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Research advances on the NLRP3 inflammasome and its inhibitors
in central nervous system diseases
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Abstract: Neuroinflammation plays a pivotal regulatory role in the onset and progression of various central

nervous system diseases. As a key immune sensor, the NOD-like receptor thermal protein domain associated

protein 3 (NLRP3) inflammasome, upon activation, can exacerbate neuroinflammation, leading to neuronal injury

and death, thereby accelerating the pathological processes of neurodegenerative diseases such as Alzheimer's

disease and Parkinson's disease. Consequently, the NLRP3 inflammasome has emerged as an important therapeutic

target for modulating neuroinflammation. In recent years, significant progress has been made in the development of

NLRP3 inflammasome inhibitors. Numerous novel inhibitors have been identified that effectively reduce

inflammatory responses and protect neurons from damage, demonstrating promising efficacy in animal models,

particularly in improving cognitive and motor functions. This review will summarize the canonical activation

mechanisms of the NLRP3 inflammasome, explore its pathogenic roles in central nervous system diseases such as

Alzheimer's disease, Parkinson's disease, multiple sclerosis, and depression, and provide an overview of recent

advances in NLRP3-targeted drug development, aiming to offer new insights and strategies for the treatment of

central nervous system diseases.
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Research on NLRP3 inflammasome in central nervous system diseases (illustrated by BioRender). DAMPs: Damage-associated

molecular patterns; PAMPs: Pathogen-associated molecular patterns; TNFR: Tumor necrosis factor receptor; TLR: Toll-like receptor; IL-1R:

Interleukin-1 receptor; NF-xB: Nuclear factor kappa-light-chain-enhancer of activated B cells; NLRP3: NOD-like receptor thermal protein

domain associated protein 3; Af: Amyloid-#; AD: Alzheimer's disease; PD: Parkinson's disease; MS: Multiple sclerosis
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Figure 2 Priming and activation of the NLRP3 inflammasome (illustrated by BioRender). MYD88: Myeloid differentiation primary

response 88; IRAK-1: Interleukin-1 receptor-associated kinase 1; TRIF: TIR-domain-containing adapter-inducing interferon-£; FADD: Fas-

associated protein with death domain; ASC: Apoptosis-associated speck-like protein containing a caspase recruitment domain; GSDMD:
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120, P2X7 52 AR JE I & — P h 4 b ATP B80S
(SR R I8« ATP 5 P2X7 52 1 &5 & T B4R 405 AH 26 4y
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5 NLRP3 JE R T2 &Y, e s IR E 4 &



% — g4k NLRP3 SRE/AMA KA FI7E TR #2822 Ge s vh AT 9 3k Jié -+ 3399 -

NLRP3 & [, M 7E 80 I 72 R 3 DG AR T 4R
ifi A JCUE P K B KRERS B B2 5 NLRP3 & (145 4,
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Figure 3 Regulation of the NLRP3 inflammasome in central nervous system diseases (illustrated by BioRender)
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{32 NLRP3 15 FIZH 58, 5 JRE S 1 2022 4F,
Zou B 78 B AUBIE FEARAIE T GSK-38 I i 14 5 i mT 40
il #% K+ E2 #H % Al ¥ 2 (nuclear factor erythroid
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H R IR 7K 3 Th . RIS, 78 6 58 25 41 A i B 4% 48
Fi 33 47 LPS T Ak B A B 44 bR R £ 0 s, 2% 3
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A B BOE NLRP3 4hE /NME 2 5 J5UR 1 ik @ 1 MS
B R IR FE

i R & B2 5 MS ™ FE R Rk .
NLRP3 438 4 Q705K, IL-18 R 38 M-511 C>T, iX P
SRAFPE TN RE I 5 28R 45 15 MS 95 155 n 24 567

25 B FTIR, NLRP3 % E /MM 7E MS 1) & 973 L
P 2 EA A, HEUE @ JRRE LRSS 5]k
ERE A B IR T (0 77 AR, R 52 T 41 B 10 3 A% A g%
SR, 3R 25 iR MS 1 #E I FE . £F X NLRP3 %
i /AR B FEAH SRAE 5 38 B IR N AL, AU B T 18
7N MS B R AL, 38 2 I 8 12 T AR 7 SR s 32
BT IR AT
2.4 HDEBERE  AMARAE A — PR LA 1R 1 S R PE AN EL
FRMERS M. B R RS IO A R, A S E
TEFIAIAE (14 A 993 ANk w26 SC BV E FH . T S AR
PR B 2 SRR IR SO, T X PR 28 R AS TR R R A
TR B EE RN K U, I, N GE S
ZIET R, WHRHCEN R BRI NEE.

