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Cardiovascular disease is a major cause of death worldwide. Inflammasome infiltration has been identified to play a central role in
the pathological progression of certain cardiovascular diseases, such as vascular damage spanning atherosclerosis, aneurysm, or
arteritis; ischemic heart disease; and other nonischemic heart diseases including diabetic cardiomyopathy, chronic heart failure,
and hypertension- or virus-induced cardiac dysfunction. The NLRP3 inflammasome, a key participant in the innate immune
response, requires both priming and activation signals for the initiation of inflammation. Piling evidence has revealed that the
NLRP3 inflammasome could exert an inflammatory effect by inducing the secretion of proinflammatory cytokines (i.e., IL-1β,
IL-18) or could cause pyroptosis, a novel programmed cell death process, in a caspase-1-dependent manner. The importance of
the NLRP3 inflammasome in cardiac disease has been broadly investigated. In this review, we present the current knowledge
regarding the function of NLRP in vascular disease, ischemic heart disease, and nonischemic heart disease and discuss the
potential therapeutic options targeting the NLRP3 inflammasome.

1. Introduction

Cardiovascular disease remains prevalent in both developing
and developed countries, presenting high morbidity and
mortality rates. Vascular damage such as atherosclerosis,
aneurysm, and following ischemic heart diseases accounts
for the majority of cardiovascular diseases. Atherosclerosis
is a chronically progressive disease characterized by abnor-
mal lipid deposition in large arteries and obstructed blood
flow, followed by possible plaque rupture, which could cause
embolism in vital organs such as the brain, heart, and kidney
[1]. In the last three decades, mounting evidence has sup-
ported the notion that inflammation contributes to the path-
ological process of atherosclerosis in pivotal ways [2]. The
initial step of atherosclerosis involves the expression of adhe-
sive factors by vascular endothelial cells and the subsequent
accumulation of monocytes and lymphocytes. The next step

comprises foam cell formation, a critical feature in athero-
sclerotic plaque. In this process, monocytes differentiate into
macrophages, swallow abundant lipoproteins, and finally eat
themselves to death. Under the action of proinflammatory
cytokines, atherosclerotic plaque is susceptible to rupture
and embolization [2]. Taken together, inflammation partici-
pates in every step of atherosclerosis. When embolism occurs
in the coronary arteries, the patient is likely to have a heart
attack owing to a disrupted blood supply. However, the role
of inflammation in myocardial ischemia and reperfusion is
rather complicated [3]. Neutrophils have been found to be
recruited to the ischemic and reperfused myocardium. Neu-
trophils can exert harmful effects by secreting proteolytic
enzymes, whereas macrophages can exhibit beneficial effects
such as promoting angiogenesis and cell proliferation [3].
Moreover, cardiac dysfunction often arises at later stages of
metabolic disease. For example, diabetic cardiomyopathy
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(DCM), characterized by loss of cardiomyocytes and dys-
function of the left ventricle, is a major contributor to the
fatality of patients with diabetes [4]. Interestingly, Luo
et al.’s work could help us better understand DCM from an
inflammatory perspective [4].

The innate immune system, the first line of defense in the
human body, responds to stimuli such as infection or danger
signals released from cells. Pattern recognition receptors
(PRRs) expressed by macrophages, neutrophils, and other
inflammatory cells of the innate immune system can recog-
nize these danger signals, which can be divided into two cat-
egories: pathogen-associated molecular patterns (PAMPs)
and damage/danger-associated molecular patterns (DAMPs)
[5]. PRRs are classified into five families: toll-like receptors
(TLRs), nucleotide-binding and oligomerization domain-
(NOD-) like receptors (NLRs), retinoic acid inducible gene-
I- (RIG-I-) like receptors (RLRs), C-type lectins (CTLs),
and absent-in-melanoma- (AIM-) like receptors (ALRs) [6].
TLR is the first identified PRR and functions as a transmem-
brane receptor. Although NLRs resemble TLRs, they func-
tion as cytoplasmic receptors instead [6]. Proteins from the
NLR family primarily consist of three parts: the NOD
(NACHT), the C-terminal leucine-rich repeat (LRR)
domain, and the N-terminal effector domain [6, 7]. Based
on different types of N-terminal domains, a major site
responsible for binding to other proteins, the NLR family is
further divided into four groups: NLRs containing the acidic
transactivation domain (named NLRA), the baculoviral
inhibitory repeat-like domain (named NLRB), the caspase
activation and recruitment domain (CARD; named NLRC),
and the pyrin domain (named NLRP) [6–8]. The biochemi-
cal properties of NLRs have been discussed in detail by Mac-
Donald et al. [8]. The NLRP family comprises 14 members,
which mainly participate in inflammasome formation [6].
In this review, we present the link between the NLRP sub-
family and cardiovascular disease, with a focus on NLRP3,
the most widely investigated member.

