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HIGHLIGHTS

� NLRP3-deficient mice had improved sur-

vival and infarction healing following MI.

� Proteomics of infarcted tissue indicated

that the beneficial effect of NLRP3

deficiency manifests during the early

inflammatory phase, resulting in a more

favorable tissue repair response.

� The beneficial phenotype was

recapitulated in wild-type mice receiving

bone marrow from Nlrp3�/� mice.
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SUMMARY
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ASC = apoptosis-associated

speck like protein

CMR = cardiac magnetic

resonance

ECM = extracellular matrix

HF = heart failure

IL = interleukin

I/R = ischemia/reperfusion

LV = left ventricle/ventricular
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An inflammatory response is required for tissue healing after a myocardial infarction (MI), but the process must

be balanced to prevent maladaptive remodeling. This study shows that improved survival and cardiac function

following MI, in mice deficient for the NLRP3 inflammasome, can be recapitulated in wild-type mice receiving

bone marrow from Nlrp3�/� mice. This suggests that NLRP3 activation in hematopoietic cells infiltrating in the

myocardium increases mortality and late ventricular remodeling. Our data should encourage performing clinical

trials directly targeting NLRP3 inflammasome and their inflammatory cytokines (interleukin-1b and -18) in MI

patients. (J Am Coll Cardiol Basic Trans Science 2020;5:1210–24) © 2020 The Authors. Published by Elsevier on

behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

myocardial infarction
MI =
NLRP3 = NLR family, pyrin

domain containing protein 3

WT = wild-type
M yocardial infarction (MI) induces a sterile
inflammatory response that is a prerequi-
site for tissue healing. However, exces-

sive or prolonged inflammation may also result in
infarct expansion and adverse left ventricular (LV)
remodeling, leading to impaired myocardial function
and heart failure (HF) (1). Emerging evidence suggests
that the myocardial response to MI is regulated by
innate immune receptors, which are likely to be
important in this process (2,3).

NLRP3 (NLR family, pyrin domain containing pro-
tein 3) is a cytosolic innate immune receptor that, upon
activation, forms a multiprotein complex named
NLRP3 inflammasome, together with the adaptor pro-
tein apoptosis-associated speck like protein (ASC) and
caspase-1 (4). Active caspase-1 cleaves the pre-formed
pro-interleukin (IL)–1b and IL-18 to their active and
secreted forms. IL-1b and -18 are potent up-stream
inflammatory cytokines, which initiate a cascade of
inflammatory events including leukocyte recruitment
and activation to the site of inflammation (5).

Although the role of the NLRP3 inflammasome in
atherosclerosis is established (6), its role during MI
and the following myocardial remodeling is still un-
clear. In mice, somewhat conflicting results have
been reported in relation to the role of ASC and
NLRP3 in ischemia/reperfusion (I/R) injury, at least
partly depending on the experimental models (7–10).
Moreover, data from ASC and caspase-1–deficient
mice may not necessarily reflect the effects of the
NLRP3 inflammasome alone, as these molecules are
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Nlrp3�/� phenotype in WT mice that had been trans-
planted with Nlrp3�/� bone marrow.

METHODS

MICE. C57BL/6J mice, used as WT control, and
Nlrp3�/� mice, generated as previously described
(13,14) and backcrossed at least 7 times on a C57BL/6J
genetic background, were age matched for all exper-
iments. Mice were bred and housed under standard
conditions with ad libitum access to food and water at
the Centre for Comparative Medicine, Oslo Univer-
sity Hospital.

In all parts of the study, the investigators were
blinded in relation to the genotypes.

MOUSE MODEL OF EXPERIMENTAL MI. MI surgery
was performed as previously described (15). Briefly,
mice were anesthetized with a mixture of O2 and 3%
isoflurane, the heart was exteriorized through a left
thoracotomy at the fifth intercostal space, and the left
coronary artery was ligated 2 to 3 mm from its prox-
imal origin inducing an MI. Following ligature place-
ment, the heart was immediately positioned back in
the thoracic cavity, followed by evacuation of
pneumothorax and wound closure. Buprenorphine
(Temgesic; 0.1 mg/kg, Indivior, North Chesterfield,
Virginia) was administered subcutaneously prior to
recovery from anesthesia. All animals, except the
bone marrow transplantation mice, were 8-10 weeks
at the time of surgery.

BONE MARROW TRANSPLANTATION. WT and
Nlrp3�/� male mice on a C57BL/6J background,
expressing the CD45.2 allele, and B6.SJL-Ptprca
Pepcb/BoyJ male mice, expressing the CD45.1
allele, were used to generate mice that specifically
lack either WT or NLRP3 in bone marrow–derived
cells. WT and B6.SJL-Ptprca Pepcb/BoyJ male mice
were exposed to 2 dosages of 6 Gy (0.76 Gy/min,
300 kV, 10 mA) total body irradiation with 4 h in
between, using an Xstrahl research cabinet Rontgen
source. Bone marrow was isolated from B6.SJL-
Ptprca Pepcb/BoyJ and Nlrp3�/� mice by flushing
femurs and tibias with phosphate-buffered saline
(PBS). Single-cell suspensions were prepared by
passing the cells through a 40-mm nylon cell
strainer. Irradiated recipient WT and B6.SJL-Ptprca
Pepcb/BoyJ mice received 1�106 bone marrow cells
from B6.SJL-Ptprca Pepcb/BoyJ and Nlrp3�/� mice,
respectively, by intravenous injection into the tail
vein. Engraftment of bone marrow was confirmed
after 8 weeks of recovery by flow cytometry in
whole blood samples, as indicated by expression of
CD45.1 or CD45.2 (Supplemental Figure S1). Nine
weeks after bone marrow transplantation, an MI
was induced. The age of the animals were then
approximately 17 weeks.

MORTALITY STUDIES. During the 3 mortality studies,
mice were checked at least once a day by a researcher,
in addition to routine checks by the animal care-
takers. Mice showing signs of suffering were scored
according to predefined criteria including, but not
limited to, 15% bodyweight reduction, reduced loco-
motor activity, and reduced behavioral activity, and
were euthanized if not reverting to a score above the
cutoff value for humane endpoints within 1 h after a
repeated administration of buprenorphine (0.1 mg/
kg). Both mice that died and mice that were eutha-
nized due to humane endpoints were registered as
mortalities. All mice that died or were euthanized
were autopsied by an abdominal skin incision right
below the rib-cage, followed by inspection of the
thoracic cavity and then an incision of the diaphragm
along the rib cage. Large amount of blood clots
around the heart and in the thorax cavity counted as
rupture. In most cases, rupture site in the heart was
also located for these animals. No signs of rupture,
confirmed infarction, and lung edema were consid-
ered as acute heart failure. All researchers were
blinded for the genotypes.

