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NLRP3 inflammasomes link inflammation and metabolic disease
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Abstract

A strong link between inflammation and metabolism is becoming increasingly evident. A number
of recent landmark studies have implicated the activation of the NLRP3 inflammasome, an
interleukin-1p family cytokine-activating protein complex, in a variety of metabolic diseases
including obesity, atherosclerosis and type 2 diabetes. Here we review these new developments
and discuss their implications for better understanding inflammation in metabolic disease and the
prospects of targeting the NLRP3 inflammasome for therapeutic intervention.

Inflammation and metabolism: two intertwined pathways

Immune and metabolic responses are fundamental for survival and are highly conserved
across species and throughout evolution. Normal cellular homeostasis is dependent on the
integration of, and crosstalk between, both immune responses and metabolic regulation.
Hence, the balance of these pathways must be tightly regulated to avoid chronic disease
states. Since their relatively recent discovery, pattern recognition receptors (PPRs) have
provided great insights into host-mediated immune responses to microbial attack. Several
families of PRRs have been discovered including the Toll-like receptors (TLRs), Rig-1 like
receptors (RLRs) and Nod-like receptors (NLRs). The latter PRR family contains proteins
that form large multimeric protein complexes, termed inflammasomes [1]. It is now
becoming ever more apparent that these same receptors are not only able to recognize
microbial signals, but also mediate immune responses to endogenous danger signals,
including those arising in metabolic dysfunction. The potent pro-inflammatory cytokine,
interleukin-1p (IL-1p), is known to contribute to the inflammatory response in various
metabolic diseases [2]. However, the mechanism by which IL-1f is induced in distinctive
metabolic dysfunctions have only more recently come to light and they appear to culminate
from the activation of a common receptor complex, the NLRP3 (also known as NALP3)
inflammasome, by diverse endogenous metabolic danger signals (summarized in Table 1).
Activation of the NLRP3 inflammasome has previously been implicated in several
metabolic diseases such as gout and pseudogout [3], by monosodium urate and calcium
pyrophosphate dehydrate crystals, respectively and also by amyloid-p in Alzheimer’s
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disease [4]. The recent findings reviewed below further highlight the importance of this
receptor complex in metabolic disease and the potential of therapeutic targeting of NLRP3
components or of the IL-1p family members.

The NLRP3 inflammasome: a platform for IL-1p8 and IL-18 production

Three members of the NOD-like receptor (NLR) family, NLRP1, NLRP3 and NLRC4 (also
termed IPAF) and the PYHIN family protein absence in melanoma 2 (AIM2), have been
shown to form high molecular weight signaling platforms, termed ‘inflammasomes’ [1, 5,
6]. The most well characterized inflammasome to date is that formed around NLRP3, which
also contains the adaptor molecule, apoptosis-associated speck-like protein containing a
CARD (ASC) and pro-caspase-1. Activation induces oligomerization of the NLRP3
inflammasome and leads to the recruitment of ASC through homotypic PYD-PYD
interaction. ASC, in turn, forms large speck-like structures and recruits pro-caspase-1 via
CARD-CARD contact leading to autocatalytic activation of caspase-1. The produced p10
and p20 caspase-1 subunits assemble to form active caspase-1 hetero-tetramers that are able
to convert inactive pro-1L-1p and pro-IL-18 into their bioactive and secreted forms [2, 7].
Following activation of the NLRP3 inflammasome, cells secrete large amounts of pro-
inflammatory cytokines and in parallel undergo a highly inflammatory form of caspase-1-
induced cell death termed “pyroptosis’ [8], the consequence of which is a robust IL-1-
mediated immune response.

Due to the drastic outcome for NLRP3 activated cells and the possible damage evoked on
surrounding tissues, it is not surprising that a two-step process mediates NLRP3 formation.
An initial priming step (signal 1) is required in order for subsequent NLRP3 inflammasome
formation by an activating signal (signal 2). The priming step can be mediated through
PRRs or cytokine receptors or other factors known to induce activation of NF-xB. Most
notably, priming is critical in immune cells, not only to produce a pool of pro-IL-13
substrate, but also to increase NLRP3 to a functional level, as endogenous NLRP3
expression in immune cells is insufficient to permit inflammasome activation and the
resulting cleavage of caspase-1 [9] [10]. The NLRP3 inflammasome assembles in response
to a variety of diverse exogenous and endogenous activators. Briefly, these include various
microbial signals (bacteria, fungi and viruses), pore-forming toxins, crystalline substances,
peptide aggregates as well as extracellular ATP released from dying cells. Interestingly, no
direct interaction between NLRP3 and any of its diverse activators has been demonstrated as
of yet, suggesting that a common upstream event is sensed by the NLRP3 inflammasome

[6].

