
 

 

Introduction 
 
Recent advances in cell and molecular biology 
research have highlighted the physiological role 
of many multimeric protein macromolecules. 
Examples include ribosomes that function at the 
level of protein synthesis, proteasomes and 
exosomes that constitute machinery for protein 
and RNA degradation, respectively, and apopto-
somes and autophagosomes that determine 
cell fate (death or survival) [1-3]. A newly discov-
ered complex macromolecule is the inflam-
masome, which is responsible for activation of 
the inflammatory cytokines IL-1 and IL-18, and 
constitutes the first line of host defense [4]. 
Inflammasomes belong to a family of pattern 
recognition receptors (PRRs), named Nod-like 
receptors (NLRs). To date, 23 different NLR 
genes have been identified in the human ge-
nome and at least 34 NLR genes are present in 
the mouse genome [5]. NLRs have a tripartite 
domain structure and are characterized by the 
presence of a central nucleotide-binding oli-
gomerization domain (NOD), also called NACHT 
domain present in neuronal apoptosis inhibitor 
proteins (NAIP), and a C-terminal leucine-rich 
repeats (LRRs) domain of variable length (20-29 
amino acids). The N-terminal effector binding 

region consists of a protein-protein interaction 
domain, i.e., Pyrin domain (PYD), a caspase re-
cruitment domain (CARD), or baculovirus inhibi-
tor of an apoptosis protein repeat (BIR) domain. 
Based upon the presence of PYD, CARD and BIR 
effector domains, NLRs are classified as NLRPs, 
NLRC, and NAIP, respectively [6]. Currently 
known members of the NLR family in humans 
include seven NLRCs (NLRC1-NLRC5, NLRX, 
and CIITA or NLRA), fourteen NLRPs (NLRP1-
NLRP14), and seven NAIPs (NAIP1-NAIP7). 
Readers interested in the detailed composition 
of NLRs are referred to two recent, excellent 
reviews [7-8].  
 
The NOD domain is highly conserved, and has a 
sequence homology with a nucleotide binding 
motif of apoptotic protease activating factor-1 
(APAF-1) that is responsible for ATP-dependent 
oligomerization and serves as a platform for 
recruitment and activation of caspases [9-11]. 
LRRs are proposed to fold onto the NOD do-
main, thereby inhibiting its spontaneous oli-
gomerization. LRRs undergo conformational 
change when sensing PAMPs (pathogen-
associated molecular patterns) or DAMPs 
(danger-associated molecular patterns), trigger-
ing oligomerization via the NOD domain and 
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exposure of the effector CARD or PYD domains 
that, in turn, induce the recruitment and activa-
tion of CARD- or PYD-containing effector mole-
cules, respectively. NLRCs (NLRC1 and NLRC2) 
interact with RIPK2/RICK (receptor-interacting 
serine/threonine-protein kinase 2) to induce NF-
κB and MAPK (mitogen activated protein 
kinase) signaling cascades. The CIITA (NLRA) is 
required as class II MHC transactivator [12]. 
NLRP1 and NLRP3 form the most studied in-
flammasomes, activated during early innate 
responses to pathogens or intracellular danger 
signals. These NLRPs are thought to recruit the 
ASC (apoptosis-associated speck-like protein 
containing CARD) protein to activate caspases. 
Caspases, along with the cytokines, are pro-
duced as a catalytically inactive zymogen (i.e., 
procaspase) and must be cleaved proteolytically 
to become active. Four inflammatory caspases 
that have been described as members of the 
inflammasome group are caspase-1 (originally 
named interleukin-1 beta converting enzyme), 
caspase-4, caspase-5 and caspase-12. Acti-
vated caspases are reportedly  responsible for 
converting to active forms  pro-IL-1β (31 kDa to 
17 kDa) and  pro-IL-18 (24 kDa to 18 kDa) [13].  
 
