
The inflammasome promotes adverse cardiac
remodeling following acute myocardial
infarction in the mouse
Eleonora Mezzaromaa,b,c,1, Stefano Toldoa,b,1, Daniela Farkasb, Ignacio M. Seropiana,b,c, Benjamin W. Van Tassellb,c,
Fadi N. Sallouma, Harsha R. Kannana,b, Angela C. Mennaa,b, Norbert F. Voelkela,b, and Antonio Abbatea,b,2

aVCU Pauley Heart Center, bVCU Victoria Johnson Center, and cSchool of Pharmacy, Virginia Commonwealth University, Richmond, VA 23298

Edited* by Charles A. Dinarello, University of Colorado Denver, Aurora, CO, and approved October 19, 2011 (received for review May 31, 2011)

Acute myocardial infarction (AMI) initiates an intense inflamma-
tory response that promotes cardiac dysfunction, cell death, and
ventricular remodeling. The molecular events underlying this
inflammatory response, however, are incompletely understood.
In experimental models of sterile inflammation, ATP released from
dying cells triggers, through activation of the purinergic P2X7
receptor, the formation of the inflammasome, a multiprotein
complex necessary for caspase-1 activation and amplification of
the inflammatory response. Here we describe the presence of the
inflammasome in the heart in an experimental mouse model of
AMI as evidenced by increased caspase-1 activity and cytoplasmic
aggregates of the three components of the inflammasome—apo-
ptosis speck-like protein containing a caspase-recruitment domain
(ASC), cryopyrin, and caspase-1, localized to the granulation tissue
and cardiomyocytes bordering the infarct. Cultured adult murine
cardiomyocytes also showed the inducible formation of the
inflammasome associated with increased cell death. P2X7 and cry-
opyrin inhibition (using silencing RNA or a pharmacologic inhibi-
tor) prevented the formation of the inflammasome and limited
infarct size and cardiac enlargement after AMI. The formation of
the inflammasome in the mouse heart during AMI causes additional
loss of functional myocardium, leading to heart failure. Modulation
of the inflammasome may therefore represent a unique therapeutic
strategy to limit cell death and prevent heart failure after AMI.
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Despite the progress in the treatment of acute myocardial
infarction (AMI), many patients die early during AMI and

those who survive are at risk for developing heart failure (1–4),
suggesting that the current treatment paradigm still misses one
or more key pathophysiologic mechanisms. There is therefore
a need to develop additional treatment strategies to prevent
heart failure after AMI.
Ischemic injury initiates an intense inflammatory response that

promotes further dysfunction and heart failure (5, 6). Cryopyrin
(Nalp3/Nlrp3) is an intracellular Nod-like receptor that functions
as a danger signal sensor that becomes activated in response to
intracellular infections (i.e., bacterial and viral proteins), ATP,
and other cellular debris released during tissue injury, or in-
tracellular accumulation of uric acid, or cholesterol crystals
(7, 8). Cryopyrin activation leads to recruitment of the apoptosis
speck-like protein containing a caspase-recruitment domain (ASC)
and formation of the inflammasome, a multiprotein complex nec-
essary for caspase-1 activation and interleukin-1β (IL-1β) release
(7, 8). Caspase-1 is a key modulator of the inflammatory response
to tissue injury and participates both in the amplification of the
inflammatory response and also in the promotion of cell death (7–
9). Experimental studies in mice with genetic deletion of caspase-1
have identified caspase-1 inhibition as a potential target for phar-
macologic intervention in the setting of AMI (10–12). A recent
report described formation of the inflammasome in a mouse model
of ischemia/reperfusion and reports that ASC knockout mice were
protected (13). Herein we describe formation of the inflamma-
some in the myocardium leading to adverse cardiac remodeling

and increased caspase-1–mediated cell death in a more severe
model of ischemia without reperfusion. We also describe phar-
macologic inhibition of cryopyrin and P2X7 to prevent inflam-
masome formation and ameliorate cardiac damage as a potential
basis for translational investigation.

