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Abstract

The inflammasome is a highly regulated protein complex that triggers caspase-1 activation and
subsequent secretion of IL-1f and IL-18. Recognition of microbial components and danger signals
by NOD-like receptor (NLR) family members in the cytosol promotes inflammasome activation
and downstream inflammatory cytokine production. Pathogen recognition by NLRs and
downstream release of inflammasome-derived cytokines are important in host defense against
numerous infections. Recent studies have also identified a unique role for inflammasome
regulation in the induction and pathogenesis of multiple autoimmune and inflammatory disorders.
We now know that obesity-related factors and endogenous markers of cellular stress can lead to
unchecked activation of the inflammasome and provoke inflammation and subsequent destruction
of vital organs. This review will highlight recent findings that link inflammasome signaling to the
progression of autoinflammatory and autoimmune diseases. We will focus on the contribution of
inflammasome activation to the pathogenesis of autoinflammatory and autoimmune diseases that
are of major significance to human health including type 2 diabetes, atherosclerosis, multiple
sclerosis and type 1 diabetes.
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Introduction

Over the past 10 years we have witnessed the exciting identification of a new class of
pattern-recognition molecules known as the Nod-like receptor (NLR) family of molecules.
Structurally NLR proteins contain a protein-protein binding domain (either a CARD or pyrin
domain), a centrally located NACHT effector domain, and a C-terminal domain containing
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leucine-rich repeats. To date, 22 NLR family genes have been identified in the human
genome and at least 34 NLR related genes have been discovered in mice (Ting et al., 2008).
NLRs recognize both pathogen- and danger-associated molecular patterns and are thus
important sensors of cellular stress that result from infection and cellular instability (Franchi
et al., 2006; Kanneganti, 2010; Kanneganti et al., 2007; Lamkanfi & Kanneganti, 2010;
Lamkanfi et al., 2007; Shaw et al., 2010; Shaw et al., 2011; Zaki et al., 2011). Activation of
the NLR proteins NLRP3, NLRP1B, and NLRC4 as well as a recently identified HIN-200
protein absent in melanoma 2 (AIM2) results in the recruitment of the inflammasome-
adaptor protein, ASC (also known as PYCARD), and pro-caspase-1 into a molecular
platform known as the inflammasome (Figure 1). These multi protein complexes mediate the
proximity-induced autoactivation of caspase-1. Active caspase-1 subsequently cleaves pro-
IL-1B and pro-1L-18, which is required for their secretion and inflammatory properties. In
addition to tightly controlling the activation of IL-1f and IL-18, inflammasome signaling
can also influence other important biological processes including autophagy and cell death.

Both IL-1f and 1L-18 are potent mediators of inflammation and immune responses. IL-1
secretion triggers production of IL-6 and TNF-a, which in turn elicits cell migration and
immune cell infiltration into tissue (Sims & Smith, 2010). Furthermore IL-1f also promotes
the generation and maintenance of IFN-y and IL-17 producing T cells, which are required
for the pathogenesis of numerous autoimmune diseases including multiple sclerosis and type
1 diabetes (Ben-Sasson et al., 2009). IL-18 is also a proinflammatory cytokine that incites
immune cell recruitment and activation (Dinarello, 2007). Specifically, IL-18 can directly
influence natural Killer (NK) cell and T cell effector responses (Dinarello, 1994; Nakanishi
et al., 2001).

Similar to Toll-like receptors (TLRs), NLRs also recognize pathogen-derived molecules and
are involved in the first line of defense during infection (Kanneganti, 2010; Lamkanfi et al.,
2007). In contrast to TLRs that bind pathogen ligands on the cell surface and in vesicles,
NLRs respond to molecules and stress signals in the cytosol. The importance of NLR-
mediated recognition of pathogens to the generation of protective host responses has been
reviewed extensively in the literature. This article will instead focus on NLR mediated
activation of the inflammasome in response to specific danger-associated molecular patterns
(DAMPs) and in the induction and progression of autoinflammatory, autoimmune and
obesity-associated diseases (Shaw et al., 2011). DAMPs that trigger inflammasome
activation include exogenous stress-inducing agents (asbestos, silica, and alum), endogenous
instigators of cellular and metabolic distress (ATP, uric acid, and mitochondrial dysfunction)
and obesity-related factors (fatty acids, ceramides, ROS and hyperglycemia).

