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Abstract (200 words)

Acute occlusion of a coronary artery can resuthiyocardial infarction - a leading cause of
premature death. Prompt restoration of blood flowhe myocardium can prevent excessive
death of cardiomyocytes and improve clinical outeo#lthough the major mechanism of
cell death after reperfusion is necrosis, it is meaognized that many other cell death
pathways may be involved in ischemia-reperfusiéR)(injury. Pyroptosis is one such cell
death pathway that is caspase-1-dependent andeddiicesponse to cellular insult. The
activated caspase-1 protease cleaves and actsgesic cellular targets including
gasdermin D and the pro-inflammatory cytokinesriete&kin-11 and interleukin-18. The N-
terminal fragment of gasdermin D forms plasma memémpores resulting in cytosolic
leakage and cell rupture, releasing interleukintdlaed interleukin-18. Evidence suggests
that inflammation induced by I/R via the pyroptgb@thway contributes to cardiomyocyte
death, excessive scar formation and poor ventricataodeling. For this reason, there is
growing interest in targeting components of theopyotic pathway as a means of reducing

I/R injury.
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Introduction

Although the pathogenesis of myocardial infarci®mcreasingly well understood, it
remains a leading cause of premature death in th&téhh world. The widespread adoption
of percutaneous coronary intervention has resuttedsignificant reduction in the duration
of coronary ischemia once the clinical diagnosisabnary artery occlusion is mad&arly
restoration of blood flow to the myocardium canver@ excessive oncotic cardiomyocyte
death. Conversely, delaying treatment is associaiworse outcome and increased
mortality’. It is now understood that in addition to the Ewiic insult, the process of
reperfusion paradoxically leads to further damaajked myocardial ischemia-reperfusion
(I/R) injury®. Myocardial I/R results in four recognized typdsnjury: reperfusion induced
arrhythmias, myocardial stunning, microvasculartlzsion and lethal myocardial
reperfusion injury. Of these four injuries, lethayocardial reperfusion injury, which is
defined as reperfusion-induced death of cardiomigscthat were viable at the end of a

period of ischemia, may account for 50% or mortheftotal cell death

Myocardial I/R injury is a complex multifactoriafgcess involving a number of different
processes that culminates in irreversible cardiaygdeath. The process starts following
occlusion of the coronary artery, most commonly ttuatherothrombotic disease. This
prevents blood supply to a segment of the myocargwhich becomes ischemic and is
known as the “area at risk” - every cardiomyocytéhis area is at risk of death. The lack of
circulating oxygen and nutrients in the area & csuses the cardiomyocytes to switch to
anaerobic metabolism in order to maintain cellblameostasis. After a prolonged period of
ischemia, continued anaerobic respiration resalesdrop in intracellular pH and an overload

of intracellular cations (particularly Nand C&"). During an extended period of ischemia,



the resultant swelling of the intracellular orgdegland cell cytoplasm can result in
irreversible breakdown of the sarcolemma in a @sd@mown as “oncotic” cell dedth
Restoration of blood flow in the artery and repsidn of the myocardium is necessary to
prevent further cell death. However, the suddewarof oxygenated blood to an ischemic
cell result in an increase in oxygen free radicafsl cytosolic and mitochondrial €a
overload. With the reactivation of mitochondrialadetive phosphorylation and generation of
ATP, reperfusion permits the function of ion exohears, washes out lactate from the
myocardium and rapidly restores the neutral extialee pH. Unfortunately, the neutral pH
facilitates opening of the previously closed MPT@3ulting in mitochondrial membrane
depolarization and uncoupling of oxidative phosptaiion; this combination leads to rapid
ATP depletion and subsequent cell death: Delaynegestoration of pH or inhibiting MPTP
opening at reperfusion has been shown experimentateduce infarct sizes by up to 40%
The Reperfusion Injury Salvage Kinase (RISK) pathweders to pro-survival protein
kinases (including PI3K/Akt and MEK/ERK1/2), whicbnfer powerful cardioprotection by
preventing the opening of the MPTP, when activafgetifically at the time of myocardial
reperfusion™® Recent publications suggest that for cardioptimedo be clinically effective
it will be necessary to use multi-target strategiesexample the combination of those

activating pro-survival RISK pathway with thoseiisiting cell death pathway$.