Results
Caspase-1 Is Activated in AMI. Caspase-1 mRNA synthesis in-
creased severalfold in the heart at 3 and 7 d after AMI (Fig. S1).
Caspase-1 activation was also increased at 7 d as measured by
increased procaspase-1, increased cleaved caspase-1, and in-
creased cleaved/procaspase-1 ratio (Fig. S1). The marked in-
crease in procaspase-1 mRNA and cleaved caspase-1 protein
compared with a relatively small increase in procaspase-1 protein
suggests rapid cleavage of procaspase-1. Increased caspase-1
enzymatic activity in the heart was detectable as early as 6 h after
surgery, reached a peak between 3 and 7 d, and persisted for up
to 14 d (Fig. S1). Parallel increases in the expression of ASC,
a structural component of the inflammasome, were also noted
over a similar time course after AMI (Fig. S2).

Expression of the Inflammasome Components in the Heart During
AMI. Immunofluorescence staining for ASC appeared as peri-
nuclear cytoplasmic aggregates in leukocytes, endothelial cells,
and fibroblasts in the granulation tissue as well as in cardio-
myocytes in the infarct border zones, with minimal expression in
the remote myocardium, and virtually no staining in the hearts of
sham-operated mice (Fig. 1 and Figs. S3 and S4). ASC was highly
expressed in the granulation tissue 3 d after AMI, in CD45+

leukocytes as well as in S100A4+ fibroblasts and caveolin-1+

endothelial cells, and also in the cytoplasm of cardiac actin+

cardiomyocytes bordering the infarct (Fig. 1 and Fig. S3). Seven
days after AMI, ASC staining was more prominently detected in
the cardiomyocytes (cardiac actin+) in the infarct border zone
(Fig. 1). Similar to ASC, cryopyrin was mainly expressed in the
granulation tissue and colocalized with CD45+ leukocytes,
S100A4+ fibroblasts, and caveolin-1+ endothelial cells 3 and 7
d after AMI (Fig. 1 and Figs. S3 and S4). In sham-operated
animals (control group) and in the remote zone 3 and 7 d after
AMI, very little expression of ASC, cryopyrin, or caspase-1 was
detected in cardiomyocytes, leukocytes, fibroblasts, or endothe-
lial cells (Fig. 1 and Fig. S3). A semiquantitative assessment of
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the formation of the inflammasome in the different cell types is
presented in Fig. 2.
Cryopyrin mainly colocalized with ASC and caspase-1 in the

cytoplasm of noncardiomyocytes in the granulation tissue and in
some cardiomyocytes in the border zone, 3 d after AMI, whereas
costaining for ASC, cryopyrin, and caspase-1 was found to be
stronger in the cardiomyocytes of the border zone 7 d after AMI
(Fig. S4).

The Inflammasome Is Induced in Cardiomyocytes. We further char-
acterized the formation of the inflammasome in cardiomyocytes
using a stable adult murine cardiomyocyte cell line (HL-1). In
vitro “simulated ischemia” induced formation of the inflam-
masome, activation of caspase-1, and cell death (Fig. 3), whereas
addition of “ischemic medium” did not activate the inflamma-
some, showing that in vitro ischemia activates the inflammasome
by a mechanism other than true soluble mediator (Fig. S5).
To study a more classical way to trigger the formation of the

inflammasome, we primed HL-1 cells with lipopolysaccharide
(LPS) and then triggered with nigericin or adenosine-triphosphate
(ATP) inducing a reproducible formation of the inflammasome
(Fig. 3). Addition of LPS or ATP alone were not sufficient to
stimulate the formation of the inflammasome (Fig. 3). Induction
of the inflammasome in HL-1 cells led to a significant increase in
cell death (measured by Trypan blue exclusion or TUNEL for
DNA fragmentation, Fig. 3) that paralleled caspase-1 activity, and
was inhibited by the addition of a caspase-1 inhibitor (Fig. 3).
Whereas cryopyrin is the intracellular danger sensor (Nod-like

