A A A e R B AR K AR
MMAETS: M AYT RS AL S N B O
2, JRAE AT 52 B il

RCEME L A P %
LTI F M B TTREAT L&HT s ?V\] e
5(‘ /%w !E’Z D‘J’Fk“‘
TESLAME A S M XU
(E FEANME A D L R TR

BELBTIL- 1B I PR SN Y ZE T R 2 LR 2K

NLRP3, #ZAFER4LE &4l E & s @R H & 7 5 & R A 453852 743 (nucleotide-binding domain leucine-rich repeat and pyrin domain-
containing receptor3) ; 1L, [I4% (interleukin); GSDMD, Gasdermin D[ (gasdermin D); MCC950, NLRP344E/IMA /NG>T4l il 57
(MCC950); Canakinumab, RHIE#3L (canakinumab); Anakinra, BUSEIHE% (anakinra); SK56, GSDMD#il| (SK56).

42 MEIEHHRES KA E
4.2.1  AN[FBERT EERE S AR )y 5K

FIAR P 1 NLRP3 RAE/MEA A 25, HE
BRI NG (LA I A AR, PRIASBER A8
S—SIRIT RN . BIANFE AD FIPD H, FEH
Tz i oA I o 248 i S HE 5 S i B L B SR A )
RIENEER, 25975 LA MNP el 0k, JFEad
G T 5 O3 AR I AR AR . AR AR A1
1M C 2 Ry & FH B8 TL-18 A A2 LATEBA Fii A NLRP3 15 ]
AR . MAEE T, NLRP3 G FE &
AT B E RN . BRCE AR R RO
IR s P 3 2 T BEE AR R R 24 ik B 1 [T e
S PG, (AR ARYE S ARTTRY . T AR AE AL
PR S R R B R . X T LA™ EE LR ES
IR Ry F ) 1] OA, B 2li it 4 M L 36 7 i i
4, A7FE S e IE A SUE B R AE A o

WAL, ARAE /A -4 B AR 1738 B AE A A £

PR R B B A A HIRE . BRA SRR R
JESN, ZEEINS SR | IR SRR KT
Jib 98 o RE G 22 Fp AR BE L RE L BF T R,
GSDMD fLi& ] A A B 2 A 0B, i
PEVFLL AU 17 52 Al e — 5 Pl BB R R
TR A YR G F o A B 1 H R A2 K
WRE A, TEAY RS RN, XXt
AR D T SR
4.2.2 T S R A i A

FEAN AR B B S E/IMASTR AL T & A5 AN [RIAE
o TEPS KA Ao I B, FE AR BB
ZUMIAR B | LRI BT R N R R TR
WEBS R i ar . A QRS SR FH AL Bk 46
SE/ VAT, nTREA BT RH R S N i 3 A
A RFFEEE . HEARGEWGERIIG, SR EA. M
. Ng ok A MR AN A, EL R NLRP3
ol U IL-1 4555 v BB R AT TV T IR AR s oA



XXXX; XX (XX)

wE, F: REMERZREBXERFHERNE 13-

Mo TEMUEIERT, MEITERAR . FeEE . BEk
LR AL BN B A 50 U S 5 A P 38 R 2 2
I K NLRP3 ] 5 5 fe R MG I 45 &, JF
BRI B bR s R AR VR S i e — A . 1
TR AR Bl B s L AR Tk o B I B T i S il R )
— I FAEAS [ i RBA P RO — 30 B
FHE,

WAk, BAR B A . ek
REERIE . 2 R 2 H G, e
RELrp BEPE R AE AT R, PRUFAED) Ak, Ak
BT % & . KA NLRP3 . IL-1 5%
GSDMD W] GERFAIRTC R M R, (AL AT it —2H
550F 4 DA RN EL PR B B AE . RLE, IR SE R
FUFE DR ME AL, B0 RGEic sk HmiRgs . Hles
PR, | S A MAME NGO, IFor B Bl AR
PR T AP RS X AN B S Y520
423 20 NS AWR R E

LAV b 6 RN | ] BRMEZA 2 T ReA B T
PRAZEE O, Flin, XAEHNS AL OA R
Sy B aRER, NS M A LU
TREEVER T/ N B4 pt, 0 1) 158 AR AR A 1k R S8
DAY g0 /0 S 20 M P ) E TR IO o (I S S
TR A e P | 2R e MR A
YA AP R . RARERPT R
WSR2y, M TaERMHZg M ERENSE, M
AP K TR, TRESCIIRY YRR . KA
YRRz, (AR S AR
2 RAREEREE . AR AR R, JERALE
B 20 23K B A 0GR BE o 3ROUL I 1% I 4 5 K
microRNA 77k B HISHT 5 F, (H AR N B 6 R%
B WA ZUE ERE ) KA RS T ) R Y 4
fif TR

AR PRI 5 14 T 2 e vy 5 s A AR DE A
BF TR TP AR R o A BT AT 255 e B
Br. EEAA | LIS G FEAR G AEY)
bR, REGEHLEI 2 SRR ARG IFTEM . IR
S a7 [ B 2 21 R E . NLRP3 3 %
TGV S EDIRE B S e tR . RAUEI 2y
YIEIRAR AL A RO B A e A I
IREXEE )R, A BERIW SR /IMAT B & FIE R
HPIRENEH . ARZAIR A s, KA
TR HER R E AR S I T B &, B
FAERABRRE R SR AL A JERE L, SEBIN
WIS PE R I 2 R T, T IR AT

