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Abstract
Inflammasome activity plays a vital role in various non-microbial disease states correlated with prolonged inflammation. NLRP3
inflammasome function and IL-1β formation are augmented in obesity and several obesity-linked metabolic disorders (i.e.
diabetes mellitus, hypertension, hepatic steatosis, cancer, arthritis, and sleep apnea). Also, several factors are associated with
the progression of diseases viz. increased plasma glucose, fatty acids, and β-amyloid are augmented during obesity and activate
NLRP3 inflammasome expression. Prolonged NLRP3 stimulation seems to play significant role in various disorders, though
better knowledge of inflammasome regulation and actionmight result in improved therapeutic tactics. Numerous compounds that
mitigate NLRP3 inflammasome expression and suppress its chief effector, IL-1β are presently studied in clinical phases as
therapeutics to manage or prevent these common disorders. A deep research on the literature available till date for inflammasome
in obesity was conducted using various medical sites like PubMed, HINARI, MEDLINE from the internet, and data was
collected simultaneously. The present review aims to examine the prospects of inflammasome as a major progenitor in the
progression of obesity via directing their role in regulating appetite.
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Introduction

Inflammation is the major progenitor of obesity and associated
comorbidities. Intake of high calorie diet induces macrophage
infiltration in adipocytes, resulting in increased formation of
inflammatory mediators. The microbial danger signal stimu-
lates intracellular NLRP3 immune response, which in turn
causes caspase-1 regulation and generation of inflammatory
mediators, such as cytokines, IL-1β, and IL-18. Nucleotide-
binding oligomerization domain (NOD)-like receptors

(NLRs) are the vital constituents of the immune system, which
are considered to play an important role in the development of
inflammatory disorders. NLRs comprise of a class of proteins
that primarily aid in the regulation of immune system (Ye and
Ting 2008; Kanneganti et al. 2006; Sutterwala et al. 2006).
NLRs induce inflammation by recognizing danger signals
such as endogenous agents, which are formed during the in-
flammatory phase (Sutterwala et al. 2006; Mariathasan et al.
2006; Duewell et al. 2010). The NLRP3 protein involved in
auto-inflammatory disorder is known as NLRP3 (cryopyrin).
This protein upon activation, promotes recruitment and regu-
lation of the cysteine caspase-1 in a cytosolic protein called
inflammasome (Aganna 2004; Martinon 2006). The apopto-
sis-associated, speck-like protein, containing caspase-
recruitment domain (ASC), forms a link between NLRP3
and caspase-1, via homotypic interactions, further implicating
its pyrin and CARD residues as well as making it important
for inflammasome regulation (Ghayur 1997; Kuida 1995; Li
1995). Stimulated caspase-1 which are substrates of associat-
ed mediators IL-1β and IL-18 permit the release of active
cytokines. IL-1β contributes to the production of systemic
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response towards immunological disorder, by eliciting acute
phase response, manifested via protein production (Dinarello
1996). However, IL-18 deficient pyrogenic activity of IL-1β
is arbitrated in the development of various inflammatory me-
diators (Horwood 1998; Olee 1999).

Obesity is characterized by prolonged inflammation, in-
duced through the proliferating tissue (Hotamisligil and
Erbay 2008; Odegaard and Chawla 2008). Enlargement of
fatty mass, accompanied by the development of adipocytes
promotes macrophage infiltration inside tissues (Xu 2003;
Weisberg 2003). The increased inflammation of tissue initi-
ates assembly of cytokines which participate in progression of
diabetes mellitus (Olefsky and Glass 2010; Shoelson et al.
2007). Also, IL-1β has been related with the progression of
obesity-associated insulin resistance (Jager 2007; Netea 2006;
Zorrilla 2007). Furthermore, overfeeding leads to stimulation
of caspase-1 in adipose tissue in experimental animals
(Stienstra 2010). Remarkably, NLRP3 deficiency has been
reported to inhibit the progression of obesity-linked insulin
resistance (Stienstra 2010). The effect of caspase-1 and ASC
in the pathogenesis of high-fat diet (HFD)-induced obesity is
still unclear. Chronic stimulation of inflammasome-induced
caspase-1 might lead to the progression of obesity.

Cross talk between inflammasomes
and inflammatory responses

The immune system functions as a host defense mechanism
against the attack, mediated via microbial substances, by de-
tecting pathogen linked molecular patterns, including micro-
bial nucleic acid, damage-associated molecular pattern
(DAMP), secreted under cellular stress conditions, consisting
of ATP, and cellular mechanisms (Strowig 2012). The stimu-
lation of immune responses to these elements is mediated
through numerous types of germline-encoded pattern-recog-
nition receptors (PRRs), comprising of toll-like receptors, and
NLRs (Akira et al. 2006; Takeuchi and Akira 2010). NLRs
encompass class of intracellular proteins which comprise of
NOD, and a variable B-residue effector region. These proteins
are categorized as Nod 1 and Nod2 receptors, and possess
varied activities. The negative stimulator comprises of
NLRX1 and NLRP4, while inflammasome regulators com-
prises of NLRP1, NLRC4 and NLRP3 (Cui 2010; Meylan
et al. 2006; Moore 2011; Xia 2010; Bryan 2009). Various
NLRs produce multi-protein inflammasome after regulation
of DAMP pathway. NLRs enroll pro-caspases via contacting
with pyrin domain (PYD) of the ASC, which is located inside
nucleus, but its movement is necessary from the nucleus to the
cytosol for activation of inflammasome (Dinarello 2009).