To date, a number of potential mechanisms explaining the assembly of the NLRP3
inflammasome have been put forward. According to one hypothesis, NLRP3 recognizes
intracellular reactive oxygen species (ROS), which are commonly produced in response to
many NLRP3 activators. Initially, ROS derived from NADPH oxidases were proposed to be
responsible for NLRP3 activation [11]. However, more recently ROS produced in
mitochondria rather than phagosomes have been implicated in NLRP3 activation [12, 13]. A
second mechanism involves the disruption of lysosomal membrane integrity by crystalline
materials and peptide aggregates [4, 14]. Upon uptake of such substances, lysosomal rupture
leads to the leakage of lysosomal proteases, specifically cathepsins B and L, into the cytosol
where they could possibly mediate NLRP3 inflammasome activation by an as yet, undefined
cleavage event. It is likely that both mechanisms are required for full activation of the
NLRP3 inflammasome or that they operate co-dependently. Additionally, cellular potassium
efflux has also been shown to be a requirement for inflammasome activation [15]. Given the
importance of NLRP3 inflammasome activation for inflammation a complex activation
mechanism and elaborate regulatory processes are expected.

Trends Immunol. Author manuscript; available in PMC 2012 August 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

De Nardo and Latz

Page 3

The NLRP3 inflammasome and vascular inflammation

Atherosclerosis arises within the walls of large arteries, often progresses to myocardial
infarction or stroke, and displays the hallmarks of an inflammatory disease. Indeed,
atherosclerosis is characterized by the recruitment of immune cells to artery walls [16].
However, the appearance of disease in germ-free mice suggests that the inflammation
associated with atherosclerosis is initiated by endogenous components, rather than by
infectious agents [17]. One of the endogenous molecules that has long been associated with
atherosclerosis is cholesterol [18]. Elevated blood cholesterol levels are intimately linked to
atherosclerotic disease development and dietary administration of increased amounts of
cholesterol is sufficient to cause atherosclerosis in a number of animals. Large amount of
cholesterol can be found in atherosclerotic lesions in close proximity of activated immune
cells either in the form of cholesteryl esters within macrophage foam cells or as crystalline
cholesterol inside or outside cells. Cholesterol has very low solubility in aqueous solutions
and cholesterol crystals can be detected by standard histology as so-called cholesterol crystal
clefts in advanced atherosclerotic lesions. Recently, by using laser reflection microscopy, it
was discovered that in addition to the large crystals that leave clefts in tissues an abundance
of much smaller cholesterol crystals are present in the extracellular space as well as inside
immune cells in atherosclerotic lesions. In vitro experiments showed that primed
macrophages secrete large amounts of IL-1p in response to cholesterol crystals in an NLRP3
inflammasome-dependent manner in both mouse and human cells [19, 20]. Notably, when
bone marrow from mice deficient in either NLRP3, ASC or IL-1a/p was transferred into
irradiated atherosclerotic-prone low density lipoprotein (LDL) receptor-deficient mice and
these animals were fed a “Western’ high cholesterol diet, they displayed markedly decreased
aortic lesion size, as well as reduced levels of circulating 1L-18 when compared to mice
transplanted with wild-type bone marrow [19]. This study suggested that inflammasome
activation in bone marrow derived myeloid cells contributes to murine atherosclerosis. In a
recent study using the APOE-deficient murine atherosclerosis model, however, no
differences in lesions could be assessed when mice lacked NLRP3 inflammasome
components [21]. The different outcome of the atherosclerosis models is not entirely
surprising. The speed and extend of development of atherosclerosis may be influenced both
by the model and the choice of atherogenic diet. In the study using the APOE-deficient
atherosclerosis model [21], an atherogenic diet was used with more than eight-fold higher
cholesterol amounts than the diet used in the other described study [19] and by most other
investigators. Additionally, the atherogenic diet was supplied for a longer time in the APOE-
deficient atherosclerosis model and ApoE-deficient mice represent a more aggressive model
for atherosclerosis and are known to yield a strong atherogenic phenotype with exaggerated
circulating cholesterol and, in contrast to LDLR-deficient mice, develop atherosclerosis
even without a high fat diet. It would therefore not be surprising, and perhaps even expected,
that challenging inflammasome-deficient mice with a much higher dose of cholesterol for a
longer time would lead to greater disease through an inflammasome-independent pathway. It
is well established that several redundant mechanisms contribute to the development of
atherosclerosis. In essentially all instances, knockout of inflammatory genes that have been
implicated in atherogenesis lead to reduced atherosclerosis but never to a complete absence
of disease [22]. Moreover, the observed effects of gene knockouts have typically been found
more pronounced in early atherosclerosis and less evident after extensive growth of the
atheroma. An alternative approach to study the relevance of cholesterol crystal recognition
in atherosclerotic plaques would be to perform experiments aiming at the reduction of
cholesterol crystal amounts in atherosclerotic lesions.

