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FERAMEZE RIS, A 5 2 Rh e e 2
MUAT 75 S AR DGR R s AR Ak, I — RN
AT 5 PR R e s -, 5 AR 1 7 AR
Foruh, NI A SRR E LS. AR
(interleukin, IL) -1 — B #%IA A& SAE 71y
AT, TE SRV TS FSERE 75 v A B A
Mo BAUESERM, IL-1B 7E 40 M N 7™ A= JF Rk LA
PATAEY 2 hRe, BAOABRYREZNE SRR
e, H LRI R RO T R MR b R R
(cysteine aspartic acid specific protease, caspase)
K BRI, TEIEHEAMIH, caspase e #] 3 TE T
TEVER B EOIRS T G, HADIHEIEME A e k%
Hoise. HATAy, i 4000 RT3 2 v MA
SR d1%% . WMk, FRfilE pro-caspase-1 [ IS Al
Fifi Ji B9 pro-1L-1B/pro-IL-18 447 | pZ A4k, B
WA ARG IL-1B/1L-18, 22|40
WIS, 5 40 R AR B AR B AR
H—NRAFEEGVESHTVE, RIS
HAZ R T CEE S T (apoptosis-
associated speck-like protein containing a CARD,
ASC) FIEHT{A pro-caspase-1 414 M AL 48 PE/IMA
ZHREAFES VL, UBROREHZ2
(absent in melanoma, AIM2) MACE) AIM2 HE5Z
& (AIM2-like receptor, ALRs) & #1 4t AU fY
NLRP3 ZJi% . AIM2 =% 5 20 g A (19 B 5% DNA A
HAERT, TR0 4 M 5N B4 B DNA FIAH T
NLRP3 W 5= S5 22 g S A4 A A2 B8 A A 6 475
S BEAh, A IRAEFK RNA FIZERL /R DNA ] 7
S NLRP3 2t/ MATEAL . HATE A Z i,
MG K E O R E  (vesicular stomatitis virus,
VSV) . MWL #E (encephalomyocarditis virus,
EMCV) . WU i& & 95 ¢ (respiratory syncytial
virus, RSV) . WA KM EE (hepatitis C virus,
HCV). HAMG%)%%E: (Japanese encephalitis virus,
JEV) . B B 5 0 W25 5 IEJS # (porcine
reproductive and respiratory syndrome
PRRSV) . % #j5# (Dengue virus, DENV),
4l #E 1 (herpes simplex virus-1, HSV-1), 7§
Je B 7 (West Nile virus, WNV) . FRZ %5 5
(measles virus, MV) . #F KX J5 8 (rabies virus,
RV). %8 71 (enterovirus 71, EV71) . #rilsE
JH7E (newcastle disease virus, NDV) ., BN EE

virus,

(foot-and-mouth disease virus, FMDV) . ZEF¥5 5
(Zika virus, ZIKV) #1 SARS-CoV, # 1] 5] &
NLRP3 R P /M4 e sl s, 75 5 IL-18 LA A
ﬁ% [6, 9-]8]0

2 NLRP3#% MM

NLRP3 2 W58 i) 2 R MEIMEZ —, TEdT
S5 B 7 1H FN A S A RE B W kR AR T
NLRP3 & I 7ERE R AL rh s 2RIk, W 330 4k,
M4 A B A RE 7 C B R B AMIN B, CBt
THFEEREAREL)TS), FEATTGPEEEA
RESERAF S, TE R B — AR 1 454 5
NACHT, 4¢3 NOD 3 {& (NOD-like receptor,
NLR) MyZER k. N B 455 (pyrin
domain, PYD) FMt K & 1 il 315 55 4R 45 14 Bk
(caspase activation and recruitment domain, CARD)
SO I N, R HEAR RN AT SR AR A
T FIHE . ASCE MY ZE AT, EFEN
BPYD F1 C Bt CARD Wi [ Y S5 K38, 4351 %F
1% NLRP3 f] PYD #ll pro-caspase-1 fY) CARD, k%
MG BC R A ER, NFREECAE 1. NLRP3 i
i PYD-PYD MHEAE IS ASCZ5 1y, KIS ASCAED)
CARD-CARD #{ H 1 FIZ£4E pro-caspase-1, M MifiE
P caspase-1 1) R AL FILNG , JE I NLRP3/ASC/
pro-caspase-1 K7r FZHEHREGY), NP N
NLRP3 RAE/AIMEE A " T2k iR A A9 NLRP3
M 2B s R, 2@ R E R 74 (leucine-
rich repeat, LRR) -LRR Z5HJ2H%& Al “ FRMRXFR”
o IR SEK, T NACHT S5 3R /0 5 H A 45
A EAER, H PYD Z5 i gk e e,
IR T B 1 NLRP3 B AMEIE 2,