IL-1 and IL-18 produced by caspase-1, pro-IL1, and pro-
IL-18 regulate inflammasome stimulation, which occurs in
response to infectious molecules. IL-1β promotes T and B

cell production, and leukocyte relocation, whereas IL-18 in
association with IL-12 promotes induction of Th1 responses
(Harrington 2005). The caspase-1 function is necessary for
pyroptosis, a pro-inflammatory cell death, for the removal of
microbial pathogens. IL-1 generation and pyroptosis have
been implied for their therapeutic activity in various compli-
cations such as arthritis, metabolic dysregulation, and Cancer.
Caspase-1 acts via several mechanism including the release of
peptides, breakdown of glycolytic enzymes, inhibition of bac-
terial growth, and escalation of cell repair by regulating lipid
uptake. The events associated with activation of cytokine and
caspase-1 possess its ability to control bacterial infection. The
attacking microbes avoid several phases in IL-1 and IL-18
generation to overcome the host defense mechanism.
Numerous mechanisms can diminish inflammasome elicited
responses. The anti-inflammatory mediator, IL-10 prevents
pro-IL-1 production through the signal transducer and activa-
tor of transcription (STAT) 3 cascade, whereas regulation of
STAT1 prevents IL-1 formation via inhibiting caspase-1
event. IFNγ is synthesized via CD4+ Th1 cells, which rapidly
blocks IL-1 generation, which is indicated to aid during neg-
ative feedback suppression after regulation of immune
responses.

The innate immune response is elicited through the activa-
tion of inflammatory pathways via secretion of cytokines and
subsequent enrollment of macrophages at place of wound. A
chief role in this response is the generation of the
inflammasome, a multi-protein complex which aids stimula-
tion of central protease, caspase 1. Caspase-1 induces matura-
tion of the pro-inflammatory cytokines and leads to
pyroptosis, a form of cell death that is elicited by microbial
agents. Members of the Nod-like receptor family are vital
constituents for activation of inflammasome and further asso-
ciated with activation of microbial and endogenous signals by
caspase-1 stimulation. By using upstream and downstream
events in the stimulation process, scientists are able to evaluate
the innate immune response. The nucleotide-binding domain
leucine-rich repeat comprising (NLR) family of receptors are
members of the innate immune system with a vital role in host
defense. These molecules are known to elicit inflammatory
responses to abnormal cellular conditions. NLRs serve this
role upon stimulation by generating a multi-protein complex
called an inflammasome. The inflammasome release cyto-
kines such as pro-inflammatory cytokines interleukin (IL)-
1β and IL-18.

The NLRP3 inflammasome primarily comprises of three
phases — a protein (ASC), an effector protein (Caspase 1) and
a receptor protein (NLRP3). The receptor protein is a sensor
which is switched on when DAMP is activated. The ASC adap-
tor protein comprises of N-residue pyrin domain (PYD) and C-
residue (CARD) which function as mediator between the sensor
and effector protein, constituting nucleotide-binding domain, a
C-residue leucine-rich repeat- substrate, and an N-residue pyrin
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substrate. NLRP3 acts as a receptor protein which is activated
during endogenous danger signals, comprising of nucleic acids
and lipo-oligosaccharides.

The NLRP3 inflammasome is an immune sensor which
identifies a different range of dangerous compounds and func-
tions as a metabolic danger signal, but the integrated mecha-
nism of stimulation is not yet clear. Pro-inflammatory triglyc-
erides such as palmitate and adipocyte-derived lyo-phosphati-
dylcholine stimulate NLRP3 inflammasome. The amino acids
homocysteine acts as DAMP, whereas lyo-phosphatidylcholine
offer secondary sensor promoting inflammasome stimulation in
adipocytes and adipose tissue macrophages, initiating insulin
resistance (Zhang 2018). Palmitate regulates inflammasome
and IL-1β secretion via inhibiting AMP-activated protein ki-
nase (AMPK), suppressing autophagy, inducing dysregulation
of mitochondria activity and increased generation of reactive
oxygen species (ROS) (Wen 2011). Alteration in ion concen-
tration, primarily K+ efflux, Ca2+ signal, and Cl− efflux is sig-
nificant, but not necessary during changes in NLRP3 activation
(Yang 2019). Regulation of purinergic P2X7 receptor through
enhanced ATP production with nigericin results in an intracel-
lular decrease in K+ ions and initiate inflammasome stimulation
(Camello-Almaraz 2006; Lemasters 2009; Murakami 2012).
Modifications in this ion concentrations have been known to
unite after signal propagation by the production of reactive
oxygen species (ROS) which is appropriate for the regulation
of the NLRP3 Inflammasome. Mitochondrial impairment as
well as release of ROS initiates NLRP3 activation.

Subsequent activation of inflammasome takes place and
promotes stimulation of zymogen pro-caspase-1 into cas-
pase-1. Breakdown of pro-IL-1β at aspartic acid terminal is
the specific target of caspase-1. Caspase-1 splits rate-limiting
enzymes in the immune cells i.e., macrophages, under infec-
tion, and sepsis (Shao 2007). This is applicable to metabolic
cells, as it is revealed that NLRP3 inflammasome initiate mus-
cle glycolysis process during aging. Elimination of NLRP3
reduces age-associated cleavage and down-regulates
glyceraldehyde-3-phosphate dehydrogenase in mouse muscle
during aging. However, caspase-1 cleavage synthesizes IL-
1β, promotes adipose tissue dysregulation, and insulin resis-
tance via IL-1β-dependent action, as IL-18 increase insulin
sensitivity and decreases body weight through AMPK.

