
MOLECULAR MEDICINE REPORTS  24:  514,  2021

Abstract. Sepsis is an imbalanced response to infection 
that leads to life-threatening organ dysfunction. Although 
an increasing number of anti-inf lammatory drugs are 
available, the options for treating sepsis remain limited. 
Therefore, it is imperative to understand the pathogenesis 
and pathophysiology of sepsis and develop novel therapeutic 
targets to treat this state. The Nod-like receptor family pyrin 
domain-containing 3 (NLRP3) inflammasome is a cyto-
plasmic high-molecular weight protein complex composed 
of the sensor NLRP3, adapter protein apoptosis-related 
speck-like protein and pro-caspase-1. It functions by cleaving 
pro-caspase-1 to become active caspase-1, resulting in the 
maturation and release of IL-1β and IL-18. Activation of 
the NLRP3 inflammasome is necessary for innate immune 
defense and also serves an important role in adaptive immune 
responses. Studies have shown that the NLRP3 inflamma-
some is involved in the occurrence and evolution of sepsis 
and other immune inflammatory diseases. The present paper 
reviews the activation pathways and biological function of the 

NLRP3 inflammasome in sepsis, with the aim to provide a 
basis for further research.
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1. Introduction

Sepsis is a common sequela of severe trauma, burns, infec-
tion and major surgery, often secondary to septic shock and 
multiple organ dysfunction syndrome  (1). Despite research 
on the pathogenesis and treatment of sepsis using a variety 
of antibiotics and supportive therapies, its incidence and 
associated mortality is still high, as there are an estimated 
48.9  million cases of sepsis and 11  million sepsis-related 
deaths worldwide  (2). An important reason for the high 
mortality rate of sepsis is the uncontrolled inflammatory 
response leading to damage to multiple organs  (3,4). The 
pathogenesis of sepsis is complex and involves interaction 
between infectious microorganisms and the host. In sepsis, 
pathogens, such as bacteria, fungi and viruses, invade the 
body and release lipopolysaccharide (LPS), exotoxin and 
other moieties with pathogen-associated molecular patterns 
(PAMPs). The organism rapidly senses these PAMPs and 
a series of events are triggered, culminating in the release 
of material carrying damage-associated molecular patterns 
(DAMPs), such as damaged DNA. These PAMPs and 
DAMPs influence fluid control and immune, inflammatory 
and other systems, causing complex pathophysiological 
changes and multi-organ functional damage (5). In the course 
of infection, the activation of various receptors is essen-
tial for the recognition of a variety of microorganisms to 
regulate innate and adaptive immunity. In sepsis, pattern-
recognition receptors, such as Toll-like receptors (TLRs) on 
the cell membrane and Nod-like receptors, in the cytoplasm 
recognize PAMPs and DAMPs, leading to the activation of 
intracellular signaling pathways that result in the transcrip-
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tion and release of pro-inflammatory factors, such as TNFα, 
IL-18 and IL-1β (6).

In sepsis, circulating PAMPs, DAMPs and cytokines 
activate endothelial cells, cardiac fibroblasts and cardiomyo-
cytes, and increase the production of inflammatory mediators, 
thereby further activating the expression of inducible nitric 
oxide synthase and causing myocardial inhibition (7). In the 
lungs, interstitial and endothelial barriers are broken down, 
which may lead to an imbalance in the alveolar ventilation/
blood flow ratio and decreased lung compliance, resulting in 
acute respiratory distress syndrome (8). In the gastrointes-
tinal tract, the increased permeability of the inner layer of 
the mucosa leads to leakage of bacteria from the intestinal 
tract, which causes gastrointestinal dysfunction (9). In the 
kidneys, decreased renal perfusion, acute tubular necrosis 
and microvascular damage contribute to varying degrees of 
acute injury (10). These endothelial cell changes also disrupt 
the blood-brain barrier, leading to the entry of toxins, inflam-
matory cells and cytokines, which in turn cause brain edema, 
neurotransmitter destruction and oxidative stress, culminating 
in the development of septic encephalopathy. Proinflammatory 
cytokines can cause leukocyte activation and proliferation, 
upregulation of endothelial adhesion molecules and chemo-
kine expression, production of tissue factors and amplification 
of immune responses, which also leads to host cell and tissue 
damage. Hence, the ability to treat sepsis may be significantly 
improved by inhibiting the inflammatory response in order to 
protect against the multi-organ functional damage caused by 
this condition (11).