receptor) leading to the formation of the inflammasome, P2X7
is the purinergic receptor channel that is activated by extracel-
lular ATP (a byproduct of cell death) and leads to K+ efflux
and cryopyrin activation (7–9). Addition of a pharmacologic
P2X7 inhibitor, pyridoxalphosphate-6′-azopheny-2′,4′-disulpho-
nate (PPADS), inhibited the effects of ATP on both caspase-1
activity and cell death. Taken together, these data demonstrate
the formation of the inflammasome in the myocardium leading
to caspase-1 activation and cell death and support the targeting
of inflammasome formation as a potential strategy to protect the
myocardium following AMI.

Cryopyrin and P2X7 Gene Silencing Inhibit Caspase-1 Activation
During AMI. Gene silencing was achieved by systemic adminis-
tration of a high dose of commercially available small interfering
(si)RNAs directed toward cryopyrin or P2X7 using a previously
validated protocol (seeMaterials and Methods). Silencing efficacy
by Western blot (WB) showed a marked decrease (>80%, P <
0.05) in the targeted protein expression (Fig. 4). Cryopyrin- and
P2X7 directed siRNA prevented the increase in caspase-1 ac-
tivity 72 h after coronary artery ligation surgery, inducing AMI
and ameliorated cardiac remodeling at 7 d as reflected in less
enlargement and dysfunction, whereas scrambled (nontargeted)
siRNA had no effect (Fig. 4). These data support the concept
that inhibition of one of the components of the inflammasome
may be sufficient to blunt caspase-1 activation during AMI.

Fig. 1. Formation of the inflammasome in the granulation tissue and cardiomyocytes. Immunofluorescence shows overlap of cardiac actin (green) and the
different components of the inflammasome [ASC (red, A–D), cryopyrin (red, E–H), and caspase-1 (red, I–L)] in the granulation tissue and border zone, 3 and 7 d
after AMI (C, G, and K and D, H, and L, respectively), with minimal staining and overlap in the sham-operated mouse or the remote zone (A, E, and I and B, F,
and J, respectively). Counterstaining with DAPI (blue). Original magnification 40×. (Scale bar, 20 μm.)

Fig. 2. Cell type distribution of the inflammasome in acute myocardial in-
farction. The graph shows results of a semiquantitative assessment of ASC
expression by immunofluorescence (examples in Fig. 1). Expression was
quantified as intense (3+), moderate (2+), weak (1+), or no expression (0)
(Materials and Methods) by three investigators separately and then aver-
aged. Mean ± SEM values are reported (n = 3–4 per group).

19726 | www.pnas.org/cgi/doi/10.1073/pnas.1108586108 Mezzaroma et al.

http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1108586108/-/DCSupplemental/pnas.201108586SI.pdf?targetid=nameddest=SF4
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1108586108/-/DCSupplemental/pnas.201108586SI.pdf?targetid=nameddest=SF5
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1108586108/-/DCSupplemental/pnas.201108586SI.pdf?targetid=nameddest=STXT
www.pnas.org/cgi/doi/10.1073/pnas.1108586108


Inhibition of P2X7 Limits Cell Death and Ameliorates Cardiac
Remodeling Following AMI. PPADS is a noncompetitive antago-
nist of the P2X7 receptor with a receptor affinity (pIC50) for
P2X7 of 4.3 μMwidely used in preclinical mouse models (14, 15).
In vitro, PPADS (100 μM) added to HL-1 cells exposed to
simulated ischemia for 2.5 h significantly reduced cell death
(control conditions 4.8 ± 0.4%, simulated ischemia 8.2 ± 0.9%,
simulated ischemia + PPADS 5.4 ± 1.0%, P < 0.05 vs. simulated
ischemia alone, P = NS vs. control). In vivo, PPADS was ad-
ministered intraperitoneally using a previously validated dose of
25 mg/kg given daily for 7 d starting 5 min after surgery (14, 15).
P2X7 inhibition by PPADS treatment blunted the increase in
ASC expression and caspase-1 activity 3 d after AMI in a fashion
similar to that of P2X7 targeted siRNA (Fig. 4). Cell death,
measured as the number of TUNEL+ cardiomyocytes in the in-
farct border zone (reflecting DNA fragmentation in programmed
cell death) or assessed by the extent of the replacement fibrosis

