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Abstract

Caspases are an evolutionary conserved family of cysteine proteases that are centrally involved in 

cell death and inflammation responses. A wealth of foundational insight into the molecular 

mechanisms that control caspase activation has emerged in recent years. Important advancements 

include the identification of additional inflammasome platforms and pathways that regulate 

activation of inflammatory caspases; the discovery of gasdermin D as the effector of pyroptosis 

and interleukin (IL)-1 and IL-18 secretion; and the existence of substantial crosstalk between 

inflammatory and apoptotic initiator caspases. A better understanding of the mechanisms 

regulating caspase activation has supported initial efforts to modulate dysfunctional cell death and 

inflammation pathways in a suite of communicable, inflammatory, malignant, metabolic and 

neurodegenerative diseases. Here, we review current understanding of caspase biology with a 

prime focus on the inflammatory caspases, and outline important topics for future 

experimentation.

Keywords

caspase; inflammasome; gasdermin; interleukin; apoptosis; pyroptosis

Introduction

Caspases are a family of evolutionary conserved cysteine-dependent endoproteases that 

hydrolyse their substrates after specific aspartic acid residues (Lamkanfi et al., 2002). They 

consist of an amino-terminal domain of variable size sequentially followed by large and 

small catalytic subunits of respectively ~20 kDa and ~10 kDa that together form the protease 

domain (Figure 1). The amino-terminal regions of initiator caspases contain a caspase 

recruitment domain (CARD; caspases 1, 2, 4, 5, 9, 11) or death effector domains (DED; 

caspases 8, 10) that promote their recruitment and activation in multiprotein complexes. The 

process of proximity-induced autoactivation of the caspase zymogen into the active protease 

is driven by dimerization-induced conformational changes that lead to proteolytic excision 
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of the flexible linker regions separating the prodomain and the large and small catalytic 

subunits (Lamkanfi et al., 2002). In contrast, executioner caspases lack an extended amino-

terminal prodomain and require cleavage by initiator caspases for their activation (Ramirez 

and Salvesen, 2018).

Historically, caspases have been associated with the induction of apoptosis, a homeostatic 

and non-lytic regulated cell death mode that supports the coordinated dismantling and 

removal of old and injured cells (Ramirez and Salvesen, 2018). More recently, caspase-

mediated cleavage events have been shown to suppress necroptosis, a lytic regulated cell 

death mode that is driven by receptor-interacting protein (RIP) kinases (Pasparakis and 

Vandenabeele, 2015). Additionally, the mechanisms have been uncovered in recent years by 

which inflammatory caspases promote pyroptosis, another major lytic cell death mode that is 

associated with the secretion of the inflammatory cytokines interleukin (IL)-1β and IL-18 

(Vande Walle and Lamkanfi, 2016). An extensive body of evidence from the past three 

decades has implicated dysregulated caspase activation as a causal disease mechanism in 

tumorigenesis, autoimmunity, autoinflammation and infectious pathologies (Halaby, 2012; 

Van Gorp et al., 2019). Here, we will succinctly review the roles and signalling mechanisms 

of apoptotic caspases to then focus the discussion on recent insights on activation 

mechanisms of inflammatory caspases and the diverse roles of caspases in cell death and 

inflammation. Additionally, we will highlight emerging evidence of extensive molecular 

crosstalk between inflammatory and apoptotic caspases and review emerging strategies for 

therapeutic modulation of inflammatory caspase activation in a suite of communicable, 

inflammatory, malignant, metabolic and neurodegenerative diseases.

Caspase signalling in apoptosis

Apoptotic caspases are functionally subdivided into initiator (caspases 8, 9 and 10) and 

effector (caspases 3, 6 and 7) caspases (Figure 1). In the ‘extrinsic apoptosis’ pathway, the 

Death-Inducing Signalling Complex (DISC) that is assembled at the cytosolic face of several 

members of the TNF receptor family supports caspase dimerization as a critical and 

sufficient step for activation of initiator caspases 8 and 10 (Ramirez and Salvesen, 2018). 

Caspase-8 is constitutively and widely expressed in most rodent and human cells. In species 

that encode caspase-10 - i.e. all primates and a subset of rodents (guinea pigs and squirrel 

but not mouse and rat – this caspase appears to temper autophagic and apoptotic responses 

to promote NF-κB activation and cell survival (Horn et al., 2017; Lamy et al., 2013), 

although pro-apoptotic functions have also been proposed (Ramirez and Salvesen, 2018). 

Notably, the gene encoding human caspase-10 clusters together with c-FLIP, suggesting that 

the two caspase-8 paralogues arose from a gene duplication event. Whereas caspase-10 is a 

proteolytic enzyme, however, cFLIP is a catalytically inactive pseudoprotease that 

heterodimerizes with caspases 8 and 10, and functions as a rheostat that regulates apoptosis, 

NF-κB signaling and survival pathways (Horn et al., 2017; Lamy et al., 2013). Akin to 

caspases 8 and 10, initiator caspase-9 undergoes proximity-induced autoactivation in the so-

called ‘intrinsic apoptosis’ pathway upon its CARD-assisted recruitment into the 

apoptosome. In addition to caspase-9, this cytosolic wheel-shaped multi-protein complex is 

composed of 7-8 Apoptotic peptidase activating factor 1 (Apaf-1) units that bind the 

nucleotide dATP and mitochondrial cytochrome c, the cytosolic leakage of which serves as a 
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marker of extensive mitochondrial damage and mitochondrial outer membrane 

permeabilization (Dorstyn et al., 2018). The zymogens of apoptotic effector caspases 3 and 7 

are inactive homodimers that gain proteolytic activity when initiator and activated 

executioner caspases cut the linker that separates their large and small catalytic subunits 

(Figure 1). The apoptotic executioner caspases are responsible for the characteristic 

morphological changes of apoptosis that include membrane blebbing, cell shrinkage, the 

formation of ‘apoptotic bodies’ and chromosomal DNA fragmentation (Ramirez and 

Salvesen, 2018). These hallmark features of apoptosis are accompanied by the cleavage of 

several hundred substrates, few of which have demonstrated roles in apoptotic cell 

dismantling and externalization of ‘find-me’ and ‘eat-me’ signals that guide efferocytosis, 

the process of removal of the cellular corpses by professional phagocytes (Julien and Wells, 

2017).

