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Abstract Hemorrhagic stroke is a devastating clinical
event with no effective medical treatment. Neuroinflam-
mation, which follows a hemorrhagic stroke, is an impor-
tant element that involves both acute brain injury and
subsequent brain rehabilitation. Therefore, delineating the
key inflammatory mediators and deciphering their patho-
physiological roles in hemorrhagic strokes is of great
importance in the development of novel therapeutic targets
for this disease. The NOD-like receptor family pyrin
domain-containing 3 (NLRP3) inflammasome is a multi-
protein complex that is localized within the cytoplasm.
This NOD-like receptor orchestrates innate immune
responses to pathogenic organisms and cell stress through
the activation of caspase-1 and the maturation of the
proinflammatory cytokines such as interleukin-13 (IL-18)
and IL-18. Mounting evidence has demonstrated that when
the NLRP3 inflammasome is activated, it exerts harmful
effects on brain tissue after a hemorrhagic stroke. This
review article summarizes the current knowledge regarding
the role and the underlying mechanisms of the NLRP3
inflammasome in the pathophysiological processes of
hemorrhagic strokes. A better understanding of the func-
tion and regulation of the NLRP3 inflammasome in hem-
orrhagic strokes will provide clues for devising novel
therapeutic strategies to fight this disease.
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Introduction

There are two types of hemorrhagic strokes: the intrac-
erebral hemorrhage (ICH) and the subarachnoid hemor-
rhage (SAH). Hemorrhagic stroke is a devastating disease
that accounts for 10-20% of all strokes (Xi et al. 2014;
Rinkel and Algra 2011). The pathophysiology of hemor-
rhagic strokes is complicated and involves multiple
pathogenic mechanisms (e.g., inflammation, oxidative
stress, and apoptosis) (Xi et al. 2006; Li et al. 2014).
Inflammation is one of the key elements in the patho-
physiological process of hemorrhagic stroke (Zhou et al.
2014; Caner et al. 2012). The inflammatory responses to
hemorrhagic stroke overlap with those following ischemic
stroke (Wang and Dore 2007). However, important dif-
ferences exist between them (Xi et al. 2006; Kleinig and
Vink 2009). For instance, blood components, including
inflammatory cells, chemokines, cytokines, and proteases,
are introduced directly into the brain after the onset of a
cerebral hemorrhage. Thrombin, which has been proven to
be pivotal in the initiation of inflammation, causes intrac-
erebral leucocyte infiltration and brain edema following a
cerebral hemorrhage (Hua et al. 2007). Iron-containing
compounds released by hemolysis, which are released from
approximately 48 h onward, are potent inflammatory
stimuli that follow a hemorrhagic stroke (Xi et al. 1998).
Additionally, cerebral ischemia, which is associated with
an ICH stroke, is local and irreversible and has no sal-
vageable perihematomal penumbra (Qureshi et al. 1999).
Thus, it appears to be favorable to discuss the role of
inflammation in ischemic and hemorrhagic strokes. Better
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knowledge of the roles and regulations of these cellular
events following hemorrhagic strokes is necessary for the
development of novel therapeutic targets for this disease.

Inflammatory responses are involved both in acute brain
injury and in the subsequent brain rehabilitation following
a hemorrhagic stroke. On the one hand, excessive, inap-
propriate, or uncontrolled inflammatory responses amplify
cellular damage within the injured brain parenchyma after
the hemorrhagic stroke (Wang et al. 2013b, 2014). On the
other hand, inflammatory responses act as defense mech-
anisms that contribute to tissue reconstruction and repair by
removing dead cells and debris (Schallner et al. 2015; Zhao
et al. 2007). Accordingly, maintaining the activity of
neuroinflammation at an appropriate level following hem-
orrhagic strokes is required for the therapy that follows.