Pyroptosis and the inflammasome

Although the major form of cell death after repsitin is necrosfs’, it is now recognized
that many other forms of cell death contributestthemia-reperfusion injufy** For
example, some cells, primarily non-cardiomyocyths by apoptosis: There is increasing

evidence that the inflammatory response, while dpeimcessary for post-infarction repair,



contributes to cardiomyocyte death, excessivefecaration and poor ventricular
remodeling®*> An inflammatory insult can cause the activatiba caspase-1-dependent
programmed cell death pathway that culminatesasmph membrane pore formation,
cytosolic leakage and cell rupture, in a proceashias been termed pyroptdsi$. Powerful
pro-inflammatory cytokines such as ILL4land IL-18 can also be released leading to a pro-
inflammatory cascadé™ This has led to the proposal that targeting camepts of the

pyroptotic pathway such as caspase-1 may be a néaegucing I/R injury:>

The inflammasome is an intracellular protein corrpleat is a central component of
pyroptosis Figure 1). It regulates caspase-1 activity and acts aseakgeeper to the sensing
and subsequent initiation and amplification of itifeammatory response to injury
Inflammasome activation relies on two independesytss priming and triggeriig

During priming, microbial molecules or endogencaistdrs stimulate inflammatory receptors
such as the TNF-receptor or Toll-like receptorsK),Limportant components of the innate
immune system. These activate NB-and induce the expression of components such as

NLRP3, ASC and pro-IL{L1

In the setting of cardiovascular and cardiometabdibease, priming of the NLRP3
inflammasome can be caused by diabetes, hypenhipajenflammatory disease or
atherosclerosfé. I/R can cause priming during reperfusion wherrotzcell death creates a
milieu of fragmented cytoplasmic debris in the agéllular environment which act as
“Danger Associated Molecular Patterns” (DAMPS). iaxdes of DAMPs include high
mobility group box-1 (HMGB¥ heat shock proteifi% adenosine, extracellular RKA
matrix fragments, and Interleukin (ILx4°. DAMPs can stimulate receptors such as TLRs,

purine receptors and IL-1 receptor on survivingl@ar cells in the border zone of the infarct



area. Stimulation of TLRs activates downstreanac#Hular signaling pathways that result
in NF-«B-mediated expression of the protein componentsiizde up the inflammasorie
The accumulation of the individual components ef ithiflammasome within the cytoplasm

marks the culmination of the priming phase.

Following priming, a secondary event or triggethien required for the assembly of the
inflammasome from its protein components into iecromolecular active form. One of the
key components of the inflammasome which facilgdtes transition is the NOD-like
receptor protein 3 (NLRP3), a member of the cldsymsolic pattern recognition
receptors®® NLRP3 acts as a sensor and responds to chaniesitellular [K]*. In the
case of myocardial ischemia, mitochondrial dysfiomcand lysosomal destabilization leads
to increased Kefflux which is the main trigger that leads toiaation of the NLRPZ.
Reactive oxygen species from mitochondria or otfieeacellular sources can directly
activate NLRP3"*3 Oxidized mtDNA escaping through the MPTP has hksen proposed to

be a trigger for NLRP3 inflammasome asserttbly

Following stimulation of the NLRP3 receptor, a aammhational change of the protein ensues
which leads to recruitment of the adaptor proteBCAapoptosis speck-like protein}® a
protein containing the caspase-recruitment dom@A&RD). This complex is now able to
interact with pro-caspase 1, and leads to its elgavo the active caspase form. The
assembly of the NLRP3 inflammasome is now comgatécaspase-1 begins the subsequent
cleavage and activation of the pro-inflammatorykytes IL-1 ] and IL-18. An additional
substrate of caspase-1 is the cytosolic proteisdganin D (GSDMD) *® Following its
cleavage by caspase-1, the N-terminal fragmen&S#MD oligomerize within the plasma

membrane to form pores. These pores result indbssll membrane integrity, leading to



deranged ion homeostasis, osmotic swelling andteaty cell lysis, which is the terminal
event in pyroptotic cell death. The pores alsoease membrane permeability to IL-nd
IL-18 leading to their extracellular release anelsth cytokines then amplify the inflammatory
response and mediate further inftiry/-**3%4°|L-18 for instance, has been shown to affect

cardiomyocyte contractile function and induce fartbell death by apopto$t¢?

