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Abstract: Pyroptosis is a kind of pro-inflammatory cell death. Compared with autophagy 
and apoptosis, pyroptosis has unique characteristics in morphology and mechanism. 
Specifically, pyroptosis is a kind of cell lysis mediated by the Gasdermin family, releases 
inflammatory cytokines IL-1β and IL-18. There are three different forms of mechanism, 
which are caspase-1-mediated, caspase-4/5/11-mediated and caspase-3-mediated. A large 
number of studies have proved that pyroptosis is closely related to cardiovascular disease. 
This paper reviewed the recent progress in the related research on pyroptosis and myocardial 
infarction, ischemia-reperfusion, atherosclerosis, diabetic cardiomyopathy, arrhythmia, heart 
failure hypertension and Kawasaki disease. Therefore, we believe that pyroptosis may be 
a new therapeutic target in the cardiovascular field. 
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Introduction
Pyroptosis is a type of programmed cell death. It is characterized by the formation of 
holes in the cell membrane, the release of pro-inflammatory cytokines and cell lysis. 
Pyroptosis controls inflammation by releasing IL-1β, IL-18 and other inflammatory 
substances, which is an important innate immune mechanism. The occurrence of 
pyroptosis is closely related to the activation of NLRP3, the reactive oxygen species 
generated by oxidative stress activate NLRP3, and the structurally altered NLRP3 
inflammasome induces caspase-1 activation. On the one hand, caspase-1 is activated 
and Gasdermin D is cleaved by activated caspase-1 to form a polypeptide containing 
the nitrogen-terminated active structural domain of Gasdermin D. This reaction can 
lead to myocardial perforation and rupture of cell membranes, resulting in the release of 
contents and causing an inflammatory response. On the other hand, the already 
activated caspase-1 cleaves the precursors of IL-1β and IL-18 to active IL-1β and IL- 
18 and releases them extracellularly, recruiting inflammatory cells and causing inflam
matory cells to accumulate, thus amplifying the inflammatory response. Cholesterol 
destroys the lysosomal membrane structure, releases inflammatory contents, activates 
NLRP3, and induces pyroptosis. NLRP3 and caspase-1 are inseparable from the 
occurrence and development of many cardiovascular diseases. Pyroptosis and its 
pathological products can reduce angiogenesis, destroy the stability of blood vessel 
wall plaque, damage vascular endothelial cells, and cause myocardial hypertrophy and 
myocardial fibrosis. A large number of studies have proved that pyroptosis may be an 
endogenous regulator of cardiovascular disease and play an important role in cardio
vascular disease.
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Characteristics of Pyroptosis
Cell death is of considerable significance in both normal 
physiological and pathological states. In recent years, it 
has been discovered that a new type of programmed cell 
death, pyroptosis depends on the pore-forming activity 
of the Gasdermin protein family. In 1992, lytic death of 
macrophages was observed in Shigella flexneri, a gram- 
negative pathogen that was considered apoptosis at the 
time.1 It was not until 2001 that the study found that this 
form of death was caspase-1 activity-dependent. Unlike 
caspase-3 activity-dependent apoptosis, pyroptosis was 
officially defined as a new type of caspase-1-dependent 
cell programmability death.2 “Pyro” means fire, indicat
ing that this programmed cell death causes an inflamma
tory response, while “ptosis” is fallout. Meaning, stating 
the nature of its programmed death. Cells that undergo 
pyroptosis lose membrane integrity, increase in size, and 
decrease in size of the nucleus.3–5

The Differences Between Pyroptosis, 
Apoptosis, Autophagy Necrosis and 
Necroptosis
In 1972, Kerr and his colleagues coined the term apoptosis 
to describe a particular form of cell death. Apoptosis is 
present in all life stages in multicellular organisms and 
allows for the timely removal of senescent, damaged, 
redundant, harmful cells, maintaining the organism’s sta
bility. For a long time, apoptosis was thought to be the 
only programmed cell death, and it has been better under
stood. The onset of apoptosis is characterized by the 
gradual disappearance of specialized structures such as 
microvilli on the cell surface. The cell shrinks and sepa
rates from the surrounding cells. The cytoplasm and the 
cell membrane are separated from the surrounding cells. 
Nuclear chromatin sequestration, apoptosis-related cystei
nases mediate the hydrolysis of ICAD and activated 
cysteinases activate DNAase (CAD), at this point, clea
vage of the chromosomal DNA in the nucleus is induced. 
As a result, the DNA bands of apoptotic cells take on 
a stepped pattern and the cells that undergo apoptosis are 
subsequently engulfed by nearby mesenchymal cells or 
macrophages. The cell membrane remains intact during 
this period, so it does not trigger an inflammatory 
response. During this period, the cell membrane remains 
intact and does not trigger an inflammatory response.6

When the cell undergoes pyroptosis, the nucleus is 
concentrated, chromatin DNA randomly breaks and 

degrades, and the plasma membrane ruptures to form 
pores with a diameter of 1.1–2.4 nm. The cell permeability 
increases and inflammatory cytokines, lactate dehydrogen
ase, and other intracellular substances are released. The 
small pores in the cell membrane cause the cell to rapidly 
lose its ionic gradient, which allows a significant increase 
in osmotic pressure and leads to swelling of the cell; 
eventually, the cell membrane is destruction, the cellular 
contents are released into the extracellular environment, 
stimulating the body’s immune response, recruiting more 
inflammatory cells and expanding the Inflammatory 
response. The degradation of pyroptosis chromosomal 
DNA is mediated by an unknown endonuclease that under
goes random breaks, and now a small amount of ladder 
band DNA clips.7

The characteristics of pyroptosis and apoptosis are 
similar in that both are cell deaths that occur through the 
regulation of genes. Both scorch death and apoptosis are 
characterised by deoxynucleotidyl transferase-mediated 
dUTP nickel end-labelling (TUNEL) staining.

Autophagy occurs in most tissues at a basal level, 
where autophagy selectively removes excess cellular com
ponents, but in addition, autophagy is also induced to 
occur under different physiological and pathological con
ditions. The evolutionarily conserved autophagy- 
associated protein (ATG), however, plays an important 
role in all processes of autophagy.8

Ability of autophagy to degrade targets of different 
sizes: The process of autophagy is accompanied by the 
emergence of a small bilayer of membranes in the cyto
plasm, called the separator membrane, which, as it 
extends, continues to encapsulate the surrounding intracel
lular material, eventually forming a bilayer of membrane 
structures called autophagosomes that enclose vesicles. 
Autophagosomes and lysosomes are fused by membranes 
to form a single membrane structure of autophagic lyso
somes and degrade the intracellular material engulfed 
therein as well as the autophagic endosomal membrane. 
Autophagosomal surface transport proteins carry the 
degradation products to the autophagosome for cellu
lar use.

Autophagosomes fuse with lysosomes, and all contents 
of autophagosomes are degraded by lysosomal 
hydrolases.9

Necrosis, long thought to be a passive death due to 
pathology, such as physical or chemical damage factors 
and hypoxia and malnutrition all lead to cell necrosis. The 
membrane permeability of the necrotic cells is increased, 
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resulting in swelling of the cells, deformation or enlarge
ment of the organelles, no obvious morphological changes 
in the early nuclei and finally cell rupture. Cell lysis 
releases inclusions and often causes an inflammatory 
response; the healing process is often accompanied by 
fibrosis of tissues and organs, resulting in scarring.10,11

Necroptosis is a newly discovered form of programmed 
cell death with morphological characteristics of necrotic 
cells and similar signalling mechanisms to those of apoptotic 
cells. Morphological manifestations include perforated cell 
membranes, increased intracellular osmotic pressure leading 
to rounding and swelling of cells, swelling of organelles, 
mitochondrial dysfunction, loss of mitochondrial membrane 
potential, loss of nuclear chromatin and explosion-like rup
ture of the plasma membrane. The cellular contents released 
after cell rupture exacerbate the surrounding inflammatory 
response. The difference with necrosis is that necroptosis 
strictly follows intracellular signalling and has an active 
energy-consuming character.12,13

Pyroptosis, autophagy, apoptosis, necrosis and necropto
sis both have important implications for cardiovascular dis
ease, with the onset of apoptosis generally causing the death 
of cardiomyocytes and leading to adverse cardiac outcomes. 
In contrast, autophagy can lead to very different conse
quences at different times in cardiac disease, with mild 
autophagy inhibiting apoptosis and reducing cellular damage. 
Severe autophagy can cause cellular damage (Table 1).