A ECIRAS R, NLRP3 4P/ MA 4 4% Fh 21
I FE IR IAL TR, HA TR SO IR
AT A RIS . A WA R, NLRP3 R4/
IRBBOE BAEEMA AR B (K1), 5
R BB B, A 40 BN R PR 3 e 93T
Toll #:3Z{& (Toll-like receptors, TLRs) zf g IR
JEINF o (tumor necrosis factor-o,, TNF-0) {5518
R AT S DR T 4 pro-TL-1B 1Y 72 A i 4 /A 4%
RS ERIE . 20 (BUERTED) , TEAFI AT
RFRIBECT, 15 E 906 NLRP3 R HE/IMA, 15506
P8 I caspase-1 #9774z, e AR HE TL-18 [ A
5 o [R) B3G9 caspase-1 3 AT 44 224 A AR
WREMD (gasdermin D, GSDMD) Ihifig, 78
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Fig.1 The mechanisms of NLRP3 inflammasome activation
Bl NLRP3ZME/MKEEHLH

ZIEAR . JRBIEL, AR RS P B P U0 TLRs SR SR B 732445 (tumor necrosis factor receptor, TNFR) Z5{F i@, 77
RVED 77 A R P AMA R FUBTAS A5y B3R 5 WG BT Be, AIMIAE A RN AN RIS R, STENLRPIR M/ IMA, 5 59 P 2K 1 @ caspase-1
MF=i, RZARIL-18, TL-18%F S PEP T WU R Sy s . AELBIRAE : caspase-4/5/1 LTI NLRP3 Stk /IMAC, AR3E 5 VE R T 1 B DI A
PAMPs: i LA 43 F 1530 (pathogen-associated molecular patterns) ; IL: [F14~% (interleukin) ; LPS: JEZH## (lipopolysaccharides) ;
TNF: MR IRPERF (tumor necrosis factor) ; TLR: TollfE3Z{& (Toll-like receptor); RLR: RIG-IFE3Z{A (RIG-I like receptors); ATP:
W2 Bk 11 (adenosine triphosphate) ; caspase: Mt K #& H if (cysteine aspartic acid specific protease) ; ROS: {14425 (reactive oxygen
species) ; NF-kB: #[HF«B (nuclear factor kappa B); CARD: Wt K5 H BTG SE4E 45 F4 (caspase activation and recruitment domain) ;
ASC: JHT- MBS FEE AT (apoptosis-associated speck-like protein containing a CARD); NLRP3: #ZHRES A L5 E &= dRE L F
B & SR (1 25 F938 32 /K3 (nucleotide-binding domain leucine-rich repeat and pyrin domain-containing receptor 3); LRR: & &4 &k & 7
% (leucine-rich repeat); PYD: #1453 (pyrin domain); GSDMs: SAKBFiHE 1 (gasdermins).
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BT

AR LS, SZARHE T NLRP3 ] K R3] 58
SEfRS, 5% ASC, J5 pro-caspase-1 JE WA IE R
G, M — RIS SN, JE 3 K s
o B A E ) 22 R RIS AV IMA O, AR
e EA N AN ES R | SE R fE 3 40 i AE AR
W EAZ/EAF NLRP3 RUME/IMAL 7355 (K2).

