
The importance of NLRP3 inflammasome in heart failure

Brittany Butts, RNa, Rebecca A. Gary, PhD, RNa, Sandra B. Dunbar, PhD, RNa, and Javed 
Butler, MD, MPHb

aEmory University, Nell Hodgson Woodruff School of Nursing

bEmory Clinical Cardiovascular Research Institute

Abstract

Patients with heart failure continue to suffer adverse health consequences despite advances in 

therapies over the last two decades. Identification of novel therapeutic targets that may attenuate 

disease progression is therefore needed. The inflammasome may play a central role in modulating 

chronic inflammation and in turn affecting heart failure progression. The inflammasome is a 

complex of intracellular interaction proteins that trigger maturation of pro-inflammatory cytokines 

interleukin-1beta and interleukin-18 to initiate the inflammatory response. This response is 

amplified through production of tumor necrosis factor α and activation of inducible nitric oxide 

synthase. The purpose of this review is to discuss recent evidence implicating this inflammatory 

pathway in the pathophysiology of heart failure.
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The syndrome of heart failure (HF) results from various structural or functional impairments 

in cardiac function leading to an inability to maintain cardiac output at normal filling 

pressures.1,2 HF remains a major cause of morbidity and mortality in the United States and 

is the leading cause of hospitalization among individuals over age 65, leading to costs of 

care exceeding 31 billion dollars annually.3 Over the past two decades, advances in 

pharmacological and device therapies for HF have significantly improved prognosis for HF 

patients with low ejection fraction, however, the overall prognosis continues to be poor for 

these patients with mortality rates approaching 50% in 5 years.4 Therefore, attenuating HF 

disease progression remains an important goal. Identification of novel pathways and 

effectively intervening on potential therapeutic targets may slow HF disease progression. It 

is known that HF is associated with a low-grade chronic inflammation leading to adverse 

cardiac remodeling.5 In this review, we discuss advances and recent evidence regarding the 

inflammatory pathway in the pathophysiology of HF.
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Importance of Inflammation in Heart Failure

Studies with ACE inhibitors, beta-blockers, and aldosterone antagonists all showed benefit 

in HF patients with low ejection fraction.6 However, the persistent high risk for mortality 

among these patients suggest that neurohormonal activation does not fully explain HF 

progression. Inflammatory cytokines, such as tumor necrosis factor alpha (TNFα), 

interleukin 1 (IL-1) and 6 (IL-6), and C-reactive protein (CRP) are all increased in HF and 

their levels are related to HF severity and prognosis.7 These cytokines are thought to 

modulate myocardial remodeling, myocyte hypertrophy and apoptosis, decreased 

contractility, increased fibrosis, and other adverse structural changes.8-10 These findings 

have led to the “cytokine hypothesis” of HF progression.7,10 Originally it was felt that 

inflammatory cytokines in HF represents an epiphenomenon, however, recent evidence is 

suggestive of its mechanistic role.11 Initial HF studies focused on individual cytokines, 

however, uncovering pathophysiological processes of myocardial remodeling requires 

further study of the inflammatory pathways and the underlying mechanisms of cytokine 

activation.

Danger-associated molecular patterns (DAMPs)

Sterile inflammation in HF is initiated by danger-associated molecular patterns (DAMPs), 

which are host-derived molecules indicative of cellular damage and has been shown to 

modulate irreversible myocardial changes, such as fibrosis, apoptosis and hypertrophy.12-14 

