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domain leucine-rich repeat and pyrin domain-containing receptor
3 inflammasome activation
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Abstract: The nucleotide-binding domain leucine-rich repeat and pyrin domain-containing
receptor 3 (NLRP3) inflammasome, a crucial element of innate immunity, plays a pivotal role in
immune responses and disease pathogenesis. Dysregulated activation of the NLRP3 inflammasome
is strongly linked to the onset of various diseases. Recent studies have demonstrated that the
Lactobacillaceae can exert anti-inflammatory effects by regulating the NLRP3 inflammasome
activity. Therefore, this review outlines the anti-inflammatory mechanisms by which the
Lactobacillaceae regulate the NLRP3 inflammasome activity both directly and indirectly.
Additionally, we discuss the roles of specific strains, such as Lactiplantibacillus plantarum,
Lacticaseibacillus casei, and Lacticaseibacillus rhamnosus, in intestinal inflammatory diseases,
hepatic disorders, neurodegenerative diseases, and metabolic/immune-related conditions. This
review aims to lay a foundation for an in-depth investigation of the precise mechanisms underlying
the Lactobacillaceae-mediated regulation of the NLRP3 inflammasome and provides novel
therapeutic strategies for inflammatory diseases.

Keywords: Lactobacillaceae; nucleotide-binding domain leucine-rich repeat and pyrin domain-
containing receptor 3 (NLRP3); inhibition; activation; inflammation
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Figure 1  Activation mechanisms of cell pyroptosis. PAMP: Pathogen-associated molecular pattern, DAMP:
Damage-associated molecular pattern; LPS: Lipopolysaccharide; NLRP3: Nucleotide-binding domain leucine-
rich repeat and pyrin domain-containing receptor 3; NLRC4: NOD-like receptor C4; AIM2: Absent in melanoma
2; ASC: Apoptosis-associated speck-like protein containing a CARD; ROS: Reactive oxygen species; NF-«kB:
Nuclear factor kappa B; GSDMA: Gasdermin A; GSDMB: Gasdermin B; GSDMC: Gasdermin C; GSDMD:
Gasdermin D; GSDME: Gasdermin E; N-GSDMD: GSDMD N-terminal domain; TLR4: Toll-like receptor 4;
FADD: Fas-associated protein with death domain; MyD88: Myeloid differentiation primary response protein 88;
TRIF: TIR domain-containing adapter protein-inducing IFN- 3; RIPK1: Receptor-interacting serine/threonine-
protein kinase 1; IL-1p: interleukin-1pB; IL-18: interleukin-18. The same below.
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312, T REFLESFFEE ATCC 393 K HARISH "
Iz 18 %% &R A SR IA, 4 NLRP3-
(Caspase-1)/IL-1p 55 B 22 /i DSS 5309/ R
L5l 9B i LB AT R GR-1 T3 3 R 4
Y R B % 4% ZO-1 Al Occludin 8%, HiE
0 )RR 2E SR TR S 0 2R FLIR b R A0
NLRP3 i54L2,

4 FUATHE AW R B R R
A v iy B

41 FFEREMRR

NLRP3 iz & i 5% 2 R 3Ot BG4k,
AR FF IL-1B 4502 & 7Rk, e iz i 4
FEM, FURT BRI BR 8 L B P ] NLRP3 A
NS A 15 97 PR 45 B 98 RBP4 v R R

