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Review on role of NLRP3 inflammasome in pathogenesis of silicosis FAN Zhenzhen, ZHAO
Yehong, LI Bing, LIU Yang, JIANG Junyu, MU Min, TAO Xinrong (School of Medicine/Key Laboratory
of Industrial Dust Control and Occupational Health of the Ministry of Education/Anhui Province
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nology, Huainan, Anhui 232001, China)

Abstract:

Silicosis is one of the most common forms of pneumoconiosis globally. Workers who engage
in mining, construction, ceramics, and many other industries have a high risk of developing sili-
cosis. Chronic and repeated inhalation of free silica (SiO,) dust (<5 um) during working can lead
to inflammatory reactions, resulting in interstitial lung disease characterized by extensive nodular
fibrosis in both lungs. Once silicosis occurs, it will develop progressively even when the workers
are removed from the silica dust environment. The pathogenesis of silicosis is complex, especially
the role of nod-like receptor family protein 3 (NLRP3) inflammasome in the pathogenesis and
progression of silicosis remains to be further studied. NLRP3 inflammasome, a multi-protein
complex composed of NLRP3, apoptosis-associated speck-like protein, and cysteinyl aspartate
specific proteinase 1 is involved in oxidative stress, inflammatory response, apoptosis, and py-
roptosis, and has become one of the hot spots in silicosis research. This review summarized the
structure, function, and activation mechanism of NLRP3 inflammasome. Furthermore, the cellular
and molecular mechanisms of NLRP3 in mediating oxidative stress, inflammatory response,
apoptosis, and pyroptosis in the progression of silicosis were reviewed. Finally, the potential
therapeutic drugs for silicosis based on NLRP3-associated mechanisms were outlined. More at-
tention should be paid to the role of NLRP3 inflammasome in the pathogenesis and progression
of silicosis in the future, which will provide new ideas for the prevention and treatment of silico-
sis.
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1 NLRP3 KIE/IMARYEE S5THEE

“WRAE/IMA” B A2 H Martinon FP7E 2002 F£1R
Ho. B BIEIESE NOD # % K (nod-like receptor, NLR)
ZKH&H] PYHIN (pyrin and HIN domain) SXEREB BRI A2 B &
TE/MA. EFR NLR KEEHAY NLRP3 BRI FHAAKE/N
&, AEREAE . EUARSNEMEEARFT R,
A% Z T RIBE F8UE. NLRP3 RFE/MAR UL X2
NLRP3 A3z %2, iBACes AT X & H (apoptosis-
associated speck-like protein, ASC) i@ 1d 45 & RN 1K 2
Hﬁ'ﬁ?&%ﬁ-l(cysteinyl aspartate specific proteinase 1,
Caspases-1) IR ZERRAE &Y,

NLRP3 73 5| = &R 3 45 ¥ 13 2H ;. (DNLRP3 AU
18] X 5%, #% #R /9 1% B R 45 & 13 ( nucleotide-binding do-
main, NBD) , NBD £Z5¥915{ 19 TPase J& M Xt NLRP3 B9 5
BXBENINEEEXREE; @C imA—MEE NIR &H
KIEN=RIRE S 5= K (leucine rich repeat, LRR)
£EH35, LRR 51915 A 32 NLRP3 S HMIE H VR E 1
FA, RRAEMEF ASC BRI B, ON i
BB MAZE R LI (pyrin domain, PYD) . PYD £514
13 781F NLRP3 5 EMRE/VAE BB EER, X148
BEERSBBLIAT, ASCERN— M IERRER
nF BEMNESEME, — 1 Z&ER L NLRP3
89 PYD, 5 — N ERE T Caspase-1 B & E 11
(caspase recruitment domain, CARD) , ExZ%H2 A% NLRP3-
ASC-Caspase-1 BEE &1, Caspase-1 #BUES, AI =
ERFAECERBAMENE 18 (interleukin-1B, IL-
1B) M B 4R T & 18(interleukin-18, IL-18) o NLRP3 4
TEMALEF ILE 1,

| RR | (NBD)
[3¥] NLRP3: Nod 2 {ARIKEH 3; ASC: AT XM AHEH; Cas-
pase-1: F PR LEE-1; IL-18: BAEETE 18; IL-18: AN E
18; NBD: BEHBRLE S, LRR: =RBEEFFIZK; PYD: Pyrin
£54935; CARD: ¥R LEEEELEMIN; Pro-caspase-1: FPHKRE

