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Inflammasome activation: from inflammatory
disease to infection
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Abstract
The recognition of pathogen-derived molecules by the innate immune system is mediated by a number
of receptors, including members of the TLR (Toll-like receptor), RLH [RIG (retinoic acid-inducible gene)-like
helicase] and the NLR (NOD-like receptor) families. NLRs in particular are also involved in the recognition
of host-derived ‘danger’-associated molecules which are produced under conditions of cellular stress or
injury. Activation of these receptors leads to the assembly of high-molecular-mass complexes called
inflammasomes which in turn leads to the generation of active caspase 1 and to the production of mature IL-
1β (interleukin 1β). The discovery that NLRP3 (NLR-related protein 3) can recognize host-derived particulate
matter such as uric acid and cholesterol crystals has led to this inflammasome being implicated in a number
of inflammatory diseases, including gout, atherosclerosis and Type 2 diabetes. In addition, aberrant NLRP3
activation has also been observed in a number of heritable disorders now referred to as cryopyrinopathies.
On the other hand, a number of studies have reported that recognition of both viral and bacterial products
by NLRs is required for effective pathogen clearance. The present review discusses both aspects of NLR
activation and will highlight the role of additional inflammasome complexes in sensing infection.

Introduction
Originally termed endogenous or leucocyte pyrogen, on the
basis of its ability to induce fever, the role of IL (interleukin)-
1β in driving pro-inflammatory reactions has long been
recognized [1]. Over the last 10 years, however, there has
been a resurgence of interest in this cytokine following
the discovery of the molecular platform which regulates the
maturation of not only this protein, but also IL-18. Both
cytokines lack a signal sequence and are first produced as
inactive precursors which must be cleaved into a mature
and active form before being secreted from the cell. This
cleavage event is catalysed by caspase 1 and, in the case of
IL-1β, a deregulation of this process results in a number
of autoinflammatory syndromes, examples of which include
FCAS (familial cold autoinflammatory syndrome), MWS
(Muckle–Wells syndrome) and CINCA (chronic infantile
cutaneous neurological articular syndrome) [2]. Indeed, one
of the defining features of autoinflammatory disease is that
blockade of IL-1 rather than TNFα (tumour necrosis factor
α) usually results in a rapid cessation of symptoms, hence
administration of the IL-1 receptor antagonist Anakinra or
blockade of the IL-1 receptor itself represents an effective
treatment for many of these disorders. In addition to

Key words: infection, inflammasome, inflammatory disease, innate immunity, interleukin 1β

(IL-1β), NOD-like receptor.

Abbreviations used: AIM2, absent in melanoma 2; ASC, apoptosis-associated speck-like protein

containing a caspase-recruitment domain; CARD, caspase recruitment domain; FCAS, familial

cold autoinflammatory syndrome; IAPP, islet amyloid precursor protein; IL, interleukin; IPAF,

IL-1β-converting enzyme protease-activating factor; IRF, interferon regulatory factor; LPS,

lipopolysaccharide; mCMV, mouse cytomegalovirus; MWS, Muckle–Wells syndrome; NLR, NOD-

like receptor; NLRP, NLR-related protein; RIG, retinoic acid-inducible gene; ROS, reactive oxygen

species; TLR, Toll-like receptor.
1email aidunne@tcd.ie

autoinflammatory disease, IL-1 plays a central role in
combating infection and has also been implicated in the
pathogenesis of autoimmune disease, where it is has been
shown to promote the induction or expansion of pathogenic
Th17 cells [3]. The present review focuses on the events
involved in the generation of active IL-1β, a tightly regulated
process that governs the outcome of not only inflammatory
disease, but also bacterial, viral and fungal infection.

IL-1β and autoinflammatory disease
A key finding linking excessive IL-1 production to
autoinflammatory disease came with the identification of a
gain-of-function mutation in a novel pyrin-like protein in
patients presenting with FCAS and MWS [4]. The protein,
later named NLRP3 [NLR (NOD-like receptor)-related
protein 3], belongs to a larger family of cytosolic receptors
termed NLRs and was subsequently shown to form part
of a high-molecular-mass IL-1β-processing complex called
the inflammasome [5]. Caspase 1, the adapter protein ASC
[apoptosis-associated speck-like protein containing a CARD
(caspase-recruitment domain)] and the CARD-containing
protein Cardinal were also identified as components of this
complex, which was subsequently shown to be activated by
ATP, bacterial pore-forming toxins and gout-associated uric
acid and calcium pyrophosphate crystals [6,7]. Hence, it soon
became apparent that NLRP3 was not recognizing a single
ligand, but rather was being activated in response to an insult
or injury to the target cell. Since these early studies, a great
deal of progress has been made. To date, 22 NLRs have been
identified in humans, and 34 have been identified in mice [8].
All members of the family contain C-terminal leucine-rich
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Figure 1 Schematic representation of inflammasome complexes