CARDIAC MAGNETIC RESONANCE. Cardiac magnetic
resonance (CMR) experiments were performed using
a 9.4-T preclinical magnetic resonance system (Agi-
lent Technologies, Inc., Palo Alto, California) with
high-performance gradient insert (60 mm ID, rise
time 180 ms, max strength 100 gauss/cm) and quad-
rature volume RF coils (35 mm ID, Rapid Biomedical
GmbH, Rimpar, Germany) dedicated to mouse imag-
ing. Anesthesia was induced in a chamber with a
mixture of O2 and 4% isoflurane, and was further
maintained by administration of a mixture of O2 and
1.5% to 2% isoflurane in freely breathing mice. Tem-
perature was maintained around 37�C by heated air.
Cardiac and respiratory gated cine-CMR was acquired
in the true short-axis orientation. The key parameters
were 1-mm slice thickness; TE/TR 2.2/4.6 ms; 2 aver-
ages; field of view 25.6 � 25.6 mm; matrix size 128 �
128; and flip angle 15�. CMR data was analyzed using
Fiji (ImageJ) software (16) with the operator blinded
to animal groups.

ECHOCARDIOGRAPHY. Echocardiography was per-
formed under standardized conditions with the mice
in a supine position, spontaneously breathing 1.5%
isoflurane mixed with 98.5% O2 via a mask. Standard
parasternal long- and short-axis images were ac-
quired with the Vevo 2100 system and analyzed off-
line using Vevo 2100 1.4.1 software (VisualSonics,
Toronto, Ontario, Canada). Three consecutive

https://doi.org/10.1016/j.jacbts.2020.09.013
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M-mode long-axis cardiac cycles were analyzed
and averaged.

BLOOD AND TISSUE SAMPLING. Mice were anaes-
thetized with 4% isoflurane supplemented with O2.
The right carotid artery was exposed and incised and
arterial blood was collected together with 50 ml of
0.5mol ethylenediaminetetraacetic acid. Plasma was
prepared by centrifugation at 2,000 g for 20min at
4�C, snap-frozen in liquid N2, and stored at �80�C.

Hearts were collected, separated into LV and RV,
rinsed in PBS, blotted dry, and weighted. A stan-
dardized 2-mm slice from the LV, using a mouse
heart slicer matrix (Zivic instruments, Pittsburgh,
Pennsylvania), was collected for histology and
fixated in 4% formaldehyde (Histolab Products AB,
Gothenburg, Sweden) until further processing.
Remaining LV tissue was separated into noninfarcted
and infarcted area. Right ventricle, noninfarcted, and
infarcted tissue was snap-frozen in liquid N2 and
stored at �80 �C.

mRNA ISOLATION AND REAL-TIME QUANTITATIVE

POLYMERASE CHAIN REACTION. Total RNA from
mouse LV was extracted using TRIzol (Invitrogen, San
Diego, California), DNase treated, cleaned up using
RNeasy Mini Columns (Qiagen, Hilden, Germany),
and stored at �80�C. cDNA was synthesized from 2 mg
RNA using the High Capacity cDNA Reverse Tran-
scription Kit (Thermo Fisher Scientific, Waltham,
Massachusetts). Quantification of gene expression
was performed in duplicate by quantitative real-time
polymerase chain reaction (PCR), using Power Sybr
Green Master Mix (Applied Biosystems, Foster city,
California) and sequence specific PCR-primers (can be
provided upon request).

HISTOLOGY AND IMMUNOHISTOCHEMISTRY.Formalin-
fixed hearts were dehydrated, flat embedded in
paraffin, and sliced into 5-mm-thick cross-sections.
Sections were deparaffinized in xylene and rehy-
drated in EtOH (4� 100%, 2� 96%, 1� 80%, and
1� 50%).

For immunohistochemical staining, antigen
retrieval was obtained boiling for 20 min at 98�C in
citrate buffer (pH 6), followed by cooling for 20 min at
room temperature (RT). Unspecific binding was
blocked using Rodent Block M (Biocare Medical,
Concord, San Francisco, California) followed by 1 h
incubation with primary antibodies anti-Ly6G 1:750
(127602, Biolegend, London, United Kingdom), anti-
Mac2 1:1,500 (CL8942AP, Cedarlane, Burlington,
Canada) at RT. After washing, the slides were incu-
bated for 30 min at RT with peroxidase-conjugated
secondary antibody (Impress-Vector, Vector Labora-
tories, Burlingame, California), rinsed, developed
with chromogen for immunoperoxidase staining (DAB
Plus, Vector Laboratories) and counterstained with
hematoxylin. The stained sections were scanned
(AxioScan, Carl Zeiss, Oberkochen, Germany) and
uploaded to z9.nird.sigma2.no, an in-house made
application for evaluation and quantitative exami-
nation of histological sections.

Picrosirius red staining for collagen was performed
by 1-h incubation in Sirius Red Solution (Histolab
Products AB, Gothenburg, Sweden), followed by 2�
rinsing steps acidified water with 5% acetic acid. After
2 quick dips in 100% EtOH, sections were rinsed in
xylene and mounted with Eukitt (Flyka, Sigma-
Aldrich). The stained sections were scanned and
uploaded to z9. After exclusion of large blood vessel
areas, the level of fibrosis was estimated. Areal posi-
tive staining for collagen was quantified relative to
total tissue area, based on colorimetric thresholding
of the picrosirius red staining in the LAB color space.

For wheat germ agglutinin (WGA) staining, depar-
affinization and rehydration was performed as
described in the previous text. Sections were boiled at
98�C in citrate buffer (pH 6), followed by 20 min
cooling at RT, before overnight incubation at 4�C with
Alexa-488 conjugated WGA (1:200, Life Technologies,
ThermoFisher Scientific, Waltham, Massachusetts).
Sections were rinsed in PBS, mounted with slow fade
Gold Antifade Mountant with DAPI (Life Technolo-
gies, ThermoFisher Scientific), and scanned and im-
ported into z9. Areas showing cardiomyocyte cross
sections were chosen for analyses. Cardiomyocyte
area was quantified by an in-house made macro for
Fiji (ImageJ).