The NLRs are expressed in most cell types of 
the immune system, but are also reported to be 
expressed in other tissues. Based upon the ex-
pression profile of inflammasome components 
and cytokines, developed by analyzing the cDNA 
databases, vascular tissues and the heart were 
found to express fewer types of NLRs (and toll 
like receptors (TLRs)) than immune and defense 
tissues, including blood, lymph nodes, and thy-
mus. The basal expression level of caspase-4, 
caspase-5 and caspase-12 in the heart and IL-
1β in vascular tissue were significantly higher 
than that detected in other tissues [14]. Yet, 
based upon the expression levels of other com-
ponents of the three inflammasomes (NLRP1, 
NLRP3, and NLRC4), the putative function of 
which in activating caspase-1 has been shown 
in human tissues, it was suggested that blood, 
placenta and thymus, functionally involved in 
host defense, express inflammasome(s) consti-
tutively. Other tissues (e.g., heart, bone marrow) 
were suggested to require up regulation of one 
or two components in order to assemble func-
tional inflammasome [14]. Thus, the heart may 
only inducibly express inflammasomes and be 
privileged to prevent uncontrolled inflammatory 
destruction by inflammasome-mediated innate 
immune responses. Others have described 

NLRP3 expression in the chondrocytes, lungs, 
heart, liver, kidneys, colon and ovaries [15-16].   
 
Stimuli for activation of inflammasomes 
 
Although all their ligands are not yet known, 
NLR proteins appear to function like their mem-
brane counterpart, i.e., TLRs, in modulating in-
nate immune responses. In vitro studies have 
shown that diverse NLR proteins are activated 
by viruses (e.g. influenza, Sendai) [17], non-
pathogenic or pathogenic bacteria (e.g. Listeria 
monocytogenes, Staphylococcus aureus, Es-
cherichia coli) [18-19], and protozoans (e.g. 
Plasmodium) [20]. NLRC1 (NOD1) recognizes 
the bacterial toxins, e.g. dipeptide g-D-glutamyl-
meso-diaminopimelic acid (iE-DAP) produced by 
most gram-negative bacteria [21]. Studies in 
Nod1-deficient mice demonstrated a lower ex-
pression of proinflammatory genes in response 
to Chlamydia trachomatis infection [22]. Mice 
with a targeted deletion of the Nod1 gene dis-
played an increased susceptibility to Helico-
bacter pylori [23] and T. cruzi [24]. NOD1 has 
also been implicated in priming antigen-specific 
T cell responses, thereby contributing to the 
onset of adaptive immunity [25], although the 
mechanism is poorly understood. NLRC2 
(NOD2) is shown to be activated by muramyl 
dipeptide (MDP), nigericin (Streptomyces hygro-
scopicus), listeriolysin O, and aerolysin 
(Aeromonas hydrophila) or maitotoxin by 
dinoflagellates [18, 26]. NLRC4 recognizes a 
common motif in proteins in type III secretion 
systems of gram-negative bacteria [27] as well 
as in flagellin [27]. NLRP3 is sensitive to a wide 
range of agonists including bacterial or viral 
nucleic acids (DNA or RNA), bacterial double-
stranded RNA [28], or endogenous molecules 
generated due to cellular damage [29]. Like-
wise, NLRP3 can also be activated by exoge-
nous molecules such as sodium dodecyl sulfate 
[30], UVB [31], aluminum [32-34] and silica [35
-36]. More recently, also shown to trigger in-
flammation by stimulating inflammasomes were 
metabolic stimuli, such as uric acid, monoso-
dium urate crystals, pyrophosphate calcium 
[37], beta-amyloid peptide formed during Alz-
heimer's disease [38], and hyperglycemia devel-
oping during type II diabetes mellitus [39].  
 
