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Postoperative cognitive dysfunction (POCD) is commonly observed in perioperative care
following major surgery and general anesthesia in elderly individuals. No preventive or
interventional agents have been established so far. Although the role of interleukin-1β

(IL-1β)-mediated neuroinflammation following surgery and anesthesia is strongly
implicated in POCD, the exact mechanism of action remains to be explored. Growing
evidence has shown that mitochondria-derived reactive oxygen species (mtROS) are
closely linked to IL-1β expression through a redox sensor known as the nod-like
receptor pyrin domain-containing 3 (NLRP3) inflammasome. Therefore, we hypothesize
that the mechanisms underlying POCD involve the mtROS/NLRP3 inflammasome/IL-
1β signaling pathway. Furthermore, we speculate that cholinergic anti-inflammatory
pathway induced by α7 nicotinic acetylcholine receptor (a7nAChR) may be the
potential upstream of mtROS/NLRP3 inflammasome/IL-1β signaling pathway in POCD.
For validating the hypotheses, we provide experimental plan involving different
paradigms namely; microglial cells and behavioral studies. The link between mtROS,
the NLRP3 inflammasome, and IL-1β within and between these different stages in
combination with mtROS and NLRP3 inflammasome agonists and inhibitors could be
explored using techniques, such as knockout mice, small interference ribonucleic acid,
flow cytometry, co-immunoprecipitation, and the Morris Water Maze test. We conclude
that the NLRP3 inflammasome is a new preventive and therapeutic target for POCD.

Keywords: postoperative cognitive dysfunction, NLRP3 inflammasome, mitochondria-derived reactive oxygen
species, Interleukin-1β, neuroinflammation, microglia, hippocampus

INTRODUCTION

Postoperative cognitive dysfunction (POCD) is a highly prevalent condition with significant
effects on the prognosis of elderly patients undergoing surgery, experiencing problems
with memory, concentration, information processing, language comprehension, and social
integration that can last for months or may even be permanent (Leslie, 2017). POCD reportedly
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occurs in 25% to 40% of elderly patients undergoing cardiac
surgery, non-cardiac surgery, and even minor non-invasive
procedures under sedation, such as coronary angiography,
across different studies (Evered et al., 2011). The potential risk
factors of POCD include advanced age, lower education levels,
carrying the APOE4 genotype, alcohol abuse and premedication
(Skvarc et al., 2018; Xie et al., 2018). Of note, preoperative
treatment with anticholinergic medications (e.g., atropine and
scopolamine) or medications with anticholinergic properties
(e.g., tricyclic antidepressants and benzodiazepines) have been
demonstrated to be associated with increasing risk of POCD in
recent years (Wang et al., 2014). Shoair et al. (2015) conducted
a subgroup analysis of 69 patients aged 65 years or older, and
they found that the incidence of POCD in the patients receiving
anticholinergic or sedative-hypnotic drug at home prior to
surgery was three times greater than patients without these
drug (users 28% vs. nonusers 9.1%). A large longitudinal follow
up of patients who had POCD 1 week or 3 months following
surgery showed significantly higher mortality [hazard ratio, 1.63
(95% confidence interval, 1.11–2.38); P = 0.01, adjusted for
sex, age, and cancer] and risk of leaving the labor market
prematurely [hazard ratio, 2.26 (1.24–4.12); P = 0.01], and greater
dependency on social security [prevalence ratio, 1.45 (1.03–2.04);
P = 0.03] (Steinmetz et al., 2009). As the aging population
requiring more surgeries is increasing, POCD is expected to
become epidemic.

Inflammation and immune activation are the key mechanism
of POCD. Surgery and anesthesia unleash a body-wide
inflammation in the elderly, and then peripheral inflammatory
cytokines can compromise the integrity of the blood brain
barrier (BBB), allowing for increased infiltration of inflammatory
factors and macrophages into brain (Terrando et al., 2011; Leslie,
2017). Although current theories regarding the mechanisms
underlying POCD highlight the role of neuroinflammation in
the hippocampus (Skvarc et al., 2018), the exact cascade remains
elusive. interleukin (IL)-1β-mediated neuroinflammation in
the hippocampus plays a pivotal role in surgery-induced
cognitive dysfunction; both in mice pretreated with IL-1
receptor antagonist and knocked out IL-1 receptor (IL-1R−/−),
the cognitive impairment induced by surgical trauma was
effectively attenuated (Cibelli et al., 2010). Our previous study
has also confirmed the critical role of hippocampal IL-1β
in the development of POCD (Li et al., 2014; Wei et al.,
2018). However, the mechanism by which surgical stress and
anesthesia induce production of IL-1β in association with POCD
remains unknown.