Inflammasomes are multi-protein complexes with a 
molecular weight of ~700 kDa that are assembled following 
intracytoplasmic pattern recognition receptor ligation (12). 
They consist primarily of a sensor, adaptor and pro-caspase-1. 
Sensors of PAMPs and DAMPs in the cytoplasm include 
nucleotide-binding oligomerization domain and leucine-
rich repeat (LRR)-containing receptors (NLRs), absent in 
melanoma-2 and pyrin. NLRs include Nod-like receptor 
family pyrin domain-containing (NLRP)1, NLRP3, NLRP6, 
NLRP7, NLRP12 and NLRC4, which assemble into their 
own inflammasomes (13). All members of the NLR protein 
family contain a central nucleotide-binding domain, and most 
also have a variable N-terminal domain and a C-terminal 
LRR domain. Based on the presence of an N-terminal pyrin 
domain (PYD) or caspase activation and recruitment domain 
(CARD), the family is further divided into NLRP or NLRC 
receptors (14). The NLRP3 inflammasome, one of the most 
well-studied inflammasomes, is composed of NLRP3, 
adaptor apoptosis-related speck-like protein (ASC) and pro-
caspase-1 molecules. When stimulated by infection or other 
factors, the NLRP3 inflammasome interacts with ASC via the 
CARD/CARD and PYD/PYD domains to increase expression 
levels of pro-caspase-1, which is self-catalyzed to cleave into 
two subunits, p20 and p10 (15). Tetramers of p20 and p10 that 
constitute active caspase-1, which further cleaves pro-IL-1β 
and pro-IL-18, thus promoting the activation and release of 
the caspase-1-dependent inflammatory mediators IL-18 and 
IL-1β (13). Activated caspase-1 also activates pore-forming 
gasdermin D to induce a form of cell death called pyrop-
tosis (12). Activation of inflammasomes serves an important 
role in pathogen defense, stimulating both innate and adaptive 

immune responses. However, dysregulation of inflammasomes 
activity has been implicated in numerous human diseases, such 
as gout, diabetes and atherosclerosis, amongst others (16-18). 
Thus, inflammasome activation is a tightly regulated process 
which requires multiple molecular and cellular signals. The 
present review summarizes the primary regulatory mecha-
nisms of NLRP3 inflammasome activation and discusses the 
role of this inflammasome in the development of sepsis.

2. NLRP3 inflammasome activation

The activation of the NLRP3 inflammasome takes place 
in two stages, first priming and then activating. The initial 
signal (Signal I) is provided by pro-inflammatory cytokines 
or microbial components, leading to the activation of the 
transcription factor NF-κB and subsequent upregulation of 
pro-IL-1β and NLRP3 (13). The expression of NLRP3 and 
pro-IL-1β is regulated at the transcriptional level during 
the priming phase. This transcriptional upregulation can be 
induced via the recognition of various PAMPs or DAMPs that 
engage pattern recognition receptors (PRRs), such as TLRs or 
IL-1 receptor, or via cytokines, such as TNF and IL-1β, that 
lead to NF-κB activation and gene transcription (19). Signal 
Ⅱ can be provided by a variety of different stimuli, including 
ATP, nigericin, particulate matter, pore-forming toxins and 
RNA viruses (13). Several cellular events, including lysosomal 
destruction, production of reactive oxygen species (ROS), 
mitochondrial dysfunction and changes in ion flux, have all 
been shown to activate the NLRP3 inflammasome (20). A 
two-signal model for NLRP3 inflammasome activation is 
presented in Fig. 1.