Because apoptotic bodies are efficiently cleared in vivo, apoptosis is usually not associated 

with the release of danger-associated molecular patterns (DAMPs) that may recruit 

inflammatory cells and cause damage to the surrounding tissue. Hence, apoptosis is widely 

viewed as a homeostatic non-inflammatory process that discards of damaged, infected and 

aging cells without alarming the immune system. However, an extensive body of literature 

has unveiled critical pathological mechanisms by which apoptosis contributes to the 

ethology of infectious and inflammatory diseases. Lymphocytopenia, immunosuppression 

and organ disfunction in sepsis have been associated with apoptosis of lymphocytes and 

some parenchymal tissues (Girardot et al., 2017). Extensive apoptosis and active caspase-3 

staining have been documented in the splenic white pulp regions of critically ill patients, and 

caspase inhibition significantly improves survival rates in animal models of sepsis (Girardot 

et al., 2017). Extensive apoptosis also contributes to hepatocellular pathology in a mouse 

model of anti-Fas antibody-induced fulminant hepatitis by inducing activation of caspase-8 

and truncated Bid-mediated activation of caspase-9 (Brenner et al., 2013). Defective uptake 

of apoptotic corpses by macrophages may result in secondary necrosis, in which rupture of 

the plasma membrane triggers release of damage associated molecular patterns (DAMPs) 

that stimulate inflammatory and immunogenic reactions. Indeed, defective efferocytosis 

promotes non-resolving inflammation and plaque instability in advanced atherosclerosis 

(Yurdagul et al., 2017). Inefficient degradation of DNA-containing neutrophil extracellular 

traps (NETs) and apoptotic cells has also been associated with systemic autoimmunity in 

patients with systemic lupus erythematosus (Mahajan et al., 2016). Taken together, these 

findings demonstrate that preventing accumulation of apoptotic cells is critically important 

for avoiding DAMP release and maintaining homeostasis.

Inflammatory caspases drive pyroptosis and inflammatory cytokine 

secretion

Caspase-1 was cloned nearly three decades ago as the Interleukin-1β Converting Enzyme 

(ICE) in a hunt for the enzyme that is responsible for the proteolytic maturation of the pro-

inflammatory cytokine IL-1β in human monocytes (Lamkanfi and Dixit, 2014, 2017). The 

subsequent generation of caspase-1-deficient mice confirmed the essential role of caspase-1 

in IL-1β secretion and demonstrated that caspase-1 is largely dispensable for apoptosis. 
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Other work establishes caspase-1 as the protease that drives maturation and secretion of 

IL-18, which at that time was known as the ‘interferon-γ inducing factor’. More recently, 

the discovery that caspase-1-mediated cleavage of the cytosolic protein gasdermin D 

(GSDMD) promotes the formation of GSDMD membrane pores and cell lysis, which sheds 

much needed light on the necrotic execution mechanism of pyroptosis (de Vasconcelos et al., 

2019a; Kayagaki et al., 2015; Shi et al., 2015). The gasdermin family consists of several 

members that exert the ability to form large oligomeric membrane pores with an inner 

diameter of 12-20 nm in the inner layer of the plasma membrane and intracellular organelles 

(Ding et al., 2016; Mulvihill et al., 2018; Rogers et al., 2017; Sborgi et al., 2016; Wang et 

al., 2017), but in vitro studies suggest that GSDMD is the only member that is a substrate of 

inflammatory caspases (Shi et al., 2015). The term pyroptosis was first coined by Brennan 

and Cookson to contrast the intrinsically non-inflammatory nature of apoptosis (Cookson 

and Brennan, 2001). This caspase-1-regulated cell death mode frequently coincides with the 

secretion of IL-1β and IL-18, and the release of DAMPs (Vande Walle and Lamkanfi, 2016).

In addition to caspase-1, the inflammatory caspase subfamily in humans consists of caspases 

4 and 5 (Figure 1). Caspase-11 in rodents is the ortholog of human caspases 4 and 5 

(Lamkanfi et al., 2002). Although these additional inflammatory caspases are incapable of 

cleaving proIL-1β and proIL-18 into bioactive cytokines, they each have been shown to 

cleave GSDMD and induce pyroptosis (Kayagaki et al., 2015; Schmid-Burgk et al., 2015; 

Shi et al., 2015). These observations have elicited proposals to redefine pyroptosis as 

programmed necrosis driven by inflammatory caspases and gasdermin family members (Shi 

et al., 2017; Vande Walle and Lamkanfi, 2016). The requirement for inflammatory caspases 

in executing pyroptosis distinguishes it from necroptosis, a regulated necrotic cell death 

mode that relies on RIP kinase 3 (RIPK3) and its pseudokinase substrate mixed lineage 

kinase domain like pseudokinase (MLKL) (Pasparakis and Vandenabeele, 2015).

Although several mechanisms of IL-1β secretion from viable cells have recently been 

reported (Evavold et al., 2018; Gaidt et al., 2016), pyroptosis and necroptosis are rapidly 

emerging as the prime mechanisms for secretion of IL-1β and IL-18, as well as DAMPs 

such as ATP, HMGB1, S100 proteins and IL-1α (Kayagaki et al., 2011; Lamkanfi et al., 

2010). These molecules each lack secretion signals and it has been debated for over two 

decades how they reach the extracellular environment where binding to their cognate 

receptors may contribute to the acute phase response, inflammatory tissue damage, fever, 

cytokine release syndrome, neurotoxicity and potentially systemic organ failure in sepsis and 

other diseases (Lamkanfi, 2011). Firstly, ex vivo studies in inflammasome-stimulated 

Gsdmd-/- BMDMs have shown that fully matured IL-1β and IL-18 as well as IL-1α and 

HMGB1 are retained intracellularly, supporting the notion that pyroptosis mediates 

extracellular release of these inflammasome-dependent cytokines and DAMPs (Kayagaki et 

al., 2015; Shi et al., 2015). Consistently, a single cell imaging analysis of transgenic 

macrophages expressing a caspase-1 fluorescence resonance energy transfer (FRET) sensor 

shows that IL-1β secretion fully coincides with pyroptosis induction in the same cells (Liu et 

al., 2014). Much progress has been made in recent years in understanding the critical 

mechanisms by which pyroptosis contributes to host defense and lethal shock in in vivo. 