NLRP3 % /MR TE X # 22 R G 1) 980T IR H
Py A% O f AP R NLRP3 48 /)N 3@ i 24
fift 172 i caspase-1 j% 24, i3t 1 filt & GSDMD & [ [ %4
iR, TfEhWp szt % GSDMD. caspase-1 1 NLRP3
R INMAFEAT EE R R R JE , /N R RE 4T A BA S 2k
0 X e T 45 T W, NLRP3 A2 #4840
LR R, R G2 R S R 4R 98 T ARV
ST A AR 2 MR A R v F T SORE AH SR
WEFSS, LPS 5 5 (1 S FIAR BEAT Dy A2 el 38 7 412
28 20 FLER 7 A 5 119, X 3 B 98 4 B IR - AE 98 A 14 417
ASFEAT B R RE IR il S EH . 7E45 T LPS
J& , NLRP3. ASC F caspase-1 [f] % ik 2 . 25 14 hn®%,
BE AN, NLRP3 48 5E /N A Bl T 380 e o 4 2 T 15 I 41

JH T /N oz TS 4R M o U] NLRP3 48 5 /> & ] DA Js 4 Ak
JE AT KRG 28 RE, AT 03 LPS & 8/ BRI AT 2
AR,

N F W - 2 & - IR (hypothalamic-pituitary-
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i 8 AR O HPA il o2 3 R A B2 o3 B A T i
FE R BRSE RS rh, R Yol 8 1 AR B b i R o R R
T K F (corticotropin-releasing factor, CRF). fi& 1§ I I
JZ U % (adrenocorticotropic hormone, ACTH) % J i
fifi (corticosterone, CORT) [ 73 %7, & & 45 F CORT
AE 2 35 P2 i 5 X NLRP3 25 (3K %, T4 55 LPS
73 2 B Ik Ah, CORT 5] & ) NLRP3 #
iE /MRS SE AR HE T 4 40 i R PC12 1 HT-22 41 g
E"J %iﬁ%lﬂ:{;[f)ﬁo] R
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PR A A E 0 o BLAI S SRR IR T e BRI T
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1K) MR R 2 RAE (RFdiE KR 2 R G2 N 1 ROE
N, 2 2 e A S RO B E B e R T A R) -
NLRP3 RAEAMAEAE Ry R 9E S 8L (1 4% 0 P 28 e, 2T
RAURITIE W R EE o A 2 B 78 4] B\ [l ¢ NLRP3
PE /M R IF R T 2 U 7 LA W16
JE I B 45 A NLRP3 2 A BH W L 28 5 /MA g 36 5
ALY A S 10V IE I 1 NLRP3 5 ASC A ILAR
JH BEL 9% RE /N A S0 )5 Ak & P NIC-0102 @ it 5 5
NLRP3 £ iz % {k, # k NLRP3-ASC & & 14 & il &
ASC ZE Ak, B &M JRE MR BES . £/ R S
gh i RAEB AL AP W16, 10V J NIC-0102 35 R 3
HH I ) R E A

SR, L B % (blood-brain barrier, BBB) i% it ¥
ZE R MRS JE I 25 R e PEAS S5 1) R, B T X L
A AER 2 Z G5 BN, B FT AR B BA IE AR 8
i 3T 37 1 BBB [ 45 84 A0 Ak B X 2L A S ) R
THEREEFRMIRIT . AL HHN T R
NLRP3 #1 fil] 7] (& 1), If H & 70 Hr MCC950.
NT-0796 55 dapansutrile 55 b 5 P #0171 75 AR # 42 R
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GEpw PR FIALA], BB R HR T X 22 R SR

T 95 I o
3.1 MCC950

Table 1

MCC950 J& —Ff — 75 LR B &
¥y, 7] 5 NLRP3 [) NACHT 45 #J38, # ff] Walker B 3% /5
B4 A, E N NLRP3 4 /NS FIEE f5 T2 R0 A