using Masson’s trichrome stain (reflecting necrosis), was also
significantly reduced by P2X7 inhibition with PPADS (Fig. 4).
P2X7 inhibition by PPADS led to a reduction in cardiac enlarge-
ment without inhibition of compensatory hypertrophy (Fig. 4).

Discussion
Myocardial ischemia leads to initial damage that is characterized
by an intense inflammatory response. Caspase-1 activity is in-
creased in the myocardium minutes after the onset of ischemia,
remains elevated for several days, and leads to cardiomyocyte
death (10–12). Herein we confirm the presence of cryopyrin
inflammasomes in leukocytes, endothelial cells, and fibroblasts in
the granulation tissue early during the infarct period and de-
scribe formation of active cryopyrin inflammasomes in car-
diomyocytes bordering the infarct zone later during the infarct
process. Using an isolated culture of adult cardiac myocytes, we
also observed that the induction of the inflammasome led to
a significant increase in caspase-1 activity accompanied by a
dose-dependent increase in cell death. Taken together, these
findings suggest a significant role for the inflammasome in the
cardiomyocyte and identify disruption of the inflammasome as
a unique strategy to prevent further loss-of-functional myocar-
dium following AMI and to prevent adverse cardiac remodeling.
Unfavorable cardiac remodeling is indeed the substrate for heart
failure and related mortality after AMI (16). The favorable
changes in cardiac remodeling seen with inflammasome-targeted
therapy (30–50% less enlargement of the left ventricle (LV)
compared with the control group) suggest that such treatment
may potentially translate into the clinical arena in which small
improvements in LV dimensions have led to a significant survival
benefit after AMI (16).
Our findings are consistent with the recent report by Kawa-

guchi and colleagues that reported the formation of the in-
flammasome in the mouse heart, mainly in cardiac fibroblasts
and infiltrating cells 48 h after ischemia/reperfusion injury (13).
The presence of the inflammasome in cardiomyocytes at 48 h
was also noted but considered marginal, likely due to the fact
that the cardiomyocyte failed to release active IL-1β (13). Our
study expands upon these findings to show that the inflamma-
some is present in cardiomyocytes, that the cardiomyocyte is the
most prevalent location of the inflammasome by day 7, and, most
importantly, that induction of the inflammasome in the car-
diomyocyte leads to cell death. The formation of the inflam-
masome appears to be independent of whether or not cardio-
myocytes release active IL-1β, because the release of active IL-1β
is dependent upon transcription of pro–IL-1β and regulated
by cell-specific transcription factors. We indeed show that, in-
dependent of IL-1β release, the cardiomyocyte contains the
structural components of the inflammasome (ASC, cryopyrin,
and caspase-1) and active caspase-1 which ultimately induce
caspase-1–dependent cell death. Although overlap of different
modalities of cell death may occur, the observation of caspase-1–
dependent cell death, DNA fragmentation, and loss-of-membrane
integrity indicate the presence of pyroptosis or inflammatory cell
death (9, 17). Accordingly, we show that strategies targeted to
disrupt inflammasome activation led to significantly less cardio-
myocyte loss and more favorable cardiac remodeling.
P2X7 is activated by extracellular ATP and leads to K+ efflux,