Mechanisms of inflammasome activation 

 
Signaling pathways are better known in the 
case of NLRC1 and NLRC2 inflammasomes. 
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NOD1 recognizes the dipeptide g-D-glutamyl-
meso-diaminopimelic acid (iE-DAP) produced by 
most Gram-negative and specific Gram-positive 
bacteria [40-41]. A characterized ligand of 
NOD2 is muramyl dipeptide (MDP) [42], a com-
ponent of the wall of virtually all Gram-positive 
and Gram-negative bacteria [43]. In response to 
the recognition of ligands by LRRs of NLRC1 
and NLRC2, homotypic CARD interactions stimu-
lated RIP2 kinase (RICK) recruitment and 
polyubiquitylation [44]. Polyubiquitylation of 
RICK was essential for the recruitment of TAK1 
(transforming growth factor β-activated kinase 
1) for activation of the  IkB kinase (IKK) complex 
and phosphorylation of IκB, allowing the latter 
to release from the NF-κB complex, transloca-
tion of RelA to the nucleus and transcription of 
NF-κB target genes [45]. The CARD-containing 
adaptor protein CARD9 was shown to promote 
activation of MAPKs (p38 and JNK) downstream 
of NOD2, although it was dispensable for NF-κB 
activation [46]. Whether NF-κB and MAPK path-
ways cooperate to regulate the expression of 
pro-inflammatory molecules, including pro-IL-1β 
and pro-IL-18, remains to be determined in fu-
ture studies. Irrespectively, pro-IL-1β and pro-IL-
18 require activation by proteolytic cleavage via 
inflammatory caspases [47-48], which may indi-
cate an interaction with other caspase-
containing inflammasomes such as NLRP1, 
NLRP3 or NLRC4. Indeed, recent findings dem-
onstrate that a direct interaction between 
NLRC2 and NLRP3 is required for activation of 
the caspase-dependent cleavage of pro-IL-1β 
and pro-IL-18 in response to MDP stimulus [49]. 
In NOD2-/- mice, lipopolysaccaride (LPS) -
mediated TLR-4 activation was sufficient to in-
duce pro-IL-1β and pro-IL-18 synthesis; how-
ever, MDP-mediated NLRP3 activation was not 
sufficient to promote the production of mature 
IL-1β, which may mean that interaction between 
NLRP3 and NLRC2 was required for the activa-
tion of caspase-1 and cleavage of IL-1β to a 
mature form. Similarly, direct interaction via the 
CARD domain was demonstrated between 
NLRC2 and NLRP1 by co-immunoprecipitation 
experiments using cells transfected with con-
structs containing or lacking the CARD domain 
[50]. Hetero-oligomerization of NAIP5 with 
NLRC4 was involved in flagellin-induced cas-
pase 1 activation by Legionella [51]. Together, 
these studies challenge the sequential model of 
NLR activation and are based on the possibility 
that the host innate responses might be an out-
come of an interactive network of NLR-signaling 

pathways.  
 
NLRP3 is the most studied inflammasome, yet 
the precise mechanism of its activation is not 
clear. One model proposes that extracellular 
ATP, through activation of the P2X7 (purogenic 
ionotrophic ATP-gated cation channel), triggers 
rapid K+ efflux that is required for activation of 
inflammasomes in macrophages. ATP alone is 
not sufficient, and priming of cells with LPS is 
necessary to induce inflammasome, caspase, 
and IL-1β activation [52-53]. More recently, it 
was found that the efflux of K+ triggered pore 
formation by pannexin, thereby allowing the 
delivery of bacterial products into cytosol and 
NLRP3 activation [54]. Moreover, intracellular 
K+ concentration at 150 mM is inhibitory of 
NLRP3. ATP, a potent activator of NLRP3, de-
creases intracellular K+ concentration by 50% to 
~70 mM, a level conducible to NLRP3 activation 
[53]. Inhibition of K+ efflux by high extracellular 
K+ blocked NLRP3 inflammasome activation by 
multiple agonists (reviewed in [55]). However, 
thus far there is no report to suggest a direct 
interaction of inflammasome agonists 
(pathogen molecules, compounds) and NLRP3, 
which may mean that other signaling events are 
also be triggered in inflammasome activation.  
 