LDL is central to progression of atherosclerosis and accumulates within the inner most layer
of the artery wall early in the disease process, where it is modified (e.g. oxidized) and
promotes recruitment of monocytes and the formation of cholesterol-engorged macrophage
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foam cells [16]. In an in vivo setting the priming step required for NLRP3 inflammasome
activation is likely mediated by a modified form of LDL. Indeed, modified LDL has been
shown to increase expression of pro-1L-1p in macrophages [19, 23]. This is mediated by the
ability of modified-LDL to activate NF-xB via a receptor complex involving Toll-like
receptor (TLR) 4/6 [24], CD14 [25] and various scavenger receptors (e.g., CD36, SR-A)
[26, 27] and dependent on signaling through MyD88 [28, 29] and the kinase activity of
IRAK-4 [30]. Not surprisingly, mice deficient in any of these components exhibit reduced
atherosclerotic lesions. Within the atherosclerotic lesion, oxidized-LDL also provides cells
with the activation step of the NLRP3 inflammasome as it facilitates the formation of
cholesterol crystals [19, 31]. The role of TLRs during in vivo priming of the inflammasome
has been demonstrated in other sterile inflammatory diseases. Previously, TLR9 has been
shown to recognize excessively released host DNA, priming subsequent activation of the
NLRP3 inflammasome in response to danger signals induced by liver damage [32].

The oxidation of LDL is dependent on ROS produced from macrophages and surrounding
epithelial cells. Interestingly, oxidized-LDL itself also induces the production of ROS [33]
and causes lysomal damage [34], both of which are implicated in mechanisms of NLRP3
inflammasome activation. Moreover, the reduced secretion of IL-1p observed in cathepsin B
and L-deficient mouse macrophages stimulated with cholesterol crystals, suggests
phagosomal leakage is required to activate the NLRP3 inflammasome in atherosclerosis
[19]. The activation of the inflammasome in early atherosclerosis appears to be quite unique,
in that, the same sterile molecule indirectly mediates both signals 1 and 2, albeit by differing
modes of action (Figure 1).

Type 2 diabetes progression facilitated by NLRP3

Type 2 diabetes (T2D) is another disease mediated by a sterile inflammatory mechanism,
which, until recently was not well understood. Obesity-induced insulin resistance and
dysfunction of islet beta cells in the pancreas are characteristic of the disease [35]. An
additional feature is pancreatic accumulation of islet amyloid polypeptide (IAPP), which is
readily taken up by both dendritic cells (DCs) and macrophages [36]. In a recent study,
stimulation of primed bone marrow-derived DCs and macrophages with human IAPP was
shown to induce cleavage of caspase-1, formation of ASC specks and production of IL-1p in
an NLRP3-dependent manner [23]. In agreement with previous findings, activation of the
NLRP3 inflammasome appeared to require activity of the phagosomal protease cathepsin B
and ROS production. As mouse IAPP does not form active amyloid aggregates, a transgenic
mouse model overexpressing human IAPP was utilized to demonstrate that IAPP induces
macrophages to produce IL-1p in pancreatic islets in vivo [23]. The IL-1-induced
inflammation produced in the pancreas is likely to result in death of beta cells, T2D disease
progression and development of insulin-dependent diabetes.