Three Molecular Pathways of Pyroptosis
Since the study, it has been generally accepted that there are 
two pathways to pyroptosis, one classical and the other non- 
classical pathways. However, in recent years, it has been 
discovered that there is a third new pathway for pyroptosis 
induced by caspase-3. After cells receive different stimuli, 
the pyroptosis process is initiated by different pathways, but 
is ultimately completed by the GSDMD protein.

The Canonical Pyroptosis Signaling Pathway
Activation of the canonical pyroptosis signaling pathway 
relies primarily on PRRs receiving stimulation by risk- 
signaling molecules, recruitment of pro-caspase-1 assembles 
to form inflammatory microsomes, activating caspase-1 
molecule to cut further downstream GSDMD target proteins 
that promote pyroptosis.14 New studies show that GSDMD 
protein is a common substrate for inflammatory caspases and 
is an effector of pyroptosis. GSDMD proteins, known collo
quially as “killer proteins”, play critical roles in both pyrop
tosis pathways. In the intracellular environment, GSDMD 
proteins are present in the cytoplasm and are subject to 
activation of the canonical pyroptosis pathway. Caspase-1 
and non-canonical pyroptosis signaling pathway are acti
vated by caspase-4/5/11 stimulation in the special. The 
locus divides the GSDMD protein into a lipophilic 
N-terminal domain and a hydrophilic C-terminal domain, 
with the N-terminal domain being the most important. 

Table 1 The Differences Between Pyroptosis, Autophagy, Apoptosis, Necrosis and Necroptosis

Pyroptosis Apoptosis Autophagy Necrosis Necroptosis

Predisposing 

factor

Pathological 

irritation

Gene regulation 

under physiological 

conditions

Nutritional deficiencies or 

hormone induction

Pathological 

irritation or Drastic 

injury

Pathological irritation

Cell 

morphology

Cell enlargement, 

deformation, 
swelling

Cellular 

sequestration

Bubble Cell swelling, 

irregular changes

Cell swelling, rounding

Cell 
membrane

Rupture of cell 
membrane

Membrane structure 
integrity

Membrane structure integrity Rupture of cell 
membrane

Rupture of cell 
membrane

Organelle Deformation Dompleteness Phagocytosis by autophagosomes 
and eventual digestion by 

lysosomes

Swelling, 
endoplasmic 

reticulum 

disintegration

Swollen organelles and 
mitochondrial 

dysfunction

DNA Stochastic 

degradation

Degradation to 

regular fragments

Stochastic degradation Stochastic 

degradation

Stochastic degradation

Peripheral 

reaction

Inflammatory 

reaction

No inflammatory 

response

No inflammatory response Inflammatory 

reaction

Inflammatory reaction
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Domains can bind to biological membranes and aggregate on 
the membrane’s inner side to form pores where water mole
cules can invade cells and trigger pyroptosis.15,16

The Non-Canonical Pyroptosis Signaling Pathway
It was found that there is also a non-caspase-1-dependent 
pyroptosis pathway in cells, which unlike the classical 
pathway, is dependent on the activation of caspase-4/5/ 
11.17 Other experimental studies have shown that human 
caspase 4/5 and mouse caspase-11 can bind to bacterial 
LPS and thereby mediate inflammation leading to cellu
lar necrosis. This caspase 4/5/11-dependent cell death 
mechanism constitutes atypical pyroptosis. Like cas
pase-1, activated caspase-11 also mediates the formation 
of cell membrane pores by cutting GSDMD, releasing 
mature IL-18 and IL-1β, and inducing the onset of pyr
optosis. Besides, activated caspase-11 could promote K+ 
efflux not only by inducing GSDMD cell membrane pore 
formation, but also through the Pannexin-1/ATP/P2X7 
pathway, mediating NLRP3/ASC/caspase-1 activation, 
promoting IL-1β maturation and release, and inducing 
cellular inflammatory responses.18–20

Caspase-3 - Dependent Pyroptosis Signaling Pathway
For a long time, pyroptosis was thought to occur in only 
two ways, in recent years, and it has been found that there 
is also a caspase-3-dependent pyroptosis pathway.21 In 
contrast to caspase-1/11/4/5, which induces GSDMD- 
dependent pyroptosis, caspase-3 induces cell pore forma
tion by cutting GSDME and promoting recruitment of 
GSDME-N domains to the cell membrane, leading to 
pyroptosis. GSDME distribution and expression levels 
determine the mode of cell death by caspase-3 activation. 
Activated caspase-3 induces pyroptosis when cells over
express GSDME, and for cells with low expression levels 
of GSDME, activation of caspase-3 triggers a subsequent 
rise after induction of apoptosis. This caspase-3-dependent 
mode of cell death is called apoptosis-like pyroptosis. In 
doxorubicin(DOX)-induced myocardial injury experi
ments, regulating the expression of caspase-3, GSDME 
by cell transfection. The experimental results showed that 
cardiomyocytes exposed to DOX exhibited the morpholo
gical characteristics of pyroptosis in vitro. Furthermore, 
DOX was found to induce caspase-3 activation, which 
ultimately triggers gsdme-dependent pyroptosis, while 
silencing or inhibiting caspase-3 reduced pyroptosis. We 
further found that the downregulation of GSDME inhib
ited dox-induced pyroptosis.22–24

Thus, inflammatory caspases, whether classical, non- 
classical, or a third focal pathway, ultimately transmit 
pyroptosis signals to perform GSDMD proteins.

Pathological Factors Affect the 
Pyroptosis
Many pathological factors are involved in the development 
of pyroptosis, including oxidative stress, inflammatory 
cytokines, and cholesterol (Figure 1).

Oxidative Stress
Reactive oxygen species generated by oxidative stress can 
signal NLRP3 inflammasome activation, leading to an 
inflammatory response. In the ischemic brain, Bruton’s 
tyrosine kinase (BTK) is involved in the activation of 
NLRP3 inflammasomes. This process leads to the activa
tion of caspase-1 and secretion of mature IL-1β.25

It was found that polychlorinated biphenyls (PCBs) are 
cytotoxic, especially for endothelial cells, leading to caspase-1 
activation and cell membrane rupture, which are characteris
tics of pyroptosis. Experimental results show that PCB118 also 
induces excessive production of reactive oxygen species 
(ROS) in endothelial cells. The ROS scavenger (±)-α- 
tocopherol and the NF-κB inhibitor BAY11-7082 then pre
vented endothelial cells from being induced by PCB118. 
Increased expression of NLRP3 leads to a concomitant high 
activation of NLRP3 inflammatory vesicles. In addition to 
this, PCB 118-induced oxidative stress and focal death are 
dependent on the activation of the aromatic hydrocarbon 
receptor (AhR), which subsequently leads to a similar increase 
in the expression of cytochrome P450 1A1. All these evi
dences can prove that PCB 118 can lead to ex vivo endothelial 
pyroptosis by inducing NLRP3 inflammatory vesicle activa
tion.And subsequently leads to endothelial cell pyroptosis 
in vitro and in vivo. AhR-mediated ROS production by trig
gering NF-κB-dependent NLRP3 expresses and promotes 
inflammasome activation and plays an essential role in PCB 
118-induced pyroptosis.26

In a study by Yangshuo Tang, they used LPS and ATP 
stimulation to induce endothelial pyroptosis. To verify the 
involvement of ROS in the mechanism of inflammatory vesi
cle activation, they tested the pyroptosis process with respect 
to the oxidative stress component. ROS production is impor
tant for the activation of NLRP3 inflammatory vesicles 
because ROS scavenger (NAC) prevents the release of inflam
matory cytokines and the activation of NLRP3 inflammatory 
vesicles. Through experiments, it was demonstrated that 
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activated calpain can release caspase-1 that is separated by the 
cytoskeleton, thereby regulating NLRP3 activation and lead
ing to a pyroptosis outcome.In summary, LPS-ATP is induced 
by regulation of the ROS/NLRP3/caspase-1 signaling path
way endothelial pyroptosis.27

Inflammatory Cytokines
Pyroptosis is a highly inflammatory pattern of cell death 
induced by inflammatory microsomes.28

The process of pyroptosis relies on the activation of 
caspase-1. Caspase-1 mediates the cleavage of interleukin- 