Defective pyroptosis induction renders Gsdmd-deficient mice highly susceptible to 

Francisella novicida infection (Zhu et al., 2018). It has also been established that 
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inflammasomes drive LPS-induced lethal shock in vivo. Caspase-1-mediated IL-1β and 

IL-18 signaling contributes to lethality by lower LPS doses, but this protective effect is not 

sustained at higher LPS doses (Berghe et al., 2014; Lamkanfi et al., 2010). However, 

caspase-11-deficient and Gsdmd-/- mice also resist high dose LPS-induced lethality, 

indicating that caspase-11–dependent pyroptosis rather than caspase-1–dependent secretion 

of IL-1β and IL-18 is the prominent mechanism that drives LPS-induced lethal shock 

(Berghe et al., 2014; Kayagaki et al., 2015; Kayagaki et al., 2011; Lamkanfi et al., 2010). A 

recent report further clarifies the mechanism by which pyroptosis promotes lethality in LPS-

challenged mice by showing that pyroptotic myeloid cells shed tissue factor-containing 

microvesicles, which results in systemic intravascular blood clotting and lethality (Wu et al., 

2019). Together, these studies highlight the key role of inflammasome activation in host 

defence against infectious agents, and in eliciting lethal shock.

Caspase-1 activation by canonical inflammasome pathways

Akin to apoptotic initiator caspase-9, the prototypical inflammatory caspase-1 harbours a 

CARD in its amino-terminal propeptide through which it gets recruited into inflammasomes, 

cytosolic multi-protein complexes that support caspase-1 dimerization and drive its 

proximity-induced auto-activation. A suite of pattern recognition receptors (PRRs) that 

responds to microbial and pathogen-associated molecular patterns (MAMPs and PAMPs), 

and in some cases to environmental and host-derived DAMPs assemble canonical 

inflammasomes that engage caspase-1 (Figure 2). The list of genetically validated 

inflammasomes with defined stimuli comprises at least five distinct complexes that are 

typically named after the PRR that assembles the inflammasome (Lamkanfi and Dixit, 2014, 

2017). We distinguish the canonical inflammasomes formed by several members of the 

intracellular nucleotide-binding domain and leucine-rich repeat containing (NLR) family, the 

HIN200 family member AIM2 and the TRIM family member Pyrin.

In addition to the prototypical PYD, NACHT and Leucine-rich repeat (LRR) domains found 

in other NLRP family members, the human inflammasome sensor NLRP1 contains a unique 

carboxy-terminus extension that harbours a Function-to-find (FIIND) domain and a CARD 

(Figure 2). The FIIND domain is an autoproteolytic domain that is uniquely shared between 

NLRP1 and CARD8 and that undergoes post-translational autocleavage as a prerequisite for 

ligand-induced activation (Lamkanfi and Dixit, 2014, 2017). Mice lack a CARD8 homolog, 

but encode three orthologous Nlrp1 genes, namely Nlrp1a, Nlrp1b and Nlrp1c that each lack 

the PYD domain in the amino-terminus of human NLRP1. Murine Nlrp1c is considered a 

pseudogene, and evidence that Nlrp1a assembles a functional inflammasome is based on a 

reported activating Nlrp1aQ593P mutation that drives IL-1-dependent leukopenia in mice 

linked to excessive inflammasome activation and pyroptosis in hematopoietic progenitor 

cells (Masters et al., 2012). However, it is currently unclear which of the murine orthologs 

functionally correspond to human NLRP1 because well-defined (patho)physiologic/

biochemical agents that selectively activate the murine Nlrp1a or human NLRP1 

inflammasomes are yet to be discovered. Nlrp1b is highly polymorphic and Bacillus 
anthracis lethal toxin (LeTx) activates the murine Nlrp1b inflammasome in macrophages of 

sensitive strains (Lamkanfi and Dixit, 2014). However, human NLRP1 is unresponsive to 

LeTx. Recent studies have shown that pharmacological inhibitors of the cytosolic post-
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proline dipeptidyl peptidases (DPP)8 and DPP9 activate NLRP1 and CARD8 to induce 

pyroptosis in human keratinocytes, the human monocytic-like cell line THP-1 and in 

primary peripheral blood mononuclear cells, respectively (Johnson et al., 2018; Zhong et al., 

2018). Moreover, pharmacological inhibition of DPP8 and DPP9 protease activity has been 

shown to induce pyroptosis without eliciting other inflammasome hallmark responses such 

as caspase-1 autocleavage, and secretion of IL-1β in murine C57BL/6J macrophages 

(Okondo et al., 2017; Okondo et al., 2018). Contrastingly, DPP8 and DPP9 inhibition in the 

BALB/c-derived monocyte cell line J774.A1 and in primary bone marrow-derived 

macrophages (BMDM) of mice that express a LeTx-responsive Nlrp1b allele elicited a rapid 

pyroptotic response concomitant with caspase-1 maturation, ASC speck assembly and 

secretion of mature IL-1β and IL-18 (de Vasconcelos et al., 2019b). The fact that C57BL/6J 

mice lack a LeTx-responsive Nlrp1b allele may contribute to a differential inflammasome 

response in macrophages in this genetic background.

Unlike NLRP1, a broad suite of environmental crystals and pollutants and host-derived 

DAMPs and protein aggregates activate the NLRP3 inflammasome (Lamkanfi and Dixit, 

2014, 2017). Examples of clinically relevant DAMPs that engage NLRP3 include uric acid 

and cholesterol crystals that cause gout and atherosclerosis, amyloid-β fibrils that are 

neurotoxic in Alzheimer’s disease and asbestos particles that cause mesothelioma. 

Additionally, NLRP3 is activated by infectious agents such as Vibrio cholerae; fungal 

pathogens such as Aspergillus fumigatus and Candida albicans; adenoviruses and influenza 

A virus. Recent work establishes that activation of the NLRP3 inflammasome in influenza 

A-infected cells is relayed by Z-DNA binding protein 1 (ZBP1) and RIPK1 together with the 

induction of necroptosis and apoptosis (Kesavardhana et al., 2017; Kuriakose et al., 2016a; 

Thapa et al., 2016) (Figure 3). Given the wealth and structural diversity in NLRP3 stimuli, it 

is thought that NLRP3 senses a secondary messenger or cellular state that is commonly 

induced by these stimuli. Many NLRP3-activating agents trigger damage to membrane-

bound organelles. Hence, membrane damage and K+ efflux have emerged as upstream 

mechanisms that may regulate NLRP3 activation (Di et al., 2018; Munoz-Planillo et al., 

2013). The K+ efflux channel TWIK2 has been recently shown to promote ATP-induced 

NLRP3 inflammasome activation in cultured macrophages, and its genetic deletion dampens 

polymicrobial sepsis- and LPS-induced endotoxemia-induced inflammatory lung injury in 

mice (Di et al., 2018). However, unlike NLRP3 activation induced by ATP, pore-forming 

toxins and crystals, the Toll-like receptor 7 (TLR7) agonist imiquimod and related molecules 

have been shown to activate NLRP3 through a K+ efflux-independent mechanism (Gross et 

al., 2016; Kanneganti et al., 2006). The mechanism of imiquimod-induced NLRP3 activation 

has primarily been interrogated in murine bone-marrow derived dendritic cells (BMDCs), 

but imiquimod also engages the NLRP3 inflammasome in BMDMs (Gross et al., 2016; 