Several studies have implicated the NLRP3 inflanmonmasand its downstream effectors such
as caspase-1 in the phenomenon of I/R injury (Tapl&awaguchi et al. demonstrated the
presence of NLRP3 inflammasome components (ASCeagges) in the hearts of patients
who had died of myocardial infarctifhwhich heralded the need for further pre-clinical
investigation into the role of the inflammasomeéVh In their subsequent study of transient
myocardial ischemia in mice, they showed that mrgienyocardial cells, primarily
fibroblasts, form the NLRP3 inflammasome in resjgotusl/R injury and release IL=1%.
Furthermore, they demonstrated a smaller infazet &1 mice lacking caspase-1 or ASC, as
compared with wild type mice, indicating the cuicole of the inflammasome in the
development of myocardial I/R injufy Interestingly, data obtained following bone marro
transplantation from KO to WT mice (wvice versa) indicates that the inflammasome
formation in both inflammatory cells and myocardidident cells (such as cardiomyocytes
and fibroblasts) contributes to infarct formafifdrowever, inflammasome activation and II-
10 production were only seen in fibroblasts and rmotiomyocytes, suggesting it is the
fibroblasts which act as “sentinel” cells, detegtinjury and recruiting leukocytes which in

the situation of I/R leads to further cardiomyocgtenagé’.

Subsequent work by Mezzaroma et al. in a mouse hodaden-reperfused MI showed

increased protein expression of ASC and formatidch@NLRP3 inflammasome in cardiac



fibroblasts as well as cardiomyocytes, endothekdls, and leukocytes in the infarct and
infarct border zones, but not in remote cardiac caydium or sham-operated he&tt3hey
also showed increased caspase-1 enzyme actiuityeiheart, which was detectable as early
as 6 hours after coronary ligation and continuedsi for several days, reaching a peak
between day 3 and 7, and persisted for up to 1€da&ene silencing of NLRP3 with small
interfering (si)RNA prevented the increase in casph activity 72 h after coronary artery
ligation, and this attenuated cardiac remodeling @&ys as reflected by less cardiac
enlargement and dysfunction NLRP3. Furthermoreyases-1 inhibition was shown to
protect HL-1 cardiomyocytes against hypoxia andkygenation-induced cell death

vitro*>. This supported the view of caspase-1 and potbntige pyroptotic pathway as
having a causative role in mediating I/R injury gammdmoting adverse cardiac remodeling,
thereby demonstrating the need to develop pharmogioall therapies to target components of

the pathway specifically.

Targeting caspase-1 in reperfusion injury

Experimental studies in mice with genetic deletdicaspase-1 have identified caspase-1 as
a potential target for intervention in preventingessive cell death after coronary ischemia
(Table 1**® For instance, caspasé«iockoutmice had reduced infarct size and attenuated
left ventricular remodeling after I/ whereas cardiomyocyte-restricted overexpression o

caspase in mice increased infarct $ize

One of the first studies utilizing a pharmacolog@spase inhibitor to assess involvement of
caspases in myocardial I/R injury was in a study'bifon’s group in which the pan-caspase
inhibitor zZVAD.fmk was usel. In thisex vivo experimental model, isolated, Langendorff-

perfused rat hearts were subjected to 35 min afr@y occlusion and 120 min reperfusion.