TR ) AMAAL . KR HEAL A PRYE
5 Z£itERE

M VE SO S R BARE 2 —, RAE/D
A - 24 A3 T 3 I O L DG B A T Wi RS AL
38 [E A YU B S G A R Al RN A
WS JE/IMA I GSDMD AR 1 ZR B AT, —
J7 S Re SR AN A TR, S —Tr
BEACIL-18. IL-18 S KR R AT, TERIF4EHe1g
PERAETABE,  IITIAE 2 Fh o B AH B 10 & A &
J B G R B o

LEA AN WS IE S, AD, PD., AS,
T2DM [ OS 559595 1 BU PR 2= FZH 4185 SR ]
(B GRE O A — PR L IR 27 T3[R
Sy FFAE, A0 NF-«B BUSIE . W ER AR . 4
BRI RERERS | T PEE R mDNA Bl A 4 2
FAHMNAREE, JAEE NLRP3 RAE /IMA T Ak K 40 ifd =
T~o NLRP3 n] ##0 Sk 22 2 5 3 M S B 475 i) Y1 2R
JUORT 5, 2N B T SRR/ IMAAE S A DGR
S [ UL o5 ) B A S L

A 1) JRE /MR -0 B £ T 3 I Ry HE % T I R
KB IE BRI TR T USRI R
PRAT I A S e | A e A AN A 2 S Ak
i ARMFFE I E— 20 B AR 2 G HE R R . 7
i ) 24 P8 L BH A 8 RE /AT A ) L B 01 R By
BrrRStE, fEZSEYERE FRATANIRIZT . dnffsny
SRR AR, JR4E A A S A a4l
B ENA BE 7/ A/ ARULDA (o LB Be.: - NOUE£579) e i 10
KT TEPUR M B, L A ABERRG TR
Pt A, AR (R S S o LA (B Y 2
AR ALy )

2 % Xk

[1]  Abo Qoura L, Churov A V, Maltseva O N, et al. The aging
interactome: from cellular dysregulation to therapeutic frontiers in
age-related diseases. Biochim Biophys Acta BBA Mol Basis Dis,
2026,1872(1): 168060

[2] Fetarayani D, Kahdina M, Waitupu A, ef al. Inmunosenescence
and the geriatric giants: molecular insights into aging and
healthspan. Med Sci, 2025, 13(3): 100

[3]  Chhunchha B, Kubo E, Lehri D, et al. NLRP3 inflammasome and
inflammatory response in aging disorders: the entanglement of
redox modulation in different outcomes. Cells, 2025, 14(13): 994

[4] Ramos E L P, Sousa Neto I V, Pinto A P, et al. Mechanisms
underlying the interplay between autophagy and the

inflammasome in age-related diseases: implications for exercise



«14-

EMUFESEYYIRHR

Prog. Biochem. Biophys.

XXXX; XX (XXO

(3]

(6]

(7]

(8]

(]

[10]

(1]

[12]

[13]

[14]

[15]

[1e]

[17]

[18]

[19]

[20]

[21]

[22]

immunology. Ageing Res Rev,2025,110: 102821

Heneka M T, Carson M J, El Khoury J, et al. Neuroinflammation in
Alzheimer's disease. Lancet Neurol, 2015, 14(4): 388-405

Zhou B, Huang Y. Blocking Fpr3 ameliorates osteoarthritis by
inhibiting NLRP3-mediated chondrocyte pyroptosis. Cytokine,
2025,195: 157020

Yalcinkaya M, Tall A R. Cholesterol crystals as triggers of NLRP3
inflammasome activation in atherosclerosis. Curr Atheroscler
Rep,2025,27(1): 77

Han J H. Immuno-metabolic diseases and therapeutics: molecular
mechanisms vig inflammasome signaling. Cell Commun Signal,
2025,23(1):373

Lopez-Otin C, Blasco M A, Partridge L, et al. Hallmarks of aging:
an expanding universe. Cell, 2023, 186(2): 243-278

Xiong J, Zhu X, Guo Y, et al. Multi-omic underpinnings of
heterogeneous aging across multiple organ systems. Cell Genom,
2025,5(12): 101032

Sbriscia M, Fantone S, di Rosa M, et al. Association of an
inflammaging score based on IL-6, IL-10 and CXCL9, and frailty
with long-term mortality in hospitalized older adults. Immun
Ageing,2025,22(1): 56

Liu Z, Ziogas A, Zhang Y, et al. Interferon-related inflammaging
links epigenetic age acceleration to multimorbidity. Cell Genom,
2026, 6(6): 101218

Acosta J C, Banito A, Wuestefeld T, et al. A complex secretory
program orchestrated by the inflammasome controls paracrine
senescence. Nat Cell Biol, 2013, 15(8): 978-990

