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Alzheimer’'s disease (AD) is a common age-related neurodegenerative disease
characterized by progressive cognitive dysfunction and behavioral impairment. The
typical pathological characteristics of AD are extracellular senile plaques composed of
amyloid B (Ap) protein, intracellular neurofibrillary tangles formed by the
hyperphosphorylation of the microtubule-associated protein tau, and neuron loss. In
the past hundred years, although human beings have invested a lot of manpower,
material and financial resources, there is no widely recognized drug for the effective
prevention and clinical cure of AD in the world so far. Therefore, evaluating and exploring
new drug targets for AD treatment is an important topic. At present, researchers have not
stopped exploring the pathogenesis of AD, and the views on the pathogenic factors of AD
are constantly changing. Multiple evidence have confirmed that chronic neuroinflammation
plays a crucial role in the pathogenesis of AD. In the field of neuroinflammation, the
nucleotide-binding oligomerization domain-like receptor pyrin domain-containing 3
(NLRP3) inflammasome is a key molecular link in the AD neuroinflammatory pathway.
Under the stimulation of AB oligomers and tau aggregates, it can lead to the assembly and
activation of NLRP3 inflammasome in microglia and astrocytes in the brain, thereby
causing caspase-1 activation and the secretion of IL-1p and IL-18, which ultimately
triggers the pathophysiological changes and cognitive decline of AD. In this review, we
summarize current literatures on the activation of NLRP3 inflammasome and activation-
related regulation mechanisms, and discuss its possible roles in the pathogenesis of AD.
Moreover, focusing on the NLRP3 inflammasome and combining with the upstream and
downstream signaling pathway-related molecules of NLRP3 inflammasome as targets, we
review the pharmacologically related targets and various methods to alleviate
neuroinflammation by regulating the activation of NLRP3 inflammasome, which
provides new ideas for the treatment of AD.

Keywords: Alzheimer’s disease, inflammation, neuroinflammation, NLRP3 inflammasome, mitochondrial
dysfunction
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1 INTRODUCTION

Alzheimer’s disease (AD) is a common neurodegenerative disease
that occurs in the elderly, and is also called senile dementia. The
main clinical manifestations of AD patients are the progressive
decline of self-care ability, cognitive impairment, and
neuropsychiatric abnormalities, which seriously affects the
quality of life of AD patients. The typical pathological features
of AD are senile plaques related to extracellular amyloid f§ (Af)
deposition and  neurofibrillary  tangles formed by
hyperphosphorylation of intracellular microtubule-associated
tau (d’Errico and Meyer-Luehmann 2020). With the aging of
the global society becoming more and more prominent, the
increasing number of AD patients has become a major public
health problem, which has brought a heavy burden to individuals,
the society and families.

AD is first described by the German physician Alois
Alzheimer in 1906 and has a history of more than one
hundred years (Sanabria-Castro et al., 2017). The
pathogenesis of AD is complex and diverse, which mainly
involves genetic and environmental factors (Dunn et al., 2019),
AP toxicity (Benilova et al., 2012), tau hyperphosphorylation
(Wang et al, 2014), central system (CNS)
inflammation (Kinney et al., 2018), synaptic dysfunction (Li
et al, 2018a), cholinergic deficiency (Frost et al., 2017),
oxidative stress (Islam et al., 2019), mitochondrial
dysfunction (Cardoso et al, 2004), autophagy and
mitophagy abnormalities (Reddy and Oliver 2019), lipid
metabolism disorder (Zhu et al, 2019), imbalance of
calcium homeostasis (Popugaeva et al., 2015), endoplasmic
reticulum (ER) stress (Huang et al., 2015), etc. Although the
amyloid cascade hypothesis and the Tau protein theory are
currently accepted by most investigators, the continuous and
excessive neuroinflammatory response also plays a central role
in the pathogenesis of AD. The nucleotide-binding
oligomerization domain-like receptor pyrin domain-
containing 3 (NLRP3) inflammasome is crucial in the
neuroinflammatory pathway and has recently been
highlighted as a potential target for AD treatment.

Inflammasome is a type of cytosolic multiprotein complex
and plays a crucial role in innate immunity. The concept of
inflammasome is first proposed by Tschopp and his colleagues
in 2002. It is mainly composed of three parts: intracytoplasmic
pattern recognition receptors (PRRs), the adaptor protein
domain and the effector domain cysteine protease pro-
caspase-1 (Martinon et al., 2002). In the CNS, the
inflammasome mainly presents in the cytoplasm of immune
cells, neuronal cells, microglia and astrocytes (Minkiewicz
et al., 2013; von et al., 2018; Hanslik and Ulland 2020), and
can recognize pathogen-associated molecular patterns
(PAMPs) or host-derived danger-associated molecular
patterns  (DAMPs). Among the many reported
inflammasomes, the NLRP3 inflammasome is currently the
most studied one. Just like the structure of the above-
mentioned inflammasomes, the NLRP3 inflammasome
includes the sensor protein NLRP3, the adaptor protein
apoptosis-associated speck-like protein containing a CARD
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(caspase activation and recruitment domain) (ASC), and the
effector protein (pro-caspase-1, a cysteine protease) (Schroder
and Tschopp 2010). These three proteins can interact closely to
regulate the function of NLRP3 inflammasome. Once NLRP3
recognizes the foreign pathogen molecules or internal danger
signals, it will be activated and undergos self-oligomerization.
Then NLRP3 binds to the pyrin domain (PYD) domain of the
adaptor protein ASC, and recruits the protease pro-caspase-1
to form the NLRP3 inflammasome, which cleaves pro-caspase-
1 into activated caspase-1 through autocatalysis. The activated
caspase-1, as an inflammasome effector protein, is able to
cleave the inactive pro-inflammatory cytokines pro-IL-1f
and pro-IL-18 into mature forms of IL-1p and IL-18,
respectively. Ultimately, IL-1p and IL-18 are released
outside of the cell to play a variety of non-specific
inflammatory roles (Martinon et al., 2002; Kelley et al,
2019). In addition, the activated caspase-1 can also mediate
a type of inflammatory-related programmed cell death, which
is called pyroptosis. A large amount of inflammatory
substances released after cell pyroptosis will induce a strong
inflammatory response (Fink and Cookson 2006; Shi et al.,
2015).