Inflammasome activation leads to the generation of active caspase 1, which in turn cleaves the pro-form of IL-1β into a

mature and active form. Unrestrained ligand-independent inflammasome activation or recognition of host-derived ligands

leads to autoinflammatory and inflammatory disease respectively, whereas recognition of pathogen-derived molecules is

required for infection clearance. FIIND, domain with a function to find; HIN200, haemopoietic interferon-inducible nuclear

antigens with 200 amino acid repeats; LRR, leucine-rich repeat; MDP, muramyl dipeptide; NALP, NACHT, leucine-rich repeat

and pyrin domain-containing protein.

repeats followed by a nucleotide-binding NACHT domain,
but they differ in their N-terminal effector domain (Figure 1).
NLRP3 contains a pyrin-like domain which is required for
the recruitment of the adaptor molecule ASC which also
harbours this moiety.

In addition to NLRP3, NLRP1, RIG-1 (retinoic acid-
inducible gene 1), AIM2 (absent in melanoma 2) and
IPAF (IL-1β-converting enzyme protease-activating factor)
inflammasomes have also been identified; however, NLRP3
remains the most extensively characterized. The precise
mechanism of activation has yet to be determined; however,
there are common events involved. For example, all of
the known inflammasome activators induce a reduction in
intracellular potassium levels hence pre-treatment of cells
with K+ channel blockers such as quinidine prevents IL-
1β processing. Inhibitors of ROS (reactive oxygen species)
generation also block inflammasome activation; however,
macrophages lacking phagosomal NADPH oxidase respond
normally to NLRP3 agonists, suggesting a possible functional
redundancy between NADPH oxidase family members or
the existence of alternative sources of ROS generation.
Indeed, it was recently reported that the inflammasome is
positively regulated by ROS generated by mitochondrial

damage [9], thus providing a plausible link between
mitochondrial dysfunction and inflammatory disease. In the
case of particulate matter such as uric acid crystals, it is
believed that, following phagocytosis, lysosomes are unable
to process the insoluble material, which results in lysosomal
rupture and the release of proteases such as cathepsins, which
then go on to cleave an endogenous NLRP3 ligand [10]. It is
possible also that these proteases are cleaving an inhibitory
domain of NLRP3 itself, thus releasing the protein from an
inactive conformation. Indeed, the list of particulate matter
capable of activating the inflammasome is steadily growing
and now includes silica crystals, cholesterol crystals, which
are associated with atherosclerosis, β-amyloid, which is
associated with Alzheimer’s disease, and IAPP (islet amyloid
precursor protein), which is linked to Type 2 diabetes.

In addition to inflammasome activation, a priming signal
is also required to drive the production of active IL-1. This
signal serves to drive the transcription of the pro-form of IL-
1β and can be mediated by a TLR (Toll-like receptor) agonist
such as LPS (lipopolysaccharide), which is commonly used in
experimental settings. The nature of this signal in an in vivo
context is the subject of ongoing investigation, as there is little
evidence linking infection to autoinflammatory disease. In the

C©The Authors Journal compilation C©2011 Biochemical Society



Signalling and Human Disease 671

case of uric acid crystals, it has recently been demonstrated
that unbound fatty acids can engage TLR2 and synergize
with the crystals to drive the production of active IL-1, thus
providing a link between copious food consumption and
acute attacks of gout [11]. However, it should be noted that,
in this study, joint inflammation following injection of uric
acid crystals was found to be NLRP3-independent. We have
also recently reported that glucose metabolism and minimally
oxidized low-density lipoprotein, which is more abundant in
diabetic dyslipidaemia, can act as a primer for IAPP-induced
inflammasome activation [12]. It remains to be seen whether
low levels of LPS derived from commensals can act as priming
agents in autoinflammatory disease where NLRP3 is active
in the absence of a ligand.