B IO AY S S L O Sy /Sy L I N A
B R AR EEARME, AR R . K
. Ca¥ B 0155, AIFGTIRGE, R T RS M2
AN E N T RN, SUEBGE AN, SR H
SME, SEEMMMOA R R B R A, TS S
NLRP3 RAE/MATEL 225 FMDV 4ififh (1) 2B £ 11 7]
A AR AR O B, BT LT DiEE, TERRL
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Fig.2 Various viruses could activate the NLRP3 inflammasome
E2 ZMHEEHENLRP3ISME/NME

EV71. ZIKV, HCV. DENV, VSV, SARS-CoV. MAYV. EMCV. fili&#i# (Sendai virus, SeV) it/ i i ROSIK M i 12 T i
NLRP3RM/IMEE B o IR 8 vl BE IR A, AR5 5 41 208 (I BB IS NLRP3 %6 P4 /MA . SARS-CoV E. EMCV 2B, HRV 2B,
DENV NS2AFINS2BZ [l i Ca” HA 5 FNLRP3 A Mk /IMASHHG , MIFMDYV 2B, SARS-CoV 3A. RSV SHAI M2 IR K 452 A ol 5 /R 5k
[ 28 BOFNLRP3 AP /MA . IL: A E (interleukin) ; P2X7R: IEIAHE2X7524K (purinergic 2X7 receptor); ATP: =#ifRli1F (adenosine
triphosphate) ; caspase: JERZE M (cysteine aspartic acid specific protease); ROS: fi1H%AJE (reactive oxygen species); CARD: MREH
it 84 TG S5 42 25 #4938, (caspase activation and recruitment domain) ; LRR: & =& MR E E ¥4 (leucine-rich repeat) ; PYD: #AZE [ 4544k
(pyrin domain); GSDMs: i it 1 (gasdermins); MAVS: ZRRI{APIH B 5E1 (mitochondrial antiviral signaling protein); EV71:
%871 (enterovirus 71); ZIKV: ZERKHG1E (Zika virus); HCV: HNEIAFHMETE (hepatitis C virus); DENV: ZHGE: (Dengue virus) ;
VSV: K HE T R 58 (vesicular stomatitis virus) ; SARS-CoV: ™ 21k W I £5 45 ik 5 Ik 75 2 (severe acute respiratory syndrome
coronavirus) ; MAYV: DhHEZ 58 (Mayaro virus); EMCV: X0 LK 5 (encephalomyocarditis virus) ; HRV: AZEEJKE (human
rhinovirus) ; SeV: fllif54%# (Sendai virus); FMDV: I1EiRE)%# (foot-and-mouth disease virus) ; RSV: FEIIE & i)k (respiratory
syncytial virus); NS: JEZ5#) (non-structure) .

K23 L, 55 NLRP3 4 /MBI S IL-1B B
BT VSV IR B A ik R P ol & KA, T
g EAIAE . PR IIRERUE , TS NLRP3 480E
ME, PR R KRR PV, EMCV AMYAT
fill % KAMHE, i8] T U @ R SRR Car ik B 1Y
BT 3 15 NLRP3 4 14 /)y 44 41 3% #1005 o SARS-
CoV-2 ] 38 i< FF i [ 32 HE 3a (open reading frame
3a, ORF3a) Zifilh Y8 (H i caspase-1 fill /& K
BN, RS G A B 2R TE i 2R BB JE i Ca™id
B, PR TUREE AT, 155 NLRP3 SSAE /IMATH
i ', DENV-2 B4 K2 H: 95 i% /Y AE 45 44 (non-

structure, NS) £& [ 2A 1 NS2B 1] 15 55 NLRP3
RAENEE R, AR IL-1p WA, JHEH S
Ca” gl U UIAH I 20 Beah, A HG /N IR
B . EMCV. HRV 7£ PN 9 2 B 5t o] 38 12 4H B
B R LA (15 R R Ca? i ik BE Ay, AT fih
& NLRP3 RYE/IMATE L . 28 Lk, B 1k
5 2 NLRP3 5 P/ MAC IR 975 T IR e 1) BE 2R A4
32 HmEEHApmetERiE

