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Immune responses in the central nervous system (CNS) function as the host’s defense system against
pathogens and usually help with repair and regeneration. However, chronic and exaggerated neuro-
inflammation is detrimental and may create neuronal damage in many cases. The NOD-, LRR-, and
pyrin domain —containing 3 (NLRP3) inflammasome, a kind of NOD-like receptor, is a cytosolic multi-
protein complex that consists of sensors (NLRP3), adaptors (apoptosis-associated speck like protein
containing a caspase recruitment domain, ASC) and effectors (caspase 1). It can detect a broad range
of microbial pathogens along with foreign and host-derived danger signals, resulting in the assembly
and activation of the NLRP3 inflammasome. Upon activation, NLRP3 inflammasome leads to caspase
1-dependent secretion of the pro-inflammatory cytokines IL-18 and IL-18, as well as to gasdermin
D-mediated pyroptotic cell death. NLRP3 inflammasome is highly expressed in CNS-resident cell
types, including microglia and astrocytes, and growing evidence suggests that NLRP3 inflammasome
is a crucial player in the pathophysiology of several neuroinflammatory and psychiatric diseases, such
as Alzheimer’s disease, Parkinson’s disease, multiple sclerosis, stroke, traumatic brain injury, amyo-
trophic lateral sclerosis, and major depressive disorder. Thus, this review describes the molecular
mechanisms of NLRP3 inflammasome activation and its crucial roles in the pathogenesis of neuro-

logical disorders.
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99457} BT o oqa AZo] moX G B
A EgAoltHes]. dEeHE FFAE NAIP/NLRCY,
NLRP3/6/7, AIM2/1H116 ol ¥dA loH[8n], o F
NLRP3 (Fig. 1)7} 7H4 %ol @751 $ith NLRP3E 7] 23]
ojz-1& FA A A A]EFF AT A< pro- IL-1b%} pro-
IL-18% 242F A=84 FAo] 9l IL-1b9} IL-182 A &AA
AES FLdhes]. = 20212 7k~ R D (gas-
dermin D, GSDMD)E #¢} N Z& = <1 (GSDMD-N)<
g A17131, o] GSDMD-N7} Al etel] 7]0] 5017} A Z 2o

2 vHETH67|(Fig. 2). ©] T8 E &3 =o] 7t xﬂiﬂ

Zo] L2WA A3 Az FA Hed, oY AzAE
E}O]%E*]i(pyroptoms)i} GTH67]. Fo|FEA2E
3l DAMPs7} 257 5w, DAMPss}t Ao E7FQIE0] 414
d@5< 5 SFAAU7]. o] ditilAe BA AZHES
To| FoF 4T sh= NLRP3 I SetntEo =4 9 24
3 7125 dotEy g Fejof A7 dgdl A NLRP3 ¢
Zefutgol oHE 7eS sheA AWstu o
NLRP3 QIZz2i0kE &dsto| Hz

NLRP3 ZetrtEe A2 #-83= NLRP3, o/ HE 2
83l ASC (Apoptosis-associated speck like protein con-
taining a caspase recruitment domain), 123 FHE7]
(effector) 2 2}§-5}= 7] 2] 0] 2-1(caspase-1) ZFZFo] o8 &
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A7F AghE oF 700 kDa®] Tl A 53] o] th[65]. NLRP3&
obu| =-Z et 39 = <l (pyrin domain, PYD), % NACHT
[NAIP (neuronal apoptosis inhibitory protein), CIITA (MHC
class II transcription activator), HET-E (incompatibility locus
protein from Podospora anserina) and TP1 (telomerase-asso-
ciated protein)] £ ¢l % 7F2EAL TG FA B2 HE Ly
%l (leucine-rich repeat domain, LRR)®] 3 FE# S & = oj9lth
(Fig. 1). NACHT =¥l ATPase &4& 7HA 1 9low

NLRP3 A7} Z & (self-association)d] & 9&& df= F£<
g, LRR =¥ NACHT =¥l %o Hyozy

NLRP3 77} A& fE3te o2 AZHTG[65]. ASCE
obu =-= PYDS} 7FZ B AT A 2Hol2 B =<l
(caspase recruitment domain, CARD) 2.2 & 0] 9l t}. 7} 23
0|21 ofn|-¥H CARD, 5% W3 ] =vl(p20), 7}
2EA-2G 28 Zo =l(pl0)S A2 YTh(Fig. 1).