A ). H AT

A FL 3 A N MCC950 A F

AIM2.NLRC4 5§ NLRP1 % i /A (1 3803E , 11 2 42 1)
NLRP3 % E /M (1S B B 3X Bl A F A A6 it T
BT AR S 2 A8 NEK T 18 A6 & T R i R

ff,11078]

NACHT: Nucleotide-binding oligomerization domain; hPBMC: Human peripheral blood mononuclear cells

MCC950 i@ i i 1 ATP /K fi#, 3 2% s 310 il

NLRP3 inflammasome inhibitors. IC,;: Half maximal inhibitory concentration; BMDMSs: Bone marrow-derived macrophages;

Name Chemical structural formula IC,, Inhibition mechanism Reference
MCC950 8 nmol-L"' (BMDMs) Directly interacts with the Walker B motif of the NACHT [64,65]
0,0 )CL domain, altering the conformation of NLRP3. Blocks NLRP3-
HO = S\N N dependent ASC oligomerization and NLRP3 inflammasome
\_o . S .
activation, and inhibits ATPase activity
NT-0796 Néj 0.32 nmol-L™" (\/PBMC)  Mechanism unknown [66]
o
[e] N
§NJ\N' Or
HoH
Dapansutrile Q 1 nmol-L™" (J774A.1) Inhibits NLRP3 ATPase activity and blocks NLRP3 [67,68]
S
(OLT1177) N///\/ b inflammasome activation
CY-09 o 0 5-6 umol-L"' (BMDMs)  CY-09 binds to the Walker A motif of NLRP3 to prevent ATP [69]
binding, thereby blocking its ATPase activity
0 Fe
—/"N F
s
Tranilast o~ 25-50 umol-L' (BMDMs) Directly binds to the NACHT domain of NLRP3 and inhibits [70]
0 OHH SN NLRP3 inflammasome assembly by blocking NLRP3
NG oligomerization
o
Oridonin of 0.5 umol-L™" (BMDMs) Irreversibly binds to NLRP3 at Cys279, inhibiting the NLRP3-  [71]
OH NEK7 interaction
o o
OH
OH
MNS o 2 umol-L" (BMDMs) ATPase inhibitor targeting the NACHT domain [72]
NZ
o
o |
<
o
Bay 11-7082 N 5 umol-L"! ATPase inhibitor targeting the NACHT domain [69,73]
o i
s
o
BOT-4-one o} 0.59-1.28 umol-L" Alkylates NLRP3 and acts as an ATPase inhibitor targeting the [74]
S, (BMDMs and THP-1 cells) NACHT domain
N
e
Parthenolide o 5 umol-L" (BMDMs) NACHT ATPase inhibitor and caspase-1 inhibitor [69,73]
On..
o
INF39 o 25 umol-L" (THP-1 cells) ATPase inhibitor targeting the NACHT domain [75]
©\AH\O/\
cl
ZYIL-1 13 nmol-L"' (THP-1 cells); Blocks NLRP3-induced ASC oligomerization, thereby inhibiting [76]
o ©Q 4.5 nmol-L" (WPBMCs) the assembly of the NLRP3 inflammasome
E%/ﬁ /S//\NJ\N
N oy H
\
SB-222200 NA Inhibition of NLRP3 inflammasome assembly by targeting the [77]

NEK7-NLRP3 interaction and preventing NLRP3
oligomerization
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NLRP3 ] ATP i i 11557500, 3 Foft # 5] 410 1) NLRP %
iE /A FR 7105 NLRP3 48 /)N A e S 4 400 1) 551 11 FF
RAEHE T TR MR 5