The efflux of K+ has long been considered a common 
ionic event occurring in the activation of NLRP3 inflam-
masomes. K+ efflux regulates the maturation and release of 
IL-1β in neutrophils, mediated by the NLRP3/ASC inflam-
masome and caspase-1 (21). The two-pore domain K+ channel 
family  2 potassium efflux channel in macrophages can 
activate the NLRP3 inflammasome to mediate inflammatory 
responses (22). Studies have shown that membrane remod-
eling induced by saturated fatty acids can destroy plasma 
membrane Na-K-ATPase, thereby activating the NLRP3 
inflammasome in human macrophages (23). ATP-mediated 
activation of the P2X purinoceptor 7 (P2X7), a member of the 
ligand-gated ion channel purinergic receptor family, promotes 
IL-1β maturation via K+ efflux (24). For this reason, K+ efflux 
is regarded as a common trigger for the activation of the 
NLRP3 inflammasome. In addition, a non-classical inflam-
matory pathway induced by LPS can result in the activation 
of caspase-11, which leads to a decrease in intracellular K+ 
levels, thereby activating the NLRP3 inflammasome to induce 
pyroptosis (25). However, K+ efflux is not required for activa-
tion of the alternative NLRP3 inflammasome pathway (25). 
The decrease of cytoplasmic K+ can activate the NLRP3 
inflammasome independently of an increase of cytoplasmic 
Ca2+ to initiate the inflammatory cascade (26). These findings 
suggest that K+ efflux serves an important role in NLRP3 
inflammasome activation, but how NLRP3 detects changes 
in intracellular potassium concentration and whether other 
proteins are involved in K+ efflux to regulate the activation of 
NLRP3 remain to be investigated.
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The role of ROS production and mitochondrial dysfunc-
tion in NLRP3 inflammasome activation is widely recognized. 
ROS may serve as a common signal for NLRP3 inflamma-
some activation because most NLRP3 inflammasome stimuli 
mediate ROS production and NADPH oxidase is considered to 
be one of the main sources of ROS (27). Recent studies have 
found that orexin contributes to vascular disease by inhibiting 
NLRP3 inflammasome activation via suppressing the expres-
sion of NADPH oxidase 4 in human aortic endothelial cells at 
high concentrations of glucose (28). Sterol regulatory element-
binding protein 2 transactivates NADPH oxidase, thereby 
activating the NLRP3 inflammasome in vascular endothelial 
cells and increasing susceptibility to atherosclerosis  (29). 
However, studies have shown that the activation of the NLRP3 
inflammasome and the release of IL-1β in human macrophages 
requires calcium but does not involve NADPH oxidase (30).

The mitochondrial respiratory chain is another pathway for 
ROS production. A growing body of evidence suggests that 
mitochondrial dysfunction is involved in the assembly and 
conformational alteration of the NLRP3 inflammasome via 
ROS production, which results in its activation (13). Studies 
have shown that MitoQ can inhibit activation of the NLRP3 
inflammasome and release of IL-1β by blocking the produc-
tion of mitochondrial ROS (mtROS), thereby decreasing 
tubular injury in diabetic nephropathy (31). Shimada et al (32) 
found that oxidized mitochondrial DNA (mtDNA) is neces-
sary for the activation of the NLRP3 inflammasome. NLRP3 
secondary signal activators can induce mitochondrial dysfunc-
tion, leading to the release of mtDNA into the cytoplasm, 
where it can bind to and activate NLRP3 inflammasomes. 

Zhong et al (33) found that TLR-dependent initiation signals 
induce the synthesis of new mtDNA, which is required for 
NLRP3 inflammasome activation. Epigallocatechin-3-gallate 
has been found to inhibit the synthesis of mtDNA and 
production of ROS in mouse macrophages, thereby inhibiting 
activation of the NLRP3 inflammasome (34). These findings 
suggest that mitochondrial dysfunction, mtROS and mtDNA 
production serve a critical role in NLRP3 inflammasome 
activation.