SCFAs/ZKiIAR [ WE/NLRP3 155 4 /0 il 15t 7
PEZE B & b R A Al T 29 b G ELAT
L3531 #0741 ] TLR4/NF-kB/NLRP3 {55 98k [z
WL, ARG BRGSO b K B R it
B3, AN, LA BRI AT B ) B S A SR s i 4
il NLRP3 48 4 /A6 Ak o & 1 790 SLAT T
(Levilactobacillus brevis) 23017 W& ¥ 46 FR 1%
Nrf2/IfiL 21 25 i %80 B -1 (heme oxygenase-1, HO-1)
T, A NLRP3 JAE/IMAS, AT Ji e 7 1 454
P34, mERRFLAT B HSCC LA042 B4 25 5 7
i = H P EHLEGE DSS 175 S0/ NREE A K -
Pl NLRP3 44 /MATE Ak, FHIT Caspase-1 il
GSDMD 574 ; YKE il e Foc vt &0
SER D BOR B (AR A TG R -5 5 T R)
I3 I 25 R Can B T 2 PGB ) ) 2
I, PERRFLAT I . 25 FC LA TR AR A R
FUFF T AT 5 22 4 s 45 NLRP3 RAE/IMA B2 H:
FUHE R T HUE SE
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NLRP3 RAE /M) 55 0 16 £5 RS ALY
JH5 5 ke 2 FEELVE . NLRP3 3 e 2867 R4
11555 ROS A pl, M3k IL-1B A1 IL-18 %542 48
PR R, R S RE B2 g AN 4R i AR 0, g
iR FLAT  KLDS 1.0738 A i A4 4 3 FAE 9 AL A
- KSFY06 7] Ff £ FH W NLRP3 48 JiF 9 Jk [z
J7, T8 fiff SR 5 4951224, g 1R 2L FF 7 KLDS
1.0738 & W Y &L 1 AT 42 FH W7 411 il NLRP3/
Caspase-1/IL-1B {554, 2 3 CCL % T
1P, 7 D= LR Z A S 1/ B
SERFB G, AP FLAE AT B KSFY06 1] T
Keapl. NLRP3. ASC. Caspase-1. NF-xB. IL-
18 LA K. MAPK 14 p38 %5 KAt/ T 3Rik, ME4%
il kD A AER BRZERE LR AT B GG i iR
THER-FXR 4l NLRP3 RAE/ME, ZEA
e 22175 T (R IR DO i - B o i 2 1 P
FIRYT H HAA B S R AR B R AR T R
T8 R A (FLAT B - AR -NLRP3 i, ANUd I
FARGEMETE AL, IO RE ] NLRP3 {55 2%,
BRIF LR ALY, SRy vk R A 6 97 SR A6 B i 8
AT, L, WERRFLFTE . AR FLREAT I
FER 2 HEZL T TR AT B8 ] NLRP3 45E/MA KA
K, T2/ YRR B A v J B S 2 R
FHYEM .
43 MMZIRITHER

NLRP3 #E /MR S 8 AT 18 41 28 98 RE X —
S 28R AT P I R A kR LA SR E
WIBT IR POHEER . WA AR . FEW . 2K
PEBEALAE . WLZE 45 023 B AL A0 Do 206 2502
FEAFURLAFT R DP189 FIHI| NLRP3 4 A /IMAFN
A, DD A A AR AR R o= 28 il A% 2R
RAE, MMk 1-HJE-4-2838-1,2,3,6- U A L IE
VS A 2B AT MR AR A LR AT B MA2
AR AR QAT NLRP3 58 J, /0 B R 2% 16 2R
RN P B-TE A RE 2 (TR0 AR A 320k
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B FL AT 18 (Ligilactobacillus murinus) CICC23140
AL/ A0 NLRP3 34095, R4 £ CLE g
#Zeoe, X3 AN ERRE BB LI NLRP3 RAE/I
AR R T REFLEEFT T SYF-08 #4735 IH I
M2 FXR-NLRP3 {55, WU/ hEE5 31
M RAEN, Ry I ZM G B A B T
TR B o CME FL M #F TR (Lactiplantibacillus
pentosus) S-PT84 F I Al NLRP3 #fi (1) 4H FFHL
i, JE R T 3 5 BIRC3, /b LPS
BRI ZITET, ZI R 5 NLRC4 485E
AN AR O A, A IR B2 I NLRP1 AN
NLRP4PY, Rt , HEYFUHAT A . B 3268k
FUFF TR 1 I 2L I AT B0 R OHE L AELAT T ) S 1)
Pl 228 5 e ARG 28 LR DG B, 7R A 4 AR08
Bif 7 o g B 25 b 22 3B AT M v R B T T
IBITHHE
4.4 Rt 5RERR