More and more experimental evidence show that the
activation of NLRP3 inflammasome is closely related to
neurodegenerative diseases (Duan et al., 2020; Feng et al,
2021). Under the stimulation of AP plaques and tau
aggregates, microglia and astrocytes mediate chronic
neuroinflammatory response, neuronal death and pyroptosis
through intracellular NLRP3 inflammasome, thereby driving
the occurrence and progression of AD (Han et al., 2020b; Van
Zeller et al, 2021). More importantly, pharmacological
inhibition of NLRP3 inflammasome exhibits neuroprotective
effects. The use of inhibitory treatment against NLRP3
inflammasome can reduce AP deposition and alleviate the
cognitive impairment of AD mice (Yan et al., 2020b). In
this review, we mainly summarize the mechanisms of
NLRP3 inflammasome activation, and analyze its possible
roles in the progression of AD. In addition, we also
introduce the upstream and downstream signaling pathways
of the NLRP3 inflammasome, as well as the Ilatest
developments regarding its potential targets and therapeutic
strategies for AD treatment.

2 THE ACTIVATION AND REGULATION OF
NLRP3 INFLAMMASOME

A certain number of exogenous or endogenous stimuli that
induce the activation of NLRP3 inflammasome have been
confirmed so far. The exogenous stimulating factors include
lipopolysaccharide (LPS) (Ma et al., 2021), viral RNA (Allen
et al., 2009), palmitate (Byeon et al., 2017), silica dioxide (Ko
et al, 2020) and so on, while the damage-associated
endogenous activators consist of ROS (Li et al, 2020a),
cathepsin B (Bai et al., 2018), ATP (Amores-Iniesta et al.,
2017), AP oligomers (Van Zeller et al., 2021), a-synuclein (a-
syn) (Wang et al., 2020), etc. Although the process of NLRP3
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inflammasome activation induced by the above factors has
been extensively studied, the exact molecular mechanisms still
need to be further explored. Current researches have shown
that there are two main types of signaling pathways that are
responsible for the activation of NLRP3 inflammasome. One is
the canonical signaling pathway involving pro-caspase-1
recruitment and caspase-1 activation, and the other is the
non-canonical signaling pathway, which is mainly related to
the activation of mouse caspase-11 or human caspase-4 and
caspase-5 induced by LPS.

2.1 Canonical NLRP3 Activation

As far as we know, the canonical NLRP3 inflammasome
activation usually requires two steps: priming and activation
(Yang et al., 2019). Generally speaking, in the resting state of
cells, the basal levels of NLRP3 and IL-1p are considered to be
insufficient to activate the inflammasome. Therefore, a
priming step initiates the transcription of these targets.
Priming signal (signal 1): NLRP3 is stimulated by danger
signals (such as TLR4 agonists or endogenous molecules) to
induce the expression of NF-xB, which up-regulates the
transcription of NLRP3, IL-1P and IL-18 genes, resulting in
the increased protein expression of NLRP3, pro-IL-1p and
pro-IL-18 (Bauernfeind et al., 2009; Lamkanfi and Dixit 2014).
Activation signal (signal 2): The second activation step is
usually triggered by PAMPs or DAMPs (such as viral RNA,
aluminum salt, ATP, AR, K" efflux, etc.), which allows the
NLRP3 inflammasome to complete the assembly step. Then,
the cysteine protease pro-caspase-1 is recruited through the
adaptor protein ASC to form a large filamentous protein
complex called ASC speck. Clustered pro-caspase-1
autocatalyzes and autocleaves to generate activated caspase-
1, which cleaves the pro-IL-1p and pro-IL-18 to generate the
activated forms IL-1P and IL-18. At the same time, activated
caspase-1 can initiate pyroptosis through the lysis of
gasdermin D (GSDMD) (Swanson et al., 2019).

Recently, many studies have provided convincing evidence
that the priming step of NLRP3 inflammasome activation is
not limited to the increase of transcription level. There is
another way to affect the activity of inflammasome through
ubiquitination and post-translational modification of NLRP3.
A recent study described that the recruitment of NEK7 to
NLRP3 is controlled by the phosphorylation status of NLRP3
S803 located within the interaction surface, in which NLRP3
S803 is phosphorylated upon priming and later
dephosphorylated  upon  activation. = Phosphomimetic
substitutions of NLRP3 S803 abolish NEK7 recruitment and
inflammasome activity in macrophages in vitro and in vivo
(Niu et al., 2021). Furthermore, Tang et al. found that E3
ubiquitin ligase TRIM65 can bind to the nucleotide-binding
and oligomerization domain (NACHT) domain of NLRP3,
promote lys48-and lys63-linked NLRP3 ubiquitination and
inhibit NEK7-NLRP3 interaction, thereby restraining
NLRP3 inflammasome assembly and caspase- 1 activation
(Tang et al., 2021). In contrast, deubiquitination of NLRP3
leads to its activation. Studies have reported that the E3
ubiquitin ligase TRIM31 can directly bind to NLRP3 to
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promote K48-linked polyubiquitination and proteasomal
degradation of NLRP3, thereby inhibiting the activation of
NLRP3 (Song et al., 2016).

2.2 Non-Canonical NLRP3 Activation

In the non-canonical activation pathway, the NLRP3
inflammasome mainly relies on caspase-11 in mice (the
homologues caspase-4 and caspase-5 in humans). LPS
generated by Gram-negative bacteria enters the cytosol and
can bind to caspase-11 in mice, thereby triggering its
oligomerization and activation. The activated caspase-11 can
induce pyroptosis and produce pro-inflammatory cytokines
(Downs et al., 2020).

2.3 The Regulation of NLRP3 Activation

As summarized in previously published reviews, the main
mechanisms involved in the activation of NLRP3
inflammasome include K" efflux, cathepsin B released after
lysosomal disruption, the change of extracellular Ca**
homeostasis, and the production of reactive oxygen species
(ROS) (Zhang et al, 2020), etc. We will not repeat any
elaboration of the above activation mechanisms. However, in
recent years, several direct or indirect ways have been reported to
participate in the NLRP3 inflammasome activation. The latest
studies have shown that mitochondrion is the central regulator of
NLRP3 function. Mitochondrial reactive oxygen species (mtROS)
production,  mitochondrial DNA  (mtDNA) release,
mitochondrial-mediated apoptosis, mitochondrial calcium
overload, and mitochondrial involvement in the localization of
NLRP3 are all related to the regulation of NLRP3 activity (Zhou
et al, 2011; Lawlor and Vince 2014; Rimessi et al., 2015).
Therefore, we primarily discuss the roles of mitochondrial
dysfunction, mitochondrial-associated endoplasmic reticulum
membrane (MAM), autophagy and mitophagy in the
activation and regulation of NLRP3 inflammasome in this review.