Coppé J P, Desprez P Y, Krtolica A, et al. The senescence-
associated secretory phenotype: the dark side of tumor
suppression. Annu Rev Pathol Mech Dis, 2010, 5:99-118
Franceschi C, Garagnani P, Parini P, et al. Inflammaging: a new
immune-metabolic viewpoint for age-related diseases. Nat Rev
Endocrinol, 2018,14(10): 576-590

Shimada K, Crother T R, Karlin J, et a/. Oxidized mitochondrial
DNA activates the NLRP3 inflammasome during apoptosis.
Immunity, 2012,36(3):401-414

Halle A, Hornung V, Petzold G C, et al. The NALP3
inflammasome is involved in the innate immune response to
amyloid-beta. Nat Immunol, 2008, 9(8): 857-865

Wang S, Huo T, Lu M, et al. Recent advances in aging and
immunosenescence: mechanisms and therapeutic strategies. Cells,
2025,14(7):499

LiY, ChenY, LiuY, et al. The cGAS-STING pathway in aging and
neurological diseases: from mechanisms to treatment. Cell Signal,
2025,135:111978

Swanson K V, Deng M, Ting J P. The NLRP3 inflammasome:
molecular activation and regulation to therapeutics. Nat Rev
Immunol,2019,19(8): 477-489

Wright S S, Kumari P, Fraile- Agreda V, ef al. Transplantation of
gasdermin pores by extracellular vesicles propagates pyroptosis to
bystander cells. Cell, 2025, 188(2):280-291.e17

Zouali M. Swaying the advantage: multifaceted functions of
inflammasomes in adaptive immunity. FEBS J, 2025, 292(8):
1817-1832

(23]

[24]

(23]

[26]

(27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Sundaram B, Tweedell R E, Prasanth Kumar S, ef al. The NLR
family of innate immune and cell death sensors. Immunity, 2024,
57(4): 674-699

Cabral J E, Wu A, Zhou H, et al. Targeting the NLRP3
inflammasome for
Pharmacol Sci, 2025, 46(6): 503-519

Mitchell P S, Sandstrom A, Vance R E. The NLRPI

inflammasome:

inflammatory disease therapy. Trends

new mechanistic insights and unresolved
mysteries. Curr Opin Immunol, 2019, 60: 37-45

Robinson K S, Teo D E T, Tan K S, et al. Enteroviral 3C protease
activates the human NLRP1 inflammasome in airway epithelia.
Science, 2020,370(6521): eaay2002

Sandstrom A, Mitchell P S, Goers L, et al. Functional degradation:
a mechanism of NLRPI inflammasome activation by diverse
pathogen enzymes. Science, 2019, 364(6435): eaaul 330

Wang Y, Hollingsworth L R, Sangaré L O, ef al. Host E3 ubiquitin
ligase ITCH mediates Toxoplasma gondii effector GRA3S5-
triggered NLRP1 inflammasome activation and cell-autonomous
immunity. bioRxiv, 2023:2023.12.13.571530

Li G, Wang Y, Zhang Y, et al. Uncovering the ATP-dependent
of NLRP3 through
computational approaches. J Chem Inf Model, 2025, 65(22):
12536-12550

Borsi¢ E, Ramuta T Z, Orehek S, et al. Clustering of NLRP3
scaffolds

inflammasome assembly. Nat Commun, 2025, 16: 4887

activation ~ mechanism integrated

induced by membrane or protein promotes
Acter S, Lin Q. S100 proteins as a key immunoregulatory
mechanism for NLRP3 inflammasome. Front Immunol, 2025, 16:
1663547

Zhang M, Guo B, Zhang X, et al. IFP35, a novel DAMP,
aggravates neuroinflammation following acute ischemic stroke
via TLR4/NF-kB/NLRP3 signaling. J Neuroinflammation, 2025,
22(1): 164

Collier J J, Olahova M, McWilliams T G, et al. Mitochondrial
signalling and homeostasis: from cell biology to neurological
disease. Trends Neurosci, 2023,46(2): 137-152

Zu R, Lu H, Liu W, et al. Research progress in the molecular
mechanism of NLRP3 inflammasome in Alzheimer's disease and
regulation by natural plant products. Mol Neurobiol, 2025, 62(6):
7296-7312

Cobo I, Murillo-Saich J, Alishala M, et al. Particle uptake by
macrophages triggers bifurcated transcriptional pathways that
differentially regulate inflammation and
expression. Immunity, 2025, 58(4): 826-842.e8
Lam M, Barry K T, Hodges C J, et al. NLRP3 deficiency abrogates
silica-induced neutrophil infiltration, pulmonary damage and
fibrosis. Respir Res, 2025,26(1): 109

Naseer N, Egan M S, Reyes Ruiz VM, et al. Human NAIP/NLRC4

and NLRP3 inflammasomes detect Salmonella type III secretion

lysosomal gene

system activities to restrict intracellular bacterial replication. PLoS
Pathog, 2022,18(1):e1009718

Zhang Y, Zhang G, Dong B, et al. Pyroptosis of pulmonary
fibroblasts and macrophages through NLRC4 inflammasome
leads to acute respiratory failure. Cell Rep, 2025, 44(4): 115479