2. NLRP and NLRP Inflammasomes

The NLRP subfamily, characterized by a pyrin-containing
domain in the NLRs, is primarily involved in inflammasome
formation [6, 7]. According to Amin et al. [7], an inflamma-
some complex is generally composed of three parts: sensor
receptors that could be triggered by PAMPs or DAMPs,
adaptors that could facilitate an inflammatory reaction, and
effectors that could initiate the inflammatory cascade. Most
members of the NLRP family are equipped with a pyrin
domain, which serves to interact with another pyrin domain
in apoptosis-associated speck-like protein containing a
CARD (ASC), a NACHT domain, and an LRR domain, sug-
gested to function as a PAMP-sensing detector [8]. When a
PAMP or DAMP is detected by NLRPs, the pyrin domain
in the NLRPs binds to the pyrin domain in ASC, which later
combines with procaspase-1 via a CARD-CARD interaction.
Subsequently, procaspase-1 is converted into caspase-1, and
the inflammasome induces either cytokine secretion of IL-
1β and IL-18 or pyroptosis (a newly defined programmed cell
death) [7]. The release of IL-1 requires two steps: a priming

step known to modulate the transcription of pro-IL-1β and
NLRP3 (signal 1) and an activation step known to assemble
the NLRP3 inflammasome complex, which help process
pro-IL-1β into mature IL-1β (signal 2) [5]. Moreover,
researchers had discovered that caspase-8 and caspase-1 show
similar effects in IL-1β conversion [7]. However, two mem-
bers in the NLRP subfamily are structurally different from
the others. NLRP10 does not possess an LRR domain and
hence probably plays a part in signaling rather than in sensing;
NLRP1 possesses an extra CARD, which enables it to directly
bind to procaspase-1 without any involvement of ASC [6].
Apart from thewell-known inflammasome-dependent proin-
flammatory function, Willingham et al. proved that NLRP3
facilitated macrophage necrosis and release of high-mobility
group box 1 protein (HMGB1), another proinflammatory
factor, in response to pulmonary infection [9]. Moreover,
attenuated inflammation was observed in NLRP3-deficient
mice, along with a declined survival rate, suggesting a protec-
tive role of NLRP3 [9].

With regard to the regulation of NLRP3 activation in ath-
erosclerosis, this issue can be discussed in two respects: the
priming step and the activation step. Duewell et al. revealed
cholesterol crystals to be an activator of theNLRP3 inflamma-
some in macrophages, probably via induction of lysosomal
damage. Oxidized LDL (oxLDL) was also demonstrated to
promote atherosclerosis, since it facilitated cholesterol crys-
tallization, induced NLRP3 and pro-IL-1β transcription,
and thus acted as both signals 1 and 2 [10]. Similar to oxLDL,
IL-1β, TNF-α, and other stimuli recognized by TLRs could
serve as priming factors and further induce NLRP3 and
pro-IL-1 transcription via the NF-κB pathway [1]. Except
for cholesterol crystals, there are several common substances
and receptors sufficient to induce activation. It has been
reported that ATP and various toxins including nigericin
and maitotoxin could trigger the activation of the NLRP3
inflammasome via the purinergic 2X7 receptor (P2X7R),
subsequently leading to ROS formation, potassium efflux,
and mitochondrial DNA release [11–13]. However, ATP also
exerts a negative regulatory effect in a rather indirect manner.
When ATP binds to P2X7R, it also induces acetylcholine
influx, restraining mitochondrial DNA release and NLRP3
activation via the α7 nicotinic acetylcholine receptor signal-
ing pathway [13]. Interestingly, researchers also found that
NLRP inflammasome formation occurs voluntarily when
the cellular potassium level is below 90mM and is suppressed
at high potassium levels, indicating an indispensable role of
K+ [14]. Under stimulation of oxLDL, CD36 helps to facil-
itate the intracellular conversion from soluble factors to
crystals, thus causing lysosomal damage and rupture. Con-
comitantly, statistics also revealed that CD36-deficient mac-
rophages generated much lesser IL-1β [15]. Other common
crystals include silica and aluminum salts [16]. The overall
scheme of NLRP3 inflammasome activation is presented
in Figure 1.

3. Role of NLRP in Vascular Disease

3.1. Atherosclerosis. Characterized by endothelium dysfunc-
tion, foam cell formation, and lymphocyte infiltration,
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atherosclerosis is widely accepted to be a pathological process
of inflammation [2]. However, the crucial role of the NLRP3
inflammasome in atherosclerosis was first proved by Duewell
et al. [10]. They employed low-density lipoprotein receptor-
(LDLR-) deficient mice with wild-type bone marrow or
NLRP3−/−, ASC−/−, and IL-1α/β−/− bone marrow. After 8
weeks of high fat diet, lower level of IL-18, an important bio-
marker of inflammasome, and attenuated atherosclerotic
lesion were observed in the NLRP3−/−, ASC−/−, and IL-1α/
β−/− bone marrow group [10]. Consistently, caspase-1/11
depletion in bone marrow of the LDLR-deficient mice fed
with high-fat diet also showed significant reduced atheroscle-
rosis plaque [17].

In another study involving atherosclerosis-prone apolipo-
protein E-null (Apoe−/−) mice, contradictory outcomes were
observed. In 2001, researchers found that IL-18-binding pro-
tein, an IL-18 inhibitor, could not only attenuate the progress
of plaque formation in the aorta but also decrease lymphocyte
infiltration and lipid content in the lesion, thus exerting pro-
tective effects against atherosclerosis on Apoe−/− mice [18].
Similarly, silencing IL-1α, IL-1β, and caspase-1 respectively
in Apoe−/−mice could attenuate atherosclerosis development
[19–21]. However, Menu et al. reported contradictory results
[22]. After analyzing NLRP3−/−, ASC−/−, or caspase-1−/− on
Apoe-null mice fed with a high-fat diet for 11 weeks, the
team observed no significant change in cell infiltration, pla-
que stability, and atherosclerosis progression [22]. The
mechanisms underlying such discrepancies remain unde-
fined; however, Baldrighi et al. [1] suggested that this might
be related to the duration of high-fat diet administration to
the Apoe-null mice. Compared to mice with Apoe defi-
ciency alone, Apoe−/− mice fed with a high-fat diet and
high-methionine diet (a hyperhomocysteinemia- (HHcy-)

induced atherosclerosis model) showed an increased athero-
sclerotic plaque size. Silencing NLRP3 in such models also
reduced macrophage infiltration and HHcy-induced athero-
sclerosis lesions [23]. Noteworthily, in a transcriptomic anal-
ysis of human samples, we found that the mRNA level of
NLRP3, ASC, caspase-1, IL-1β, and and IL-18 were all signif-
icantly increased in atherosclerotic plaque [24].