2.3.1 Mitochondrial Dysfunction and NLRP3
Inflammasome Activation

Mitochondrion is one of the organelles with a double-layer
membrane structure in cells, and it is the metabolic center and
energy factory of cells. It provides the substrate and energy
required for the biosynthesis of the cell, and plays a decisive
role in the fate of cells. Mitochondria produce mtROS during
aerobic metabolism via respiratory chain. Various intracellular
and extracellular damage factors, including ROS, misfolded
protein aggregation (such as AP, Tau, a-syn, etc.), toxic drugs,
etc., can damage the normal function of mitochondria (Cha
et al, 2012; Szabo et al, 2020). When the function of
mitochondria is impaired, the level of mtROS increases
significantly. mtROS accumulates in the cytoplasm and
interacts with the components of the NLRP3
inflammasome, thereby participating in the activation of the
inflammasome. In an earlier study, Nakahira et al. found that
mtROS produced by impaired mitochondria is necessary for
macrophages to activate NLRP3 inflammasome in response to
LPS and ATP (Nakahira et al., 2011). Moreover, there is
accumulating evidence to demonstrate that the use of
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chemical inhibitors to disrupt mitochondrial function can
trigger the NLRP3 inflammasome activation. Mitochondrial
dysfunction inducers such as rotenone (complex I inhibitor)
can lead to increased levels of ROS, activation of NLRP3
inflammasome, and the expression of IL-1p in microglia
(Sarkar et al., 2017). Furthermore, inhibitors or scavengers
of mtROS can effectively restrain the activation of NLRP3
inflammasome. For example, the mtROS scavenger Mito-
TEMPO inhibits the activation of NLRP3 inflammasome
induced by injury factors and reduces the secretion of IL-
1B (Ding et al., 2017). Consistent with these results, impaired
clearance of damaged mitochondria will enhance the
activation of NLRP3 inflammasome. However, there are
also some inconsistent opinions about the relationship
between mtROS and NLRP3 inflammasome activation.
Some previous studies indicated that the activation of
NLRP3 inflammasome may not depend on mtROS, but
through other components of mitochondria (Iyer et al,
2013). Bauernfeind and his colleagues also showed that
ROS inhibitors only blocked the priming step of NLRP3
inflammasome activation, while its direct activation step
was not affected, which implied that the role of ROS was
limited to the priming step of NLRP3 activation (Bauernfeind
et al., 2011). Despite the existence of the above phenomenon,
more and more evidence indicate that mtROS is located at
upstream of NLRP3 inflammasome activation, and mtROS
directly or indirectly participates in the process of NLRP3
inflammasome activation. Many drugs or chemical agents can
alleviate the inflammatory effect of NLRP3 by reducing the
level of mtROS.

Mitochondrial dysfunction causes increased mitochondrial
breakage, which releases mtDNA, ATP, heat shock protein 60
(HSP60), mitochondrial transcription factor A (TFAM),
cardiolipin, cytochrome ¢, etc. These substances can be
considered as DAMPs to induce the activation of NLRP3
inflammasome (Dela and Kang 2018). Among them,
mtDNA is the most extensively studied mitochondrial-
derived activator. In an earlier study, Nakahira et al
showed that the release of mtDNA is crucial for the
activation of NLRP3, which depends on the generation of
ROS (Nakahira et al., 2011). Shimada et al. further used the
293 cells transfected with mtDNA to prove that mtDNA can
directly bind to NLRP3 and mediate the activation of NLRP3
inflammasome. Conversely, macrophages lacking mtDNA
severely reduce IL-1P production (Shimada et al., 2012).
The increased levels of oxidized mtDNA (ox-mtDNA) in
the cytoplasm can promote the binding with NLRP3
inflammasome, which leads to the co-localization of NLRP3
and ASC in the perinuclear space in endoplasmic reticulum-
mitochondrial clusters (Zhong et al., 2018). Given that mtROS
and ox-mtDNA are significantly related to the activation of
NLRP3 inflammasome, a wide range of mitochondrial
antioxidant drugs can attenuate the inflammasome
activation.  Epigallocatechin-3-gallate (EGCG) is a
polyphenol with strong antioxidant properties. Luo et al.
evaluated the protective effect of EGCG on acute
pancreatitis (AP)-associated lung injury and found that
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EGCG could protect AP-associated lung injury by
removing mtROS and its oxidation product ox-mtDNA. In
addition, the antagonism of NLRP3 signaling by EGCG was
affected in the presence of the mtROS stimulant rotenone or
scavenger Mito-TEMPO (Luo et al.,, 2021). Idebenone is a
highly acclaimed mitochondrial protective agent. In the
oxygen glucose deprivation/reperfusion (OGD/R) injury
model, Peng et al. found that mitochondrial dysfunction
led to mtDNA translocation and mtROS production, as
well as cytosolic accumulation of oxidized mtDNA, which
promoted its binding to NLRP3. However, idebenone
treatment effectively blocked this process, and alleviated
NLRP3-mediated inflammatory damage after OGD/R (Peng
et al., 2020). In short, increasing evidence show that mtDNA
can be closely related to the expression of IL-1p through the
NLRP3 inflammasome activation.

2.3.2 The Regulation of NLRP3 Inflammasome
Activation by Mitochondrial-Associated Endoplasmic
Reticulum Membrane

The morphological structure of mitochondria and ER in
eukaryotic cells is highly dynamic, which provides
opportunities for coupling between mitochondria and ER. It
has been reported that the mitochondrial outer membrane and
the ER membrane can form an interaction coupling site
membrane structure with a stable interval, which is known
as MAM (Hayashi et al., 2009). In some places, MAM is also
called mitochondria-ER contact sites (MERCs). MAM plays an
important role in material transfer and signal transduction. At
present, MAM has become a well-known important way for
the regulation of cholesterol, lipids, calcium metabolism,
oxidative stress, inflammation and other functions (Yu
et al, 2021). The relationship between MAM and
inflammation is discovered as early as 2011. In
unstimulated cells, NLRP3 is mainly located on the ER
membrane and in the cytoplasm. However, upon activation,
NLRP3 and ASC will redistribute and translocate to the MAM
in the perinuclear region, which makes it easier to sense
mitochondrial damage signals such as mtROS, cardiolipin,
mtDNA, etc (Zhou et al.,, 2011). MAM can be regarded as a
platform for inflammasome assembly and activation. During
the formation of inflammasome, acetylated a-tubulin can
migrate mitochondria to the perinuclear region and
promote the assembly of ASC on mitochondria with NLRP3
on the ER (Misawa et al., 2013). Recent studies have shown
that MAM participates in the regulation of DAMPs-mediated
effects, antiviral responses, bacterial pathogen-mediated
infections, and other inflammatory processes through direct
or indirect action (Missiroli et al., 2018). Martinvalet also has
introduced the important role of mitochondria and the ER
contact sites in the development of immune response
(Martinvalet 2018). The NLRP3 on the ER and the ASC on
the mitochondrial combine with each other through CARD to
form the NLRP3 inflammasome, and those mitochondrial
outer membrane proteins involved in ER-mitochondrial
binding, such as mitogen, can regulate the structural
stability of MAM, thereby controlling the activation of

Frontiers in Pharmacology | www.frontiersin.org

February 2022 | Volume 13 | Article 845185


https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Liang et al.