MCC950 1F Ay $E 1] NLRP3 4 JiE /)N A 311 i) 571 1) 4
1507, &5 ik & R G, H Al oo KEAR L
E1FLUJTRE . 7E AD BERLH, Z I Fi 56 0F 7 MCC950
XoF /I8 J53 A4 A 48 S FRDR Hf 0 Ak 4 FHES . dngE A AN
Ji 8 2 ) ) JEAR /N i BT 4 AR, MCC950 H il
NLRP3 %8 i /MA I BUIE, 5 2 caspase-1 FT IL-18 7K F
MR B BEAh, MCC50 72 M4 4 B AB 11 4 WA FH
X8R B 5 7 APP/PS1 AD /)N SR A B A i iF 70 45 R —
F, MCC950 A BEHN#Il NLRP3 48 JiE /N A F /N 5 S5 41
PRI, SR 8> A ISR AR, T o503 K 1 (14 I %0 T
RECY, A, Hh 4 JORE B2 Tau 8 A% 28 10 55 B4R 1L,
Tau 2 A KR EBEFE 5 AD fR % DIA o<, K 1 7E i
YA MCC950 BT 41l 40 Y5 14 Tau J5 2™, 7E LPS Al
Tau 75 T 19 SR AR /N R 53 40 i, MCC950 1T BAA Rk 2>
Tau B AEHERIL, £ Tau B IR /DR, BAE TauFh
T3 1k ) Tau 48 45 7] 38 i3 NLRP3-ASC %l in Jill 41 8
P YR PE B ) Taw i EERIA™) . SRTH, MCC950 A ji
BE M NLRP3 A 2 g X — i F2 ik Az o hab, 78
1 4F Long Evans K B P 73 5 AB 5 KAk (amyloid-A
oligomers, ABO) J&, B 2 A% FH MCC950 i . & 250 3% /)
F& S5 200 TR S8 K e 20 A ) e A 3k 18 o ot
1 IL-10 7KV, FH0 8 | MEWER 5278 a (estrogen receptor
o, ERa) [N, Il T ABO 5l icAZ RS,

1E AR, ., B0 JE AR /N BROE T R 4 Mg A
MCC950 B % 4 24 F# ik NLRP3 {1 i & % ik, ik >
caspase-1 fINIL-18 IERIAY . Ak, 78 N JFAF T
o, MCC950 #E 4T Ak 2 8 2 25 082> AB, L, 51 EE 1)
P TEME, G T [FFE, /£ SAMPS /N 1,
N MCCO50 R % 3 il #h £8 oe = 12, 1 5 2% () ic A2 B
73, i L #E 15 NLRP3/caspase-1/GSDMD % 21> Fisi P4
AB TR, 5 LRI, MCC950 75 H At AD #5574 1 (1)
RIT R R TIUE . 7RI £ i AD RFAE Y
S AR 1R 2 S5 A R O o /s RS R R 5
MCC950 fig 10 #% Tau &5 [ 3 B 8% IR A4, HFFEK T
NLRP3. ASC. caspase-1 ] & H /K °F-, PL J¢ IL-18
IL-18 ) mRNA 7K1,
3.2 NT-0796 NT-0796 52 —Flik % ) NLRP3 %4
/IR I ), B S e A R DR T TL-18 R0 TL-18 R BRI,
T AN /& IL-6 B TNFa. [F]EZ 6 5T B NT-0796 /& —
Tl o A 3% RV A L CN'S 5935 1 i) NLRP3 4 JiE /A
R F s BAE TR AE IR T R AR A R G
FIfE ), CAEIG RIS IS 3. 202249 A, F—

B BRI B AT 58 1, e 33 TR 6 7 £ B SR & P
8B R AT M 24880 )1/ 25305 (PK/PD) 4% 2%
APLRAE « NT-0796 F A5 8 AE 1 30 1) 48 55E 5 14 110 [
i, & RAF MMz & . Sz E I
A 77 HbHEHE NLRP3 %85 /N4 40 il 77 75 A AX i 42 R
G059 A (T F A A