Kanneganti et al., 2006). Moreover, a recent examination of granulocyte–macrophage 

colony-stimulating factor (GM-CSF)-derived BMDCs reveals that a subpopulation of 

monocyte-derived macrophages, rather than dendritic cells, are responsible for NLRP3-

mediated caspase-1 activation and IL-1β secretion (Erlich et al., 2019). An alternative 

NLRP3 inflammasome pathway has been described that promotes IL-1β secretion from 

human monocytes stimulated with the TLR4 agonist LPS without eliciting K+ efflux and 

classical inflammasome hallmarks such as ASC speck formation and pyroptosis (Gaidt et 
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al., 2016). Collectively, these findings suggest that although K+ efflux frequently 

accompanies NLRP3 activation, it may not be the much sought-after universal secondary 

messenger that engages NLRP3 (Lamkanfi and Dixit, 2014).

NLR family, apoptosis inhibitory proteins (NAIPs) physically bind bacterial flagellin and 

components of some bacterial type III secretion systems to activate the NLRC4 

inflammasome (Figure 2). By sensing these conserved bacterial structures in the cytosol of 

infected monocytes and macrophages, the NLRC4 inflammasome contributes to host 

defense against facultative intracellular pathogens such as Salmonella Typhimurium, 

Shigella flexneri, Pseudomonas aeruginosa, Burkholderia thailandensis, and Legionella 
pneumophila (Lamkanfi and Dixit, 2014). A recent study unveils that interferon regulatory 

factor 8 (IRF8) is required for constitutive expression of NAIP family members, and thus for 

optimal activation of the NLRC4 inflammasome (Karki et al., 2018).

Absent in melanoma 2 (AIM2), a cytosolic member of the HIN200 PRRs, is equipped with a 

dsDNA-sensing HIN200 domain and supports assembly of an inflammasome that 

contributes to host defence against Francisella tularensis, Listeria monocytogenes, vaccinia 

virus and cytomegalovirus infections (Lamkanfi and Dixit, 2014). Interferon-inducibe 

GTPases of the guanylate-binding proteins (GBP) family have been shown to be critical for 

activation of the AIM2 inflammasome triggered by F. tularensis and other bacterial 

pathogens (Man et al., 2015; Meunier et al., 2015). The AIM2 inflammasome has also been 

reported to provoke a detrimental inflammatory response to genomic dsDNA breaks in mice 

subjected to subtotal body irradiation-induced gastrointestinal syndrome and total body 

irradiation-induced hematopoietic failure (Hu et al., 2016). These findings suggest that 

AIM2 inhibition might represent a novel approach to alleviate this common and severe 

complication of radio- and chemotherapy in cancer patients.

The Pyrin inflammasome indirectly senses the activity of bacterial toxins such as 

Clostridium botulinum C3 toxin, toxins A and B of Clostridium difficile and Burkholderia 
cenocepacia TecA that all covalently inactivate the host RhoA small GTPase (Aubert et al., 

2016; Gao et al., 2016; Van Gorp et al., 2016; Xu et al., 2014). Additionally, the RhoA-

inhibiting effector YopE of Yersinia pestis and Y. pseudotuberculosis activate the Pyrin 

inflammasome, while Y. pestis and Y. pseudotuberculosis YopM suppress Pyrin activation 

(Chung et al., 2016; Ratner et al., 2016). In naïve macrophages, Pyrin phosphorylation (at 

S208/S242 in human Pyrin; S205/S241 in murine Pyrin) keeps the protein autoinhibited by 

recruiting 14-3-3 proteins (Masters et al., 2016). The above-mentioned toxins relieve 

inhibition by stimulating Pyrin de-phosphorylation and disrupting 14-3-3 binding. A 

functional microtubule network is required downstream of Pyrin dephosphorylation in toxin-

stimulated macrophages for assembly of ASC specks and caspase-1-mediated cytokine 

secretion, although future experimentation should address the mechanism involved (Gao et 

al., 2016; Van Gorp et al., 2016).
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Activation of human caspases 4 and 5, and murine caspase-11 by the non-

canonical inflammasome

Since the discovery in 2011 that initially reported caspase-1-deficient mouse strains also 

lacked expression of caspase-11 (Kayagaki et al., 2011), the non-canonical inflammasome 

pathway has gained considerable traction as a key mechanism in Gram-negative infections 

and sepsis (Aglietti et al., 2016; Hagar et al., 2013; Kayagaki et al., 2015; Knodler et al., 

2014; Lagrange et al., 2018; Mandal et al., 2018; Schmid-Burgk et al., 2015). In this 

pathway, internalized lipopolysaccharide (LPS) from Gram-negative bacteria interacts with 

the CARD domain and activates human caspases 4 and 5 and murine caspase-11 (Baker et 

al., 2015; Hagar et al., 2013; Kayagaki et al., 2013; Schmid-Burgk et al., 2015; Shi et al., 

2014). Murine caspase-11 autonomously cleaves GSDMD to induce pyroptosis as 

highlighted by the observation that extracellular release of the DAMPs IL-1α and HMGB1 

from macrophages infected with Escherichia coli, Citrobacter rodentium and Vibrio cholerae 
was fully caspase-11-dependent (Kayagaki et al., 2011). GSDMD cleavage parallelly 

connects caspase-11 with K+ efflux and activation of the NLRP3 inflammasome to drive 

caspase-1-dependent maturation and secretion of IL-1β and IL-18 (Aglietti et al., 2016; 

Kayagaki et al., 2015; Ruhl and Broz, 2015; Shi et al., 2015). Akin to their role in the AIM2 

inflammasome, bacterial vacuoles in infected host cells that shield Gram-negative pathogens 

from innate immune detection are lysed by GBPs to promote caspase-11 activation by 

leaked Escherichia coli and Citrobacter rodentium LPS in the cytoplasm (Meunier et al., 

2014; Pilla et al., 2014). In both pathways, GBPs recruit the murine interferon-inducible 

protein IRGB10 to intracellular bacteria to facilitate activation of the AIM2 inflammasome 

by Francisella novicida, and activation of the non-canonical inflammasome by E. coli and C. 
rodentium (Man et al., 2016). It remains to be determined whether LPS-induced 

oligomerization of human caspases 4 and 5, and murine caspase-11 is facilitated by 

currently unknown factors, but a recent study suggests that LPS internalization and 

caspase-11 activation in LPS-challenged mice is mediated by hepatocyte-released HMGB1, 

which physically binds LPS in circulation and facilitates its access into the cytosol of 

myeloid and endothelial cells by binding the receptor for advanced glycation end-products 

(RAGE) followed by permeabilization of the lysosomal membrane (Deng et al., 2018). 