A}=o] 9@, NLRP3E= NACHT £ ¢l 7o) 53 A5z
45 58 &893} (oligomerization) e Th. &8 1 g H
NLRP3<] PYD ASCe| PYDH Z¥3HOZH ASCE EAF
713, o 79 ASCTF FAHAAM &Y At BAE o] F&H)
o] & ASC WHH (speck)ol 2} gtTh6, 39]. o]ojA] ZHE ASCY
CARDY| 7 2sf o] 2-1(Z4¢] gl A7 ) CARDZ}
Aggozn amo]z1E Fojdr L, ASC Z32H
FH A 2d 0] 21E p203} pl0 Aol FAES A7 Aksto]
p33 (CARDS} p202 33 A)3 p109] HA S B4 sk=H,
ol ASCel 2%H AelZ &A1ty g d Rl S4do] 9l
© JH o] TH[4]. ] 25 0] 2-19] CARDS} p20 Atel7} thA] A

NLRP3 PYD NACHT LRR
ASC CARD D)
Caspase-1 CARD p20 g p10

Fig. 1. Domain structure of NLRP3 inflammasome. NLRP3 has
three domains; an amino-terminal pyrin domain (PYD),
a central NACHT domain, a carboxy-terminal leucine-
rich repeat (LRR). ASC is composed with an amino-ter-
minal PYD and a carboxy-terminal caspase recruitment
domain (CARD). Caspase-1 has an amino-terminal CARD,
a central large catalytic domain (p20) and a carboxy-ter-
minal small catalytic subunit domain (p10). ASC, Apop-
tosis-associated speck like protein containing a caspase
recruitment domain; NACHT, NAIP (neuronal apoptosis
inhibitory protein), CIITA (MHC class II transcription
activator), HET-E (incompatibility locus protein from
Podospora anserina) and TP1 (telomerase-associated
protein); NLRP3, nucleotide-binding oligomerization do-
main, leucine rich repeat and pyrin domain containing.

s HA ASCAlA p20 - pl0& W& ¥EH p20 - plo
o] g o] A (heterotetramer)= A X Yol E¢AsIq T2
B o} A (protease) ZA o] & HETH4].

A, A el Bofste Aoz ¢ Ad-Efed
Q14+ & 4 NIMA-related kinase 7 (NEK7)°] NLRP3 ¢l &2}
nE g4t 8% A4S e A0Z W A0, 56,
59]. NEK7-> NLRP3o] £o]2 o2 AgsiA g 12 <l &efv}
F AlA Q] NLRCAY AIM2¢l & A@atA] gfet A Setnts
443} A NEK79] Zvl =#Qlo] NLRP3o| A @3t gk Q&
Zobs EA o NEK79] Q4tstas S 73S 102 B
ITH20]. NEK7- NLRP3¢} &7 ASC wb4 FA 3 7) 25 o]
2-1 g45td A2 EFAR 1 SETH59].

NLRP3 2IZz2i01E Z2l0|(priming) EHAI(AS 1)

A, d=efrtEe FAst= 2 7HA 9 E A Qsta 2
A 14 (two-signal model)Z Yojdria AJZE 3 Qlri[65]
(Fig. 2). AZevtE &4sto] 2 ad ARy zefo|r
GARZ NZ Ao fot. 2oy GA = ok F 744 7]
T2 7HAL itk A WA 715 AARIAQ] NF«B (nuclear
factor-kB)E AN A A ZertE JE< NLRP3, 7 27
o]Z-1 ¥ pro-IL-1be] H@E F7HA7]& Zloltt. o &g &
8 F7hs ¥ PAMPs EE DAMPs7} TLROIY NLR 59
PRRE d4Fezi =g ¢ Ao = FFIJALA
(tumor necrosis factor, TNF)$t IL-1bst 22 Alo] E71RIS
FAANE NF-«B 2434 5 F312 A =813, 71].
zetolg o] F WA 7% NLRP3Y WY & F4(post-
translational modifications) s %3 2 dl, NLRP3<| t
G W F Al o8] NLRP3 QI EevtE 4o 24