The treatment group was perfused with zVAD.fmk dgrearly reperfusion with a resultant
significant reduction in infarct size. This idergi the potential role for the caspase family of
proteases as a therapeutic target. At the timewhs interpreted as demonstrating that
inhibition of apoptosis was cardioprotective. Hoee\the role of apoptosis in acute
myocardial I/R injury is controversi&l*®. While apoptotic nuclei can be detected by TUNEL
staining for example, these are mostly due to Masand interstitial cells dying by
apoptosi¥’. Thus, it is possible to re-interpret studies saslhe above using pan-caspase

inhibitors'” as having inhibited caspase-1 mediated deathrdfarayocytes.

Pomerantz et al were the first to use the moregetecaspase-1 inhibitor, Ac-YVAD.cmk
They utilized human atrial myocardium attachedot@é transducers in the presence of a
buffer and subjected to bouts of hypoxia-reoxygenafl he force transducers allowed for
the assessment of the myocardial contractile fdrbe.treatment arm involved the addition
of yVAD to the perfusate during and after the siatedl ischemia/ reperfusion. After 30 min
simulated ischemia the contractile force in the-treatment was reduced by 35% of the non-
ischemic control, however tissue treated with casgainhibitor only had a mean reduction
to 75.8% of the contrdt. This significant attenuation of post I/R myocatdiysfunction was
also associated with a significant increase iracgHular creatinine kinase levels, a positive
marker of cell viability. Unfortunately, the autlsadid not investigate the mechanism, the
rate of cell death using DNA fragmentation, or theavage of poly(ADP)-ribose
polymerase, so they were unable to prove whetleecdhdio-protection due to the effect of
caspase 1 inhibition was preventing cytokine-indurgocardial stunning. However, they
did also demonstrate cardioprotection after ne@ttabn of IL-18 with IL-18 binding

protein, suggesting that this may have mediatedhijbey”".



In a study by Toldo et & alpha 1 antitrypsin (AAT) was used as an anfaimimatory
therapy in a mouse model iofvivo coronary artery ligation and reperfusion. Thearaie

for using this therapy was that AAT is a serinetpase inhibitor with anti-inflammatory
properties, and plasma levels have been shown iticheased in patients with acute
myocardial infarction, suggesting a possible pribteaole in response to ischemic injury.
Furthermore, administration of human AAT had presgly been shown to reduce tissue
injury and organ dysfunction in a mouse model obid/R injury, and examination of renal
tissues in this AAT treated group showed reducepase-1 activity. In Toldo’s study, AAT
not only reduced the size of a myocardial infaftdrecoronary artery ligation and
reperfusion, but also inhibited the release of assgl (though not of caspasé?3)
Furthermore, they showed vitro that AAT reduced NLRP3 inflammasome-mediated
caspase-1 activitih Crucially the therapy did not alter the numbeindiftrating leukocytes
suggesting the effect was independent of the citig immune syste?h The authors
hypothesized that the mechanism of protection o Avas that it interfered with the
formation of the NLRP3 inflammasofife They repeated their experiment in a mouse model
of ischemia without reperfusion and found the risswiere similar, suggesting the effect was
independent of reperfusith This is in keeping with findings from Mezzarontaaé who
showed that the inflammasome is active in ischarelis as well as during reperfusion and
therefore there is a theoretical benefit of givamginflammasome inhibitor even prior to
reperfusiofi®. The study lacked evidence to show that AAT irteithithe NLRP3
inflammasome directly to bring about the reductidbicaspase-1. Other mechanisms could
have been implicated, for example, by reducingratfsize, AAT would be expected to
reduce the overall leukocyte burden in the heaer #fR. Given that leucocytes have
significant levels of caspase-1 expression, thig have resulted in lower levels of active

caspase-1 in the heart.
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Marchetti et af® synthesized a novel compound (16673-34-0 (5-ckeneethoxy-N-[2-(4-
sulfamoylphenyl)ethyl]benzamide) based on glybyneieich was expected to inhibit
inflammasome function without causing hypoglyceniiae drug was administered to mice,
which then underwent an vivo procedure of coronary artery ligation followed2x/h
reperfusion. Treatment significantly reduced infaize as a percentage of AAR by over
40%>. Significantly less caspase-1 activity was meabimehe heart, although since this
was measured after 24 h reperfusion, it is hatzetoertain whether this is a primary effect of
inflammasome inhibition, or secondary to a dimiedhecruitment of caspase-1 containing
leukocytes. However, the inhibitor also suppressegase-1 activation and decreased cell
death in HL-1 cardiomyocytes subject to hypoxia ssakygenatiorin vitro®>, which