Mutations in NLR-inflammasome proteins are associated with both monogenic and
polygenic human inflammatory disorders. Most of these rare genetic disorders are caused by
mutations that result in enhanced inflammasome activation. For instance, mutations that
cause abnormal activation of the NLRP3 inflammasome are collectively known as the
cryopyrin-associated periodic syndromes (CAPS). This family of diseases clinically
manifests as episodes of fever, rash, joint pain, systemic amyloidosis, central nervous
system impairments, and joint and bone deformations. Many of these genetic inflammasome
disorders that result from uncontrolled production of proinflammatory cytokines are
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responsive to IL-1R antagonist treatment (Church & McDermott, 2009; Hoffman et al.,
2004). The involvement of inflammasome signaling in these rare disorders has been
extensively described elsewhere (Aksentijevich et al., 2007; Davis et al., 2011). Rather, the
goal of this review is to highlight the emerging involvement of the NLR-inflammasome axis
in major inflammatory and autoimmune diseases that are of significant threat to human
health. We will focus on recent findings in the field that demonstrate a pivotal role for
inflammasome regulation in obesity driven inflammatory disorders (insulin-resistance, type
2 diabetes and atherosclerosis) and autoimmune diseases (multiple sclerosis and type 1
diabetes).

The ability of adipose tissue to expand in response to chronic caloric excess is a critical
adaptive response. In obese individuals, adipose tissue can constitute up to 50% of total
body mass. In addition to its function as an energy storage site, adipose tissue also releases
hormone-like mediators known as adipokines that are involved in the regulation of energy
balance and insulin-sensitization. Obesity is associated with self-directed tissue
inflammation where local or systemic factors other than infectious agents activate the cells
of innate immune system. During the development of obesity, adipocytes undergo
considerable differentiation and expansion to store lipids (Shoelson et al., 2006). However,
immune cell infiltration and activation within the adipose tissue is a major source of pro-
inflammatory cytokines that impair adipocyte function in chronic obesity. Inflammation is
also known to induce fibrosis. In obesity, development of adipose tissue fibrosis is thought
to participate in inability of adipocytes to expand and store lipid (Divoux et al., 2010; Khan
et al., 2009). The resultant “lipid spill over” from dysfunctional or necrotic adipocytes
participates in dyslipidemia, lipotoxicity and serves as a source of endogenous DAMPs that
can be sensed by specific PRR mediated activation of the cells of innate immune system.
Thus, alterations in adipose tissue and development of chronic inflammation are the
hallmarks of obesity and are at least partially responsible for the induction of insulin
resistance. In addition to its function as an energy storage site, adipose tissue also releases
hormone-like mediators known as adipokines that are involved in the regulation of insulin-
sensitization.

Several recent studies demonstrated that the NLRP3 Inflammasome senses obesity-
associated DAMPs and is an important mechanism that participates in the development of
insulin-resistance (Stienstra et al., 2010; Vandanmagsar et al., 2011; Wen et al., 2011; Zhou
et al., 2010). The influx of macrophages, T and B cells in adipose tissue in obesity and
release of pro-inflammatory mediators by these cells cause insulin-resistance. The
mechanisms that regulate the activation of these immune cells in adipose tissue are still
largely unclear; however, NLRP3 inflammasome activation in adipose tissue macrophages
may be one of regulators of immune activation in obesity. Importantly, inflammasome-
mediated caspase-1 activation in adipose tissue and liver has been shown to impair insulin-
signaling and glucose homeostasis (Stienstra et al., 2010). Studies using knock-in reporter
mice suggest that NIrp3 is largely expressed in myeloid cells (Guarda et al., 2011) and it
appears that hematopoietic compartment may play a predominant role in sensing of obesity-
related DAMPs and subsequent production of IL-1 and 1L-18 (Vandanmagsar et al., 2011;
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Wen et al., 2011). Obesity is associated with increase in ceramides, saturated fatty acids,
ROS, mitochondrial dysfunction and ATP release from necrotic adipocytes. All these factors
have been shown to activate the NLRP3 inflammasome in macrophages (Lamkanfi et al.,
2009; Stienstra et al., 2010; Vandanmagsar et al, 2011.; Wen et al., 2011; Zhou et al., 2010).
Of note, the Caspase-1 and IL-1p activity was found to be enhanced in both diet-induced and
genetically prone obese mouse models (Stienstra et al., 2010; Vandanmagsar et al., 2011).
Furthermore, IL-1f directs adipocytes to a more insulin-resistant phenotype during
differentiation. Importantly, caspase-1 inhibitors were effective in improving insulin
sensitivity and metabolic functions of adipocytes in diseased mice. In addition, elimination
of NLRP3 inflammasome activation in obesity, reduced I1L-18 and the number of effector-
memory T cells within adipose tissue together with lower IFNy production. Together,
inhibition of NLRP3 inflammasome lowers obesity-associated inflammation and improves
insulin-sensitivity.