In addition to the fact that lacking components of
NLRP inflammasomes or proinflammatory cytokines would
probably exert protective effects against atherosclerosis, it is
suggested that modulating correlative regulators could also
exhibit similar effects. Increased P2X7 expression was observed
in human atherosclerotic plaque and atherosclerosis-prone
mouse models. Moreover, knocking down P2X7 in Apoe−/−

mice delayed the progression of atherosclerosis [25]. Lectin-
like oxLDL receptor-1 (LOX-1), a receptor for oxLDL,
contributes to the lipid accumulation process of atherosclero-
sis. Several studies confirmed that in vivo deletion of LOX-1
in LDLR−/−mice fed with a high-fat diet for 18 weeks resulted
in enhanced collagen deposition and attenuated atherosclero-
sis, while in vitro silencing of LOX-1 in macrophages reduced
mtDNA damage, ROS accumulation, and NLRP3 activation
[26–28]. Given that mtDNA enrichment in the cytoplasm is
detrimental, Tumurkhuu et al. [29] found a link between
OGG1, an important DNA glycosylase that eliminates oxi-
dized DNA, and atherosclerosis, possibly involving the
NLRP3 inflammasome. Compared to LDLR−/− mice fed with
a western diet, OGG1−/− LDLR−/− mice displayed increased
mtDNA accumulation, more severe inflammatory response,
and larger atherosclerotic plaques. However, such phenom-
ena could be reversed by silencing NLRP3 [29], indicating
that OGG1 is indeed a negative regulator of atherosclerosis.
Furthermore, miR-9 has also been identified as a negative

Figure 1: Overall scheme of NLRP3 inflammasome activation.
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modulator that deactivates the NLRP3 inflammasome and
reduces the atherosclerotic inflammatory response [30].
Althoughmacrophages form a core component of atheroscle-
rotic plaque and NLRP3 inflammasomes mostly reside in
macrophages, recent evidence suggests that NLRP3 inflam-
masomes are also present in endothelial cells (ECs) [31]. EC
dysfunction might be triggered by irregular blood flow or
cytokines. Microparticles from macrophages induce the
expression of adhesionmolecules on ECs through the NLRP3
inflammasome, which later attract more inflammatory cells
such as macrophages, thus forming an activation loop [31].
Sterol regulatory element-binding protein (SREBP) is a key
regulator of cholesterol synthesis and an inducer of inflam-
mation in ECs, which could provide both signals 1 and 2 for
NLRP3 inflammasome formation [31]. When the activated
form of SREBP was overexpressed in mice with Apoe defi-
ciency, augmented atherosclerosis lesions were observed [31].

3.2. Others. Cholesterol crystals were found in both athero-
sclerosis plaques and the arterial wall of patients with abdom-
inal aortic aneurysm (AAA). After conducting a genetic test
of the NLRP3 inflammasome complex in more than 1000
AAA patients and control group, Roberts et al. reported a
possible link between genetic variations of the NLRP3
inflammasome and the pathophysiology of AAA [32]. In a
mouse model of coronary arteritis, Chen et al. found that
inflammasome complex formation was hindered by silencing
NLRP3, stabilizing the lysosome membrane or inhibiting
cathepsin B, a critical factor released into the cytoplasm after
lysosomal decomposition [33]. When mice were subjected to
chronic exposure of aldosterone, vascular damage and ele-
vated IL-1β level were observed. However, such effect could
be abolished by silencing NLRP3, IL-1R, or caspase-1
[34]. Together, we can conclude that the NLRP3 inflam-
masome is critically involved in the pathological process
of coronary arteritis as well as aldosterone-induced vascu-
lar damage [33, 34].

4. Role of NLRP in Ischemic Heart Disease

Considering that the heart tissue is susceptible to ischemia
and has limited regenerative ability, reperfusion therapy
has been employed in the treatment of ischemic heart dis-
ease. Reperfusion is typically accompanied by inflammation.
On the one hand, inflammation is indispensable in wound
healing and scar formation. On the other hand, excessive
inflammatory response may result in adverse remodeling
[35]. In 2011, Kawaguchi et al. examined cardiac tissues
from patients who died of myocardial infarction (MI). Most
of the infiltrated cells were found to be macrophages and
neutrophils, showing a high expression of ASC [36]. Simi-
larly, when wild-type (WT) mice and ASC−/−mice were sub-
jected to ischemia/reperfusion (I/R) injury, ASC−/− mice
showed a smaller infarcted area, decreased inflammatory cell
infiltration, and improved cardiac remodeling. Given that
inflammatory cell infiltration was not determined until 6
hours after I/R, an in vitro experiment revealed that the
inflammatory response was activated in cardiac fibroblasts,
but not cardiomyocytes, under the stimulation of LPS and