Others have suggested that insufficient phago-
cytosis and clearance of DAMPs (especially 
large particulate activators such as silica and 
alum) by phagocytosis results in phagosomal 
destabilization, lysosome rupture, and cathep-
sin D release, which triggers inflammasome 
activation by an as-yet-uncharacterized pathway 
[33, 38]. This model is supported by findings in 
cathepsin B inhibitor-treated human cells that 
exhibited impaired inflammasome activation in 
response to particulate activators [33]; how-
ever, the functional significance of cathepsin B 
release in inflammasome activation is unclear, 
as macrophages derived from cathepsin B-
deficient mice yielded conflicting results [38, 
56]. Finally, NLRP3 inflammasome-activating 
ligands also stimulate ROS (reactive oxygen 
species) production, which is known to activate 
NLRP3, and, subsequently, caspase-1 activa-
tion, discussed in detail below. 
 
ROS signaling of inflammasomes 
 
ROS (e.g., H2O2, O2•−, and ·OH), due to the pres-
ence of unpaired valence shell electrons, are 
highly reactive. ROS mainly originate as a by-
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product of oxygen metabolism in the electron 
transport chain within the mitochondria, and are 
also generated through the action of specific 
oxidases and oxygenases (e.g. xanthine oxidase, 
NADPH oxidase (NOX)), peroxidases (e.g. mye-
loperoxidase), and the Fenton reaction in which 
iron (Fe+2)- dependent decomposition of H2O2 
generate highly reactive hydroxyl radical (·OH) 
[57]. At the basal level, cellular production of 
ROS is important for regulation of cell signaling 
and a variety of physiological responses. ROS 
production is enhanced in response to invading 
pathogens or other toxic stimuli, and if not scav-
enged, can cause cellular injury [58-59]. Glu-
tathione, superoxide dismutases (SOD) and glu-
tathione peroxidases (GPx) have been shown to 
be most critical in cardiac antioxidant defenses, 
particularly in protecting the cardiomyocytes 
from oxidative injury [60]. An imbalance be-
tween ROS production and the ability to scav-
enge these by the antioxidant system can result 
in oxidative stress-induced pathological proc-
esses that have been implicated in hyperten-
sion, atherosclerosis, ischemia, and idiopathic, 
as well as infectious, cardiomyopathies [58-59].  

 
Production of ROS is also crucial to the regu-
lation of innate immune responses. Beyond 
its function in killing invading pathogens, and 
maintaining a sterile atmosphere, ROS directs 
leukocyte recruitment at the injury site  and 
orchestrates inflammatory responses in tis-
sues [61]. Recent findings point to ROS as 
essential secondary messenger signaling 
NLRP3/NALP3 inflammasome activation [55, 
62]. The use of ROS scavengers can control 
the response caused by a wide variety of in-
flammatory agonists, normally through NLRP3 
inhibition [49]. It is suggested that inflam-
masomes, rather than being directly activated 
by PAMPs, are activated by ROS generated 
following PAMP’s binding to other receptors 
[39].  Initial studies implicated the activation 
of NOX as the key source of ROS for NLRP3 
activation. For example, the use of a NOX in-
hibitor (diphenyliodinium, DPI) curtailed in-
flammasome activation by virtually all NRLP3 
agonists [63]. In line with this are the obser-
vations that extracellular ATP has been shown 
to trigger the translocation of cytosolic NOX 
components to the membrane for the assem-
bly of an active macromolecule complex [64], 
and NOX2-deficient macrophages are im-
paired in ATP-mediated ROS production [65].  
However, further studies  reported that 