Proposed mechanisms of DAMP formation in HF include mitochondrial dysfunction, 

cellular death, ischemia, cardiac load and oxidative stress.15-19 Mitochondrial dysfunction 

and necrotic or apoptotic cardiomyocyte death lead to the release of cellular components 

such as nuclear and mitochondrial nucleic acids, extracellular ATP, protein aggregates, and 

other debris.15,16 Transient ischemia and reperfusion injury, myocardial under perfusion, 

and other sources of oxidative stress lead to the production of reactive oxygen and nitrogen 

products, which are powerful DAMPs associated with ventricular remodeling.1,20 Increased 

ventricular filling pressures, cavity distension, congestion, shear stress, and other alterations 

in loading leads to myocardial injury. Byproducts of this injury are detected by myocytes 

and immune cells as DAMPs and lead to an accelerated sterile inflammation in HF.17,19 The 

inflammatory response amplifies the production of DAMPs, resulting in a positive-feedback 

loop accelerating HF pathophysiology.16 Increased cardiac pressure and poor pump function 

directly trigger activation of inflammatory cells, such as peripheral monocytes, which 

aggregate in the heart and are released into circulation.18,19 Activated inflammatory cells 

release pro-inflammatory cytokines, such as TNFα, which magnify the inflammatory 

process and contribute to fibrotic changes in the myocardium and progressive 

remodeling.5,14,19,21,22

NLRP3 Inflammasome

DAMP-activated inflammation occurs via the NLRP3 inflammasome, a complex of 

intracellular interaction proteins that recognize DAMPs and triggers maturation of pro-

inflammatory cytokines to initiate and amplify the inflammatory response.23-25 The 

inflammasome is composed of a NOD (nucleotide binding oligomerization domain)-like 
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receptor, ASC (apoptosis-associated speck-like protein containing a caspase recruitment 

domain), and pro-caspase-1 (Figure 1).26-28 The activated inflammasome cleaves pro-

caspase-1 into the active enzyme caspase-1.29 Caspase-1 in turn activates IL-1 family 

proinflammatory cytokines IL-1β and IL-18, by cleavage of pro-IL-1β and pro-IL-18 into 

active forms.24,30-32 Thus, the inflammasome is a powerful mediator of the immune 

response via caspase-1 activation of IL-1β and IL-18. The NLRP3 inflammasome can also 

induce pyroptosis in a caspase-1-dependent manner.27 Loss of cardiomyocytes via 

pyroptosis reduces contractile reserve leading to HF progression.33 In addition, as cytosolic 

components are released with pyroptosis, extracellular ASC becomes a danger signal and 

functions to initiate further inflammasome formation. ASC in extracellular space continues 

to activate caspase-1, propagating the inflammatory cascade.33

Inflammasome Activation

Both exogenous (pathogens, toxins) and endogenous (DAMPs) molecules activate NLRP3 

inflammasome.28,34,35 Inflammasome formation and activation requires two signals: a 

priming and an activating signal.36 First, danger signals (DAMPs) activate the transcription 

factor NF-κB, leading to the production of NLRP3 and pro-IL-1β (Figure 1).34 Other 

components of the NLRP3 inflammasome pathway (ASC, pro-caspase-1, and pro-IL-18) are 

readily available in steady state.29 While the definitive mechanism of NLRP3 

inflammasome activation has yet to be uncovered, proposed mechanisms include cation 

movement (such as K+ efflux or Ca2+ influx), mitochondrial membrane dysfunction, 

frustrated phagocytosis, production of reactive oxygen species, and direct binding of 

oxidized mitochondrial DNA to NLRP3 itself.28,29,36,37 This two-step process likely 

represents a regulatory checkpoint in inflammasome activation. Assembly of the 

inflammasome occurs when the N-terminal pyrin domain (PYD) of NLRP3 interacts with 

the PYD of ASC in a homotypic fashion, leading to recruitment and activation of caspase-1 

(Figure 1).14,22,23,36 Further work is needed to elucidate mechanisms of inflammasome 

activation in HF.