3.3 Dapansutrile (OLT1177) OLT1177 /& —Fh p-fif
BEEE T IG5 7, AT 5 A& AR AR &, s
FRAR A R R, 5F NLRP3 20 /MA(E 5 BAT 3Rk
() #0/E H . & 38 I 8% K NLRP3-ASC 1 NLRP3-
caspase-1 A8 H.1E F, #1# NLRP3 %8 it /NMA & R4k, It
4 1 i 2 46 o NLRP3 [ ATP fifg 7% 4 R R % 4 7
ZAL A& W) B M H NLRP3 A IL-15 I FRE A, 7E
— 5 T 89 0 A R 5 v, OLT 1177 78 48 AN Ak b o !
2V, AT IELE AT V6 T7 S R AR OG0 48 1 1T 4
I IR E6 . 5286 W, OLT1177 % NLRP3 4 5 ¥k
95 B W AE I R B P A B . 52 B 22, OLT1177
PE R —Fal DR BN FAR & W, 5 AR P 350 A0 L B
BRI, gk Ak, OLT1177 7 GE 38 i 400 1 i 4
HHIfl. (intracerebral hemorrhage, ICH) )& ) NLRP3 ¥ 3
PL & NLRP3 R ¥if 28 5 K F IL-18 IR i, 4+ BBB 1)
SEREME, Yk i 22 T R AT S 2 8 TCH i fivi 7K
i, B PR 2 T B PR R

3.4 Hh NLRP3 KREMEHFHIF  CY-09 2 —Fhik
P& 1k B B0 ) NLRP3 [/ 40 F 0 37, B34 &
NLRP3 £5 [ ) NACHT 45 #4 38 ATP 25 & 2 /7, #0)
NLRP3 [ ATP Jii% P, M5 NLRP3 %8 i /IMA 241
B NPOIE . CY-09 X ¥4 Wt wbk AH 5 W M 48 & 4
(CAPS) F1 2 B R /N BB B LA W8 2596 97 1 A,
it J& ® ¥ (tranilast), {E 9 —Frduid kK2 2, 2
— R ELFE M NLRP3 304170 . Al L, th B alds ey
NLRP3 f) NACHT £ #4355 &, i iod B W NLRP3 3 %
1k Sk 41 i) NLRP3 48 i /) & 20 ™, & 3 71 R
(oridonin, Ori) & 1% 4t i 25 & 12 B F 25 R 4y, Ori
55 NLRP3 ] NACHT &5 #4351 2 ik 20 /R 279 T% il 3t
Hr g, BH T NLRP3 5 NEK7 {47 5. /E F, 17 490 1
NLRP3 % i /N P 1) 20 25 F g 467" Ori ] 3 3o 1 i)
NLRP3 (135 4k, S B 28 I KU 55 96 A0 2 B BE R 9
/N BROBE Y kT B TR 5 9R 9T /E . MNS. Bay 11-7082.
BOT-4-one . pathenolid & INF39 3 ] i i #1 il ATP fiff
T PR BHLWT NLRP3 28 i /ML 251977, ZYTL-1 76/ R
J5R 20 it mf B TL-18 9 1C,, A 43 nmol-L™, /£ 5h 4 155 7
W iR % 24 )5 B R 280 71 FRHIE, B 783 B
H e B s B B SUR IR 2 B RE P & u
PEAN - R M A% B 1 1) S AR R0, 2023 4, A AT
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AU R BT — BB AL NLRP3 4 JE /s A& 4100 i) 7
SB-222200, H: i i FH W NEK7-NLRP3 A H. 1 i Al
NLRP3 ZE 5 AL SR NLRP3 48 i /NA [ 20 255 5 300
T2 A0 1 750 AT P NLRP3 48 /N A 2 A 7 58 0 it
FRANF T 1 /N R Sk o 45 4, R iz 4k & 9 B
A R BBB & i 1%, (A 15 4k SR R AL 1 4 48 0 AH %
I TR
4 RES5RE

AL R4 T NLRP3 98 /M 1 28 30 B, 45
7 NLRP3 48 iE /NACTE 3 B2 iR 4 28 R G895 9 T I
VEFAALHE], FF 3R 7 NLRP3 JEE /N A 0 8] 751 78 oA feb
2 ARG R W R B . UT4ESk, KB NLRP3 )1
A BBk 22 IF R H ok o 3o, MCC950. NT-0796.
OLT1177 J ZYIL-1 ¥4 7E h iR 1 48 R G i b LA T
RV, ARG PR AT 75 v JIRRE e 1 22 4 PR 22 B
P E A% ), 5 0k [E] IR, NLRP3 B 30E 5 £ Fh 6 1615
5 R0 3 50 2 V)R 9, 33K SRR S I 7R 1) T R
JPUAT- 20 PEA S ATT N 40 A EE At T R, 8
I 2 28 G 92 400 o) B A 67 TR 8