Figure 1 In the canonical pyroptosis signaling pathway, under the stimulation of bacteria, viruses and other signals, the pattern recognition receptor in the cell acts as 
a sensor to recognize these signals. Through the adaptor protein ASC, it binds to the precursor of Caspase-1 to form a multi-protein complex and activate Caspase-1. 
Activated Caspase-1 cleaves Gasdermin D to form peptides containing the nitrogen-terminal active domain of Gasdermin D, induce cell membrane perforation, cell rupture, 
release of contents, and cause inflammation. On the other hand, activated Caspase-1 cleaves the precursors of IL-1β and IL-18 to form active IL-1β and IL-18, which are 
released to the outside of the cell to recruit inflammatory cells to aggregate and expand the inflammatory response. In the non-canonical pyroptosis signaling pathway, under 
the stimulation of bacteria and other signals, Caspase-4, 5, and 11 are activated. The activated Caspase-4, 5, and 11 cleave Gasdermin D to form a peptide containing the 
nitrogen-terminal active domain of Gasdermin D. On the one hand, it induces cell membrane perforation and cell Rupture, release the contents and cause inflammation. On 
the other hand, it induces the activation of Caspase-1, cleaves the precursors of IL-1β and IL-18, forms active IL-1β and IL-18, and releases them to the outside of the cell, 
recruits inflammatory cells to aggregate, and expands inflammation reaction. In apoptotic-like pyrolysis, caspase-3 cuts GSDME, promotes the recruitment of GSDME-N 
domain to the cell membrane, induces the formation of cell membrane pores, and leads to pyroptosis.
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1β (IL-1β) precursors into active IL-1β, which is one of 
the essential functions of caspase-1. While active IL-1β 
recruits and activates other immune cells, induces chemo
kines (such as IL-18), inflammatory factors (such as IL-6) 
and adhesion factor synthesis. This ultimately leads to 
a “cascade effect”, amplifying the inflammatory response 
and thus inducing inflammation.But it is also for this 
reason that pyroptosis can tightly control the inflammatory 
response by controlling the release of inflammasomes and 
thereby orchestrating antimicrobial host defense and 
amplifying or maintaining inflammation. It is considered 
an essential innate immune effector mechanism against 
intracellular pathogens.29,30 In the mammalian inflamma
tory response, the apoptosis-associated spot-like protein 
cysteine-aspartate-containing protease recruitment domain 
(ASC) plays an important role. Studies have shown that 
ASC can regulate the activation of caspase-1 and induce 
the development of pyroptosis pairs and activate the pro
duction of cellular inflammatory factors. In addition to 
this, ASC interacts with receptor-interacting protein kinase 
2 (RIPK2), which activates NF-κB. The scientists used the 
Japanese Aoki (Oryzias Layzias) fish model as the subject 
of their study, and used the CRISPR-CAS9 system to 
establish ASC knockout models (KO), ASC-KO and wild- 
type (WT) rice voles infected with Aeromonas aeruginosa, 
and observed the mortality rates of these models, and by 
comparing them, the scientists found that ASC-KO Aoki 
had a higher mortality rate than WT. In addition to this, 
ASC-KO and WT Medakas were analysed for the expres
sion of immune-related genes in their kidneys and intes
tines following attack by Aeromonas aeruginosa. The 
results showed that the expression of NF-κB regulatory 
genes (eg IL-1β, IL-6, IL-8) and RIPK2 genes were sig
nificantly lower in WT after infection with Aeromonas 
aeruginosa. In addition, the bacterial load, superoxide 
anion production and lactate dehydrogenase release of 
ASC-KO cyanobacteria were measured in ASC-KO cya
nobacteria kidney cells by the immune response of ASC to 
Aeromonas aerophilus, and it was found that these 
responses were significantly reduced in ASC-KO cyano
bacteria compared to WT after infection. These results 
suggest that Ayahuasca ASC plays a key role in combating 
Aeromonas aerophilic infections by inducing inflamma
tory responses and cell death to eliminate bacteria. Thus, 
inflammatory cytokines play an important role in the pro
cess of pyroptosis.31

Cholesterol
In mammalian cell membranes, cholesterol is one of the 
important structural components. Cholesterol destroys the 
stability of lysosomal membrane structure, causes lysoso
mal damage, causes lysosomal contents to outflow, acti
vates NLRP3, and causes pyroptosis. The lysosomal 
cathepsin B promotes the process. Type I interferon upre
gulates cholesterol-25-hydroxylase (Ch25h) and inhibits 
srebp transcription factors, and in macrophages this inhi
bits the inflammatory response caused by IL-1β. 
Macrophage production of 25-hydroxycholesterol (25- 
HC) prevents the activation of melanoma-deficient DNA 
sensor protein 2 (AIM2) by inflammatory vesicles, which 
is essential for macrophages. At the same time, we know 
that macrophages maintain inhibition of SREBP2 activa
tion and cholesterol synthesis by upregulating CH25H, 
which alleviates the adverse effects of lipopolysaccharide 
(LPS) stimulation or bacterial infection. Upregulation of 
macrophage cholesterol levels results in the release of IL- 
1β. The secretion of this IL-1β is crystal-independent and 
dependent on angiotensin-converting enzyme 2. H25H 
deficiency then reduces cholesterol-dependent mitochon
drial respiration and allows the release of mitochondrial 
DNA into the cytoplasm. In contrast, AIM2 deficiency 
decreases inflammatory vesicle activity in CH25H.Thus, 
activated macrophages utilize 25-HC for anti–inflamma
tory cycling to maintain mitochondrial integrity and pre
vent activation of false AIM2 inflammasomes.32 In an 
ABCA1/G1-deficient mouse model, we observed glomer
ulonephritis with lymph node swelling (LNS) and sys
temic lupus erythematosus (SLE). This lupus-like 
phenotype was once again seen in ABCA1/G1 knockout 
mouse dendritic cells (DCs), but not in macrophages or 
T cells. DC-ABCA1/G1 deficiency increases LN and 
splenic CD11b dendritic cells, as evidenced by the 
increasing accumulation of cholesterol, activation of 
inflammatory vesicles, increased levels of granulocyte- 
macrophage colony-stimulating factor receptors on the 
cell surface and increased secretion of inflammatory cyto
kines. And we know that systemic lupus erythematosus 
(SLE) is strongly associated with increased cardiovascu
lar disease and decreased plasma high-density lipoprotein 
(HDL) levels. Thus, the efflux of cholesterol from 
immune cells is due to HDL via the ATP-binding cassette 
transporters A1 and G1 (ABCA1/G1). Thus, DC-ABCA1 
/G1 deficiency enhances T cell activation as well as T1 
and T17 cell polarization. NLRP3 inflammatory 
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microsomal defects can make the enlarged LNS smaller 
and enhance T1 cell polarization. These findings establish 
an important role for the DC cholesterol efflux pathway in 
the maintenance of immune tolerance and also reveal the 
involvement of cholesterol in the development of 
pyroptosis.33

During atherogenesis, cholesterol precipitates in the 
vessel wall as cholesterol crystals (CC), which trigger 
plaque inflammation by activating NACHT, LRR and 
PYD structural domain protein 3 (NLRP3) inflammatory 
vesicles.34 Pre-eclampsia is a hypertensive and inflamma
tory pregnancy disorder associated with cholesterol accu
mulation and inflammation at the maternal-fetal interface. 
Pre-eclampsia can be combined with fetal growth restric
tion (FGR) and shares risk factors and pathophysiological 
mechanisms with cardiovascular disease. Cholesterol crys
tal-mediated activation of NLRP3 inflammatory vesicles is 
essential for cardiovascular disease, and this pathway is 
associated with placental inflammation in pre-eclampsia.35

In an experimental study of the effect of inhaled parti
culate matter or quartz on NLRP3 inflammatory vesicle 
activation at a Swedish ironworks, flow cytometry was 
used to detect whole blood monocyte caspase-1 enzyme 
activity and real-time fluorescence quantitative PCR to 
detect the expression of inflammatory vesicle-associated 
genes. Multiple linear regression analysis was used to 
investigate the relationship between PM exposure and 
inflammatory markers. Significant exposure responses 
were found for respiratory dust and IL-18 and for inhaled 
dust and IL-1Ra. Whole blood drawn from study partici
pants, stimulated by inflammatory vesicle initiation stimu
lation LPS or Pam3CSK4, resulted in increased caspase-1 
enzyme activity in monocytes. The increase in caspase-1 
activity was significantly attenuated in the high exposure 
group of the PM exposure measure. Thus, the level of PM 
exposure in the iron environment can influence NLRP3 
inflammatory vesicles and the systemic inflammatory 
response.36