To avoid excessive and chronic inflammation, NLRP3
inflammasome activation is stimulated via transcriptional
events, directed by numerous negative stimulators which pre-
vents persistent assembly of an inflammasome. However, it is
unclear which type of negative stimulators are involved in
inflammasomes activation. A study illustrates that RNA target
miRNA-103, a positive stimulator of inflammasomes activa-
tion, inhibits the destruction of its target TNF receptor-
associated factor 3 (TRAF3). TRAF3 prevent NFκB signaling
to counteract mitophagy, following NLRP3 inflammasome
formation and cytokine release in adipocytes (Zhang 2019).

IL-1β is the main effector for stimulation of LRP3
inflammasome. The biological effect of IL-1β is stimulated
after the breakdown and release of cytokine mediators.
Transcription of IL-1β is regulated via NF-κB activation,
where inactive intracellular group of pro- IL-1β is synthe-
sized. The stimulation of zymogen Caspase-1 is followed by
a breakdown of IL-1β occurs (Monteleone et al. 2015). IL-1β,
circulating in the blood, is stimulated by its interaction with
soluble IL-1β receptors, which accelerates the cellular effects
of IL-1β (Colotta 1993). Reduction of biologically active IL-
1β to membrane-bound IL-1 receptor (IL-1R1), results in the
recruitment of IL-1R protein to produce a complex at the
target cell membrane. The prolonged activation of IL-1β pro-
duces adverse effects, including septic shock. The canonical
action inhibits immune response to resolve infection. Also, IL-
1β causes immune cell recruitment to target site by regulating
the expression of adhesion proteins on monocytes i.e. intra-
cellular adhesion molecule 1. The inflammasome and IL-1β
are significant mediators of homeostasis reacting to a wide
range of danger signals. Unrestrained and prolong regulation
of NLRP3 inflammasome can lead to chronic inflammation
and various disease events, where IL-1β has been involved.
The NLRP3 inflammasome activation has been linked with
cancer, atherosclerosis, adipose tissue dysregulation, and pro-
gression of diabetes mellitus, as evidently supported by vari-
ous studies.

It has been investigated that NLRP3 identifies intracellular
reactive oxygen species (ROS) that are generated in response
to various stimulators. ROS originate from NADPH oxidases
were suggested to be accountable for their activation. The
secondmechanism includes the disruption of lysosomal mem-
brane of crystalline materials and peptide aggregates. Upon
uptake of such substances, lysosomal wall ruptures which
results in the leakage of lysosomal proteases, i.e. cathepsins
B and L, into the cytosol where they elicit NLRP3
inflammasome activation. Both mechanisms are required for
activation of the NLRP3 inflammasome (Figs. 1 and 2,
Table 1).

NLRP3 inflammasome in obesity induced
insulin resistance

Elevated inflammasome activation has been initiated in
humans and animals with diabetes mellitus (Vandanmagsar
2011). Suppression or omission of NLRP3 protects by pro-
gression of insulin resistance and beta-cell death; each of
which mechanisms promotes progression of obesity-
associated insulin resistance, which leads to diabetes mellitus
(Vandanmagsar 2011; Lee 2013). The clinical trials done by
Vandanmagsar and his co-workers (Vandanmagsar 2011) re-
vealed that animals, fed with HFD for 6 months exhibited
elevated expression and regulation of the inflammasome and

43104 Environ Sci Pollut Res  (2021) 28:43102–43113



Fig. 1 Upstream regulators of NLRP3 inflammasome in adipose tissue.
Priming: Following PRR activation, nuclear NF-κB translocation regu-
lates transcription of NLRP3 inflammasome factors and its effectors (pro-
IL-1β). Regulation: Various regulating components of the inflammasome
lead to caspase-1 cleavage of pro-IL-1β to biologically active IL-1β.
Saturated fatty acids such as palmitate can alleviate AMPK, decrease
autophagy, resulting in mitochondrial degradation and ROS generation.

PAMP: Pathogen-associated molecular pattern molecules; PRR:
Pathogen Recognition Receptors, NFκB: Nuclear Factor Kappa B;
Ca2+: Calcium Ion; AMPK: AMP activated protein kinase; P2X7: P2X
purinoceptor; ASC: apoptosis-associated speck-like protein containing a
caspase recruitment domain; HIF 1: Hypoxia-Inducible Factor ATP:
Adenosine triphosphate; K+: Potassium Ion, PLA2G16: Phospholipase
A2, group XVI

Fig. 2 Impact of NLRP3 inflammasome on adipocytes. Stimulation of
the NLRP3 Inflammasome in adipocytes is associated with homeostatic
mechanisms such as adipogenesis. Stimulation of this inflammatory
complex exhibits detrimental outcomes i.e. as pro-inflammatory

programmed cell death (pyroptosis) and ECM remodeling leading to
fibrosis. ECM: Extracellular matrix; ASC: apoptosis-associated speck-
like protein containing a caspase recruitment domain; AKT: Protein ki-
nase B
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IL-1β in adipose tissue and liver. Inherited deletion of NLRP3
protected mice against HFD-induced insulin resistance and
reinstated aspects of insulin cascade including insulin-
stimulated phosphorylation of PKB in adipose and liver.
Deletion of NLRP3 decreased hepatic steatosis in HFD ani-
mals (Vandanmagsar 2011). Another research, investigated
out by Stienstra 2011, demonstrates that the NLRP3
inflammasome stimulates features of obesity during HFD ad-
ministration in mice.

