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ABSTRACT

The incidence and mortality of cardiovascular diseases, of which coronary heart disease 
(CHD) is a significant cardiovascular burden, are on the rise. Pyroptosis as an incipient 
programmed cell death mediated by inflammasomes can sense cytoplasmic contamina-
tion or interference and is typically marked by intracellular swelling, plasma membrane 
blistering and intense inflammatory cytokine release. As research on pyroptosis contin-
ues to progress, there is mounting evidence that pyroptosis is a vital participant in the 
pathophysiological basis of CHD. Atherosclerosis is the major pathophysiological basis of 
CHD and involves pyroptosis of endothelial cells, macrophages, vascular smooth muscle 
cells, and other immune cells, often in association with the release of pro-inflammatory 
factors. When cardiomyocytes are damaged, it will eventually lead to heart failure. 
Previous studies have covered that pyroptosis plays a critical role in CHD. In this review, 
we describe the properties of pyroptosis, summarize its contribution and related targets 
to diseases involving angina pectoris, myocardial infarction, myocardial ischemia in per-
fusion injury and heart failure, and highlight potential drugs for different heart diseases.
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INTRODUCTION

Although we have observed a dramatic decline in premature mortality worldwide 
over the last few decades, with more pronounced declines in the more developed 
countries, the number of deaths from cardiovascular diseases (approximately 31% 
of global mortality) still exceeds other causes each year.1 Coronary heart disease 
(CHD) is considered to be the most prevalent cause of morbidity and mortality 
globally, primarily due to atherosclerosis (AS) of the coronary arteries. It is a com-
plex molecular and cellular process, mainly vascular wall inflammation. In the pro-
cess of plaque evolution and growth, the progressive formation of arterial thin cap 
fibroatheroma containing lipid, inflammatory, and necrotic material is the main 
pathological feature leading to coronary artery stenosis or occlusion.2 Several 
plaque cells like endothelial cells (ECs), vascular smooth muscle cells (VSMCs), 
immunocytes, inflammatory cells, and stem cells are in direct contact with endog-
enous danger signals related to metabolites, resulting in pyroptosis and plaque 
cell dysfunction, which in turn contribute to the evolution of CHD.3

Pyroptosis, a well-known inflammation-dependent programmed cell death 
(PCD), is deemed to be a type of necrotic and lytic cellular self-destruction phe-
nomenon that exist basically as a defense against pathogens by secreting pro-
inflammatory cytokines and damage-associated molecular patterns (DAMPs).4 
Inflammasome has become an exciting key mediator in the process of pyropto-
sis, especially NLRP3 (a receptor like nucleotide-binding oligomerization domain 
containing pyrin domain 3) inflammasome, mainly composed of the adapter pro-
tein apoptosis-associated speck-like protein containing a caspase recruitment 
domain, and the effector protein pro-caspase-1, and NLRP3 protein, which can 
trigger inflammatory reactions.5 Excess inflammasomes can lead to pyroptosis 
of plaque cells. When CHD is at an advanced stage or is more severe, it tends to 
cardiomyocyte (CM) dysfunction, regulating CM homeostasis and cardiac fibrosis 
and inducing heart failure (HF).6 In summary, no matter how far pyroptosis goes, 
the above-mentioned various cell activities do not occur independently, and these 
cells interact with each other through complex signal pathways in the vascular 
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microenvironment under the impact of multiple stimulating 
factors. In this article, we comprehensively summarize the 
current knowledge of various cells in CHD-related pyropto-
sis and actively seek some potential targeted therapeutic 
drugs.

CHARACTERISTICS AND MOLECULAR MECHANISMS OF 
PYROPTOSIS

The unique morphology of pyroptosis is apparently different 
from other types of PCD. When cells are subject to pyrop-
tosis, the nucleus undergoes condensation, DNA becomes 
fragmentation, there is cell swelling, membrane rupture, 
and ultimately membranous pore formation that maintain 
the organism homeostasis, with the gasdermin D (GSDMD) 
of gasdermin family proteins serving as the pivotal down-
stream effector protein in the formation of specific channels 
for cytokines release.7 In the canonical pyroptosis pathway, 
NLRP3 is activated as a sensor to capture danger signals, 
generating a series of inflammatory signaling cascades 
that recruit pro-caspase 1 and form NLRP3 inflammasome. 
GSDMD is cleaved by functionalized caspase 1 to cause cell 
lysis, expelling the inhibitory C-terminal structural end from 
the other end of GSDMD (i.e., GSDMD-N). GSDMD-N relo-
cates to the cytoplasmic membrane and immediately after-
wards followed by the formation of pores, triggering lytic 
death widely recognized as pyroptosis, while trying to con-
vert both pro-IL-1β and pro-IL-18 into the mature forms IL-1β 
and IL-18, separately.8,9 In contrast to the canonical pathway, 
the noncanonical pathway identifies lipopolysaccharides 
(LPS), an endotoxin produced by gram-negative bacteria, 
to stimulate human analogues caspase 4/5 and murine cas-
pase 11.4 Although IL-18 or IL-1β is not directly activated by 
caspase 4/5/11, both of them initiate the cleavage of GSDMD 
and the outflow of potassium, which allows them to upregu-
late NLRP3 and activate caspase 1 (Figure 1).10 Much atten-
tion is now being attracted to other alternative pathways 
of pyroptosis, which also have an indispensable influence in 
activating the pyroptosis pathway.