Mitochondrial Damage
It has been reported that NLRP3 is closely associated with 
mitochondria. In response to external changes, such as 
electrical stimulation, LPS or other stimuli, NLRP3 inter
acts with pro-caspase-1 via ASC, leading to activation of 
caspase-1. Activated caspase-1 promotes the cleavage and 
maturation of pro- IL-1β, pro-IL-18 and IL-33 in the 
cytoplasm and mature IL-1β is released.37 Mitochondrial 
localization of NLRP3 is critical for NLRP3 inflammatory 

vesicle activation. TLRs on the plasma membrane- 
associated and introns and RIG-like helicases (RIG-I and 
MDA-5) are recruited by the mitochondrial outer mem
brane protein MAVS to initiate type I interferon responses 
during viral infection. It was demonstrated that NLRP3 in 
the resting state was mainly localized to the endoplasmic 
reticulum, however, in the presence of NLRP3 inflamma
tory vesicle activators, NLRP3 and ASC were redistribu
ted to the endoplasmic reticulum and mitochondria that 
were clustered in the nuclear periphery.38 A. baumannii is 
a Gram-negative bacterium, a conditional pathogen that 
causes hospital-acquired pneumonia and bacteraemia by 
infecting alveoli with epithelial cells and macrophages. 
There is evidence that the outer membrane protein 34 
(Omp34) of A. baumannii induces a cellular immune 
response and an inflammatory response. In RAW264.7 
mouse macrophages, Omp34 induced the expression of 
caspase-1-p10 and IL-1β, and NLRP3 gene silencing sig
nificantly reduced the expression of both proteins. 
Furthermore, Omp34 stimulated RAW264.7 mitochondria 
to produce ROS, while the ROS scavenger Mito-TEMPO 
inhibited Omp34-triggered expression of NLRP3 inflam
matory vesicle-associated proteins and IL-1β synthesis. 
The above results suggest that mitochondrial-derived 
ROS play an important role in NLRP3 inflammatory vesi
cle activation.39

Lysosomal Rupture
As an organelle that breaks down various exogenous and 
endogenous macromolecules in eukaryotic cells, lysosomes 
are also involved in the regulation of NLRP3 inflammatory 
vesicle activation. When lysosomal histone B is released 
into the cytoplasm following stimulation by silica, alum or 
β-amyloid, which triggers destabilization of the cytophago
cytic vesicles, NLRP3 activation can be induced. In addi
tion, endocytic crystals or specific molecules may directly 
disrupt the lysosomal membrane, resulting in the diffusion 
of phagocytic particles into the cytoplasm, which may inter
act directly with inflammatory vesicle-associated proteins to 
promote NLRP3 activation.40 Studies have shown that 
NLRP3 inflammatory vesicle activation, lysosomal dysfunc
tion and impaired autophagic flux play a key role in the 
pathophysiology of MI. Therapeutic strategies targeting 
NLRP3 activation, lysosomal enzyme release have shown 
beneficial effects in suppressing the early inflammatory 
response in cardiovascular disease. Therefore, inhibition of 
NLRP3 activation and correction of lysosomal dysfunction 
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may be a new direction in the treatment of myocardial 
infarction.41,42

Other Pathological Factors
LPS-induced NLRP3 inflammatory vesicle activation, in 
which caspase-11 is involved, is prevalent in Gram- 
negative bacteria. Recent studies have demonstrated that 
IFN regulatory factor (IRF) 8 is essential for caspase-11- 
mediated NLRP3 inflammatory vesicle activation during 
LPS transfection, and that IRF8 promotes NLRP3 activa
tion in bone marrow-derived macrophages (BMDMs) from 
mice infected with Gram-negative bacteria, and that 
BMDMs lacking IRF8 show substantially reduced cas
pase-11 activation and gasdermin D cleavage, which are 
required for NLRP3 inflammasome activation. 
Mechanistically, IRF8-mediated phosphorylation of IRF3 
is required for transcription, which in turn triggers cas
pase-11-dependent NLRP3 inflammasome activation in 
infected BMDMs.43

Inflammatory mediators are important in the develop
ment of many RNA virus-infected diseases. Many RNA 
viruses and their component such as encephalomyocarditis 
virus (EMCV) 2B viroporin, the viral RNA of hepatitis 
C virus, the influenza virus M2 viroporin, the respiratory 
syncytial virus (RSV) small hydrophobic (SH) viroporin, 
and the human rhinovirus (HRV) 2B viroporin can activate 
the NLRP3 inflammasome to influence the inflammatory 
response. On the other hand, some viruses use virally 
encoded proteins to inhibit inflammatory activation, such 
as the influenza virus NS1 protein and the measles virus 
(MV) V protein.44

Bacterial, viral and environmental stimuli can all cause 
changes in NLRP3, which can lead to changes in the level 
of pyroptosis in the body.

Pathological Changes in 
Cardiovascular Disease by 
Pyroptosis
When pyroptosis occurs, it causes alterations to the ultra
structure of the cardiovascular system, resulting in more 
significant damage and a poor prognosis for cardiovascular 
disease (Figure 2).

Endothelial Damage
Vascular endothelial damage is the initiating factor for 
cardiovascular pathology. Endothelial cells are the most 
important protective barrier between blood and blood 

vessel wall. High-risk factors can accelerate endothelial 
cell death and lead to cardiovascular pathology. Different 
types of injuries, such as mechanical, immune-mediated 
and chemical, can lead to endothelial damage.45,46 

Endothelial dysfunction induced by high glucose is 
a recognized cause of vascular complications of type 2 
diabetes. Experiments have found that rutin may protect 
endothelial function and reduce vascular complications 
caused by diabetes by inhibiting NOX4-responsive oxida
tive stress and ROS-sensitive NLRP3/caspase-1 signaling 
pathway in vivo and in vitro.47 In the process of athero
sclerosis, the deposition of low-density lipoprotein (LDL) 
plays an essential role in the damage of endothelial cells. 
Oxidized low-density lipoprotein (Ox-LDL) has also been 
confirmed to induce pyroptosis of endothelial cells, which 
plays a vital role in the course of the disease. In endothe
lial cells, Ox-LDL upregulates the expression of mixed- 
lineage kinase domain-like (MLKL) proteins at the mRNA 
and protein level, which are closely associated with the 
activation and secretion of caspase-1 and IL-1β, and it is 
also associated with the release of lactate depleting hydro
genase (LDH). Overexpression of MLKL increases the 
expression of caspase-1, IL-1β, pro-IL-1β and Ox-LDL- 
induced LDH. The NLRP3 specific inhibitor MCC950 
abolished the activation of caspase-1 and the maturation 
of IL-1β induced by MLKL.48,49 There is also evidence 
that endothelial cell damage caused by pyroptosis in 
Kawasaki disease plays an important role in the disease 
process.50

Damage Arterial Wall Plaque Stability
Atherosclerosis usually begins insidiously and progresses 
slowly, and often does not show obvious clinical symp
toms in the early stages: large and medium-sized muscu
loskeletal arteries, most commonly the aorta, coronary 
arteries, and cerebral arteries. With the continuous devel
opment of AS, the deposition of atheroma on the vessel 
wall gradually increases, and the vessel wall gradually 
becomes thicker and harder, making the lumen of the 
blood vessels becomes thinner, and the blood flow slows 
down, even eventually leading to blockages and impaired 
blood supply, causing a host of diseases.51

Although the death of macrophages in the early stages 
of atherosclerotic lesions has been reported to promote 
necrotic core formation and atherosclerotic plaque 
instability,52 during atherosclerosis, macrophage death is 
closely associated with inflammation. During the disease 
process, dying macrophages do not adequately clear 
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atherosclerotic plaque progression. The accumulation of 
these dead cells leads to the formation of a necrotic core 
and the release of inflammatory cytokines, chemokines, 
proteases, which ultimately leads to inflammation, 
increased susceptibility to atherosclerotic plaque rupture, 
and the formation of thrombi.53 In diabetic atherosclerotic 
(DA) rats, small-dose, slow administration of erucic acid 
(SA) suppressed serum endothelin-1 (ET-1), and IL-1β in 
mice, inhibited the pyroptosis of bone marrow macro
phages and inhibited the expression of eosinophils ASC, 
NRLP3, and caspase-1. The expression of LncRNA metas
tasis-associated lung adenocarcinoma transcript 1 
(MALAT1) was significantly upregulated in DA rat 
macrophages, and small doses of SA reduced MALAT1 
expression. Gene overexpression and knockdown 

experiments indicate that MALAT1 promotes normal 
macrophage pyroptosis. Furthermore, in macrophages 
coincubated with high glucose and oxidized LDL, 1-μ- 
MSA inhibited pyroptosis in a manner similar to 
MALAT1 knockdown. Transfection of the pcDNA- 
MALAT1 expression vector antagonized the SA-induced 
decrease in MALAT1 expression and macrophage 
hypoplasia.54,55