ANALYSIS OF CYTOKINES. IL-18 was measured by
enzyme-linked immunosorbent assay (R and D Sys-
tems, Minneapolis, Minnesota), according to manu-
facturer’s protocol.

PROTEOMIC ANALYSIS WITH STABLE ISOTOPE

LABELLING BY AMINO ACIDS IN CELLS. Quantitative
proteomics with the stable isotope labeling with
amino acids in cell culture (SILAC) spike in approach
was performed (17). The data were collected from
infarcted tissue of WT and Nlrp3�/� mice 3 and 5 days
post-MI (day 3; n ¼ 6 for WT, n ¼ 5 for Nlrp3�/�, day 5;
n ¼ 3 for WT, n ¼ 4 for Nlrp3�/�). Differences in pro-
tein levels between WT and Nlrp3�/� natural (light)
isotope 12C6-lysine hearts were identified by
comparing these with a SILAC 13C6-lysine (heavy)
reference heart. After data normalization, principal
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component analysis was performed for all samples. In
the principal component analysis plots, tissue from
mice with high lung weights, most likely due to heart
failure, appeared as outliers. Due to low number of
“high lung weight animals,” only mice with normal or
moderate lung weight increase were selected for
forward statistical analysis, in triplicate for each
group. This analysis for protein expression fold
changes was performed using R software (R Founda-
tion, Vienna, Austria) and based on the report by
Kammers et al. (18). The moderated q and q values
were calculated using moderated test statistics of
approach Linear Models for Microarray Data (19). The
proteins were defined as significant differentially
expressed by moderated q value <0.05 and
log2Foldchange $2. Metascape (version 3.5) (20) was
used to perform the enrichment analysis based on the
GeneOntology (21,22), Reactome (23), and KEGG
(24–26) databases. The enrichment analysis dot plot
was made by ggplot2 R package (27), and the network
plot was created using Cytoscape (28).

MACROPHAGE LABEL-FREE QUANTITATIVE PROTEOME

ANALYSIS. Peritoneal macrophages from male WT
and Nlrp3�/� mice were isolated by flushing the
peritoneal cavity with 5ml ice cold serum-free
RPMI-1640 (Gibco, ThermoFisher Scientific, 12633).
The aspirated fluid was stored on ice until further
processing. After centrifugation (300 g, 4�C, 7 min),
cells were resuspended in serum-free RPMI and
seeded in 6-well plates, then incubated for 15 min
at RT followed by 1 h at 37�C with 5% CO2 to allow
adhesion. Subsequently, nonadherent cells were
washed away with PBS. Remaining cells were lysed
in T-PER tissue protein extraction reagent (Ther-
moFisher Scientific) and proteinase inhibitors were
added (Halt Protease Inhibitor Cocktail, ethyl-
enediaminetetraacetic acid–free [100�, Thermo-
Fisher Scientific]). The lysates were spun down
(20,000 g, 4�C, 10 min) and resuspended in T-PER
solution, and protein concentrations were measured
with the Pierce BCA Protein Assay kit (Thermo
Fisher Scientific). Protein extracts were stored
at �80�C until further processing.

For proteomics analysis, the proteins were precip-
itated with TCA/acetone in �20oC overnight. The
precipitated proteins were dissolved with 6 mol urea
in 100 mmol/l ammonium bicarbonate, reduced with
DTT, and alkylated with iodoacetamide followed by
digestion with trypsin overnight in 37�C. The result-
ing peptides were desalted and concentrated before
mass spectrometry by the STAGE-TIP method using a
C18 resin disk (3 mol Empore). Each peptide mixture
was analyzed by an nEASY-LC coupled to QExactive
Plus (ThermoElectron, Bremen, Germany) with EASY
Spray PepMap RSLC column (C18, 2 ml, 100Å, 75 mm �
50 cm) using 120-min LC separation gradient. The
resulting MS raw files were submitted to the Max-
Quant (29) software version 1.6.1.0 for protein iden-
tification and label free quantification. The Uniprot
database with “mouse” entries (January 2019) was
used for the database searches. Perseus (30) software
was used for the statistical analysis of the results.
Proteins with permutation based false discovery rate
(FDR) <0.05 and log2Foldchange $1 were considered
as expressed significantly different. Volcano plot was
created by Enhanced Volcano R package (31).
Enrichment analysis and making of enrichment dot
plot were performed as described previously.

EFFEROCYTOSIS ASSAY. Peritoneal lavage was per-
formed as described at the macrophage proteomics
paragraph. After centrifugation and resuspension,
60,000 cells were seeded in quadruplets into 96-well
flat clear-bottom black-walled polystyrene tissue-
culture treated microplates (Corning, Glendale,
Arizona) and incubated for 15 min at RT followed by
75 min at 37�C with 5% CO2 to allow for adhesion.
Next, nonadherent cells were washed away with PBS.
Prior to efferocytosis experiments, Jurkat T cells were
treated with 0.1 mmol/l camptothecin (Sigma-Aldrich)
for 16 h to induce apoptosis (>80% annexin A5þ
and <10% Viobilityþ) (Supplemental Figure S2).
Subsequently, apoptotic cells were labelled with
80 ng/mL pHrodo Red, succinimidyl ester (Invi-
trogen, cat P36600) per 106 cells for 30 min at RT,
hidden from light, washed twice with PBS, and
resuspended in RPMI. Next, 90,000 apoptotic Jurkat
T cells were added per well (3:2 ratio, Jurkat T cells to
macrophages) to peritoneal macrophages in RPMI.
The efferocytic capacity of peritoneal macrophages
was determined by using overlays of phase contrast
and fluorescence images of cells for 2 h incubation in
an IncuCyte ZOOM live-cell imaging and analysis
platform (Essen BioScience).

STATISTICAL ANALYSIS. GraphPad Prism version 7.0
(GraphPad Software, La Jolla, California) was used for
data analysis. Significance of difference between the
groups was tested by unpaired, 2-tailed Student’s
t-tests. Survival was assessed using Kaplan-Meier
analysis with the log-rank test. Values are presented
as mean � SEM. All p values <0.05 were considered
statistically significant.

