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Abstract— The world’s number one cause of death is cardiovascular diseases. The pathogen-
esis of different disease entities in the cardiovascular disease spectrum is complicated and multi-
factorial. Inflammation in these complicated etiologies serves as a key position and is a significant
cause of atherosclerosis, which contributes to the underlying pathology. Therefore, therapeutic t-
argeting of inflammatory pathways in patients with cardiovascular diseases such as atherosclerosis
enhances cardiovascular results. Inflammasomes are intracellular protein complexes engaged in
atherosclerosis pathogenesis and activated bymultiple danger signals. Emerging proof has revealed
that Nod-like receptor protein 3 (NLRP3) inflammasome,which regulates caspase-1 activation and
later pro-interleukin processing, triggers inflammatory reactions in the vascular wall and leads to
atherosclerotic plaque formation. Inflammasome-mediated signaling interference could decrease
inflammation and mitigate illness severity. In this section, we provide an overview of the present
literature on the underlyingmechanisms leading to the activation ofNLRP3 inflammasome and the
role of NLRP3 inflammasome in the progression of atherogenesis and highlight the possibility of
therapeutic interventions due to mechanisms involved in the of inhibition of NLRP3 activation.
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INTRODUCTION

Inflammation is the basis of a broad range of physio-
logical and pathological processes. In particular, chronic
inflammation for many modern human diseases constitutes

a biochemical basis. Inflammasomes are protein structures
that provide a platform for molecular signaling to activate
caspase-1 and to regulate maturation of powerful pro-
inflammatory cytokine interleukin-one beta, (IL-1 β)
hence, contributing towards inflammatory cell death, in
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Highlights
• Cardiovascular diseases involving heart and vasculature disorders are a
serious global health burden that is presently the world’s leading cause of
death.
• Multiple danger signals such as cholesterol crystals, calcium phosphate
crystals, and oxidized low-density lipoprotein triggered NLRP3
inflammasome activation in macrophages to initiate inflammatory reactions
in atherosclerotic lesions.

• Understanding NLRP3 inflammasome activation mechanisms will allow
its particular inhibitors to be developed to treat NLRP3-related illnesses

1 Riphah Institute of Pharmaceutical Sciences, Riphah International Univer-
sity, Islamabad, 44000, Pakistan

2 Armed Forces Institute of Cardiology, National Institute of Heart Diseases,
Rawalpindi, Pakistan

3 To whom correspondence should be addressed at Riphah Institute of
Pharmaceutical Sciences, Riphah International University, Islama-
bad, 44000, Pakistan. E-mail: anamliaqat29@gmail.com

DOI: 10.1007/s10753-020-01290-1

http://crossmark.crossref.org/dialog/?doi=10.1007/s10753-020-01290-1&domain=pdf
http://orcid.org/0000-0002-1849-8455


response to pathogen-associated and danger-associated
molecular pattern molecules (PAMPs and DAMPs), reac-
tive oxygen species (ROS), cholesterol crystals, and envi-
ronmental irritants [1, 2]. Among various kinds of
inflammasomes that are recognized so far, the best charac-
terized is the nucleotide-binding oligomerization domain,
leucine-rich-containing family, pyrin domain-containing-3
(NLRP3) inflammasome is well known, which recognize
non-microbial danger signals and lead to sterile inflamma-
tory reactions under different disease circumstances such
as chronic obstructive pulmonary disease, asthma, gout,
heart failure, and myocardial infarction [3, 4]. The anti-
inflammatory treatment targeting interleukin-1β (IL-1β)
pathway significantly reduced the rate of relapse of cardio-
vascular events that had little to do with lipid levels. It
confirms directly the theory of inflammation in atheroscle-
rosis and provides a theoretical basis for the clinical anti-
inflammatory treatment of atherosclerosis [5]. The focus of
this review is on the possible activation mechanisms, role,
and regulatory mechanisms of the NLRP3 inflammasome
in atherosclerosis, so that NLRP3 inflammasome may be
therapeutically targeted in atherosclerosis.