Angiogenesis
Angiogenesis is a process by which new capillaries and 
blood vessels arise from the pre-existing vascular system 
and is tightly regulated by many anti-angiogenic factors.56 

After the occurrence of ischemic diseases, the prognosis of 
dyslipidemia-related diseases such as myocardial ischemia, 

Figure 2 Pathological changes in the cardiovascular system through different pathways of pyroptosis. The release of IL-1β during anxiety is closely related to the release of 
LDH, and when the vascular endothelium is exposed to LDH and inflammatory substances, the release of diastolic factors decreases and vasoconstrictor factors increase, 
breaking the homeostasis of vascular homeostasis, leading to endothelial damage. In response to stimuli such as high blood lipids and oxidatively modified LDL, activation of 
Caspase-1 mediates the pyroptosis and inflammatory response of vascular endothelial cells, macrophages, and vascular smooth muscle cells, leading to vasodilatory 
dysfunction, formation of necrotic centers, stabilization of atherosclerotic plaques, and ultimately atherosclerosis. The inflammatory environment caused by inflammatory 
substances such as caspase-1 inhibits the activation, proliferation, and migration of endothelial cells and reduces angiogenesis. IL-1β and IL-18 produced by pyroptosis can 
recruit and activate other immune cells to induce the synthesis of the inflammatory factor IL-6, which acts as a ligand and, upon binding to the relevant receptor, causes the 
GP130 attached to it to form a homodimer, and tyrosine kinases are activated to promote increased cellular gene transcriptional activity. Activation of caspase-1 induces 
cellular pyroptosis and release of the pro-inflammatory factors IL-1β and IL-18 initiates amplification of the inflammatory cascade, leading to endothelial dysfunction, which in 
turn induces or adds to the development of myocardial fibrosis.
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peripheral artery disease, ischemic stroke, may be related to 
insufficient angiogenesis.57 Studies have found that reduced 
angiogenesis can aggravate the progression of diseases such 
as myocardial ischemia, peripheral artery disease, and 
ischemic stroke.58 Dyslipidemia and the inflammatory 
environment will inhibit endothelial cell proliferation and 
angiogenesis and aggravate the prognosis of ischemia. 
Some scholars have prevented the occurrence of pyroptosis 
by inhibiting the activation of caspase-1. The results show 
that inhibiting caspase-1 can improve the tube formation of 
lysophosphatidylcholine-treated human aortic endothelial 
cells while reducing caspase-1 can improve mice angiogen
esis and blood supply of hindlimb ischemic tissues, and 
confirmed that inhibiting endothelial cell atherosclerosis 
caspase-1 activation can improve angiogenesis and 
ischemic prognosis.59 In addition, H.A.MENA and his 
associates demonstrated experimentally that human recom
binant histones trigger endothelial progenitor pyroptosis. 
This response can significantly inhibit angiogenesis, phe
nomena such as proliferation, migration/chemistry and the 
formation of rope-like structures.60 Therefore, pyroptosis is 
closely related to angiogenesis, but its specific mechanism 
needs to be further investigated.

Myocardial Hypertrophy
Myocardial hypertrophy is a compensatory response to stress 
or stimuli that can lead to arrhythmias and heart failure.61 

Multiple molecular mechanisms have been found to be 
involved, but cardiac hypertrophy remains challenging to 
treat.62,63 IL-1β and IL-18 produced by pyroptosis can recruit 
other immune cells and induce the synthesis of IL-6, which 
acts as a ligand and binds to the relevant receptor, causing 
a homodimer to form with its linked GP130.64 At the same 
time, tyrosine kinases are activated, promoting increased 
transcriptional activity of cellular genes.A pathological 
model of cardiac hypertrophy in mice was developed by 
applying pressure overload to the mouse heart using aortic 
transverse contraction (TAC).65 Neonatal mouse cardiomyo
cytes were extracted, and cardiomyocyte angiotensin II (Ang 
II) was used to induce cardiomyocyte hypertrophy in vitro. 
Detection of caspase-1 and IL-1β expression revealed 
a significant increase in caspase-1 and IL-1β expression 
levels during the process of myocardial hypertrophy.66 

Subsequently, we administered a caspase-1 inhibitor in con
junction with Ang II. The results showed that caspase-1 
inhibitors attenuated the thickening effect of Ang II, which 
was associated with the down-regulation of caspase-1 and 
IL-1β expression. The experimental results provide new 

evidence that caspase-1-mediated pyroptosis is involved in 
the process of myocardial hypertrophy, and that inhibition of 
caspase-1 expression will alleviate the degree of myocardial 
hypertrophy, opening up new possibilities for its treatment,67 

in diabetic cardiomyopathy (DCM) model in Sprague- 
Dawley rats treated with a high-fat diet plus low-dose strep
tozotocin. It was using siRNA (CMKLR1-siRNA) to down- 
regulate the expression of CMKLR1 (a G protein-coupled 
receptor that is an inducer of inflammation). The aim of the 
study was to evaluate the role of CMKLR1 in dilated cardi
omyopathy. Enhanced expression of CMKLR1, NLRP3, 
caspase-1, activated caspase-1 and activated IL-1β in liver 
tissues of rats with enlarged cardiomyopathy as a model. 
DCM model rat cardiac hypertrophy, ultrastructural disor
ders, and functional impairment. By observing the pyroptosis 
process, it was found that silencing CMKLR1 suppressed 
NLRP3 expression and activated caspase-1 and IL-1β. 
CMKLR1-siRNA treatment alleviates cardiac inflammation, 
reduces cardiac hypertrophy and improves cardiac function. 
Silencing of either CMKLR1 or NLRP3 inhibited the expres
sion of activated caspase-1, IL-1β and reduced the occur
rence of pyroptosis. Thus, pyroptosis causes pathological 
changes in cardiac hypertrophy, and understanding the spe
cific mechanisms of pyroptosis, and cardiac hypertrophy will 
help us to open up new ideas and new methods to inhibit 
cardiac hypertrophy.52,68

Myocardial Fibrosis
Myocardial fibrosis is an essential topic of modern medical 
research,69 heartbeat relies on the normal contraction and 
diastolic ability of the myocardium, and myocardial fibro
sis leads to increased myocardial stiffness and decreased 
myocardial contraction and diastolic function, which in 
turn affects the heart’s pumping function.70–72 

Myocardial fibrosis is a critical period in the progression 
of cardiac function from the compensated to the decom
pensated phase, which can lead to ventricular remodeling 
and eventually to heart failure. Therefore, a critical prog
nostic factor in cardiovascular disease.73–75 Activation of 
caspase-1 induces pyroptosis and release of the pro- 
inflammatory cytokines IL-1β and IL-18 initiates amplifi
cation of the inflammatory cascade, leading to endothelial 
dysfunction, which in turn produces or adds to the devel
opment of myocardial fibrosis. Myocardial fibrosis forma
tion is associated with multiple complex mechanisms such 
as oxidative stress, chemokine families, NLRP3 inflamma
tory microsomes, pro-inflammatory cytokines, growth fac
tors, and non-coding RNAs.76 Curcumin is the richest 
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polyphenol in the dietary spice turmeric and is known to 
be the yellow curry pigment. Curcumin can reduce inflam
mation by inhibiting inflammatory cytokines, suppressing 
macrophage infiltration, and modulating immune cell 
activity, thereby slowing myocardial fibrosis.77

Role of Pyroptosis in Cardiovascular 
Disease
The activation of NLRP3 inflammasome is strongly asso
ciated with the induction of pyroptosis, and NLRP3 is 
associated with hyperlipidemia, diabetes, and cardiovascu
lar risk factors such as hypertension, obesity and hyperho
mocysteinemia are associated. Pyroptosis has been found 
to be an essential factor in triggering cardiovascular 
inflammation, therefore, it may play a role in the patho
genesis of cardiovascular disease important role 
(Table 2).29