Type 2 Diabetes

Type 2 diabetes (T2D) is an inflammatory disorder characterized by insulin resistance and
uncontrolled glucose levels. Ultimately, chronic inflammation in both the pancreas and
adipose tissue causes impaired responsiveness to insulin and results in the development of
disease. Deleterious complications that arise as a result of elevated blood sugar levels
include renal failure, coronary artery disease, blindness, and stroke. Both genetic and
lifestyle factors contribute to the development of this disease. Moreover, metabolic and
dietary factors that are associated with increased weight gain and inflammation have been
proposed to link obesity to T2D (Kolb & Mandrup-Poulsen, 2005; Pradhan, 2007). As a
result of the sharp rise in obesity rates, T2D has become one of the foremost threats to
global health.

It is well accepted that inflammatory cytokines secreted by immune cells and activated
macrophages are centrally involved in the induction and maintenance of pancreatic and
adipose inflammation (Donath & Shoelson, 2011). Early work in the field identified IL-6
and TNF-a as important effectors in disease progression and severity (Gregor &
Hotamisligil, 2011). Although it is widely agreed that both of these cytokines regulate
macrophage infiltration and tissue damage during disease (Nikolajczyk et al., 2011), T2D
therapeutics that target these inflammatory cytokines have been disappointing in clinical
trials (Alexandraki et al., 2006; Nikolajczyk et al., 2011; Ofei et al., 1996; Paquot et al.,
2000). Inflammasome derived cytokines, on the other hand, have emerged as central
regulators in the inflammatory response that impairs pancreatic and adipose tissue function
and imparts insulin resistance. For instance, IL-1f can induce insulin resistance in
adipocytes and promote apoptosis of B-cells in the pancreas (Bendtzen et al., 1986; Lagathu
et al., 2006). IL-18 is also upregulated in T2D patients and has been associated with
increased secondary renal failure and atherosclerosis (Blankenberg et al., 2002; Thorand et
al., 2005). Finally, IL-1R antagonists have shown great promise in T2D clinical trials
(Larsen et al., 2007). In these studies, IL-1 signaling blockade was found to stabilize blood
glucose levels and improve B-cell function.
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The factors that trigger the induction of IL-1 and subsequent progression of T2D have
remained enigmatic for many years. Saturated fatty acids and other obesity-related
metabolites are elevated in T2D patients and have been suspected to contribute to
inflammation and disease progression. However, the mechanistic link between metabolites
that are associated with high fat diets and chronic inflammatory conditions has remained
elusive. Recent discoveries indicate that obesity-related factors (i.e., metabolites and
changes to adipose tissue) can trigger the activation of the inflammasome and that this
potentiates the secretion of IL-1f and subsequent disease pathogenesis. It was recently
shown that palmitate, one of the most abundant saturated fatty acids in the plasma of T2D
patients, can induce the activation of the NLRP3-ASC inflammasome and trigger the
secretion of IL-1p and IL-18 (Wen et al., 2011) (Figure 2). Palmitate induced secretion of
inflammasome cytokines impinges on insulin signaling in numerous target organs and, as a
result, promotes hyperglycemia, insulin insensitivity, and steatohepatitis. In presence of
serine palmitoyl transferase and ceramides synthase, palmitate is further converted into
sphinganine, dihydroceramide and ceramide. Interestingly, ceramide, which is also elevated
within pancreas and is known to impair pancreatic function was also found to activate the
NLRP3-inflammasome and may contribute to obesity-induced T2D in a similar fashion
(Vandanmagsar et al., 2011).