B 1 NLRP3 RAE/IMERILE

Figure 1 Structure of NLRP3 inflammasome

2 NLRP3 RFE/MABYEENH

=5 H{BMRRF)MES 2080ERT) 2 NLRP3
RIENMEEUHNIBLT R, MEMRDHRRED F
FRAEHAMRE S Toll #32K 4(toll like receptors 4,
TLRA) HHLE G, MTIE S HZE F «B(nuclear factor kap-
pa-B, NF-kB) 15 5 18 B& & , T B NLRP3. Pro-IL-1B.
Pro-caspase-1 1 Pro-1L-18 AYZRIA# i & , X T ot &b
ENREREXNBHT B, MEETBIR—RT
MEMD FHEXESENG OB FEE, 94
201, OFMEARFME B FUEES R(protein kinases R,
PKR)IBEE; DIERZA(ES. HFFLESH ZDNA LS
Z& H 1(z-dna binding protein 1, ZBP1) B %, XLEE S
EHFE—P O FHNRPI RIENEEEYIE L
(Bl 2),
21 BFRE

AR, Nl kTN ™ #1 P E FEE
Z5 NLRP3 RE/NMARYEUE AR IRIE, Na' TRTE
NLRP3 R RE/IMABUE R R IEVER. XY RIEIXE
BRI PRER B2 50 & (N B SRR Na'B L. KK
TRANZARR R K, MITE AR KR E TR, (21
NLRP3 % fE/MABYE b, th4h, AR EFISERE R
IR B E IR NLRP3 RIE/MEAE AR Z BUERF
(30: EHFIER. ATP MIPFHMIFRE) SR XEY,
£ C"HIERT, HBEZ RS S IR NLRP3 R AE/MA
SEYAEY, B, AT AR FEEF4E
A CI &8, BIETS NLRP3 R E/MARTEE %
2.2 HRRZRH

ML, BEE NS /REEIYS NLRP3
RIENMETEE Ko Zhou FERZMZ MR
7E NLRP3 BUERBIIER, LLAUIATNAEFZRF /Y NLRP3
ENMAE SYIRBUER M T XBEINS, B EERK
£ RIIKE M S ( mitochondrion reactive oxygen species,
mtROS) , 1 FLE R 1A DNA BYFR R 5 (1 AR S BL L 13K
BEH o AR, FLENATE NLRP3 HHEE R ENM ™,
A MR ERENRREEERRK S, SAAEZ
WA KHELE BT, AT SEUBARAR R, FHitA ARNE
AREAN AZABRA A NLRP3 KRB/ IMASEIL Y, BRI E4%
KA K ABS(AZHRE28 5 NLRP3 JELERTIE XN, FAR
ABUE& I NLRP3 BYE 5 & /REMAZ A X, NLRP
3ENAEHRAERENEZDBNDBRAERE
L& BT, TR — N AER R 2 i B X 15 5 A8 B
AEREANES 4-BEBRLE ST R L NLRP3 BYSEEE, NLRP3 —
BRBEISBRAESRENES, A LLIEE AsC 2
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B NLRP3 S/ MAEM,
2.3 #MERSH PKR B
WMERGVRBEE S Y0 BE NLRP3 K E/)N
RBUE, HMIRHE R EREFRRRK, F R RERR,
y TENSWARNEARTEREREESYHNALS
B NLRP3 Z (U EIZA, H LA NF-«B 1% S BB K
FREY NLRP3 R fE/MALA L, SEHMEXERH A EY,
#MA C5a/#MA C5a( C5aR) ZABEES BT A E AR
F1 PKR BIZRIASRANIE NLRP3 RAE/MAREILIHTE, 18
R PKR 52 NLRP3 N EEHIERF",

55 1: Bh 55 2. 80&

Caz

| AN —

NLRP3
Pro-caspease-1

o PtdIns4P Ox-mtDNA

24 ERZEKES. FIEESH zBP1 FRF

BREFFD ATP IRECE NLRP3 RIE/NMATT, 858
LR BRITERR IR P2 X7R BIRISNEEE 7
IVIAEEIE, #IA 92 NLRP3 K GE/NMERLA LT IL-18
SR BUEE S0 NLRP3 RIE/NMAFZ (A E 1A
E R BB (receptor-interacting protein kinase, RIPK) 1 #[1
3B5MRRESREIEEBTIMEX. M 2BP1 RBUE
NLRP3 RAE/MAN SHARRE T, K] HiERA S
B R B (influenza A viru, IAV) B H (2 3 RIPK3
# Caspase-8 BUE, #HT S 2 NLRP3 RIE/IMARIAEEY,