NADPH-dependent ROS is dispensable for 
inflammasome activation, as NOX2-deficient 
macrophages exhibited no defects in inflam-
masome activation with NLRP3 agonists [65]. 
Likewise, peripheral blood mononuclear cells 
isolated from patients with chronic granulo-
matous disease (CGD) are deficient in NOX, 
yet secrete IL-1β in a caspase-1- and NLRP3-
dependent manner [66]. Others have shown 
human NLRP3 activation is independent of 
NOX1-NOX4 [67]. Since DPI can exert inhibi-
tory effects on mitochondrial ROS production 
via inhibition of respiratory complex I, recent 
studies proposed ROS release from mitochon-
dria as the key event in NLRP3 inflam-
masome activation [68]. One attractive hy-
pothesis is that ATP-induced K+ efflux associ-
ated with NLRP3 activators is involved in ROS 
generation. Indeed K+ efflux is shown to gen-
erate ROS in human granulocytes [69]. Many 
of the NLRP3-activating particulate elements, 
e.g. uric acid crystals, alum, silica, and asbes-
tos, are shown to frustrate phagocytosis and 
associated ROS production in macrophages 
[70], though the mechanism by which this 
occurs is not clear. Ultra-structural studies 
have indicated that silica and alum trigger 
damage and rupture of lysosomes [34], and 
cathepsin B release can possibly mediate 
inflammasomes. Cathepsin B is shown to trig-
ger ROS production in hepatocytes and neu-
rons [71]. It is, thus, possible that cathepsin B 
and ionic imbalance work together in activat-
ing both ROS and downstream NLRP3, to be 
determined in future studies.   
 
The next question is how ROS, once produced, 
are sensed by inflammasomes? One can envi-
sion that ROS may either directly be sensed by 
inflammasomes or indirectly through cytoplas-
mic proteins that modulate inflammasome ac-
tivity. In this regard, ATP-mediated ROS produc-
tion has been shown to induce the PI3K path-
way, and pharmacological inhibitors of PI3K 
inhibited ATP-mediated caspase activation, a 
finding suggestive of the role of ROS in PI3K 
signaling of inflammasomes, to be validated in 
future studies [72]. Others have suggested that 
ROS modification of antioxidants (e.g. thiore-
doxin (TRX)) leads to changes in protein-protein 
interaction. TXN are small proteins found in 
mammals in three isoforms with natural antioxi-
dant properties. The TRX-1 (MW: 12 kDa) con-
tains many cysteine residues and can, there-
fore, be oxidized or reduced.  At a resting stage, 
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TRX is bound by TXNIP (thioredoxin-interacting 
protein). TRX oxidation by ROS releases TXNIP 
that, in turn, is shown to serve as a ligand to the 
LRR domain, leading to NLRP3 inflammasome 
activation. [39]. Consistent with this finding is 
the observation of decreased ATP-mediated 
activation of caspase-1 and IL-1β in TXNIP-
deficient macrophages [73].   
 
Overall, many studies demonstrate that ROS 
production by NLRP3 agonists drives inflam-
masome assembly; however, the mechanism of 
production and the chemical nature of ROS as 
well as the mechanism of how ROS triggers 
NLRP3 activation remain to be further eluci-
dated. 
 
Inflammasome-independent activation of IL-1β 
and IL-18 

 
Apart from a caspase-1/inflammasome-
dependent pathway, IL-1β/IL-18 activation by 
other pathways, e.g. cathepsin G, elastase, 
and several matrix metalloproteinases, has 
also been shown [74-75]. Proteinase 3 (PR3), 
predominantly present in neutrophils, is one 
of the most potent enzymes processing IL-1β 
cleavage [74]. A general concept is that neu-
trophils are the major source of protease for 
processing IL-1β during the early phases of 
bacterial and fungal infections, while caspase-
dependent maturation of IL-1β play important 
roles at later stages of infection. Like IL-1β, 
non-caspase proteases, e.g. PR3 [76-77] and 
granzyme (present in cytotoxic T cells and NK 
cells, and neutrophils) [78] can also cleave IL-
18, although it is not clear whether the 
cleaved product is bioactive. 
 