MECHANISMS FOR THE INVOLVEMENT OF PYROPTOSIS IN 
CORONARY HEART DISEASE

Coronary heart disease is a complex clinical syndrome pri-
marily due to myocardial ischemia and hypoxia. At present, 

the therapeutic strategies for CHD have expanded from 
traditional factors such as hyperglycemia, hyperlipidemia, 
and old age to oxidative stress, lipid disorders, release of 
inflammation cytokines, endothelial dysfunction, foam cell 
formation, VSMC activation, and heredity.11-13 These fac-
tors can predispose to and exacerbate vascular and cardiac 
tissue dysfunction by initiating NLRP3 inflammasome in 
response to appropriate stimuli and rendering various cells in 
patients with CHD are more prone to pyroptosis. Conversely, 
pyroptosis could upregulate the expression of inflammatory 
mediators in patients’ blood with CHD and accelerate the 
progression of AS to promote plaque rupture, and vascu-
lar occlusion, ultimately triggering an acute cardiovascular 
event.14 Inhibition of all aspects of the plaque cell pyroptosis 
pathway effectively restrains inflammatory factors release, 
delays the progress of AS, reduces the area of myocardial 
infarction (MI) and improves cardiac function. We cite spe-
cific examples of non-CMs and CMs involved in pyroptosis, 
with a particular focus on cell type-specific features, trig-
gers, and mediators of pyroptosis.

Endothelial Cell Pyroptosis and Coronary Heart Disease
ECs are a thin layer of the metabolically active layer that 
cover almost all blood vessels surfaces and serve as an inter-
face medium between the circulating blood and the blood 
vessel wall. Normally, it maintains vascular homeostasis by 
secreting vasodilators and vasoconstrictors.15 Under patho-
logical conditions, many factors will lead to EC death, on the 
contrary, ECs actively participate in the process of cell death. 
Inappropriate EC pyroptosis, proliferation, invasion, migra-
tion, and aberrant expression of adhesion molecule proteins 
are all hallmarks of EC dysfunction. When the homeosta-
sis is destroyed, many inflammatory diseases, including AS, 
undergo a series of reactions through the activation of the 
nicotinamide adenine nucleotide phosphate (NADPH) oxi-
dase system, which generates free radicals like reactive oxy-
gen species (ROS), and sustained ROS stimulation triggered 
NLRP3 inflammasome activation and EC dysfunction, which 
could facilitate NLRP3 expression by stimulating the NF-κB 
pathway.16 Notably, NLRP3-mediated pyroptosis is central to 
EC injury, involving membrane rupture and pro-inflammatory 
factors release. There is a disequilibrium between superflu-
ous ROS and the anti-oxidant defense system, the imbalance 
of which brings about oxidative stress. Meanwhile, the body’s 
natural LDL is oxidized into oxidized LDL (ox-LDL). Ox-LDL 
not only promotes cells to produce vasoconstrictors and ROS 
but also enhances cell adhesion, resulting in EC dysfunction 
and pyroptosis.17 EC pyroptosis increases vascular permea-
bility and damages the endothelium with the lapse of time. In 
turn, endothelial dysfunction has been shown to occur at the 
onset of AS, giving rise to arterial wall thickening and plaque 
formation. Studies have demonstrated that the AS property 
of ox-LDL was endowed with its ability to EC pyroptosis via 
the miR-125a-5p/TET2 pathway, which further stimulated 
the upregulation of NLRP3, activation of caspase 1, release 
of mature IL-1β.18 Many miRNAs have functions involving the 
regulation of vascular growth, remodeling and inflammation 
in the vascular system. miR-223 was an upstream stimulator 
of pyroptosis in AS, it could be suppressed by lncRNA MEG3 

HIGHLIGHTS
• In this review, we underscore the important role endo-

thelial cells, immune cells, vascular smooth muscle cells, 
and cardiomyocytes play in the development of coro-
nary artery disease.