Mitochondria can co-localize with NLRP3 inflam-
masomes, in addition to producing mtROS and mtDNA. 
Mitochondrial antiviral signaling proteins (MAVS) have been 
shown to promote recruitment of NLRP3 inflammasomes to 
mitochondria and may enhance their oligomerization and acti-
vation by bringing them into close proximity to mtROS (35). 
Subramanian et al (36) found that the N-terminal of NLRP3 
regulates association and mitochondrial recruitment of 
MAVS, and MAVS promote the production of NLRP3-
mediated mature IL-1β by facilitating NLRP3 recruitment to 
mitochondria. Li et al (37) found that NLRX1 decreases the 
inflammatory response and apoptosis of ischemic myocardial 
cells by inhibiting the activation of MAVS-dependent NLRP3 
inflammasomes. Iyer  et  al  (38) found that mitochondria-
specific lipidocardiol can directly bind to the LRR domain of 
NLRP3, which not only serves as a docking station for the 
co-localization of NLRP3 and its activated ligands, but also 
provides activation signals to the NLRP3 inflammasome 
itself. Studies have shown that both NLRP3 and caspase-1 
interact with mitochondrial lipids  (34,35). After receiving 
appropriate activation signals, cardiolipin eversion into the 

Figure 1. A two-signal model for NLRP3 inflammasome activation. Signal I (priming, left) is provided by microbial molecules or endogenous cytokines and 
leads to the upregulation of NLRP3 and pro-IL-1β via activation of the transcription factor NF-κB. Signal II (activation, right) is provided by various stimuli, 
such as ATP, pore-forming toxins and particulates. Numerous signaling events have been proposed as the key mechanism of NLRP3 activation. Most NLRP3 
stimuli induce K+ efflux, Ca2+ signaling and mitochondrial dysfunction-derived signals, such as mtROS and oxidized mtDNA, which has been suggested 
to mediate NLRP3 activation. The mitochondrial adaptor MAVS mediates NLRP3 activation induced by RNA viruses. Particulates activate NLRP3 via 
lysosomal rupture-induced K+ efflux and release of cathepsins. NLRP3, Nod-like receptor family pyrin domain-containing 3; mt, mitochondrial; ROS, reactive 
oxygen species; MAVS, mitochondrial antiviral signaling protein; TLR, Toll-like receptor; IL-1R, IL-1β receptor; TNFR, TNF receptor; SOCE: store-operated 
Ca2+ entry; ASC, apoptosis-related speck-like protein; P2X7, P2X purinoceptor 7.
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outer membrane of mitochondria results in the formation of 
a calcium-dependent association between ASC and mitochon-
dria, thus leading to the assembly and activation of NLRP3 
inflammasomes (39). Following infection by RNA viruses, 
NLRP3 inflammasome activation is associated with the pres-
ence of mitochondrial protein mitofusin 2 (40). Taken together, 
the aforementioned findings suggest that mitochondria may 
activate inflammasomes by participating in the assembly of 
the NLRP3 complex. In addition, it has been found that phos-
phatidylinositol 4,5-bisphosphate on the scattered trans-Golgi 
network can be used as a scaffold for NLRP3 inflammasome 
activation (41). Zhang et al  (42) also found that Golgi can 
activate NLRP3 inflammasomes via protein kinase D on the 
mitochondrial-associated endoplasmic reticulum membrane.

Particulates, such as cholesterol crystals, silica, and mono-
sodium urate, phagocytosed by macrophages can destroy 
lysosomes and cause the lysosomal contents to be released 
into the cytoplasm to activate NLRP3 inflammasomes (13). 
Previous studies have shown that particle activators induce 
lysosomal rupture and release of material into the cytoplasm, 
which alters plasma membrane permeability and releases 
ATP and purine, which in turn activate the NLRP3 inflam-
masome (43). Jessop et al (44) found that inhaling particles 
that cause lysosomal membrane permeability can activate 
the NLRP3 inflammasome, and that lysosomal acidification 
is a prerequisite for particle-induced lysosomal membrane 
permeability. Similarly, NLRP3-deficient macrophages show 
a considerable decrease in ATP depletion and mitochondrial 
function, but maintain lysosomal acidity, suggesting that LMP 
is NLRP3-dependent (45).