The NOD-like receptor family pyrin domain-containing
3 (NLRP3) inflammasome is a multi-protein complex that
is distributed in the cytosol (Tschopp and Schroder 2010).
This receptor, which is composed of the sensor protein
NLRP3, the adapter protein apoptosis-associated speck-
like protein (ASC), and the effector protein pro-caspase-1,
orchestrates innate immune responses against infection and
cell stress by mediating caspase-1-dependent processing
and releasing proinflammatory cytokines interleukin-13
(IL-1B) and IL-18 (Leemans et al. 2011). Most importantly,
the activation of the NLRP3 inflammasome is associated
with the onset and progression of various diseases, such as
inflammatory bowel disease, metabolic disorders, and
atherosclerosis (Dashdorj et al. 2013; Yan et al. 2013; Xiao
et al. 2013). In the central nervous system (CNS), the
inappropriate activation of the NLRP3 inflammasome
participates in the pathogenesis of both acute and chronic
neurodegenerative conditions (Ito et al. 2015; Chen et al.
2015). Particularly, the accumulated evidence demon-
strates that the NLRP3 inflammasome is activated and
exerts detrimental effects on the brain after a hemorrhagic
stroke (Chen et al. 2013; Ma et al. 2014). In this article, we
summarize the current knowledge on the pathophysiolog-
ical roles and regulatory mechanisms of the NLRP3
inflammasome in the pathogenesis of hemorrhagic strokes,
thus providing possible clues for devising novel therapeutic
strategies to treat this disease.

NLRP3 Inflammasome: Assembly and Activation

Inflammasomes are intracellular oligomeric multi-protein
complexes that play critical roles in eliciting innate
immune responses against microbial and damage-associ-
ated signals (Franchi et al. 2009). Canonical inflamma-
somes consist of a sensor, an adaptor, and an effector.
Depending on the presence of different sensory molecules
within such complexes, inflammasomes are broadly
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divided into two major categories, namely the nucleotide-
binding domain leucine-rich repeat (NLR) containing
family members (i.e., NLRP1, NLRP3, and NLRC4) and
the PYHIN family members (i.e., AIM2 and IFI16)
(Lamkanfi and Dixit 2009). Among them, the NLRP3
inflammasome is the most studied member, and it com-
prises the NLRP3 scaffold, the ASC adaptor, and the cas-
pase-1 effector (Zaki et al. 2011). The NLRP3 protein
contains an N-terminal pyrin domain (PYD), a central
nucleotide-binding and oligomerization domain (NACHT),
and a C-terminal leucine-rich repeat (LRR) domain (Bryant
and Fitzgerald 2009). The LRR domains are believed to
function in ligand sensing and to exert an autoregulatory
role in the activation of NLRP3 (Mariathasan and Monack
2007). After sensing danger signals, the NLRP3 monomers
can be activated and oligomerized to form defined oligo-
mers (Lechtenberg et al. 2014). These ring-like structures
recruit ASC monomers to induce the formation of ASC
filaments or specks through homophilic PYD-PYD inter-
actions (Lu et al. 2014). The ASC filaments/specks then
recruit the cysteine proteases pro-caspase-1 to form active
inflammasome complexes via the caspase recruitment
domain (CARD) interaction (Proell et al. 2013). As a
result, the activation of the NLRP3 inflammasome causes
an autocatalytic cleavage of pro-caspase-1, leading to the
processing and secretion of the proinflammatory cytokines
IL-1P and IL-18 and, under certain conditions, inducing an
inflammatory and lytic form of programmed cell death
termed “pyroptosis” (Brydges et al. 2013; Wree et al.
2014).

Of note, the activation of the NLRP3 inflammasome is
tightly regulated at the transcriptional and post-transla-
tional levels and requires two-step signals (Latz et al.
2013). The priming signal ensures adequate gene/protein
expression of NLRP3, pro-IL 18, and pro-IL 18 for effi-
cient inflammasome formation. And the transcription of
NLRP3 inflammasome components (i.e., NLRP3) can be
facilitated by the activation of the Toll-like receptor (TLR)/
nuclear factor kappa B (NF-xB) signaling pathway (Se-
govia et al. 2012). The second signal, which is conveyed by
a number of stimuli including pathogen-associated molec-
ular pattern molecules (PAMPs) and damage-associated
molecular pattern molecules (DAMPs), is necessary for the
assembly and activation of the NLRP3 inflammasome
(Lamkanfi 2011). As summarized in other reviews, it has
been proposed that three major upstream mechanisms
mediate the activation of the NLRP3 inflammasome,
including potassium (K1) efflux, mitochondrial reactive
oxygen species (ROS) generation, and lysosomal destabi-
lization and release of lysosomal cathepsins (Jo et al. 2016;
Munoz-Planillo et al. 2013). However, the definitive
molecular mechanisms for NLRP3 inflammasome activa-
tion remain elusive and require further investigation.
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The Role and Regulatory Mechanisms of NLRP3
Inflammasome in a Hemorrhagic Stroke