STUDY APPROVAL. The experimental animal pro-
tocols (FOTS id 5926 and 6895) were reviewed and

https://doi.org/10.1016/j.jacbts.2020.09.013


FIGURE 1 Reduced Mortality in Nlrp3�/� Mice Following MI

(A) Mortality rates in wild-type (WT) (n ¼ 23) and Nlrp3�/� (n ¼ 24) male mice up to 7 days post-myocardial infarction (MI) (p ¼ 0.048, by

Kaplan-Meier analysis with log-rank test, 2 independent experiments combined). (B) Interleukin (IL)-18 levels in plasma measured by

enzyme-linked immunosorbent assay 7 days post-MI (n ¼ 9 mice per genotype). *p<0.05. (C and D) Left ventricle infarct size (representative

image is shown, dashed line shows MI area) and ejection fraction measured 1 day post-MI by CMR (n ¼ 17 mice per genotype). Values are

presented as mean � SEM.
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approved by the Norwegian Animal Research Com-
mittee and conform to the Guide for the Care and Use
of Laboratory Animals published by the U.S. National
Institutes of Health (NIH Publication, 8th Edi-
tion, 2011).

RESULTS

MORTALITY IN THE SUBACUTE PHASE FOLLOWING

MI IS REDUCED IN NLRP3�/� MICE. WT and Nlrp3�/�

mice were subjected to MI by permanent ligation
of the left coronary artery and followed for 7 days.
WT mice had a higher mortality rate compared with
Nlrp3�/� mice (43% vs. 17%, respectively; p < 0.05)
(Figure 1A). The majority of mice died between days 4
and 6, and necropsy showed that irrespective of ge-
notype, the main cause of death was myocardial
rupture (8 of 10 WT; 3 of 4 Nlrp3�/�; the remaining 3
mice reached humane endpoints: they had a reduced
body weight of more than 15% and/or showed signs of
severe inactivity). The improved survival rate in
Nlrp3�/� mice was accompanied by significantly lower
IL-18 plasma levels, as a marker of NLRP3 activity,
7 days after MI compared with WT mice (�36%;
p < 0.05) (Figure 1B).

COMPARABLE INFARCT SIZE IN NLRP3�/� AND WT

MICE. The difference in mortality between the 2
mouse strains could potentially reflect differences in
ischemic injury after MI induction. However, CMR
measurements 1-day post-MI showed that infarct size
was similar in WT and Nlrp3�/� mice (Figure 1C). The
genotypes also had a comparable systolic dysfunction
post-MI, as shown by LV ejection fraction (Figure 1D),
and LV end-systolic and -diastolic volume as assessed
by functional CMR analyses at the same time point
(1 day after MI) (Supplemental Figure S3). Together,

https://doi.org/10.1016/j.jacbts.2020.09.013
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these results suggest that the reduced mortality
observed in Nlrp3�/� mice was not caused by a
reduced infarct size or differences in LV function
1 day post-MI.

NLRP3�/� MICE SHOW ATTENUATED LV REMODELING 21

DAYS POST-MI. Acute loss of viable myocardium post-
MI results in an abrupt increase in loading conditions
that modifies cardiac geometry and function. Activa-
tion of inflammatory pathways participates in this
process (32). Because female C57BL/6J mice are less
prone to myocardial rupture (33), we investigated the
remodeling process in-depth by subjecting female WT
and Nlrp3�/� mice to an MI and monitored them for
21 days. A comparable mortality pattern as in male
mice was observed, with a higher mortality rate in WT
compared with Nlrp3�/� mice (43% vs. 12%, respec-
tively; p < 0.02), and as in male mice, mice died solely
the first week after MI (Figure 2A). As expected,
however, autopsy revealed that death was mainly due
to acute HF, as determined by lung edema and lack of
myocardial rupture (10 of 11 WT, 2 of 3 Nlrp3�/�).

CMR analysis acquired 1, 7, and 21 days post-MI
allowed us to carefully assess the infarct healing
and remodeling process, revealing again comparable
infarct sizes between genotypes at all time points
(Figure 2B, Supplemental Figure S4). However, in
those who survived the first week, only Nlrp3�/� mice
had some improvement in cardiac function, as
implied by a diminished LV dilatation in Nlrp3�/�

mice, as LV end-diastolic and -systolic volumes, cor-
rected for body weight, increased less over time
(�19%; p < 0.05 and �25%; p < 0.05, respectively)
(Figure 2B, Supplemental Figure S4).

MEASURES OF CARDIAC FIBROSIS ARE REDUCED IN

NLRP3�/� MICE 21 DAYS POST-MI. To further char-
acterize the remodeling process, we measured mRNA
expression of selected HF and fibrosis related genes
21 days post-MI. Natriuretic peptide type A (Nppa) as
marker of ventricular wall stress and IL-6 as marker of
inflammation-mediated remodeling were both lower
expressed in Nlrp3�/� mice in the infarcted LV area
(�46%; p < 0.002 and �56%; p < 0.001, respectively)
(Figure 2C). Furthermore, markers related to fibrosis
(i.e., alpha smooth muscle actin [Acta2], matrix met-
alloproteinase 2 [Mmp2], collagen type 1 [Col1a1], and
collagen type 3 [Col3a1]) all had a lower expression in
the infarcted LV area in Nlrp3�/� mice (�32%;
p < 0.02; �51%; p < 0.001; �35%; p < 0.02; �34%;
p < 0.01, respectively) (Figure 2C). Viable LV tissue in
Nlrp3�/� mice showed decreased expression of Acta2
and Mmp2 (�64%; p < 0.001; �62%; p < 0.05,
respectively) (Figure 2C). These findings were further
supported by the histological evaluation of collagen
in the septum area, which was significantly decreased
in Nlrp3�/� mice (�46%; p ¼ 0.031) (Figure 2D), all
together suggesting attenuated extracellular matrix
(ECM) remodeling both within and outside the
infarcted area. In contrast, assessment of myocardial
tissue did not reveal any differences in car-
diomyocyte cross-sectional area between the 2 ge-
notypes (Figure 2E). Finally, circulating IL-18 levels
were significantly reduced in Nlrp3�/� mice 21 days
post-MI (�27%; p < 0.05) (Figure 2F), suggesting
persistent down-regulation of NLRP3-derived sys-
temic inflammation in these mice.