The nod-like receptor pyrin domain-containing 3 (NLRP3)
inflammasome, composed of NLRP3 protein, adapter
protein apoptosis-associated speck-like protein (ASC), and
pro-caspase-1, is a pivotal upstream target that controls IL-1β
cleavage and secretion by the active caspase-1 (Schroder
and Tschopp, 2010). Recent studies have revealed that
isoflurane-induced cognitive impairment was associated
with high levels of NLRP3 in the hippocampus of aged
mice and the impairment was reversed by the inhibition of
NLRP3-caspase-1 pathway (Wang et al., 2018). Studies have
also reported that inhibitors of the NLRP3 inflammasome

[e.g., MCC950 and ketone metabolite β-hydroxybutyrate (BHB)]
inhibited NLRP3-induced ASC oligomerization and IL-1β
expression in systemic macrophages and brain mononuclear
cells (Coll et al., 2015; Youm et al., 2015). A recent study
demonstrated that MCC950 improved cognitive function
in Alzheimer’s disease (AD) by clearance of amyloid β

(Aβ)1–40 and Aβ1–42 in apolipoprotein (APP)/presenilin 1
(PS1) mice. The study further showed that the impact of
MCC950 on Aβ pathology resulted from its ability to block
NLRP3 inflammasome activation in microglia (Dempsey
et al., 2017). Therefore, the NLRP3 inflammasome may
be a viable target to interrupt the pathogenesis of POCD.
Furthermore, exposure to anesthetics may impair mitochondria
and potentiate oxidative damage to neurons (Skvarc et al.,
2018). The mitochondria are potent activators of the immune
system through their ability to generate reactive oxygen species
(ROS), which damage the mitochondrial DNA (mtDNA)
and interact with the NLRP3 inflammasome during the
inflammatory response (Kim et al., 2015; Liu K. et al., 2017).
Evidence supported the critical role of mitochondrial ROS
(mtROS) in NLRP3 inflammasome activation (Zhou et al.,
2011). Zhou et al. (2011) showed that ROS generated by
mitochondria having reduced membrane potential could lead to
NLRP3 inflammasome activation and addition of the complex I
inhibitor (rotenone) resulted in the loss of ROS generation and
inflammasome activation. Moreover, a specific mitochondria
ROS scavenger, the mito-TEMPO (500 µM), abrogated mtROS
release, inhibited NLRP3 inflammasome activation and reduced
the up-regulation of IL-1β and IL-18 induced by ethanol or
lipopolysaccharide (LPS)/ATP (Alfonso-Loeches et al., 2014).
Therefore, we speculate that mtROS/NLRP3 inflammasome-
induced IL-1β activation in the hippocampus may play
a critical role in the development of POCD, and this
signaling pathway may consequently become an attractive
drug target.

THE HYPOTHESIS

The hypothesis we present here is that mtROS-induced
NLRP3 activation may be a pivotal upstream mechanism
that controls microglial IL-1β cleavage and secretion, and
subsequent IL-1β-mediated inflammatory cascades in the
hippocampus. Therefore, the mtROS/NLRP3 inflammasome/IL-
1β signaling pathway may be a new drug target for attenuating
POCD (Figure 1).