In the CNS, mounting evidence has demonstrated that the
NLRP3 inflammasome acts as a key mediator of neuroin-
flammation and has a prominent role in the pathogenesis and
progression of strokes (Fann et al. 2013). As an example, the
NLRP3 inflammasome has been proven to be important in
detecting cellular damage and mediating inflammatory
responses to tissue injury during an ischemic stroke (Fann
etal. 2014; Ye et al. 2017a). Yang et al. found that an NLRP3
deficiency blocks blood-brain barrier (BBB) disruption,
ameliorates neurovascular damage, and improves functional
outcomes after an ischemic stroke in a mouse model of middle
cerebral artery occlusion (MCAO) (Yang et al. 2014). Bru-
ton’s tyrosine kinase (BTK), a member of the Tec family, can
positively regulate the activation of the NLRP3 inflamma-
some via physically interacting with NLRP3 and ASC, thus
exacerbating neurovascular damage following an ischemic
stroke (Ito et al. 2015). Furthermore, the inhibition of BTK by
pharmacological or genetic means severely impairs the acti-
vation of the NLRP3 inflammasome and attenuates cerebral
ischemia-induced brain injury (Ito et al. 2015).

Interestingly, preclinical studies have revealed that the
NLRP3 inflammasome plays a critical role in regulating
neuroinflammation after a hemorrhagic stroke (Table 1). In
the following sections, we will review the research litera-
ture on the role of the NLRP3 inflammasome in experi-
mental models of hemorrhagic stroke and survey the
underlying molecular mechanisms (Fig. 1).

NLRP3 Inflammasome and Intracerebral
Hemorrhage

An ICH is a common, albeit devastating, subtype of stroke
(Qureshi et al. 2009). Secondary brain injury, which
evolves over hours to days after an ICH, is a major
determinant of the poor outcome in patients with an ICH
(Keep et al. 2012). It is noteworthy that neuroinflammation
plays a central role in the pathophysiology of an ICH
(Wang 2010). Excessive inflammatory responses cause
damage to the brain, which leads to cerebral edema and
ongoing secondary brain injury after an ICH (Wang et al.
2013a). Therefore, elucidating the molecular basis of ICH-
induced neuroinflammation is valuable for the identifica-
tion of new therapeutic targets for this devastating disorder.

Recently, several lines of evidence have suggested that the
constitutive activation of the NLRP3 inflammasome facili-
tates neuroinflammation via caspase-1 processing and IL-1
secretion following an ICH (Ma et al. 2014; Yang et al. 2015).
Ma et al. demonstrated that NLRP3 inflammasome activation
amplifies inflammatory responses, promotes neutrophil

infiltration, exacerbates brain edema, and worsens neurolog-
ical functions following an ICH in an autologous blood
injection model in mice (Ma et al. 2014). They proposed that
mitochondrial ROS may be a major trigger for the activation
of NLRP3 inflammasome (Ma et al. 2014). Indeed, total ROS
rather than mitochondrial ROS was measured in this study.
Further studies are anticipated to explore the exact role and
mechanism of mitochondrial ROS-induced NLRP3 inflam-
masome activation following an ICH. The results from
another study have demonstrated that NLRP3 signaling is
upregulated gradually from 1 to 5 days post-ICH in the per-
ihematoma tissue (Yao et al. 2017). NLRP3 is required for the
complement-induced neuroinflammation following an ICH,
which plays an important role in ICH-induced neurological
deficits (Yao et al. 2017). The exact component released from
the ICH brain tissue that stimulates NLRP3 activation, how-
ever, is still unknown and must be further explored in future
experiments. Using the TargetScan (version 4.2, www.tar
getscan.org) and Dual-Luciferase Reporter Assay system
(promega, USA), Yang et al. found that microRNA-223 can
directly regulate NLRP3 expression by targeting its 3'-un-
translated region (3’-UTR) (Yang et al. 2015). MicroRNA-
223 down-regulates the expression of NLRP3, inhibits
inflammatory reaction, reduces brain edema, and improves
neurological behaviors following experimental ICH in mice
(Yang et al. 2015). Similarly, recombinant adenovirus
encoding RNAi-mediated knockdown of an NLRP3 tran-
script inhibits an erythrocyte lysis-induced inflammatory
response, decreases microglia-mediated neuronal injury,
alleviates brain damage, and improves neurological outcomes
following an ICH (Yuan et al. 2015). These findings suggest
that the post-transcriptional regulation of NLRP3 expression
by specific microRNA or RNAi may be a promising anti-
inflammatory strategy in ICH. Additionally, it was found that
the transmembrane P2X purinoceptor 7 (P2X7R) functions
upstream of the NLRP3 activation and that it contributes to
the production of NLRP3 inflammasome-dependent proin-
flammatory cytokines (e.g., IL-1p/IL-18) to drive brain
inflammation and neuronal damage in a rat ICH model (Feng
et al. 2015). An intracerebroventricular injection with a
selective P2X7R inhibitor, blue brilliant G (BBG), down-
regulates inflammatory responses by inhibiting the P2X7R/
NLRP3 inflammasome axis following an ICH, which is
beneficial to the reduction of cerebral edema and the
improvement of functional outcomes after an ICH (Feng et al.
2015). These results indicate that the P2X7R-dependent
synthesis of ONOO™ may have an effect on triggering
NLRP3 inflammasome activation (Feng et al. 2015). How-
ever, the exact mechanisms of ONOO™ in modulating
NLRP3 inflammasome activation have not been fully char-
acterized. Ye et al. demonstrated that the ROS/TXNIP
(thioredoxin binding protein) pathway contributes to throm-
bin-induced NLRP3 inflammasome activation and cell
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Table 1 Studies evaluating the role of NLRP3 inflammasome in hemorrhagic stroke