OVERVIEW OF NLRP3 INFLAMMASOME

NLRP3 Inflammasome Structure

NLRP3 inflammasome is an innate immune recep-
tor and comprises of three domains; C-terminal leu-
cine-rich repeats, a key nucleotide-binding and oligo-
merization domain, and an N-terminal pyrin effector
domain (PYD). NLRP3 inflammasome includes mainly
a cytosolic NLRP3 inflammasome molecule, an adapt-
er protein termed as apoptosis-associated speck-like
(ASC), and an effector procaspase-1. ASC protein con-
tains an N-terminal PYD and a C-terminal caspase
recruitment (CARD) domain, also known as Pycard.
Procaspase-1 which is a cysteine protease precursor
consists of a CARD and a caspase domain. The PYD
of NLRP3 inflammasome protein interacts with the
PYD of ASC upon activation by DAMPs and PAMPs,
and the ASC-CARD domain recruits the procaspase-1-
CARD domain to form the NLRP3-ASC-procaspase-1
complex and therefore induces caspase-1 auto-activa-
tion. Caspase-1 processes pro-IL-18 to its bioactive
mature form, which exerts a potent pro-inflammatory
effect [6]. Furthermore, recent studies indicate that
caspase-1 cleaves gasdermin D to induce pyroptosis,
a type of inflammatory programmed cell death with

increased plasma membrane permeability as shown in
Fig. 1 [7].

Activation of NLRP3 Inflammasome

Activation of the NLRP3 inflammasome is managed at
several levels and generally involves two independent signals
in macrophages: a priming signal, which is the first signal for
activation of the NLRP3 inflammasome and an activation
signal as shown in Fig. 2. The priming phase positively
regulates NLRP3 inflammasome, involving expression of
NLRP3 inflammasome and pro-IL-β at the transcriptional
level via activation of nuclear factor kappa-light-chain-
enhancer of activated B cells, i.e., NF-κB pathway, in re-
sponse to microbial components such as toll-like receptor
(TLR) ligands, endogenous molecules such as tumor necrosis
factor, or IL-β [8, 9]. Studies have shown recently that FAS-
associated death domain protein (FADD) and caspase-8 also
control NLRP3 inflammasome expression induction during
priming [10]. A deeper understanding of molecular mecha-
nisms involved in the activation of NLRP3 inflammasome
suggested that myeloid differentiation primary response
MyD88 adapter, the IL-1 receptor-associated kinase
(IRAK1), and IRAK4 downstream kinases were implicated
in the transcriptional regulation of NLRP3 inflammasome.
Besides, NLRP3 inflammasome is deubiquitinase during
priming, which results in decreased proteasomal degradation
and thus extend the protein life period. Lysine-63-specific
deubiquitinase BRCC36, a JAMM (JAB1/MPN/Mov34)
domain-containing Zn2+ metalloprotease, promotes NLRP3
inflammasome deubiquitinating during priming and regulates
NLRP3 inflammasome activation [11]. A regulatory
ribonucleic acid (RNA) such asmicro-RNA-233 is a negative
regulator of NLRP3 inflammasome expression, suppresses its
activation by binding to a conserved region in its sequence,
and hence modulates post-transcriptional NLRP3
inflammasomes activation [12]. Also, the latest evidence
points to the role of the RNA-binding tris-tetraprolin protein,
which by binding to NLRP3 inflammasome, three-primed
untranslated region acts as a negative NLRP3 inflammasome
regulator in human macrophages [13].

Furthermore, rapid post-translational changes of the
pre-synthesized NLRP3 inflammasome have been de-
scribed. However, the impact of post-translational changes
on NLRP3 inflammasome activation is rather complex and
incomplete, but it appears to rely on the precise place and
type of post-translational modification. For example, phos-
phorylation at serine 5 within the PYD of NLRP3
inflammasome inhibits its activation, most probably by
interfering with a PYD–PYD interaction interface, thus
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preventing receptor oligomerization [14]. Nevertheless,
protein phosphatase PP2A may de-phosphorylate NLRP3
inflammasome leading to the activation. Consistently,
nitrosylation modification of NLRP3 inflammasome oc-
curs when interferon-gamma receptor undergoes activation
and has a suppressive effect on NLRP3 inflammasome
protein, thus impeding oligomerization [15].