B2, 124 A 1k AR A NLRP3 48 /)M 4 401 il
AR F P, 3 BT DUR R 5, NLRP3 40
AN B FH WL B2 2, FL0E 5 2 ROS 28 Fii 4 T
Rt VA BRI RS 2 N T A, PR E R
NLRP3 [ 90051 771 75 722 A ke 8] 2 AL #1) 10 A2 2 ke, o (R 0
[ PEFD 22 4 . e Ah, NLRP3 78 WL G 528 8 5 o k%
HEAE R, 304 B M S0 AT B8 3 i 8 G SRR B R T I
W PRE [ S, PRIk, T Rk B v A AR S
sV A ), DA IR R R B 55— 5 T, 24K
) 775 R 3% v 8 2 A 5T R APk AR, i MCC950
JFF 5 4 1] 0 7E I PR X 58 m e 26 1P, 3 w8 0 iR A= 4 )
FH RS AU R AN AL 2 AR T3 AR 2 2 AR AL I B A
[F] BF, NLRP3 %8 i /IMA 2 15 22 Ff 98 i P 50, G XL
T U AD P H R TG0 R R 0 1 B
T NORE, S Z R HE IR AE P bR BRI 52 25 B, 5
Wi T 250 I T R R R AR S Bt o

NI X BEFR 1], /N T A BT 5 A BT AL IE
K36 DI 3 0 R R 1 M 1) T TR R R, e T
R 52 M GO A5 B NLRP3 J 551 (n SEA47 # ] 351), AR
R N5 58 (ASC.caspase-1) F) T FEE Mg, LLK
Do TEH G B N SR . SR Ak, R 2 SR S 1 B
AT R B A, W B R A A R A 7R (PROTAC)
EYKEIE RS, W] AR R A E R, W
DGR RN, AR, 7% S § NLRP3 #0575 (U
DR B pH W B /N 43 1) BARCET I 25 B AR
TR KRR R FL AT, In4u R,

AR BN IR R 2. 25 B A E S 27, 0 0 38 NI
NHE, B 7€ NLRP3 IR 59595 (1) A= P br B4 (4 IL-15+
IL-18 55), FF7HI FH 24 f I /37 A AL A Bh 259 v, A 2
P I R B A LT 2R

75K B NLRP3 8 i /MRl ) b, BAT B a4
P [ B ) NLRP3 58 5E /)N 00 i) 751 7] DL 3G G %of 1F 5 4
925 ) RE A% R FE A, AT e G S e JRUIS: A LA AN R
SN o B Ak, o5 24 4 ) I o i 2 3 M A SR R AT
FUIE Rl I 1) NLRP3 1| 7] 7£ BBB % i& fit /177
THT %) R ], PT e 5 T AT AE 0 22 R 0 0 YR T AR
R a2k ik R Er 1, 3 THNLRP3 #11]
IV ERD G 50 A ) P g g I AR N B AR B K s T
5 bR, BT 34 5 NLRP3 4RE AMA HI 6 TT 5 0 B 5
InvE ARV IT o 7R [ R B R B AR R
NLRP3 [0 HL P RE A7 E 22 5, DR IG S &85 45 4k (R 4
2RI PR B, FF R IE S A 7] 22 55 I B (1 50 1) 245470
45 -G NLRP3 #0171 5 FC Al 1 4 B bk 22 (R 45 25 ) F &8
Z 00 A TR IT B T AL

2, NLRP3 S AE/IMAAE Jy i 48 RAE 1) % 0 42
BRl -, 2R SR TUHA It B8 DA kG A A &% 1) NLRP3 4 i]
75, TR R AT AP 2R AT MR 245 R A2
I R 75 =R, 1 ¥R 7 A 18 4 9 0E A D T RE T T
(77 1] o

Bt : Biorender “F & $& £k 1 22 1] Th B i 5 A SC R ILE
NEM. FEI, KA Biorender [T & [ B\ 38 7~ B it .

fEZ Tk B — M5 ST IR AR R S AR SRR 47 53
LA B AB L TAE; #5084 FNF A7 TR SC AN TAE; 2
B BH SOV A7 57 SCE R LAR .

FIEE MR 1538 B AR U TEAT R 25 00 R
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