EVALUATION OF THE HYPOTHESIS

IL-1β-Mediated Neuroinflammation
Following Surgery and POCD
The activation of microglia induced by surgery and the resulting
exacerbated inflammatory response in the hippocampus
have been associated with impaired cognitive function
(Hovens et al., 2014). Tissue damage following surgery
engages the immune system and produces a wide range
of inflammatory cytokines and macrophages in the serum
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FIGURE 1 | The proposed biological mechanisms for microglia mitochondrial reactive oxygen species (mtROS)/nod-like receptor pyrin domain-containing 3
(NLRP3) inflammasome-induced interleukin-1β (IL-1β) activation in the hippocampus leading to cognitive dysfunction following surgery and anesthesia. Surgical
stress and anesthesia, through mechanisms that include inhibition of α7 nicotinic acetylcholine receptor (α7nAChR)-induced cholinergic anti-inflammatory pathway
and autophagy, result in mitochondrial damage. The damaged mitochondria overproduce the superoxide anion, which escape the mitochondria to undergo a series
of reactions to form mtROS. mtROS overproduction is sensed by TRX-interaction protein (TXNIP) or mitochondrial DNA (mtDNA), which bind to the leucine-rich
repeat region of NLRP3 and lead to NLRP3 inflammasome activation. Consequently, the microglia is activated, which further promotes neuroinflammation and
induces neuronal apoptosis, contributing to cognitive dysfunction.

(Terrando et al., 2010, 2011). These cytokines, including
IL-1β, IL-6, and high mobility group box-1 (HMGB-1),
inhibit Wnt/β-catenin/Annexin A1 signaling pathway and
disrupt the BBB integrity, which facilitates the migration of
macrophages into areas of the brain, in particular, but not
restricted to the hippocampus (Hu et al., 2016; Fan et al., 2018).
Additionally, surgical stress and anesthetics promote deposition
of oligomeric tau and Aβ paralleled by increased levels of ROS
in cerebral microvasculature, which disrupts BBB integrity
and shifts the balance of neuroimmune microenvironment

toward proinflammatory milieu (Arora et al., 2015; Castillo-
Carranza et al., 2017; Zou et al., 2018). Subsequently, the
inhibition of anti-inflammatory receptors (e.g., nicotinic
acetylcholine receptors; Liu P.-R. et al., 2017) and activation of
pro-inflammatory receptors [e.g., toll-like receptor 4 (TLR 4)]
trigger a cascade of downstream signaling events (Terrando et al.,
2010). Consequently, microglia in the hippocampus is activated,
which further promotes neuroinflammation and induces
neuronal apoptosis, contributing to cognitive dysfunction
(Terrando et al., 2011).
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POCD involves a wide range of cognitive impairment
and multiple brain regions are involved in cognitive
processes of POCD, such as hippocampus, prefrontal cortex,
striatum and amygdala (Hovens et al., 2015). However,
the role of the hippocampus in many of the processes is
particularly well established (Skvarc et al., 2018). Since
inflammatory cytokine receptors are highly concentrated in
areas associated with learning and memory (Parnet et al.,
2002), particularly in the regions of the hippocampus, surgery-
induced neuroinflammation in the brain may primarily disrupt
hippocampus-dependent learning and memory (Zhang et al.,
2016). The hippocampus arguably contains the largest number
of receptors for IL-1β and is implicated in optimal memory and
learning processes (Gemma et al., 2005). This region of the brain
is also sensitive to the insults of aging (Huang et al., 2008) and
excessive levels of IL-1β are associated with cognitive disorders
in aging animal models (Barrientos et al., 2006; Chen et al., 2008).
Therefore, we focused on the hippocampus in our hypothesis.

The hippocampal-dependent memory impairment was
associated with IL-1β increase in the hippocampal structure
of aged rats, while young rats did not present any exacerbated
response to surgery and anesthesia (Barrientos et al., 2012).
Hippocampal IL-1β-mediated neuroinflammation plays a
pivotal role in surgery-induced cognitive impairment in aged
rats (Goshen et al., 2007). A recent animal study reported that
surgery induced significant morphological changes of microglial
reactivity paralleled by elevations of IL-1β at 24 h and day 3
compared to naive and animals treated only with anesthesia,
which showed that microglial reactivity after surgery may be
the cause of increase in the levels of IL-1β in the hippocampus
(Cibelli et al., 2010). Upon peripheral macrophage and resident
microglia activation in the hippocampus, IL-1β is activated
to enhance expression and release, triggering a cascade of
downstream signaling events (Hovens et al., 2014; Skvarc
et al., 2018). Elevated levels of IL-1β induce the subsequent
production of IL-6 and HMGB-1, which further drive IL-1β
expression, in a feed-forward mechanism promoting further
activation of inflammatory signaling pathways (Lee et al., 2014).
These cytokines have been described to result in impairment
of hippocampal long-term potentiation, neuronal activity, and
synaptic plasticity through modulation of glutamate receptors
and inhibition of glutamate release in rats (Yirmiya and Goshen,
2011; Riazi et al., 2015).