XXXX; XX (XX)

wE, F: REMERZREBXERFHERNE

-15-

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Tesfamariam Y M, Christensen M H, Diehl S, et al. Poxvirus
dsDNA genomes differentially activate AIM2 or NLRP3
inflammasomes in human primary cells. EMBO J, 2026, 45(5):
1728-1759

Hao C, Chen R, Fan Z, et al. AIM2-mediated senescence of
gingival fibroblasts exacerbates inflammaging in periodontitis.
Free Radic Biol Med, 2026,245: 71-83

Zhao Y, Wu R, Duan Y, et al. Fusobacterium nucleatum-derived
extracellular vesicles carrying virulence factor DNA trigger AIM2
inflammasome activation to facilitate UC progression. Cell Mol
Biol Lett,2025,30(1): 138

Wang D, Chen X, Sui K, et al. UBE20-mediated
monoubiquitination licenses NLRP6 inflammasome activation in
the intestine. Cell Host Microbe, 2026, 34(1): 86-102.e8

Leng F, Yin H, Qin S, et al. NLRP6 self-assembles into a linear
molecular platform following LPS binding and ATP stimulation.
SciRep,2020,10: 198

Liu PP, Jiang S P, Li B, et al. The non-structural protein of SFTSV
activates NLRP1 and CARDS inflammasome through disrupting
the DPP9-mediated ternary complex. PLoS Pathog, 2025, 21(7):
e1013258

Broz P, von Moltke J, Jones J W, et al. Differential requirement for
Caspase-1 autoproteolysis in pathogen-induced cell death and
cytokine processing. Cell Host Microbe, 2010, 8(6): 471-483
Beesetti S. Ubiquitin ligases in control: regulating NLRP3
inflammasome activation. Front Biosci (Landmark Ed), 2025, 30
(3):25970

Han S, Lear T B, Jerome J A, et al. Lipopolysaccharide primes the
NALP3 inflammasome by inhibiting its ubiquitination and
degradation mediated by the SCFFBXL2 E3 ligase. J Biol Chem,
2015,290(29): 18124-18133

Zhang Z, Meszaros G, He W T, ez al. Protein kinase D at the Golgi
controls NLRP3 inflammasome activation. J Exp Med, 2017, 214
(9):2671-2693

He Y, Hara H, Nuiiez G. Mechanism and regulation of NLRP3
inflammasome activation. Trends Biochem Sci, 2016, 41(12):
1012-1021

Sharif H, Wang L, Wang W L, ef al. Structural mechanism for
NEK?7-licensed activation of NLRP3 inflammasome. Nature,
2019,570(7761):338-343

Barnett K C, Li S, Liang K, et al. A 360° view of the
inflammasome: mechanisms of activation, cell death, and
diseases. Cell,2023,186(11): 2288-2312

Kayagaki N, Dixit V M. Rescue from a fiery death: a therapeutic
endeavor. Science, 2019,366(6466): 688-689

Newton K, Dixit V M, Kayagaki N. Dying cells fan the flames of
inflammation. Science, 2021,374(6571): 1076-1080

Burdette B E, Esparza A N, Zhu H, e al. Gasdermin D in
pyroptosis. Acta Pharm Sin B, 2021, 11(9): 2768-2782

NiuX, Chen L, LiY, et al. Ferroptosis, necroptosis, and pyroptosis
in the tumor microenvironment: perspectives for immunotherapy
of SCLC. Semin Cancer Biol, 2022, 86:273-285

Shi J, Zhao Y, Wang K, et al. Cleavage of GSDMD by

inflammatory caspases determines pyroptotic cell death. Nature,

[57]

[58]

[59]

[60]

[o1]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

2015,526(7575): 660-665

Wu L, Chang E, Zhao H, et al. Regulated cell death in hypoxic-
ischaemic encephalopathy: recent development and mechanistic
overview. Cell Death Discov, 2024, 10(1): 277

Hornung V, Ablasser A, Charrel-Dennis M, et al. AIM2 recognizes
cytosolic dsDNA and forms a caspase-1-activating inflammasome
withASC. Nature, 2009,458(7237): 514-518

Biirckstiimmer T, Baumann C, Bliml S, ef al. An orthogonal
proteomic-genomic screen identifies AIM2 as a cytoplasmic DNA
sensor for the inflammasome. Nat Immunol, 2009, 10(3): 266-272
Glick S, Guey B, Gulen M F, et al. Innate immune sensing of
cytosolic
senescence. Nat Cell Biol,2017,19(9): 1061-1070

MacKenzie K J, Carroll P, Martin C A, et al. cGAS surveillance of
micronuclei links genome instability to innate immunity. Nature,
2017,548(7668): 461-465

West A P, Khoury-Hanold W, Staron M, et al. Mitochondrial DNA
stress primes the antiviral innate immune response. Nature, 2015,
520(7548): 553-557