Models Intervention paradigms Main findings References
ICH NLRP3 siRNA; NLRP3 inflammasome mediates (Ma et al.
Autologous arterial blood injection; ~ TRO-19622 (mPTP inhibitor); ﬂMe}lroitfllﬂaén}nlagglsfol}owmgléfgg 2014)
t t
Male CD1 mice Mito-TEMPO (mitochondrial- : EOC ondnal KL WISSers
specific ROS scavenger) inflammasome activation
ICH NLRP3 RNAi NLRP3 inflammasome is required for the (Yao et al.
Autologous venous blood injection; complement-induced neuroinflammation 2017)
following ICH
Male C57BL/6 mice (wild-type and otlowng
C3™'~ mice)
ICH microRNA-223 microRNA-223 down-regulates NLRP3 (Yang et al.
Autologous venous blood injection; expression and inhibits inflammatory reaction 2015)
following ICH
Cortical neuronal cultures; otlowing
Male C57BL/6 mice
ICH Recombinant adenovirus encoding ~ Recombinant adenovirus encoding NLRP3 (Yuan et al.
Autologous venous blood injection; NLRP3 RNAi RNAi down-regulates NLRP3 expression and 2015)
Cortical neuronal cultures: inhibits inflammatory reaction following ICH
Male C57BL/6 mice
ICH P2X7R siRNA; P2X7R-dependent synthesis of ONOO™ induces (Feng et al.
Bacterial collagenase VII-S injection; BBG NLRP3 inflammasome activation and drives 2015)
Male Sprz Dawl brain inflammation following ICH; BBG
ale Sprague-Dawley rat down-regulates the inflammatory response via
inhibiting the P2X7R/NLRP3 inflammasome
axis following ICH
ICH N-acetyl-L-cysteine (ROS ROS/TXNIP pathway contributes to thrombin-  (Ye et al.
Thrombin exposure; inhibitor); induced NLRP3 inflammasome activation and 2017b)
BV2 microelia MCC950 (NLRP3 antagonist) cell apoptosis in BV2 microglia with thrombin
& exposure
SAH Cryopyrin siRNA; P2X7R/NLRP3 inflammasome (Chen et al.
Endovascular perforation model; P2X7R siRNA; Signaling mediates EBI following SAH 2013)
Male Sprague-Dawley rat BzATP (P2X7R agonist);
BBG
SAH Hydrogen-rich saline Hydrogen-rich saline inhibits NF-kB-dependent (Shao et al.
Endovascular perforation model; gene expression of proinflammatory cytokines 2016)
Male Spracue-Dawley rat (e.g., IL-1B) and NLRP3 following SAH;
prag y additionally, hydrogen-rich saline reduces ROS
generation and inhibits NLRP3 inflammasome
activation following SAH
SAH Minocycline Minocycline reduces ROS generation and (Li et al.
Endovascular perforation model; inhibits NLRP3 inflammasome activation 2016)
following SAH
Male Sprague-Dawley rat orowing
SAH Melatonin Melatonin decreases ROS generation and (Dong et al.
Endovascular perforation model; inhibits NLRP3 inflammasome activation 2016)
following SAH
Male C57BL/6 J mice otlowng
SAH Melatonin Melatonin promotes mitophagy, inhibits NLRP3 (Cao et al.
Endovascular perforation model; inflammasome activation, and protects against 2017)
EBI following SAH
Male Sprague-Dawley rat otowing
HT Hyperbaric oxygen Hyperbaric oxygen attenuates hyperglycemia- (Guo et al.
enhanced HT through blocking ROS/TXNIP/ 2016)