that the underlying mechanism may involve cellular ROS
generation and potassium efflux [36]. Moreover, expression
of the NLRP3 inflammasome and its downstream inflamma-
tory cytokines such as IL-1 and IL-18 was elevated in patients
with coronary artery diseases or MI [37]. Consistently,
Sandanger et al. [38] reported that the expression of the
NLRP3 inflammasome and proinflammatory cytokines IL-1
and IL-18 was upregulated in mice that underwent MI sur-
gery. Their data confirmed that inflammasome activation pri-
marily existed in fibroblasts. When NLRP3−/−, ASC−/−, and
WT hearts were exposed to ex vivo I/R injury, heart function
was preserved and cell apoptosis was ameliorated in NLRP3−/
− hearts, but not in the ASC−/− group [38]. However, contra-
dictory results were presented later in 2016. Sandanger et al.
observed an increased infarct size in NLRP−/− mice 24 hours
after I/R, while no significant difference was observed in lym-
phocyte infiltration [39]. When mice were pretreated with a
cardioprotective compound before I/R, the due beneficial out-
come was not observed in NLRP−/− mice and ASC−/− mice,
suggesting a surprisingly protective role of the NLRP inflam-
masome in an I/R model [39]. The different timepoints cho-
sen for assessment in these studies might account for this
discrepancy, since the NLRP inflammasome was not abun-
dantly activated in the early stage [40, 41]. Accordingly, when
NLRP3 inhibitors were administered to the MI model, a
decreased infarct size was seen at 24 hours after reperfusion,
but not at 3 hours. Moreover, the beneficial effects were only
observed when the NLRP3 inhibitor was injected immedi-
ately or 1 hour after reperfusion, and these effects were sub-
verted when the NLRP3 inhibitor was injected 3 hours after
reperfusion, indicating that pharmacological inhibition of
NLRP3 has a limited therapeutic time window [41].

Apart from the well-known inflammatory damage
induced by the NLRP3 inflammasome complex, caspase-1
has been reported to exert negative effects in an MI model
by initiating pyroptosis, a type of programmed cell death in
the form of cellular lysis. This damage was observed to be
exacerbated in mice with a diabetic background [42]. Regard-
ing the specific cell types in which inflammation occurs after
I/R, Liu et al. recently identified cardiac microvascular endo-
thelial cells to be involved, apart from fibroblasts [43].
NLRP3 inflammasome activation in endothelial cells is sug-
gested to be mediated by thioredoxin-interacting/inhibiting
protein (TXINP), indicated by the fact that employment of
TXINP siRNA would disturb the formation of the NLRP3
inflammasome. Moreover, the NLRP3 inflammasome activa-
tion process is suggested to be ROS dependent [43].

5. Role of NLRP in Nonischemic Heart Disease

5.1. Diabetic Cardiomyopathy. DCM is a complication com-
monly observed at the terminal stage of diabetes; the inflam-
masome has been found to be pivotal in this process. Given
that glucose is an essential inducer of the NLRP3 inflamma-
some, we speculate that the NLRP3 inflammasome may con-
tribute to the pathological process of DCM [4]. In Luo et al.’s
work [44], they employed a gene silencing approach to inves-
tigate the role of the NLRP3 inflammasome in type 2 diabetic
rats fed with a high-fat diet. As expected, silencing NLRP
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attenuated cardiac inflammation, fibrosis, cell pyroptosis,
and cardiac dysfunction in diabetic rats. Similar effects were
noticed in H9C2 cells cultured in a high-glucose medium
[44]. Moreover, ROS was found to be a critical mediator in
inflammasome activation, as inhibiting ROS accumulation
could abolish the activation of the NF-κB and TXINP path-
way and further diminish proinflammatory cytokine secre-
tion [44].

5.2. Others. To further assess the role of the NLRP inflamma-
some in heart failure, Bracey et al. [45] constructed a mouse
model in which the calcineurin transgene (CNTg) was het-
erozygously overexpressed specifically in the heart, mimick-
ing chronic heart failure. Elevated NLRP3mRNA levels were
observed along with cardiac hypertrophy, inflammation,
and ventricular dilatation in CNTg mice. Concurrent with
this finding, the team also discovered that genetic ablation
of NLRP3 or administration of the IL-1 receptor antagonist
could attenuate cardiac inflammation and rescue systolic
dysfunction [45]. Moreover, a vital role of the NLRP3
inflammasome in a mouse model of hypertension has also
been confirmed [46]. Li et al. performed transverse aortic
constriction (TAC) in C57/BL6 mice to induce hyperten-
sion. Expression of the NLRP3 inflammasome and its down-
stream effectors was significantly increased in the TAC
group, along with impaired cardiac function; triptolide
could attenuate myocardial remodeling and improve cardiac
function of the TAC mice by suppressing the NLRP3
inflammasome [46]. In addition, activation of the NLRP3
inflammasome and upregulation of IL-1 were observed both
in cardiac fibroblasts pretreated with lipopolysaccharide
(LPS) and in a sepsis mouse model [47]. Inhibition of the
NLRP3 inflammasome by using glyburide could ameliorate
myocardiac dysfunction induced by sepsis [47]. In the

background of sepsis, Xie et al. found that PKM2 knockout
hindered the formation of the NLRP3 inflammasome and
sepsis cell death [48]. In a coxsackievirus B3- (CVB3-)
induced viral myocarditis model, the NLRP3 inflamma-
some, probably triggered by ROS and K+ efflux, was found
to be critical in the pathogenesis process [49]. Surprisingly,
in the aged heart, sustained increase in VEGF-A was found
to exert negative effects on cardiac function. Such adverse
impacts could be partially abolished by inactivating NLRP3,
but not IL-1R or IL-18, indicating that NLRP3 may partici-
pate in regulating cardiac function independent of the
inflammasome [50].