Genomic deletion of caspase-1 exhibits reduction in weight
gain and adipocyte hypertrophy in animals, administered with
50% HFD (Stienstra 2011). Obesity-related events stimulate
caspase-1 activity, results in insulin sensitivity and prolifera-
tion of adipocytes (Stienstra 2010). HFD administration is
identified in order to elevate caspase-1 activity in adipocytes,
although treatment with a caspase-1 blocker, protected mice
from HFD I induced insulin resistance (Stienstra 2010). The
NLRP3 inflammasomes are known to exert cell-autonomous
actions on adipocyte proliferation and absorption which elicits
insulin sensitivity. The proliferation of pre-adipocytes origi-
nated from caspase1 knockout mice, showed increased insulin
sensitivity (Stienstra 2010). Incubation of caspase-1 deficient
pre-adipocytes with IL-1β during proliferation leads to de-
creased adipogenesis which in turn illustrates effects of
caspase-1 (Stienstra 2010). There is high significance of the
caspase-1 inflammasome in adipose tissue which shows the
essential role of inflammasome in adipocytes which in turn
stimulates insulin resistance.

Inflammatory mediators possess the ability to decrease in-
sulin sensitivity, although they require certain inflammatory
cytokines which in turn elicit adipose tissue remodeling and
maintain the nutrient holding the ability of the proliferating
tissue. Osterholmet and his co-workers investigated that
RIDTg mice (an adenovirus compound which inhibits
TLR4, and IL-1β facilitated signaling in adipocytes), on ad-
ministration of HFD showed few adipose tissue enlargements,
but a higher fat was accumulated in the liver. This shows
requirement for an inflammatory response in order to control
triglycerides homeostasis through the proliferation of adipose
tissue. This resulted in the known effects of augmented levels
of specific inflammatory cytokines, which induces insulin re-
sistance. Significant consideration seems to be taken such as
timing, interval of immune responses when associating

inflammation-induced adipose tissue enlargement against
inflammation-induced insulin resistance.

Free fatty acids have been correlated with an inflammatory
response due to insulin resistance, where palmitate can elicit
stimulation of c-Jun N terminal kinase (JNK) and IL-6 secre-
tion (Lancaster 2018). During conditions like priming, palmi-
tate can regulate level of NLRP3 inflammasome inside white
blood cells, which in turn can result in enhanced IL-1β secre-
tion with subsequent progression of diabetes mellitus in mice
(Wen 2011). The action and mechanism of palmitate-
inflammasome stimulation includes the production of reactive
oxygen species which can be impaired through the suppres-
sion of AMPK, which results in decreased autophagy and
mitochondrial activity. The loading of palmitate inside white
blood cells can lead to lysosome degradation along with stim-
ulation of inflammasome through cathepsin-b dependent path-
way, indicating several routes of lipo-toxicity to trigger the
NLRP3 inflammasome. The other lipid messengers i.e.
ceramides, stimulates NLRP3 inflammasome. The adminis-
tration of HFD in mice and humans depicts increased concen-
trations of ceramides in blood and adipose tissue which is
linked with obesity. Certain ceramide species have the capa-
bility to develop insulin resistance and involve in immune
responses. Irrespective of the ligands and stress responses that
are involved in NLRP3 inflammasome, it is observed that
elimination of NLRP3 and inflammasome can lead to en-
hancement in insulin sensitivity inside adipose tissue of
HFD-induced mice. The cell-autonomous adipocyte encom-
passes NLRP3 inflammasome and IL-1β, known to support
numerous aspects of adipocyte dysregulation, followed by the
addition of IL-1β to 3T3-L1 adipocytes. Furthermore, human
adipocytes stimulate insulin resistance followed by lower in-
sulin activated phosphorylation of Akt/protein kinase B
(PKB) and reduced insulin activated lipogenesis. Besides this,
suppression of NLRP3 inflammasome factor, caspase-1 en-
hanced adipogenesis and insulin sensitivity in high-fat diet-
induced obese animals also occurs (Table 2).

Adipose tissue inflammation and obesity

Adipose tissue is an endocrine organ which comprises of nu-
merous cells including pre-adipocytes, immune cells,

Table 1 Identification of several
microbial and endogenous danger
signals by NLRP3

S. no Elicitor Reference

1. Bacterial RNA (Kanneganti et al. 2006)

2. Influenza virus, Sendai virus, Adenovirus (Kanneganti 2006)

3. Imidazole-quinolone agents Kanneganti et al. 2006)

4. Crystalline compounds (Latz 2010)

5. Mitochondrial membrane and production of reactive oxygen species (Nakahira 2011)

6. Necrotic cell constituents (Li et al. 2009)
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mesenchymal stem cells, and vasculature cells. The influential
establishment that adipose tissue can release pro-
inflammatory mediators i.e., tumor necrosis factor-alpha, gen-
erated a new perception, that adipose tissue is an endocrine
and immunological organ capable of incorporating immune
responses, which can change adipose tissue and systemic met-
abolic activity (Hotamisligil et al. 1993). It has been
established that adipose tissue can release more than 500 pro-
teins (Lehr 2012). Adipokines can cascade in an autocrine and
paracrine way, triggering native variations to the adipose tis-
sue environment, which enhances adipose cell absorption.
These adipokines can also act in an endocrine way, by enter-
ing circulation and permitting the cross association with dif-
ferent organs, i.e. liver, muscle, and pancreas. Adipokines
enhance food satiety, weight gain, inflammation, immune cell
relocation and insulin sensitivity.