NLRP3

NLR family, pyrin domain-containing 3 (NLRP3, aka NALP3 or cryopyrin) is a pattern 

recognition receptor (PRR) implicated in the pathogenesis of inflammation in chronic 

disease.35 NLRP3 transcription is regulated by nuclear factor κB (NF-κB) in the presence of 

a danger signal, e.g. DAMPs. NLRP3 is made up of 3 functional domains: C-terminal 

leucine-rich repeats (LRR) with regulatory function, a NACHT domain that has ATPase 

activity, and PYD that serves as a death-fold domain.22,30,35 NLRs are believed to play a 

role in the cytosol analogous to that of the toll-like receptors (TLRs) in the plasma 

membrane. Like other NLR family receptors, NLRP3 functions to guard the intracellular 

environment to maintain homeostasis.27 NLRP3 differs from other nod-like receptors in that 

physiological expression levels are not sufficient for inflammasome activation. NLRP3 

expression is up regulated via NF-κB upon the sensing of a danger signal. NLRP3 functions 

as both an intracellular PRR, surveying the cytosol for danger signals, and as a platform 

protein in inflammasome formation, initiating an inflammatory response.27 NLRP3 is 

expressed in a number of cells, e.g. leukocytes, myocytes, and cardiac fibroblasts.38 NLRP3 

knockout mice have smaller areas of infarct in an experimental model of acute myocardial 
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infarction;13 constitutively active NLRP3 leads to uncontrolled activation of the 

inflammasome.39 There is no evidence of transcriptional control of NLRP3 to date.

ASC

ASC is a vital component of the inflammasome and functions to recruit caspase-1 to the 

inflammasome complex.5,12,31,40 ASC is necessary for activation of pro-caspase-1 into 

caspase-1, which in turn is necessary for activation of IL-1 family cytokines, such as IL-1β 

and IL-18.5,12 ASC deficiency lessens inflammatory response to ischemia-reperfusion injury 

in the myocardium.14 ASC plays a vital role in the activation of the inflammasome and in 

the inflammatory response to danger signals.

Caspase-1

Caspase-1 is a cysteine protease that function as an effector protein in NLRP3 

inflammasome. Caspase-1 is produced by the cell as a zymogen, pro-caspase-1, which 

undergoes autocatalysis for activation upon a homotypic interaction with the CARD domain 

on ASC.37,40 Activated caspase-1 is involved in the recruitment of innate immune cells to 

sites of inflammation, induces pyroptosis, and is the primary activator of IL-1β and IL-18.

Interleukin-1β and Interleukin-18

IL-1β is a pro-inflammatory cytokine and plays a role in cellular activities such as cell 

proliferation, differentiation and apoptosis 41,42. IL-1β induces calcium leakage from the 

sarcoplasmic reticulum in myocytes, impairing cardiac contractility 43,44. IL-1β stimulates 

nitric oxide production, as evidenced by a corresponding increase in circulating inducible 

nitric oxide synthase (iNOS), leading to cardiomyocyte apoptosis and tissue 

remodeling 44,45. IL-1β is increased in HF and is associated with poor exercise tolerance and 

with remodeling after ischemia-reperfusion injury 14,44. Modulation of IL-1β attenuates 

myocardial enlargement and ventricular dysfunction 46.

IL-1β is produced as a precursor protein in response to an inflammatory stimulus, while 

IL-18 is constitutively expressed as a biologically inactive precursor molecule lacking a 

signal peptide. 41,42,47 Both proform IL-1β and proform IL-18 require caspase-1 dependent 

proteolytic cleavage for activation.47,48 Increased IL-18 levels are correlated with functional 

class and mortality in HF.48 IL-18 is increased during acute HF and remains elevated after 

discharge. 1,49 In the non-failing myocardium, IL-18 is found in precursor form; in contrast, 

in the failing heart it is almost completely processed to active form. 48 IL-18 induces the 

production of TNFα. 49,50 While the inflammatory squelae of IL-18 in have been 

investigated; modifiable pathways that increase IL-18 production in HF are not well studied.