The specificity of IL-1β involvement has been revealed by
previous studies. A study conducted showed that a single
intracisternal administration of IL-1 receptor antagonist (hIL-
1RA; 112 µg) at the time of surgery was sufficient to block both
the behavioral deficit and the neuroinflammatory response in
the hippocampus of aged rats 4 day after surgery (Barrientos
et al., 2012). Cibelli et al. (2010) further highlighted the
importance of IL-1β expression in the neuroinflammatory effect
of surgery and cognitive impairment. The results showed that
reactive microgliosis in the hippocampus was no longer triggered
following surgery in mice lacking the IL-1 receptor. These
data reinforce the hypothesis that increased IL-1β levels in
the hippocampus are likely to play a prominent role in the
pathogenesis of POCD.

NLRP3 Inflammasome Activation by
mtROS in the Hippocampus and POCD
Evidence supports that IL-1β cleavage and secretion are primarily
dependent on activation of the inflammasome, a multiprotein
complex localized in the cytoplasm (Dempsey et al., 2017).
Numerous inflammasomes, including NLRP1, NLRP3, and
NLRC4, have been reported to exhibit inflammasome activity
in several diseases (Schroder and Tschopp, 2010). Each NLR
forms its own inflammasome and the NLRP3 inflammasome
is only described as a central component in the production
of IL-1β among them (Lamkanfi and Dixit, 2014). The
NLRP3 inflammasome is a pattern recognition receptor and
its activation depends on exposure to immune activators such
as pathogen-associated molecular patterns, danger-associated
molecular patterns, and environmental irritants (Shao et al.,
2015). Immune activators cause a conformational change in
NLRP3, which allows an interaction between the pyrin domains
in NLRP3 and ASC (Cordero et al., 2018; Place and Kanneganti,
2018). Subsequently, ASC recruits pro-caspase-1 through its
caspase recruitment domain, causing the activation of the
NLRP3 inflammasome. The activated NLRP3 inflammasome
triggers pro-caspase-1 self-cleavage and this complex releases
cleaved caspase-1 into the cytosol, which induces the conversion
of IL-1β from its immature ‘‘pro’’ forms to an active form, which
is secreted (Willingham et al., 2009; Shao et al., 2015).

A non-canonical pathway downstream of caspase-1 is also
involved in NLRP3-dependent IL-1β processing (Lamkanfi and
Dixit, 2014). However, compared to the non-canonical pathway,
canonical NLRP3 inflammasome controls systemic low grade
age-related sterile inflammation in both periphery and the brain
(Youm et al., 2013). Emerging evidence suggests that canonical
NLRP3 inflammasome activation is linked to inflammation-
mediated cognitive decline and neuropathological changes with
aging. Reduction of canonical NLRP3 inflammasome-induced
inflammation prevents aged-related cognitive dysfunction
(Goldberg and Dixit, 2015; Wang et al., 2018). Studies on
microglia and animal models have revealed an important role
for the canonical NLRP3 inflammasome in AD pathogenesis
(Heneka et al., 2013; Dempsey et al., 2017). Activation of the
NLRP3 inflammasome contributes to Aβ accumulation, synaptic
dysfunction, and cognitive impairment in APP/PS1 mice,
suggesting that blocking the assembly of the inflammasome
may constitute a novel therapeutic intervention for attenuating
changes that negatively affect neuronal function in AD (Dempsey
et al., 2017). Furthermore, preliminary experimental findings
have suggested that NLRP3 inflammasome activation was
linked to cognitive impairment after isoflurane anesthesia and
isoflurane exposure induced the upregulation of NLRP3 and
subsequently increased the level of IL-1β in the hippocampus of
aged mice (Li et al., 2014; Wang et al., 2018). Despite a shortage
of literature on sources of IL-1β in the pathophysiological
mechanism of POCD, existing evidence shows that isoflurane-
induced IL-1β overproduction in the hippocampus can be
partially attenuated but not be repressed completely by an
inhibitor of NLRP3-caspase-1 (Wang et al., 2018). Therefore,
we hypothesize that canonical NLRP3 inflammasome/IL-1β
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axis is likely is implicated in postoperative inflammatory
mediators-induced cognitive impairment.