Previously, thioredoxin-interacting protein (TXNIP) had been implicated in NLRP3
inflammasome activation [37], and additionally, glucose-induced TXNIP has been shown to
correlate with activation of caspase-1 and IL-1p production in human and mouse adipose
tissue [38]. Conversely, the present study suggests TXNIP is not involved in T2D
progression as demonstrated by normal NLRP3-induced IL-1p production in cells from
TXNIP-deficient mice. These discrepancies may be explained by differing experimental
approaches that may represent induction of NLRP3 by TXNIP only under specific
conditions or in specific cells.

In the IAPP transgenic study, the authors also investigated the endogenous priming
mechanism of the NLRP3 inflammasome in T2D. Population-based studies have found a
correlation between obesity, T2D and increased concentrations of modified LDL [39]. Just
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as modified LDL is able to prime macrophages for NLRP3 activation in atherosclerosis [19],
it can similarly prime cells via TLR4 signaling for IAPP-induced inflammasome activation
in T2D [23].

Obesity activates the NLRP3 inflammasome

Obesity predisposes individuals to an array of chronic IL-1p-driven metabolic diseases
including atherosclerosis and T2D [40]. Furthermore, an obesity-induced inflammatory state
has been linked to the activation of adipose tissue macrophages (ATMs) within fat deposits
[41]. Notably, a recent study also found that obesity itself induces the assembly of the
NLRP3 inflammasome in ATMs, mediating insulin resistance in early T2D [42]. In free
feeding mice on a normal chow diet, increased expression of both NLRP3 and IL-1p in
visceral adipose tissue was found to correlate directly with body weight and adiposity when
compared to mice feed on a calorie-restricted diet. These observations were somewhat
paralleled in humans, where weight loss in obese T2D sufferers was associated with
decreased NLRP3 and IL-1f expression in subcutaneous adipose tissue. Direct involvement
of NLRP3 in obesity was confirmed with studies that showed gene-deficient mice fed a high
fat diet displayed reduced caspase-1 activation and pro-I1L-1 expression in adipose tissue
and loss of serum 1L-18 production compared to their wildtype counterparts. Moreover,
NLRP3-deficient and caspase-1-deficient mice are more protected from high fat diet induced
insulin resistance [42, 43]. The decrease in insulin sensitivity was found to be a consequence
of NLRP3 inflammasome-mediated activation of effector adipose T cells that, through
release interferon-gamma, mediate downstream pathways resulting in insulin resistance [42].

A number of sterile danger signals released in fat tissues could activate the tissue resident
immune cells such as macrophages or dendritic cells to form a NLRP3 inflammasome. One
endogenous danger signal responsible for NLRP3 activation in the case of obesity may
possibly be the lipid molecule ceramide, which is composed from sphingoside and fatty acid
[44]. During obesity, circulating levels of free fatty acids are increased and are likely to be
scavenged by ATMs to generate ceramide [45]. LPS-primed macrophages stimulated with
ceramide displayed NLRP3-dependent caspase-1 activation and production of IL-1p albeit at
relatively low levels [42]. Likewise, adipose tissue explants from diet-induced obese mice
had increased caspase-1 cleavage in response to ceramide. While no evidence has yet been
published, it is conceivable that other endogenous triggers, such as material released from
dying cells or crystalline substances may activate NLRP3 in this disease setting. More
recently another lipid, the saturated fatty acid palmitate, was shown to activate the NLRP3
inflammasome [46]. Palmitate is one the most abundant free fatty acids in plasma and is
highly elevated in obesity. Like palmitate, the unstaturated fatty acid oleate, is also highly
abundant in plasma, however unlike palmitate, oleate was shown not to activate the NLRP3
inflammasome [46]. Interestingly, in comparison to other described NLRP3 activators,
palmitate seems to mediate NLRP3 activation via a unique mechanism involving reduction
of AMP-protein kinase (AMPK) activity leading to a defective autophagic process and the
subsequent accumulation of mitochondrial ROS. This is consistent with previous findings
that mitochondrial ROS is a potential requirement for NLRP3 activation [12, 13]. Results
from this study also suggest that the activation of NLRP3, possibly by palmitate, and
subsequent IL-1p production mediates insulin resistance both directly, via inhibition of
insulin signaling and indirectly via increased production of TNF, a known inducer of insulin
resistance [47, 48].