NLRP3 inflammasome. Mitochondrial antiviral signal protein
(MAVS) is an adaptor molecule located on the outer
mitochondrial membrane, which participates in the
secretion of type I interferon. As an important component
of MAM, it plays a pivotal role in regulating the host’s natural
immunity (Horner et al., 2015). Studies found that MAVS can
recruit NLRP3 to mitochondria in response to viral infections.
MAVS is linked to the N-terminal amino acid sequence of
NLRP3, which is the basis of interaction between MAVS and
NLRP3 (Subramanian et al., 2013). In addition, a study carried
out by Guan et al. proved that MAVS is capable of stabilizing
ASC and inducing the formation of cytosolic speck via
recruiting the E3 ligase TRAF3 to ASC. Ubiquitination of
ASC at Lys174 by TRAFS3 is essential for speck formation and
inflammasome activation. The deficiency of MAVS or TRAF3
will impair ASC ubiquitination and the formation of
cytoplasmic  speck, thereby reducing the NLRP3
inflammasome activation (Guan et al., 2015). Mitofusin 2
(MFN2) is a mitochondrial outer membrane GTPase, which
plays an important role in the mitochondrial fusion process.
Furthermore, MFN2 is also present on the ER membrane.
MFN2 is enriched in MAM and enhances the structural
stability of MAM. MFN2 on the ER bridges ER and
mitochondria by engaging in homotypic and heterotypic
complexes with mitofusin 1 or 2 on the surface of
mitochondria (de Brito and Scorrano 2008). The stable
MAM structure may provide a basis for the assembly of
NLRP3 inflammasome. An earlier study showed that after
infection with influenza virus or encephalomyocarditis virus
(EMCV), MFN2 could interact with NLRP3 to promote the
recruitment of NLRP3 to mitochondria, and subsequently
induce IL-1fB secretion. However, the secretion of IL-1B
was significantly restored in MFN2 gene knockout cells
(Ichinohe et al., 2013). Another study described that
infection with mycobacterium tuberculosis up-regulated the
expression of MFN2 and promoted the assembly and
activation of the NLRP3 inflammasome (Xu et al., 2020).
These researches imply that MFN2 may contribute to the
stability of MAM structure, and promote the activation of
NLRP3 inflammasome. However, the specific mechanism still
needs further studies.

It is generally acknowledged that Ca®* play an important role
in NLRP3 inflammasome activation (Horng 2014). ER is the
main Ca®" reservoir in cells. The continuous transfer of Ca**
from ER into the mitochondria will result in mitochondrial Ca**
overload and dysfunction, which promotes the release of
cardiolipin and mtDNA (Murakami et al., 2012). MAM is
the main site that mediates the transportation of Ca** from
ER to mitochondria, which is related to the distribution of Ca**
transport channel proteins in the MAM region. The IP3R-
GRP75-VDAC-MCU complex is a classic pathway that
mediates the transport of ER Ca®" to the mitochondria
through the MAM region (Szabadkai et al, 2006). These
proteins are also the constituent molecules of MAM.
Inhibitors or gene knockouts against these molecules may
attenuate NLRP3 inflammasome activation. We believe that
the changes of MAM function will affect the activation of
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NLRP3 inflammasome. Therefore, drugs or compounds that
cause changes in MAM function can regulate the NLRP3
inflammasome activation.

2.3.3 The Negative Regulation of NLRP3
Inflammasome via Autophagy and Mitophagy
Autophagy is a process of non-specific degradation of the cell’s
own components such as organelles and abnormal accumulation
proteins through the lysosomal system. Hence, it is essential for
maintaining cell homeostasis and survival (Mameli et al., 2021).
Autophagy has been confirmed to be closely related to the NLRP3
inflammasome activation, as the response of eukaryotic cells to
external stimuli. In an earlier study, Saitoh Tatsuya et al. reported
that the important autophagy gene Atgl6L1 regulated endotoxin-
induced inflammasome activation. In  LPS-stimulated
macrophages, the deficiency of Atgl6Ll could lead to
activation of NLRP3 inflammasome and production of IL-1p
(Saitoh et al., 2008). Furthermore, Atg5 is also an important
autophagy-related gene. Atg5 acetylation can inhibit the
maturation of autophagosomes and induce the activation of
NLRP3 inflammasome. On the contrary, sirtuin 3 (SIRT3) can
form a complex with Atg5 to block the acetylation of Atg5, which
leads to impaired autophagy and accelerates the activation of
NLRP3 inflammasome (Liu et al., 2018). As far as we know, there
is mounting evidence show that autophagy is an important
regulator of inflammasome, which negatively regulate the
NLRP3 inflammasome activation. Autophagy can eliminate the
endogenous activator DAMPs. In AD, autophagy alleviates the
activation of NLRP3 inflammasome induced by A oligomers via
removing abnormally deposited and misfolded proteins (Wen
et al,, 2019). Mi-Hyang Cho et al. revealed that, in the microglia
model, AP interacts with MAPILC3B-II through OPTN/
optineurin and is degraded by the autophagy process mediated
by the PRKAA1 pathway (Cho et al, 2014). Deficiency or
inhibition of autophagy can exacerbate the pathology of
NLRP3 inflammasome-mediated neurodegenerative diseases
(Qin et al, 2021). In contrast, autophagy inducers, such as
rapamycin, AICAR, and metformin, can activate autophagy in
microglia, which promotes the phagocytosis and degradation of
misfolded protein aggregates in cells, thereby -effectively
inhibiting the excessive activation of NLRP3 inflammasome
(Qiu et al., 2020).