NLRP3 SAE/IMA b FE AR B0 23 i i TIL-
1B, IL-18 SR DA A i SR, Ik 2L i
PRI~ DL B 3 Wbl 5% 53 5 2R T 7 Ry B 5t
TX S G PR 1) i R R AT O S R S R AR
NEBABI RSS2 5 22 58 0 AH GBI 1Y s
PRGERE, WobERE . IERE . TR Bk ok AR A
b v i DA S v s R B R A TR
Al LA 20 i A T 5 AR E I R, AR L
1 FF B ATCC 8014 I il NLRP3/Caspase-1/
GSDMD i i, I/ m B AR Wi 1
Bl PR e 1ot N B A T, RIS AR IL-1B A
IL-18 A 530 , DT A 25 BELIBTT 2 S 50K B2 vy I+
B TAARO, i, INRFLFFE (Lactobacillus
gasseri) BCRC14619 i 1 £2 2 GAPDH 2& [ 1l il
FA BT AR PR TR NLRP3 RAE/MAS, M ITTA 2022
A RIR e SN i o B I o 3= R NP E g = K
WS AR AR T, A FLAE AT TR 45
WO S SH2 S5 My 30 1 T S R Wi R 1ty 2 168 4
il A O3, R TS e AR P Y NLRP3 3%
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RPN 2 FL  FT B KW3110 ) B i
NLRP3 RAE/NMAE, HELZE & Mg &5 5 1 FC 5+
HE, B RRE R CFLAT I CICC 6126 BEAS D
il EL W40 i NLRP3 {64k, el 00 LS i P
B, B O Y P BT
NX2-6 BARBEHE S R I 5 BRI L,
{E AR FAMLE A0 7 T BRAR ) Al A2 T8 R
MY FUREATE . MERFLAFR . SIS AL AT 1
% B R EG 2 VAL AT BN g R 3L AT TR AT
NLRP3 SAE/MASE Zd B, AEMEIRpE . O il
PRI . E AR S A A B R R IR YT
YEH-

5 ILATH A E #E NLRP3
IE/MEK

ZLFF 1 B 4 B % NLRP3 48 5 /MA 2 AT Hit
RARYE T, B A BF 5 8 os FUAT 5 R 40
AL TE NLRP3 S84 /IMA, T2 #F AR AE S
TEBE D fa v, TLR4ba A Y50 5250 2L B AT 3
GG 11y SpaC I E, Ji% Caspase-3/GSDMEa il
., ETHIE DR MEET, RATEE
VAP SR, K L I AT B A 40 A B 4R R
W (Lactobacillus casei cell wall extract, LCWE) /&
R 545 A TLR2 1 dE TLR4 3K 5 3h & 5 15
S0 s R FLAT I NCEM (O ISR BE R A1 S J2
B 14 AT IS LW 4 i TLR2 F1 NOD2 244, ik
ifi ¥ # NLRP3/NLRC4 48 4 /) A % 61,
TLR2 A9 #4175 a] fih % MyD88 K #fi i) NF-«B il
B%, ffi NLRP3. pro-IL-1B %5 4 4iF [N 1 i) 55 %
KA G2E E A YRR A AR Gk A 2
15 [ KT 7 (Lactobacillus delbrueckii) F1 il [,
FF B4 38 57 TLR2/NLR Be & 1E F 5 5 NLRP3 3%
TR SR, R O R R e N TR Bl
SS LR E, LCWE #F— 8 i i B R 42
fith & NLRP3 Y “¥#i% {5 5. LCWE n] # 15 &
20 i 7 W I 5 B RIS, A (KR B

x| L AR E G R, B AL SR B
fitf B &M, AI4UE A B 1E R —Fh i il
TR B, B4 A T NLRP3 2 5 ol g it
HEE Rk, IF5 ASC. Caspase-1 JE W 2 fig 7
RAE/NRE ARG BEA v B AR 4 8 AT
A3 I 40 2 1AM B ROS 72 A= 25 ML 1] 22 3%
% NLRP3. NLRP3 1Y ¥ I fx & & F 5
Caspase-1 [ H 37 U)i& Ak, 7 1M0KF pro-IL-1p
F1 pro-IL-18 Y FHIh i JE A . 75 LCWE i &
() 2P il A B A . NLRP3 366 A it 53 /)y i
(1 Bl 3B TL-1B 7K T BT 78 )1 085 g A5 A8 v
FIH LCWE 15 5 1 s R 2l ik 98 R A 98 1L-18 1Y
RGN, & BLHKH T NLRP3 R E /N 1 3%
T miR-223 Bl B4 /N B H 2% 2= % NLRP3 )
AR EE J1, 1E LCWE H3m 26 90 i o ™= o
Mm%, H IL-18 AKEF+E0Y,

6 SELHRZE

i 196 L A T RE Y 25 2 B M T i
FORE S B 2E 40U 4 I 5 A . AR TP T BA
UL AP R EZETT RE T B 45 A B 1) Ui 0 R S e Y
R RIT T X SR BRI R 9 A 2 E R
FLDREITO, o0 £ T A SR AR e rh R L
FA/E AT O NLRP3 S0/ MACR 4 i e
RGP e AR SCR G LR T LT
BRIRH R X NLRP3 JAE/IMAS A5 7 FH B HEAIL
WA E R (R 1) FUFF RN 1E — 2%
(25 AR TR, Am I ] NLRP3 S84 /M ) 56
43 F . T ROS FLRRIATIRE . JAF: (5 5 1m %
(41 NF-xB. AMPK . Nrf2 Z8)DA K i i = 1)
(U GABA. £ %) 5 18 B #F (8] 42 ¥ NLRP3
FIRRREPIRIEN .. HETHIR CAE B SAE |
JFA 00 . P 2R AT PRI 4 22 Tl S8 P 5 i A
R ISIE T ZLAT B RN B s A R E T,
TF & 3 F 25 AR B AR BT 20T IR HR AL T B iR
A
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Table 1

recent years

Outline of study on the regulatory effects of the Lactobacillaceae on NLRP3 inflammasome during