6. Possible Therapeutic Targets

Since it has been proven that the NLRP3 inflammasome is
crucial in the pathological progression of various cardiac dis-
eases, numerous experiments have been conducted to verify
different approaches targeting either the NLRP3 inflamma-
some or its upstream regulators and downstream effectors.
For example, in an Apoe−/− mouse model fed with a high-
fat diet, arglabin was demonstrated to effectively reduce the
secretion of IL-1β and IL-18, convert proinflammatory M1
macrophage into anti-inflammatory M2 macrophage,
induce autophagy, decrease the cholesterol level in plasma,
and thus reduce the atherosclerosis size [51]. Moreover, in
a randomized clinical trial, patients with coronary artery
disease were administered atorvastatin or rosuvastatin for
8 months. Results showed that the expression level of the
NLRP3 inflammasome was lower in the atorvastatin than
in the rosuvastatin group. Such effects might be implicated
in the slower progression of atherosclerosis [52]. Interest-
ingly, rosuvastatin, on the other hand, was proven to be
potent in the treatment of DCM by inhibiting the NLRP3

Table 1: Possible therapeutic approaches targeting the NLRP3 inflammasome.

Experiment types Model Treatment Effects Ref.

Animal experiments
or in vitro experiments

Apoe−/− mouse
model, high-fat diet

Arglabin

Reduced the secretion of IL-1β and IL-18, convert
proinflammatory M1 macrophage into anti-inflammatory M2
macrophage, induce autophagy, decrease cholesterol level in

plasma, reduce atherosclerosis size

[51]

Type 2 diabetic rat
model

Rosuvastatin
Inhibited the NLRP3 inflammasome and suppressed the

MAPK pathway
[53]

AMI mouse model 16673-34-0
Reduced the NLRP3 inflammasome activation in

cardiomyocytes, decreased the infarct size
[57]

AMI mouse model Colchicine
Inhibited the mRNA expression level of NLRP3

inflammasome components, improved the survival rate
[58]

In vitro hypoxia
model

Pigment
epithelium-derived
factor (PEDF)

Inhibited the NLRP3 inflammasome by eliminating
mitochondrial damage and thus mtROS accumulation

[56]

Clinical trials

Patients with
coronary artery

disease

Atorvastatin or
rosuvastatin for

8 months

Reduced the expression level of the NLRP3 inflammasome and
slowed the progression of atherosclerosis in the atorvastatin,

but not the rosuvastatin, group
[52]

Patients with
ST-elevation MI

Colchicine Reduced the infarct size [59]

Patients with
coronary disease

Colchicine Decreased the incidence of cardiovascular events [60]
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inflammasome and suppressing the MAPK pathway [53].
With regard to the beneficial effects of statin, Yu et al.
proposed that statin might be utilized in the treatment of
atherosclerosis and myocardial I/R injury, since it could reg-
ulate both the NLRP1 and NLRP3 inflammasomes [54, 55].
Furthermore, in vitro hypoxia-induced NLRP3 inflamma-
some activation in cardiomyocytes was abolished by the
administration of pigment epithelium-derived factor (PEDF),
a glycoprotein known to possess anti-inflammatory effects.
PEDF is known to inhibit the NLRP3 inflammasome by elim-
inating mitochondrial damage and thus mtROS accumula-
tion, the upstream regulator of inflammatory response [56].

In regard to the treatment of I/R injury, a novel small
molecule named 16673-34-0 was identified as an effective
pharmacological agent to reduce NLRP3 inflammasome acti-
vation in cardiomyocytes and decrease the infarct size in a
mouse model of acute myocardial infarction (AMI) [57].
Similarly, colchicine was demonstrated to exert cardioprotec-
tive effects and improve the survival rate in an AMI mouse
model, by inhibiting the mRNA expression level of NLRP3
inflammasome components [58]. Two clinical trials con-
firmed that colchicine is effective in reducing the infarct size
in patients with ST-elevation MI and in decreasing cardio-
vascular events in patients with coronary disease [59, 60].
Apart from interfering with NLRP3 inflammasome assem-
bly, blocking IL-1 function also serves as an alternative ther-
apeutic approach [35].

The possible therapeutic targets are summarized in
Table 1.

7. Conclusions

NLRPs are critical participants in the formation of inflam-
masomes and initiation of the immune response, which
could be triggered by various DAMPs and PAMPs. While
the indispensable role of inflammation was established in
cardiovascular diseases such as atherosclerosis, aneurysm,
cardiac ischemia/reperfusion injury, diabetic cardiomyopa-
thy, chronic heart failure, and hypertension- or virus-
induced cardiac dysfunction, the mechanism by which
NLRP functions in these diseases has been widely investi-
gated. Until date, we have deduced that the NLRP3 inflam-
masome contributes significantly to the pathological process
of atherosclerosis, cardiac I/R injury, and other nonischemic
cardiac diseases. In atherosclerosis and DCM models, silenc-
ing NLRP3 or other inflammasome components by using
different approaches showed overall beneficial effects. How-
ever, outcomes from experiments manipulating the NLRP
inflammasome in I/R models remain indefinite. In conclu-
sion, targeting the NLRP inflammasome in cardiovascular
disease treatment holds promise, and the optimization of
therapeutic approaches requires further clarification regard-
ing the precise role of NLRP in cardiovascular disease.

Conflicts of Interest

The authors declare no competing financial interests.

Acknowledgments

This work was supported by research grants from the
National Natural Science Foundation of China (81500231)
and the New Xiangya Talent Project from the Third Xiangya
Hospital of Central South University (JY201524).