Notably, a recent report presented genetic evidence that caspase-11 self-cleavage at the 

linker peptide that separates the large and small catalytic subunits is indispensable for 

caspase-11 activation (Lee et al., 2018b). This is unlike caspase-1, which based on 

observations in ASC-deficient macrophages retains the ability to induce pyroptosis in 

response to stimuli of the NLRC4 and NLRP1b inflammasomes in the apparent absence of 

caspase-1 autocleavage (Broz et al., 2010; Guey et al., 2014; Van Opdenbosch et al., 2014). 

Together, these findings suggest that the mechanism of murine caspase-11 activation 

resembles more that of apoptotic executioner caspases, whereas caspase-1 activation by 

canonical inflammasomes aligns with the proximity-induced autoactivation process of 

apoptotic initiator caspases.
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Caspases 2, 12 and 14 – the odd men out

The functions of both caspases 2 and 14 are not fully understood but based on recent 

developments they appear to exert roles beyond apoptosis and inflammation (Figure 1). 

Caspase-2 protease activity has been recently shown to counteract genomic instability and 

tumorigenesis upon cytokinesis failure and in cells with extra centrosomes by cleaving the 

p53 repressor MDM2, which induces cell cycle arrest (Fava et al., 2017). Studies in 

genetically ablated mice have established a role for caspase-14 in keratinocyte 

differentiation and the maintenance of a normal stratum corneum, but further analysis is 

required to fully understand the underlying mechanisms (Denecker et al., 2007; Hoste et al., 

2013).

Caspase-12 phylogenetically clusters with the inflammatory caspase subfamily (Lamkanfi et 

al., 2002) (Figure 1). Although physiologically relevant substrates have yet to be identified, 

it is evident that murine caspase-12 is a functional protease that undergoes self-cleavage in 

the linker peptide that separates the large and small catalytic subunits at ATAD318 (Fujita et 

al., 2002). Early studies suggest caspase-12 to promote endoplasmic reticulum stress-

induced apoptosis, but the current consensus is that caspase-12 is dispensable for apoptosis. 

A subsequent hypothesis proposed that caspase-12 acts as a dominant-negative regulator that 

represses caspase-1 activation and inhibits secretion of IL-1β and IL-18. However, a recent 

systematic analysis of canonical and non-canonical inflammasome responses in caspase-12-

deficient macrophages and mice has refuted also this hypothesis (Vande Walle et al., 2016). 

Future experimentation should focus on characterization of the recently reported selectively-

targeted caspase-12-deficient mice to clarify the physiologic roles of this enigmatic caspase. 

Unlike its rodent ortholog, human caspase-12 is thought to represent a proteolytically 

inactive pseudoprotease based on the substitution of critical residues that surround the active 

site. Whereas in murine caspase-12 and other caspases the catalytic histidine residue is 

invariantly followed by an evolutionary conserved glycine, this amino acid is mutated to 

serine in human caspase-12 (Fischer et al., 2002; Lamkanfi et al., 2002). Consistently, 

recombinantly purified human caspase-12 fails to cleave the synthetic peptide substrate Ac-

ATAD-amc that is readily processed by mouse caspase-12 (Demon D and Lamkanfi M, 

unpublished results). Notably, all Caucasians and large parts of the human populations of 

Africa, the Americas and Asia likely are ablated for caspase-12 protein expression.This is 

because of a C>T single nucleotide polymorphism (SNP; rs497116) in the caspase-12 open 

reading frame that arose 100,000-500,000 years ago, and likely causes nonsense-mediated 

decay of the corresponding transcripts. Interestingly, 20-30% of the population of North and 

Sub-Saharan Africa, lack or are heterozygous for the rs497116 SNP, and express full-length 

capase-12 (Fischer et al., 2002; Kachapati et al., 2006). The read-through mutation is also 

present in peoples of the Middle East and South-East Asia, albeit at lower frequencies 

(Kachapati et al., 2006). Because the pocket bordering the catalytic histidine is still altered, 

caspase-12 may function as a pseudoprotease in individuals expressing this read-through 

isoform (Reynolds and Fischer, 2015). As such, human caspase-12 may resemble c-FLIPL, a 

non-catalytic pseudoprotease that heterodimerizes with caspase-8 and modulates its cellular 

functions (Tummers and Green, 2017). The precise environmental factors that drove the 

rs497116 SNP to near-fixation during human evolution are unclear (Xue et al., 2006), but it 
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is tempting to speculate that caspase-12 acted as a pseudoprotease that contributed to 

increased risk for severe infections or other debilitating conditions. To conclude, whereas 

murine caspase-12 is an active caspase, most humans likely lack caspase-12 expression and 

others may express a pseudoprotease of unknown role.

Crosstalk between apoptotic and inflammatory caspases

As research into signalling pathways of inflammatory caspases progressed, an unexpected 

amount of crosstalk with apoptotic caspases has emerged over the past years. Firstly, reports 

of proIL-1β maturation that is mediated directly by caspase-8 point to an inflammatory role 

for this apoptotic initiator caspase (Bossaller et al., 2012; Gringhuis et al., 2012; Maelfait et 

al., 2008; Vince et al., 2012). Caspase-8 also regulates IL-1β secretion by regulating priming 

and activation of the canonical and non-canonical inflammasome pathways (Gurung et al., 

2014; Man et al., 2014), as well as activation of the alternative NLRP3 inflammasome 

pathway in human monocytes (Gaidt et al., 2016). A mechanistic model is emerging in 

which the necrosome that contains caspase-8, RIPK1 and RIPK3 acts as a central hub for the 

integration of inflammasome and cell death responses that are triggered by a broad suite of 

agents that alter MAP kinase and NF-κB signalling cascades in macrophages, for instance 

by changing cellular amounts of Inhibitor of Apoptosis (IAP) proteins and targeting 

Transforming growth factor beta-activated kinase 1 (TAK1) (Malireddi et al., 2018; Philip et 

al., 2014; Sarhan et al., 2018; Vince et al., 2012). Agents that rely on caspase-8 and RIPK1 

for cell death and inflammasome responses include influenza A virus (Kesavardhana et al., 

2017; Kuriakose et al., 2016a; Kuriakose et al., 2016b; Thapa et al., 2016), Y. 
pseudotuberculosis and Y. enterocolitica (Orning et al., 2018; Philip et al., 2014; Sarhan et 

al., 2018; Weng et al., 2014), Candida albicans (Ganesan et al., 2014), as well as 

chemotherapeutic drugs and cytotoxic metabolites that engage the intrinsic apoptosis 

pathway in macrophages (Antonopoulos et al., 2013; Surup et al., 2018; Vince et al., 2018). 