MAJOR EFFECTS OF NLRP3 INFLAMMASOME

DEFICIENCY ARE ESTABLISHED FIRST DAYS

POST-MI. To further understand the process promot-
ing improved infarct healing in Nlrp3�/� mice during
the first week, we harvested infarcted myocardial
tissue from male mice on day 3 and 5 post-MI,
reflecting the period of increased mortality in WT
mice. The tissue was prepared for quantitative prote-
omics with the SILAC (stable isotope labelling with
amino acids in cell culture) spike in approach. Volcano
plots were generated showing that at 3 days post-MI
the level of 169 proteins were altered between geno-
types; most of them are up-regulated in Nlrp3�/�

(Figure 3A). No significantly expressed proteins were
observed at 5 days post-MI, implying that the major
effects of NLRP3 inflammasome are during the critical
time period prior to the appearance of infarct rup-
tures. Moreover, annotation enrichment analysis,
linking the regulated proteins to pathways and
biological processes, found proteins to be enriched in
several pathways and biological processes related to
tissue repair (Figure 3B). Illustrated in Figure 3C are
significantly regulated proteins involved in regulation
of angiogenesis, wound healing, TGFb receptor
signaling pathway, lysosomal transport (GO biological
processes), extracellular matrix organization, regula-
tion of insulin-like growth factor (IGF) transport and
uptake by IGF binding proteins, integrin cell surface
interactions, and platelet degranulation (Reactome
gene sets). In general, the protein signature in the
Nlrp3�/� seems to reflect a more preserved tissue
structure and/or an improved tissue repair response.
Notably, 1 of the top regulated pathways in the LV
tissue, platelet degranulation, has previously been
reported as a marker of post-MI pro-resolving macro-
phages (34), further supporting such a notion.

Due to a large influx of immune cells, especially
neutrophils and monocytes/macrophages (35), the
first days after MI are often referred to as the in-
flammatory phase. Three days post-MI decreased
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FIGURE 2 Nlrp3 Deficiency Has a Favorable Effect on Cardiac Remodeling in Mice Up to 21 Days Post-MI

(A) Mortality rates in WT (n ¼ 26) and Nlrp3�/� (n ¼ 25) female mice up to 21 days post-MI (p ¼ 0.014, by Kaplan-Meier analysis with log-rank test, 2 independent

experiments combined). (B) Left ventricular (LV) infarct size, ejection fraction and end-diastolic and -systolic LV volume measured 21 days post-MI by cardiac magnetic

resonance (CMR) (n ¼ 7 WT, n ¼ 10 Nlrp3�/�). (C) Nppa, IL-6, acta2, Mmp2, Col1A1, and Col3a1 all measured by real-time quantitative polymerase chain reaction, in the

viable and infarcted area of LV tissue collected 21 days post-MI in WT (n ¼ 7) and Nlrp3�/� (n ¼ 9) mice. (D) Collagen percentage, stained with picrosirius red, in

interventricular septum in WT (n ¼ 7) and Nlrp3�/� (n ¼ 9) mice 21 days post-MI (p ¼ 0.031). Scale bars are 200 mmol/l. (E) Cardiomyocyte cross-sectional area, as

determined from WGA staining, in the LV in WT (n ¼ 8) and Nlrp3�/� (n ¼ 9) mice 21 days post-MI. Scale bars are 200 mmol/l. (F) IL-18 levels in plasma measured by

enzyme-linked immunosorbent assay 21 days post-MI (p¼ 0.033; n ¼ 6 mice per genotype). Values are presented as mean� SEM. *p < 0.05, **p < 0.01, ***p < 0.001.

Abbreviations as in Figure 1.
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neutrophil numbers were found in Nlrp3�/� infarcted
area (�63%; p < 0.05) (Supplemental Figure S5),
which is consistent with an early effect of NLRP3
deficiency, and improved tissue repair. Macrophage
numbers did not differ between the genotypes
(Supplemental Figure S5).

HEMATOPOIETIC DEFICIENCY FOR NLRP3 STRONGLY

IMPROVES SURVIVAL AND HEART FUNCTION POST-MI.

Our findings so far point to the early inflammatory
phase as the most important temporal window for
NLRP3 influence on inadequate tissue healing, mal-
adaptive LV remodeling, development of HF, and
mortality. To examine the impact of the infiltrating
Nlrp3-deficient immune cells in these post-MI pro-
cesses, we induced MI in WT male mice that had
been irradiated and subsequently received WT or
Nlrp3�/� bone marrow. Nine weeks after bone
marrow engraftment (WT to WT 89.4 � 2.7%; Nlrp3�/

� to WT 93.5 � 2.5%) MI was induced and mortality
was monitored during a follow-up period of 21 days.
This revealed that transplantation of Nlrp3�/� bone
marrow into WT mice markedly improved post-MI
survival compared with WT to WT control subjects
(100% vs. 53% survival; p < 0.001) (Figure 4A). As
reported before (36), mice did not die during the first
week due to rupture, but died primarily during the
second week. The main cause of death (8 of 9) was
reaching humane endpoints (e.g., reduced body
weight and/or severe inactivity). Necropsy revealed
that the majority of mice (6 of 9) had lung edema
with severely increased lung weight, pointing to-
ward acute HF.

Quantification of infarct size 21 days post-MI
demonstrated that infarct size was comparable be-
tween groups (Figure 4B). Mean ejection fraction
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FIGURE 3 Altered Proteins in Nlrp3�/� Mice 3 Days Post-MI Give Differences in Activation Pathways Related to ECM Remodeling

(A) Proteomic abundance from infarcted tissue measured by mass spectrum and compared between WT and Nlrp3�/� mice 3 and 5 days post-MI (n ¼ 3 per group). Data

illustrated as volcano plots, WT vs. Nlrp3�/�. (B) Enrichment analysis of significantly regulated proteins (moderated q-value <0.05 and log2Foldchange $2), 3 days

post-MI. Significantly enriched Reactome pathways, KEGG pathways, and GO Terms are shown. (C) Network plot illustrating significantly regulated proteins and their

relation to respective Reactome pathways and/or GO processes. The Network plot was created using Cytoscape (28). Abbreviations as in Figure 1. See the Supple-

mental Material for a list of all abbreviations used that appear in Figure 3. Afp ¼ alpha fetoprotein; Ahsg ¼ alpha-2-HS-glycoprotein; Alb ¼ albumin; Apoh ¼
apolipoprotein H; Cd109 ¼ CD109 antigen; Cd40 ¼ CD40 antigen; Col6a5 ¼ collagen, type VI, alpha 5; Cx3cl1 ¼ chemokine (C-X3-C motif) ligand 1; Ecm1 ¼
extracellular matrix protein 1; Egfr¼ epidermal growth factor receptor; Egln1¼ egl-9 family hypoxia-inducible factor 1; Emilin1¼ elastin microfibril interfacer 1; Emilin2¼
elastin microfibril interfacer 2; F10 ¼ coagulation factor X; F11r ¼ F11 receptor; F12 ¼ coagulation factor XII (Hageman factor); F9 ¼ coagulation factor IX; Fbln2 ¼
fibulin 2; Fbln5 ¼ fibulin 5; Fbn1 ¼ fibrillin 1; Fgb ¼ fibrinogen beta chain; Fos ¼ FBJ osteosarcoma oncogene; Fstl1 ¼ follistatin-like 1; Gp1bb ¼ glycoprotein Ib, beta