supports the suggestion that cardioprotection bRRR inflammasome inhibitors may partly

by via the suppression of caspase-1 activation

The exploration of caspase-1 has been expandedhetiievelopment of VX-765, an orally
absorbed prodrug of VRT-043198, which is a poteut selective inhibitor of caspasgtl
Initially developed for use as an orally administedrug for diseases in which caspase-1 is
implicated such as rheumatoid arthritis and epylepdas allowed researchers to conduct
studies of the effect of specific caspase-1 iniwbitn animal models of I/R. Yang et al first
showed that it was highly protective against infiarcwhen administered prior to the onset
of ischemia in a rat, open-chest coronary artegjusion/ reperfusion modal. Audia et al°
subsequently showed it was also protective whenrasitared at reperfusion. The platelet
inhibitor cangrelor in addition to VX-765 in thetaxe group in order to better simulate real
world conditions, given that most patients with teconyocardial infarction undergoing

percutaneous intervention have P2Y12 platelet itdr®administered prior to reperfusion. In
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the presence of cangrelor, VX-765 significantlyattated the infarct size®®. The reduction

in infarct size was greater than that seen withegitangrelor or VX-765 alone, which
suggest that the two compounds do not share a commechanism for cardioprotectfSn

The study was further supported by experimentsgusianex vivo rat Langendorff model of
I/R**>". The benefit of this model is the lack of circingtblood so the infarct is independent
of immune cells which also contain intracellulaifammasome complexes and platelets and
clotting factors which are also known to contribtdeeompounding effects such as
microvascular obstruction and endothelial cell dgstion. This “cleaner” model allows a
direct examination of the effects of I/R on the mgaium. These experiments showed that,
while the pro-drug VX-765 only protected isolateshtts when started prior to ischerfiig,

its active derivative VRT-043198 provided the saan®unt of protection when started at
reperfusior. Importantly, caspase inhibition was found to gseattenuate lactate
dehydrogenase (LDH) release in the first 10 minateeperfusion, suggesting it is rapidly
activated and is an important cause of early inflarenatior’®. Despite this, the combination

of VX-765 and IPC was not found to provide addithenefit in infarct size reductith

The above studies clearly demonstrate that taigetspase-1 can reduce myocardial I/R
injury. However further work is yet to be undertake identify a clinically translational
caspase inhibitor that has the combined attriboft&®ing effective when given at
reperfusion, and which is shown to provide addetebeabove and beyond that which is

obtained through use of conventional therapies aistered during acute M¥.

What is the mechanism of protection by caspasdtbition?
Cardioprotection can clearly be obtained followinigibition of caspase-1, and this seems

likely to occur via the prevention of pyroptosigdareduced release of the pro-inflammatory
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cytokines IL-17 and IL-18. However, there is also a degree ofalmlity in expression and
activation of the NLRP3 inflammasome in differeatdiac cell types™>2 For example,
NLRP3 inflammasome and caspase-1 activation inaaftroblasts leads to significantly
increased production of ILRf®*° but not in cardiomyocytes where activation of KeRP3
inflammasome and caspase-1 is thought to resplgrioptotic death of the cell independently
of IL-18 productio®*°* Therefore, a clearer understanding of the meshaof

protection at the cellular level needs to be elaitsd.