The second stage of activationmechanism is the focus
of current research and a variety of mature theories have
developed.

Ion Flux Theory

A reduction in the concentration of intracellular potas-
sium ions (K+) was first recognized as the prevalent cause of
activation of NLRP3 inflammasome [16]. A newly
recognized NLRP3 inflammasome element, i.e., never in
mitosis gene-a, NIMA-related kinase 7 (NEK7) also needs
K+ efflux for NLRP3 inflammasome assembly. K+ efflux is
mediated by extracellular adenosine triphosphate (ATP),
leading to the activation of non-selective purinergic receptor
P2X7 cationic channel, and resulting in localized K+ efflux
from macrophages as shown in Fig. 3 [17, 18]. Various
agonists also contribute to K+ efflux, such as bacterial
pore-forming toxins, bacterial ionophore nigericin, and cer-
tain antibiotics including gramicidin, neomycin, tyrothricin,
and polymyxin B. By inhibiting K+ efflux, activation of
NLRP3 inflammasome and IL-1β maturation is impaired

[19]. Inhibition of calcium ion (Ca2+) mobilization also
reduces NLRP3 inflammasome activation. Interaction of
inositol 1,4,5-trisphosphate (IP3) and its IP3R receptor on
endoplasmic reticulum (ER) encourages the mobilization of
Ca2+ and therefore, the enormous release of Ca2+ from ER
results in mitochondrial Ca2+ overload, resulting in
mitochondrial damage, and leads to the mitochondrial
ROS formation. Mitochondrial ROS act as a central trigger
for the activation of NLRP3 inflammasome. Other studies
on the contrary have shown that signaling of Ca2+ is
unessential for activation of NLRP3 inflammasome.
Further studies are required to clarify the Ca2+ signaling
processes involved in the activation of NLRP3
inflammasome [20, 21].

Another significant ion engaged in inflammatory ac-
tivation of NLRP3 inflammasome is sodium ion (Na+)
influx. A report by Schorn et al. shows that stimulation
by monosodium urate crystals increases the Na+ load and
then cells balance it by the passive influx of water, which
reduces K+ below the threshold, resulting in the activation
of NLRP3 inflammasome [22].

Researcher Verhoef initially investigated the role of
chloride (Cl−) efflux in the activation of NLRP3
inflammasome. Findings demonstrated that declined
extracellular Cl− concentration would allow the Cl−

intracellular efflux and encourages the activation of caspase-
1 and the production of IL-1β. Investigations have shown that

Fig. 1. NLRP3 sensor molecule, adaptor protein ASC, and effector molecule constitute NLRP3 inflammasome which activates caspase-1. Caspase-1 results
in the development of IL-1β and IL-18 in addition to performing inherent inflammatory cell death known as pyroptosis
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indanyloxyacetic acid; i.e., IAA-94, natriuretic peptide B, and
flufenamic acid, which are inhibitors of Cl− channels, may
inhibit NLRP3 inflammasome activation [23].

The volume-regulated anion channel (VRAC) was
initially identified as a critical anion channel for controlling
the activation of NLRP3 inflammasome. The most com-
pelling evidence was that non-steroidal anti-inflammatory
drugs prevent the activation of the NLRP3 inflammasome
by suppressing Cl− efflux via VRAC. Moreover,
researchers Tang et al. showed that intracellular chloride
channel (CLIC), which is another anion channel, could

work as an activator of VRAC. Furthermore, chloride
efflux mediated by CLIC can encourage communication
between NEK-7-NLRP3 inflammasome and later ASC
oligomerization. However, the VRAC-CLIC connection
requires further confirmation [24, 25].