Strains Model Events References
Lactobacillus
acidophilus
ATCC 4356 DSS-induced UC in rats Increase SCFASs; inhibit NLRP3; promote autophagy  [45]
HSCC LA042 DSS-induced UC in mice Inhibit NLRP3 activation; block Caspase-1 and [47]
GSDMD cleavage; restore intestinal barrier integrity;
reconstruct the microbiota structure
KLDS 1.0738 CCly-induced chronic liver injury in mice  Block the NLRP3/Caspase-1/IL-1p signaling axis [49]
KBL409 Chronic kidney disease in mice Inhibit NF-kB nuclear translocation; reduce NLRP3 [27]
and IL-1p expression
NX2-6 High-fat diet in mice Improve hepatic energy metabolism via the FGF21/  [58]
AMPKo/PGC-10/NRF1 pathway
- Weaned piglets Increase occluding; decrease NLRP3, caspase-1, IL-  [41]
1B, and IL-18
Levilactobacillus
brevis
23017 Eimeria infection in chickens Activate Nrf2/HO-1; inhibit Ch'TLR15/NLRP3/IL-13 [46]
SYF-08 Pb-induced injury in young mice Inhibit FXR-NLRP3 [19]
ATCC 393 DSS-induced UC in mice Increase occludin, ZO-1, and claudin-1; reduce [34]
NLRP3, Caspase-1, IL-1, and IL-18
Lactobacillus Salmonella enterica serovar Typhimurium Block ASC oligomerization; directly inhibit the [36]
crispatus infection in mice assembly of the inflammasome; inhibit pyroptosis
7-4
Lactobacillus Ovalbumin and Dermatophagoides Block Caspase-3 cascade; inhibit NLRP3 [57]
gasseri pteronyssinus-induced atopic dermatitis in
BCRC14619 mice and THP1 cells
Lactobacillus DSS-induced UC in mice Increase TGF-B1; downregulate NLRP3 [39]
helveticus
LZ-R-5
Lactobacillus
johnsonii
L531 Salmonella enterica serovar Infantis model Regulate NLRC4/NLRP3/NF-kB signaling pathways; [25]
of piglet diarrhea inhibit mitochondrial damage
L531 Salmonella enterica serovar Typhimurium Inhibit TLR4, MyDS88, p-IkBa, p-p65, IL-6, IL-1, [29]
infection in IPEC-J2 cells IL-18, TNF-a, and NLRP3 inflammasome activation;
increase ZO-1, Occludin, and Claudin-1
- ETEC K88 infection in mice and bone Reduce intestinal inflammation; activate M2 [35]
marrow-derived macrophages from macrophages; inhibit NLRP3 activation
BALB/c mice
Ligilactobacillus ~ 6-OHDA-induced dopamin neuronal Inhibit NLRP3 activation; release pro-inflammatory  [53]
murinus damage in rats cytokine
CICC23140
Lactobacillus Inflammatory disorder in bone marrow- Inhibit NLRP3, AIM2, NLRC4, and Caspase-1 [20]
paracasei derived macrophages from BALB/c mice  activation and IL-1p secretion
KW3110
(174E)
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(E41)
Strains Model Events References
Lactiplantibacillus
plantarum
NC8 Type 1 diabetes in mice Inhibit NLRP3 [18]
DP189 MPTP-induced Parkinson’s disease in mice Activate Nrf2/ARE and PGC-1a signaling; inhibit [23]
NLRP3
45 LPS stimulation in MC3T3-E1 and Inhibit NOX4, P22, P47, IL-1p, NLRP3, IRF3, [24]
RAW264.7 cells RANK, B-catenin, and INF-
KSFY06 D-galactose/LPS-induced acute liver injury Downregulate Keapl, NLRP3, ASC, Caspase-1, NF-  [33]
in mice kB, IL-18, and MAPK1/p38; upregulate Nrf2, HO-1,
NQOI, IkB-a, and Trx
782058 CLNA-stimulated Caco-2 cells CLNA1 activates Caspase-1 to induce cell pyroptosis; [38]
CLNA2 activates Caspase-4/5 to induce cell
pyroptosis
MA2 D-galactose/AlCl3-induced Alzheimer's Alleviate intestinal mucosal damage; regulate TLR4/  [40]
disease in rats MYD88/NLRP3 signaling pathway to block the
activation microglia and neuroinflammation
ATCC 8014 Advanced glycation end products- Downregulate NLRP3 and Caspase-1 p20 [56]
stimulated human umbilical vein
endothelial cells
Lactiplantibacillus LPS-stimulated SH-SYS5Y cells Inhibit IL-1p, IL-18, cleaved Caspase-1, and [54]
pentosus GSDMD-N
S-PT84
Limosilactobacillus Ischemia/reperfusion-induced acute Inhibit lysosomal leakage and NLRP3 activation; [32]
reuteri ischemic cardiac injury/LPS-stimulated inhibit macrophage polarization to the pro-
CICC 6126 bone marrow-derived macrophages inflammatory M1 phenotype
Lacticaseibacillus
rhamnosus
GR-1 E. coli infection in primary bovine Reduce NLRP3, Caspase-1 and ASC, IL-1$/6/8/18, [21]
mammary epithelial cells and TNF-a; upregulate IL-10
GR-1 Bacillus cereus infection in MAC-T cells  Increase ZO-1 and occluding; decrease NLRP3, ASC, [22]
Caspase-1 p20, GSDMD p30, IL-1p, and IL-18
GR-1 E. coli infection in MAC-T cells Inhibit ROS to relieve NLRP3 activation and [26]
apoptosis; enhance PINK1/Parkin-mediated
mitochondrial activation
GG DSS-induced UC in mice Inhibit TLR4-NF-kB-NLRP3 signaling axis to relieve [28§]
intestinal inflammation
GG Triptolide-induced liver injury in mice Increase bile salt hydrolase activity; reduce [50]
conjugated bile acids; upregulate hepatic FXR
expression; inhibit NLRP activation
217-1 DSS-induced UC in mice Activate AMPK; reduce the release of pro- [31]
inflammatory cytokines; inhibit NF-kB signaling
pathway and NLRP3 expression
GCC-3 DSS-induced intestinal inflammation in Decrease the expression of TLR4, NOD receptors, [30]