The kinases of the pro-survival RISK pathway wéns Ehown by Schulman and Yellon to
confer powerful cardioprotection when activatethatpoint of reperfusion following a
period of ischemf®. This seminal study has prompted a wealth of resegiming to identify
clinically translatable means of activating thishyeay when reperfusion occurs following
myocardial infarction. Interestingly, in a relatiyeecent study by Mastrocola et al, it is
postulated that inhibition of the NLRP3 inflammasomay also confer benefit via activation
of the RISK pathwal}. Using a novel NLRP3 inhibitor (INF4E) they demuagted
significantly reduced caspase-1 expression, whichetated with reduced infarct size and
lactate dehydrogenase release, as well as imprawsenmepost-ischemic left ventricular
pressur®. Furthermore, they demonstrated increased phogialion (a measure of activity)
of key members of the RISK pathway including ERERK2 and GSK-B in hearts that
were pretreated with INFAE. Thus, they suggestatitthibition of the NLRP3
inflammasome complex results in enhanced activiith® pro-survival RISK pathway.
However, whether activation of these kinases ishaeistically involved the protection seen

was not studied.
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It is important to recognize that neither Told@akand Mastracola et al. found evidence for
NLRP3 inflammasome activation or GSDMD cleavagel antelatively late time-point after
1 h of reperfusiotf®* This contrasts with the observation that casfaiseactivated within
10 min of reperfusioti, and argues for the existence of an inflammasaermegendent

pathway of caspase-1 activation.

The aforementioned study by Do Carmo et al alsdigated a role for the RISK pathway in
the cardioprotective effects seen with the casfidséibitor VX-765". By administering
wortmannin, a RISK pathway inhibitor that acts blgibiting P13-kinase, for 15 min during
early reperfusion, the protective effect of VX-#68s abolishetl. This suggests that
caspase-1 inhibition does offer protection throtighRISK pathway. The authors did not
investigate, however, whether the entirety of thi&Rpathway was upregulated with
caspase-1 inhibition to show a clear causal effieqgilying that at this stage this is an
incidental finding and not evidence of mechanisgdainty. Further, it should be mentioned
that in contrast to the findings of Do Carmo &f,ahe earlier study Audia et’saw a
synergistic effect of ischemic post conditioningwtihe caspase inhibitor VX-765,

suggesting activation of separate protective pagswa

Controversies

Despite a significant body of evidence suggestingi@for the NLRP3 inflammasome and
caspase-1 in I/R injury, several studies using knatmice suggest that the inflammasome
is either not involved or is even protective agaieperfusion injury?® It is possible that
some of these discrepancies relate to possible ensapory upregulation of other

inflammatory pathways seen in some experimentalaisdf® It must be recognized that the
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expression levels of the NLRP3 inflammasome comptsnie usually low in the hearts of
healthy organisms, increasing when primed by tlesguce of infection, inflammation, or
metabolic dysfunction (metaflammatidn)in this regard, it is interesting to note thatemet
studies have shown that the calcium activated psetealpain can rapidly liberate caspase-1

bound to the actin fibets

Conclusions

The mechanism of action through which caspase-bitidn is cardioprotective needs
further clarification. NLRP3 inflammasome and ca&sa activation in the various cardiac
cell types leads to differing downstream effecigedeling on cell typ&“° In

cardiomyocytes, activation of the NLRP3 inflammasdeads to increased caspase-1-
mediated cell death but not to increased B.4iroduction. In fibroblasts, the main effect is
IL-13-mediated myofibroblast differentiation and collaggnthesis. In leukocytes, NLRP3
inflammasome activation leads to significant leueld 3 and IL-18 production leading to an
overall amplification of the inflammatory respores&l further pyroptotic and apoptotic cell
deatfi®®® It is not clear whether inhibiting caspase-1 fies a protective effect by
inhibiting NLRP3 inflammasome activity in all oféke cell types, or whether inhibiting

activity in one particular cell type is more imzeont.

Furthermore, the studies suggesting activatiom®RISK pathway have highlighted an
alternative interaction of caspase-1 with this guovival pathway and this needs further
investigation. This again should be undertaken agbnts given at reperfusion, since the

earlier experiments examining the RISK pathwawadtiton were undertaken using agents
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given prior to onset of ischemia. This will ascertahether the mechanism of any beneficial

effect in terms of upregulating RISK pathway adiima could be clinically relevant.

In conclusion, further studies should aim to usg epecific caspase-1 inhibitors given at
reperfusion and have precise measures of actwignsure that the drug being given is
indeed having the intended effect, i.e. measuremmfecdaspase-1 activity or downstream
products of the pathway such as IL-1Finally, studies should aim to elucidate the true
mechanisms of protection, e.qg. is this limitededain cardiac cells, is the presence of
inflammatory cells in the circulation necessaryd are other pathways such as the RISK

pathway involved?