Several theories have been proposed to explain the cellular
signal responsible for activation of the NLRP3 inflammasome
including cytosolic K+ efflux, the production of ROS, and the
release of mtDNA and ROS (Lamkanfi and Dixit, 2014). The
importance of K+ efflux in NLRP3 activation is supported by
the fact that NLRP3 activators, such as ATP, nigericin and
pore-forming toxins, result in lower intracellular concentration
of K+, and a higher extracellular concentration of K+ inhibits
activation of the NLRP3 inflammasome (He et al., 2016).
The involvement of K+ efflux in NLRP3 inflammasome
activation has been further suggested by a typical study
showing that the drop in intracellular K+ concentration is
the common step that is necessary and sufficient to engage
the NLRP3 inflammasome activation (Munoz-Planillo et al.,
2013). However, the mechanistic link between K+ efflux-
inducedNLRP3 activation and inflammation-mediated cognitive
dysfunction remains poorly understood.

Alternative models for NLRP3 activation involve ROS
production. Recent evidence suggests that ROS are positively
correlated with cognitive impairment after surgery (Qiu et al.,
2016b). ROS overproduction is an important upstream event that
can activate NLRP3 inflammation and amplify the production
of IL-1β (Qiu et al., 2016a). The source of ROS is currently
unclear. The most studied ROS include nicotinamide adenine
dinucleotide phosphate oxidase and mtROS (Circu and Aw,
2010), but mitochondria are considered to be the major source of
intracellular ROS (Qiu et al., 2016b). Mitochondrial damage is a
key mechanism of neurodegenerative disorders (Gao et al., 2017;
Liu K. et al., 2017). Evidence from cellular and animal models
indicates that exposure to anesthetics or surgical stress induces
deficiencies in mitochondrial respiratory chain components and
mtDNA mutations which could result in membrane potential
loss and the opening of themitochondrial permeability transition
pore, causing increased leakage of electrons (Zhang et al., 2012;
Li et al., 2017). Leaked electrons react with molecular oxygen to
produce the superoxide anion, which escape the mitochondria
to undergo a series of reactions to form mtROS (Kim et al.,
2015). Iron-dependent mtROS is also tightly associated with
neurodegenerative diseases (Gao et al., 2017). Increased iron
accumulation and oxidative stress in the brain, especially in the
hippocampus, may be involved in the pathogenesis of POCD (An
et al., 2013). mtROS leads to accumulation of mtDNAmutations,
increased superoxide production, and a vicious cycle of oxidative
stress, which further accelerates mtDNA mutagenesis and
damages mitochondrial function (Xu et al., 2017). Although the
role of mtROS in NLRP3 activation is a topic of longstanding
controversy, mounting studies have suggested that mtROS
production may be linked to NLRP3 inflammasome activation
(Schroder and Tschopp, 2010; Choi and Ryter, 2014; Shao et al.,
2015; He et al., 2016). A study conducted by Wu et al. (2015)
also showed that mtROS blockade by mitochondrion-targeted
antioxidant SS-31 suppressed NLRP3 inflammasome activation
and alleviated isoflurane-induced cognitive deficits 24 h after
anesthesia. Since ROS are short-lived and act as a messenger only
for a short distance, NLRP3 is thought to be localized in close