cryopyrin activation, and cell death (7–9). ATP is a byproduct of
cell death and is also actively released by monocytes at the site
of acute inflammation (18, 19). Our data show that inhibition of
cryopyrin or P2X7 using silencing RNA is sufficient to blunt
caspase-1 activation during AMI. Moreover we show that pre-
vention of the formation of the inflammasome using a P2X7
inhibitor reduced cell death and adverse cardiac remodeling.
These data confirm the central role of caspase-1 in the myo-
cardial response to ischemia and begin to explain the mecha-
nisms leading to enhanced caspase-1 activity. Ischemia may lead
caspase-1 activation through several mechanisms (direct and
indirect) and the exact mechanism involved in the formation of
the inflammasome in the heart during AMI cannot be defined.

Fig. 3. Formation of the ASC inflammasome in isolated cardiomyocyte in
culture. (A–C) Effects of LPS pretreatment (priming) and nigericin or ATP
triggering on adult cardiomyocytes (HL-1) in culture. (A) Untreated cell cul-
ture. (B) Culture treated with LPS and nigericin. (C) Culture treated with LPS
and ATP. ASC aggregates in the cytoplasm are evident in B and C (arrows).
(D–F) Mean ± SEM of ASC staining expressed in a semiquantitative scale in
which 1+ is mild expression and 3+ is intense expression (D), caspase-1 ac-
tivity assessed using an enzymatic assay (N-Ac-Tyr-Val-Ala-Asp-CHO was used
as caspase-1 inhibitor) (E), cell death assessed by either Trypan blue or TUNEL
(F–H) in cultured adult HL-1 cardiomyocytes treated with LPS and triggered
with nigericin, or ATP, or simulated ischemia. P2X7 inh refers to the use of
a pharmacologic P2X7 inhibitor, PPADS (5 mM, equimolar to ATP), used as
an ATP antagonist. Simulated ischemia refers to simulated ischemia in vitro
obtained by exposing cells to hypoxia and an “ischemic” buffer. A caspase-1
inhibitor (casp-1 inh, benzyl-oxycarbonyl-Trp-Glu(OMe)-His-Asp(OMe)-fluo-
romethylketone) was added to determine whether cell death was caspase-1
dependent or not. *P < 0.05 vs. control conditions, †P < 0.05 for P2X7 inh vs.
no treatment. Details of D–H are found in Materials and Methods.
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Overexpression of caspase-1 caused cell death in cultured car-
diomyocytes, whereas deletion of endogenous caspase-1 was
previously shown to protect against ischemia/reperfusion-induced
death (10–12). Accordingly, mice overexpressing caspase-1 had
larger areas of ischemic damage, more severe cardiac enlarge-
ment, and a reduced survival after AMI; whereas caspase-1–

deficient mice were protected after AMI (10–12). In the model
of cardiomyocyte-specific overexpression of caspase-1 mice de-
veloped heart failure after AMI, independent of detectable
formation of active IL-1β and IL-18 (10–12), which is consistent
with the notion that activation of the inflammasome and caspase
1 in the cardiomyocyte may be disconnected from IL-1β