Insulin is an anabolic hormone which elicits glucose ab-
sorption inside adipose tissue, elevates glycogen production
inside muscle and liver, and also enhances lipogenesis in ad-
ipose tissue and liver (Taniguchi et al. 2006) (all these events
are dysregulated during insulin resistance). Chief protuber-
ances of insulin resistance, such as insulin-regulated phos-
phorylation eminence of insulin receptor substrate and AKT/
PKB can be arbitrated in adipose tissue during obesity. An
increase in the inflammatory-mediators occurs during obesity,
i.e., TNFα, and IL-1β, stimulates stress kinase in order to
elicit insulin resistance (Hotamisligil and Spiegelman 1994)
via suppression of phosphorylation of these chief nodes
(Reinhard 1997). Inflammatory and stress responses can mit-
igate insulin cascade through numerous serine phosphoryla-
tion sites on IRS proteins, inhibiting tyrosine phosphorylation
and disrupting signal transfer (Tanti 1994). For instance, stim-
ulation of JNK via TNF bases serine 307 phosphorylation of
IRS 1 can prevent tyrosine phosphorylation (Lee 2003). This
comprehensive knowledge of metal inflammation showed
grip therapeutic intrusions for obesity-associated complica-
tions, but some have extended medical grip in obesity and
diabetes mellitus. One vital reflection is selective insulin re-
sistance and whether decreased insulin cascade connects to
suppress metabolic response in adipocytes. Reduced insulin
signal circulation can be linked with insulin resistance, where

the specific metabolic effects of insulin are reduced in certain
cells (Powell 2003). Various studies demonstrated that eleva-
tion in insulin resistance in adipocytes occurs when insulin
stimulates glucose absorption. However, this selective insulin
neither decreases insulin-regulated protein production, nor in-
sulin inhibition of lipids breakdown.

Appropriate lipid accumulation and secretion from adipo-
cytes are correlated with insulin sensitivity. A trademark of
obesity and diabetes is fat storage in muscle, and the liver
which can induce inflammation in tissues. The significance
of fat deposition in adipocytes is best demonstrated by
lipoatrophic A-ZIP/F-1 mice defiant in functional adipocytes.
Adipose lipodystrophy in these mice results in lipid storage in
the muscle, resulting in systemic insulin resistance and hepatic
steatosis. Additionally, transgenic mice, which transcript lipo-
protein lipase inside liver or muscle, have increased lipid de-
position in the tissue with simultaneous insulin resistance.
Both shreds of evidence signify the importance of lipid accu-
mulation within adipocytes, as a defensive element in nutrient
storage fractioning, where the inability to deposit fats in the
adipocytes results in insulin resistance.

The secretion of fatty acids from adipose tissue takes place
in resort to undesirable energy balance and regulated by in-
flammatory elements. Usually, insulin prevents lipolysis by
regulating Akt/PKB, which further regulates phosphodiester-
ase and decreases intracellular cAMP levels, resulting in de-
creased stimulation of PKA. Moreover, insulin also alleviates
the expression and regulation of lipases and adipose triglycer-
ide lipase, which diminish lipolysis and adipocytes (Kershaw
2006). During obesity, enhanced lipolysis leads to increased
circulating free fatty acids, which accords with elevated circu-
lating inflammatory mediators (Girousse 2013). The insulin
resistance linked with higher concentrations of circulating
pro-inflammatory cytokines can mitigate and increase lipid
extrusion from adipocytes, due to decreased insulin elicited
inhibition of lipolysis and lower insulin activated lipogenesis.
As the level of insulin resistance increases, the cleavage prop-
erty of lipids decreases. 3T3-L1 adipocytes hardly investigate
an assessable variation in the insulin inhibition of lipolysis in
the presence of TNFα, which can activate lipolysis in adipo-
cytes, is detected independently of insulin inhibition of

Table 2 Currently used NLRP3
inhibitor in the management of
insulin resistance

S. no Target Treatment Reference

1. Interleukin 1 receptor inhibitor Anakinra (Larsen 2007)

2 Anti- Interleukin -1β antibody Canakinumab (Rissanen 2012)

3. Suppression of NLRP3 Apelin (Chi 2015)

4. Suppression of NLRP3 Sodium butyrate (Wang 2015)

5. Suppression of NLRP3 Glyburide (Masters 2010)

6. Decreased stimulation of NLRP3 Dapaliflozin (Ye 2017)

7. Decreased stimulation of NLRP3 Empagliflozin (Benetti 2016)
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lipolysis. Treatment of adipocytes with TNFα can elevate
basal lipolysis through mitogen-activated protein kinase stim-
ulation, which contributes to the regulation of endoplasmic
reticulum stress. Bacterial constituents can involve adipocyte
pathogen recognition receptors (PRRs) to induce lipolysis,
which can be rectified by cofactors such as iron. The role of
immune response in adipose tissue is still under research in
obesity.