• We describe the properties of pyroptosis and summarize 
its contribution and related targets to diseases involving 
angina pectoris, myocardial infarction, myocardial isch-
emia in perfusion injury and heart failure.

• We highlight potential anti-pyroptosis drugs for differ-
ent heart diseases.
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through the sequence complementarity principle, increased 
the expression of NLRP3 and further enhanced EC pyropto-
sis.19 In addition, hyperglycemia caused HUVECs to undergo 
pyroptosis with subsequent damage to ECs, massive inflam-
matory secretion, platelet aggregation and thrombosis.20 
Under the action of low shear stress, the activation of NLRP3 
and the release of IL-1β in HUVECs were increased, lead-
ing to mitochondrial dysfunction and ROS production, and 
inducing EC pyroptosis via the TET2/SDHB/ROS pathway.21 
Dysfunction of ECs will lead to form vulnerable plaques and 
compromise vascular homeostasis. When atherosclerotic 
plaques rupture, platelets gather to form a clot that blocks 
the coronary artery lumen, eventually causing acute coro-
nary syndrome (ACS). To reduce the area of MI and improve 
clinical outcomes, patients with acute MI (AMI) are usually 
managed with revascularization. Paradoxically, however, 
restoring coronary blood flow also creates additional myo-
cardial injury. Zhang et al22 found that the microvascular EC 
pyroptosis triggered by ischemia–reperfusion (I/R) injury 
aggravated cardiac dysfunction and poor adaptive remod-
eling, whereas, overexpression of lysine-specific demethyl-
ase 3A(KDM3A), a histone demethylase, could significantly 
ameliorate the potential of I/R injury.

Immune Cell Pyroptosis and Coronary Heart Disease
Macrophages are a vital component of the natural 
immune system, which can coordinate the preservation of 

organizational steady state, host defense during pathogen 
attack and invasion and tissue repair after damage, thus 
preventing infection.23 When sensing various organizational 
sources or environmental stimulus, macrophages attempt 
to initiate pyroptosis to undertake different pathophysi-
ological changes. NLRP3 inflammasome could be activated 
by viral pathogens, and some viral surface proteins, includ-
ing glycoproteins, were necessary to mediate viral entry 
and fusion and were one of the necessary triggers for THP-1 
macrophage pyroptosis.24 NLRP3 promotes the inflamma-
tory response by activating caspase 1, which is involved 
in the secretion of IL-1β and IL-18 secreted by pyroptosis. 
Macrophages are the most affluent hematopoietic cells 
during the process of vascular plaque formation. Previous 
studies have demonstrated that the necrotic cell death 
stimulated the formation of AS though inducing inflamma-
tion and expansion of the necrotic nuclei, and the dominant 
reason for the necrotic core formation and plaque destabili-
zation during the late pathological process was macrophage 
pyroptosis, followed by the release of some substances 
such as cell contents, cytokines and proteases.25 Phorbol 
myristate acetate (PMA) was applied to encourage THP-1 
monocytes isolated from CHD patients to differentiate into 
macrophages. The NLRP3 inflammasome in macrophages 
was activated after ATP treatment to potentially promote 
plaque progression. In the plaque of homocysteine-fed mice, 
the degree of macrophage death was worsened and more 

Figure 1. The canonical pathway and the noncanonical pathway of pyroptosis. The classical pathway: When DAMPs and PAMPs 
are phagocytosed by cells, NLRP3 inflammasomes are stimulated, and active caspase 1 is released. Then caspase 1 hydrolyzes 
pro-IL-1β and pro-IL-18 precursor cytokines, expelling mature IL-1β and IL-18 to cause inflammation, whereas the activated 
caspase 1 induces the cleavage of GSDMD to form GSDMD-N, resulting in the formation of pores in the cell membrane, release of 
inflammatory factors, and efflux of massive K+, which is followed by water entry, causing cell swelling. The nonclassical pathway 
involves the stimulation of caspase 4/5/11 by LPS, which only recognize GSDMD and do not produce IL-1β or IL-18. However, low 
levels of IL-1β and IL-18 secretion can be triggered by indirect activation of the NLRP3-ASC-caspase 1 pathway to pyroptosis.
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IL-1β and IL-18 were produced, making the progression of AS 
more severe.26 Macrophage pyroptosis in AS lesions is con-
ducive to forming a necrotic core and thinning the fibrous 
cap, which are important in the ACS pathogenesis. Ye et al27 
found that GSDMD and GSDMD-NT expression levels were 
markedly upregulated after MI in macrophages infiltrated in 
the infarcted area. By reducing the release of inflammatory 
cytokines, GSDMD deficiency could significantly alleviate 
MI and improve heart function. NR1D1 was a nuclear recep-
tor which relied on the NLRP3 inflammasome to perform a 
cardiovascular protective role. The absence of NR1D1 would 
aggravate macrophage infiltration, inflammatory reaction 
and oxidative stress.28 Ox-LDL produced during oxidative 
stress is directly recognized by toll-like receptor 4 (TLR4), 
can also promote vascular inflammation, induce NLRP3 
inflammasome activation, and cause mature and bioactive 
IL-1β to be released in human macrophages.29 Wu et  al fed 
NR1D1−/− ApoE−/− mice a high-fat diet and found that the lev-
els of pyroptosis-related genes in macrophages were clearly 
higher than in the control group, increasing plaque fragility 
and making plaque rupture.28 Permanent the left anterior 
descending artery (LAD) ligation in rats to construct an MI 
model revealed abundant macrophages infiltrated in the 
myocardial tissue, and the expressions of NLRP3 inflamma-
some and IL-1β were greatly increased, which triggered myo-
cardial inflammation in MI, and increased the infarct area 
and promoted ventricular remodeling (VR).30