Wilodarska M, Thaiss C A, Nowarski R, et al. NLRP6

inflammasome orchestrates the colonic host-microbial interface

chromatin fragments through c¢GAS promotes

by regulating goblet cell mucus secretion. Cell, 2014, 156(5):
1045-1059

Levy M, Thaiss C A, Zeevi D, et al. Microbiota-modulated
metabolites shape the intestinal microenvironment by regulating
NLRP6 inflammasome signaling. Cell,2015,163(6): 1428-1443
Mamantopoulos M, Ronchi F, Van Hauwermeiren F, et al. Nlrp6-
and ASC-dependent inflammasomes do not shape the commensal
gut microbiota composition. Immunity, 2017,47(2): 339-348.e4
Kelley N, Jeltema D, Duan Y, ez a/. The NLRP3 inflammasome: an
overview of mechanisms of activation and regulation. IJMS, 2019,
20(13):3328

Abdulkhaliqg A A, Kim B, Almoghrabi Y M, et al. Amyloid-3 and
Tau in Alzheimer's disease: pathogenesis, mechanisms, and
interplay. Cell Death Dis, 2026,17: 21

Roth LM, Morozova O, Stohr J, ez al. Astrocytic lysosome deficits
reduce alpha-synuclein degradation and induce the spread of
pathology. Neurobiol Dis, 2026,219: 107277

Heneka M T, Kummer M P, Stutz A, et al. NLRP3 is activated in
Alzheimer's disease and contributes to pathology in APP/PS1
mice. Nature,2013,493(7434): 674-678

Heneka M T, McManus R M, Latz E. Inflammasome signalling in
brain function and neurodegenerative disease. Nat Rev Neurosci,
2018,19(10): 610-621

Chen G F, Xu T H, Yan Y, ef al. Amyloid beta: structure, biology
and structure-based therapeutic development. Acta Pharmacol
Sin, 2017,38(9): 1205-1235

LopezOL, Villemagne V L, Chang Y F, et al. Association between
B-amyloid accumulation and incident dementia in individuals 80
years or older without dementia. Neurology, 2024, 102(2):
€207920

Li Z, Gong C. NLRP3 inflaimmasome in Alzheimer's disease:
molecular mechanisms and emerging therapies. Front Immunol,
2025,16: 1583886



16

EMUFESEYYIRHR

Prog. Biochem. Biophys.

XXXX; XX (XXO

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

(82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

Ge T Q, Guan P P, Wang P. Complement 3a induces the synapse
loss via C3aR in mitochondria-dependent NLRP3 activating
mechanisms
Alzheimer's disease. Neurosci Biobehav Rev, 2024,165: 105868

Gao V, Chlebowicz J, Gaskin K, et al. Synaptic vesicle-omics in

during the development and progression of

mice captures signatures of aging and synucleinopathy. Nat
Commun, 2025,16(1): 4079

Codolo G, Plotegher N, Pozzobon T, et al. Triggering of
inflammasome by aggregated a -synuclein, an inflammatory
response in synucleinopathies. PLoS One, 2013, 8(1): 55375

Zhu R X, Han R X, Chen Y H, et al. Inactivation of NLRP3
inflammasome by dephosphorylation at Serine 658 alleviates glial
inflammation in the mouse model of Parkinson's disease. Mol
Neurodegener, 2025,20(1): 27

Zhang H, Zhang J, Jing X, et al. Microglia toxicology in o
-synuclein pathology. Biochim Biophys Acta BBA Mol Basis Dis,
2025,1871(4): 167727

Shin J, Wu J, Park H, er al. Microglial pyroptosis drives
neuropathic pain and targeting NLRP3 alleviates pain and
neuroinflammation. Biochim Biophys Acta BBA Mol Basis Dis,
2025,1871(4): 167737

Engelhardt B, Vajkoczy P, Weller R O. The movers and shapers in
immune privilege of the CNS. Nat Immunol, 2017, 18(2): 123-131
Tansey M G, Romero-Ramos M. Immune system responses in
Parkinson's disease: early and dynamic. Eur J Neuroscience, 2019,
49(3):364-383

Gordon R, Albornoz E A, Christic D C, et al. Inflammasome
inhibition prevents o -synuclein pathology and dopaminergic
neurodegeneration in mice. Sci Transl Med, 2018, 10(465):
caah4066

Jeon O H, Kim C, Laberge R M, et al. Local clearance of senescent
cells attenuates the development of post-traumatic osteoarthritis
and creates a pro-regenerative environment. Nat Med, 2017,23(6):
775-781

Loeser R F, Collins J A, Diekman B O. Ageing and the
pathogenesis of osteoarthritis. Nat Rev Rheumatol, 2016, 12(7):
412-420

Coryell P R, Diekman B O, Loeser R F. Mechanisms and
therapeutic implications of cellular senescence in osteoarthritis.
Nat Rev Rheumatol, 2021, 17(1):47-57

Scanzello C R. Chemokines and inflammation in osteoarthritis:
insights from patients and animal models. J Orthop Res, 2017, 35
(4):735-739

Hwang H, Kim H. Chondrocyte apoptosis in the pathogenesis of
osteoarthritis. [JMS,2015,16(11): 26035-26054

Mourmoura E, Papathanasiou I, Trachana V, et al. Leptin-
depended NLRP3 inflammasome activation in osteoarthritic
chondrocytes is mediated by ROS. Mech Ageing Dev, 2022, 208:
111730