Mitophagy is a process that selectively removes damaged
mitochondria. Once mitochondrial dysfunction occurs,
mitophagy can promote the renewal of mitochondria, thereby
maintaining mitochondrial quality control. As mentioned above,
there is growing evidence that damaged mitochondria activate the
NLRP3 inflammasome through a variety of ways. Therefore,
mitophagy can be considered as an important way to regulate
the activation of NLRP3 inflammasome. Currently, multiple
literatures demonstrate that mitophagy also negatively
regulates the NLRP3 inflammasome activation. Mitophagy
eliminates damaged mitochondria, avoids the release of
endogenous molecules such as ATP, mtROS and mtDNA, thus
reduces the activation of NLRP3 inflammasome (Mishra et al.,
2021). Mitophagy inhibitors or gene knockouts can lead to
mitophagy disorder, cause the accumulation of mtROS and
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mtDNA in cells, and activate the NLRP3 inflammasome.
Researching the role of Parkin, a central player in mitophagy,
in host antiviral responses, Li et al. found that Parkin deficiency
augments innate antiviral inflammation and promotes viral
clearance by  enhancing =~ mtROS-mediated = NLRP3
inflammasome activation (Li et al., 2019). On the contrary,
mitophagy inducers can enhance the ability to clear
dysfunctional ~mitochondria, thereby inhibiting NLRP3
inflammasome activation (Peng et al, 2021). Gao et al
reported in the nonalcoholic fatty liver disease (NAFLD)
model that the expression levels of mitophagy markers PINK1
and Parkin was significantly diminished by deoxycholic acid
(DCA) and the ability of mitophagy was impaired. However,
after treatment with a specific mitophagy agonist carbonyl
cyanide 3-chlorophenylhydrazone (CCCP), the ability of
mitophagy was restored and the DCA-induced inflammasome
response was prevented (Gao et al., 2021b). In conclusion,
numerous current studies have shown that autophagy and
mitophagy may be a self-limiting way to protect cells from
excessive inflammation.

3 THE ROLE OF NLRP3 INFLAMMASOME IN
ALZHEIMER’S DISEASE

Neuroinflammation is a double-edged sword. It is regarded as a
defensive mechanism during the acute infection period and plays
an anti-infection role. However, after its transfer to the chronic
inflammation phase, excessive release of cytotoxic factors will
cause inflammation activation. Increasing evidence from AD
patients, in vitro cell models and in vivo animal models
indicate that NLRP3 inflammasome plays an important role in
AD. Saresella et al. showed that the expression level of
NLRP3 inflammasome-related molecules was higher in severe
AD patients than moderate ones via gene expression analysis of
peripheral blood mononuclear cells (PBMCs) in AD patients. In
vitro stimulation of PBMCs with LPS or AB42 could activate
NLRP3 inflammasome. They believe that peripheral monocytes
are likely to migrate across the blood-brain barrier (BBB) into the
CNS and participate in the neuroinflammatory response of AD
(Saresella et al., 2016). Mahmoudiasl et al. further detected
increased expression levels of NLRP3, caspase-1, and
inflammasome activation products IL-13 and IL-18 in the
cerebral temporal cortex of AD patients (Ahmed et al., 2017).
AP fibrils have unique structural characteristics and can be
regarded as a kind of DAMPs, which are recognized by Toll-
like receptors (TLRs) or nucleotide-binding oligomerization
domain-like receptors (NLRs) and transmit pro-inflammatory
signals. Early studies reported that the senile plaques are
surrounded by activated microglia and astrocytes, and the glial
cells around the AP plaques express higher levels of IL-1p (Apelt
and Schliebs 2001). Subsequently, Halle et al. first described the
role of NLRP3 inflammasome in the AD model. They found that
AP activates the NLRP3 inflammasome in microglia, causing the
maturation and secretion of IL-1p and IL-18. The increased
amount of AP phagocytosed by microglia can cause lysosomal
damage in the cytosol and the release of cathepsin B, and the latter
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can act as an endogenous danger signal to activate the NLRP3
inflammasome (Halle et al., 2008). Recent studies have shown
that NLRP3 inflammasome is not only activated by fibrous Ap
aggregates, but also by lower molecular weight Ap oligomers and
fibrils. This suggests that the innate immune response of CNS
triggered by AP activation may be before the onset of AP
deposition (Luciunaite et al, 2020). The researchers further
have explore the mechanisms by which AP activates the
NLRP3 inflammasome and have found that this may involve
two signals: the priming signal and the activation signa. When
studying the inflammatory response of primary microglia to Af
(1-42) protofibrils, Terrill-Usery et al. found that AP (1-42)
protofibrils significantly upregulates the expression of IL-1p,
TNFa mRNA and pro-IL-1P protein through the TLR/MyD88
pathway (Terrill-Usery et al., 2014). Similarly, the results of Liu
et al. showed that AB(1-42) activates and up-regulates the
expression of NLRP3 inflammasome-related molecules in BV-
2 microglia via the TLR4/NLRP3 pathway and increases the
secretion of IL-1P (Liu et al., 2020). These results indicate that
AP fibrils can provide the priming signal for NLRP3
inflammasome activation. Another study revealed that Ap
induces the formation of NLRP3 inflammasome in a
cathepsin-dependent manner. Under resting conditions,
NLRP10 can bind to ASC and inhibit the assembly of NLRP3
inflammasome. However, after glial cells are treated by AP,
cathepsin can be activated to promote the degradation of
NLRP10, which makes it easier for NLRP3 and ASC to
combine with each other to form inflammasomes (Murphy
et al, 2014). This indicates that AP fibrils can also provide
activation signals for NLRP3 inflammasome in an indirect
way. In short, the above evidence mainly reflect that AP
activates the NLRP3 inflammasome, and then participates in
the pathogenesis of AD through IL-1B, IL-18 and other
inflammatory cytokines. Moreover, it has been proposed that
AP1-42 can also mediate GSDMD lysis through NLRP3-caspase-
1 signal, and induce neuronal cell pyroptosis (Han et al., 2020).