Role of inflammasomes in cardiovascular 
disease 

 
The blood vessels, the lungs, heart and blood 
tissues together participate in a highly organ-
ized cardiovascular system. The cardiovascu-
lar system is exposed to invading pathogens 
and pathogen-derived molecules at both sys-
temic and local levels (involving blood and 
blood vessels). It is recognized that endothe-
lial cells are the first tissue to sense and re-
spond to pathogens (or PAMPs) via the acti-
vation of cytokines, chemokines, and dilator 
hormones [79], facilitating transfer and mi-
gration of leukocytes at the site of injury and 
increased blood flow to promote resolution 

[80]. In addition to the endothelium, underly-
ing vascular smooth muscle cells (VSMCs) 
can also sense PAMPs via TLRs and NLRs 
which result in the activation of vasoactive 
hormones and increased flow [81]. Cardio-
myocytes, the main type of cells in the heart, 
and heart resident fibroblasts also express 
TLRs and/or NLRs [82-83]. The role of 
VSMCs, cardiomyocytes and heart resident 
fibroblasts in innate immune signaling for 
control of pathogens is not very clear, al-
though the effect of pathogens or PAMPs 
clearly contribute to pathology and cardiovas-
cular dysfunction. 
 
The most studied areas of cardiovascular dis-
ease/dysfunction and inflammasome activation 
are atherosclerosis and bacterial septic shock 
[84]. Several studies have shown that among 
cytokines produced within the plaque, IL-1β 
plays an important role. In an ApoE-/- murine 
model of atherosclerosis, deletion of IL-1β led to 
up to a 30% decrease in the size of atheroscle-
rotic lesions [85]. IL-1 receptor antagonist (IL-
1Ra) is an endogenous inhibitor of IL-1. The 
ApoE-/- mice with an IL-1Ra deletion (-/-) or those 
heterozygous for IL-1Ra (+/-) developed signifi-
cantly larger lesions and an up to 86% increase 
in macrophage infiltration in the lesion area as 
compared to ApoE-/- x IL-1Ra+/+ mice [86-87]. In 
contrast, ApoE-/- mice crossed with IL-1Ratg 
mice either over-expressing a secreted form of 
IL-1Ra or an intracellular form of IL-1Ra, exhib-
ited a sharp decline in atherosclerotic lesion 
area within aortic roots and thoraco-abdominal 
aorta [87]. Administration of recombinant IL-
1Ra [88] or IL-1Ra-encoding plasmid [89] in 
ApoE-/ - mice also resulted in the decreased de-
velopment of atherosclerotic lesions. Similar to 
the effect of IL-1β, the pro-athrogenic role of IL-
18 has also been shown. ApoE-/- mice with dele-
tion of IL-18 (-/-) or the IL-18 receptor (IL-18R-/-) 
exhibited greatly reduced atherogenic plaques 
[88-89], while administration of recombinant IL-
18 in ApoE-/- mice increased the atherosclerotic 
lesion size and lesion-associated T lymphocytes 
[90].  These data show the atherogenic role of 
IL-1β and IL-18. The significance of inflam-
masome activation in the IL-1β/IL-18-mediated 
pathogenesis of atherosclerosis is, however, 
debated. A recent study with ApoE−/− mice 
crossed with Nlrp3−/−, Asc−/− or caspase-1−/− 
mice showed no differences in the atheroscle-
rotic plaque surface across the aorta, plaque 
stability, and recruitment of macrophages to the 
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plaque site in double knock outs and controls, a 
finding which may indicate that NLRP3 inflam-
masome is not the only source of IL-1β and IL-
18 in the pathogenesis of atherosclerosis [91]. 
In another study, mice deficient in the low-
density lipoprotein receptor and transplanted 
with Nlrp3-, Asc- or IL-1α/β-deficient bone mar-
row cells showed an up to 60% decrease in total 
lesion size at the aortic sinus when compared to 
controls, and thus the authors proposed an im-
plication of the NLRP3 inflammasome in dis-
ease progression [92].   
 