Mao G, Li W, Lin Z, et al. Targeting NSUN2-mediated m *> C
modification attenuates chondrocyte senescence and NLRP3
activation in osteoarthritis. Adv Sci, 2026, 13(53): 76370
ZuY,MuY, LiQ, et al. Icariin alleviates osteoarthritis by inhibiting
NLRP3-mediated pyroptosis. ] Orthop Surg Res, 2019, 14(1): 307

[91]

[92]

[93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

Bondeson J, Wainwright S D, Lauder S, et al. The role of synovial
macrophages and macrophage-produced cytokines in driving
aggrecanases, matrix metalloproteinases, and other destructive
and inflammatory responses in osteoarthritis. Arthritis Res Ther,
20006, 8(6): R187

Sanchez-Lopez E, Coras R, Torres A, et al. Synovial inflammation
in osteoarthritis progression. Nat Rev Rheumatol, 2022, 18(5):
258-275

Nasi S, Ea H K, So A, et al. Revisiting the role of interleukin-1
pathway in osteoarthritis: interleukin-la and-1p, and NLRP3
inflammasome are not involved in the pathological features of the
murine menisectomy model of osteoarthritis. Front Pharmacol,
2017,8:282

McAllister M J, Chemaly M, Eakin A J, et al. NLRP3 as a
potentially novel biomarker for the management of osteoarthritis.
Osteoarthr Cartil, 2018, 26(5): 612-619

Vasan R S, Enserro D M, Xanthakis V, ez al. Temporal trends in the
remaining lifetime risk of cardiovascular disease among middle-
aged adults across 6 decades: the Framingham study. Circulation,
2022,145(17): 1324-1338

Ful, Deng Y, MaY, et al. National and provincial-level prevalence
and risk factors of carotid atherosclerosis in Chinese adults. JAMA
Netw Open, 2024, 7(1): 2351225

Liu C S, Yeo W J, Surapaneni A, et al. Biological organ ages
associate with risk of chronic diseases in a community-based
population. JCI Insight, 2025, 10(23): 197304

Libby P, Soehnlein O. Inflammation in atherosclerosis: lessons and
therapeutic implications. Immunity, 2025, 58(10): 2383-2401
Romero A, Dongil P, Valencial, et al. Pharmacological blockade of
NLRP3 inflammasome/IL- 1 -positive loop mitigates endothelial
cell senescence and dysfunction. Aging Dis, 2022, 13(1): 284
Baumer Y, Irei J, Boisvert W A. Cholesterol crystals in the
pathogenesis of atherosclerosis. Nat Rev Cardiol, 2025, 22(5):
315-332

Li X, Sallam T. A (cholesterol) crystal clear path to inflammasome
activation in atherosclerosis. J Lipid Res, 2024, 65(6): 100554
Razani B, Feng C, Coleman T, e al. Autophagy links
inflammasomes to atherosclerotic progression. Cell Metab, 2012,
15(4):534-544

Menu P, Pellegrin M, Aubert J F, ef al. Atherosclerosis in ApoE-
deficient mice progresses independently of the NLRP3
inflammasome. Cell Death Dis, 2011,2(3): e137
Aguayo-Mazzucato C, Andle J, Lee T B, et al. Acceleration of
cell aging determines diabetes and senolysis improves disease
outcomes. Cell Metab,2019,30(1): 129-142.¢4

Youm Y H, Grant R W, McCabe L R, ef al. Canonical Nlrp3
links systemic
functional decline in aging. Cell Metab, 2013, 18(4): 519-532
Muhammad T, Pastore S F, Good K, et al. The role of amylin, a gut-

inflammasome low-grade inflammation to

brain axis hormone, in metabolic and neurological disorders.
FASEB Bioadv, 2025, 7(3): ¢1480

Aftabizadeh M, Tatarek-Nossol M, Andreetto E, et al. Blocking
inflammasome activation caused by  -amyloid peptide (af}) and
islet amyloid polypeptide (IAPP) through an IAPP mimic. ACS



XXXX; XX (XX)

wE, F: REMERZREBXERFHERNE

<17

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

Chem Neurosci, 2019,10(8):3703-3717

Westwell-Roper C, Dunne A, Kim M L, et al. Activating the
NLRP3 inflammasome using the amyloidogenic peptide IAPP//
De Nardo C M, Latz E, eds. The Inflammasome: Methods and
Protocols. Totowa, NJ: Humana Press, 2013:9-18

Masters S L, Dunne A, Subramanian S L, ef al. Activation of the
NLRP3 inflammasome by islet amyloid polypeptide provides a
mechanism for enhanced IL-1f in type 2 diabetes. Nat Immunol,
2010,11(10): 897-904

Morikawa S, Kaneko N, Okumura C, et al. IAPP/amylin
deposition, which is correlated with expressions of ASC and IL-1B
in B -cells of Langerhans' islets, directly initiates NLRP3
inflammasome activation. Int J Immunopathol Pharmacol, 2018,
32:2058738418788749

Camell C D, Sander J, Spadaro O, et al. Inflammasome-driven
catecholamine catabolism in macrophages blunts lipolysis during
ageing. Nature, 2017,550(7674): 119-123

ChuangJ W, Lu S C. Palmitic acid reduces cytosolic potassium and
induces IL-1B production in lipopolysaccharide-primed human
macrophages. J Nutr Sci, 2025, 14: e84