Theory of Reactive Oxygen Species Production

Mitochondrial ROS production is one of the first
NLRP3 inflammasome activation triggers recognized via
a mechanism involving NEK7, which itself is a ROS
sensor. Multiple agonists causing death of cell and

Fig. 2. Activation of NLRP3 inflammasome by dual-signaling model. Left side: priming signal is induced by endogenous cytokines molecules or which
results in upgradation of NLRP3 and pro-interleukin-1 beta (IL-1β) via activation of the transcription factor NF-κB. CASP-8 and FAS-associated death
domain protein (FADD) are associated with priming through regulation of activation of NF-κB pathway. Lys-63-specific deubiquitinase BRCC36 (BRCC3)
and IL-1 receptor-associated kinase 1 (IRAK1) control, independently of transcription, activation of NLRP3. Other activation on the right side: signal 2 is
delivered through a multitude of stimuli, including pore-forming toxins, ATP, viral RNA, and particulate matter, and activation of NLRP3 inflammatory
molecules. A number of signaling mechanisms underlying NLRP3 activation have been proposed. K+ efflux is induced by NLRP3, essential for NLRP3
activation for signaling of Ca2+ is suggested for mitochondrial dysfunction, and involves activation of NLRP3. Also suggested to mediate NLRP3 activation
were mitochondrial dysfunction-derived signals such as oxidized mtDNA or externalization of phospholipid cardiolipin, reactive oxygen species (mtROS).
The MAVS mitochondrial adaptor mediates RNA virus-induced NLRP3 activation. Minute particles activates NLRP3 through K+ efflux induction by
lysosomal rupture and possibly by releasing cathepsins. Nek7 is an important inflammatory regulator of NLRP3. IL-1R, receptor IL-1β; TLR, toll-like
receptor; TNFR, receptor factor of tumor necrosis.
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dysfunction of mitochondria enhance oxidation of mito-
chondrial deoxyribonucleic acid (DNA), and thereby, ac-
tivating the NLRP3 inflammasome. Imiquimod, a TLR7
agonist, may induce ROS-mediated activation of NLRP3
inflammasome; however, in response to the imiquimod
stimulation, cells deficient in NEK7 do not produce IL-
1β [26, 27]. ROS production is stimulated by different
factors including ER stress, ATP, silica, and asbestos. This
pathway is regulated by autophagy and mitophagy by
eradicating damaged mitochondria. Furthermore,
mitophagy impairment is recommended to stimulate
inflammasomes activation through ROS species accumu-
lation [28].

Lysosomal Destabilization Theory

In lysosomal destabilization, phagocytosis cannot
process adequately, this phenomenon is referred to as
frustrated phagocytosis in which phagocytosed molecules
could not be swallowed or digested, ultimately leading to
phagolysosomal destabilization and rupture. Amyloid β

was recognized initially for the activation of NLRP3
inflammasome via lysosomal destabilization [29]. Insuffi-
cient clearance of large particulate activators (such as sili-
ca, cholesterol, and monosodium urate crystals), phagocy-
tosed by macrophages, trigger phagolysosomal destabili-
zation, hence contributes to rupturing of the lysosome, and
ultimately release of cathepsin B, causing activation of
NLRP3 inflammasome [30].

NLRP3 INFLAMMASOME IN
ATHEROSCLEROSIS

Expression of NLRP3 Inflammasome in
Atherosclerosis

Chronic and sterile inflammation owing to the innate
immune system plays a major part in the development and
advancement of atherosclerosis. It is a chronic inflammatory
disorder with deposition of lipid, infiltration of leukocytes,
and proliferation of vascular smooth muscle cells [31].