Besides macrophages, resident immune cells scattered 
throughout the heart tissue include neutrophils, mast cells, 
dendritic cells, etc. The heart injury stimulates the immune 
system, recruits immune cells, secretes pro-inflammatory 
cytokines, and then recruits various leukocytes from the 
blood in a cascade reaction that activates inflammation.31 
Nonetheless, there is still a great deal of controversy as to 
whether neutrophils are involved in pyroptosis, with some 
studies suggesting that neutrophils could undergo pyropto-
sis, leading to cytokine release, and others suggesting that 
neutrophils were capable of activating inflammasomes and 
releasing cytokines but resisting the progression of GSDMD-
dependent pyroptosis cleavage by utilizing a cell-specific 
mechanism to conditionally participate in pyroptosis while 
maintaining IL-1β efflux for effective microbial killing.32-34

Vascular Smooth Muscle Cell Pyroptosis and Coronary 
Heart Disease
Vascular smooth muscle cells are the basic constituents of 
the arterial medial layer, responsible for regulating vascular 
tension and blood flow. Changes in cardiovascular function 
can occur when their mechanical and structural properties 
are altered. A wide variety of factors, including high concen-
tration of calcium, sophisticated phosphate and oxidative 
stress, can contribute to VSMC injury.35-37 In the event of vas-
cular injury, VSMCs dedifferentiate and switch from a static 
“contraction” phenotype to a “pro-inflammatory” pheno-
type in order to cope with the occurrence of an inflammatory 
reaction.29 The dedifferentiated VSMCs release cytokines 
and contribute to the upregulation of various inflammasome 
elements.38 In the initial stage, the accumulation of VSMCs 
in fibrous caps or intima is traditionally beneficial. The 

activated VSMCs effectively proliferate and migrate, which 
is helpful for vascular wall repair. Vascular smooth muscle 
cells are involved in all stages of AS and produce extracellular 
matrix such as collagen and elastin in order to form fibrous 
caps. The thickness of the fibrous cap is a potential indica-
tor of plaque stability.39 Nonetheless, in the late stage, fatty 
streaks composed of foam cells gradually develop into AS or 
even plaques. Recent studies have shown that the treatment 
of VSMCs with xanthine oxidase increased LOX-1 receptor 
expression and ROS production, which activated the NLRP3 
inflammasome and its subsequent pro-inflammatory sig-
nals like caspase 1, IL-1β, and IL-18, and induced foam cell 
formation to promote accelerated plaque development 
and instability.40 Transformation in the VSMC phenotype or 
the occurrence of pyroptosis leads to the enlargement of 
necrotic nuclei, the release of large quantities of pro-inflam-
matory factors and ultimately plaque rupture.41 GSDMD, as 
one of the integral prerequisites for pyroptosis of VSMCs, has 
become attractive research site for host defense, immune 
disorders, inflammation and other diseases as a central initi-
ator of pyroptosis. Puylaert et al42 reported that the cleaved 
GSDMD was found to be expressed among the populated 
regions of macrophages and VSMCs in human plaques. In 
addition, they used hybridization technology to generate 
ApoE−/− GSDMD+/+ mice and ApoE−/− GSDMD−/− mice and 
further revealed a substantial reduction in the size of the 
brachiocephalic artery plaques in ApoE−/− GSDMD−/− mice in 
comparison. These results illustrated that targeting GSDMD 
reduced VSMC pyroptosis and limited the transformation of 
the vulnerable plaque phenotype to improve plaque stability. 
miRNAs are short single-stranded noncoding RNAs that neg-
atively regulate the translation or promote the degradation 
of target genes. The absence in melanoma 2 (AIM2) inflam-
masome could also recruit ASC adaptor proteins to cleave 
GSDMD and increase the secretion of inflammatory cyto-
kines, potentially promoting pyroptosis and tissue inflamma-
tion. Studies have found that treatment of cultured human 
aortic SMC with double-stranded DNA could induce AIM2 
expression, pro-caspase 1 and GSDMD cleavage, contribut-
ing to aortic aneurysm and dissection.43