References

[1] M.Baldrighi, Z.Mallat, andX. Li, “NLRP3 inflammasomepath-
ways in atherosclerosis,” Atherosclerosis, vol. 267, pp. 127–138,
2017.

[2] P. Libby, “Inflammation in atherosclerosis,” Arteriosclerosis,
Thrombosis, and Vascular Biology, vol. 32, no. 9, pp. 2045–
2051, 2012.

[3] N. G. Frangogiannis, C. W. Smith, and M. L. Entman, “The
inflammatory response in myocardial infarction,” Cardiovas-
cular Research, vol. 53, no. 1, pp. 31–47, 2002.

[4] B. Luo, F. Huang, Y. Liu et al., “NLRP3 Inflammasome as a
molecular marker in diabetic cardiomyopathy,” Frontiers in
Physiology, vol. 8, p. 519, 2017.

[5] T. Karasawa and M. Takahashi, “Role of NLRP3 inflamma-
somes in atherosclerosis,” Journal of Atherosclerosis and
Thrombosis, vol. 24, no. 5, pp. 443–451, 2017.

[6] Y. K. Kim, J.-S. Shin, andM. H. Nahm, “NOD-like receptors in
infection, immunity, and diseases,” Yonsei Medical Journal,
vol. 57, no. 1, pp. 5–14, 2016.

[7] J. Amin, D. Boche, and S. Rakic, “What do we know about the
inflammasome in humans?,” Brain Pathology, vol. 27, no. 2,
pp. 192–204, 2017.

[8] J. A.MacDonald, C. P.Wijekoon,K.-C. Liao, andD.A.Muruve,
“Biochemical and structural aspects of the ATP-binding
domain in inflammasome-forming human NLRP proteins,”
IUBMB Life, vol. 65, no. 10, pp. 851–862, 2013.

[9] S. B. Willingham, I. C. Allen, D. T. Bergstralh et al., “NLRP3
(NALP3, Cryopyrin) facilitates in vivo caspase-1 activation,
necrosis, and HMGB1 release via inflammasome-dependent
and -independent pathways,” The Journal of Immunology,
vol. 183, no. 3, pp. 2008–2015, 2009.

[10] P. Duewell, H. Kono, K. J. Rayner et al., “NLRP3 inflamma-
somes are required for atherogenesis and activated by choles-
terol crystals,” Nature, vol. 464, no. 7293, pp. 1357–1361,
2010.

[11] S. Mariathasan, D. S. Weiss, K. Newton et al., “Cryopyrin acti-
vates the inflammasome in response to toxins and ATP,”
Nature, vol. 440, no. 7081, pp. 228–232, 2006.

[12] P. Kankkunen, E. Välimäki, J. Rintahaka et al., “Trichothecene
mycotoxins activate NLRP3 inflammasome through a P2X7
receptor and Src tyrosine kinase dependent pathway,” Human
Immunology, vol. 75, no. 2, pp. 134–140, 2014.

[13] B. Lu, K. Kwan, Y. A. Levine et al., “α7 nicotinic acetylcholine
receptor signaling inhibits inflammasome activation by pre-
venting mitochondrial DNA release,” Molecular Medicine,
vol. 20, pp. 350–358, 2014.

[14] V. Pétrilli, S. Papin, C. Dostert, A. Mayor, F. Martinon, and
J. Tschopp, “Activation of the NALP3 inflammasome is
triggered by low intracellular potassium concentration,” Cell
Death & Differentiation, vol. 14, no. 9, pp. 1583–1589,
2007.

[15] F. J. Sheedy, A. Grebe, K. J. Rayner et al., “CD36 coordinates
NLRP3 inflammasome activation by facilitating intracellular

6 Journal of Immunology Research



nucleation of soluble ligands into particulate ligands in sterile
inflammation,” Nature Immunology, vol. 14, no. 8, pp. 812–
820, 2013.

[16] V. Hornung, F. Bauernfeind, A. Halle et al., “Silica crystals and
aluminum salts activate the NALP3 inflammasome through
phagosomal destabilization,” Nature Immunology, vol. 9,
no. 8, pp. 847–856, 2008.

[17] T. Hendrikx, M. L. J. Jeurissen, P. J. van Gorp et al., “Bone
marrow-specific caspase-1/11 deficiency inhibits atherosclero-
sis development in Ldlr−/− mice,” The FEBS journal, vol. 282,
no. 12, pp. 2327–2338, 2015.

[18] Z. Mallat, A. Corbaz, A. Scoazec et al., “Interleukin-18/
Interleukin-18 binding protein signalingmodulates atheroscle-
rotic lesion development and stability,” Circulation Research,
vol. 89, no. 7, pp. e41–e45, 2001.

[19] H. Kirii, T. Niwa, Y. Yamada et al., “Lack of interleukin-1β
decreases the severity of atherosclerosis in ApoE-deficient
mice,” Arteriosclerosis, Thrombosis, and Vascular Biology,
vol. 23, no. 4, pp. 656–660, 2003.

[20] Y. Kamari, A. Shaish, S. Shemesh et al., “Reduced atherosclero-
sis and inflammatory cytokines in apolipoprotein-E-deficient
mice lacking bone marrow-derived interleukin-1α,” Biochemi-
cal and Biophysical Research Communications, vol. 405, no. 2,
pp. 197–203, 2011.

[21] J. Gage, M. Hasu, M. Thabet, and S. C. Whitman, “Caspase-1
deficiency decreases atherosclerosis in apolipoprotein E-null
mice,” Canadian Journal of Cardiology, vol. 28, no. 2,
pp. 222–229, 2012.