Fig. 4. Cryopyrin- and P2X7 targeted interventions in acute myocardial infarction. (A) Cryopyrin- and P2X7 targeted small interfering (si)RNAs administered
intraperitoneally 24 h before surgery leading to a >80% reduction in target protein expression (Western blot) and a significant reduction in caspase-1 activity.
Treatment with a pharmacological P2X7 inhibitor (PPADS 25 mg/kg intraperitoneally daily) provided a similar effect on caspase-1 activity. Values are
expressed as mean ± SEM % of control values; n = 4–6 per group, *P < 0.05 vs. sham-operated mice. (B and C) Histology (Masson’s trichrome) of cardiac left
ventricle midsections of mice 7 d after AMI and treatment with vehicle (NaCl 0.9%) or a P2X7 inhibitor (PPADS), respectively. (D–F) Reductions in ASC ex-
pression (Western blot, day 3) and in infarct size (Masson’s trichrome, day 7) and apoptosis (in situ end labeling of DNA fragmentation, day 7), and in mice
treated with a P2X7 inhibitor (PPADS) vs. vehicle (NaCl 0.9%) after AMI. Values are expressed as mean ± SEM; n = 4–6 per group, *P < 0.05 vs. sham-operated
mice, †P < 0.05 vs. control AMI. (G and H) Monodimensional echocardiography recordings obtained 7 d after AMI in mice treated with NaCl 0.9% (control) or
a P2X7 inhibitor (PPADS), respectively. (I–N) Reductions in left ventricular enlargement (end-diastolic and end-systolic diameters) in mice 7 d after AMI treated
with a P2X7 inhibitor (PPADS) vs. vehicle, without any difference in left ventricular hypertrophy. (O–R) Similar reductions in left ventricular enlargement (end-
diastolic and end-systolic diameters) in mice 7 d after AMI treated with silencing RNA targeted to cryopyrin and P2X7 but not with scrambled siRNA
sequences. Values are expressed as mean ± SEM; n = 6–8 per group, *P < 0.05 vs. sham-operated mice, †P < 0.05 vs. control AMI.

19728 | www.pnas.org/cgi/doi/10.1073/pnas.1108586108 Mezzaroma et al.

www.pnas.org/cgi/doi/10.1073/pnas.1108586108


processing and release. Caspase-1 activation and the formation
of the inflammasome occur also in the brain in response to ce-
rebral ischemia and traumatic injury (20–24). The concept of
P2X7 activation by cellular debris (including ATP, other purines,
and other cellular contents) leading to inflammasome formation
during sterile inflammation likely represents a general and
ubiquitous modality of amplification and regulation of the in-
flammatory cascade (20–26). P2X7 targeted strategies have so
far been effective in limiting neuronal damage, lung, liver, and
kidney injury in several preclinical disease models (14, 15, 27,
28). The results of our experiments demonstrate that ischemia
and necrosis of cardiomyocytes during AMI trigger the formation
of the ASC/cryopyrin inflammasome via activation of the P2X7
receptor channel and that pharmacological inhibition of P2X7
is sufficient to prevent cell death and adverse cardiac remodeling
in a model of severe ischemic damage in the setting of a non-
reperfused AMI. We chose the model of nonreperfused AMI
because although most of the patients with AMI receive some
form of intervention aimed at obtaining reperfusion, incomplete
tissue level reperfusion (no reflow) occurs in a large number of
patients, which negates the benefit of reperfusion and is associ-
ated with a greater risk of subsequent heart failure (29). Fig. 5
shows a simplified scheme proposing the central roles of the
ASC/cryopyrin inflammasome and the P2X7 receptor in the
promotion of heart failure after AMI. Release of active IL-1β
from activated leukocytes or endothelial cells following forma-
tion of the inflammasome triggers a sterile inflammation re-
sponse that amplifies the initial injury (25, 26). Furthermore
“IL-1 induces more IL-1” and therefore release of active IL-1β
likely induces more caspase-1 activation in an autocrine and
paracrine fashion (30). This is in agreement with the beneficial
effects seen in this model with IL-1 blockade with anakinra (31).
caspase-1 however, may also be involved in the release of other
proinflammatory molecules other than IL-1β (32).
Our experimental studies are limited in that (i) other forms of

the inflammasome not containing the ASC/cryopyrin complex
have been described and were not investigated in this study; (ii)
we find evidence of activation of the inflammasome in several
different cell types, and by the means of systemic silencing
RNA or pharmacologic inhibition we cannot distinguish whether
inhibition of the inflammasome in cardiomyocytes or noncardio-

myocytes drives the benefits on cardiac remodeling; (iii) the
P2X7 receptor is involved in other processes (i.e., IL-1β release),
which may also affect the inflammatory response; and (iv)
PPADS can also inhibit other members of the purinergic
P2 receptor family. Moreover, given the close relationship of
inflammation and tissue injury, we suspect that inflammation is
the result of injury and the cause of further injury. However, the
exact causal link between these two processes could not be de-
termined in our studies. Despite such limitations, however, the
results of our study point toward a key pathologic role of the
ASC/cryopyrin inflammasome in postinfarction remodeling.