Knowing the association between immune and endocrine
cascades in adipose tissue should help unravel dysfunction of
adipocyte lipolysis that fuels ectopic accumulation, and insu-
lin resistance in the liver.

Adipose tissue deposits and cushions fat necessities of the
body, but it is also a significant organ in the generation of
various adipokines that maintain whole-body energy equilib-
rium. Elevated concentrations of circulating fatty acids, de-
rived from adipocyte lipolysis, are linked to inflammation
and insulin resistance. Inflammation can enhance every fea-
ture of endocrine action and lipid handling in adipocytes or by
cross-linking with adipose tissue inhabitant immune cells.
Inflammation elicited through the NLRP3 inflammasomes
plays a central role in tissue assembly during adipose tissue
enlargement that takes place during obesity. Inversely,
prolonged inflammation induced by effectors of the NLRP3
inflammasome can induce adipocyte dysregulation and insu-
lin resistance (Fig. 3).

Expression of NLRP3 inflammasome
and activity in obese subjects

The levels of IL-1β are smaller in normal individuals.
Increased circulating IL-1β are studied in a few studies of
obese subjects (Aygun 2005), although it is uncertain whether
these levels (usually less than 100 pg/ml) can elicit physiolog-
ically significant effects. The IL-1β protein level in tissues,
though, augmented in an obese patient, at concentration prob-
able to generate physiological actions and weight loss, de-
creases IL-1 β mRNA transcription. IL-1β release from hu-
man lipid explants is linked with door body mass index
(BMI), whereas, lipopolysaccharide-regulated IL-1β genera-
tion from pre monocytes of obese alcoholics is associated with
BMI, percent body fat and waist circumference. Analogous to
IL-1β, the flowing IL-18 levels are greater in overweight in-
dividuals and are reduced by weight loss; although, weight
loss consequently reduces IL-18 mRNA transcription in the
liver (Moschen 2011). Few kinds of research have reported
the NLRP3 inflammasome phenotype in obese subjects. In
another investigation, caspase-1 mRNA transcription was el-
evated in obese individuals, whereas NLRP3, IL-1β mRNA
transcriptions did not consequently differ in healthy individ-
uals and overweight individuals (Goossen 2012). The out-
come from weight loss research is inconsistent with weight

loss decreasing NLRP3 expression in the study. However,
gender and adiposity variations between the cohort groups
might explain this divergence, although, lately, research of
adipose tissue biopsies from overweight individuals found
that IL-1β generation and caspase-1 activity were greater in
visceral adipose tissue (Goossen 2012). Remarkably, caspase-
1 concentration was linked with CD8+T cell numbers located
in adipose tissue. These verdicts are reliable with available
outcomes that visceral adipose tissue is more inflammatory
and indicate a promising effect for caspase-1 expression in
the infiltration of CD8+ T cells in adipose tissue.
Additionally, microarray study and RT-PCR of mouse adi-
pose cell segment from adipose tissue suggest that the tran-
scription of the NLR cascade phenotype, consisting of NLRP3
and ASC, is consequently overexpressed during obesity, indi-
cating that obesity might prompt adipose cell inflammatory
effect.

Role of NLRP3 inflammasome in lipolysis,
adipogenesis and pyroptosis

NLRP3 stimulation has been linked to a homeostatic effect on
adipose tissue consisting of adipocyte expansion and adipo-
genesis. Mesenchymal stem cells (MSC) that originate from
adipose tissue are multipotent cells that are developed into
several cell forms through ecological signals, containing adi-
pocytes and osteocytes. NLRP3 priming and stimulation
spending lipopolysaccharide and palmitic acid influenced ad-
ipogenesis by destroying osteogenesis via caspase-1 depen-
dent action on MSC (Wang 2017). Caspase-1 stimulation
elicits pro-adipogenicity phenotype i.e. peroxisome
proliferator-activator receptor gamma and CCAAT — bind-
ing protein alpha (CBP-α) and ruins pro-osteogenic pheno-
type i.e. bone morphogenic protein 2 and run-related tran-
scription factor 2. Stienstra investigated that caspase-1 is stim-
ulated during adipocyte expansion in vitro (Stienstra 2010).
Suppressing the NLRP3 inflammasome has proven to inhibit
extracellular matrix (ECM) assembly, resulting in decreased
fibrosis in mammal visceral adipocytes (Unamuno 2019).
Also, data indicate that NLRP3-dependent caspase-1 stimula-
tion takes place in hypertrophic obese adipocytes to elicit pro-
inflammatory pyroptosis (Giordano 2013). The occurrence of
NLRP3-dependent apoptosis might be linked to adipocyte
size relative to the obese complication. This evidence indi-
cates that stimulation of NLRP3 inflammasome distresses
the life cycle of adipocyte and consequently, lipid filling bulk.

Also, the NLRP3 inflammasome plays a vital role in age-
associated damages in lipid breakdown. In white adipose
tissue-inhabitant macrophages, stimulation of NLRP3
inflammasome, directed the destruction of norepinephrine
(NE), by the overexpression of growing differentiation
factor-3 and monoamine oxidase A. Destruction of NE
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prohibited, catecholamine dependent, lipolytic cascade in ad-
ipocytes, decreases fatty acid, and glycerol secretion (Popa
2020). Lately, inflammasome stimulation in adaptive immu-
nity subsidizes to age-linked lipolytic degradation (Camel
2019). Aged adipose B cells (AABs) were elevated in two-
year-old mice in contrast to those of 3 months. Diminution of
AABs repaired adipose tissue lipid breakdown, essential body
temperature regulation during cold stress, and enhanced insu-
lin sensitivity. Elimination of NLRP3 or management with an
IL-1R inhibitor decreased AABs and reinstated lipid break-
down in aged mice. Overall, these results indicate stimulation
of NLRP3 inflammasome, affecting homeostatic action and
activity of adipose tissue, through the life cycle of adipocytes.
The stimulation of this contributes to adipocytes growth from
stem cell pioneers, enlargement and ECM restoration of adi-
pose tissue, subsidizing to fibrosis, and consequently lipolysis
and apoptosis.