[22] P. Menu, M. Pellegrin, J.-F. Aubert et al., “Atherosclerosis in
ApoE-deficient mice progresses independently of the NLRP3
inflammasome,” Cell Death & Disease, vol. 2, no. 3, article
e137, 2011.

[23] R. Wang, Y. Wang, N. Mu et al., “Activation of NLRP3 inflam-
masomes contributes to hyperhomocysteinemia-aggravated
inflammation and atherosclerosis in apoE-deficient mice,”
Laboratory Investigation, vol. 97, no. 8, pp. 922–934, 2017.

[24] G. Paramel Varghese, L. Folkersen, R. J. Strawbridge et al.,
“NLRP3 Inflammasome expression and activation in human
atherosclerosis,” Journal of the American Heart Association,
vol. 5, no. 5, article e003031, 2016.

[25] K. Peng, L. Liu, D. Wei et al., “P2X7R is involved in the pro-
gression of atherosclerosis by promoting NLRP3 inflamma-
some activation,” International Journal of Molecular
Medicine, vol. 35, no. 5, pp. 1179–1188, 2015.

[26] Z. Ding, S. Liu, X. Wang et al., “LOX-1, mtDNA damage, and
NLRP3 inflammasome activation in macrophages: implica-
tions in atherogenesis,” Cardiovascular Research, vol. 103,
no. 4, pp. 619–628, 2014.

[27] C. Hu, A. Dandapat, L. Sun et al., “LOX-1 deletion decreases
collagen accumulation in atherosclerotic plaque in low-
density lipoprotein receptor knockout mice fed a high-
cholesterol diet,” Cardiovascular Research, vol. 79, no. 2,
pp. 287–293, 2008.

[28] J. L. Mehta, N. Sanada, C. P. Hu et al., “Deletion of LOX-1
reduces atherogenesis in LDLR knockout mice fed high choles-
terol diet,” Circulation Research, vol. 100, no. 11, pp. 1634–
1642, 2007.

[29] G. Tumurkhuu, K. Shimada, J. Dagvadorj et al., “Ogg1-
dependent DNA repair regulates NLRP3 inflammasome and
prevents atherosclerosis,” Circulation Research, vol. 119,
no. 6, pp. e76–e90, 2016.

[30] Y. Wang, Z. Han, Y. Fan et al., “MicroRNA-9 inhibits NLRP3
inflammasome activation in human atherosclerosis inflamma-
tion cell models through the JAK1/STAT signaling pathway,”
Cellular Physiology and Biochemistry, vol. 41, no. 4,
pp. 1555–1571, 2017.

[31] Z. Chen, M. Martin, Z. Li, and J. Y. J. Shyy, “Endothelial dys-
function,” Current Opinion in Lipidology, vol. 25, no. 5,
pp. 339–349, 2014.

[32] R. L. Roberts, A. M. Van Rij, L. V. Phillips et al., “Interaction of
the inflammasome genes CARD8 and NLRP3 in abdominal
aortic aneurysms,” Atherosclerosis, vol. 218, no. 1, pp. 123–
126, 2011.

[33] Y. Chen, X. Li, K. M. Boini et al., “Endothelial Nlrp3 inflam-
masome activation associated with lysosomal destabilization
during coronary arteritis,” Biochimica et Biophysica Acta
(BBA) - Molecular Cell Research, vol. 1853, no. 2, pp. 396–
408, 2015.

[34] T. Bruder-Nascimento, N. S. Ferreira, C. Z. Zanotto et al.,
“NLRP3 inflammasome mediates aldosterone-induced vas-
cular damage,” Circulation, vol. 134, no. 23, pp. 1866–1880,
2016.

[35] S. Toldo and A. Abbate, “The NLRP3 inflammasome in acute
myocardial infarction,” Nature Reviews Cardiology, vol. 15,
no. 4, pp. 203–214, 2017.

[36] M. Kawaguchi, M. Takahashi, T. Hata et al., “Inflammasome
activation of cardiac fibroblasts is essential for myocardial
ischemia/reperfusion injury,” Circulation, vol. 123, no. 6,
pp. 594–604, 2011.

[37] L. Wang, P. Qu, J. Zhao, and Y. Chang, “NLRP3 and down-
stream cytokine expression elevated in the monocytes of
patients with coronary artery disease,” Archives of Medical Sci-
ence, vol. 10, no. 4, pp. 791–800, 2014.

[38] Ø. Sandanger, T. Ranheim, L. E. Vinge et al., “The NLRP3
inflammasome is up-regulated in cardiac fibroblasts and medi-
ates myocardial ischaemia–reperfusion injury,” Cardiovascu-
lar Research, vol. 99, no. 1, pp. 164–174, 2013.

[39] Ø. Sandanger, E. Gao, T. Ranheim et al., “NLRP3 inflamma-
some activation during myocardial ischemia reperfusion is
cardioprotective,” Biochemical and Biophysical Research Com-
munications, vol. 469, no. 4, pp. 1012–1020, 2016.

[40] W. M. C. Jong, J. C. Leemans, N. C. Weber et al., “Nlrp3 plays
no role in acute cardiac infarction due to low cardiac expres-
sion,” International Journal of Cardiology, vol. 177, no. 1,
pp. 41–43, 2014.

[41] S. Toldo, C. Marchetti, A. G. Mauro et al., “Inhibition of the
NLRP3 inflammasome limits the inflammatory injury follow-
ing myocardial ischemia–reperfusion in the mouse,” Interna-
tional Journal of Cardiology, vol. 209, pp. 215–220, 2016.