Inducible Nitric Oxide Synthase

Reactive nitrogen species (RNS) are molecules derived from a small uncharged molecule 

NO-, primarily produced by nitric oxide (NO) synthases, such as iNOS.17,51 While 

physiological levels of RNS are vital in the maintenance of vascular and cardiac cell 

function, excessive levels lead to toxicity and become highly reactive with other radicals.51 

Excessive RNS levels lead to oxidative stress, an imbalance of free radical generation and 

detoxification.51 Oxidative stress is involved in the onset and progression of HF. Oxidative 
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stress decreases cardiac contractility, myocardial Ca2+ regulation and mitochondrial 

function; the reactive species peroxynitrite has been shown to decrease myocardial 

contractility and disrupt the mitochondrial inner membrane in HF.51 Nitric oxide synthases 

are enzymes that catalyze the production of NO.51 iNOS produces NO, which is a key 

mediator in modulating microcirculatory changes and leukocyte-endothelial 

interactions 20,51 Over expression of iNOS leads to increased NO production and 

maladaptive ventricular remodeling and is implicated in the pathogenesis of HF.17,18 While 

NO may be cardioprotective in some forms, NO specifically produced by iNOS leads to 

myocardial injury.45 IL-1β is a powerful inducer of iNOS production.45 IL-18 has been 

shown to induce iNOS overexpression and the subsequent release of NO in the inflamed 

pancreas,50 however the relationship of IL-18 and iNOS production has not been studied in 

HF. The proposed NLRP3 inflammasome pathway links ASC methylation with decreased 

circulating IL-1β and IL-18 and subsequent decreased iNOS expression in persons with HF.

Tumor necrosis factor-alpha

TNFα is a pro-inflammatory cytokine that is not expressed in healthy myocardium. 52 

Animal models have demonstrated that increased circulating TNFα stimulate myocyte 

hypertrophy and remodeling.18 TNFα has negative inotropic effects by decreasing 

intracellular Ca2+ release.14,22 In addition, TNFα directly induces cardiomyocyte 

hypertrophy and apoptosis.8,53,54 Increased circulating TNFα is correlated with worsening 

HF, poor prognosis and sudden death.18,53

NLRP3 Inflammasome in Cardiac Remodeling

The work examining the inflammasome in cardiac remodeling and repair has primarily 

focused on fibroblasts, which comprise up to two-thirds of cells in cardiac tissue.14 The 

NLRP3 inflammasome in the myocardial fibroblast is the initial sensor of DAMPs after 

myocardial injury, and thus is primarily responsible for the initiation of the inflammatory 

response in injured cardiac tissue. Fibroblasts have been shown to activate the 

inflammasome via reactive oxygen species and K+ efflux after myocardial ischemic 

injury.14,55

Fibroblasts are able to withstand oxidative stress and thus are able to respond to hypoxia and 

initiate a hypoxic immune response. In the face of hypoxia, fibroblasts develop an 

inflammatory and fibrogeneic phenotype, leading to increased cytokines, inflammatory cell 

infiltration, myofibroblast transdifferentiation, and increased collagen production.14,55 

Ischemic insult leads to ROS and K+ efflux, which activates the inflammasome in the 

fibroblast. The activated inflammasome produces IL-1β, which activates the initial immune 

response. The inflammatory fibroblast releases chemokines that recruit macrophages and 

neutrophils to the site of insult. These recruited leukocytes also contain inflammasomes that 

release IL-1β and IL-18, further propagating the inflammatory response after ischemic insult 

or injury. Thus, the cardiac fibroblasts play a central role in the initiation and enhancement 

of myocardial injury after ischemia.

NLRP3 plays a role in cardiac fibroblast differentiation through the NACHT domain, 

independent of inflammasome formation. In cardiac fibroblasts, NLRP3 was found to 
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localize to mitochondria as a regulator of mitochondrial ROS (mROS) production and 

augment R-Smad signaling, ultimately leading to profibrotic gene expression.56

Using a calcineurin transgene mouse model of inflammatory and hypertrophic 

cardiomyopathy, Bracey et al.12 demonstrated that the inflammasome, via IL-1β activation, 

plays a role in pyroptosis during the development of HF and has direct effects on Ca2+ 

homeostasis, myocardial contractility, and excitation-contraction coupling. NLRP3 can also 