Taken together with the work on IAPP and inflammasome activation, the findings from the
studies with ceramide and palmitate suggest that NLRP3 is not only important in the early
stages of T2D but also in the chronic progression of the disease.
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Obesity: taking the handbrake off the NLRP3 inflammasome

Obesity is now prevalent in approximately 30% of the adult population [49], and is
associated with an underlying chronic low-level inflammatory state [50]. Indeed, coinciding
with rises in obesity are increased incidences of various inflammatory driven metabolic
diseases, including atherosclerosis and T2D [51]. Alarmingly, the World Heath Organization
predicts the current worldwide obesity trend will continue to rise with around 2.3 billion
overweight adults, of which 700 million will be obese by 2015. The findings reviewed
above have demonstrated NLRP3 is a common receptor activated in response to various
metabolic danger factors. What is also becoming clear is that obesity itself can provide the
priming signals required for NLRP3 activation in multiple metabolic diseases, thereby
removing the safety switch from NLRP3 signaling (Figure 2). This would help to explain the
vulnerability of obese individuals, not only to metabolic diseases such as atherosclerosis,
T2D and gout, but also to NLRP3-dependent infectious and environmentally driven
diseases.

During obesity, endogenous molecules that have been found to prime the NLRP3
inflammasome have also been shown to increase and accumulate at local tissue sites.
Modified LDL is one such molecule that is likely to prime macrophages in vivo for
subsequent NLRP3 activation in both atherosclerosis and T2D. Circulation of free fatty
acids is also increased in obesity and can accumulate in adipose tissues during T2D
progression [45, 52]. Like modified LDL, free fatty acids can induce NF-xB signaling via
TLR4 [52] and could therefore act as an alternative priming signal for the NLRP3
inflammasome in T2D. Expression of TLR2 and TLR4 in adipose tissue increases with
obesity [53] and deficiency of TLR4 in mice has been shown to be protective against fat-
induced inflammation and insulin resistance [54-57]. It is probable that many more as yet
unidentified NLRP3 priming molecules exist in obesity and their identification will provide
greater insights into metabolic diseases. The inflammation in obesity can therefore prime
cells for NLRP3 inflammasome activation making the inflammasome an attractive target for
drug therapy.

Treating metabolic disease by targeting the NLRP3 inflammasome

To date no therapeutics directly targeting the NLRP3 inflammasome have been developed.
Instead, available therapies that neutralize the major downstream product of inflammasome
activation, IL-1p3, have been trailed in a number of metabolic diseases. Clinical trials with
anakinra, a recombinant human IL-1 receptor antagonist, have shown positive results in
treatment of gout, pseudogout and T2D [58-61]. Moreover, chronic gouty arthritis has also
been reported to be suppressed using rilonacept (often referred to as IL-1 trap), an IL-1o/B
neutralizer [62]. It would also be of great interest to observe the effects of such treatments
on other inflammasome-mediated metabolic diseases, such as atherosclerosis and
Alzheimer’s disease.

Recently, the effectiveness of the high affinity monoclonal antibody to IL-18, XOMA 052,
has been tested in mice in the context of atherosclerosis with promising results [63].
Specifically, over a range of doses XOMA 052 inhibited the formation of atherosclerotic
lesions in ApoAE-deficient mice. This antibody is also currently in Phase IIb clinical trials
in T2D patients. However, in March 2011 the manufactures of the antibody, XOMA Ltd.,
announced that over a six-month period the trials had been unsuccessful in reducing
hyperglycemia in T2D patients. Promisingly the antibody still appears to have potential as a
treatment in cardiovascular disease, with large decreases in biomarkers for heart disease
observed and significant increases in levels of high-density lipoprotein in treated patients.
The mixed clinical trial results with XOMA 052 may be indicative of the role of NLRP3 in
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the diseases themselves. It may be that NLRP3 and therefore IL-1f3 plays a more prominent
role in certain diseases such as gout and cardiovascular disease than in obesity and T2D and
this is somewhat evident in the results presented in this review. Hence, targeting IL-1p may
only be effective in some metabolic diseases involving NLRP3.

Given the recent insights into NLRP3 related metabolic diseases with clear links to obesity,
perhaps a more preventative therapeutic approach needs to be taken rather than one aimed at
blocking the outcomes of inflammasome activation. In this regard therapeutics directly
targeting components of the NLRP3 inflammasome are of interest. Indeed, a recent study
found that direct inhibition of caspase-1 was beneficial in reducing obesity and improving
insulin sensitivity in mice [43]. Furthermore, as obesity is clearly a common precursor for
NLRP3-mediated metabolic diseases, therapeutics and lifestyle changes that promote weight
loss could also be beneficial in this regard.