Myocardial Ischemia/Reperfusion Injury
Myocardial infarction (MI) is a severe coronary artery- 
related disease, mainly caused by coronary artery athero
sclerosis thrombosis or myocardial oxygen supply and 
demand imbalance, after the destruction of atherosclerosis, 
the released plaque can gather platelets, leading to coron
ary artery obstruction, resulting in myocardial ischemia 
and necrosis.78 There is some evidence that myocardial 
infarction is accompanied by a sterile inflammatory 
response, leading to leukocyte accumulation and subse
quent wound resorption and scarring. It has been found 
that there is a general increase in the levels of 

inflammatory cytokines such as NLRP3 in myocardial 
cells that develop infarction and that aseptic inflammation 
after myocardial infarction is a significant factor in the 
development of aseptic inflammation. Responses are also 
generated primarily through inflammatory factor activation 
and release. It has been suggested that the inhibitory effect 
of Sirt1 on NLRP3 inflammasome is involved in a variety 
of diseases and that Sirt1 overexpression is a significant 
factor in the inflammatory response can effectively ame
liorate MI-induced myocardial injury, so that Sirt1 can 
inhibit NLRP3 inflammasome activation, thereby reduces 
pyroptosis and myocardial infarction.79

Acute occlusion of coronary arteries can lead to myo
cardial infarction and is the leading cause of premature 
death. Timely recovery of myocardial blood flow can pre
vent excessive death of myocardial cells and improve 
clinical efficacy. It is now understood that in addition to 
ischemia-reperfusion injury, the process of reperfusion 
paradoxically leads to further damage known as myocar
dial ischemia-reperfusion (I/R) injury. Although necrosis 
is the primary mechanism of cell death after reperfusion, 
the pyroptosis pathway is currently considered to be 
involved in ischemia-reperfusion (I/R) injury.80 It has 
been suggested that cardiac troponin I-interacting kinase 
(TNNI3K) exacerbates ischemia-reperfusion (IR) through 
oxidative stress damage, thereby promoting cardiomyocyte 
death, by designing and synthesizing a novel TNNI3K 
inhibitor in a mouse model. TNNI3K inhibitor 6o inhibits 
cardiomyocyte pyroptosis and apoptosis and reduces cir
culation by interfering with p38MAPK activation Cardiac 

Table 2 Pyroptosis and NLRP3 Involvement of Organs and Modes of Injury in Various Cardiovascular Diseases

Disease Type Participating Cells/ 
Organs

Type of Injury References

Myocardial Ischemia/ 

Reperfusion Injury

Endothelial cells, heart, 

myocardium

Coronary artery ligation [60,62]

Atherosclerosis Macrophages, endothelial 

cells

Cholesterol, low-density lipoprotein, triglycerides [65,67]

Diabetic cardiomyopathy H9C2 cardiomyocytes High glucose induced, streptozotocin [70,71]

Arrhythmia Atria Disease induction (arrhythmias after neo-coronary pneumonia, 
diabetes with arrhythmias)

[82]

Heart Failure Myocardial tissue Missing TET2 [85,88,93]

Hypertension Kidneys, blood vessel walls 1K/DOCA/salt intervention, dysregulation of VSMC phenotypic 
transformation

[99]

Kawasaki disease Coronary endothelium CAWS [58]
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troponin I (cTnI) leakage decreased myocardial tissue 
damage and significantly reduced the area of myocardial 
infarction in rats.81

In the latest study, a model of acute myocardial infarc
tion was established by electroacupuncture pretreatment of 
C57BL/6 mice for 3 days, followed by ligation of the left 
anterior descending coronary artery. Detection of myocar
dial injury revealed that it reduced infarct size, increased 
short fraction (FS) and ejection fraction (EF), and reduced 
the degree of inflammation after AMI injury. Meanwhile, 
EAP inhibited the expression of NLRP3, cleaved caspase- 
1 and IL-1β in ischaemic myocardial tissue and suppressed 
the expression of F4/80, CD11b, CD206 and activated M2 
macrophages, and reduced the expression of Ly-6GCD11b 
neutrophils in ischaemic myocardial and splenic tissue.82 

There is increasing evidence that artemisinin also exerts 
cardioprotective effects, with less myocardial damage, sig
nificant inhibition of myocardial autophagy, improved 
mitochondrial electron transport chain activity, and 
reduced NLRP3, ASC, cleaved caspase-1, and IL-1β in I/ 
R rats treated with artemisinin.83

Atherosclerosis
Clinical practice has shown that atherosclerosis can be 
a serious health hazard, and it has become the leading 
cause of death among the sick population in developed 
countries.84 In recent years, the incidence of atherosclero
sis has been rising rapidly and is characterized by fibrous 
tissue and lipid deposition in the intima of elastic 
arteries.85 Atherosclerosis can be triggered by endothelial 
damage and lipid deposition leading to thrombosis, thick
ening of the vessel wall, and hardening of the arteries. 
Subjected to physical (flow shear stress, tension, cramping 
or hypoxia) and chemical (oxidized LDL, free radicals, 
inflammatory response) Stimulated by (factor and infec
tion) factors, endothelial cells release a large number of 
cytokines and adhesion molecules.86 Oxidised low-density 
lipoprotein (Ox-LDL) is a protein involved in oxidative 
stress damage and plays an important role in the disease 
process of atherosclerosis. This is because Ox-LDL is 
taken up by macrophages via scavenger receptors and Ox- 
LDL receptors, rather than by LDL receptors, leading to 
lipid deposition and macrophage foam formation. 
Recently, scientists have found that NLRP3 Inflammatory 
vesicles and caspase-1-mediated pyroptosis are involved in 
the formation and development of atherosclerosis, espe
cially in the late stages of the disease. Caspase-1-mediated 
pyroptosis becomes a major mortality factor for Ox-LDL- 

processing macrophages in the atherosclerotic disease pro
cess. Activation of caspase-1 during death requires NLRP3 
inflammatory vesicles, which can be activated by Ox-LDL 
and cholesterol crystals, which are most abundant in ather
osclerotic lesions. As mentioned above, Caspase-1 med
iates the breakdown of IL-1β precursors, activating IL-1β, 
which recruits and activates other immune cells and 
induces inflammatory cytokines such as IL-6, chemokines 
and adhesion molecules. This process promotes the devel
opment of atherosclerosis.87 In the high-fat diet (HFD)- 
induced (ApoE) mouse model of atherosclerosis, serum 
homocysteine, cholesterol, and triglyceride levels were 
elevated, atherosclerosis progression was accelerated, and 
macrophage infiltration into atherosclerotic lesions was 
increased, all of which were attenuated by piperonyl 
E (Peperomin E) treatment. Significantly elevated levels 
of inflammation-related regulators accompanied by 
increased expression of β-nuclear transcription factor 
B inhibitor B (κBα, IκBα) and nuclear factor-κB (NF- 
κB), a process that can be blocked by pepe, were found 
in arterial tissue of high-fat feed-fed ApoE mice with 
NLRP3 inflammatory microsomal activation. In vitro, 
silencing NLRP3 with small interfering RNA effectively 
inhibited oxidized LDL-induced ASC and caspase-1 
expression, IL-1β and IL-18 production in human aortic 
endothelial cells. Further experiments showed that the 
NLRP3-ASC pathway was activated by reactive oxygen 
radicals (ROS) because the ROS scavenger of 
N-acetylcysteine (NAC) was blocked, and the addition of 
pepe further reduced the activity of the NLRP3-ASC path
way. However, NLRP3 overexpression eliminates the anti- 
inflammatory effect of pepe on Ox-LDL-incubated 
HAECs.88 Thus, caspase-1-dependent pyroptosis plays 
a vital role in the atherosclerotic disease process.

Statins are widely used in the treatment of hyperlipi
daemia and cardiovascular disease. In addition to their 
lipid-lowering effects, statins have immunomodulatory, 
anti-inflammatory, antioxidant and anti-apoptotic func
tions. A growing body of research suggests that NLRP3 
inflammatory vesicles and their downstream mediators are 
important targets for statins in the treatment of inflamma
tory diseases. Statins and hsCRP target LDL cholesterol 
by reducing cholesterol synthesis and increasing HDL 
cholesterol levels. Statins also act through immunomodu
latory functions. Similar to atorvastatin, frequent adminis
tration of statins inhibited the TLR4/MyD88/NF-kB 
pathway associated with NLRP3 expression in human 
monocytes (THP-1) and induced a reduction in IL-1β.89
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Diabetic Cardiomyopathy
Diabetic cardiomyopathy (DCM) is a common complica
tion in the later stages of diabetes, leading to heart failure, 
arrhythmias and sudden death dengyixilie undesirable con
sequences. Metabolic alterations, mitochondrial dysfunc
tion, oxidative stress, inflammation, cell death and 
extracellular matrix remodelling may all contribute to the 
pathogenesis of DCM. In diabetes, cleaved caspase-1 is 
activated following expression of NLRP3 inflammatory 
microsomes. In turn, it leads to the conversion of inter
leukin-1 beta precursors (pro-IL-1β) and pro-IL-18 to 
mature IL-1β and IL-18.90

