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How Does Oxidative Stress Affect Inflammasome Activation?
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The innate immune system activated as a first line of response to
host defense during bacterial infections and injury. It plays a key role in
the initial recognition followed by the production of pro-inflammatory
cytokines and chemokines to halt invading pathogens [1]. The innate
immune response relies on recognition of evolutionarily conserved
structures of pathogens, known as pathogen-associated molecular
patterns (PAMPs), through a limited number of germ line-encoded
pattern recognition receptors (PRRs) [2]. Among these, the family
of Toll-like receptors (TLRs) has been studied most extensively
for immune response [3]. Bacterial cell wall components such as
lipopolysaccharide (LPS) are the most potent PAMPs known and
responsible for the inflammatory response observed during bacterial
infections. PAMPs trigger innate immune response by producing
the major inflammatory cytokines such as IL-1b and IL-18 which by
autocrine and paracrine manner generates a number of other cytokines
leading to chronic inflammation, profound vasodilatation, organ
failure and dysfunction [4-7]. IL-1b and IL-18 are essential for host
defense, innate immune response, and mediate the pathogenesis of
many inflammatory diseases such as sepsis [8]. Generally, cytokines
such as IL-1b, IL-18 and IL-33, lack a signal peptide for the classic
endoplasmic reticulum-mediated release of proteins by exocytosis, are
synthesized as an inactive precursor by NF-kB-mediated signalosome
[9]. In order to be activated, these cytokines need to be cleaved by an
intracellular cysteine protease called caspase-1. For example, activation
of caspase-1 cleaves 31 kDa precursor form of IL-1b into a bioactive 17-
kDa form [10]. However, caspase-1 is itself synthesized as a zymogen
which needs to be processed in to 20 and 10 kDa subunits to form
an active enzyme. Activation of caspase-1 is mediated by recently
discovered multi-protein complex called inflammasome. In response
to microbial stimuli or injury, a major NOD like receptor (NLR) family
member assembles in a large multi-protein complex in association with
ASC and pro-caspase-1 leading to autocatalytic activation of caspase-1
[11]. NLR family proteins such as NALP1, NALP3 and NALP4 (also
called NLRP1, NLRP2 and NLRP4) and a cytoplasmic protein AIM2
(absent in melanoma 2; which does not belong to NLR family) recruit
CARD domain containing protein called PYCARD (or ASC) and
pro-caspase-1 to from active inflammasome for the processing of
inflammatory cytokines [11]. Out of these known inflammasomes,
NALP3 inflammasome is extensively investigated and found to be
involved in a number of inflammatory pathologies. In fact, recent
emerging studies indicate that inhibition of NALP3 inflammasome
-mediated innate immune response could be a novel therapeutic
strategy for the prevention of inflammatory complications such as
sepsis, arthritis, Crohn’s disease, Alzheimer’s, gout and atherosclerosis
[12,13].

There are number of oxidative stress stimuli that trigger assembly
of the inflammasomes and initiate innate immune response. However,
the underlying molecular mechanisms of their activation are still
not clearly understood. The identification of how inflammasome is
activated is of immense significance since it can help to prevent or
cure a number of inflammatory complications where innate immune
response plays a major role. Recent studies indicate that reactive
oxygen species (ROS) generated by the PAMPs such as endotoxins

on one hand, activate synthesis of inflammasome protein complex
proteins by activating NF-kB signalosome. On the other hand, ROS
directly or indirectly could activate the formation of inflammasome
complex that is required for the activation of caspase-1 and processing
of innate immune response cytokines. Recent studies confirm a definite
role of ROS in activation of inflammasome [14]. Superoxide dismutase
(SOD) deficient macrophages specifically inhibit caspase-1 activation
and SOD-knockout mice have been shown to be less susceptible to
endotoxemia due to low levels of inflammasome- mediated processing
of IL-1b [15]. Even though, ROS can modulate both signalosome and
inflammasome pathways leading to deregulated immune response,
the mechanisms by which ROS regulate activation of inflammasome
and processing of inflammatory cytokines are still not clear. The ROS
are formed during mitochondrial electron transport chain and by the
specific enzymes such as NADPH oxidase and xanthine oxidase. It is
well known that through activation of several protein kinase cascades,
ROS can activate transcription factors such as NF-kB and AP1 which
are involved in the synthesis of IL-1b and IL-18 and others. Now the
question is how ROS activates NALP3 inflammasome? There are few
hypotheses that indicate how ROS could activate inflammasome; 1)
since K* efflux causes the formation of inflammasome assembly, it
could be possible that ROS can directly mobilize intracellular K* ions,
2) by modulating Ca®* influx ROS could modulate K* efflux, 3) by
interacting with specific protein kinases such as syk and PI3K, ROS
could change intracellular IP3 levels which regulate Ca2* and K* levels,
4) ROS generated aldehydes could act as endogenous danger signals
that regulate K* levels by interacting with protein kinases, 5) ROS and
lipid aldehydes could regulate the processing of cytokines by directly
binding to caspase-1 and modulating its enzyme activity, and 6) by
activating membrane-bound receptors or receptor tyrosine kinases,
ROS could activate downstream protein kinases such as MAPKs which
can regulate inflammasome —mediated processing of IL-1b. Some of
these possibilities are supported by the recent findings. A recent study
shows that suppression of NALP3 inflammasome when mitochondrial
activity is deregulated by inhibition of the voltage-dependent anion
channel [16]. Another study has demonstrated that autophagic
proteins regulate NALP3-dependent immune response by preserving
mitochondrial integrity [17]. Further, suppression of NADPH oxidase
(p22) has been shown to prevent activation of NALP3-inflammasome
[18]. In contrast, another study reports that NAPDH oxidase is not
required for the release of IL-1b in the human peripheral- blood
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mononuclear cells [19]. It is also shown that ROS production could
activate NALP3 inflammasome through the dissociation of ROS-
sensitive NLRP3 ligand thioredoxin-interacting protein from its
inhibitor thioredoxin [20]. All these studies and several other studies
undoubtedly demonstrated that ROS are involved in the activation
of inflaimmasomes by the bacterial endotoxins, infectious agents,
nanoparticles, cigarette smoke, asbestos and silica.

Elucidation of redox signaling is critical for understanding multiple
diseases, and for developing novel therapeutic interventions. Hence,
investigating the mechanisms that control inflammasome pathways
has intense significance for understanding and managing a wide array
of inflammatory complications. Recent studies provided NALP3
inflammasome as an attractive therapeutic target for autoimmune,
infectious diseases and cancer. Although, the studies on the role of
inflammasome activation in various cancers are limited, identification
of how deregulated innate immune response could contribute to
various cancers is very exciting. Accordingly, potential novel strategies
are required to control ROS mediated progression of inflammatory
complications. Emerging studies indicate that ROS could act as essential
signaling intermediates in the activation of inflammasomes and
processing of initial cytokines, which triggers innate immune response.
However, extensive investigations are further required to identify the
mechanisms though which oxidative stress-induced ROS play a major
role in the mediation of innate immune response via activation of
inflammasome mediated processing of pro-inflammatory cytokines.
It is also important to know how autocrine and paracrine signals of
cytokines such as IL-1b and IL-18 contributes feedback formation
of ROS that activates immune response. Better understandings of
the signaling pathways engaged by ROS -generated lipid aldehydes
contribute to inflammasome activation are essential to understand
the link between cellular redox metabolism and inflammasome-
mediated pathological consequences. Promising results from such
studies will shed new light on the fundamental mechanisms regulating
inflammasomes as well as lay down the foundation for future studies to
devise strategies for clinical implications.
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