Previous studies have reported that phagocytosed particles 
can destroy lysosomes and release cathepsin B into the cyto-
plasm to trigger the activation of the NLRP3 inflammasome, 
and that the cathepsin B inhibitor CA-074 Me blocks this 
response (46). However, cathepsin B-knockdown in macro-
phages does not prevent inflammasome-mediated cell death, 
which may be due to off-target effects; alternatively, CA-074 
Me may also act on other members of the cathepsin family (47). 
It has been reported that cathepsins B had redundant effects on 
the activation of the NLRP3 inflammasome by particulates, 
while cathepsin X has a non-redundant effect on the activa-
tion of NLRP3 inflammasomes by non-particulates  (48). 
Cathepsin B is required for ASC spot formation, IL-1β produc-
tion and caspase-1 activation in response to different types of 
NLRP3 activators (49). Tang et al (50) found that hydroxychlo-
roquine inhibits cathepsin B, thereby redistributing lysosomal 
bulk, inhibiting the activation of the NLRP3 inflammasome 
and decreasing renal injury. Oxidative stress activates NLRP3 
inflammasomes in microglia by upregulating the activity of 
cathepsin B, thereby promoting the development of neurode-
generative disease (51). Taken together, the aforementioned 
studies documented that cathepsin B can activate NLRP3 
inflammasomes, but the mechanism still needs further study.

3. Ubiquitination modification of the NLRP3 inflammasome

The ubiquitin system is a complex post-translational modi-
fication system, which primarily mediates the addition of 
ubiquitin to its substrates via sequential activation of E1-E2-E3 
enzymes (52). E3 ubiquitin ligase may be involved in NLRP3 

inflammasome activation by targeting either NLRP3 or 
other components of the inflammasome. E3 ubiquitin ligase 
regulates NLRP3 expression via autophagy or proteasomal 
degradation (33). It has been reported that the E3 ubiquitin 
ligase tripartite motif-containing protein (TRIM)31 binds 
directly to NLRP3, promotes polyubiquitination of K48 junc-
tions and proteasomal degradation of NLRP3, and thereby 
inhibits NLRP3 inflammasome activation  (53). Silencing 
by small interfering RNA of the deubiquitinase BRCC36 in 
macrophages treated with the proteasome inhibitor MG132 
prevented oxidized low-density lipoprotein-induced NLRP3 
inflammasome activation and IL-1β secretion (54). E3 ubiq-
uitin ligase also inhibits NLRP3 inflammasome activation 
by maintaining NLRP3 in an inactive state not associated 
with degradation. Following inflammasome priming, Cullin1 
mediates ubiquitination of NLRP3 causing it to form an inac-
tive inflammasome. Upon exposure to inflammatory stimuli, 
Cullin1 dissociates from NLRP3, allowing it to return to an 
active state (55). Ariadne homolog 2 interacts with the NACHT 
domain of NLRP3 and induces ubiquitination of K48 and K63, 
thereby inhibiting NLRP3 inflammasome activation (56). E3 
ubiquitin ligase also positively regulates the activation of the 
NLRP3 inflammasome. A recent study suggested that the E3 
ligase Pellino2 serves a dual role in the regulation of NLRP3. 
It can interact with NLRP3 during LPS priming to promote 
the polyubiquitination of NLRP3 K63 and thus inhibit the 
activation of the NLRP3 inflammasome (57). Pellino2 also 
ubiquitinates IL-1 receptor-associated kinase  1 (IRAK1) 
and prevents its interaction with NLRP3, thus limiting the 
inhibitory effect of IRAK1 on NLRP3 and also promoting 
the activation of NLRP3 inflammasomes (57). Xing et al (58) 
found that lack of TNF receptor-associated factor 6 (TRAF6) 
prevents activation of the NLRP3 inflammasome, which is 
mediated by the E3 ubiquitin ligase function of TRAF6. In 
addition, double-stranded RNA in the cytoplasm activates 
the NLRP3 inflammasome, mediated by the interaction of 
DHX33, cytoplasmic RNA sensors and NLRP3; this interac-
tion requires TRIM33-mediated K63 polyubiquitination of 
DHX33 (59).