TR “b—ﬁ i *

Pannexin-1
Ca?* iR

Pro-IL-1B
Pro-IL-18

4 ase )
o B |

. C5a

C5aR2

[E] TLR4: Toll BESZ1A 4; NF-kB: #Z[EF kB; NLRP3: Nod B {EAKIEEH 3; Pro-caspase-1: BIF PR LHEE-1; Pro-IL-18: BT 18 HIK; Pro-
IL-18: BAMARATE 18 BI{E; AsC: BT XM SEER; Caspase-1; FMRLES-1; IL-18: BN E 18; IL-18: BHAENE 18; PKR: EBK
BUES R; ZBP1: Z-DNA 55 H 1; ROS: JHIESR; 1AV: FEUREES; Ptdinsd P: BSFABEESERANES 4-BEER; NEK7: BLORER A BXHES 7;

Ox-mtDNA: ELHILEHI{R DNA; C5aR2: #MA C5a

K 2; Pannexinl: MEZIEIZEH 1; ATP: ARIEMIZE = BEER.

2 NLRP3 ZAE/IMARYAENLH

Figure 2 Activation mechanism of NLRP3 inflammasome

3 NLRP3 RIE/NMESE s B x4

fii>8 E mE 4l B (alveolar macrophage, AM) . A%
SE LA, R L4HRE R A E L R 4RRTE Sio,
B1ER T, REIZEMBUE NLRP3 K FE/ME, &My
fipy & B2, AM B9 NLRP3 RIE/NMESELE S
5wy ph# R, AM 81T 40 i R T 5 (4 F0 A FB & B2
IRAIBERRL, B8 & K Sio, IR, MTS|E
AEEB G, &GS NRP3 K E/NMEWBE, It
4hs NLRP3 RIE/NATEAZ S E ERARP 277
7™, sio, EAF AL SE L R4HM S 3 NLRP3 K
SE/ MR EEF Caspase-1 BUEMN L HFMIELHIRR
NESHE, BB TWRETHNITEUNERY,

S 98, Cassel FEPE NLRP3 A SE/ AR Bl ST 4 1L BY B
KPR sio, Al iESEMMAM=EFTESR, €1
Caspase-1 BYBE LA X BE/E BY IL-1B8 FEIRH B INE Ak
MM D BRIF. XE X R E LR A I
B FRARNRESS TR, H BRME 1 B
R ARRERIRE KFILE 4 B R M E BRHEZ —%

4 NLRP3 RIE/NMEE5F7 LT Ai4A LR Y5 {5
LIE =t

NLRP3 RE/NMAREIZ(E R AR E F 577, Hi8
HEWNH RAERN. 4R T AR ET{EHY
I REA B, ES 5 LS AR MR H TG HE
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FRRSIB AT MR T

JE4 S (reactive oxygen species, ROS) Fl1 &1L
BB N2 sio, BEFR A £ E A & ™, Hk
A\ Sio, BhiEY, B AM B, MTIEE rROS BYFE
o ROS RIYEN Si0, BB /G NLRP3 RIEMECERIHIIA
=5, BUE NLRP3 K FE/NMAFETIE S WK,
SN HE AN STIERR, SEHARE
FERS W, IRT LEEFZREVIAT, S
AT AERRE AN AR M E BIRIE N, SR S BT P EX
BIBH B4R 1A, th4h, Caspase-1 & NLRP3 A SiE/MARY
MNER, (RHFA IL-18 723, #HIEFIEHEN
4 KA F B(transforming growth factor-B, TGF-B) £ o
ArsgE g IE | EKE. BRI E K. DNA
[FRENEERMAINER TGFp1 M ENFEFERK. B
B ZRIESE TGF-B1/Smad(drosophila mothers against de-
capentaplegic) F1#% A F £2 #8X[AF 2(nuclear factor
E2 related factor 2, Nrf2) (S S @& z @ BB &R ™, 2@
AT T AR LT 4 40 B B9 Y8 58 3 D053 7 B 47 44 1k 5
1209 Nrf2 BB IS EWRIBR R, TAE1E TGF-B1 T
SHRALNIER. BHRAKEE, B8 1A EAKX
Rz —, EBENS R EUHERS, B
T ETITE NLRP3 RAE/NMETEWWEIFE LB LK B8R
UM TGF-B1/Smad S REXR L, BUE Nrf2 #EXT
AHES, RERMK sio, BEFESHARMLNIE, MM
AR Si0, IE S HIMLT L,