play a role in myocardial death in an inflammasome-independent manner; in 

cardiomyocytes, the NLRP3 inflammasome can lead to loss of myocardium by pyroptosis, 

independent of IL-1β.13

In a sample of patients with acute myocarditis, more inflammasome-containing leukocytes 

were found in myocardial tissue of persons with reduced EF (<40%) and those with more 

severe HF, as categorized by NYHA Class III and IV, than others.57 While this is merely 

associative, and does not demonstrate causality, the continued presence of increased 

inflammasome formation in injured and stressed myocardium suggests a mechanistic role in 

the pathogenesis and worsening of HF. Although the NRLP3 inflammasome is implicated in 

the development of HF, the mechanisms of adverse myocardial remodeling are not 

completely understood. Further work to elucidate the mechanisms of myocardial remodeling 

and repair in the pathogenesis of and worsening of HF are warranted.

Mechanisms of Myocardial Epigenetic Regulation

The primary epigenetic mechanisms linked to the pathogenesis of HF are chromatin 

modifications, histone modifications, DNA methylation, and microRNAs (miRNA). These 

epigenetic mechanisms control key processes such as cardiomyocyte hypertrophy, fibrosis 

and cardiac failure. Several studies have focused on genome-wide mapping of global 

epigenetic differences between HF and healthy controls,58-60 which have led to the 

discovery of several mechanisms and pathways of myocardial epigenetic regulation in HF. 

Epigenetic changes in promoter regions of p53 response elements, such as complete 

demethylation of p21 or complete methylation of cyclin D1, are related to cell cycle arrest 

and have been implicated in the development of diabetic cardiomyopathy.61 Altered Dicer 

expression modulates cardiac function and cardiac electrophysiology through disturbed ion 

channel function, presumably through altered miRNA expression.61 Several genes related to 

angiogenesis, including PCAM1, are differentially methylated in HF, suggesting epigenetic 

regulation of the angiogenic process during HF pathogenesis.62 Changes in histone 

deacetylases, such as loss of HDAC1 and HDAC2 in cardiac tissue, lead to in arrhythmias 

and HF.63

Pathogenic cardiac remodeling leading to HF is characterized by a re-activation of fetal 

programming genes and a repression of adult genes.64 At the onset of HF, reprogramming of 

gene expression leads to changes in gene expression, including downregulation of α-MHC 

(major histocompatibility complex) and SERCA (sarcoplasmic reticulum Ca2+ ATPase) 

genes and reactivation of the fetal cardiac genes, ANF (atrial natriuretic factor) and BNP (B-

type natriuretic peptide). This reprogramming causes structural and electrophysiological 

changes that lead to HF.65 In a model of pressure overload-induced HF, histone acetylation 
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and chromatin modifications led to transcriptional reprogramming and fetal gene expression. 

These modifications resulted in the de novo synthesis of contractile and structural proteins, 

and ultimately cardiac hypertrophy.64

While epigenetic regulation of the myocardial changes implicated in the pathogenesis of HF 

have yet to be linked to inflammasome formation, increased circulating IL-18 had been 

shown to lead to epigenetic changes in the chromatin of ANF and MyHC (myosin heavy 

chain) genes. These chromatin changes are associated with cardiac hypertrophy via 

upregulation of β-MyHC and down regulation of α-MyHC, indicative of fetal 

reprogramming.66,67 Expression of a vital regulatory component of the NLRP3 

inflammasome, ASC, is controlled through epigenetic modification via DNA methylation. 

ASC methylation is inversely correlated with ASC protein expression and is silenced by 

overexpression of DNA methyltransferase.36,37 Hypermethylation leads to an inactive state 

in which no ASC protein is expressed, while complete demethylation induces apoptosis via 

p53 and TRAK activation.36 Thus, inflammasome formation and activation may be reduced 

via increased ASC methylation. ASC expression increases with age,37 while moderate 

intensity aerobic exercise increases ASC methylation.24 However these exercise-induced 

epigenetic changes have not been correlated with circulating cytokines, such as IL-1β or 

IL-18, nor has ASC methylation been assessed in persons with HF.