Ubiquitination of inflammasome-binding protein ASC 
also controls the activation of the NLRP3 inflammasome. 
Following viral infection, MAVS-mediated E3 ubiquitin 
ligase TRAF3 recruitment leads to K63 polyubiquitination 
of ASC via autophagy, leading to its degradation (60). Far 
infrared can cause TRAF6-mediated ASC polyubiquitination 
via autophagy degradation in macrophages and has been used 
in the treatment of burn wounds (61). The linear ubiquitin 
assembly complex regulates the activation of NLRP3 inflam-
masomes by linear polyubiquitination of ASC. Furthermore, 
HOIL-1-deficient macrophages exhibit decreased IL-1β secre-
tion following LPS stimulation (62).

E3 ubiquitin ligase can also mediate the ubiquitination 
of caspase-1 to regulate the activation of NLRP3 inflam-
masomes. Inhibitor of apoptosis proteins (IAPs) activate 
the inflammasome by inducing the polyubiquitination of 
caspase-1 K63; accordingly, the activation of caspase-1 is 
decreased in cellular (c)IAP1/2 or X-linked (X)IAP-deficient 
mice (63). cIAP1/2 and XIAP are depleted when caspase-1 is 
activated, and the absence of E3 ligase leads to the production 
of receptor interacting protein kinase 3-dependent ROS, which 
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is sufficient to activate the NLRP3 inflammasome (64). The 
ubiquitination system serves positive and negative roles in the 
activation of inflammasomes by acting on various components 
of the NLRP3 inflammasome, depending on cell location, the 
nature of the substrate and the different ubiquitin chains that 
modify it.

4. Phosphorylation modification of the NLRP3 inflammasome

Phosphorylation is a common mechanism for post-translational 
modification of proteins and is involved in the signal trans-
duction pathway of NLRP3 inflammasome activation. 
Basak et al (65) reported that PYD of NLRP3 is dephosphory-
lated by phosphatase 2A at the ser5 site to activate the NLRP3 
inflammasome, and inhibition or knockdown of phosphatase 
2A decreases NLRP3 activation. NLRP3 activators induce 
mitochondria-associated endoplasmic reticulum membrane 
translocation to the adjacent Golgi to increase diacylglycerol, 
which recruits protein kinase D to phosphorylate NLRP3 at 
ser295, facilitating the assembly of the NLRP3 inflamma-
some (42). Li et al (66) found that protein kinase A (PKA) 
inhibitor H89 blocks baicalin and induces phosphorylation of 
NLRP3 on PKA-specific sites and thus inhibit the activation 
of the NLRP3 inflammasome. However, it is not clear why 
NLRP3 phosphorylation at the same site has the opposite effect 
on the activation of NLRP3 inflammasomes. Bile acids activate 
the TGR5 receptor pathway, leading to an increase in cAMP 
and subsequent PKA activation. PKA phosphorylates the NOD 
domain of NLRP3 at ser291, and NLRP3 phosphorylation 
promotes polyubiquitination of K48 and K63 and degrada-
tion (67). The protein tyrosine phosphatase non-receptor 22 
dephosphorylates NLRP3 at tyrosine residues Tyr861, thereby 
promoting activation of the NLRP3 inflammasome  (68). 
Martin et al (69) found that, during the activation of NLRP3 
inflammasomes, ASC is phosphorylated by IκB kinase (IKK)i 
at s58 and promotes the migration of ASC from the nucleus to 
the perinuclear region; ASC is also phosphorylated by IKKα at 
s16 and s193 and interacts with IKKα. However, Signal II for 
NLRP3 inflammasome activation inhibits IKKα kinase activity 
by recruiting protein phosphatase 2A, thus enabling ASC to 
participate in the assembly of NLRP3 inflammasomes (69). 
Studies have shown that caspase-1 is phosphorylated and 
activated by PI-3K/Rac1/p21-activated kinase at s376, thus 
participating in the activation of inflammatory cortisone (65). 
Therefore, these findings suggest that the NLRP3 inflamma-
some serves a key role in the development of innate immunity 
and immune inflammatory disease, while post-translational 
modification of NLRP3 inflammasomes, including ubiqui-
tination and phosphorylation, can precisely regulate their 
activation, providing the host with immune protection against 
tissue damage.