Many bacterial pathogens are capable of acti-
vating inflammasomes either by fragments of 
their walls (LPS, MDP etc.) or by the toxins they 
secrete. This underscores the fact that the pres-
ence of periodontitis increases significantly the 
risk of atherosclerosis [93-94], and, therefore, 
coronary heart disease and stroke [95]. The 
spirochete Treponema denticola, associated 
with periodontal disease as well as cardiovascu-
lar injury, is shown to induce the endothelial 
expression of heat shock protein (Hsp70) and 
hemoxygenase 1 (HO 1) [96], and one can 
speculate also the activation of inflammasome, 
like that noted in Treponema pallidum infection 
model [97].  
 
Cytokine IL-1β has been implicated in the cau-
sation of ischemia reperfusion (I/R) injury dur-
ing myocardial infarction based on evidence of 
its increased secretion in human ex vivo cardiac 
I/R models [98], though it remains unclear what 
mechanisms may trigger IL-1β in myocardial I/R 
injury. In healthy animal models of I/R, PAMPs 
are unlikely to stimulate clinical and laboratory 
indicators of acute inflammation, as cytokine 
release occurs only after occlusion and induc-
tion of ischemia. An alternative explanation for 
the secretion of IL-1β and other cytokines in I/R 
could be the activation of inflammasomes in 
response to endogenous molecules, e.g. host-
derived DNA, RNA, or particles (e.g. uric acid 
crystals) that are released upon I/R-mediated 
cellular injury.  Indeed, a significant amount of 
literature supports the formation of uric acid 
and calcium pyrophosphate crystals (CaPP) dur-
ing I/R conditions [99-100]. Further, due to re-
duced perfusion and oxygen deprivation during 
ischemia, tissues shift to anaerobic respiration. 
The resultant intracellular metabolic acidosis 
and disruption of mitochondrial ATP production 
creates alterations in ion channels, an influx of 
Na+ and Ca+, and an efflux of K+ ions [101]. 

Thus, conditions conducive to NLRP3 activation 
and IL-1β secretion are generated during ische-
mia. The end result of an ischemia-induced, IL-
1β-mediated inflammatory cascade is cell mem-
brane damage, edema and cell death that can 
be further enhanced during a reperfusion phase 
which is associated with the generation of free 
radicals [102]. This, in turn, can lead to more 
intracellular danger signal formation and create 
a self-perpetuating cycle of inflammation over-
whelming repair mechanisms.  A recent study in 
mice demonstrated that the occlusion of the left 
anterior descending artery followed by reperfu-
sion resulted in a significant increase in ASC 
expression primarily detected on infiltrating neu-
trophils and mononuclear cells, and weakly on 
cardiac resident fibroblasts. ASC-/- and Caspase-
1-/- mice, as compared to wild-type controls, 
exhibited a significant decline in cardiac infiltra-
tion of phagocytes, inflammatory cytokine (IL-
1β, TNF-α) levels, I/R-induced infarct size, and 
myocardial fibrosis and dysfunction. Using a 
transplantation model whereby bone marrow 
cells from wild type mice were transplanted into 
Asc-/- mice (and vice versa), the authors showed 
that infiltrating bone marrow cells and myocar-
dial resident fibroblasts (not cardiomyocytes) 
are the primary site of ASC, caspase-1, and IL-
1β expression in response to I/R injury, and this 
activation of inflammasomes was dependent 
upon ROS and K+ efflux [103]. A similar up regu-
lation of ASC and inflammasomes closely asso-
ciated with inflammation in cardiac allograft has 
been noted, and it is suggested that ASC could 
be a new target to inhibit the rejection of trans-
planted hearts [104].  
 
Conclusions 
 
The studies discussed in this review point to  
key role of inflammasomes in inducing PAMP or 
DAMP-mediated inflammation in the vascular 
system and heart. Thus, development of antago-
nists of the inflammasomes and their use alone 
or in combination with the currently used thera-
pies to achieve synergistic effects for control of 
atherosclerosis, I/R injury, and possibly other 
cardiovascular diseases, is a promising avenue 
of research. 
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