Fig. 3. Activators of NLRP3-induced K+-efflux results in mtROS production and mitochondrial damage, leading to enrichment of CLICs in plasma
membrane with Cl− efflux promotion, through CLIC-linked Cl− efflux, which helps in NEK7–NLRP3 interaction and ensuring NLRP3 inflammasome
assembly. ER release Ca2+ causes mitochondrial Ca2+overload and ultimately mitochondrial damage, releasing mtROS production, which activates NLRP3
inflammasome. NEK7, component of NLRP3 inflammasome, after binding to NLRP3 protein, alongwith K+ efflux, production of ROS, and efflux of Cl− for
NLRP3 inflammasome assembly.
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NLRP3 inflammasome expression has found in endothelial
cells, smooth muscle cells, macrophages, dendritic cells, T
cells, and monocytes. However, most work in atherosclerosis
focused on the activation of inflammasomes in monocytes
and macrophages. Enhanced concentration of NLRP3
inflammasome expression was found in the aorta of coronary
atherosclerotic patients, which was correlated with the sever-
ity of coronary artery stenosis, along with the contribution of
associated risk factors such as hypertension, smoking, diabe-
tes, elevated lipoprotein (a), low high-density lipoprotein
cholesterol, and high low-density lipoprotein (LDL) choles-
terol [32, 33]. In addition, expression studies indicate that
protein levels of the NLRP3 inflammasome, ASC and cas-
pase1, IL-1β, and IL-18 in carotid plaques were significantly
high relative to healthy arteries, being higher in unstable than
in stable plague [34, 35].

NLRP3 Inflammasome in Atherosclerotic Mice Model

Duewell et al. first showed the essential function of
NLRP3 inflammasome in atherosclerosis. They used LDL
receptor-deficient mice with NLRP3−/−, ASC−/−, and IL-
1α/β−/− bone marrow. Low concentration of IL-18, along
with weak atherosclerotic lesions, was observed after
providing a high-fat diet for 8 weeks in this group [36].
In addition, in the bone marrow of LDLR-deficient mice,
reduced caspase-1/11 levels showed a significant reduction
in the atherosclerotic plaque [37]. NLRP3 inflammasome
silencing also reduced hyperhomocysteinemia-induced
macrophage infiltration and atherosclerotic lesions in such
models [38].

The lectin-like receptor known as ox-LDL-1 (LOX-1)
is an important ox-LDL receptor that contributes to the
process of lipid accumulation in atherosclerosis. Various
studies have shown that in vivo deletion of LOX-1 in
LDLR−/− mice fed with a high-fat diet for 18 weeks result-
ed in increased collagen deposition and weakened athero-
sclerosis; however, in macrophages, in vitro silencing of
LOX-1 resulted in decreased mitochondrial DNA
(mtDNA) damage, ROS accumulation, and reduced
NLRP3 inflammasome activation [39, 40].

Since enrichment of cytoplasm with mtDNA is dele-
terious and contribute to atherosclerosis, Tumurkhuu et al.
discovered an association between oxy-guanine DNA
glycosylase (OGG1), a DNA glycosylate enzyme that
removes oxidized DNA, with atherosclerosis process in-
volving NLRP3 inflammasome activation [41]. The
OGG1−/−LDLR−/− mice showed increased mtDNA
accumulation, severe inflammatory reaction, and larger
atherosclerotic plaques as compared with LDLR−/− mice

fed with a Western diet [42]. However, by silencing
NLRP3 inflammasome, such a phenomenon could be
overturned, suggesting that OGG1 is an adverse regulator
of atherosclerosis. In addition, micro-RNA-9 was also
recognized to deactivate NLRP3 inflammasome and de-
crease its inflammatory response towards the atheroscle-
rotic process [43].