5. NLRP3 activation in sepsis

Effects on the central nervous system. In sepsis-induced brain 
injury, recombinant club cell protein protects the hippocampus 
from injury by inhibiting p38 protein and the ERK signaling 
pathway to inhibit the NLRP3 inflammasome (70). The NLRP3 
inhibitor MC950 and caspase-1 inhibitor Ac-YVAD-CMK 
ameliorate cognitive impairment caused by sepsis-associated 

encephalopathy via inhibiting NLRP3/caspase-1 pathway-
mediated pyroptosis  (71). Melatonin improves spinal cord 
injury and protects motor neurons in rats by inhibiting the 
activation of the NLRP3 inflammasome (72). Similarly, mela-
tonin-mediated mitochondrial autophagy prevents early brain 
damage following subarachnoid hemorrhage by inhibiting the 
activation of NLRP3 inflammasomes (73).

Effects on the cardiovascular system. Studies have shown that 
the NLRP3 inflammasome is activated in cardiac fibroblasts 
during sepsis, which induces the maturation and release of 
inflammatory factors such as IL-1β. Inhibiting the activa-
tion of the NLRP3 inflammasome in cardiac fibroblasts can 
alleviate LPS-induced myocardial dysfunction and improve 
the survival of mice with septic peritonitis  (74). Carbon 
monoxide-releasing molecule treatment inhibits activation of 
the NLRP3 inflammasome by blocking interactions between 
the NLRP3 inflammasome and adaptor protein ASC and 
alleviates myocardial dysfunction in septic mice  (75). In 
addition, Tanuseputero et al (76) found that by blocking the 
NLRP3 pathway, LPS-induced inflammatory responses and 
cell apoptosis could be alleviated and the function of damaged 
myocardial tissue could be restored.

Effects on the respiratory system. Wang et al (77) reported that 
dihydromyricetin significantly inhibits the activation of the 
NLRP3 inflammasome in cecal ligation and puncture (CLP) 
sepsis model mice, and also inhibits the expression levels of 
pyrodeath-associated proteins in lung cells, thus protecting 
against CLP-induced acute lung injury. In sepsis-induced acute 
respiratory distress syndrome, activation of the NLRP3 inflam-
masome pathway in bronchial epithelial cells leads to secretion 
of excessive amounts of mucins and inflammatory cytokines, 
promoting the expression levels of chemokines and cell adhe-
sion molecules (78). Vasoactive intestinal peptide attenuates 
LPS-induced acute lung injury by inhibiting the activation 
of the NLRP3 inflammasome in mouse primary peritoneal 
macrophages (79). Ying et al (80) found that overexpressed 
microRNA (miRNA)-495 decreases levels of inflammatory 
alveolar macrophages, infiltration of neutrophils and activation 
of NLRP3 inflammasomes in LPS-mediated acute lung injury, 
while methylation of the miRNA-495 promoter region aggra-
vates LPS-mediated lung injury.