Ao E A= YTh65]. 1l 7€ S}H(ubiquitylation), 214+
3}(phosphorylation), %% 3}(sumoylation), U E &4 H(nitro-
sylation) & THf3 MY & 53 o] NLRP3 lZetvt£o] &
e 24T F Yok

Lopez-Castejon 5[37]> NLRP39] -rH|# € 3lo] ] NLRP3
At 4o 2dAd= As A5 1. NLRP3=
LRR EvlolA frrl AR st E =, B4 T 88824 (deu-
biquitinase) BRCC3E 3l & frH#© 357} ¥ # NLRP3 ¢
ZgntE &A43571 219Y3, 31, 37]. oJdE HxFo=
NLRP3] K63-312 #H 7 € 8h= NLRP3 ¢l = ehvis 243
E EW90E H1E TH24]. ©ehA NLRP3 f-Hl sk
1€ 2 7HA (ubiquitin ligase) 2 1 FE S} 3ol e}
NLRP3 QI &2t 84S 2 AU AT Ao 2 Az
=

NLRP3¢] ¢14+3t= PYD, LRR, NACHT =9l 2 PYDS}
NACHT®] @7 271 x 2AE 5 9lem, o= NLRP3?]
A& A AY £73}65]. JUN N-terminal kinase 1
(NK1)ol ©J3] NLRP39] M@ 198(S198, A5 9] 7§ S194)0]
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Fig. 2. NLRP3 inflammasome activation. Signal 1 (priming): Cytokines or PAMPs stimulate NF-kB signaling leading to upregulation
of NLRP3 components, pro-IL-1b and pro-IL-18. Signal 2 (activation): PAMPs and DAMPs such as particulates, crystals
and ATP activate K+ efflux, lysosomal disruption, mitochondrial reactive oxygen species (ROS) production. Formation of
the inflammasome activates caspase 1, which in turn cleaves pro-IL-18 and pro-IL-18. Gasdermin D (GSDMD) is also cleaved
and inserts into the membrane, forming pores and inducing pyroptosis. DAMPs, damage-associated molecular pattern;
GSDMD-N, gasdermin D amino-terminal domain; NF-kB, nuclear factor-kB; P2X7, P2X purinoceptor 7; PAMPs, pathogen-asso-
ciated molecular pattern; TLR, Toll-like receptor.

14k8LE] AL, protein kinase D (PKD)ell <3l 5295 (& # <] [57]. =3, NLRP39] YEZ 817} 48 A dthes 2t
735 S291)0] ¢l4batE ™ NLRP3 &4 28 t62, 79]. © ATH22, 43]. 4+8 FA(NO)= NLRP3Y SUERZAIE 5
o} Wit = NLRP39] S5 (M9 74-F S3)% Bl 241 861 (Y861, 8 NLRP3 ¢l &Eetvts &43818 szt T Al 27} &ulg
A 75 Y859)] 4tst= NLRP3 QI ZetvtEe] €4S QB 3 -7 v} (interferon-y) o A= oJ3) tA A 2= NOE
ARG} [63, 64]. T, protein kinase A (PKA)l <] 3 A A A skl vre glo S dAdH. JHHE-2rE NOE
$295 (Y519 75 S291)7} 14+t 2 4§ NLRP39| ATPase o) 7] 2 NLRP3E S-HEZA 3} A#AA NLRP3 Q1 E&}v}E =
g4 o] AstE o] NLRP3 QI &etuts &4 sto] oA HTh[45]. He gAZTH43].
PKAS} PKD7} NLRP39 54 ¢ 27](S5295)5 <l4kshA 7ol
% &7 NLRP3 QI =etntE A4S A Aitd 7l5$ NLRP3 &43t CHA(ME 2)
st ol fre WEskAl ¢t dhe| e o}, wpolel 2~ gl Fgo] 7 ®uk ofye}t Yol
fFHIF " g Q4bsL 9o = NLRP3S] & Y § 4 DAMPsel| 93] w7l 5= o @S(AF2FE Y #Eo
o] NLRP3 ¢l Z&nt& 4 & 24sE A2 Rugit o] YE}E 9%, sterile inflammation)o]ut 87 2=
NLRP3= 2 Y34 (SUMO E3-ligase) MAPL| 28] & Aol g =& = NLRP37} 435t o] 243}
EAstEo FAo] AAEY. A=o] 7he A o, SUMO-59 o 35 9AE EF AZ 2EH2E fEdtE Ao, ¢
€