Future directions

Numerous therapeutic strategies have been proposed to ame-
liorate conditions of the metabolic diseases, by exploring
methods which target the NLRP3 inflammasome activation.
These approaches focus on the production of medications to
alleviate IL-1β expression; however, various other com-
pounds that target inflammasome activity and caspase-1 ac-
tivity are under production and might offer an alternative ap-
proach with different benefits. The foremost concern is

alleviated tissue repair, as a consequence of inhibition of
NLRP3 inflammasome activity.

Inflammasome plays a significant role in immune re-
sponses and tissue repair. Therefore, strategies are developed
to target the pathogenesis of inflammasome expression, re-
quired to control a balance between decreased inflammatory
activity and regulated host defense responses. The mecha-
nism, which stimulates inflammasome and caspase-1 activa-
tion, is very complex. The caspase-1 inhibitor is the primary
target for the management of inflammasome associated com-
plications due to the greater information available for caspase-
1 suppression. Caspase-1 blockers, VX-765, and VX-740
have been evaluated in clinical studies for the management
of various complications. VX-765 has been tested in subject
with muckle wells syndrome, which occurs due to the repli-
cation of NLRP3, where it has been known to reduce inflam-
matory biomarkers.

The arthritis research has been done using VX-740, which
was withdrawn due to hepatic defects which were observed in
experimental animals. To date, no caspase-1 blockers are pres-
ent for treatment, although numerous anti-inflammatory
agents can be used to prevent inflammatory responses. For
instance, treatment with glyburide can often be used for the
management of diabetes mellitus as it can result in reduced
inflammation during diabetic complications via inhibiting
IAPP activated NLRP3 inflammasome stimulation.
Glyburide has been proven to inhibit NLRP3 inflammasome
stimulation in response to DAMP. Glyburide prevents ATP
sensitive K+ in beta cells, although NLRP3 stimulation and
glyburide-induced suppression were conserved in

Fig. 3 Stimulation of NLRP3 inflammasome in adipose tissue
macrophages can manifest adipocyte browning and lipolysis. DAMPs
stimulate the inflammasome, upregulates elements such as GDF3 and
MAOA, leading to the depletion of catecholamines i.e. NE inhibiting
lipolysis. In addition, generation of IL-1β by adipose white cells induce

mitochondrial dysfunction, and formation of ROS. DAMPs: Damage-
associated molecular patterns; GD3: Ganglioside; MAOA: Monoamine
Oxidase A gene; IL-1 β: Interlukin 1 beta; UCP1: Uncoupling Protein 1;
ROS: Reactive oxygen species; β3-R: Beta 3 adrenergic receptor
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macrophages deficient K ATP substrates, suggesting that
glyburide does not prevent NLRP3 inflammasome activating
via ameliorating K+ efflux. Furthermore, glyburide did not
affect NLRP3 ATPase activity, indicating that glyburide acts
upstream of NLRP3 inflammasome.

A better understanding of the cascades intricated in
inflammasome stimulation has led to the finding of novel thera-
peutic targets via pre-clinical and clinical trials i.e. an ATP recep-
tor which stimulates K+ efflux to elicit inflammasome promoted
caspase-1 stimulation. Although extensive research has been
done using P2RX7 blockers, it did not show any effect in de-
creasing inflammation. AZD9056, a P2RX7 inhibitor has been
assessed in a clinical trial for the management of arthritis, but did
not depict potential efficacy (Keystone 2012). The P2RX7 inhib-
itor, CE-224,535 also failed to show efficacy in subjects suffering
from arthritis (Stock 2012). Lastly, P2RX7 modulator,
GSK1482160 was examined for safety, tolerability, and pharma-
cokinetics effects in normal individuals, but initiation led to an
inference that it was not possible to attain the resultant effect,
which resulted in the end ofGSK1482160 production for inflam-
matory disorder (Ali 2013).

Administration of weight-loss medicines to the individuals,
affected with the metabolic disorder, can alleviate adiposity, en-
hance insulin sensitivity, and decrease inflammation in adipose
tissue which is linked with decreased NLRP3 inflammasome
activity. In obese rats, weight loss is triggered by decreasing
the transcription of NLRP3 proteins (Shi et al. 2010). Irregular
fasting in normal and HFD mice alleviated body weight, and
transcription of NLRP3, IL-1β in contrast to normal mice (Di
Giovine 1987). This decline in inflammation was correlated with
enhanced fasting glucose. Also, weight loss elicited by regimen
rectifications resulted in reduced subcutaneous white adipose
mRNA expression of NLRP3 (Landis 2002). Transcriptome in-
vestigation consequently showed reduced NLRP3
inflammasome transcription linked with augmented insulin
genes i.e. glucose transporter type 4, indicating that weight loss
increases insulin sensitivity in adipose tissue via
NLRP3associated mechanism.