Inflammasome activation and infection
As well as endogenously derived ‘danger’ molecules, NLRP3
is also activated by microbial products. Nigericin, a microbial
toxin derived from Streptomyces hygroscopicus, and the
marine toxin maitotoxin were the first such molecules
described [6]. We have also recently demonstrated that
adenylate cyclase toxin (CyaA), a key virulence factor from
Bordetella pertussis, activates the NLRP3 inflammasome and
that CyaA-driven IL-1β production is required for the
generation of antigen-specific IL-17 [13]. This in agreement
with studies in mice where targeted mutations in NLRP3
(NACHT, leucine-rich repeat and pyrin domain-containing
protein 3), leading to inflammasome hyperactivation, similar
to that seen in MWS, not only resulted in excessive
IL-1β production, but also enhanced Th17 cells [14].
Thus innate inflammatory responses activated through the
inflammasome, considered to be pathogenic in many disease
settings, may also promote protective adaptive immunity to
pathogens.

It has recently been demonstrated that NLRP3 is required
for protective immunity against Streptococcus pneumoniae
respiratory infection, and the virulence factor pneumolysin,
which also exhibits pore-forming activity, has been identified,
in this case as an NLRP3 activator [15]. NLRP3 has also
been shown to play a central role in regulating caspase 1
activation in response to Listeria monocytogenes [16] and
chlamydial infection [17]. Indeed, manipulation of inflam-
masome activation during bacterial infection has also been
demonstrated. For example, infection of human monocytes
with the intracellular bacterium Legionella pneumophila leads
to a down-regulation of the adapter molecule ASC and a
reduced capacity to generate protective IL-Iβ, thus leading
to prolonged survival of the bacterium [18]. A number of
T3SS (type III secretion system) effector molecules such as
YopE and YopT from Yersinia enterocolitica have also been
reported to inhibit inflammasome activation and, in some
cases, these effects have been attributed to the ability of these
molecules to modulate caspase 1 oligomerization (reviewed
in detail in [19]).

In addition to bacterial infection, NLRP3 has also been
reported to play a crucial role in host defence against the

fungal pathogen Candida albicans [20,21]. In this instance,
TLR2 and Dectin-1 are required to drive the transcription of
the pro-form of IL-1β, thus providing the priming signal
(signal 1), whereas NLRP3 was required for caspase-1-
induced processing of the immature cytokine. Furthermore,
genetic deletion or pharmacological inhibition of the non-
receptor tyrosine kinase Syk, which operates downstream
of ITAM (immunoreceptor tyrosine-based activation motif)-
coupled fungal pattern recognition receptors selectively
abrogated inflammasome activation by C. albicans [21],
thus implicating C-type lectin receptors in inflammasome-
mediated host defence. Similarly, the helminth parasite
Schistoma mansoni was found to trigger Dectin-2 and NLRP3
inflammasome activation in a Syk-dependent manner, and, as
is the case for Candida infection, this activity is dependent
on ROS generation and K+ efflux [22].

NLRP3 has also been implicated in the immune response
to viral infection (reviewed in detail in [23]). For example,
in an animal model of influenza infection, NLRP3-deficient
mice were found to have increased mortality and defective
neutrophil influx into the lung compared with wild-type
mice [24,25]. Although it was demonstrated previously
that administration of purified influenza A virus RNA
was sufficient to drive NLRP3-dependent IL-1β secretion
and inflammation, a subsequent study demonstrated that
viral RNA alone was insufficient to trigger inflammasome
activation and that a Golgi-localized virus-encoded ion
channel (M2) was required for this effect [26]. It has been
suggested that a deregulated ionic balance in the Golgi leads
to the activation of plasma membrane ion channels, resulting
in K+ efflux from target cells and activation of NLRP3 in a
manner similar to bacterial pore-forming toxins. The priming
signal was shown to be mediated by the endosomal RNA
receptor TLR7, which is capable of activating NF-κB (nuclear
factor κB) and hence driving the production of pro-IL-1β.

Inhibition of inflammasome activation by influenza A
virus has also been demonstrated. In this case, infection of
primary macrophages with virus encoding a mutant form of
NS1, which is known to suppress host antiviral responses
by multiple effector mechanisms, resulted in the release of
high levels of IL-1β and IL-18 [27]. NLRP3 was also found
to mediate innate immune responses to MVA (modified
vaccina virus Ankara), in conjunction with the pattern-
recognition receptors TLR2 and TLR6 and the RNA sensor
MDA-5 (melanoma differentiation-associated gene 5) [28].
An early study performed before the identification of the
inflammasome demonstrated that the vaccina virus protein
B13R could inhibit the processing of IL-1β [29] in infected
monocytes, thus it is likely that multiple viruses have evolved
mechanisms to inhibit inflammasome-mediated cytokine
production. Indeed, inhibition of the inflammasome is not
exclusive to pathogens, and the host itself has also evolved
mechanisms to block activation once the appropriate immune
response has been mounted. The cytosolic protein pyrin in-
teracts with NLPR3 and caspase 1 and, in so doing, attenuates
IL-1β processing. In accordance with this, individuals bearing
mutations in MEFV, the gene encoding pyrin, suffer from
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FMF (familial Mediterranean fever), which is characterized
by fever, abdominal or chest pain and arthritis [2].