Cardiomyocyte Pyroptosis and Coronary Heart Disease
Essential for maintaining normal heart function, CMs are the 
key cellular component of the myocardium. CM pyroptosis 
will result in the loss of CMs and the occurrence of inflam-
matory responses. Fascinating new literature suggested 
that inflammasome-induced CM pyroptosis was implicated 
in the development of CHD and caused end-organ damage. 
Following a cardiac injury such as ischemia and myocardial 
inflammation, many CMs are lost and cardiac dysfunction 
occurs, ultimately contributing to cardiac fibrosis and con-
gestive HF.44,45 RBP4 was initially identified as an impor-
tant adipokine, and emerging evidence has discovered that 
elevated RBP4 was associated with CHD and might have a 
potential pro-inflammatory effect in heart tissue. Increased 
RBP4 in CMs were positively associated with IL-1β and IL-18 
levels in the serum of MI mice, exacerbating CM dysfunction 
through the NLRP3-mediated pyroptosis pathway activa-
tion. Moreover, the inhibition of RBP4 downgraded the CM 
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pyroptosis.46 CM death impairs myocardial contractility and 
triggers adverse remodeling. Ventricular remodeling is a 
chronic pathological change. Abundant CM death results 
in perdurable deprivation of vital function in the infarcted 
regions and causes myocardial fibrosis and rarefaction of 
capillaries in the surrounding areas, evoking pathological 
compensatory hypertrophy of CMs that sustain cardiac out-
put.47 High levels of pro-caspase 1 exacerbate myocardial 
hurts and increase infarct size under a VR stress environ-
ment. The occurrence of HF is closely associated with VR and 
is one of the most common end stages of CHD. It is generally 
characterized by impaired cardiac function and pathological 
VR.48 Cardiomyocyte death is a core trait of HF, and inflam-
mation can accelerate and exacerbate HF. Enhanced IL-1β 
and IL-18 overproduction and inflammasome assembly were 
documented in cardiac tissues of mice with the preserved 
ejection fraction (HFpEF) phenotype.49 Diabetic cardiomyop-
athy (DCM) is also a leading contributor to HF. Hyperglycemia 
causes massive ROS production, induces multiple cytokines 
and inflammatory factors, and promotes the progression of 
DCM.50,51 Thioredoxin interacting/inhibiting protein (TXNIP) 
levels were elevated in hyperglycemic cultured cells and in 
the peripheral blood and tissues of diabetic animals, and 
activated AMP-activated protein kinase (AMPK) degraded 
TXNIP, mediated the anti-pyroptosis pathway via the ROS-
AMPK-TXNIP pathway, and inhibited pyroptosis proteins 
to preserve systolic and diastolic dysfunction in diabetic 
hearts.52,53 When CMs undergo molecular biological changes 
in association with neural and humoral factors, they can also 
lead to structural and functional disturbances of the heart, 
compensatory VR disorders, and eventually HF. Tissue pro-
tease B (CTSB) is a hydrolase located in the lysosomes of 
CMs. Stimulated by high glucose, CTSB could bind to NLRP3 
and promote the onset of pyroptosis in the classical pathway, 
exacerbating DCM, worsening cardiac dysfunction, leading 
to VR, and ultimately evolving into chronic HF.54

PYROPTOSIS-RELATED DRUG TARGETS FOR TREATING 
CORONARY HEART DISEASE

Coronary heart disease is still the most prevalent adverse 
cardiovascular event today and can be classified into chronic 
CAD and ACS based on its pathogenetic features. Of these, 
chronic CAD includes stable angina, occult CAD and isch-
emic cardiomyopathy. Acute coronary syndrome includes 
unstable angina, ST-segment elevation myocardial infarc-
tion (STEMI), and non-STEMI (NSTEMI).55 Pyroptosis is rec-
ognized as one of the predominant factors contributing to 
the progression of CAD and has a complex part to play in the 
development of CHD. For the various causes of heart dis-
ease, we have listed below the diverse therapies that target 
pyroptosis (Table 1).

