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Ischemia-reperfusion (I/R) injury, uncommon among patients suffering from myocardial infarction, stroke, or acute

kidney injury, can result in cell death and organ dysfunction. Previous studies have shown that different types of

cell death, including apoptosis, necrosis, and autophagy, can occur during I/R injury. Pyroptosis, which is

characterized by cell membrane pore formation, pro-inflammatory cytokine release, and cell burst, and which

differentiates itself from apoptosis and necroptosis, has been found to be closely related to I/R injury. 
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1. Introduction

Ischemia-reperfusion (I/R) injury is caused by the resumption of blood supply (reperfusion) to an organ or tissue

after a period of restricted blood supply, resulting in pathological processes that can lead to cell death and organ

dysfunction. I/R injury can occur in many vital organs, including the brain, heart, and kidneys; it can also occur in

less noticed organs, such as the cochlea and vestibule in the ear. The mechanisms of I/R injury comprise oxidative

stress, sterile inflammation, calcium overload, mitochondrial dysfunction, and activation of various cell death

pathways—including, but not limited to, apoptosis, necrosis, and autophagy . Pyroptosis is another type of

regulated cell death, characterized by cell membrane pore formation, pro-inflammatory cytokine release, and cell

lysis . It has previously been found that pyroptosis is closely related to the development of tumors .

Furthermore, recent studies have shown that pyroptosis also plays an important role in I/R injury. Because the

current treatment and management of I/R injury are far from satisfactory , advances in understanding of the

mechanisms of pyroptosis and its role in I/R injury may lead to innovative therapeutic strategies for treating patients

with I/R-associated tissue inflammation and organ dysfunction.

2. Overview of Pyroptosis

Pyroptosis was first discovered by Zychlinsky et al. in 1992. They reported that the death of Shigella flexneri-

infected macrophages was dependent on caspase-1 rather than caspase-3, which was then thought to be only

involved in apoptosis . In 1996, Chen et al. found that the invasion plasmid antigen B of Shigella flexneri could

bind to the ICE (interleukin-1β-converting enzyme, caspase-1) directly, leading to the activation of enzymes in the

infected macrophages and ultimately resulting in the death of those infected macrophages . In 1999, Hersh et al.

discovered that caspase-1 plays an indispensable role in this specific cell death mode, as caspase-1-knockout

macrophages could not be induced into death by Shigella flexneri infection . In 2001, this form of regulated cell

death was named “pyroptosis” by Cookson and Brennan after they found a similar phenomenon in macrophages
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infected with Salmonella typhimurium . Seven years later, fragmented DNA and a damaged cell membrane were

found by Cookson et al. during the process of pyroptosis, which led to the release of intracellular content and

triggered a severe inflammatory response . In 2011, Kayagaki et al. found that caspase-11 was able to induce

mouse macrophage death, which is essentially similar to caspase-1-mediated pyroptosis. They termed this

caspase-11-mediataed pyroptosis as the “non-canonical pathway of pyroptosis” .

In 2015, Shao et al. conducted CRISPR-Cas9 nuclease screening for the whole genome of caspase-11- and

caspase-1-mediated pyroptosis of mouse bone marrow macrophages, and they eventually identified gasdermin D

(GSDMD) as the inflammatory caspase substrate through which caspases activated pyroptosis . The study

further proved that caspase-1 and caspase-4/5/11 specifically cleaved the linker between the amino-terminal

gasdermin-N and the carboxy-terminal gasdermin-C domains in GSDMD, ultimately leading to cell pyroptosis,

which was triggered only by the gasdermin-N domain.

GSDMD is a member of the human gasdermin superfamily, which consists of gasdermin A/B/C/D (GSDMA/B/C/D),

gasdermin E (GSDME, also known as DFNA5), and DFNB59 (PJVK); the mouse gasdermin superfamily is

composed of GSDMA1-3, GSDMC1-4, GSDMD, GSDME, and PJVK . Among these proteins, GSDMD

and GSDME are currently the most comprehensively researched in terms of pyroptotic death. Moreover, other than

PJVK, these conserved proteins consist of two conserved domains, the N-terminal pore-forming domain (PFD) and

the C-terminal repressor domain (RD) . Most of the gasdermins’ N-terminals can trigger pyroptotic death,

but this has not been found in PJVK so far . In general, gasdermins maintain oligomerization through the

interaction of two domains. When cells are stimulated by various factors, gasdermins are cleaved by certain

caspases into the N-terminal PFD and the C-terminal RD. After dissociation, the PFD oligomerizes on the cell

membrane to form pores and cause cell pyroptosis .

3. Mechanisms of Pyroptosis

It was formerly believed that there are two pathways of pyroptosis: one is the canonical pathway dependent on

caspase-1, and the other is the non-canonical pathway dependent on human caspase-4/5 or mouse caspase-11.

However, due to in-depth study in recent years, other pathways of pyroptosis have been found (Figure 1). The

detailed mechanisms of pyroptosis and its pathways are discussed below.
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Figure 1. An overview of the mechanisms of pyroptosis. In the canonical pathway, PAMPs and DAMPs receive

signaling molecule stimulation and assemble with pro-caspase-1 and ASC to form inflammasomes and active

caspase-1. Activated caspase-1 cleaves GSDMD into GSDMD-N and GDSMD-C and lyses the precursors of IL-1β

and IL-18 (pro-ILβ and pro-IL-18, respectively). GSDMD-N perforates the cell membrane by forming non-selective

pores, further causing water influx and cell swelling and bursting. In addition, IL-1β and IL-18 are secreted from the

pores formed by GSDMD-N. In the noncanonical pathway, LPS activates caspase-4/5 and caspase-11, triggering

pyroptosis by cleaving GSDMD. In addition, the cleavage of GSDMD results in efflux of K+, ultimately giving rise to

the assembly of an NLRP3 inflammasome. In the caspase-3-mediated pathway, active caspase-3 cleaves GSDME

to form GSDME-N, inducing cell pyroptosis. In the caspase-8-mediated pathway, inhibiting TAK1 induces the

activation of caspase-8, which cleaves GSDMD or GSDME and results in pyroptosis.
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4. Pyroptosis and I/R Injury

I/R injury mainly revolves around various kinds of cell death and subsequent organ dysfunction. Previous studies

have identified that necrosis, apoptosis, and autophagy-associated cell death are implicated in I/R injury .

Consequently, treatments targeted at these cell death patterns have also been investigated. Though some

progress has been made in dealing with I/R injury so far, the outcomes are still far from satisfactory. Fortunately,

the discovery of pyroptosis has brought new hope and impetus to the treatment of I/R injury, as an increasing

number of studies have suggested that pyroptosis is involved in I/R injury (the link between pyroptosis and I/R

injury was shown in Figure 2). This could allow the adoption of potentially feasible and effective approaches to

alleviating I/R injury by targeting pyroptotic cell death. This section discusses the role of pyroptosis in I/R injury in

different organs and possible therapeutic strategies to attenuate the intensity of I/R injury.

Figure 2. Schematic diagram demonstrating the link between pyroptosis and I/R injury. Following I/R insults, NF-κB

signaling (priming) is activated by Toll-like receptors (TLRs), and ROS are also produced, resulting in NLRP3

inflammasome assembly and caspase-1 activation. Activated caspase-1 cleaves GSDMD into GSDMD-N and

GDSMD-C and lyses the precursors of IL-1β and IL-18 (pro-ILβ and pro-IL-18, respectively) to form mature IL-1β
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and IL-18. Then, GSDMD-N oligomerizes and penetrates the cell membrane, forming non-selective pores on the

membrane to release IL-1β and IL-18.
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