proximity to mitochondria, which allows efficient sensing of the
presence of ROS produced in the same cell by malfunctioning
mitochondria (Zhou et al., 2011). Mechanisms directing
mtROS-dependent NLRP3 inflammasome activation have been
characterized in detail (Zhou et al., 2011; Alfonso-Loeches
et al., 2014; Minutoli et al., 2016). mtROS overproduction is
sensed by a complex of thioredoxin (TRX) and TRX-interaction
protein (TXNIP) that induce the dissociation of the complex.
Subsequently, TXNIP binds to the leucine-rich repeat region of
NLRP3, leading to NLRP3 inflammasome activation (Minutoli
et al., 2016). Another potential mechanism of mtROS and
NLRP3 inflammasome activation is the release of mt DNA.
mtDNA preceding mtROS production, escape from the
mitochondria to the cytoplasm via mitochondrial membrane
permeability transition pores and mtDNA directly binds and
activates the NLRP3 inflammasome (Kim et al., 2015). While the
exact pathway by which mtROS mediates NLRP3 inflammasome
activation and assembly remains elusive, these existing
findings suggest that mitochondrial dysfunction and mtROS
overexpression may at least be partly responsible for expression
of cytokines via NLRP3 inflammasome activation in POCD.

The Cholinergic Modulation of
mtROS/NLRP3 Inflammasome/IL-1β

Signaling Pathway
Cholinergic transmission plays a key role in cognitive function.
A cerebral cholinergic deficit has been demonstrated to be
implicated in age-related cognitive impairment (Rossi et al.,
2014). Activation of the cholinergic anti-inflammatory pathway
suppresses excessive neuroinflammation in neurodegenerative
diseases, such as POCD, AD, multiple sclerosis and Parkinson’s
disease (Taly et al., 2009; Leslie, 2017). The α7 nicotinic
acetylcholine receptor (α7nAChR) is identified as an essential
mediator of cholinergic anti-inflammatory pathway (Pavlov
and Tracey, 2017). The dysfunctional activity of α7nAchR
in the hippocampus in response to surgical stress and
anesthesia is now considered to be the critical event in
the development of neuroinflammation in aged POCD rats
(Liu P.-R. et al., 2017). Recently, we and other research
groups have reported that α7nAChR agonists resolved IL-1β-
mediated neuroinflammation and reversed cognitive decline
after surgery in animal studies (Chen et al., 2018; Wei
et al., 2018). Therefore, we speculate that cholinergic deficit
induces neuroinflammation in POCD and α7nAChR may be
the potential upstream of mtROS/NLRP3 inflammasome/IL-1β
signaling pathway in microglia.

Activation of α7nAChR suppresses the NLRP3
inflammasome, but the nature of this suppression is unclear
(Hecker et al., 2015; Ke et al., 2017). One potential mechanism
involves the autophagic removal of mtROS production.
Autophagy is a cellular quality-control system which removes
unnecessary or damaged proteins and organelles via the
lysosomal apparatus (Zhang et al., 2018). Autophagy has been
demonstrated to regulate inflammation and immune responses
in the Central Nervous System, especially in inflammatory
cells such as microglia and astrocyte (De Luca et al., 2018).
Deficient autophagy impairs mitochondrial integrity and
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promotes generation of mtROS, consequently contributing
to activation of inflammasome (Razani et al., 2012). Defects
in autophagy, along with neuroinflammation, have been
implicated in the pathogenesis of postoperative cognitive
decline (von Haefen et al., 2018). Additionally, evidence
has shown that activating α7nAChR enhances microglial
autophagy, which suppresses neuroinflammation and thus
plays an alleviative role in neurodegenerative disorders (Jeong
and Park, 2015; Shao et al., 2017). Collectively, these findings
support the hypothesis that autophagy deficiency induced by
dysfunctional α7nAChR promotes POCD via the activation
of mtROS/NLRP3 inflammasome/IL-1β signaling pathway
in microglia.