polypeptide; Grn ¼ granulin; Hgs ¼ HGF-regulated tyrosine kinase substrate; Igfbp4 ¼ insulin-like growth factor binding protein 4; Igfbp5 ¼ insulin-like growth factor

binding protein 5; Igfbp6 ¼ insulin-like growth factor binding protein 6; Igfbp7 ¼ insulin-like growth factor binding protein 7; Lamb1 ¼ laminin B1; Lamp1 ¼ lysosomal-

associated membrane protein 1; Lamp2 ¼ lysosomal-associated membrane protein 2; Ltbp2 ¼ latent transforming growth factor beta binding protein 2; M6pr ¼
mannose-6-phosphate receptor, cation dependent; Mfap5 ¼ microfibrillar associated protein 5; Pdcl3 ¼ phosducin-like 3; Plg ¼ plasminogen; Proz ¼ protein Z,

vitamin K-dependent plasma glycoprotein; Psap ¼ prosaposin; Pxdn ¼ peroxidasin; Pxn ¼ paxillin; Sash1 ¼ SAM and SH3 domain containing 1; Selenop ¼ seleno-

protein P; Sparc ¼ secreted acidic cysteine rich glycoprotein; Sparcl1 ¼ SPARC-like 1; Tgfb1i1 ¼ transforming growth factor beta 1 induced transcript 1; Thbd ¼
thrombomodulin; Timp1 ¼ tissue inhibitor of metalloproteinase 1; Tnc ¼ tenascin C; Twsg1 ¼ twisted gastrulation BMP signaling modulator 1; Vegfa ¼ vascular

endothelial growth factor A; Vwf ¼ Von Willebrand factor.
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values were 12.9% for WT to WT control subjects vs.
26.3% for Nlrp3�/� bone marrow into WT mice
(p ¼ 0.064) (Figure 4C). Morphometric data, normal-
ized for tibia length, showed increased thickness of
the interventricular septum in diastole and systole in
WTs receiving bone marrow from Nlrp3�/� mice
(þ85% and þ98%, respectively; p < 0.05) (Figure 4C),
demonstrating less wall thinning (i.e., dilatation) in



FIGURE 4 Nlrp3�/� Bone Marrow Chimeras Have Improved Survival and Less Detrimental Remodeling Post-MI

(A) Mortality rates in WT and Nlrp3�/� bone marrow chimeric mice up to 21 days after MI (p < 0.001, by Kaplan-Meier analysis with log-rank test; n ¼ 19 WT, n ¼ 23

Nlrp3�/�). (B) Left ventricle (LV) infarct size measured by picrosirius red staining (n¼ 9 WT, n ¼ 22 Nlrp3�/�) and (C) ejection fraction and interventricular septum (IVS)

thickness in diastole (d) and systole (s) adjusted for tibia length (TL) measured 21 days post-MI by echocardiography (n ¼ 9 WT, n ¼ 23 Nlrp3�/�). (D) LV tissue Nppa

mRNA levels measured by real-time quantitative polymerase chain reaction. (E) mRNA levels of several genes measured by real-time quantitative polymerase chain

reaction, in the viable and infarcted LV tissue collected 21 days post-MI in chimera mice (n ¼ 9 WT, n ¼ 23 Nlrp3�/�). (F) Nlrp3�/� mRNA levels in viable and infarcted

LV tissue 21 days post-MI in chimera mice (n ¼ 9 WT, n ¼ 23 Nlrp3�/�). Values are presented as mean � SEM. *p < 0.05, **p < 0.01, ***p < 0.001. Abbreviations as in

Figure 1.
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WT mice who received bone marrow from Nlrp3�/�

mice. In line with this, WT mice receiving bone
marrow from Nlrp3�/� mice had decreased expression
of Nppa (�37%; p < 0.05) in viable LV (Figure 4D).
Further characterization of gene regulation in the
viable and infarcted LV tissue of these mice
supported a less detrimental tissue remodeling
with regulated genes related to inflammation,
ECM remodeling, and macrophage polarization
(Figure 4E).
CARDIAC EXPRESSION OF NLRP3 IN THE CHRONIC

PHASE AFTER MYOCARDIAL INFARCTION IS

RESTRICTED TO HEMATOPOIETIC CELLS. We also
investigated if NLRP3 was expressed in the infarcted
area 21 days post-MI in WT mice transplanted with
WT or Nlrp3�/� bone marrow. Strikingly, in contrast
to WT mice that had received WT bone marrow, no
expression of Nlrp3 was found in the infarcted area or
in viable LV of WT mice with Nlrp3�/� bone marrow
(p < 0.0001) (Figure 4F), strongly supporting that



FIGURE 5 Nlrp3�/� Peritoneal Macrophage Have Improved Clearance of Apoptotic Cells

(A) Peritoneal macrophages from WT and Nlrp3�/� mice were coincubated with pHrodo-labeled apoptotic Jurkat T cells and efferocytosis was monitored for 2 h. (n ¼ 6

per genotype). Data is presented as mean � SEM. *p < 0.05, **p < 0.01. (B) Protein expression in peritoneal macrophages from WT vs. Nlrp3�/� mice illustrated by a

volcano plot. Erythrocyte proteins are named in the Figure. (C) Enrichment analysis of significantly regulated proteins (q-value < 0.05 and log2Foldchange $1), 3 days

post-MI. Significantly enriched Reactome pathways, KEGG pathways, and GO Terms are shown. Bpgm ¼ Bisphosphoglycerate Mutase; Ca1 ¼ carbonic anhydrase 1;

Ca2 ¼ carbonic anhydrase 2; Epb42 ¼ Erythrocyte Membrane Protein Band 4.2; Hbb-b1 ¼ Hemoglobin subunit beta-1.
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cardiac Nlrp3 expression, at this time point, is
confined to hematopoietic cells.

ENHANCED EFFEROCYTOTIC CAPACITY OF

MACROPHAGES IN NLRP3�/� MICE. One of the main
tasks of the infiltrating immune cells during the early
inflammatory phase is clearance of dead cells and
debris, thereby facilitating cardiac repair (34,37).
Macrophages play a major role in this process, and we
therefore evaluated the scavenging capacity of
Nlrp3�/� macrophages.