NLRP3 Inflammasome and Macrophages

Macrophages play a key role in atherosclerosis during
early or late plaque formation and plaque rupture. In early
atherosclerosis, macrophage-derived NLRP3 inflammasome
shows involvement in inflammatory anti-injury reactions,
which are beneficial for plaque stability. Relatively, in late
atherosclerosis, the NLRP3 inflammasome induces prema-
ture macrophage death and a significant amount of lipid
release, which increases plaque vulnerability [44, 45]. Several
studies have shown in recent years that oxidized low-density
lipoprotein (ox-LDL) and cholesterol crystals can activate the
NLRP3 inflammasome and caspase-1, triggering macro-
phages into pyroptosis and leading to increase in the release
of IL-1β and IL-18. The above factors cause a reduction in
the stability of the plaque [46]. Suppressing the NLRP3
inflammasome gene inmice inhibited inflammatory response,
which hindered the atherosclerotic progress. Specifically, si-
lencing the caspase-1/11 gene of the mouse bone marrow,
which will greatly decrease the plaque’s necrotic lipid core.
MCC950, an NLRP3 inflammasome inhibitor, has shown to
improve the stability of mouse platelets because it suppresses
the inflammatory response by macrophages. In addition,
MCC950 prevents macrophages transformation into foam
cells via inhibiting ox-LDL uptake and promoting cholesterol
outflow; therefore, atherosclerosis progression is prevented.

NLRP3 Inflammasome and Vascular Endothelial and
Smooth Muscle Cells

Endothelial cells (ECs) have close communication
with the blood, and EC dysfunction is an important link
in forming and developing atherosclerosis. The ox-LDL
can induce heat shock of vascular endothelial cells, through
the ROS mechanism [47]. Nicotine, being the most com-
mon risk factor, activates the NLRP3 inflammasome to
initiate inflammation as well as cell apoptosis of ECs, thus
worsening atherosclerosis [48]. The levels of IL-1β, IL-18,
P-selectin, and vascular cell adhesion molecule-l increases
during the inflammatory process of atherosclerosis, trig-
gering the adhesion of the mononuclear phagocyte system,
thus making atherosclerosis vulnerable [49]. In addition,
activation of caspase-1 induced by NLRP3 inflammasome
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promotes the expression of CXCL16 chemokine, and its
receptor CXCR6, leading to the recruitment of T lympho-
cytes into the subcutaneous tissues, thereby, facilitating
and promoting the inflammatory reaction of ECs [50].
Hemodynamic abnormalities have been found to promote
the activation of NLRP3 inflammasome together with the
secretion and release of IL-1β in endothelial cells by
activating the sterol regulatory element-binding protein 2
(SREBP2). SREBP is the main regulator of cholesterol
synthesis and provides both signals 1 and 2 for the forma-
tion of NLRP3 inflammasome. Similarly, when the acti-
vated form of SREBP in an apolipoprotein E (Apoe protein
involve in fats metabolism)-deficient mice was
overexpressed, increased arteriosclerosis was observed
[51].

Vascular smooth muscle cells (VSMCs) are essential
mid-membrane cells in coronary arteries [52]. The activated
VSMCs have a good proliferation and migration capability at
the early stage of AS, which migrate from the middle mem-
brane to the inner membrane. The fibrous cap is stabilized by
secreting an extracellular layer, playing a significant function
in stopping the degradation of the plaque. However, in the late
stage of atherosclerosis owing to a significant volume of lipid
deposition in the plaque, cholesterol stimulates several pro-
inflammatory genes in vascular smoothmuscle cells, resulting
in the activation of NLRP3 inflammasome response and
exacerbating the inflammatory reaction, ultimately resulting
in plaque necrotic lipid nuclear heat sags [53]. Furthermore,
studies have shown that intracellular mRNA levels of the
NLRP3 inflammasome, ASC, and caspase-1 increases, when
β-glycerophosphate induces the primary rat aorta VSMCs to
get crystallize on calcium. In the same period, the mRNA
levels were significantly upregulated in the calcified tissue of
the human artery; also, caspase-1 activity was enhanced [54].

The melanoma-associated pattern recognition recep-
tor (AIM2) can stimulate caspase-1 via the inflammatory
pathway of the NLRP3 inflammasome and then initiates
the inflammatory response by slicing GSDMD [55].
VSMCs also release IL-1β, IL-18, and other inflammatory
factors under the action of the NLRP3 inflammasome,
which exacerbate the inflammation, decrease the produc-
tion of collagen, extracellular matrix, and destabilize the
fibrous cap. Increased plaque instability thus results in
plaque degradation and breach.