Angina Pectoris
Angina pectoris is a clinical syndrome with episodes of chest 
pain or chest discomfort as the main manifestation of tran-
sient ischemia and hypoxia of the myocardium due to AS 
and changes in coronary artery function.56 In this process, 
LDL promotes the deposition of cholesterol crystals, and 
macrophages phagocytose lipoproteins to form foam cells 

on the one hand and phagocytose-damaged lysosomes 
on the other hand,57 releasing ROS and initiating NLRP3-
mediated inflammatory pathways through multiple acti-
vation and signaling mechanisms. Activated macrophages 
may produce IL-18 to further damage VSMCs, which is caus-
ally related to the pathogenesis of AS.58 AS triggers plaque 
rupture and platelet aggregation, which can block part of 
the arteries leading to an inequality between myocardial 
oxygen demand and blood supply, causing myocardial isch-
emia. Statins have long been used in the therapy of CHD 
and are efficient in lowering blood lipid levels and inhibit-
ing inflammatory responses, thereby stabilizing or revers-
ing atherosclerotic plaque formation. Higher levels of the 
NLRP3 inflammasome and expression of IL-1β and IL-18 were 
observed in mononuclear cells from peripheral blood of the 
stable angina pectoris patients, and expression of NLRP3 
and its downstream factors was severely downregulated in a 
time-dependent manner in response to in vitro interference 
with rosuvastatin.14

Myocardial Infarction
AMI is a sharp reduction in coronary blood flow second-
ary to coronary AS thrombosis, which gives rise to a sudden 
decrease in cell energy and subsequent cell necrosis.59 Diverse 
types of cell death occur after MI, consisting of pyroptosis. It 
leads to myocardial perforation and cell membrane rupture 
when the GSDMD is cut, releasing pro-inflammatory fac-
tors. ASC spots were detectable in the myocardium of mice 
with AMI, suggesting that the NLRP3 inflammasome drove 
cytokine release and pyroptosis.60 AMI mice treated with 
VX-765, a specific caspase-1 inhibitor that is also a pyrop-
tosis inhibitor, was observed to significantly improve left 
ventricular ejection fraction values and reduce the area 
of cardiac damage.61 Additionally, nicorandil has potent 
anti-inflammatory activity. It can safeguard CMs through 
the pathway mediated by TLR4/MyD88/NF-κB/NLRP3 and 
ameliorate MI-induced pyroptosis.62 Sacubitril/valsartan 
(LCZ696) is a new type of angiotensin receptor enkephali-
nase depressor that suppresses inflammation and oxida-
tive stress by reducing aldosterone secretion. The TAK1/JNK 
signaling pathway has been implicated to be involved in the 
activation of NLRP3. Overexpression of TAK1 modulated JNK 
phosphorylation level while activating the NLRP3 inflamma-
some, which promoted cleavage of the N-terminal end of 
the GSDMD, thereby facilitating release of IL-1β and IL-18. 
Notably, LCZ696 suppressed the expression of TAK1 and 
NLRP3, improved VR, and demonstrated a protective effect 
on MI hearts.63 lncRNA H19 overexpression could inhibit cyto-
chrome P450 1B1 (CYP1B1) activity by regulating PBX3, which 
reduced pyroptosis-related proteins expression and attenu-
ated MI in rat models.64 miR-378a-3p (an exosomal miRNA) 
enriched in extracellular vesicles of M2 macrophage origin, 
effectively blocked the NLRP3/caspase-1/GSDMD pathway 
activation, reduced the levels of pyroptosis markers, and 
inhibited pyroptosis in MI mice and hypoxic HL-1 cells.65 miR-
135b has a positive effect on cardiac function. Studies have 
shown that miR-135b directly targeted caspase 1 to down-
regulate IL-1β levels, attenuated MI-induced cell swelling 
and membrane rupture, and protected the heart from MI 
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damage by preventing pyroptosis.66 When the researchers 
used the overexpressed mitofilin in the AMI model, it memo-
rably reduced the indicators related to pyroptosis, showing 
its inhibitory effect on pyroptosis.67 As a common endocrine 
hormone, melatonin reversed elevated TLR4 and NF-κB 
after MI and inhibited NLRP3 inflammasome-mediated cel-
lular pyroptosis, thereby attenuating CM loss.68 At present, a 
number of traditional Chinese herbal medicine preparations 
broadly applied in clinical practice to treat MI, such as Qishen 
Granules and Ginsenoside Rh2(G-Rh2), have also been con-
firmed to inhibit the development of AMI by alleviating CM 
pyroptosis.69,70 G-Rh2, a hydrolysate derived from ginsen-
oside which is the active constituent of ginseng, was recently 
found to significantly ameliorate the severe damage to CMs 
and organelles in AMI-modeled rat CMs, with marked inhibi-
tion of both NLRP3 and caspase-1 levels.70