Attempts to Modulate Inflammasome

Strategies to alter inflammasome function in mice, such as genetic knockouts of 

inflammasome proteins and interleukin-1β, binding circulating proteins (e.g., IL-1 Trap), 

IL-1 receptor antagonist (e.g., anakinra), and siRNA silencing, have demonstrated reduced 

ventricular remodeling in myocardial infarction-induced or ischemic models of HF. 

Preliminary studies using anakinra post ST-segment elevation myocardial infarction in 

humans reduced the incidence of subsequent HF,24,25 demonstrating that a reduction in 

IL-1β activity decreases ventricular remodeling. A two-week treatment with anakinra 

improved peak VO2 in persons with HFpEF in the absence of an exercise intervention.44 A 

recent trial of an intermediate substrate in the synthesis of glyburide (16673-34-0) 

demonstrated inhibition of NLRP3 in a mouse model of acute myocardial infarction.68 IL-18 

binding protein (IL-18BP) has been shown to prevent systolic dysfunction in mice treated 

with plasma from decompensated HF patients.69 Use of IL-18BP in rheumatoid arthritis 

(RA) treatment demonstrated only mild to moderate adverse events.70 Anti-IL-18 antibodies 

are currently under investigation for treatment of type II diabetes mellitus, and may prove to 

be an effective therapy for HF. Because IL-1 family cytokines are important in innate 

immune processes, such as fever, treatment with IL-18 antibodies may be an important 

component of reducing deleterious inflammatory processes initiated by inflammasome 

activation with less immune suppression.

The main translational focus of immune modulation in HF has been on cytokine proteins, 

however, clinical trials targeting pro-inflammatory cytokines, such as anti-TNFα therapy, 

have yet to demonstrate improvements in HF outcomes and, in some cases, have proven to 

be harmful.16,45 Efforts at immune modulation using disease-modifying agents of 

rheumatoid diseases (DMARDs), such as anakinra and methotrexate, have demonstrated 
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improvements for chronic inflammatory diseases, such as rheumatoid arthritis, gout, and 

recently post-infarction HF.16 Potent anti-inflammatory therapy, anti-TNFα in particular, 

has a risk for infection.16 Treatment of gram-positive sepsis with anti-TNFα therapy had a 

higher mortality rate than those not receiving treatment.71 In contrast, treatment of IL-1 

receptor antagonist for sepsis demonstrated treatment safety and dose-dependent efficacy 

with increased survival and decreased IL-6 and cytokine expression.72 While trials in RA 

with anakinra demonstrated increased risk of upper respiratory infections, it should be noted 

that participants also took other immune suppressing drugs, including NSAIDs, 

corticosteroids, and other DMARDs. In fact, those who took anakinra without 

corticosteroids had a lower infection rate than participants not taking corticosteroids.

A large anti-cytokine study, The Canakinumab Anti-inflammatory Thrombosis Outcomes 

Study (CANTOS, www.thecantos.org), is currently examining if IL-1β inhibition via 

canakinumab, an IL-1β neutralizing monoclonal antibody, leads to decreased rates of 

recurrent MI, stroke, and cardiovascular death in persons with coronary artery disease and 

increased CRP. This study will enroll 17,500 participants who are post-AMI and have 

persistently elevated CRP.73 Preliminary analysis of 556 participants examined the 

relationship between inflammation and atherosclerosis, and found that treatment with 

canakinumab decreased CRP over placebo, with no group differences in clinical adverse 

events.74 This study may reveal a new approach to preventing ischemic HF through 

dampening the effects of inflammasome activation.