14

é Ml 22 ox

A ZZHolA SENP6} SENP7¢] NLRP3E ©TEY3 *e AE 2E# 2 NLRP3 93 A H e ASZ Azt

(desumoylation)3te] NLRP3 9l Z&irt& &4385 23t th 2§ o] &K' EE 43} o] ()Y FZ, ZF o2 (Ca)
[2, 35]. Mycoplasma H H el €& NLRP3 ADP-2|E 4 3} 9 §4, g42F g4, vEZc ol 7|5 Fof, FAAA
(ADP-ribosylation)& NLRP3 ¢l Z¢etvtE 435 £33t (ROS) /%“4 Edx A4 £ 534 2L o7 257 NLRP3
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olZgntE S A= AR BuHUTHE5]. A W
ATPE OJEJ P2X7 F84 %ﬂH 43, K ol zolel
aHe| ol H4 YA g4 (nigericin) 2 PIH A 53 Zo] NLRP3
AEeE S SA A ﬂf x}%%° 532 EAo K
i°l71 wZo] AEY K o] 29 ¥% 71470 2% NLRP3
ZevtE &4 RO B
1421]?4*1 2 Hihalum) 5 NLRP3 91 }% 32
oA MzA e Ca¥& F7MIZ B E[47] =
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Atk
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~
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o FAEEHN BHMLE ALH O BEo] Y= /‘ﬂ
Ef2E W HY mtROSE o A sHA Hh v
EZcgol B3 [ E34A M A ARl ZH = (rotenone)
3} QtEjHtol 4l A(antimycin A)E EF W EZEF o XHA
(potential) ] £4& oA 3 19| we} mtROST} F 5317
A5 o] NLRP3 ¢l Zetvtsd 2455 2 A0[8l]. &44
EZE ool A A44E mtDNAE NLRP3 ol EevtE &
A A ¢ . S5 A FoE d M EAA, ATPE
Egtﬂﬂ 7% Aol e 4o o] F mtDNAZH A2
W25 0] NLRP3 91 Z201E 2 34 544 2 tHe0]. =&, vl
Ei’EE]O} Wetel fAete 83 HE2RE LS YA E
(diphosphatidylglycerol) A &<l 7}t] & 8] 3 (cardiolipin)<
nEZE g o} ﬂ”‘oi o] F3ted NLRP3# Ao ZH
NLRP3 ¢ &etrts& 2483 TH28]. uhol 2] 29 o] F 7he
RNA (dsRNA)E W EZ o} Bl 9l nEZEg o} gup
o] 2} 2~ 41 3 & A (mitochondrial antiviral signaling protein,
MAVS)& NLRP3E E259 2 1H3E £33 NLRP3
AErtEe AT A2 EIHAT12].
guld SZHA [ E Eo] o' o] =-H| E} (amyloid-beta,
Ab)Y € 34-AF 28 2 (a-Synucleun) SR Al], 24FolU ¥
2HE 2R H 22 AA YR EAdte vy, e G
(alum), A7} 5 A3 Z2 RN fHT GRS
2174 & (phagocytosis) .2 A W2 Eol¢} g4F FES
et nPAE A2de BESIT3]. PLFe] BEH
HA 7} (cathepsin)©] AIZ A Z ¥Z& 5o NLRP3 &2}
ntES AT M B, X, L, S 5ol 474 ZHE U

G
W oo oi Hﬂ
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d
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& 79E NLRP3 349 o} e 9% #4 Rohe 2o
Hob AZ el A& 7ARAE Atololl F 5 (redundancy) &7
o] ojA olx szt AR H T b ARl 5 &
e o2 FEAGES. £, H4F 3L A K F
20| =57 W& HiAo Eh o] g o] K
F2¢ AMste 48 & 5 e o2 FEHh46].