Other Potential Signaling Pathways
Involved in Modulating of
Neuroinflammation in POCD
The mechanism initiating, controlling and modulating
neuroinflammation in POCD are complex. The non-canonical
inflammasomes/caspase-11 is also required for macrophages
to secrete IL-1β (Lamkanfi and Dixit, 2014). The finding
highlights the potential benefits of blocking the caspase-11
directly over inhibiting IL-1β expression and its downstream
cytokines. Recent studies have identified additional signaling
pathways that can regulate cytokine synthesis and release in
the pathogenesis of POCD, such as TNF-α/TLR4 (Terrando
et al., 2010), ATP/P2X7 (Zheng et al., 2017) and cannabinoid
receptor type 2 (CB2R)-related signaling pathways (Sun et al.,
2017). Additionally, certain key signaling pathways/molecules
associated with the regulation of inflammation, such as AMPK,
mTOR, Nur77, and miRNAs, have been demonstrated to play
critical roles in chronic age-related diseases (Wei et al., 2016;
Xu et al., 2017; Li et al., 2018; Zhang et al., 2018). However, the
involvement of these signaling pathways/molecules in POCD
remains to be explored.

IMPORTANT IMPLICATIONS OF THE
HYPOTHESIS AND PROPOSED
EXPERIMENTAL PLAN

Although numerous drugs with neuroprotective action
during surgery and anesthesia have been studied, there is
no agreement on the efficiency of prophylactic neuroprotectants
in POCD. If our hypothesis is verified by future studies, the
NLRP3 inflammasome will become a new drug target for
attenuating POCD.

Several small molecules including MCC950 (Coll et al.,
2015; Dempsey et al., 2017) and BHB (Youm et al., 2015) have
been shown to specifically inhibit the NLRP3 inflammasome
activation. Other types of NLRP3 inflammasome inhibitors,
such as autophagy inducer (Resveratrol, arglabin and CB2R
agonist), type I interferon (IFN) and IFN-β (Malhotra
et al., 2015) and microRNA223, have also been reported
(Shao et al., 2015), although these agents have limited
potency and are non-specific. The most promising inhibitor
of NLRP3 inflammasome activation was described in a

groundbreaking report in Nature Medicine in 2015 (Coll
et al., 2015). Coll et al. (2015) showed that MCC950 inhibited
canonical and non-canonical NLRP3 activation at nanomolar
concentrations in mouse bone marrow-derived macrophages
(BMDMs) and the half-maximal inhibitory concentration
of MCC950 was approximately 7.5 nM in BMDMs. The
study further showed that MCC950 specifically inhibited
NLRP3 inflammasome but not NLRP1 or NLRC4 activation.
MCC950 has been demonstrated to present certain advantages
over other inhibitors of the NLRP3 inflammasome. Compared
to other inhibitors, MCC950 may have less immunosuppressive
effects because it specifically targets NLRP3 and does not
result in the complete blockade of IL-1β which is essential
during infection and antimicrobial responses, especially for
elderly and immunosuppressed populations (Lopez-Castejon
and Pelegrin, 2012; Coll et al., 2015). As a small molecule,
numerous studies have shown that MCC950 effectively traversed
an impaired BBB and attenuated neuroinflammation-related
diseases. Dempsey et al. (2017) showed that MCC950-treated
APP/PS1 mice performed significantly better than control-
treated APP/PS1 mice, and MCC950 promoted non-phlogistic
clearance of Aβ1–40 and Aβ1–42 in APP/PS1 mice. They
further showed that the impact of MCC950 on Aβ pathology
resulted from its ability to block production of IL-1β while
it promoted Aβ phagocytosis by microglia. MCC950 has also
been demonstrated to reduce the neurological deficit score
of 24 h after cerebral ischemia reperfusion and improved
the 28-day survival rate of cerebral ischemia-reperfusion
injury in diabetic mice (Hong et al., 2018). Another study has
further revealed that MCC950 reduced neuroinflammation
and improved the long-term neurological outcomes on the
3, 7, and 14 days after traumatic brain injury in a murine
model and the therapeutic window for MCC950 against
traumatic brain injury was as long as 6 h (Xu et al., 2018). BHB,
produced in the liver, is another promising small molecule
inhibitor of NLRP3 inflammasome. BHB serves as an alternative
energy source for the brain, heart, and skeletal muscle in
mammals during states of energy deficit (Newman and Verdin,
2014). Like MCC950, BHB specifically suppresses activation
of the NLRP3 inflammasome, without affecting NLRC4,
AIM2 or non-canonical caspase-11 inflammasome activation
(Youm et al., 2015). However, their mechanisms differ in key
aspects. Youm et al. (2015) discovered that BHB inhibited the
NLRP3 inflammasome by preventing K+ efflux and reducing
ASC oligomerization and speck formation. Furthermore, a
recent study has shown that BHB attenuated stress-induced
behavioral as well as the elevation of IL-1β and TNF-α in
the rodent hippocampus by inhibiting NLRP3 inflammasome
activation (Yamanashi et al., 2017).