Anti-cytokine therapy may decrease cytokine levels below the physiologic levels needed for 

myocardial repair. Alternative methods, such as epigenetic regulation of inflammatory 

response and targeting upstream components of the signaling cascade have been proposed16 

however no trials in humans have been reported to date. The NLRP3 inflammasome has 

been shown to contribute to the development of HF after myocardial infarction.5 ASC is a 

key component of the NLRP3 inflammasome and is necessary for caspase-1 mediated 

activation of IL-1β and IL-18. Inflammation in HF can be regulated by ASC methylation 

(Figure 2). This pathway is important to our understanding of the pathological processes 

behind myocardial remodeling in HF as our current understanding does not distinguish the 

individual contributions of the cytokines involved.

Future Directions

Historically anti-inflammatory therapies, e.g. NSAIDs and TNFα inhibitors infliximab and 

etanercept were not beneficial in HF.8,44 While recent trials with other DMARDs, e.g. 

anakinra, have demonstrated prevention of remodeling post infarction, the over benefit of 

anti-inflammatory therapy in HF is unknown.24,25 Anti-inflammatory therapy can lead to 

compromised host defense or amplification of inflammatory processes due to the many 

redundancies.16 Further exploration of drug therapy that targets the inflammasome is 

needed. One new drug, 16673-34-0 was found to inhibit inflammasome formation post 

infarction in a mouse model.68

It is possible that epigenetic regulation of ASC activation in HF could dampen adverse 

inflammatory processes without disrupting cellular and tissue homeostasis. The involvement 
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of the inflammasome components in various pathways makes finding specific 

inflammasome targets a challenge as it may lead to unintended consequences. For example, 

by suppressing NALP3 function, it may be possible to also remove an important 

intracellular surveyor of danger signals. Some degree of inflammation is necessary for 

proper healing after insult or injury. The study by Nakajima et al.31 demonstrated an 

increase in ASC methylation in older healthy adults after a moderate intensity aerobic 

exercise program. This study found that ASC methylation decreases with age and that these 

changes can be modified with moderate intensity aerobic exercise. While this study did not 

examine inflammatory markers related to levels of ASC methylation, regular aerobic 

exercise may prove to be an effective non-pharmacological modulator of inflammasome 

activation in HF.

A two-week treatment with anakinra, an IL-1 receptor antagonist, improved peak exercise 

oxygen consumption in HF in the absence of an exercise intervention.44 Thus, aerobic 

capacity in HF may be related to increase circulating inflammatory cytokines and aerobic 

exercise reduces inflammatory cytokines. But the effect of aerobic exercise on ASC 

methylation and IL-18 in HF has not been previously examined. Aerobic exercise-induced 

ASC methylation may be a non-pharmacologic method of inflammasome modulation 

leading to decreased inflammation and improved outcomes in HF.

Conclusion

Attenuating HF disease progression by way of dampening inflammatory process is an 

ongoing area of intervention research with much promise. Considering the poor prognosis 

for HF patients, identification of novel inflammatory pathways and effectively intervening 

to slow HF progression is an important goal for HF research. Anti-inflammatory drug 

therapy can lead to compromised host defense or further amplification of inflammatory 

processes due to the many redundancies and compensatory responses built into this 

complicated defense system. Targeting specific inflammatory pathways, such as NLRP3 

activation, may provide a more precise approach to reducing deleterious inflammation in HF 

while leaving some innate host defense intact. Further research on targeting the NLRP3 

inflammasome in HF patients is warranted.
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Figure 1. The NLRP3 inflammasome
NLRP3 inflammasome is comprised of three proteins: NLRP3, ASC and pro-caspase-1. 

NRLP3 has three domains: leucine-rich repeats (LRR), NACHT domain, and a PYD 

domain. The adaptor protein ASC pairs with NLRP3 via PYD domains and with pro-

caspase-1 via CARD domains. DAMP (danger-associated molecular patterns) activation via 

LRR triggers transcription of NLRP3 and pro-IL-1β. The fully assembled NRLP3 

inflammasome activates caspase-1, leading to the activation and release of IL-1β and IL-18.
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Figure 2. 
Proposed Pathway of Epigenetic Regulation of the Inflammasome in Heart Failure
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