Another obesity-related factor, islet amyloid polypeptide (IAPP), was also discovered to
trigger inflammasome activation and potentiate T2D (Masters et al., 2010). IAPP is a
metabolite secreted at the same time as insulin by B-cells in the pancreas. During the
progression of T2D, IAPP forms amyloid deposits in the pancreas (Clark et al., 1988; Wei et
al., 2011). This formation of amyloid plaques is a major hallmark of T2D and has been
speculated to exacerbate disease severity. We now know that IAPP contributes to T2D by
triggering NLRP3 inflammasome mediated secretion of IL-1p. Furthermore, recent studies
also found that glyburide, a drug used to treat T2D, can suppress |APP-mediated IL-13
production (Lamkanfi et al., 2009). Deposition of IAPP in pancreatic grafts has also been
indicated as a negative predictor of transplantation to treat severe T2D (Westermark et al.,
2008; Westermark et al., 1995). Thus, IAPP induced activation of the inflammasome may
also play a separate role in transplant rejection. Additional studies are needed to delineate
the role of inflammasome-derived cytokines in the destruction of transplanted islets. These
recent discoveries in the inflammasome field have helped to resolve longstanding questions
regarding the link between obesity derived metabolites and T2D progression and identify
inflammasome-induced production of IL-1f as a central mediator of disease. A recent study
extended these findings by making the interesting observation that calorie restriction and
exercise-mediated weight loss in obese individuals with T2D results in reduced expression
of NLRP3 (Vandanmagsar et al., 2011). Furthermore, improvement of T2D in morbidly
obese patients that undergo weight loss through bariatric surgery is associated with
significant reduction in IL-1p and NLRP3 inflammasome expression (Moschen et al., 2011)
suggesting that this pathway is of high clinical relevance in the management of obesity and
diabetes.

Collectively, inflammasome research has greatly improved our understanding of the
relationship that links inflammation and diet to the induction and progression of T2D.
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Importantly, recent work has demonstrated that inflammasome-induced cytokines promote
disease following stimulation by high fat diet metabolites and adipose tissue changes that
occur during weight gain. These studies have helped to elucidate additional molecular
pathways that can be specifically targeted to provide novel therapeutics for T2D. It is
possible that other metabolic changes that result from obesity will also play an important
part in the pathogenesis of disease via regulation of the inflammasome. Furthermore, there
are numerous other unique NLR molecules that we are just beginning to understand in the
context of inflammation and disease. These NLRs may also play central roles in T2D and
other obesity driven diseases. Studies that focus on these molecules will undoubtedly
provide novel insight into regulation of inflammation during disease and offer new
molecular interactions to target in the design of improved treatment strategies for T2D.

Atherosclerosis

Atherosclerosis is an inflammatory disorder in which the artery wall thickens as a result of
the accumulation of fats and cholesterol. Immune cells, including macrophages and T cells,
are prominent mediators of the inflammation that promotes disease progression. Much like
T2D, atherosclerosis pathogenesis is believed to be greatly affected by obesity-related
factors. Numerous pieces of clinical data suggest that inflammasome-derived cytokines play
a pivotal role in disease. For one, IL-18 and IL-1R levels are elevated in arterial plaques and
expression levels are linked to disease severity (Galea et al., 1996; Moyer et al., 1991).
Likewise, the prevalence of an ILIRN polymorphism that confers enhanced IL-1 production
is negatively correlated with arterial plaque size (Francis et al., 1999; Olofsson et al., 2009).
Finally, IL-18 concentrations in the blood are a predictor of atherosclerosis related death in
patients (Blankenberg et al., 2002; Mallat et al., 2001). Even though the importance of
immune cell derived inflammation in atherosclerotic vessel walls is well established, the
factors that incite and prolong the inflammation have remained elusive. Within the last year,
we have learned that cholesterol crystals are an important early contributor to inflammation
and tissue damage during atherosclerosis pathogenesis. Importantly, cholesterol crystals
were discovered to induce disease by triggering NLRP3-mediated activation of the
inflammasome and promoting the release of both IL-1p and IL-18 (Duewell et al., 2010)
(Figure 2).