Peritoneal macrophages were challenged in vitro
with apoptotic Jurkat T cells, and the efferocytotic
capacity was measured over time. Nlrp3�/� macro-
phages displayed an increased efferocytic velocity
(i.e., engulfment of apoptotic cells), supporting a
pro-resolving phenotype of Nlrp3�/� macrophages
(Figure 5A). Then, to investigate the phenotype
further, unstimulated WT and Nlrp3�/� macrophages
were isolated for label-free quantitative proteomics
analysis. The isolated Nlrp3�/� macrophages had a
distinct red color, even after several washing proced-
ures (data not shown). Interestingly, the most regu-
lated proteins found in the proteomics analysis were
proteins found in erythrocytes, strongly suggesting
that the observed red color was due to increased
erythrocyte efferocytosis among the Nlrp3�/� macro-
phages (Figure 5B). In line with this, Nlrp3�/� macro-
phages had increased levels of the phagocytic marker
CD36 and Prdx2 (34) (q > 0.05, log2FC 2.3 and 4.6,
respectively). Enrichment analysis indicated altered
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metabolic phenotype in the Nlrp3�/� macrophages
with regulated membrane trafficking (Reactome, 37/
564 proteins), regulation of proteolysis (GO, 45/729
proteins) and increased proteasomal activity (Protea-
some KEGG pathway, 24/46 proteins, all up-regulated)
(Figure 5C). In summary, these data show that the
Nlrp3�/� macrophages are more active with an
improved apoptotic cell clearance capacity.

DISCUSSION

THE NLRP3 INFLAMMASOME EXACERBATE INFARCT

REPAIR AND REMODELING. In the present study,
we show that Nlrp3 deficiency improves post-MI
survival in the short-term (i.e., after 7 days) and
counteracts long-term (i.e., 21 days) maladaptive
myocardial remodeling. Proteome analysis 3 days
post-MI revealed an early beneficial effect of NLRP3
deficiency, with regulated pathways and processes
related to wound healing, ECM organization, and
angiogenesis. Notably, these changes were accom-
panied by decreased amounts of neutrophils within
the infarcted area of Nlrp3�/� mice. The importance
of immune cells for the beneficial phenotype of the
Nlrp3�/� mice was demonstrated by the recapitula-
tion of the Nlrp3�/� phenotype in WT mice trans-
planted with Nlrp3�/� bone marrow. Finally, in vitro
data showed that Nlrp3�/� macrophages have a pro-
resolving phenotype (i.e., enhanced efferocytosis),
suggesting improved clearance of apoptotic cells
and cellular debris as an important component that
could explain the favorable myocardial repair
response in Nlrp3�/�. Our findings suggest that
targeting NLRP3-mediated inflammation could be an
attractive therapeutic approach, not only in
atherosclerotic disorders (6), but also during MI to
reduce acute and chronic complications following
this event.

NONREPERFUSED MI MODEL. There are several
experimental studies on the role of NLRP3
inflammasome during MI, but most of these are
focusing on its role in I/R, showing different re-
sponses at least partly depending on the models
employed (7–10). In the present study, we used a non-
reperfused MI model, showing detrimental effects of
NLRP3 on early infarct healing, as demonstrated by
reduced mortality, mostly caused by myocardial
rupture, during the first week in Nlrp3�/� mice. Death
by myocardial rupture is no longer a common problem
in the clinic due to supportive medical treatment.
However, in the experimental setting, myocardial
rupture may still be of explanatory value as it reflects
attenuated tissue repair, which is an important issue
also in clinical medicine.

NLRP3 INFLAMMASOME INFLUENCES LONG-TERM

REMODELING. Although there are some studies on
the short-time effect of NLRP3 deficiency following
MI, data on the effect on long-term myocardial
remodeling are limited (38). Despite the possible se-
lection bias of the healthier WT mice due to early
mortality of the sickest animals, we still detected in
the present study a beneficial effect on myocardial
remodeling at 21 days in the surviving Nlrp3�/� mice.
Because the regenerative capacity of the heart is
nearly absent, dead tissue is replaced by a collagen
rich scar, which lacks contractile function. Notably,
proteomic analyses of the infarcted tissue at 3 days,
but not at 5 days, post-MI suggested a more favorable
tissue repair in Nlrp3�/� mice with significantly
regulated proteins enriched in processes like wound
healing, ECM organization, TGFB signaling, and
angiogenesis. Later, 21 days after MI, NLRP3-deficient
mice showed less fibrosis and reduced level of pro-
fibrotic genes (i.e., Acta2, Mmp2, and IL-6)
compared with WT. A more favorable tissue remod-
eling was also found in WT animals receiving Nlrp3�/�

bone marrow. Thus, the improved tissue healing in
Nlrp3�/� infarcted hearts the first days after MI may
also lead to less adverse ECM remodeling later,
leading to preserved cardiac function.

THE NLRP3-DEFICIENT MACROPHAGE. Macro-
phages are important cells for orchestrating ECM
modulation in tissue repair and remodeling after MI
(39). Efficient clearance of apoptotic cells (effer-
ocytosis) is a prerequisite for resolution of inflam-
mation and tissue repair following MI (40). In the
present study, we provide several lines of evidence
suggesting that the lack of NLRP3 changes the
macrophage toward a more phagocytosing and
resolving phenotype. First, we showed increased
efferocytotic velocity in peritoneal macrophages from
NLRP3-deficient cells. Second, we demonstrated
increased in vivo erythrocyte clearance in peritoneal
macrophages from Nlrp3�/� mice. Third, in the pro-
teomics data, we find regulation of metabolic activity
and especially proteasome activity, together with up-
regulation of the phagocytosis markers, CD36 and
Prdx2 (34) further supporting macrophage activity
related to removal cell debris and apoptotic cells (i.e.,
resolving activity). Fourth, within the LV, NLRP3-
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deficient mice showed enhanced activation of path-
ways related to lysosomal transport, at least in some
degree supporting such activity also within the
myocardium. Finally, the top-regulated pathways in
the LV tissue, platelet degranulation, also including
proteins involved in regulation of proteolysis, has
previously been reported as a marker of post-MI pro-
resolving macrophages (34) These data indicate that
macrophages of NLRP3-deficient mice have enhanced
activity of processes related to removal of apoptotic
cells and cell debris, and this seems also to operate
within the myocardium. Thus, it is tempting to
speculate that a Nlrp3�/� macrophage, with its
resolving phenotype, accelerates the repair process,
improving tissue healing. This may be an explanation
for the improved infarct healing observed in the
Nlrp3�/� mice in this study, and the ultimate reason
for the improved myocardial remodeling and function
observed in the Nlrp3�/� mice at day 21. Thus,
although there were no differences in infarct size
between the 2 genotypes, the quality of the infarcted
area seems to be improved in Nlrp3�/� mice possibly
involving a pro-resolving macrophage phenotype in
these mice. Moreover, as we found no difference in
macrophage infiltration within the myocardium be-
tween the 2 genotypes, this seems not to merely
reflect altered numbers of these cells.