Additionally, recent work reveals that LPS-induced shock and E. coli sepsis in mice is driven 

by the collaborative pro-apoptotic and pyroptotic signalling activities of caspases 8 and 11 

respectively, which is induced by TNF and type 1 interferon cytokines in target tissues and 

amplifies inflammatory signals associated with tissue damage in the small intestine, spleen 

and thymus to induce lethality (Mandal et al., 2018). Mice with a myeloid-selective deletion 

of the NF-κB regulator A20 present with severe inflammatory arthritis that develops 

independently of TNF but is mediated by NLRP3 inflammasome-induced IL-1 signalling 

(Matmati et al., 2011; Vande Walle et al., 2014). A recent study reveals a remarkable amount 

of crosstalk between the NLRP3 inflammasome and the necrosome by demonstrating that 

RIPK1-dependent necroptosis drives inflammasome activation and inflammatory pathology 

in this mouse model of inflammatory arthritis (Polykratis et al., 2019).

Other evidence of caspase crosstalk is based on the observation that caspase-1-deficient 

macrophages induce caspase-8-mediated apoptosis in response to NLRP3 and AIM2 

agonists (Pierini et al., 2012; Sagulenko et al., 2013). Subsequent studies have focussed on 

the CARD-based inflammasome sensors NLRP1b and NLRC4 to demonstrate that 

caspase-8 activation occurs in cytosolic ASC specks during apoptosis in caspase-1-deficient 

macrophages, and that this mechanism also is present in intestinal epithelial cells (Lee et al., 

2018a; Mascarenhas et al., 2017; Rauch et al., 2017; Van Opdenbosch et al., 2017). 
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Moreover, TLR agonists upregulate c-FLIP expression in primed macrophages, which 

suppresses caspase-8-mediated apoptosis downstream of ASC speck assembly (Van 

Opdenbosch et al., 2017). This is a surprising observation given that ASC expression and 

TLR priming have been previously shown to be dispensable for pyroptosis induction by the 

NLRP1b and NLRC4 inflammasomes (Broz et al., 2010; Guey et al., 2014; Van Opdenbosch 

et al., 2014). Akin to caspase-1-deficient macrophages, deletion of GSDMD similarly 

reroutes the inflammasome-induced cell death response to apoptosis (de Vasconcelos et al., 

2019a; He et al., 2015). This suggests the existence of a caspase-1-driven apoptosis pathway. 

In agreement, a recent report shows that caspase-1 induced apoptosis in GSDMD-deficient 

macrophages by engaging caspase-3 downstream of BID cleavage and the apoptosome 

through the intrinsic apoptosis pathway (Tsuchiya et al., 2019). Caspase-1 has also been 

shown to activate the apoptotic executioner caspase-7 in S. Typhimurium-infected 

macrophages and in response to the NLRP3 agonists ATP and nigericin (Lamkanfi et al., 

2008). Deletion of caspase-7 does not protect cells from pyroptosis, but it would be 

interesting to determine whether this mechanism contributes to inflammasome-induced 

apoptosis in GSDMD-deficient macrophages. In this context, differential tissue- and cell 

type-specific expression profiles of caspase signalling factors may determine the cellular 

response to cell death-inducing agonists. Indeed, C. difficile infection of macrophages 

triggers pyroptosis upon Pyrin inflammasome activation by the enterotoxins TcdA and TcdB 

(Gao et al., 2016; Van Gorp et al., 2016; Xu et al., 2014). However, intestinal epithelial cells 

- the physiologic targets of TcdA and TcdB - lack Pyrin expression and the intrinsic 

apoptosis pathway instead is engaged by these enterotoxins in a process that contributes to in 
vivo host defence against C. difficile infection (Saavedra et al., 2018).

Caspases in human monogenic diseases

Monogenic diseases that are caused by nonsense and missense mutations in caspase genes 

and components of caspase signalling pathways highlight the clinical implications of 

dysregulated caspase activation. Autoimmune lymphoproliferative syndrome (ALPS) is a 

recessive primary immunodeficiency that manifests in early childhood and is caused by 

dysfunctional Fas (CD95) signalling. Symptoms include lymphadenopathy and 

splenomegaly, defective Fas-induced extrinsic apoptosis and T-, B-, and natural killer (NK)-

cell activation, accumulation of autoreactive lymphocytes and recurrent bacterial and viral 

infections. Most patients with this syndrome carry mutations in the Fas receptor or it ligand 

(Meynier and Rieux-Laucat, 2019). Moreover, patients with ALPS-related syndromes are 

reported to be deficient for caspases 8 or 10 (Chun et al., 2002; Meynier and Rieux-Laucat, 

2019; Wang et al., 1999).

The importance of a tight regulation of caspase-1 activation is reflected by the variety of 

autoinflammatory diseases linked to activating mutations in several key components of the 

inflammasome (Van Gorp et al., 2019). Autoinflammatory diseases (AID) are defined as a 

dysfunction of the innate immune system and are often referred to as ‘periodic fever 

syndromes’ because many of these syndromes are characterized by recurrent fever and 

organ-specific inflammation. Since many syndromes share symptoms, it is often challenging 

to diagnose the patients correctly in a timely manner. To date, AID patients with mutations 

in all canonical inflammasome sensors but AIM2 have been identified, possibly because the 
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human dsDNA-sensing inflammasome is linked to cGAS-STING-mediated lysosomal 

damage and activation of NLRP3 parallelly to the established role of cytosolic DNA 

recognition by the cGAS-STING immune axis that drives antiviral immunity by inducing 

type I interferons (Ablasser and Chen, 2019; Gaidt et al., 2017).

NLRP1 is predominantly expressed in keratinocytes, and gain-of-function mutations in 

NLRP1 predispose patients to skin inflammation and skin cancer (Zhong et al., 2016). 