Long non-coding RNAs (lncRNAs) are RNAs that are 
more than 200 nucleotides long and do not have a protein- 
coding function. The full name of lncRNA Kcnq1ot1 is 
KCNQ1 overlapping transcript 1, and lncRNA Kcnq1ot1 
can regulate caspase-1 expression through miR-214-3p in 
the male C57BL/6 mouse DCM model. Using lentiviral 
transfection of the lncRNA Kcnq1ot1 revealed that silen
cing Kcnq1ot1 attenuated high glucose-induced cardio
myocyte pyroptosis in diabetic mice by affecting the 
expression of miR-214-3p and caspase-1.52,91

The study showed that the mRNA level and protein 
expression of caspase-1 was significantly increased in rat 
diabetic myocardium, and further investigations revealed 
that NLRP3 inflammasome activation of caspase- 
1-mediated pyroptosis plays an important role in the devel
opment of diabetic cardiomyopathy.92

In a study by Yebin Xie and his colleagues, it was 
found that chemerin may, through its receptor CMKLR1 
induces inflammation NLRP3-mediated IL-1β caspase-1 
activation and Cardiomyocyte pyroptosis. Increased 
expression of chemerin, CMKLR1, NLRP3, caspase-1, 
activated caspase-1 and mature IL-1β in DCM experi
ments using rats as animal models. The myocardium of 
the DCM model rats showed fibrosis, hypertrophy, ultra
structural disorders and impaired function, and the onset of 
pyroptosis was observed in both in vitro and in vivo 
experiments. Silencing CMKLR1 reduces NLRP3 expres
sion and inhibits caspase-1 and IL-1β activation. 
CMKLR1-siRNA treatment reduces cardiac inflammation, 
fibrosis, hypertrophy and pyrosis, and improves cardiac 
function.93

To investigate whether ticagrelor, a P2Y12 receptor 
antagonist, and dapagliflozin, a sodium-glucose transpor
ter-2 inhibitor, can inhibit NLRP3 inflammasome activa
tion. Eight-week-old BTBR and wild-type mice were 

treated with drug-free, dapagliflozin, ticagrelor or 
a combination of them for 12 weeks. Their heart damage 
and inflammasome expression were tested. The results 
showed that both dapagliflozin and ticagrelor attenuated 
the progression of diabetic cardiomyopathy, NLRP3 
inflammasome activation and fibrosis in BTBR mice, and 
that the combination had an additive effect.94

Arrhythmia
Arrhythmia can exist as a single or cardiomyopathy- 
associated disease, and myocardial damage associated 
with arrhythmia is often accompanied by temporary or 
permanent inflammatory reactions.

The novel coronavirus (CoV) causative virus Severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
binds to cell surface ACE2 receptors and infects host cells, 
causing 2019 coronavirus disease (COVID −19).95,96 

SARSCoV-2 has been shown to trigger an excessive sys
temic inflammatory response that can lead to cardiac 
damage, such as arrhythmias, in addition to acute lung 
injury and acute respiratory distress syndrome.97 Clinical 
results show that the impact of such diseases on the car
diovascular system of COVID-19 patients relies on inflam
matory mediators, such as NLRP3, IL-1β, and TNF-.98,99 

In vitro studies have demonstrated that SARS-CoV can 
open reading frame 3a (ORF3a) accessory protein, which 
acts as a potent activator of NLRP3 inflammatory micro
somes, and thus SARS-CoV-2 may use the same mechan
ism of action to induce NLRP3-dependent cytokine storms 
and to lead to a severe inflammatory response. Although 
we have demonstrated that the arrhythmias caused by 
SARS-CoV-2 are associated with inflammatory micro
somes such as NLRP3, there is no direct evidence that 
atrial fibrillation caused by SARS-CoV-2 is associated 
with pyroptosis, so further mechanisms remain to be 
explored.100

Atrial fibrillation is the most common arrhythmia, and 
its mechanism of action has not been elucidated to date, 
but there is considerable evidence that it is associated 
with inflammation.101 Elevated expression of NLRP3 
inflammatory microsomes in cardiomyocytes from 
patients with persistent AF has been found to be increased 
by knockout techniques, and drug Inhibition of NLRP3 
expression by inhibitors slows the progression of AF.102 

In a rabbit model of diabetes with atrial fibrillation, atrial 
caspase-1 activity was found to be elevated, and serum 
IL-1β protein and IL-18 levels were elevated.103 To 
further confirm whether the activation and expression of 
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NLRP3 inflammatory vesicles is altered in the diabetic 
rabbit model, we assessed NLRP3 protein levels and 
caspase-1 activity in atrial tissue lysates of different 
groups of rabbits.104 The overactive NLRP3 signaling 
pathway promotes the expression of RyR2 and caspase- 
1-mediated pyroptosis mechanism, resulting in increased 
RyR2-mediated arrhythmic SRCa2+ release events and 
increased inflammatory cytokine secretion. Thus, pyrop
tosis plays an essential role in the development of atrial 
fibrillation.105

In a study of the role of NLRP3 inflammatory vesicles 
in the pathophysiology of cardiac glycoside-induced car
diac inflammation and dysfunction, the cardiac glycoside 
vabain caused cardiac dysfunction and injury in wild-type 
mice stimulated with low doses of LPS, but no cardiac 
dysfunction was observed in mice treated with either 
vabain or LPS alone, thus suggesting that cardiac glyco
sides promote cardiac inflammation and dysfunction via 
NLRP3 inflammatory vesicles and providing new insights 
into the mechanisms of cardiac glycoside adverse 
effects.106

Heart Failure
IL-1β induces calcium overflow from the myocardial sar
coplasmic reticulum, which directly affects the calcium 
environment, myocardial contraction, and excitatory con
traction IL-1β also stimulates the synthesis of inducible 
nitric oxide synthase (iNOS).107 Leading to cell death and 
tissue remodeling.108 Apoptosis-associated microproteins 
promote the inflammatory microsomal formation, which 
activates caspase-1, releases IL-1β and IL-18 promotes 
tumor necrosis factor-α (TNF-α) and INOS generation, 
which in turn reacts on caspase-1, thereby forming an 
inflammatory waterfall that together promotes pyroptosis 
and ultimately loss of cardiomyocytes and leading to heart 
failure.

The protein encoded by TET2 (10–11 translocation 2) 
is an epigenomic regulatory enzyme. A causal role of 
somatic TET2 mutations in atherosclerosis has been 
demonstrated. On this basis, using a mouse model of 
hyperlipidemia, bone marrow reconstituted in part by 
TET2-deficient hematopoietic cells resulted in their clonal 
expansion and a significant increase in atherosclerotic 
plaque size in mice.109 Mechanistically, TET2-deficient 
macrophages secrete more IL-1β and NLRP3, which 
leads to increased atherosclerotic plaque activity. 
However, recent studies have found that TET2 deficiency 
may have an even greater impact, as it may cause heart 

failure in MI patients.110,111 In both LAD permanent liga
tion and TAC models of heart failure, tet2-mediated clonal 
hematopoiesis results in the upregulation of IL-1β. IL-1β 
is activated and secreted upon lysis in the cytoplasm of 
NLRP3 inflammatory microsomal innate immune cells.112 

The use of NLRP3 inhibitors, on the other hand, protects 
against heart failure caused by both models, and these data 
suggest that IL-1βblockade or the use of NLRP3 inflam
matory microsomal inhibition may be particularly useful 
in the treatment of heart failure in individuals carrying 
these mutations, thus allowing us to explore new thera
peutic ideas and preventive measures for heart failure in 
such patients from a pyroptosis perspective.113

Patients with heart failure often experience alterations 
in electrical remodeling that lead to cardiac 
arrhythmias.114 In cardiac macrophages, activation of 
TLR2 and NLRP3 inflammasome induces the production 
of IL-1β antioxidant protein in diabetic mice.IL-1β acet
ylase reduces the density of l-type Ca2+ (ICaL) and acti
vates ROS signaling and protein kinase C, leading to 
arrhythmias and heart failure.115 IL-1β acetylase reduces 
the density of l-type Ca2+ (ICaL) and activates ROS 
signaling and protein kinase C, leading to arrhythmias 
and heart failure.IL-1β acetylase reduces the frequency of 
l-type Ca2+ (ICaL) and activates ROS signaling and pro
tein kinase C, leading to arrhythmias and heart failure.116 