In recent years, a large amount of data from cell experiments
and animal models have confirmed that the activation of NLRP3
inflammasome can also affect the deposition and spread of Ap.
Heneka et al. found that, compared with APP/PS1 mice, NLRP3
and caspase-1 knockout AD model mice have a significantly
enhanced ability of microglia to phagocytose AP and differentiate
microglia into anti-inflammatory M2 type, which facilitates Ap
clearance (Heneka et al, 2013). In addition, the ability of
microglia to clear AP can also be enhanced by inhibitors of
NLRP3 or caspase-1, thereby reducing the accumulation of AP in
the brains of APP/PS1 mice (Dempsey et al., 2017). These results
confirm that the activation of NLRP3/caspase-1 inflammasome
reduces the phagocytosis of AP by glial cells, which makes it easier
for AP to accumulate in the cells. After comprehensive analysis of
the related research results of Ap and NLRP3 inflammasome, we
speculate that when AP oligomers or fibrils activate NLRP3
inflammasome, it regulates the production of neurotoxic
inflammatory cytokines such as IL-1p and IL-18. At the same
time, it can induce pyroptosis of neurons by activating caspase-1
to mediate the lysis of GSDMD. On the other hand, the activation
of NLRP3 inflammasome can conversely lead to increased AP
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FIGURE 1 | A schematic diagram of the association between NLRP3 inflammasome activation and AD pathogenesis. Both A oligomers and Tau aggregates are
involved in the inflammatory response of AD. Fibrillar AB species are regarded as PAMPs that triggers NF-kB activation through pattern recognition receptors (such as
TLRs) to elevate inflammasome components NLRP3 and pro-IL-1p. NLRP3, ASC, and pro-caspase-1 assemble together to form the NLRP3 inflammasome, which
subsequently activates caspase-1, cleaves pro-IL-1p to produce the active form of IL-1 and secretes it extracellularly. In addition, phagocytosis of soluble Ap also
triggers lysosome leakage and consequently results in the emission of cathepsin B, which leads to NLRP3 inflammasome activation. Furthermore, Ap oligomers can act
as damaging stimulis to induce mitochondrial dysfunction, causing the production and accumulation of ROS, release of mtDNA, or cardiolipin externalization, which
activates the NLRP3 inflammasome. Autophagy can not only clear AB, but also clear NLRP3, ASC and pro-caspase-1 inflammasome-related protein molecules.
Mitophagy can selectively remove impaired mitochondria and relieve the release of damaging molecules within mitochondria. Therefore, autophagy and mitophagy can
negatively regulate the activation of NLRP3. Ap also indirectly regulate the activation of the NLRP3 inflammasome through the autophagy or mitophagy pathway.
Moreover, the activation of NLRP3 inflammasome inhibits the phagocytosis of Ap by glial cells, which contributes to the deposition of Ap and facilitates the formation of AB
plaques. In conclusion, AB can activate the NLRP3 inflammasome through different pathways. However, once the NLRP3 inflammasome is activated, it in turn increases
the deposition of Ap and the formation of AP plaque, which forms a positive feedback loop that amplifies AB pathogenic effect. Similar to the role of AB, Tau is regarded as
an endogenous dangerous molecule that can activate the NLRP3 inflammasome. After the NLRP3 inflammasome is activated, it increases the activity of Tau kinase and
phosphorylase, and facilitates the phosphorylation and aggregation of Tau, thereby also forming a positive feedback loop. Persistent activation of the NLRP3
inflammasome triggered by Ap and Tau contributes to the development of chronic neuroinflammation, which ultimately leads to the neuronal loss and cognitive
impairment. AD: Alzheimer’s disease; AB: amyoid ; PAMPs: pathogen-associated molecular patterns; TLRs: Toll-like receptors; NF-kB: nuclear factor kappa B; NLRP3:
nucleotide-binding oligomerization domain-like receptor pyrin domain-containing 3; ASC: apoptosis-associated speck-like protein containing a CARD; ROS: reactive
oxygen species; mtROS: mitochondrial ROS; mtDNA: mitochondrial DNA; MyD88: myeloid differentiation factor 88; GSDMD: gasdermin D.

deposition and diffusion in glial cells, thereby inducing Ap into
the positive feedback loop, and ultimately contributing to the
development of AD.

Although there are many researches to reveal the role of Ap
aggregates in the activation of NLRP3 inflammasome, there are
limited studies on the relationship between Tau and NLRP3
inflammasome. In an earlier study, Kitazawa et al. used IL-1R
blocking antibodies to inhibit IL-1P signaling in the 3xTg AD
mouse model and found that they could significantly reduce the
activity of tau kinase, such as cdk5/p25, GSK -3f, p38-MAPK,
thereby reducing the level of tau phosphorylation (Kitazawa
et al., 2011). This implies that the inflammatory effect after
activation of NLPR3 inflammasome may have an impact on the
pathogenic effect of Tau. In 2019, a major study revealed the
influence of NLPR3 inflammasome on the pathology of tau.

Ising et al. found that the loss of NLRP3 function could reduce
the hyperphosphorylation and aggregation of tau by regulating
tau kinase and phosphorylase. In addition, intracerebral
injection of homogenate containing AP fibrils induced
pathological changes of tau protein, which depends on the
activation of NLRP3. Their study confirms that the activation
of NLPR3 inflammasome in microglia plays an important role in
the pathological changes of tau. Meanwhile, it also supports the
AP cascade hypothesis in the pathogenesis of AD and the role of
neurofibrillary tangles in the downstream development of ApB-
induced activation of microglia (Ising et al., 2019). In the same
year, another highlighted study investigated whether Tau
aggregates could activate NLRP3 inflammasome just like Ap
fibrils. They demonstrated that Tau activates NLRP3
inflammasome after being taken up by microglias, and its
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activation mechanism is similar to that of Ap. Moreover, Tau-
induced pathology is alleviated in Tau transgenic mice with
ASC gene deletion or NLRP3 targeting inhibitors (Stancu
et al,, 2019). Surprisingly, tau protein may also provide the
priming signal for the activation of NLRP3 inflammasome.
Panda et al. used tau-derived PHF6 peptide (VQIVYK) to
stimulate microglia and found that VQIVYK in the form of
fibrous aggregates upregulated the expression of NLRP3 at
mRNA and protein levels in a dose- and time-dependent
manner, ultimately leading to increased expression of IL-1B
and IL-18 (Panda et al., 2021). Experimental results from in
vivo also show that hyperphosphorylation of tau in the mouse
brain significantly increases the activation of NLRP3
inflammasome and the up-regulation of IL-1pB levels (Zhao
et al,, 2021). In summary, we speculate that the role of tau in
NLRP3 inflammasome is similar to Ap. On the one hand, tau
aggregates activate the NLPR3 inflammasome to regulate the
expression and secretion of IL-1P and IL-18 and participate in
the pathological damage of tau. On the other hand, the
activation of NLRP3 inflammasome can also increase the
hyperphosphorylation and aggregation of tau through tau
kinase and phosphorylase, thereby inducing tau to go
through the positive feedback loop, and ultimately playing
an important role in the pathogenesis of AD (Figure 1).