Conclusions
The results of our study provide evidence for the formation of the
ASC/cryopyrin inflammasome in the myocardium during AMI
and suggest that cryopyrin and P2X7 are potential targets for
intervention for the prevention of heart failure following AMI.

Materials and Methods
Experimental AMI Model. Adult male out-bred Institute of Cancer Research
(CD1) mice were supplied by Harlan Labratories. Experimental AMI was
induced by permanent left coronary artery ligation as described previously (31).

Caspase-1. Hearts were collected 3 and 7 d after surgery (n = 4–6 per group)
for evaluation of caspase-1 mRNA (real-time PCR) and protein (Western blot)
synthesis, and caspase-1 enzymatic activity. Detailed procedures are included
in SI Materials and Methods.

Expression of the Component of the Inflammasome in the Heart During AMI.
The whole hearts were collected at 3 and 7 d after surgery. Procedures for
immunofluorescence staining of ASC, cryopyrin, and cleaved caspase-1 in the
heart during AMI are included in SI Materials and Methods. Expression of the
components of the inflammasome was quantified by three different inves-
tigators using a semiquantitative scale and expressed as mean and SEM (SI
Materials and Methods). Analysis was performed considering the granula-
tion tissue in the infarct area composed of tissue debris, leukocytes, endo-
thelial cells and fibroblasts, the periinfarct border zone, and the remote
myocardium in an area of the heart opposite to the infarct.

Formation of the Inflammasome in Isolated Cardiomyocytes in Vitro. HL-1 cells
represent an immortalized adult murine cardiomyocyte cell line kindly do-
nated by Dr. Claycomb (Louisiana State University, New Orleans, LA) and
cultured in Claycomb medium (Sigma-Aldrich) as suggested by the manu-
facturer (33). We exposed the HL-1 cells to simulated ischemia. HL-1 cells
were plated at a density of 400,000 cells per 35-mm dish 24 h before simu-
lated ischemia for 6 h as described in SI Materials and Methods. As an ad-
ditional experiment, we transferred the medium of HL-1 cells exposed to
2.5 h, or 12 h of ischemia to healthy HL-1 and then measured caspase-1
activation as a marker of the formation of the inflammasome.

To study a more classical way to trigger the formation of the inflamma-
some, HL-1cells were primed with Escherichia coli 0111:B4 LPS (25 ng/mL;
Sigma-Aldrich) for 2 h and then aggregation of the inflammasome was in-
duced by nigericin (20 μM; Sigma-Aldrich) or ATP (1–5 mM; Sigma-Aldrich)
for 1 h (34). To test the inhibitory effects of PPADS on ATP-induced forma-
tion of the inflammasome and caspase-1 activation, equimolar PPADS was
added to ATP (5 mM). The formation of the inflammasome in HL-1 cells was
determined and quantified by immunohistochemistry as described above.
The cells were plated on 24 × 24 mm glass covers pretreated with gelatin/
plasma human-fibronectin (0.02–0.5%) at 2.5 × 105 in 35-mm dishes 24 h
before the experiment. ASC is not or minimally expressed in HL-1 cells.
Upon triggering of the inflammasome, ASC expression was detected as
circumscribed cytoplasmic perinuclear aggregates and expressed semi-
quantitatively on a 1–3 scale. In a parallel experiment 1 × 106 cells were
plated in 60-mm dishes and 24 h later, primed and induced as described
above. After the treatment the cells were washed, harvested, and frozen for
caspase-1 activity assessment as described above. Each experiment was
performed in triplicate.