Primary keratinocytes from these patients show spontaneous inflammasome activation and 

elevated IL-1β amounts. Additionally, NLRP1 mutations that result in elevated systemic 

amounts of caspase-1 and IL-18 have been identified in patients that present with skin 

dyskeratosis, arthritis and periodic fever (Grandemange et al., 2017). Cryopyrin-associated 

periodic syndromes (CAPS) is a collective term that captures three autosomal dominant 

disorders that are caused by gain-of-function mutations in NLRP3. From the mildest to the 

most severe pathologies, these are familial cold autoinflammatory syndrome (FCAS), 

Muckle-Wells syndrome (MWS) and neonatal-onset multisystem inflammatory disease 

(NOMID) syndrome (Harapas et al., 2018). In addition to the critical role of IL-1β in the 

ethiology of CAPS, studies in an FCAS mouse model pinpoint caspase-1-mediated cell 

death, IL-18 and TNF secretion as additional pathophysiological mechanisms (Brydges et 

al., 2013; McGeough et al., 2017).

Familial Mediterranean Fever (FMF) is the most prevalent monogenic AID and is caused by 

missense mutations in Mefv that trigger unchecked Pyrin inflammasome signaling (Van 

Gorp et al., 2019). Recent studies show that deletion of GSDMD fully rescues systemic 

inflammatory pathology in mouse models of FMF and CAPS (Kanneganti et al., 2018; Xiao 

et al., 2018), suggesting that pyroptosis represents a key in vivo mechanism of 

inflammasome-driven autoinflammatory pathology. Gain-of-function mutations in NLRC4 
have been associated with periodic fever syndromes that induce high circulating IL-18 

amounts and increased risk for the development of macrophage activation syndrome (MAS) 

(Canna et al., 2014; Romberg et al., 2014). Indeed, an infant with life-threatening NLRC4-

associated hyperinflammation that was diagnosed with MAS has been effectively treated 

with recombinant IL-18 binding protein whereas anti-IL-1β and anti-TNF therapies had 

been unsuccessful (Canna et al., 2017). Strikingly, patients with inactivating SNPs in human 

CASP1 also presented with autoinflammatory disease. While the genetic variants tempered 

or blocked caspase-1 protease activity and IL-1β secretion, the patients present with severe 

inflammation, which has been proposed to be a consequence of a more robust interaction 

between catalytically inactive caspase-1 and the NF-κB-activating kinase RIPK2 (Kersse et 

al., 2011; Lamkanfi et al., 2004; Luksch et al., 2013; Luksch et al., 2015). Deficiency in 

IL-1Ra (DIRA) leads to uncontrolled IL-1 signalling, which - when left unattended - can be 

life-threatening due to development of systemic inflammation and multiorgan failure 

(Aksentijevich et al., 2009). However, these patients respond well to lifelong treatment with 

IL-1neutralizing biologics.

Therapeutic targeting of caspase pathways

The central role of caspases in cell death and inflammation signaling makes them attractive 

targets for therapeutic intervention in many human diseases across therapeutic areas. 
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Caspase inhibitors are widely available as research tools and have helped to define the roles 

of specific caspases in cell death and inflammatory processes. However, the development of 

selective caspase inhibitors for therapeutic use has proven challenging, and none have 

successfully reached the clinic despite tremendous efforts by the pharmaceutical industry 

(Cornelis et al., 2007; Kudelova et al., 2015). Most recently, the pan-caspase inhibitor 

emricasan (IDN-6556) has been evaluated in phase 2 clinical trials in patients suffering from 

nonalcoholic steatohepatitis (NASH), liver fibrosis or acutely decompensated cirrhosis. The 

drug was safe and well-tolerated in patients with advanced liver disease, but it overall failed 

to provide proof-of-concept support for caspase inhibition as a treatment for NASH and 

cirrhosis patients (Garcia-Tsao et al., 2019; Mehta et al., 2018). However, tremendous 

progress over the past three decades in understanding the molecular mechanisms that 

regulate caspase activation has revealed new approaches for therapeutic modulation of 

caspase activity. Examples of strategies that are being evaluated in clinical trials to re-engage 

apoptosis in cancer therapy include antagonists of anti-apoptotic BCL-2 family members 

and Smac mimetics that target Inhibitor of Apoptosis (IAP) proteins (Fulda, 2017; 

Opferman, 2016).

Although currently still in the preclinical phase, there is extensive interest to therapeutically 

target inflammasome pathways. The currently approved therapies anakinra (IL-1 receptor 

antagonist), canakinumab (IL-1β neutralizing antibody) and rilonacept (soluble decoy 

receptor for IL-1β and IL-1α) focus on neutralizing IL-1β or neutralizing its signaling 

receptor on effector cells (Van Gorp et al., 2019). While valuable in treating 

autoinflammatory diseases, these biologics do not halt other aspects of detrimental 

inflammasome responses, such as pyroptosis, the release of DAMPs and IL-18-driven 

immune activation. Moreover, constitutive neutralization of IL-1β comes with increased risk 

for potentially life-threatening infections, as documented in rheumatoid arthritis patients 

taking anakinra (Galloway et al., 2011), and in a large cohort of atherosclerosis patients on 

canakinumab in the recently reported CANTOS study (Ridker et al, 2017). The need for 

subcutaneous administration of these biological agents represents another drawback to 

patients, especially when requiring daily dosing. Small molecule inhibitors that work 

upstream in a specific inflammasome pathway would act more broadly on the 

inflammasome response while at the same time alleviating several of the concerns discussed 

above. Particularly the NLRP3 inflammasome is gaining traction as a drug target given its 

association with a broad range of inflammatory, metabolic and neurodegenerative diseases 

(Mangan et al., 2018). Additionally, compounds that target GSDMD and inhibit pyroptosis 

have recently been reported (Rathkey et al., 2018) (Figure 4).

Concluding remarks

Caspases are centrally involved in cell death and inflammation, rendering their signalling 

pathways attractive targets for therapeutic intervention. Progress in understanding caspase 

biology has continued at a tremendous pace in recent years with the discovery of the non-

canonical inflammasome, the identification of GSDMD as the executioner of pyroptosis and 

the characterization of novel inflammasome pathways. In-depth understanding of caspase 

pathways has also revealed an unexpected amount of crosstalk between apoptosis, 

necroptosis and pyroptosis that requires further experimentation before potential clinical 
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implications can be fully appreciated. Further probing is required to understand the 

physiologic roles of murine caspase-12 as this may shed light on the enigmatic reasons that 

converted human caspase-12 into a putative pseudoprotease during early human evolution. 