4 NLRP3 INFLAMMASOME INHIBITORS AS
A POTENTIAL TARGET FOR THE
TREATMENT OF ALZHEIMER'’S DISEASE

With the comprehensive understanding of the molecular
mechanism of NLRP3 inflammasome activation, since 2013,
many published articles have paid more attention to the
therapeutic targeted intervention of NLRP3
inflammasome in diseases. In view of the important role of
NLRP3 inflammasome in the pathogenesis of AD, exploring
its drug targets in the treatment of AD has also become a hot
topic in its field. According to the characteristics of the formation
and activation of NLRP3 inflammasome, some compounds that
inhibit the activity of NLRP3 or interfere with its interaction with
ASC are used to block the activation of NLRP3 inflammasome,
which provides new ideas for the treatment of AD. Furthermore,
considering the secretion of inflammatory factors downstream of
the NLRP3 inflammasome and pyroptosis, the targeted
intervention of caspase-1 activation and inhibition of
downstream inflammatory factors of NLRP3 may also be a
way to alleviate chronic inflammation in AD. The NLRP3
inflammasome and involvement of several upstream or
downstream  signaling  pathways  provide  promising
pharmacological targets for AD (Figure 2). At present, in the

value of
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TABLE 1 | The compounds or extractions targeting NLRP3 inflammasome pathways in AD.

Compounds or
extractions

IL-1 inhibitors
anakinra

rilonacept
canakinumab
NLRP3 inhibitors
Glyburide
JC124
Oridonin

CY-09

MCC950

OLT1177
Tranilast

BAY 11-7082
Parthenolide
MNS

ASC inhibitors
BHB

Caspase-1 inhibitors
VX-765
Ac-YVAD-CMK

Mechanism

IL-1 receptor antagonist
IL-1 receptor antagonist
IL-1inducible receptor

Antibody targeting IL-1f

ATP sensible K* channels, downstream of the P2X7 receptor
Inhibits the NLRP3 inflammasome and the activation of
caspase-1

Covalent bond with NLRP3 in NACHT domain to block the
interaction between NLRP3 and NEK7

Binds to the ATP binding motif of the NLRP3 NACHT domain to
inhibit NLRP3 ATPase activity

Walker B motif interaction and inhibition of ATP hydrolysis,
selective inhibitor of NLRP3

Selective inhibitor of NLRP3

Binds to NLRP3 to inhibit its ATPase activity

Directly binds to the NACHT of NLRP3 and blocks NLRP3
oligomerization

Inhibits NLRP3 ATPase activity

Inhibits NLRP3 ATPase activity and caspase-1

Inhibits the activity of NLRP3 ATPase through binding to the LRR
and NACHT domains

Prevents K* efflux and reduces ASC oligomerization and speck
formation
Improves the cognitive function

Inhibits caspase-1
Inhibits caspase-1

Plant-derived compounds

Resveratrol

Pterostilbene
SFN
GB

ABPPk

Inhibits TXNIP/TRX/NLRP3 signaling pathway
Inhibits NF-xB/IL-13/NLRP3 signaling pathway

Inhibits the NLRP3/caspase-1 pathway
Inhibits the NLRP3 inflammasome

Inhibits NLRP3 activation and promotes microglia M2 polarization

Inhibits the expression of NLRP3, cleaved caspase-1, and ASC

Chinese herbal medicines

PK

DHM
NSAIDs

IND

MicroRNAs

Autophagy activators
A-68930

PG
EGb 761

Mitophagy activators
TSG

Qu

Inhibits the NLRP3 inflammasome
Inhibits the NLRP3 inflammasome

Reduces the expression of IL-14 and caspase-1

Directly or indirectly inhibits the expression of NLRP3
Enhances the degradation of NLRP3 inflammasome by activating
the AMPK/autophagy signaling pathway

Inhibits the activation of NLRP3-caspase-1 via enhancing the
autophagy

Down-regulates the level of NLRP3 protein, reduces the
activation of IL-1p and caspase-1 via autophagy

Prevents NLRP3 inflammation through mitophagy

Inhibits NLRP3 inflammation through mitophagy

ROS and NF-kB inhibitors

a-lipoic acid

Inhibits NLRP3 via the NF-kB signaling pathway

Cell or animal model

3xTg-AD transgenic mice
AD amyloidosis rat model

APP/PS1 or CRND8 APP
transgenic mice
AB+_42 induced AD mice

APP/PS1 AD, Long evans rats,
SAMP8 mouse

Microglia induced by AB
aggregates

APP/PS1 mice

APP 23 mice, BV2 cells
Primary glial cells

B5XFAD mouse
AD patients

AD J20 mouse
APP/PS1 AD mice

BV-2 cells

AD mouse model induced by
ABi_a2

Microglia induced by AB+_4o
N9 microglial cells

BV2 microglial cells induced by
ABy.az

BV2 microglia, AB oligomers-
injected mice

5XFAD mouse
APP/PS1 mice

AD rats induced by
streptozotocin

Glial cells, AD mice, and AD
patients

BV2 cells, AD mice induced by
Af’1-42

Astrocytes

TgCRND8 AD model
APP/PS1 mice, BV2/N2a/SH-
SYBY cells

Primary microglia, BV2 cells

BV-2 microglial cells
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TABLE 1 | (Continued) The compounds or extractions targeting NLRP3 inflammasome pathways in AD.

Compounds or Mechanism

extractions

Edaravone Reduces the production of mtROS, and inhibits the activation of
NLRP3
Donepezil Down-regulates NLRP3 and pro-IL-1p mRNA levels by inhibiting  BV2 microglial cells, 5xFAD

NF-kB/STAT3 phosphorylation

strategy of AD treatment, some compounds that directly inhibit
the activity of NLRP3 ATPase include CY-09, MNS and
OLT1177. There are some drugs interfering with ASC
oligomerization, which is represented by fS-hydroxybutyric
acid (BHB). The inhibitors of caspase-1 activation are VX-740
and VX-765. Biological agents targeting IL-1{ mainly include IL-
1P antibody canakinumab and recombinant IL-1fB receptor
antagonist anakinra. In the following section, we will review
and summarize in detail the role and therapeutic value of the
above interventions in AD (Table 1).