Alternative inflammasome complexes
The cytosolic receptors RIG-1 and AIM2 have also been
shown to assemble into caspase-1-activating inflammasome
complexes. RIG-1, a member of the RLH (RIG-like helicase)
family, was implicated previously in the generation of type I
interferons in response to viral RNA via activation of the
transcription factors IRF (interferon regulatory factor) 3 and
IRF7 [30]; however, it has been demonstrated more recently
that RIG-1 can also induce the production of active IL-1β

and IL-18 in a caspase-1-dependent manner [31]. AIM2, a
member of the HIN200 family of proteins, has been identified
as a sensor of both bacterial and viral dsDNA (double-
stranded DNA) [32–34]. Mice deficient for this receptor
were unable to mount effective responses to the intracellular
bacterium Francisella tularensis [33,34]. Similarly AIM2-
deficient mice have defective responses to the DNA viruses,
vaccinia virus and mCMV (mouse cytomegalovirus) [34].
A role for AIM2 in driving IL-18 and natural-killer-cell-
dependent interferon-γ production which is required for the
early control of mCMV infection was also confirmed in vivo.
Finally, it was demonstrated that both AIM2 and NLRP3
are required for L. monocytogenes-mediated inflammasome
activation [16]. A two-step model was proposed whereby
NLRP3 is activated following phagocytic uptake of the
bacterium and release of the phagolysosomal content in a
process mediated by the pore-forming cytolysin listeriolysin
O. The replicating bacterium then translocates to the cytosol
where Listeria-derived DNA is sensed by AIM2.

Additional non-viral sensing inflammasomes include
NLRP1 and IPAF. NLRP1 is highly polymorphic, and
mice bearing the NLRP1b locus are susceptible to Bacillus
anthracis lethal toxin [35]. NLRP1 also responds to the
bacterial cell wall component MDP (muramyl dipeptide),
together with the NLR family member NOD-2. In humans,
polymorphisms in NLRP1 have been associated with a
number of autoinflammatory and autoimmune disorders,
including latent autoimmune diabetes in adults, rheumatoid
arthritis, psoriasis and systemic lupus erythaematosus [36];
however, the basis of disease pathogenesis has yet to be
determined. IPAF is activated in response to a number of
bacteria possessing type III or type IV secretion systems
such as L. pneumophila and Salmonella enterica serotype
Typhimurium [37,38]. The bacterial protein flagellin, which is
translocated into the cytosolic by these secretion systems,
is sensed by IPAF, although there is also evidence to suggest
that IPAF is activated by additional ligands, since non-
flagellated bacteria such as Shigella flexneri can activate the
this inflammasome [39].

Concluding remarks
The inflammasome is clearly a central player in perpetua-
ting the host innate immune response to both infectious

and non-infectious matter. A number of questions remain
surrounding the events that occur upstream of NLRP
activation. Although ionic imbalance, ROS generation and
lysosomal rupture are all known to generate an active IL-1-
processing complex, the molecular consequences in terms of
complex assembly are still unclear. It is likely that a common
second messenger or effector molecule is being generated or
activated, given the ability of NLRPs to respond to such a
diverse range of stimuli. As mentioned above, the nature of
the priming signal in so-called ‘sterile’ inflammation is also
of particular interest and, as has been highlighted in recent
studies, metabolic products are likely candidates. In addition,
a number of NLR family members remain uncharacterized,
therefore the identification of disease associations may be
of benefit in determining their function. The discovery
that excessive inflammasome activation contributes to the
pathogenesis of a number of autoinflammatory diseases has
also prompted the development of next-generation IL-1
inhibitors, including antibodies that specifically neutralize
IL-1β, leaving IL-1α intact to signal and mediate responses to
infection. Future efforts will no doubt lead to the generation
of small-molecule inhibitors that target inflammasome
components directly and block not only IL-1β, but also IL-
18, which is required for the generation of adaptive immune
responses.
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