One of the most touted treatments for atherosclerosis in recent years has been a class of
acylcoenzyme A: cholesterol acyltransferase (ACAT) inhibitors. These drugs were expected
to reduce cholesterol levels and plaque formation. However, in many cases treatment with
ACAT inhibitors actually promoted the formation of coronary plaques (Meuwese et al .,
2009; Nissen et al., 2006). Our new understanding of the role of cholesterol crystals in the
promotion of inflammasome activation may help to explain these unexpected and
discouraging ACAT inhibitor clinical trial results. The inhibition of cholesterol droplet
storage by this line of drugs actually promotes crystal formation (Chang et al., 2006). Thus,
one could speculate that it is the deposition of crystals that exacerbates disease with this
treatment via inflammasome-mediated induction of inflammatory cytokines. In the future, it
will be important to determine whether addition of inflammasome inhibitors or IL-1
antagonists with ACAT inhibitors prove beneficial in the treatment of atherosclerosis.
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Multiple sclerosis

Multiple sclerosis (MS) is a debilitating neuroinflammatory disease that occurs when
autoreactive T cells gain entry into the central nervous system (CNS) and destroy myelin-
producing oligodendrocytes. T cell-derived cytokines, including IL-17, IFN-y, and GM-
CSF, are primarily responsible for the disease symptoms that occur when the myelin sheath
that insulates the neurons is damaged during MS (Codarri et al., 2011; EI-Behi et al., 2011,
Goverman, 2009). Inflammatory dendritic cells (DCs) and macrophages also contribute to
disease induction and progression by activating these autoreactive T cells and secreting
inflammatory cytokines in the CNS.

Clinical studies have identified an important role for inflammasome-derived cytokines in
MS disease pathogenesis. For instance, IL-18 and naturally occurring IL-1R antagonist gene
polymorphisms were shown to be associated with MS disease severity (de Jong et al., 2002;
Schrijver et al., 1999). Furthermore, individuals with a relatively high ratio of IL-1p relative
to the naturally occurring IL-1R antagonist are genetically predisposed to MS (Arend, 2002;
de Jong et al., 2002). Elevated expression of caspase-1 has also been observed in MS lesions
(Huang et al., 2004; Ming et al., 2002). The central role of IL-1 in neurodegenerative
disease has been further substantiated in the experimental autoimmune encephalomyelitis
(EAE) mouse model of MS. Caspase-1 and IL-1R were found to be required for the
development of EAE (Furlan et al., 1999; Jacobs et al., 1991). Mechanistically IL-1 was
shown to potentiate neuroinflammation by promoting the differentiation and maintenance of
autoreactive IL-17 producing T cells and causing cell death in the CNS (Chung et al., 2009;
Sutton et al., 2006; Sutton et al., 2009). Although caspase-1 mediated activation of IL-1f is
known to be an important contributor to EAE, the exact inflammasome platform that is
required to induce caspase-1 mediated progression of EAE still remains to be formally
determined. There have been conflicting data on the importance of the NLRP3
inflammasome in EAE pathology (Gris et al., 2010; Shaw et al., 2010). Thus, future work is
needed to clarify these disparate findings and to also identify the specific inflammasome-
platform that promotes neuroinflammation in MS. It is possible that multiple redundant
inflammasome complexes are involved in caspase-1 activation during MS.

One of the most successful therapies in the treatment of MS symptoms to date is IFN-p
administration (Comi et al., 2001). This strategy has been especially effective in the
treatment of patients in the relapsing-remitting phase of disease progression. Although this
treatment has been effective in the management of disease symptoms for many MS patients,
the mode of action of this therapy has remained a subject of great debate. A recent report has
suggested that IFN-f attenuates the course and severity of MS by regulating inflammasome
activation and subsequent IL-1 production (Guarda et al., 2011). These studies found that
type | interferon potently repressed the activity of the NLRP1 and NLRP3 inflammasomes,
thereby suppressing caspase-1 dependent IL-1f secretion in mice. Importantly, they were
able to clinically translate these observations and found that IFN-p treatment does in fact
markedly diminish inflammasome activation and downstream IL-13 maturation in MS
patients. These findings shed light onto the mechanism of type 1 IFN-mediated protection in
MS and also highlight the importance of the inflammasome-1L-1 axis in this debilitating
disease. Although IFN-f therapies are effective in alleviating MS symptoms for many
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patients, they can also cause numerous adverse side effects including flu-like symptoms,
liver damage, and increased susceptibility to certain infections. Thus, targeted approaches to
specifically disrupt inflammasome activation may provide improved therapies for MS
patients.