WA & B, 045 SeV, VSV FIDENV 7£
17 2 RNA P 8518 L 175 5 NLRP3 52 /IMA BT |
(] ) P A SRR 7, H s SR AR D) BE B A5
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NLRP3 R PE/MEFTE A . DENV-2 J@& YLt i
NS2A 1] B AR A3 1T RE K ) S A A% S o7
DL RS R AR AL, AT A2 32E NLRP3 #AE /MA 9 34
W, M AT M TS 96 B (porcine epidemic
diarrhea virus, PEDV) EYLSE 7 I R 40 g vl 2L
2 B K DNA B il Fl NLRP3 48 1 /N R 38006 A &
IL-1B 40 ™ B TE AN 4 PB1-F2 8 H &
N ELRARNIE, TR A, 0]
RIPK2 if5 2 bifA [ W, A7 200 i 2 P/ IMAR LS
By 1k 3k B A0 e i ) & AR BT IR HL, KEWESE
N, RAYRERE ST, EARCEIRET . SRS,
AT E SR ROS AL, TG H 7EAE i NLRP3 %k
AINROTE R R S A s 2
(lipopolysaccharides, LPS) I ATP I [a] 4 H 1 nf
gk TIRE R0, 55 ROS ™=/, #I% NLRP3
Gk VA, T BB ROS A 7= A= T 45 R4 R 2 Jak
YU IL-1p FRIAIKF 280 Z5 iR, RE i
7E NLRP3 S L/ MAEE o A5 A EH]
3.3 EH#EERTNLRP3XM/MEAS
JeripEgE KW, V2 A fE T
NLRP3 4 14 /N AR B 43 oK 52 M) 5 1 /N AR 19 37
FMDV L5 NLRP3 f) NACHT F1 LRR %5 #4 38 #H H.
YEA, f2iE NLRP3-ASC 2H 2% 313876 NLRP3 48P/
K17, EV71 45 5 9 3D 2 A B % 5 NLRP3 1y
NACHT F1 LRR 45 #) 5AH 5. /E F, 2078 NLRP3,
ASC 01 pro-caspase-1 {9 MV 4l fifg 53 4ii , J& B¥ 3D-
NLRP3-ASC #2544 , A3k 2 M /MATE L >, [F]
FE, ZIKV Zifih i) NS5 8 (1] 45454 NLRP3 2 [
B RME/IMEE SR A1, e P NS5-NLRP3-
ASCIE I, B ZARHE IL-1B LRI 4006 00, SR
DENV [ NS5 8 A ZUMEH, (HHREEAM
Al 5 NLRP3 & 1456, Mk ASC 5 LA NLRP3
SN /IMAL %E R g B A, A B PR SARS-
CoV B ORF3a ] 5 ASCHI EAEH , {2dEBE S RL,
P54 NLRP3 R/ IMATEAL *, [AI#E, SARS-CoV-2
A fish 52 9 M/ IMAAR PR TL-1p BECAIAE T, FEH R
RIAEF 45 19 N &5 B 35 NLRP3 8 H A B AE
., AR R M /MARZERE B SR, FLHLEI A
Wit PR

4 FREBAIINLRPI& M /IMEHTE 0 515
i

NLRP3 5 M /IMARAE Sy 56 K A 8 1 28 1) T B %
B, IREHE R RE RGP A S

T8 BN HIACRIPLEIAHTET, FB ettt
Ak H A% A SR S R T 15 NLRP3 48 Pk /MASE , LAk
wEE RN (K3)
4.1 FEFHNLRPIZEZNINEARIERE

NLRP3 {7 2 fbFEE 1 5T F £ J& NLRP3 &P/
PRV B OB BL] , P EVTL 46519 2A 1
3CHE ABE T4 S E DI B NLRP3 2 1, B2 PR/
AL FG 4 ), [FAE, 3C 8 L D)
GSDMs 75 A AR AL S0, 0056 40 A 7 9 0k ke
GepE N Y. FEN IR (Seneca valley virus,
SVV) izt 3C &5 1 A ) NLRP3 i 48 1/ IMAit
1%, P& caspase-1 FIIL-1p #3A ', ZIKV 224
Mz 15 [ NS3 I B #:4F 11T NLRP3, 410 il o8
% P, TAV 1Y NS1 AT 48 5515 3 5927 = AL USPS,
DIV E| caspase-1 1922 592 28k, DI il 25 (1 1
IRREAR, TR HINT B9 NS (A C il ASCiZ &
Ak 2E 1717 BH BT NLRP3 48 M AR A~ 3 09 TL-18 A= il 7
AN, HPIV 3 A1 C 8 H rlid i 5 NLRP3 A HAEH
PEHEHZ 24k, dEmiA 1R A AR 2
4.2 HPHINLRP3K 4/NMER B FHE