Myocardial Ischemia and Reperfusion Injury
The sudden recovery of coronary blood flow in the infarct-
associated artery itself leads to heart muscle damage and 
cell death, halving the size of the infarct, known as I/R injury.71 
The elements in relation to this dynamic process of I/R injury 
are intricate and include principally microvascular obstruc-
tion, inflammatory response, oxidative stress and so on.72-74 
Damage to the myocardium evokes a blazing inflammatory 
response. GSDMD-mediated CM pyroptosis is a serious inci-
dent in I/R injury process and releases multifarious DAMPs, 
combined with the infiltration of pro-inflammatory factors. 
The NF-κB initiation signal is activated by the TLRs, and ROS 
is immediately produced, causing NLRP3 inflammasome 
assembly and caspase-1 activation.75 Sensitized caspase 1 
cleaves GSDMD and splits the precursors of IL-1β and IL-18, 
triggering pore formation in the plasmalemma, increased 
cell permeability, and liberation of cell contents (mature 
IL-1β and IL-18). In the meantime, the alterations in cell per-
meability will normally cause extracellular fluid elicitation to 
obtain access to cells, inducing cell lysis. Clinically, GSDMD 
and IL-18 expressions were higher in STEMI patients than in 
controls after percutaneous coronary intervention (PCI). It 
was shown that NLRP3 /casp ase-1 -medi ated IL-1β secretion 
was highly expressed in the pathophysiology of microvascu-
lar and I/R injury.27 The exosome is a multifunctional vesicle 
that contains a wealth of genetic material with biological 
activities. Mesenchymal stem cell (MSC)-derived exosomes 
(MSCs-exos) have been reported to be endowed with the 
ability to inhibit cell pyroptosis. Tang et al76 constructed the 
main model of myocardial I/R injury through the hypoxia/
reoxygenation (H/R) injury model on primary CMs cultured 
in vitro. They found and confirmed that the viability of cells 
in the H/R model was decreased and pyroptosis was intensi-
fied, whereas the MSCs-exos could improve pyroptosis in the 
H/R model. In terms of mechanism, miR-320b in the H/R cells 
screened out by PCR was significantly upregulated in MSCs-
exos, and MSCs-exos as well facilitated miR-320b in the 
H/R model. To recap, exosomal miR-320b inhibited I/R injury 
though repressing the target gene NLRP3 and related protein 
caspase 1 in pyroptosis. Furthermore, other miRNAs (such 
as miR-33a-5p, miR-200a-3p, and miR-126) are also able 
to restrain myocardial pyroptosis through their respective 

pathways.77-79 As a burgeoning antirheumatic drug, igura-
timod has been widely applied in the therapy of rheuma-
toid arthritis.80 It not only selectively inhibits the activity of 
COX2, but has been suggested to notably improve the undue 
heart inflammation and CM damage caused by myocardial 
I/R injury. In particular, COX2 in cardiac fibroblasts increased 
after I/R injury, which is attributed to NLRP3 inflammasome 
and caspase-1 level being transferred to a higher extent. 
Iguratimod inhibits myocardial fibroblast pyroptosis by act-
ing on the COX2/NLRP3 signaling pathway, thus reducing the 
secretion of inflammatory cytokines and myocardial inflam-
matory reaction, and ultimately subsiding myocardial I/R 
injury.81 Trimetazidine (TMZ) has conventionally been consid-
ered as an anti-anginal drug to protect the heart by switch-
ing energy from fatty acid oxidation to glucose oxidation.82 In 
addition to its cardioprotective capability, the more exhila-
rating result was that TMZ suppressed GSDMD-mediated 
pyroptosis, which enhanced CM morphological changes, 
attenuated inflammatory cell infiltration, and weakened 
IL-1β in extracellular and intracellular cells. It was pointed 
out that the inhibitory effect of TMZ on I/R injury was partly 
fulfilled via the anti-inflammatory effect of TMZ.83 Insulin 
lessened NLRP3-induced CM pyroptosis and altered myo-
cardial energy metabolism by regulating PDHA1.84 The newly 
established biomimetic nanoplatform (PDA@M) of polydo-
pamine (PDA) effectively alleviated MI/RI-induced oxidative 
stress, allowing PDA to exert its antioxidant effects after 
being delivered to the infarct zone with the help of the outer 
membrane structure and endocytosis by CMs. Cardiac func-
tion after MI/RI was improved by restaining the NLRP3/cas-
pase-1 pathway.85 By the way, some natural substances and 
their derivatives, such as emodin, piperine, cinnamic alde-
hyde, curcumin, astragaloside IV (AS-IV), and esculetin, can 
also reduce the swelling and dissolution of CMs and accom-
panied by the decline of IL-1β levels, which is in line with the 
properties of inhibiting pyroptosis and can reduce the area of 
MI.86-88 Curcumin has been proven to have the competence to 
inhibit H2O2-induced HUVEC inflammation and pyroptosis. 
AS-IV suppressed LPS-activated HUVECs pyroptosis by way 
of motivating ROS/NLRP3-mediated inflammation.89