Assessment of Cell Death in Isolated Cardiomyocytes. Cell death in HL-1 car-
diomyocytes in vitro was assessed determining loss of membrane integrity
using Trypan blue as well as determining nuclear DNA fragmentation using in
situ end labeling (TUNEL) (SI Materials and Methods). Trypan-blue positivity
reflected loss of membrane integrity as seen in necrotic/oncotic cell death or

Fig. 5. Central role of the inflammasome in acute myocardial infarction.
Simplified scheme proposing the central roles of the P2X7 receptor and the
ASC/cryopyrin inflammasome in the promotion of heart failure after AMI.
ATP and other cellular debris released during ischemic myocardial necrosis
activates the membrane P2X7 receptor channel and leads to cryopyrin ac-
tivation by facilitating K+ efflux from the cell. Activated cryopyrin recruits
the ASC scaffolding protein and procaspase-1 allowing for homodimeriza-
tion and autocatalytic activation of caspase-1. Active caspase-1 cleaves pro–
IL-1β and other proinflammatory cytokines into the active isoforms thus
amplifying the inflammatory response (sterile inflammation). Active cas-
pase-1 also triggers cell death, further contributing to the additional loss of
functional myocardium and subsequent heart failure following AMI.
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in pyroptosis (17). TUNEL was performed according to the supplier’s
instructions (31). Nuclear DNA fragmentation is a hallmark of programmed
cell death, namely apoptosis or pyroptosis (17). Pyroptosis is caspase-1–
dependent cell death; to determine whether HL-1 cardiomyocytes death was
caspase-1 dependent, a caspase-1 inhibitor was added in vitro.

Silencing RNA. Targeting and scrambled siRNA were purchased from Santa
Cruz. We used a previously validated approach of high-dose (0.45 mg/kg)
systemic (intraperitoneal) injection mixed with an equal volume of siPORT
amine (Ambion) in the live animal (35, 36). For both cryopyrin and P2X7
a dose of 0.45 mg/kg induced a significant >80% reduction in target protein
at 24 h. We then used this approach in the AMI model by administering the
siRNA 24 h before surgery and then again every 72 h. Silencing efficacy was
evaluated by WB using an anti-cryopyrin polyclonal antibody (Santa Cruz)
and an anti-P2X7 polyclonal antibody (Sigma-Aldrich).

Pharmacologic Treatment. To evaluate the effects of pharmacologic P2X7
inhibition, after surgery mice were randomly assigned to treatment with
PPADS or a matching volume of vehicle (NaCl 0.9%, n = 12 per group). PPADS
was purchased from Tocris Bioscience and prepared according to the
supplier’s instructions, PPADS was administered intraperitoneally at a dose
of 25 mg/kg given immediately after surgery and then daily for a period
of 7 d.

Echocardiography. All animals underwent transthoracic echocardiography
before surgery and 7 d later. Echocardiography was performed with the

Vevo770 imaging system (VisualSonics) and a 30-MHz probe as previously
described (31).

Infarct Size and Programmed Cell Death. Mice were killed on day 7 after
echocardiogram and the hearts were explanted andfixed in formalin 10% for
at least 48 h. A transverse section of the median third of the heart was
dissected, included in paraffin, cut into 5-μm slides, and stained with Mas-
son’s trichrome (Sigma-Aldrich). The areas of fibrosis and the whole left
ventricle were determined by computer morphometry using the Image Pro
Plus 6.0 software (31). Programmed cell death was defined as fragmentation
of nuclear DNA reflecting either apoptosis or pyroptosis. The number of
cardiomyocytes nuclei showing DNA fragmentation at in situ end labeling
(TUNEL) were counted and expressed as percentage of total nuclei. The
TUNEL technique was performed according to the supplier’s instruction as
previously described (31).

Statistics. Differences between the groups were analyzed using the one-way
ANOVA and changes in repeated measures in echocardiographic data were
analyzed using the random effects ANOVA for repeated measures to de-
termine the main effect of time, group, and time-by-group interaction using
the SPSS 15.0 package for Windows.
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