MR, SeV it (1) V £ 7] 5 NLRP3 &
1A B AR 30 ASC 548, BH 1k NLRP3 4K i P
ASCEHE AL, IR NLRP3 /3 T AHEAEH, M
TG g P /MATLE 2 UBYR A PB1-F2 2 1
W 2 5 NLRP3 A (45 G, B H: 5 H A a5 6 43
TR, IR AIMERR ARG L, (et
ki 01, MV IIRERS 2 A5 NS 25 1 BL% 5 NLRP3 &
HER, BEARRME/AIMAROE, HEbrfeRasE
T AT 4R GE , AE N AE IR W B (African swine
fever virus, ASFV) BE n] Z& % H240R & H 5
NLRP3 A EARE SR ), dnlid i 2 5
F IR 5 MGF505-7R 2 5 IKK & A YA H AR
I ¥ ) NLRP3 48 PR /A HE 1 400 1] IL-1B 4338
[@ £, SARS-CoV-2 () NSP1 I NSP13 & [ 7] T i
NLRP3 % /MR 4143 M IL-1B S5 ik, T4
RMEAMEBGE . B4, NLRP3 5 ARt ER 75
(human parainfluenza virus, HPIV) 3C AUEE H 4
HAE I RIREREBH 1k 2 P /AR B Fgd Y, ax sk
UEHEF B, w nT 38 Ao AR 1 R R R
PUNLRP3 %P /IMA Y 21 25 FIRT , ATk ahe f s
G RIRBH B
4.3 FIENLRPIZMHE/IME RIS TN BE

W23, EVT13CEARAERERT
BHLIE M/ IMAH TG AL, 38 AT ) gt/ IMA Y 3%
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Fig. 3 Viral immune evasion strategies by targeting the NLRP3 inflammasome
B3 SRINLRP3S M/ ME 5 55 5 2 itk 5% i

IL: F4 % (interleukin); caspase: [t K ZE Il (cysteine aspartic acid specific protease) ; CARD: bt KA [ 15 SR 42 45 /9 3 (caspase
activation and recruitment domain); LRR: & &= &FREEITH] (leucine-rich repeat); PYD: #E 45K (pyrin domain); GSDMs: K&
i M (gasdermins) ; EV71: %871 (enterovirus 71); HPIV: AE|HERE: (human parainfluenza virus) ; SVV: & NI K 7
(Seneca valley virus) ; TAV: FIHIJ AR EE (influenza A virus); SeV: fli5%2 (Sendai virus); MV: BIZHH# (measles virus); SARS-
CoV-2: % 2 MEIEW 25 A 4E 7 IR &2 (severe acute respiratory syndrome coronavirus-2) ; ASFV: JEMM IR 7 (African swine fever
virus); ZIKV: ZE-F9%55: (Zika virus); NS: FEZ5H (non-structure) &,

A%V KT GSDMD 4 58 (7 15 B B SRR R Ak, 77 A=

5 NLRP3ZE/IMEITHREE S0
Sy, TR AT R L R R MEXHREE HIRIR A

T MY NS 2 1 )l 5 NLRP3 AH BAE A, BH R
NLRP3 (1) [ 35 R AL s il G 4k, 9 IL-18
Gy WA Sy — T, 1% 7 AT 3E 2o BH T NS
N ASC B BRI A, DA BEL 1k 28 PR/ IMAC 2
%o EPLETIT - K% 8  (Epstein-Barr virus,
EBV) 1 miR-BART15 Wi i:f ¢ 55 14 4 [1] NLRP3
% 1 3" UTR 9 miR-223 £5 & 07 5, AT 410 il
NLRP3 A 30E 7o M 2 AT 38 5o 310 1) 448 2 4% 28,
4 PKR 3 #1ll il NLRP3 #¢ 1 4 38 06 0 b 4h,
SARS-CoV-27#8/r NSH 1 (NSP1FINSP13), Al
il caspase-1 1 4 T4 NLRP3 AY0G 4, KA Al K
RIT R TE R