Type 1 Diabetes

In type 1 diabetes (T1D), autoreactive CD4+ T cells cause p-cell destruction in the pancreas
(Lehuen et al., 2010). Similar to T2D, disease is characterized by uncontrolled glucose
levels and insulin resistance. Unlike T2D, where obesity related inflammation is a major
driver of disease, T1D development is associated with dysregulated T cell responses. Insulin
replacement therapy is used to manage T1D; however, fluctuations in blood sugar levels still
occur and result in deleterious damage to numerous organs. We have only recently begun to
unravel the role of inflammasome-dependent cytokines in T1D pathogenesis. As mentioned
above, IL-1p has been conclusively shown to promote 3 cell apoptosis and is thus also
believed to contribute to pancreatic damage and insulin resistance during T1D progression.
Recently, a coding polymorphism in NLRP1 was demonstrated to confer susceptibility to
T1D (Magitta et al., 2009). Furthermore, two single-nucleotide polymorphisms in NLRP3
were also identified in a separate study as a predisposing factor for T1D (Pontillo et al.,
2010). Because of these promising findings and others, a multicenter randomized trial was
recently launched to investigate the effectiveness of IL-1R antagonists in the treatment of
T1D in patients (Mandrup-Poulsen et al., 2010) (www:.clinicaltrials.gov).

Additional in vivo studies that investigate the ability of inflammasome activation to
influence T1D development and progression are needed going forward. Analysis of the role
that the inflammasome plays in disease induction and priming of diabetogenic T cells in the
non-obese diabetic (NOD) mouse model should help to shed light on this important topic
(Anderson & Bluestone, 2005). The factors that unleash autoreactive T cells on the pancreas
have not been formally identified to date. This gap in T1D understanding has hindered the
development of specific therapeutics. Regulation of inflammasome-derived cytokines may
prove to be especially important in the priming of autoreactive T cells that destroy -cells.

Future considerations and closing remarks

Recent discoveries have identified the NLR-inflammasome axis as a pivotal regulator of
numerous diverse autoinflammatory and autoimmune disorders. The effectiveness of IL-1R
blockade in the treatment of many of these diseases, including T2D, suggests that additional
therapeutics that target inflammasome activation may provide novel strategies to treat these
devastating disorders. The identification of the central role of inflammasome-derived
cytokines in disease progression and the discovery of stress/danger associated signals that
trigger this activation have provided an important foundation in our understanding of the
etiology of many human diseases. Despite these recent advancements, numerous important
questions remain to be addressed in order to gain a more complete understanding of
inflammasome-mediated control of inflammatory and autoimmune diseases.

For instance, extensive research has characterized the regulation of the inflammasome in
innate cells, especially macrophages. However, NLRs and inflammasome-associated
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proteins are also expressed in a wide range of cells including epithelial cells and adaptive
immune cells (Guarda et al., 2011; Kufer & Sansonetti, 2011). The biological relevance of
inflammasome signaling pathways in non-innate cells has only recently been appreciated
(YYazdi et al., 2010). Foam cells and endothelial cells are major producers of IL-1p in
atherosclerotic plaques (Galea et al., 1996; Moyer et al., 1991); however, the inflammasome
platforms that mediate this production and how this contribution to the inflammatory milieu
affects disease still needs to be formally defined. Future studies that probe the function of
the NLR-inflammasome axis in cells other than macrophages and DCs will facilitate in the
development of new therapeutics and enhance our knowledge of basic inflammasome
biology.