AF E0M2| NLRP3 2

e

Mok

ot % WS AAHPRASH, A
Hholg) 2 7, 944 ¥ &2} (traumatic brain injury),
7484 A3 (neurodegenerative diseases) & ZE I
o A7 AgoA B 9T gle whEoltE5]. T4
A e wActuAE, AYuAE, 2E7AFAAT
(oligodendrocyte), ¥ ¥ (neuron), & ¥4 ¥ Al Z (endothelial
cell), ™ 4] M| Z (macrophage) & 2 T&F9 ME7} ol d
4% 945 A sty o WA L dAdE
o B FHAY 7 AE)7E EASA HE vlA ok
AZE Ho &4 FA2 ol5dtd AARIAE FEMA €5
A Al BRI S At AHAYghgS doA AAA o
2 7 AHES 5] -, 4308 v A ofm A E e
o3 A4E 9% w7l =4 (inflammatory mediator) 34
WA ZE Aot SHAA Aol BTG AR S T
F EHEHA FoEA @5 WS SIFAZTR5].
NLRP3 ¢l =etrpgo] ofs) 2435 = IL-1bst 1182 &

FARAANA FoF A&E &t Ho e A TFY A
T Eo] [L1b% IL-189] F&AE 7HA 1 YolA 9 ¥es
sl A7 ey A EAS TS YTe9]. T4
A 4, HE, AAEGYE A8 T A IL-1b9} 1L-189
dol F7tH e AL FEY 4 Y21]. IL-1bs} 1182
AA, &<, 719 T AL s E FAsta YTHeo).
T3 NLRP3 1 EehubEo] 243 HH Fo]FEA LR {3
A% v} &2 3 DAMP7} EHlE 0 2R AR AZo| ) 417
E o] Fzlo] dzsto|my, z1EH, g AHF
(Multiple sclerosis,), =954 Z474 5

% (Amyotrophic lat-
eral sclerosis) 5% 2 ¢ A7 HPA 28
ATH9, 76]. AAE, ol 3 WS ML e %
NLRP3 Q1 EetrtE #d &40 #ddts By
B E AT, 27, 32, 33, 53, 54]. wHebA %% A A
& A7 A% W o] NLRP3 &
g Aoz 47

2x5l0|HEH (Alzheimer’s Disease)

T8 AAEYG A% F sl gxstolmy e Mt £
e Aol Yzsto|m o thxHQ FFE
A, AR B, $2F, BF Ao Soltt HoA E=3|
o Wele s < AZ b ofd 2olE &2t (plaque)

‘E‘ZO L
A=} {:IL A ¥ A (amyloid precursor protein,

3%, oy 2ls

APP)Y A9 4 Hlﬂr(micrombule) #d dwd g
(tau)e| Al £ LH SHAY A7 9 vl F (neurofibril-

lary tangle)

%1
29 59 58

%4[15].
o A3 Ab/F 9 BEA ARE E3)
%273 DAMPZ €At 184 Ab



of 9¢ NLRP3 QI Zerks &4t 200813l A5 HEH
TH19]. Halle 5[19]& A F oA &2l mAolw A ZE in vi-
tro REE A3 0H, Abt él&ﬂ%ﬂﬁ glaFo] g
51, 74514 B7F WHEE M, NLRP3 2l Za}vtEo] 243 H
O B ok E=3 NLRP3 ¢ Ea}ﬂ}ﬁoﬂ 9% [L-1b] B
& A ado] =1 qAA L A FFE AAA Ao EZ A
Dol 93} A=A, NLRP3 2% th2] A £} ASC 29 o
AN ZAA AAFHAT. & AF 2 APP/presenilin 1 (PS1)
AR HAE dxsto|ny md 2 ALE3 S u), APP/PS1
A F ol W8] APP/PS1/Nlrp3” 4719 377194 2A
A A TH21]. o1 d FAEE NLRP3 2l Z2}utEo] Abg
a3 AA °ltt1 dzslolm oA AAEFH 24 &4
AgE e S A

zi o]
pus

T T4
u]xﬂo}wﬂﬂw ASC ¥H3lo] Uethbe A& dzstolw
B ® g SAoIt. Aot Ed s }Ed ASC &

He Absh WEA Agste] Ab a1 2 3R A (aggre-
gates)?] A& é—xlfﬁv}[ 8]. APP/PS1/Asc”” A% & APP/
PS1 Aol Hlg) 3F 719 &44e] A E. HEthy, ASC
v & APP/PS1 *ﬂﬁgl 3 v} (hippocampus) W ol FAsHH
Ab JFo] AA F7kEE ACSTE Aol A Ab &3 £2IA
(cross-seeding agent)® &% F oS ¢ 4 Ao} =