LEUKOCYTES AND NLRP3 INFLAMMASOMES. The
localization of NLRP3 inflammasomes within the
heart is still somewhat unclear. In the present
study, we suggest that NLRP3 inflammasome within
the post-MI myocardium mainly originates from
hematopoietic cells. First, we showed that the
beneficial effects of Nlrp3 deficiency on mortality
and myocardial remodeling following MI were also
observed in WT mice that received bone marrow
from Nlrp3�/� mice. Moreover, no expression of
Nlrp3 was found in the LV of WT mice that had
received bone marrow from Nlrp3�/� mice, indi-
cating that cardiac Nlrp3 expression, at least at this
time point, is confined to hematopoietic cells. Protti
et al. (36) reported that after a bone marrow
transplant (before MI), 92% of the host cardiac
macrophage population was replaced by donor cells.
Therefore, both resident and infiltrating Nlrp3-defi-
cient immune cells may have been contributing to
the beneficial remodeling process after bone
marrow transplantation. All together, these results
demonstrate the importance of immune cells in
mediating the harmful effects of NLRP3 inflamma-
some during MI. As we, by our experimental set-up,
only could measure Nlrp3 expression at a late time-
point post-MI, other nonleukocytes may still have
been expressing Nlrp3 earlier in the repair process.
Future studies should therefore look into the early
interactions between infiltrating immune cells,
resident immune cells, and other cardiac cells that
also have been shown to express NLRP3 (cardiac
fibroblasts [41], endothelial cells [42], and
cardiomyocytes [41,43,44]) in post-MI car-
diac tissue.

CLINICAL RELEVANCE. Our study demonstrates the
potential of NLRP3 inflammasome inhibition in MI.
Whereas the CANTOS trial showed a beneficial role for
IL-1b inhibition on cardiovascular events in patients
with atherosclerosis and previous MI (45), so far clin-
ical trials on specific NLRP3 inflammasome inhibition
during acute MI are nearly lacking. However, blocking
IL-1 by IL-1 receptor antagonist anakinra has been
shown to down-regulate inflammation during MI (46),
and a larger multicenter study on the effect of ana-
kinra in patients with MI is currently ongoing (47).

Previous studies have found that neutralization of
IL-1b or -18 in experimental MI give findings that are
comparable to what we present in the current study,
that is, no reduction in infarct size, but improved
cardiac remodeling (48–50). However, the effect of
inhibiting NLRP3 could extend beyond that of
reducing generation of active IL-1b and -18. Although
IL-1b and -18 are the most studied caspase-1 sub-
strates, there are many other verified and potential
substrates that could be important during myocardial
infarction (51). NLRP3-dependent caspase-1 activa-
tion can, through cleavage of gasdermin D, induce
programmed necrosis (i.e., pyroptosis) and promote
an inflammatory response that is IL-1 and -18 inde-
pendent (52). NLRP3 may also regulate functions such
as phagosome formation and cellular metabolism,
and of particular relevance to findings in this paper,
eicosanoid production (53,54). The role of NLRP3 in
increasing macrophage production of inflammatory
lipid mediators, independently of IL-1b and -18, rep-
resents a mechanism that inhibits physiological res-
olution of inflammation and could very well at least
partly explain our findings on efferocytosis in Nlrp3-
deficient macrophages.

Finally, we emphasize that a direct comparison of
NLRP3 inhibition and neutralization of IL-1b and -18
in a setting of post-myocardial infarction remodeling
is a natural and important extension of our and
others’ findings. Such studies are necessary to iden-
tify both similarities and differences regarding effects
on pathogenic mechanisms and, most importantly,
therapeutic efficacy and safety.



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: An

excessive or prolonged inflammatory response after

MI may disturb formation of a stable scar and promote

adverse LV remodeling, leading to impaired myocar-

dial function and heart failure.

TRANSLATIONAL OUTLOOK: Our results high-

light the detrimental role of the NLRP3 inflammasome

and infiltrating immune cells in the subacute phase

after MI. Further studies that directly compare NLRP3

inhibition and neutralization of IL-1b and -18 in this

setting are natural and important extensions of our

and others’ findings and could encourage clinical

trials.
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STUDY LIMITATIONS. First, the model we chose for
our experiments, nonreperfused MI, could be regar-
ded less clinically relevant as the myocardial tissue is
not reperfused as in a clinical setting. As we, by this
model, may study effects that are less dependent on
initial infarct size and reperfusion damage, we still
find the method valuable. Second, due to housing
limitations, we have performed homozygous
breeding. The animals used are housed together, but
are thus not littermates. Third, whereas the main
studies consist of a large number of mice, the sub-
studies have a smaller sample size. Fourth, we have
not used male and female mice for all studies, but
focused mainly on male mice except for the remod-
eling study. Fifth, due to the bone marrow trans-
plantation study set-up, we lack data on early time
points to investigate recruitment and clearance of
cells. Sixth, the phenotypic characterization of
mainly neutrophils and to lesser extent macrophages
is partially lacking. Finally, we lack direct evidence of
data on macrophage removal of apoptotic cells within
the myocardium.

CONCLUSIONS

We show that NLRP3 deficiency attenuates mortality,
maladaptive remodeling, and development of HF
following MI. We suggest that macrophages showing
enhanced efferocytosis capacity in Nlrp3�/� mice may
play a key role in the beneficial phenotype in these
mice. The role of infiltrating immune cells was
strongly supported by our bone marrow transplant
experiment, recapitulating the Nlrp3�/� phenotype in
WT mice that had been transplanted with Nlrp3�/�

bone marrow. Our data should encourage performing
clinical trials directly inhibiting NLRP3 inflammasome
and its target inflammatory cytokines (IL-1b and -18) in MI
patients.
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