Leishman S, Aljadeed N M, Qian L, ef al. Fatty acid synthesis
promotes  inflammasome  activation NLRP3
palmitoylation. Cell Rep, 2024, 43(8): 114516

Naik R G, Purcell SA, Gold S L, et al. From evidence to practice: a

through

narrative framework for integrating the Mediterranean diet into
inflammatory bowel disease management. Nutrients, 2025, 17
(3):470

Makki K, Deehan E C, Walter J, et al. The impact of dietary fiber
on gut microbiota in host health and disease. Cell Host Microbe,
2018,23(6): 705-715

He H, Jiang H, Chen Y, et al. Oridonin is a covalent NLRP3
inhibitor with strong anti-inflammasome activity. Nat Commun,
2018,9(1):2550

Ji H, Yan X, Zhang L, et al. Prebiotics empower probiotics with
gastrointestinal stress resistance for colon-targeted release to
synergistically alleviate colitis. J Control Release, 2025, 380:
297-316

Chen L, Zhang W, Chen H, e al. HDAC3 activates endothelial
NLRP3
inhibiting the acetylation of specificity protein 1. Cell Death
Differ,2026,33(5): 930-944

Bakhshi S, Shamsi S. MCC950 in the treatment of NLRP3-

mediated inflammatory diseases: latest evidence and therapeutic

inflammasome and promotes atherosclerosis via

outcomes. Int Immunopharmacol, 2022, 106: 108595

CollR C, Robertson AA, Chae J J, et al. A small-molecule inhibitor
of the NLRP3 inflammasome for the treatment of inflammatory
diseases. NatMed, 2015, 21(3): 248-255

Kliick V, Jansen T L T A, Janssen M, et al. Dapansutrile, an oral
selective NLRP3 inflammasome inhibitor, for treatment of gout
flares: an open-label, dose-adaptive, proof-of-concept, phase 2a
trial. Lancet Rheumatol, 2020, 2(5): €270-¢280

Wohlford G F, van Tassell B W, Billingsley H E, et al. Phase 1B,

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

randomized, double-blinded, dose escalation, single-center, repeat
dose safety and pharmacodynamics study of the oral NLRP3
inhibitor dapansutrile in subjects with NYHA II-III systolic heart
failure. J Cardiovasc Pharmacol, 2020, 77(1): 49-60

Klughammer B, Piali L, Nica A, et al. A randomized, double-blind
phase 1b study evaluating the safety, tolerability,
pharmacokinetics and pharmacodynamics of the NLRP3 inhibitor
selnoflast in patients with moderate to severe active ulcerative
colitis. Clin Transl Med, 2023, 13(11): e1471

Clarke N, Thornton P, Reader V, et al. Anti-neuroinflammatory
and anti-inflammatory effects of the NLRP3 inhibitor NT-0796 in
subjects with Parkinson's disease. Mov Disord, 2025, 40(10):
2199-2208

Ridker P M, Everett B M, Thuren T, et al. Antiinflammatory
therapy with canakinumab for atherosclerotic disease. N Engl J
Med,2017,377(12): 1119-1131

Akash M S H, Shen Q, Rehman K, et al. Interleukin-1 receptor
antagonist: a new therapy for type 2 diabetes mellitus. J Pharm Sci,
2012,101(5): 1647-1658

Thompson P L, Nidorf S M. Anti-inflammatory therapy with
canakinumab for atherosclerotic disease: lessons from the
CANTOS trial. ] Thorac Dis, 2018, 10(2): 695-698

Hu J J, Liu X, Xia S, et al. FDA-approved disulfiram inhibits
pyroptosis by blocking gasdermin D pore formation. Nat
Immunol, 2020, 21(7): 736-745

Shua Y, Wang Q, Wang Y, et al. Progress in small-molecule
inhibitors of gasdermin D. Eur J Med Chem, 2025,300: 118171

Li Y, Guo B. GSDMD-mediated pyroptosis:
mechanisms, diseases and therapeutic targets. Mol Biomed, 2025,
6(1): 11

Vande Walle L, Said M, Paerewijck O, et al. Novel chemotype
NLRP3 inhibitors that target the CRID3-binding pocket with high
potency. Life SciAlliance, 2024, 7(6): €202402644

Zomer E, Liew D, Tonkin A, et al. The cost-effectiveness of

molecular

canakinumab for secondary prevention of cardiovascular disease:
the Australian healthcare perspective. IntJ Cardiol, 2019, 285: 1-5
Bartoli-Leonard F, Clark D E, Singhal N S, ef a/. Unmasking the
hidden burden: inflammation and cardiovascular disease J4HA
spotlight on the role of the immune system in cardiovascular health
and disease. JAHA, 2026, 15(6): €047298

Larsen C M, Faulenbach M, Vaag A, et al. Interleukin-1 - receptor
antagonist in type 2 diabetes mellitus. N Engl J Med, 2007, 356
(15):1517-1526

Zhu C, Xu S, Jiang R, et al. The gasdermin family: emerging
therapeutic targets in diseases. Sig Transduct Target Ther, 2024, 9
(1):87