Alternatively, as obesity seems to prime the inflammasome, at least in part, via the activity
of TLR-induced NF-«B, drugs limiting TLR activation could be valuable. However, given

the importance of TLRs in protection from infection by pathogens and in wound repair [64,
65], great caution would have to be taken to ensure such processes where maintained.

Concluding remarks

The findings reviewed here highlight the huge potential for directly targeting components of
the NLRP3 inflammasome in combating various metabolic conditions. Although a number
of key features of the NLRP3 inflammasome remain elusive, the ever-expanding body of
work focused on NLRP3 suggests that it is only a matter of time before new concepts and
knowledge of the molecular intricacies of its activation are revealed that will hopefully
provide new targets to be actively pursued in drug therapies. The NLRP3 inflammasome has
evolved to recognize unwanted entry of microbes, such as funguses, certain bacteria or
viruses into the cells’ interior and it therefore represents a cell-autonomous microbe
detection system. If triggered, the effector molecules can govern a profound immune
response that culminate in the recruitment of a host of immune cells to the affected site
leading to antimicrobial resistance and to the induction of reparative processes. NLRP3
inflammasome activation, however, can also induce seemingly spurious inflammatory
responses, as seen in the various tissues pathologies induced during the ‘syndrome X’. In
these situations, sterile molecules that are prone to form aggregates and crystals, or
excessive amounts of certain lipids, are sensed and the NLRP3-mediated immune response
can cause collateral damage, in particular if the inciting stimulus is not removed in a timely
manner. This latter sterile inflammatory threat only surfaces when certain molecules are
present in excess or accumulate locally. Recognition of the transition of molecules from
soluble to solid, or sensing of local accumulation of certain substances, does appear to make
‘immunological sense’ as by this mechanisms the immune system can respond to metabolic
disturbances or local tissue derangements. In addition, IL-1 and - to a lower extent - other
pro-inflammatory cytokines have long been shown to induce behavioral changes leading to
reduced food consumption and an anorectic phenotype [66—68]. These changes have likely
evolved to ensure a behavioral modification during immunological stress situations [69] and
paradoxically could also aim to counterbalance calorie intake after ‘metabolic stress’. The
clear correlation of NLRP3-driven pathologies with the emergence of contemporary western
lifestyles of calorie overload and physical inactivity is intriguing. At the same time this
inappropriate immune response towards metabolic cues is in large parts preventable and
gives hope to those willing to achieve a fraction of the cardiorespiratory fitness that was so
important for the survival of our common ancestors, the hunter-gatherers.
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Figure 1. NLRP3 inflammasome activation in atherosclerosis

In order for NLRP3 inflammasome to be activated in atherosclerosis it must first be primed
via recognition of modified LDL by TLRs and scavenger receptors on macrophages. This
priming step allows upregulation of pro-IL-1p and NLRP3. Subsequently, modified LDL-
induced cholesterol crystals that are phagocytosed by macrophages cause lysosomal rupture,
allowing release of lysosomal proteases (cathepsins). Potentially in combination with ROS
production, cathepsins mediate the activation of the NLRP3 inflammasome resulting in
caspase-1 cleavage and the production of mature IL-1 cytokine. Mature IL-1 is then released
from cells causing continued upregulation of inflammasome components as well as
mediating an inflammatory response that results in an influx of immune cells and the
progression of atherosclerotic plaque formation.
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Figure 2. Obesity is a key facilitator of NLRP3 inflammasome induction in metabolic disease
Obesity often supplies the initial signals required to prime the NLRP3 inflammasome that
can include modified LDL and free fatty acids. Many of the metabolic danger signals
subsequently sensed by the NLRP3 inflammasome are also a direct/indirect result of obesity.
Once the inflammasome has been engaged by a specific danger signal the resulting pro-
inflammatory induced state often leads to progression of a particular metabolic disease.
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Table 1

Metabolic dangers signals triggering formation of the NLRP3 inflammasome

Metabolic danger signal Disease state References
Amyloid beta Alzheimer’s disease | [4]
Calcium pyrophosphate dehydrate (CPPD) crystals | Pseudogout [3]
Ceramides Obesity [42]
Cholesterol crystals Atherosclerosis [19]

Islet amyloid peptide (IAPP) T2D progression [23]
Monosodium urate (MSU) crystals Gout [3]
Palmitate Early T2D [46]
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