Effects on the gastrointestinal system. Zhang et al (81) found 
that NLRP3 blockade downregulates the IL-1β response in 
LPS-stimulated liver macrophages infected with HIV-1, indi-
cating that NLRP3/Caspase-1 inflammatory signaling pathways 
are involved in the IL-1β response of liver macrophages to 
HIV-1-infection. NIMA-related kinase 7 is a significant compo-
nent of the NLRP3 inflammasome in macrophages; studies 
have shown that NIMA-related kinase 7 interacts with NLRP3 
to regulate the activation of the NLRP3 inflammasome in 
LPS stimulation to mediate pyroptosis in inflammatory bowel 
disease  (82). Inhibiting the thioredoxin-interacting protein/
NLRP3 axis restores intestinal barrier function in non-alcoholic 
steatohepatitis by decreasing LPS-mediated myeloperoxidase 
activity and oxidative stress  (83). Studies have shown that 
autophagy induced by AXL receptor tyrosine kinase binding to 
its ligand growth arrest specific 6 in macrophages can prevent the 
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maturation of caspase-1-dependent IL-1β and IL-18. Therefore, 
AXL-mediated autophagy can protect against LPS-mediated 
acute liver injury by inhibiting the activation of the NLRP3 
inflammasome (84).

Effects on the renal system. Arginine can protect against acute 
kidney injury in sepsis by inhibiting NO-mediated activation 
of the NLRP3 inflammasome (76). Yang et al (85) found that 
transfected renal tubular epithelial cells over-expressing CD39 
exhibit decreased production of LPS-mediated pro-inflamma-
tory cytokines and activated NLRP3. Hydrogen sulfide inhibits 
NLRP3 inflammasome activation via the TLR4/NLRP3 
signaling pathway to protect against LPS-induced sepsis-
associated acute kidney injury  (86). In LPS-induced acute 
kidney injury, dexmedetomidine inhibits mRNA and protein 
expression levels of TLR4, NADPH oxidase-4 and NLRP3, and 
alleviates LPS-mediated acute kidney injury by modulating the 
TLR4/NADPH oxidase-4/NLRP3 pathway to inhibit the acti-
vation of NLRP3 inflammasomes and decrease oxidative stress 
damage (87). Sepsis-induced activation of NLRP3 inflamma-
some in activated platelets has been shown to be associated 
with organ damage in septicemic CLP rat models. Treatment 
with MCC950, a specific inhibitor of NLRP3, significantly 
decreases sepsis-induced platelet activation and prevents 
kidney damage and endothelial dysfunction in CLP (88).

6. Conclusion

The innate immune system is the first line of host defense. 
Pattern recognition receptors are activated in response to 
harmful stimuli, such as various pathogenic microorganisms 
(which contain PAMPs and result in the release of DAMPs), 
and trigger downstream inflammatory responses to eliminate 
infection and repair damaged tissue (5). NLRP3 stimulation 
induces multiple signaling pathways and cellular events, 
resulting from NLRP3 inflammasome activation. Among 
these, the major activating agents are potassium efflux, ROS 
production, mitochondrial dysfunction, lysosomal damage 
and protein post-translational modifications (13). However, 
a unified mechanism of NLRP3 inflammasome activation 
has not yet been discerned, and further studies are needed to 
clarify this.

Sepsis is a disorder in the host response to infection, 
resulting in life-threatening organ dysfunction. This definition 
emphasizes that infection leads to homeostasis imbalances in 
the host and a potentially fatal risk (89). The assembly and 
activation of the NLRP3 inflammasome leads to varying 
degrees of damage to different systems during sepsis (5,6). 
So far, a number of studies have shown that inhibiting the 
activation of the inflammasome can decrease the inflamma-
tory response in sepsis (16-18). Nevertheless, sepsis can cause 
organ dysfunction, suggesting that its pathophysiological 
mechanisms are complex. Further studies are necessary to 
elucidate the specific effects of NLRP3 inflammasomes on 
the pathophysiological mechanisms of sepsis so that novel 
diagnostic and therapeutic measures can be developed.
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