Figurelegends

Figure 1. Thegeneraimechanism of NLRP3 inflammasome activation and jpiysis.

During the priming step, damage associated molepalterns (DAMPS) released from

dying cells in the vicinity stimulate the toll-likeceptors (TLRs), leading to the NFB-
dependent transcription of NLRP3 inflammasome camepts. In the second, activation,
step, a diverse range of compounds (eg: crystdlB, & mitochondrial reactive oxygen
species - mROS) cause the inflammasome to acthesi@ase-1 mediated cleavage of Pro-II-
100 to II-107, pro-11-18 to 1I-18 (not shown) and gasdermin DS@MVD) to N-terminal
gasdermin D (GSDMD-NT). GSDMD-NT causes the formatdf pores in the plasma
membrane, which cause pyroptotic cell death anddlease of II-11 and 1I-18. The extent to
which this pathway represents what occurs duriolgamia and reperfusion remains to be

precisely determined.
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Study

Method of Caspase
inhibition

Experimental M odel

Caspase inhibition
Results

M ocanu et al 2000

Pharmacological
inhibitors of Caspase
3,8and 9

Ischemia reperfusion in
Langendorff perfused, isolated ra
hearts.

Reduction in Infarct
t Size.

Pomerantz et al
2001

Pharmacological
inhibitors of Caspase-

Ischemia reperfusion model of
| superfused human atrial appendd
muscle

Reduction in ischemia
igaduced myocardial
dysfunction.

1

Frantz et al 2003

Caspase 1 knockout
Mice

In vivo permanent coronary artery
ligation in mice

Reduction in
ventricular dilatation.
Reduction in MMP-3.

Syed et al 2005

Transgenic mice
HEK293 Cells
expressing Pro-caspa
1

In vivo coronary artery ligation an
reperfusion in a mouse.
5e

0 Pro-caspase 1
overexpression was
associated with 50%
larger infarct size.

Merkle et al 2007

Caspase-1 Knock out
Mice.

Isolated murine
cardiomyocytes

In vivo coronary artery ligation an
reperfusion.

Primary cardiomyocytes.

ELISA

d Reduction in
cardiomyocyte
hypertrophy.
Reduction in post-
ischemia LV
deterioration.

M ezzaroma et al
2011

Inhibition of
Cryopyrin and P2X7

In vivo permanent coronary artery
ligation in mice.
Murine HL-1 cells.

Reduction in infarct
size.

Increased survival of
HL-1 cells.

Reduced expression
of Caspase 1.

Toldo et al 2011

Alpha-1-antitrypsin
(AAT)

In vivo coronary artery ligation an
reperfusion in mice.
HL-1 cardiomyocytes.

0 AAT treatment —
Reduced infarct size,
Reduced Caspase-1
activity, Reduced
LVEDD and LVESD.

Mar chetti et al Pharmacological In vivo coronary artery ligation and Reduction in infarct
2014 inhibitor of NLRP3 reperfusion in mice. size.
inflammasome HL-1 cardiomyocytes.
Do Carmo et al Pharmacological Ischemia reperfusion in Reduction in infarct
2018 inhibitor of Caspase-1| Langendorff perfused, isolated ra} size.
hearts. Not additive with
IPC.

Protection abolished
by PI3K inhibitor.

Audia et al 2018

Pharmacological
inhibitor of Caspase-1

In vivo coronary artery ligation an
reperfusion in rats.

Ischemia reperfusion in
Langendorff perfused, isolated ra
hearts.

i Reduction in infarct
size.

Further reduction in
t infarct size when
combined with
P2Y,, receptor
antagonist.

Table 1. Key experimental studies illustrating #fiect of caspase-1 inhibition on infarct size. Exments

included use either direct pharmacological or geriehibition of caspase-1, or indirect preventaficaspase

activation via inhibition of the NLRP3 inflammasome
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