NLRP3 Inflammasome and Endoplasmic Reticulum
Stress

Endoplasmic reticulum (ER) stress contribution to
atherosclerosis development is also supported by

increasing evidence. In this phase, the preserved homeo-
stasis mediator in the unfolded protein reaction inositol-
requiring enzyme 1(IRE1) shows a major contribution. In
macrophages, proatherogenic genes are regulated by the
enzyme IRE1 and result in NLRP3 inflammasome activa-
tion. In line with this concept, the use of the IRE1 inhibitor
in an Apoe/mouse model showed a reduction in the size of
atherosclerotic plaques by minimizing the accumulation
and activation of macrophages [56]. Bioactive lipid
palmitoleate avoids lipid-induced activation of the
inflammasome in macrophages through its role in ER
membrane remodeling, resulting in a decrease in the ath-
erosclerotic plaque size of ER pressure in vitro in an Apoe/
mouse model [57].

THERAPIES TAKING ADVANTAGE OF NLRP3
INFLAMMASOME INHIBITION

Since the NLRP3 inflammasome inflammatory re-
sponse plays a significant role in atherosclerosis produc-
tion, the NLRP3 inflammasome as the therapeutic target
has become a hot topic in atherosclerotic drug research.

A prospective therapeutic target for atherosclerosis is
the negative regulation of NLRP3 inflammasome. Recent
studies have shown that autophagy, an intracellular degra-
dation mechanism for cellular homeostasis, negatively reg-
ulated activation of NLRP3 inflammasome through several
mechanisms. Because mitochondrial ROS is essential for
the activation of NLRP3 inflammasome in response to
many stimuli, autophagy inhibits its activation by clearing
damaged mitochondria.

Another research showed that autophagy was capable
of capturing and degrading the assembled NLRP3
inflammasome inflammatory complex through its
ubiquitination and modulating its activity. Indeed,
autophagy-defective Atg 5−/− mice developed accelerated
atherosclerosis, together with increased NLRP3
inflammasome activation. Moreover, since lysosome is
an important organelle for the degradation of a
particulate, activation of lysosome biogenesis by
overexpression of the transcription factor EB in
macrophages has been shown to inhibit cholesterol-
induced NLRP3 inflammasome activation and mitigate
the development of atherosclerosis. Furthermore, protein
kinase A (PKA) phosphorylation has been recorded as a
negative regulator of NLRP3 inflammasome. Transmem-
brane G protein-coupled reception Tor 5 (TGR5), bile acid
receptor-induced PKA activation leads to NLRP3
ubiquitination, which is associated with the PKA-induced
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NLRP3 phosphorylation (serine 291). Although agonists
of TGR5 avoid atherosclerosis progression through en-
hanced cholesterol efflux and reduced inflammatory reac-
tions, anti-inflammatory mechanisms are not fully eluci-
dated. Further studies in atherosclerosis are therefore need-
ed to clarify the accurate processes of NLRP3
inflammasome regulation [58, 59].

CONCLUDING REMARKS

The critical role played by inflammasomes in health
and disease is inevitable. The pathophysiology of CVDs
and other diseases is comprehendible after the discovery of
the NLRP3 inflammasomes. Inflammasomes are needed
for the maturation and release of IL-1β, IL-18, elimination
of malignant or damaged cells along with other cellular
contents, and host defense from infectious agents. Al-
though multiple studies have been published that explore
the mechanism of NLRP3 inflammasome activation, still
some fundamental questions are needed to be addressed
such as the mechanisms involved in regulating the sensing
of DAMPs and/or PAMPs by cytoplasmic sensors.

Moreover, further studies are necessary to help in the
understanding of inflammasome biology, so that better
treatment strategy can be developed for NLRP3
inflammasome-associated diseases, and other essential in-
quiries will be solved. In addition, the mechanism of
NLRP3 inflammasome inhibition is equally important
and significant for providing novel drug therapy for the
treatment of disease, e.g., CVDs including atherosclerosis.
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