51 HMFRSEH

T X R L I, NLRP3 48 P/ MA B 7T
TP G bR e, XTI SR A
Mo IR, HAEPYEFE (rift valley fever virus,
RVFV) JBZ%/N S TGS NLRP3 R/ IMA S A
RAD R EEE W, W PR RGBS S, [
FE, WNV RGN U 5256 I Z2 21 1 25U
S 50 EVTLHE S Tl 2A TR A 3C A
it 1) E)FIHEHT NLRP3 98 PR/ IMA T (19 R W, 3k A
5 PR A A A AR T, DA S 5 A T
SEPLOR P B AR TR Y H AR B2, ASFV L
FIRIESE Fp & B0, Bk 2 H240R 3 (X AT DL A %503 5
NLRP3 /- F Y RAE N, BRI BRI EE T, DS
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X e E IR (specific pathogen free, SPF) J&H)
R 2, W4 MGF505-7R 2 [ (1) 8 4] ASFV
BERAL 2 BRSO B0, #1275 NLRP3 4
S SAE SN AE ASFV B ) 45 EEAE
52 RFKRSEH
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Abstract The inflammatory response is the foundation and a critical component of innate immunity. It serves as
a vital defense mechanism, enabling the body to rapidly recognize and resist the invasion of foreign pathogenic
microorganisms through a spontaneous immune reaction. Through pattern recognition receptors (PRRs), the host
can effectively identify pathogen-associated molecular patterns (PAMPs) from microbes like bacteria and viruses,
as well as damage-associated molecular patterns (DAMPs) released by injured cells. This allows for swift
identification and resistance against pathogenic invasions, fulfilling a cellular surveillance function. As one of the
most important protein complexes in innate immunity, the NLRP3 inflammasome—a large multi-protein complex
—is among the most extensively studied inflammasomes. It assembles in response to pathogenic invasion or other
danger signals and is crucial for the processing and release of pro-inflammatory mediators. This process helps the
body distinguish between “self” and “non-self” and plays a significant role in both inflammatory and antiviral
responses, thereby maintaining the host’s internal homeostasis. However, under certain conditions, immune
regulation can become dysregulated, leading to an inflammatory response that is either too weak or too strong.
This imbalance between pro-inflammatory and anti-inflammatory states can ultimately result in disease and tissue
damage. Notably, not all viral infections activate the inflammasome. The activation mechanism of the NLRP3
inflammasome remains unclear and is even a subject of debate. On one hand, viruses are recognized by the host’s
innate immune system, which can activate the NLRP3 inflammasome to mobilize immune and inflammatory
responses for antiviral defense. Upon viral infection, the host receptor protein NLRP3 recognizes inflammatory
signals, recruits the adapter protein ASC, and forms an inflammasome complex with pro-caspase-1. This triggers
a cascade of activation events that initiate the innate immune response. Strategies involved in this process include
altering intracellular and extracellular ion concentrations, affecting host cell energy metabolism, and directly
interacting with components of the NLRP3 inflammasome to regulate its activation. On the other hand, viruses
have evolved multiple strategies to inhibit NLRP3 inflammasome activation and evade immune responses. These
include regulating NLRP3 ubiquitination and degradation, inhibiting the assembly and activation of the NLRP3
inflammasome, and modulating its effector functions. Furthermore, while NLRP3 inflammasome activation upon
viral infection helps clear the virus and is crucial for antiviral defense, viruses can also evade this immune
mechanism to facilitate their own replication and proliferation. A deeper understanding of the interplay between
inflammasome activation and viral replication will contribute to the precise and effective prevention and treatment
of currently incurable viral diseases. Therefore, this article will focus on the complex interactions between viral
infection and the NLRP3 inflammasome. It will review recent advances in understanding virus-induced NLRP3
inflammasome activation and the immune evasion strategies viruses employ by modulating NLRP3
inflammasome activity, with the ultimate goal of fundamentally controlling viral replication in the host. In-depth
research in this area will not only enhance our understanding of viral pathogenesis but also provide new strategies

for clinical antiviral therapy and drug development.
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