HFD-induced obese animal, preventing NLRP3
inflammasome, enhanced glucose homeostasis and insulin level.
These enhancements linked to decreased inflammation in white
adipose tissue, detected by IL-1β, TNF-α, IL-18 (Yagnik 2000).
In obese mice, antibody therapy preventing IL-1β, enhanced
insulin sensitivity (Reaven 1998). The experimental animal of
diabetes mellitus, when administered with IL-1β antibody,
showed elevated beta-cell mass and insulin secretion
(Juraschek et al. 2013). Treatment with Anakinra, an IL-1 recep-
tor inhibitor protein, decreased glycated hemoglobin in humans
(DeMarco 2011). Together, these outcomes indicated that
targeting the NLRP3 inflammasome in adipose tissue might in-
tensely decrease inflammation, mediated through NLRP3, and
consequent loss in insulin sensitivity, promoting enhancement in
glucose homeostasis.

Medications including statins are used to enhance off-target
effects, promoted through NLRP3 inflammasome (Henriksbo
2019). Statins are effective, cholesterol-reducing agents that sub-
sequently decrease the risk of cardiac arrest. However, a statin
elevates blood glucose and progression of diabetes mellitus, pos-
sibly through the stimulation of immune responses in adipocytes
(Henriksb and Schertzer 2015). The statin remedy induces adi-
pose tissue dysregulation and insulin resistance. The statins im-
proved IL-1β release in bone marrow-derived macrophages
through NLRP3. Suppressing caspase-1 and the NLRP3
inflammasome with diabetes agent glyburide also inhibited the
statin-induced generation of IL-1β in macrophages. Statin rem-
edy not only blocks cholesterol biosynthesis, but also the gener-
ation of isoprenoids intricated in protein prenylation cascades.
The statin-dependent lowering of isoprenoids stimulates the
NLRP3 inflammasome insulin resistance and consequently re-
duced insulin-activated lipogenesis in adipocytes. These investi-
gations illustrate that statin-induced insulin resistance elicits adi-
pose tissue dysregulation by NLRP3-dependent mechanism
(Makkonen 1999; Mönkkönen et al. 1998; Tricarico 2018).
Moreover, drugs such as glyburide that prevent NLRP3 should
be arbitrated in statins to prevent user risk of producing diabetes
mellitus, mitigating adverse effects (Wang 2017; Lamkanfi and
Dixit 2014). Altogether, this research provides data that focuses
on NLRP3 inflammasome, to enhance insulin sensitivity in adi-
pose tissue and impair NLRP3 dependent negative adverse ef-
fects in individual approved drugs i.e. statins (Camell 2017;
Abdel-Daim 2019; Vesa 2020).

Analogous to statins, bisphosphonates, which are used to
treat osteoporosis and inhibit bone loss, reduce isoprenoids by
suppression of farnesyl pyrophosphate synthesis.
Bisphosphates elevate IL-1β release from macrophages
(Finucane et al. 2015; Turpin et al. 2019; Turner et al.
2018). Although, bisphosphates do not exhibit a similar effect
in diabetesmellitus, yet dysglycemia is produced in contrast to
subjects consuming statins. Bisphosphonates have a greater
affinity for bone tissue, although due to poor absorption, they
are given via intravenous injection (Kotzbeck et al. 2018).
This is significantly different from statins, the affinity of
bisphosphonates for bone and distinct frequency of adminis-
tration might show a difference in diabetes mellitus preva-
lence among individuals taking statins and bisphosphonates.

Conclusion

The appropriate stimulation of the adaptive immune response is
favorable for the body to mitigate several immune and inflam-
matory disorders. Unevenness in the immune system might per-
suade several metabolic alterations at the cellular level.
Cumulative evidence suggests that various cellular factors subsi-
dize NLRP3 inflammasome stimulation that plays a chief role in
adipose tissue inflammation, subsequent obesity-related tissue
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damage, and metabolic dysfunction. These investigations have
extensive effects on several disorders, which are enhanced in
obesity encompassing diabetes, cancer, and sleep apnea.
Irrespective of the intricacy of the pathway, advancement has
been made in the expansion of curative measures that target the
NLRP3 inflammasome. The inflammasome can be responsible
for augmenting IL-1β levels which can be responsible for obe-
sity. NLRP3 inflammasome function and IL-1 formation gets
amplified during obesity and several obesity-linked metabolic
disorders (i.e. diabetes mellitus, hypertension, hepatic steatosis,
cancer, arthritis and sleep apnea). Along with this, several factors
are associated with the progression of diseases which includes
higher levels of plasma glucose, fatty acids, and β-amyloid
which can further activate the expression of NLRP3. The better
detection of these factors can help in the regulation of
inflammasome which results in improved therapeutic tactics.

Nonetheless, additional research is required to fully explicate
the pathways that will augment our information on how to find
exact medications and which one might result in improved ther-
apeutic treatment. Presently, several blockers are available that
target the stimulation of the NLRP3 inflammasome, which have
been sustained to be beneficial in the treatment of obesity and
obesity-induced insulin resistance in subjects. Apart from this, an
advanced therapeutic interference in complex disorders is re-
quired to attain enhanced therapeutic outcomes. The future con-
cern related with the same is the identification of these factors
using numerous techniques. Along with this taking into consid-
eration the implication of artificial intelligence and machine
learning is placing the basis for the production of medications
with a better efficiency approach.
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