Literature pertaining to clinical trials associated with NLRP3
inflammasome and POCD is scarce. Thus, a basic hypothesis
involving microglial cells, mice hippocampi and behavioral
studies is provided here. Experimentally, it proposes the
use of animal and cellular models of POCD to investigate
the following: (i) NLRP3 inflammasome mediated IL-1β
activation and hippocampus-dependent cognitive performance;
(ii) mitochondrial oxidative stress and NLRP3 inflammasome
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activation in the hippocampus and microglia; and (iii) mtROS
and its regulatory effect on the NLRP3 inflammasome.
To evaluate whether NLRP3 inflammasome mediated IL-
1β activation is involved in POCD, NLRP3−/− or caspase-
1−/− aged mice carrying mutations (e.g., C57/Bl6 background)
and primary microglia prepared from neonatal mice are
recommended in future studies (Heneka et al., 2013). Surgery is
performed under general anesthesia and the primary microglia
are preincubated with LPS and isoflurane (Wang et al., 2018).
The Morris Water Maze test should be performed to evaluate
the hippocampus-dependent spatial learning and memory, and
the assembly and interaction of the complex consisting of
NLRP3, ASC, and caspase-1 in microglia should be tested
using a series of immunological and biochemical assays, such
as small interference ribonucleic acid, immunohistochemistry,
and co-immunoprecipitation (Dempsey et al., 2017; Wang et al.,
2018). To understand whethermtROS and its regulatory effect on
theNLRP3 inflammasome are involved in POCD, flow cytometry
and confocal microscopy should be carried out in primary
microglia or hippocampus after exposure to the inhibitors or
enhancers of NLRP3 inflammasome (e.g., MCC950 and BHB)
and mtROS (e.g., Rotenone and SS-31; Zhou et al., 2011).

Future clinical trials with MCC950 and BHB may contribute
to the development of new anti-inflammatory therapies
for neuroinflammation-associated diseases. Therefore, we
hypothesize that the two small molecule inhibitors, especially
MCC950, may be viable for the attenuation of patients with
POCD in the future.

Additionally, α7nAChR and autophagy may be potential
drug targets for attenuating POCD by directly regulating
mtROS/NLRP3 inflammasome/IL-1β signaling pathway.
Terrando et al. (2011) have highlighted the importance of
α7nAChR in resolving the inflammatory pathogenesis of POCD.
α7nAChR agonists prevent macrophage migration into the
hippocampus and cognitive decline following surgery. A recent
research has also shown that activated α7nAChR markedly
improved cognitive impairment after cardiopulmonary bypass
in rats (Chen et al., 2018). Pre-clinical evidence suggested that

inducing autophagy was effective in protecting against several
neurodegenerative diseases, though this is not a universal finding
(Zou et al., 2017; Weng et al., 2018). Recently, it has been
reported that enhancement of autophagy could ameliorate the
pathogenesis of cognitive impairment in aged hippocampus after
propofol anesthesia (Yang et al., 2017). Activating α7nAChR and
inducing autophagy might also provide a potential therapeutic
target for POCD.

CONCLUSIONS

In conclusion, mitochondrial dysfunction in POCD triggers
mtROS generation and an mtROS-dependent pathway may
be responsible for NLRP3 inflammasome complex formation
in the hippocampus, which may be regulated by α7nAChR
and autophagy. Subsequently, pro-caspase-1 clustering induces
autoactivation and caspase-1-dependent maturation and
secretion of IL-1β. IL-1β further drives neuroinflammation in a
feed-forward mechanism, which promotes subsequent activation
of inflammatory cytokines and eventually causes neuronal
apoptosis (Figure 1). The mtROS/NLRP3 inflammasome/IL-1β
signaling pathway may be a potential drug target for therapeutic
intervention in POCD.
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