Studies are also needed to explore potential functions for its pseudoprotease as a scaffold, 

inhibitor or regulator of cell death and inflammation mechanisms. Further understanding of 

the physiological roles of caspases 2, 6, 10 and 14 could further expand the significance of 

caspases in regulation of apoptosis, inflammation, cell cycle and cell differentiation 

signalling. Undoubtedly, the quest for novel inflammasomes, regulators and upstream 

signalling components of the NLRP3 and Pyrin inflammasomes will continue to bear fruit 

and provide unexpected insights. In-depth profiling of caspase cleavage events that occur 

during activation of the canonical and non-canonical inflammasomes might reveal whether 

there are differences between these pathways and clarify why nature has evolved several 

inflammatory caspases with the ability to induce seemingly identical pyroptosis responses. 

Finally, the field is likely to gain from an expansive focus on human caspase biology to 

expedite translational work and to complement mechanistic models that are drawn on 

experimentation in rodents. An important aspect in this regard is to define the molecular 

machinery and regulation mechanisms of IL-1β secretion from viable monocytes.
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Figure 1. Functional classification and domain architecture of murine and human caspases.
The members of the caspase-family are classified as inflammatory or apoptotic based on the 

described functions and domain architecture. The caspases-1, 4, -5 and -11 are grouped as 

inflammatory caspases and share a CARD-domain at the N-terminal end. The apoptotic 

caspases can be further sub-categorized in initiator- and executioner caspases. The 

caspases-8, -9 and -10 have domain architecture akin to the inflammatory caspases, however, 

their function is to initiate apoptosis through the activation of the executioner caspases-3, -6 

and -7. In addition, caspase-2 shares domain structures with the inflammatory caspases, 

however, its function is described to be cell cycle related. Structurally, murine caspase-12 

clusters with the inflammatory caspases, however, until today its function remains 

undefined. Alternatively, for human caspase-12, it is generally accepted that 75% of the 

population is knock-out, while the remaining 25% carry a proteolytically inactive 

pseudoprotease (h*). The function of caspase-14 is linked to cell differentiation. m, murine 

and h, human.
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Figure 2. Overview of canonical and non-canonical inflammasomes driving pyroptosis and 
release of IL-1β and IL-18.
Recognition of pathogen-associated molecular patterns (PAMPs) or danger-associated 

molecular patterns (DAMPs) by their respective inflammasome-sensors NLRP1b, NLRP3, 

NLRC4, AIM2 and Pyrin leads to the assembly of a multi-protein complex termed the 

inflammasome. Consequently, caspase-1 undergoes autoproteolytic processing to lock the 

protease in its active form. Caspase-1 directly cleaves its substrates gasdermin D and the 

pro-inflammatory cytokines pro-IL-1β and pro-IL-18. The 31kDa N-terminal cleavage 

fragment of Gsdmd forms pores in the host cell membrane thereby mediating the release of 

cytoplasmic content, the mature IL-1β and IL-18 and the other DAMPs IL-1α, HMGB1 and 

ATP. Alternatively, detection of cytosolic LPS coming from Gram-negative bacteria by the 

murine caspase-11 or its human orthologues caspases-4 and -5 initiates activation of the 

proteolytic activity thereby cleaving gasdermin D resulting in pyroptosis. Consequently, the 

NLRP3 inflammasome is activated leading to the caspase-1-mediated cleavage of the pro-

inflammatory cytokines pro-IL-1β and pro-IL-18. T3SS, Type III Secretion System.

Van Opdenbosch and Lamkanfi Page 24

Immunity. Author manuscript; available in PMC 2020 June 18.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Figure 3. Caspase crosstalk pathways.
Schematic representation of the death receptor signalling pathways. Upon ligation of TNF 

ligand to its receptor (TNFR1), several molecules are required to the cytoplasmic domain of 

the receptor (TRAF, TRADD, RIPK1 and IAP). The cIAPs recruit the LUBAC complex 

causing ubiquitination of RIPK1 ultimately leading to the activation of NF-κB and induction 

of inflammation. Dysregulation of this pathway leads to the formation of complex IIa by 

recruitment of caspase-8 resulting in the induction of apoptosis. Under the conditions that 

also the activation of caspase-8 is hampered (complex IIb), RIPK1 will recruit RIPK3 

resulting in the phosphorylation of MLKL and the induction of necroptosis. Next to the 

extrinsic apoptosis pathway, the intrinsic apoptosis pathway is described as the activation of 

the Bax-Bak-dependent mitochondrial outer membrane permeabilization (MOMP). 

Consequently, cytochrome C is released from the mitochondria thereby stimulating the 

activation of caspase-9 and downstream executioners caspases-3 and -7 to initiate apoptosis. 

Chemotherapy or cytotoxic metabolites enable, through MOMP, activation of a RIPK1-

caspase-8-driven NLRP3 activation. Also, ZBP1 is a cytoplasmic sensor for viral RNA of 

Influenza A virus resulting in the activation of the same RIPK1/caspase-8 pathway. 

Moreover, caspase-8 by itself can cleave pro-IL-1β. Additionally, caspase-8 and FADD have 

been found to associate with the NRLP3 inflammasome resulting in the gasdermin D-

mediated pyroptotic form of cell death.
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Figure 4. Therapeutic targets in the inflammasome pathways.
To date, several inhibitors have been described for the NLRP3 inflammasome. Parthenolide, 

BAY 11-7082 and 3,4-methylenedioxy-β-nitrostyrene (MNS) are known to inhibit both NF-

κB signalling and the NLRP3 inflammasome. Additionally, specific inhibition of NLRP3 

has been reported by studies using glyburide and its derivative CRID3/MCC950. Also, 

CY-09 has been described as a NLRP3 specific inhibitor. More downstream, both caspase-1 

and gasdermin D have been targeted by several compounds. Belnacasan (VX-765) and 

Pralnacasan (VX-740) are bioavailable prodrugs of a potent inhibitor for caspase-1. 

Alternatively, Antabuse and necrosulfonamide (NSA) were reported to block cleavage 

and/or oligomerisation of Gsdmd thereby preventing pyroptosis. Once released, the mature 

IL-1β and IL-18 signal through its appropriate receptors to initiate inflammation in 

neighbouring cells. Also, anti-cytokine therapies have been generated. Anakinra is 

recombinant IL-1 receptor antagonist (IL-1Ra) thereby preventing IL-1 signalling. 

Canakinumab is a fully human monoclonal anti-IL-1β antibody directed against human 

IL-1β. Finally, the extracellular domains of both receptors (IL-1R1 and IL-1RAcP) were 

made into a fusion protein as a soluble decoy receptor (Rilonacept). Alternatively, two IL-18 

targeted therapeutics have been described. GSK1070806 is a neutralizing humanized 

monoclonal antibody and Tadekinig alfa is recombinant human IL-18BP both involved in 

captured bio-active IL-18 away from its receptor.
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