BUE NLRP3 RIEE/MABEM A S B RIEER B1
(high mobility group box-1, HMGB1) 73 /A (TR EE =
HAiBl HMGB1 LARI A4 9 F MABAE R o HMGB1
ERN—MIAEXIER D F, THREARIRNZES
TLR-4 £58, TLR4/BEHF 73K EF(myeloid differentiation
factor 88, MyD88) /NF-kB 15 = H{E MyD88 #1 NF-kB £
EZ EWAE, NTTSEAE S RERK, I,
NF-kB 5 S B AN SREEENEK, (EHHEIFE
[l F(tumor necrosis factor-a, TNF-a)« IL-1B« TGF-B &
MR FIER, SEETRERGS, LuE RIS
EFEMEEFEHTED TLR-4/MyD88/NF-kB IRZ N
1 Si0, IEFHY NLRP3 RFE/NMEBUER IL-18 FRIER
FH o-FEBAANEIE BT W, MTEE RIER M.

RETEW R BAIEARY AM BT Bl IERR R TER
Rz AR B IR BRI (n 4R, MITIR SR RERVE R

MER R EE, T E/M AM ARAT-SRE S K,
NLRP3 R E/IMATEAM A T A IEIER™, B4k
BT NLRP3 RFE/NEN SBRAI R HEAEXAEE T,
H—FIHBERMABIEEMSE, MERX MR, 11
IREG AT 4 U HF2, Sio, ESAMBATMNE AT W
FKINT: & sio, AR, 74 mtROS iEFF NLRP3
RAENMEREL, BB T EBACEREF-1, #ME
&f) Caspase 2R EL 2 N, B{7&E Caspase-3, IRIAERARE —
BARRIZIER A EE, M —2 S5 DNA Mr R (4RAT /Y
BFAE) % ItEA, TNF-a #IA R B R B2 B £
FRER, INF-a BIBCEINE T AM BT, AT, TNF-a
L REL NF-«B 15 S B E& T & NLRP3 BRIX, LLHISS
Sio, EMEEAS I EMNAIIAT ., TNF-o BT RZAE
H7T5 NLRP3-Caspase-1-ASC E &¥IRIFZ AL, {€3F Pro-
IL-1B FERR IL-1B5% 1L-18 RN ANES R IER N, A
T AM AT, B RREA, M7 R EES1E T BUE NLRP3
E=E LIABR UYL XES 2(superoxide dismu-
tase 2, SOD2) EEMIREX, MT{EHAERHLALR (8] 78 R
TFHRRRIILTE", AeRh4E4R 87 BT 4ARE o PR 4R Ml
AT SRR EXEANRIAKE, B/ ERTY,
i EMRIF A ER,

NLRP3 RJE/IMARYBUERIES Caspase-1 R HIAY
SERMRIET, MIEEZFFLER(Gasdermin-D, GSDMD)
2 Caspase-1 BB AKEY™. GSDMD EASEM R
Eif Gasdermin-N #1 #2 & I Gasdermin-C 45 ¥4 13 #
Caspase-1 YIEI9FF, HmMBEHEEN R ESME
TEMRNSEIRF R, GSDMD-NT BRH 5 EERFK
RN OMIES S, BSRE LM TL, =&
FERERE, BREXAREFMERREY,
BHRRIESL, ] sio, FiESH AM RE, SHA
ES RN R IR, (€13 Caspase-1 45 Pro-IL-1B VI EI A% BX
AR IL-18, NI SHRET A EY, RAME
PSR &I NLRP3 AE/MAHN 751 MCCos0 & FE 1
NLRP3 B RIFRIX, /D Caspase-1 FN B B BUE, {1H
RIESTFT IL-1B A 1L-18 FRIX, R FFAN TGF-B1 BIE A,
MmEEEIITARR A T RIER.

2%, WitkIB R 2 X BRFERN AH D ER,
ITFF 3K, NLRP3 ZE/IMAXTBY fi & BHAZHIRIMER
K, HINEE I NLRP3 2 E/MARYEUE, B
TR X BY(E S8, MTTRpE ERR N R KIE
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