LiY, Qiang R, Cao Z, et al. NLRP3 inflammasomes: dual function
ininfectious diseases. J Immunol, 2024, 213(4): 407-417

Riihl S, Shkarina K, Demarco B, et al. ESCRT-dependent
membrane repair negatively regulates pyroptosis downstream of
GSDMD activation. Science, 2018,362(6417): 956-960



-18- EMUFEEYYIEHRE  Prog. Biochem. Biophys. XXXX; XX (XX)

Roles and Mechanisms of Inflammasomes in Aging and Age—-related Diseases”

PENG Xin"**¥, QIAN Yan", ZHANG Long*”, CHEN Huan"*"", HOU Hong-Wei""
("Beijing Life Science Academy, Beijing 102200, China;
IChina National Tobacco Quality Supervision & Test Center, Zhengzhou 450001, China;
Snstitute of Physical Science and Information Technology , Anhui University, Hefei 230601, China;
DHefei Institutes of Physical Science, Chinese Academy of Sciences, Hefei 230031, China;
SHefei Institutes of Physical Science , University of Science and Technology of China, Hefei 230026, China)

Graphical abstract

Aging-related stress Joint Context-adapted intervention

Osteoarthritis

i ~ %) 4& Reduce upstream stress

I
I

Mitochondrial Protein—inflammation Synovitis and
dysfunction feedback matrix loss

:> NLRP3 %E BMM signaling
RS

Inflammatory X

Cellular amplification
senescence Y%
artery Pancreas&Adipose Target GSDMD
Atherosclerosis Type 2 diabetes 4
,N/}/ - -
¥ QP v
. Plaque Metabolic
Clearing/recycling inflammation dysfunction

function decline
Require evidence of:
Target engagement + Clinical benefit * Inmune safety

Limit pathological amplification while preserving host defense

Abstract Systemic chronic inflammation associated with advancing age is closely linked to the onset and
progression of multiple age-related diseases. This persistent inflammatory state, commonly termed inflammaging,
reflects complex interactions between accumulated cellular damage and dysregulated immune responses.
Inflammasomes are multiprotein complexes of the innate immune system that respond to cellular stress and
damage and amplify inflammatory signaling. Their sustained or recurrent activation may contribute to the
establishment and maintenance of inflammaging. This review focuses on the NLRP3 inflammasome and
summarizes its activation mechanisms, regulatory pathways, and pathological significance within the aging
microenvironment. Particular attention is given to neurodegenerative diseases, osteoarthritis, atherosclerosis, and
type 2 diabetes, emphasizing shared activation mechanisms and tissue-specific effects. Although initiating stimuli
differ among these conditions, several molecular events can contribute to NLRP3 inflammasome activation.
Priming mediated by nuclear factor- kB (NF-«kB) promotes the expression of NLRP3 and pro-interleukin-18,
whereas lysosomal damage, mitochondrial dysfunction, reactive oxygen species accumulation, mitochondrial
DNA release, and potassium efflux can participate in activation pathways. These events are interconnected rather
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than obligatory sequential steps in every setting. Inflammasome assembly promotes caspase-1 activation, which
facilitates interleukin-1p and interleukin-18 maturation and gasdermin D cleavage, potentially leading to
pyroptosis. The relative contributions of these processes depend on cell type, tissue context, and disease stage.
Within aging tissues, persistent damage signals and impaired cellular homeostasis may favor repeated
inflammasome activation, establishing a cycle of inflammatory amplification and further tissue injury. However,
the pathological consequences vary across organs. In neurodegenerative diseases, inflammasome signaling is
associated with neuroinflammation and neuronal vulnerability; in osteoarthritis, it may contribute to joint
inflammation and cartilage degeneration. In atherosclerosis, it is implicated in vascular inflammation and plaque
progression, whereas in type 2 diabetes, it is linked to metabolic inflammation and impaired glucose homeostasis.
These distinctions underscore the importance of interpreting shared molecular mechanisms within specific tissue
environments. The review further discusses the therapeutic potential of targeting inflammasomes to mitigate
inflammaging and associated disease processes. Strategies include inhibiting NLRP3 activation, modulating
upstream stress and priming pathways, and limiting downstream inflammatory signaling or pyroptotic cell death.
By interrupting shared mechanisms of inflammatory amplification, these approaches may offer opportunities for
coordinated intervention across multiple age-related disorders. Nevertheless, mechanistic overlap does not imply
uniform therapeutic responses, and benefits observed in experimental models should not be equated with
established clinical efficacy or evidence of delayed human aging. Successful clinical translation will require
careful consideration of disease stage, tissue specificity, treatment timing, and the consequences of prolonged
interference with innate immune defenses. Long-term safety is particularly important for older populations and
preventive applications. The limited availability of validated biomarkers of inflammasome activity also
complicates patient stratification, assessment of target engagement, and monitoring of therapeutic responses.
Future research should clarify causal relationships, identify contexts in which inflammasome inhibition is most
beneficial, and establish reliable translational endpoints. Overall, inflammasomes represent an important link
between aging-associated damage and chronic inflammatory amplification, supporting their investigation as
shared targets for early intervention in multiple age-related diseases, while highlighting the need for disease-

specific evaluation and rigorous assessment of benefits and risks.
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