Hyperglycemic middle cerebral artery
occlusion model;

Male Sprague-Dawley rat

NLRP3 pathway
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Fig. 1 NLRP3 inflammasome in the pathogenesis of hemorrhagic
stroke. Whereas a priming signal such as the NF-kB pathway ensures
the adequate gene expression of NLRP3, pro-IL 1, and pro-IL 18 for
efficient inflammasome formation, a second signal derived from
damage-associated molecular pattern molecules, such as ATP and
ROS, can trigger the activation of NLRP3 inflammasome to mediate

apoptosis in BV2 microglia with thrombin exposure (Ye et al.
2017b). However, the molecular basis underlying the acti-
vation of the NLRP3 inflammasome in an ICH-induced brain
injury is not understood and warrants further investigation.

In conclusion, NLRP3 inflammasome-mediated inflam-
mation contributes to secondary brain injury following an
ICH, and the inhibition of NLRP3 inflammasome activa-
tion offers opportunities to limit inflammatory brain dam-
age following an ICH.

NLRP3 Inflammasome and Subarachnoid
Hemorrhage

An SAH is another life-threatening type of stroke with
complex pathophysiological mechanisms (van Gijn et al.
2007). Once it occurs, a wide range of pathological

neuroinflammation in the pathophysiological process of hemorrhagic
stroke. The constitutive activation of the NLRP3 inflammasome
promotes the processing and secretion of proinflammatory cytokines
IL-1p and IL-18, which then leads to the recruitment of other immune
cells to the affected brain tissue and results in the amplification of
inflammatory responses following a hemorrhagic stroke

processes (e.g., inflammation, apoptosis, oxidative stress)
are initiated in the brain, which result in early brain injury
(EBI) and delayed brain injury (DBI) following the event
(Sehba et al. 2012; Macdonald 2014). More specifically,
inflammation, which is a driving force behind the pathol-
ogy of an SAH, contributes to both brain injury and cere-
bral vasospasm after an SAH (Sun et al. 2013; Vecchione
et al. 2009).

As an important component of the innate immune sys-
tem, the NLRP3 inflammasome has been proposed to play
a vital role in the pathogenesis of SAH. For instance, Chen
et al. demonstrated that the P2X7R/NLRP3 inflammasome
axis is significantly activated 24 h after an SAH in an
endovascular perforation rat model and is involved in the
pathogenesis of an EBI after an SAH (Chen et al. 2013).
The inhibition of P2X7R/NLRP3 inflammasome signaling
via gene silencing of either cryopyrin or P2X7R
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suppresses caspase-1 activation and the subsequent pro-
duction of mature IL-1B/IL-18 following an SAH, which in
turn contributes to reduced brain edema and improved
neurobehavioral functions following an SAH (Chen et al.
2013). Whether extracellular ATP engages P2X7R to
trigger Kt efflux that leads to the assembly of the NLRP3
inflammasome after an SAH, however, has not been
investigated in this study. Shao and colleagues found that a
hydrogen-rich saline treatment attenuates the inflammation
and cellular injury in an EBI by inhibiting NF-«xB activa-
tion and NLRP3 inflammasome formation after an SAH
(Shao et al. 2016). On the one side, a hydrogen-rich saline
treatment inhibits the translocation of the NF-xB p65
subunit into the nucleus and decreases the gene expression
of its downstream proinflammatory cytokines (e.g., IL-1p)
and NLRP3 post-SAH. On the other side, a hydrogen-rich
saline treatment reduces ROS generation, inhibits NLRP3
inflammasome activation, and decreases mature IL-1f3
production post-SAH. Li et al. reported that minocycline
inhibits NLRP3 inflammasome activation and decreases
neuroinflammation in an EBI after an SAH (Li et al. 2016).
Minocycline treatment reduces cortical levels of ROS and
alleviates NLRP3 inflammasome activation following an
SAH (Li et al. 2016). Dong et al. found that melatonin
treatment decreases ROS generation, inhibits NLRP3
inflammasome activation, and reduces the subsequent
production of IL-1B and IL-18, thus providing neuropro-
tective effects against EBI following an SAH (Dong et al.
2016). Cao et al. reported that melatonin treatment pro-
motes mitophagy, inhibits NLRP3 inflammasome activa-
tion, decreases proinflammatory cytokine levels, and
protects against EBI after an SAH in an endovascular
perforation rat model (Cao et al. 2017).