Recent studies have clearly delineated a role for IL-1f in numerous human diseases.
However, the role of IL-18 in autoimmune and autoinflammatory disease has only been
defined for a few disorders. It is possible that IL-1f is the major driver of inflammasome-
mediated inflammatory disease. However, this is unlikely considering the potent ability of
IL-18 to promote IFN-y production by T cells and innate cells. Furthermore, 1L-18 also
promotes the migration and infiltration of inflammatory cells into organs. Future studies
using IL-18R deficient mice are needed to elucidate the influence of 1L-18 on inflammatory
disease pathogenesis. A possible explanation for the failure of IL-1R therapies to reduce
disease severity in particular clinical trials may be potentially due to the ability of IL-18 to
compensate for IL-1f as an inflammatory mediator in these diseases. Combined IL-1 and
IL-18 blockade may be required to achieve efficacy in the treatment of certain diseases such
as rheumatoid arthritis where IL-1R antagonism alone was not successful.

Inflammasome signaling can also affect biological process other than inflammatory cytokine
production. For instance, the NLR-inflammasome axis directly influences cell death and
autophagy in infectious models (Harris et al., 2011). Importantly, regulation of cell turnover
and autophagy both play prominent roles in inflammation and autoimmunity (Levine &
Deretic, 2007; Lleo et al., 2007; Rock & Kono, 2008; Rudin & Thompson, 1997). The
regulation of cell death and autophagy by inflammasome activation in the context of
autoimmune disease and danger/stress-induced inflammation have not been extensively
studied to date and is thus an exciting area of future research.

Recent advancements in the field of inflammasome biology have greatly enhanced our
understanding of the etiology of numerous inflammatory and autoimmune diseases. These
studies have positioned inflammasomes as central regulators that link cellular stress that
results from obesity-induced inflammation, metabolic distress, and other danger/stress
signals to the induction and progression of autoinflammatory disease. It has become clear
that inflammasome activation can also significantly influence T cell mediated autoimmune
diseases including MS and type 1 diabetes. These findings and future discoveries in the
inflammasome field should provide novel strategies to treat numerous debilitating and
chronic inflammatory and autoimmune diseases.
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Figure 1. Activation of the inflammasome
Pathogen- and danger-associated molecular patterns (PAMPs and DAMPSs, respectively) are

detected by NLRs in the cytosol. Once activated, the NLR undergoes a conformational
change, resulting in the recruitment of ASC and caspase-1 into a protein complex known as
the inflammasome. Formation of the inflammasome molecular platform triggers self-
cleavage and activation of caspase-1. Active caspase-1 subsequently cleaves the pro-forms
of IL-1p and IL-18, which is required for their secretion and biological activity.
Inflammasome-derived cytokines (IL-1f and IL-18) are potent mediators of inflammation
and immune cell activation. Their immunogenic activity plays a central role in host defense
against numerous pathogens. However, unchecked regulation of IL-1f and IL-18 activation
in responses to DAMPs (e.g., cellular and metabolic distress, environmental insults,
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metabolites, etc.) results in chronic inflammation and contributes to the induction and
pathogenesis of numerous inflammatory and autoimmune diseases.
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Figure 2. Inflammasome activation in atheroscler osis and type 2 diabetes
Obesity-related factors have emerged as important activators of inflammasome-derived

cytokines. Cholesterol crystals that develop as a result of high-fat diets and obesity deposit
in the arterial walls and incite inflammation via the activation of the NLRP3 inflammasome.
Unrestrained production of 1L-1p and IL-18 induces the production of additional
inflammatory cytokines and provokes the recruitment of immune cells, including
macrophages. Inflammasome activation in the cardiovascular system can ultimately result in
plaque rupture. Obesity-derived metabolites, including IAAP oligomers and fatty acids
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(palmitate and ceramide), can induce inflammasome activation, which contributes to the
induction and progression of T2D. Furthermore, hyperglycemia and alteration of adipose
tissue causes metabolic distress and direct downstream activation of inflammasome
signaling. Secretion of IL-1p and IL-18 in the pancreas causes the destruction of insulin
producing cells (B-cells) and hyperglycemia. Inflammasome-mediated inflammation in the
adipose tissue impairs adipokine production, which is an important regulator of insulin-
sensitization. Two commonly prescribed T2D drugs, glyburide and glibenclamide, limit
disease partially through their inhibition of inflammasome activation. Weight loss can also
limit the secretion of inflammasome-induced cytokines.
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