3-ASC A S FUAS W APP/PST A F oA Ab BHiHS

EhA02 s, B, vAcRLAZAA BEd ASC
28 Ab A2} dxaolvwe] Aao] WA 4T
¢ Aoz AzAY.

oA ot A o = F 3 A1AA 9] A3 A ol NLRP3
AdEertFol EAZRT. a+£¢»}ﬂ%% (lys
dylcholine)l| ¢J3] % 17}
59 *“leioﬂﬂ“ ﬁﬂ?ﬂo} Al Zasts o2 Hol 4
2 WA A NLRP39F ASCe] &A4317t A4 H 5o #e
= & TH14].

ophosphati-

mZI&H(Parkinson’s Disease)

9712 54 X F- (substantia nigra pars compacta)
of Sl =4 o £4E s BAse WP AR
B dgojtt. e ol &ak-ArEddol $HE Fol &
A (Lewy bodies)2t1 3t Aol EAH o7 #AHT}E. 7
1 d2o] dHAA IL-1bst 7| 23 o] 2-10] T HEH
3, 71EH 3249 714 A (striata) ol A IL-1b] & o] F7F
Ao BHHTH44]. ofFl mrlo] B 2 E o] &AM FH o 52
ol IL-1b7F A% BEHES ot 2ol Fdo] A FaL
A5 5 ado] HARY1]. AHY vActuAEFS
BVZ A9} 7 S FA 2o A LA 728 Qo] NLRP3

Zehutge) &8-S R oY AN E2F vA
o}ﬁxi]J_O]]Ait a8 g3yt AR gskts, 17, 18] A7
= 4 (neurotoxin) ¢l 1-methyl-4-phenyl-1,2,3,6-tetrahydropyr-
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idine (MPTP) AN Yete S2 o R34 71 240
Nlrp3” A A A9 YehiA gt 72]. o8 7§_J"Jra
< TR, NLRP3 QlZetrtEo] s&H of Al =
A 4L e A4S 73T + Aok

HZ, Nz ol z-10] dpAlF2H e Adsto] &30
2 HES A Feo S4& fFEdohes Aol e HTH70].
YA gal, 323} E (paraquat), ¢F9F A4, lipopolysac-
charides (LPS), ¥l1}t] 2 (menadione)#} L% A= 2
A e Hzdo] 218 MAE ST
Al ske] dut-AlF2d 0@ < Q81 "r‘rad =4< &4
70 Hh 2, 7| 25 0] =
& "]Li 191 dto] AA 0}71] ZaE A webA ol
A35E NLRP3 EetvtEd o 2434 7H"Jﬂ 017\ -1
of ut-AlFEY e AEFOo =N dufA RS

7d AHEE 29T 5 e A

[

Chat

0z
N

4315 (Multiple Sclerosis)

DY AREe B4 A49F Aol Fe 49 w9
W4 A7 BB Mg B Feolth thEy AsZe ¥

749 (blood-brain barrier)o] £ 5] T2 YA A2
7b A= et o wiAlotuA =k A uA 7 248
5o} 4% &4 23 (demyelination), 417 5 3} 7} &A 31 A
He Aoty oA Ast5e e ofd HEskA ¥A
T A Aol mEW ol A5 IL-1b B IL-183% 2
< A EFFQIY F7F Abolo] ARBAY lwe & F AT
[38]. thid A3kE BAe T2 dd T Az o H ¢
(cerebrospinal fluid)ol A1 7] 223 o] =1, IL-1b, IL-18 -7+ o}
Yzt NLRP3 Q1 ZetntES& #4038 A 7]= DAMP 2 ATP¢t
Q4k9] ckol F7kH O (51 B, A A A
Sato] A O Q4 $A7F A7 A vlE e,
$A2EH L2d 228 I EE LPSE Zeto| s}
3 844 (monosodium urate) .2 =3} H NLRP39} ASC
TR Edo] FostA F7HT51].

A Aot E REQ AMHG Y HH 5

imental autoimmune encephalomyelitis)< ©] &3 4 g o A

ASCS} Ff2¥ o] 21 AFo] A/HEY HHFH AP S
A AAAIE B NIrp3” BFE o4 E AHF 9 FAF
A7 A9 HE o] daste[58], ol AVPHIAE o
Hdo gylolA ASCTt #4838 98 & AAgY, &
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