Together, these findings indicate that NLRP3 inflam-
masome-mediated neuroinflammation plays a crucial role
in an EBI following an SAH. Hence, the blocking of
NLRP3 inflammasome activation is beneficial for attenu-
ating inflammatory responses following an SAH. How-
ever, no study has yet evaluated the role of the NLRP3
inflammasome in the development of cerebral vasospasm
after an SAH, which is also an important cause of the poor
outcomes for SAH patients. Accordingly, future studies
that investigate the effect of the NLRP3 inflammasome on
the pathogenesis of cerebral vasospasm following an SAH
are anticipated.

NLRP3 Inflammasome and Hemorrhagic
Transformation
A hemorrhagic transformation (HT), which is a bleeding

into an area of an ischemic brain following a stroke, is a
frequent complication of ischemic stroke and is
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exacerbated by thrombolytic therapy (Jickling et al. 2014).
The experimental evidence suggests that multiple molec-
ular mechanisms, such as increases in matrix metallopro-
teinases, oxidative stress, and inflammation, cause BBB
disruption and result in an HT following an ischemic stroke
(Bian et al. 2015; Imai et al. 2016; Kuroki et al. 2016).
Recently, Guo et al. demonstrated that the NLRP3
inflammasome plays a key role in the pathologic process of
an HT following MCAO in hyperglycemic rats (Guo et al.
2016). However, hyperbaric oxygen preconditioning pre-
vents BBB disruption and attenuates hyperglycemia-en-
hanced HT by blocking the ROS/TXNIP/NLRP3 pathway
(Guo et al. 2016). As these findings present pathophysio-
logical significance and new therapeutic opportunities
regarding the NLRP3 inflammasome in the pathogenesis of
HT, they require further investigation.

Conclusion and Future Directions

The NLRP3 inflammasome is a member of the cytoplasmic
multi-molecular complexes that controls the processing of
caspase-1 and maturation of proinflammatory cytokines
(e.g., IL-1B and IL-18). Diverse endogenous danger sig-
nals, such as ATP and ROS, can trigger the activation of
the NLRP3 inflammasome to mediate neuroinflammation
in the pathophysiological process of hemorrhagic stroke.
The activation of the NLRP3 inflammasome generates high
levels of inflammatory cytokines, which then leads to the
recruitment of other immune cells to the affected tissue and
the induction of inflammatory mechanisms to clear the
DAMPs after hemorrhagic stroke. However, the overacti-
vation of the NLRP3 inflammasome can result in sustained
inflammation and brain damage following a hemorrhagic
stroke. Thus, the investigation of the role of the NLRP3
inflammasome and the underlying mechanisms associated
with hemorrhagic stroke will offer novel therapeutic
strategies to treat this disease.

It is notable that a series of critical issues regarding the
NLRP3 inflammasome in the pathogenesis of hemorrhagic
stroke are unclarified and warrant examination. First,
available evidence demonstrates that the microglia-ex-
pressed NLRP3 inflammasome is activated at high levels
and plays an important role in the pathological processes of
hemorrhagic stroke. However, whether neuron and astro-
cyte possess the NLRP3 inflammasome is still an unre-
solved question and requires further investigation.
Furthermore, the mechanisms by which the NLRP3
inflammasome can sense different activators are not yet
fully understood and require further elucidation. Further-
more, the activity and the role of the NLRP3 inflamma-
some during the late stage of hemorrhagic stroke are still
unknown, but it is anticipated that they will be investigated.
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Answers to these questions are particularly important, as
they will allow us to better manipulate this proinflamma-
tory pathway and thereby alleviate the progression of
hemorrhagic stroke.
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