[42] Z. Qiu, S. Lei, B. Zhao et al., “NLRP3 inflammasome
activation-mediated pyroptosis aggravates myocardial ische-
mia/reperfusion injury in diabetic rats,” Oxidative Medicine
and Cellular Longevity, vol. 2017, Article ID 9743280, 17 pages,
2017.

[43] Y. Liu, K. Lian, L. Zhang et al., “TXNIP mediates NLRP3
inflammasome activation in cardiac microvascular endothelial
cells as a novel mechanism in myocardial ischemia/reperfu-
sion injury,” Basic Research in Cardiology, vol. 109, no. 5,
p. 415, 2014.

[44] B. Luo, B. Li, W. Wang et al., “NLRP3 gene silencing amelio-
rates diabetic cardiomyopathy in a type 2 diabetes rat model,”
PLoS One, vol. 9, no. 8, article e104771, 2014.

7Journal of Immunology Research



[45] N. A. Bracey, P. L. Beck, D. A. Muruve et al., “The Nlrp3
inflammasome promotes myocardial dysfunction in structural
cardiomyopathy through interleukin-1β,” Experimental Phys-
iology, vol. 98, no. 2, pp. 462–472, 2013.

[46] R. Li, K. Lu, Y. Wang et al., “Triptolide attenuates pressure
overload-induced myocardial remodeling in mice via the inhi-
bition of NLRP3 inflammasome expression,” Biochemical and
Biophysical Research Communications, vol. 485, no. 1, pp. 69–
75, 2017.

[47] W. Zhang, X. Xu, R. Kao et al., “Cardiac fibroblasts contribute
to myocardial dysfunction in mice with sepsis: the role of
NLRP3 inflammasome activation,” PLoS One, vol. 9, no. 9,
article e107639, 2014.

[48] M. Xie, Y. Yu, R. Kang et al., “PKM2-dependent glycolysis pro-
motes NLRP3 and AIM2 inflammasome activation,” Nature
Communications, vol. 7, 2016.

[49] Y. Wang, B. Gao, and S. Xiong, “Involvement of NLRP3
inflammasome in CVB3-induced viral myocarditis,” American
Journal of Physiology-Heart and Circulatory Physiology,
vol. 307, no. 10, pp. H1438–H1447, 2014.

[50] A. G. Marneros, “Effects of chronically increased VEGF-A on
the aging heart,” The FASEB Journal, 2017.

[51] A. Abderrazak, D. Couchie, D. F. D. Mahmood et al., “Anti-
inflammatory and antiatherogenic effects of the NLRP3
inflammasome inhibitor arglabin in ApoE2.Ki mice fed a
high-fat diet,” Circulation, vol. 131, no. 12, pp. 1061–1070,
2015.

[52] M. Satoh, T. Tabuchi, T. Itoh, and M. Nakamura, “NLRP3
inflammasome activation in coronary artery disease: results
from prospective and randomized study of treatment with
atorvastatin or rosuvastatin,” Clinical Science, vol. 126, no. 3,
pp. 233–241, 2014.

[53] B. Luo, B. Li, W. Wang et al., “Rosuvastatin alleviates dia-
betic cardiomyopathy by inhibiting NLRP3 inflammasome
and MAPK pathways in a type 2 diabetes rat model,” Car-
diovascular Drugs and Therapy, vol. 28, no. 1, pp. 33–43,
2014.

[54] S.-y. Yu, B. Dong, L. Tang, and S.-h. Zhou, “Statin regulates
NLRP1 inflammasome expression through SREBP1: a novel
anti-atherosclerotic mechanism,” International Journal of Car-
diology, vol. 247, p. 11, 2017.

[55] S.-y. Yu, L. Tang, G.-j. Zhao, and S.-h. Zhou, “Statin protects
the heart against ischemia-reperfusion injury via inhibition
of the NLRP3 inflammasome,” International Journal of Cardi-
ology, vol. 229, pp. 23-24, 2017.

[56] Z. Zhou, Z. Wang, Q. Guan et al., “PEDF inhibits the activa-
tion of NLRP3 inflammasome in hypoxia cardiomyocytes
through PEDF receptor/phospholipase A2,” International
Journal of Molecular Sciences, vol. 17, no. 12, 2016.

[57] C. Marchetti, J. Chojnacki, S. Toldo et al., “A novel pharmaco-
logic inhibitor of the NLRP3 inflammasome limits myocardial
injury after ischemia–reperfusion in the mouse,” Journal of
Cardiovascular Pharmacology, vol. 63, no. 4, pp. 316–322,
2014.

[58] K. Fujisue, K. Sugamura, H. Kurokawa et al., “Colchicine
improves survival, left ventricular remodeling, and chronic
cardiac function after acute myocardial infarction,” Circula-
tion Journal, vol. 81, no. 8, pp. 1174–1182, 2017.

[59] S. Deftereos, G. Giannopoulos, C. Angelidis et al., “Anti-
inflammatory treatment with colchicine in acute myocardial
Infarction,” Circulation, vol. 132, no. 15, pp. 1395–1403,
2015.

[60] S. M. Nidorf, J. W. Eikelboom, C. A. Budgeon, and P. L.
Thompson, “Low-dose colchicine for secondary prevention
of cardiovascular disease,” Journal of the American College of
Cardiology, vol. 61, no. 4, pp. 404–410, 2013.

8 Journal of Immunology Research



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