Heart Failure
Ischemic cardiomyopathy (ICM) is a specific type of CHD 
or the consequence of advanced progression. ICM occurs 
primarily as a result of prolonged myocardial ischemia and 
limited regenerative capacity of cardiac tissue, leading to 
diffuse myocardial fibrosis and a decrease in cardiac ejec-
tion fraction.90 In response to ischemic injury, CM necrosis 
evokes innate immune system and inflammatory signal 
pathways that generally lead to poor cardiac remodeling 
and progressive HF. Currently, NLRP3-induced pyroptosis 
has gradually gained widespread attention. Inhibition of 
pyroptosis reduces the structural dysfunction that leads 
to HF. Dectin 1, which belongs to the C-type lectin recep-
tor (CLR) family, is an emerging PRR known primarily for its 
involvement in the coupling of innate and adaptive immu-
nity.91 Li et al92 confirmed that cardiac dectin-1 mRNA and 
protein expression were markedly increased by NF-κB 
and NLRP3 activation in mice after MI. Silencing of dectin 
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1 through both in vitro and in vivo experiments dramati-
cally ameliorated cardiac fibrosis in mice. BAY11-7082, an 
NF-κB inhibitor, markedly inhibited VR and dysfunction 
to delay the onset of HF. Inhibition of cellular pyropto-
sis can memorably reduce the structural dysfunction that 
leads to HF. Endogenous IL-1β and IL-18 also immediately 
regulate cardiac contractility. Anakinra blocks the activ-
ity of IL-1α and IL-1β and is an IL-1 receptor antagonist. 
Clinical trials have shown that treatment with anabolic 
acid reduced the N-terminal B-type natriuretic peptide 
precursor (NT-proBNP) levels in patients, resulting in a 
lower incidence of hospitalization for HF.93,94 Alternatively, 
Canakinumab may also fulfill its therapeutic potential for 
HF by inhibiting IL-1β.95,96 Mixed-spectrum kinase 3 (MLK3) 
is a mitogen-activated protein kinase (MAPK) kinase that 
provokes the MAPK pathway. MLK3 is closely associated 
with inflammation and ROS.97 In a transverse aortic con-
striction (TAC)-intervened HF mice model, MLK3 depletion 
inhibited pyroptosis-related GSDMD cleavage and cas-
pase 1 and NLRP3 activation. These levels were partially 
reduced when MLK3 was inhibited and NLRP3 was inhibited 
via MCC950.98 Echinacoside (ECH) is an important active 
ingredient. Based on previous findings, ECH reversed VR 
and improved cardiac function by inhibiting mitochondrial 
ROS.99 And that in HF, NADPH oxidase (mainly NOX2 and 
NOX4 subunits) is the primary source of intracellular ROS.100 
Pyroptosis protein markers, NOX2 and NOX4 were signifi-
cantly upregulated, and ROS and endoplasmic reticulum 
stress production were increased in isoproterenol (ISO)-
treated left ventricular tissues from HF rats, whereas ECH 
reversed this change and diminished GSDMD-N expression, 
caspase 1, NLRP3, and IL-1β. In summary, ECH exerted anti-
CM pyroptosis and cardioprotective effects via inhibiting 
NADPH/ROS/ER stress.101

CONCLUDING REMARKS AND PERSPECTIVES

Coronary heart disease is still a nonnegligible threat to 
human life and health. Cardiomyocyte death is a hetero-
geneous event, containing multiple simultaneous PCDs. 
Current studies have concentrated on the effects of the 
classical NLRP3 inflammasome-mediated pyroptosis path-
way on CHD, and research on pyroptosis in the treatment 
of CHD is still lacking. Further studies exploring the mech-
anisms and pathology of other inflammasomes in CHD 
are warranted and may provide insight into elucidate the 
upstream signals and molecules implicated in inflamma-
some activation and correlation with heart disease. We 
have therefore undertaken a review to help better under-
stand and manage CHD. We list the research advances and 
available therapeutic agents for pyroptosis in angina pec-
toris, MI, myocardial I/R injury, and HF, which are not yet 
comprehensive despite there have been some key break-
throughs and discoveries in the studies of pyroptosis mech-
anisms. The potential benefits and side effects of these 
existing drugs in the clinical setting still require extensive 
experiments to assess their safety and efficacy, and further 
studies on pyroptosis are necessary. It is believed that with 
further research, pyroptosis will provide new strategies for 
the treatment of CHD.
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