During heart failure, sustained inflammatory stimuli lead 
to collagen accumulation and myocardial fibrosis, which is 
exacerbated by myocardial fibroblasts that then induce the 
production of inflammatory mediators. Anti-fibrotic drugs 
used to treat cardiac fibroblasts in mice inhibit the expres
sion of NLRP3 and ASC and the assembly of inflamma
tory microsomes and block the NLRP3 transforming 
growth factor (TGF inhibitor 1)-Smad pathway.117

Administration of NaS after myocardial infarction in 
mice resulted in smaller left ventricular infarct scar areas, 
apoptotic signals measured by the Bcl-2/Bax ratio, and 
inhibition of cofilin-2 expression, a specific target of 
miR-21. NaS treatment after myocardial infarction main
tained left ventricular function and improved survival by 
reducing inflammatory vesicle-mediated maladaptive 
remodeling and slowed the progression of heart failure.118

Hypertension
Chronic inflammation of the kidney and vascular wall is 
a major cause of hypertension, and dysregulation of 
VSMC phenotypic transformation is responsible for the 
development of hypertension and its associated vascular 

https://doi.org/10.2147/JIR.S308177                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2021:14 2660

Ji et al                                                                                                                                                                  Dovepress

https://www.dovepress.com
https://www.dovepress.com


pathology. Clinical studies have also confirmed that the 
levels of pro-inflammatory cytokines IL-1β and IL-18 are 
elevated in the circulation and blood vessels of hyperten
sive patients. NLRP3 activation, inflammation, and pheno
typic transformation were found in spontaneously 
hypertensive rats (SHR), which was attenuated by knock
down of NLRP3 in SHR-derived vascular smooth muscle 
cells (VSMCs) or by NLRP3 gene silencing in SHR 
aortas.119 A high-salt diet in rats induces activation of 
NF-κB, which further leads to activation of NLRP3 and 
caspase-1, and overload of ROS and PICs in the hypotha
lamic paraventricular nucleus. These changes and their 
interactions lead to sympathetic excitability, which ulti
mately accelerates the progression of hypertension. Thus, 
NF-κB plays a vital role in hypertension due to 
pyroptosis.120 Clinical studies have shown that the expres
sion of aortic caspase-1 is positively correlated with TC, 
LDL-C, Lp (a), hypertension, and diabetes, but negatively 
correlated with HDL-C. However, the limitation of this 
study lies in the control group. Considering that 260 
healthy people can rarely collect aortic tissue, the experi
ment had to select 261 renal arteries from kidney donors as 
the control group.121 By strictly regulating the relationship 
between pressure and urine sodium, the increase in blood 
pressure is accompanied by a compensatory decrease in 
proximal tubule sodium reabsorption, and the kidneys play 
an essential role in blood pressure homeostasis. In the 1K/ 
DOCA/salt intervention of mouse kidney damage hyper
tension model, we observed that mouse hypertension is 
associated with the increase of NLRP3, ASC, pro-caspase 
-1 and pro-IL-1β mRNA levels, using Western blotting to 
measure caspase-1 p10 and IL-1β inhibitor p17 subunits, 
multiple immune response bands can be observed. In other 
environments, for example, gout and hyperuricemia are 
related to the formation of urate microcrystals in multiple 
sites, including the kidneys, which leads to the aggregation 
of inflammasomes. The application of uric acid-lowering 
compounds such as allopurinol can be used in many areas. 
Reduce blood pressure to a large extent.122 Inhibition of 
ASC expression provides protection against chronic pres
surization, renal inflammation and pro-fibrosis of 1K/ 
DOCA/salt, and hypertension of angiotensin II, which 
means that targeting inflammasome/IL-1β may be a new 
way to lower blood pressure123,124.

Kawasaki Disease
Kawasaki disease (KD) is more common in developed 
countries.125 It is a childhood heart disease that can 

cause permanent coronary artery damage and coronary 
artery aneurysms.126–128 At present, it is known that 
endothelial cell injury and inflammation are two impor
tant processes that lead to KD coronary endothelial 
dysfunction. In vivo experiments in KD patients 
showed that compared with healthy controls, the 
serum levels of ASC, caspase-1, IL-1β, IL-18, 
GSDMD and lactate dehydrogenase (LDH) in KD 
patients were significantly increased, the expression of 
NLRP3 mRNA in children with KD in the acute phase 
is positively correlated with the levels of C-reactive 
protein, IL-6, IL-1β, and prealbumin.129 Western blot 
analysis showed that the expression of GSDMD and 
IL-1β was significantly increased in the serum of KD 
patients.129 In cell experiments, in order to prove that 
the up-regulation of pyroptosis-related proteins is 
related to vascular endothelial damage, we used mono
cytes/macrophages (THP1 cell line) in KD-induced 
inflammatory conditions to simulate the impact of the 
inflammatory environment in vivo on endothelial cells. 
The results showed that in the in vitro model of KD 
treated ECs, the expression of pyroptosis-related pro
teins was upregulated. If GSDMD-derived inhibitor is 
added, the level of endothelial pyroptosis will decrease 
significantly, and the expression of pyroptosis-related 
protein will decrease. In addition, in the KD animal 
model, the inhibition of cathepsin B (CA074-Me) also 
rescued EC membrane rupture and reduced coronary 
artery inflammation. These evidences suggest that the 
EC pyroptosis of KD is mediated by cathepsin B, 
HMGB1/RAGE/cathepsin B signaling pathway may 
be one of the important pathways for endothelial cell 
pyroptosis activation. The KD mouse model induced 
by Candida albicans cell wall extract (CAWS) also 
validated the above viewpoint.130 Therefore, endothe
lial pyroptosis may play an important role in KD cor
onary artery endothelial injury.50

Genetic studies suggest that interleukin (IL)-1β may 
play a role in KD. Therefore, we explored the role of IL- 
1β in a mouse model of KD in which Lactobacillus casei 
cell wall extract (LCWE) was injected, and the results 
strongly suggested a key role for caspase-1 and IL-1β in 
the development of coronary lesions in a mouse model of 
KD blocked by IL-1 receptor antagonists. Thus, anti-lL-1β 
therapeutic strategies may be an effective and more tar
geted treatment for the prevention of coronary artery 
lesions in KD.131
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Conclusion
Pyroptosis is a death method characterized by cell swel
ling, cell membrane rupture, and the release of inflamma
tory cytokines. At present, there are known caspase- 
1-dependent classic pathways, caspase-4/5/11-mediated 
non-classical pathways, and the newly discovered cas
pase-3-dependent apoptotic pathways in recent years. 
Among the traditional signaling pathways, NLRP3 and 
caspase-1 are the most widely involved in cardiovascular 
diseases. By affecting angiogenesis, myocardial hypertro
phy, destabilizing plaques on the arterial wall, myocardial 
fibrosis, endothelial injury and other pathological pro
cesses, they play an important role in myocardial infarc
tion/reperfusion, arrhythmia, Kawasaki disease and other 
cardiac diseases. Therefore, we can use our understanding 
of the molecular mechanisms of NLRP3 inflammatory 
vesicle activation to identify effective NLRP3 inhibitors 
or inhibitory pathways and assess their therapeutic poten
tial. Scientists have identified many NLRP3 inhibitors, 
including those that directly inhibit NLRP3 or indirectly 
inhibit inflammatory vesicle components or related signal
ling events. However, it is worth noting that the mechan
ism or precise target of NLRP3 inhibition is not fully 
elucidated and there is a potential risk of off-targeting.

This review lists the latest progress and experimental 
studies of pyroptosis in cardiovascular diseases, studies 
have shown that lentivirus transfection, inhibitors and 
other means, by inhibiting the expression of NLRP3 
inflammatory bodies or caspase-1 can reduce the degree 
of pyroptosis, so as to reduce cell damage and decrease 
the progress of the disease. This method may be a new 
target for the treatment of cardiac diseases. However, 
prospective clinical trials are needed to translate this 
into clinical practice. Future research needs to answer 
many unanswered questions. For example, can drugs or 
antibodies targeting the GSDMD inflammatory pathway 
enhance the therapeutic potential of a single NLRP3 
inflammatory microsomal inhibitor for cardiovascular 
disease? Further exploration of new signaling pathways 
for pyroptosis will provide an important basis for the 
development of new therapeutic drugs. In addition, to 
promising research prospects in the cardiovascular field, 
pyroptosis is also involved in the process of inflamma
tory diseases such as tumors, neuroinflammation, and 
infectious diseases. We can extend the previous research 
on inflammatory pathways to pyroptosis. In this field, we 
can better explain and understand the molecular 

mechanism and treatment prospects of pyroptosis and 
open up a new situation in the treatment of inflammatory 
diseases.
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