juvenile grass carp

NF-kB, NLRP3, and GSDME; increase the expression
of TOR; inhibit cell pyroptosis

—: No found.
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JUE YA o e s T AT R Rk Al i e &2
Fhig A2 M NLRP3 S /IMA R ITE , (EA75 75
— TR AT FUAT R B 95 NLRP3 485 /)N
TR B ELARAE R0 SRS S Sl i . T2
J IV SV FLAT R 20 D AT R AR P X L 4 R
(SN o AN RV FP S0 ZUAT B R 40 PR 7 QI AR
FER LR M REIG Y EAFAE 25 5, X ues ]
AE T BT R0 TR A I 4 NLRP3 S8 /MA T
FIH AR RO . DhRE Y 25 A8 Tl 2L Ry
SR R K P ELORVE VO IR B R L
FF B R 40 B 0% NLRP3 48k /M 19 B 9y
Ji o AR 45 G Z AR . R T
H R 24 B AR, 48 n ZLAT o8 B 40 o o 45
NLRP3 RAE/MA B 25 R S HEHLE . 25T
38 T FL AT R 40 B Y 20 MY BE AL 2 T
NLRP3 RAE/MA,  LEIG R AL T AR b iE
— A B UE FUAT B BRI B 1 2 e MR e . B
BN B T U AL S5 18 F (8RS R
WA, FARMTE BN K EFUAT R 5 1E +
AR Bh 7S 25 (Can i e - e e AR Al . 1t
Ab, FUATF B RN B 5 AL G Y s 25 M e
N E—AMEMRER A I W, U reuterin 5
PrAEJE B AT BERG SR AT AL TR, HRAEFL
FFERRH B PR AR i IR TR T O 6 DA R
RILFF o B0 B 5 HAIG T F B BCA IV H
A Rk — 0B S FUAT BB A TR AE SAE T R TR
J7 YT RO 2 4

1E# TR = A

BUSOK : B HAEE, BSR4
oy, PATIEOE, THAE R, AT, U
B, el B, 5 CE; P, Tk
Wy A BB TR RBOES,
.

B A 25wk RATE A

VR P AT AEAT AR T B8 23 52 W AR SC 4l
& TARME AT 1 s AR
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