LRP3: nucleotide-binding oligomerization ~domain-like
receptor pyrin domain-containing 3; AD: Alzheimer’s disease;
AB: amyoid f; ATP: Adenosine triphosphate; P2X7: P2X
purinergic receptor 7; APP: amyloid precursor protein; APP/
PS1: APPswe/PS1dE9; SAMPS: senescence-accelerated mouse
prone 8 NACHT: nucleotide-binding and oligomerization
domain; LRR: leucine-rich repeat; NEK7: NIMA-related kinase
7;  MNS:  3,4-methylenedioxy-p-nitrostyrene; BHB:  f-
hydroxybutyric acid; TXNIP: Thioredoxin interacting protein;
TRX: Thioredoxin; SFN: Sulforaphane; GB: Ginkgolide; ABPPx:
Achyranthes bidentate polypeptide fraction x; PK: Picrorhiza
kurroa; DHM: Dihydromyricetin; NSAIDs: Nonsteroidal anti-
inflammatory drugs; IND: Indomethacin; AMPK: Adenosine 5'-
monophosphate  (AMP)-activated  protein  kinase; PG:
Progesterone; TSG:  2,3,5,4'-Tetrahydroxystilbene-2-O-3-D-
glucoside; Qu: Quercetin; ASC: apoptosis-associated speck-like
protein containing a CARD; mtROS: mitochondrial ROS; NF-kB:
nuclear factor kappa B; STAT3: Signal transducer and activator of
transcription 3

4.1 IL-1p Antibodies and IL-1R Antagonists

IL-1 is usually present in cells as the precursor form pro-IL-1p.
Pro-IL-1PB has no biological activity. Activated caspase-1 can
cleave pro-IL-1p into mature IL-1B through enzyme cleavage.
At present, the strategy of targeting IL-1P has certain application
prospects, but it also has some limitations. So far, there are mainly
three biologics targeting IL-1P that have been used in the
treatment of various inflammatory diseases. A recombinant IL-
1 receptor antagonist anakinra, an inducible receptor rilonacept
that binds to IL-la and IL-1B, and the other one is IL-1B
neutralizing antibody canakinumab (Giancane et al., 2016).
These biological agents have been widely used to treat
inflammation-related diseases, including autoimmune diseases
(Sota et al., 2021), recurrent pericarditis (Fava et al., 2021),
idiopathic arthritis (Autmizguine et al, 2015), gout (Perez-
Ruiz et al., 2014). However, the clinical trials of these biologics
in AD are rarely reported. Long-term injection of IL-1R blocking
antibody to 3xTg-AD mice can significantly reduce brain

Cell or animal model References

AB-treated microglia Wang et al. (2017)

Kim et al. (2021)
mice

inflammation, ameliorate cognitive impairment, relieve tau
pathology, and partially reduce the level of AP oligomers
(Kitazawa et al., 2011). In addition, Qi et al. found that
anakinra can improve synaptic plasticity defects in a rat model
of AD amyloidosis and eliminate the inhibitory effect on long-
term potentiation (Qi et al., 2018). A recent study showed that
anakinra can also alleviate synaptic loss and cognitive
impairment in AD (Batista et al., 2021). For the application of
inhibitors targeting IL-1p in AD, the ability of these biologics to
cross the BBB, the ability to penetrate the brain tissue, and the
side effects of drugs should be considered. Furthermore, upon
NLRP3 inflammasome activation, in addition to the secretion of
IL-1B, it also produces IL-18 and pyroptosis. Therefore, it is
difficult to completely inhibit the pathogenic effect of NLRP3
inflammasome after blocking IL-1P. Recently, some new targets
that participate in the regulation of NLRP3 inflammasome have
been identified, which provides a new approach for AD therapy.

4.2 Specific Inhibitors of the NLRP3

Inflammasome

The activation of NLRP3 inflammasome depends on the
integrity of the structure and function of NLRP3 and the
assembly of NLRP3 inflammasome. Therefore, the potential
therapeutic targets for NLRP3 inflammasome mainly include
the NACHT domain of NLRP3, ASC and caspase-1, as well as
other sites that affect its assembly. Targeting the
pharmacological effects of NLRP3 inflammasome may be the
best way to treat AD. Here, we mainly summarize several
inhibitors for NLRP3 inflammasome activation and their
therapeutic targets.

4.3 NLRP3 Activation Inhibitors

4.3.1 Glyburide

Glyburide is a sulphonylurea drug approved by the FDA,
which treats type 2 diabetes by blocking the ATP-sensitive
K" channel in f§ pancreatic cells. Lamkanfi et al. found that
glyburide has anti-inflammatory effects in an early study. It is
the first identified compound that can inhibit the activation of
NLRP3 inflammasome and the secretion of IL-1p induced by
PAMPs, DAMPs and crystals. However, it has no effect on the
activation of NLRC4 or NLRP1. The targets of glyburide still
need to be further clarified. They found that glyburide
targeted the signal components downstream of the P2X7
receptor and might act upstream of NLRP3 to inhibit the
activation of caspase-1 (Lamkanfi et al., 2009). There are few
studies on the application of glyburide in neurodegenerative
diseases. Therefore, its therapeutic value in AD is still unclear.
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4.3.2JC124

JC124 is a specific small molecule inhibitor of NLRP3
inflammasome. In 2018, Fulp et al. developed the methylated
analogue JC124 based on the sulfonamide analogue JCI21 of
glyburide. After oral administration, JC124 can penetrate through
the BBB and enter the brain tissue. After JC124 treatment, APP/
PS1 transgenic mice shows significant improvement in cognitive
impairment (Fulp et al, 2018). In addition, Yin et al
demonstrated that JC-124 inhibits the lysis and activation of
caspase-1 in CRND8 APP transgenic mice (TgCRND8) mice, and
selectively restrains the formation of NLRP3 inflammasome,
thereby effectively reducing AP deposition and microglia
activation (Yin et al., 2018). After treatment with JC124 in the
traumatic brain injury (TBI) model, it can significantly inhibit the
activation of NLRP3 induced by injury, reduce the expression
level of its downstream effector protein, and thus play a role in
neuroprotection (Kuwar et al., 2019). A recent study has reported
the preventive efficacy of JC124 in AD. They found that JC124 has
the ability to inhibit neuronal inflammation, regulate the
accumulation of AP and promote the alleviation of cognitive
impairment. Moreover, improved synaptic plasticity and
endogenous neurogenesis in the hippocampus are also
observed (Kuwar et al., 2021). Therefore, JC124 is a new type
of inhibitor targeting NLRP3 inflammasome, which can reduce
the neuropathology of AD and improve cognitive function,
thereby exhibiting neuroprotective effects.

4.3.3 Oridonin

Oridonin (Ori) is the main bioactive component of the natural
anti-inflammatory  Chinese medicinal herb Rabdosia
rubescens, and has been proven to be as a specific covalent
inhibitor of NLRP3 inflammasome. Under the stimulation of
NLRP3 agonists such as monosodium urate crystals (MSU),
ATP or cytosolic LPS (cLPS), Ori treatment inhibits NLRP3
inflammation and reduces IL-1p release (He et al, 2018).
Regarding the target of Ori, studies have reported that Ori
can directly bind to the NACHT domain of NLRP3. Ori forms
a covalent bond with the cysteine 279 of NLRP3 in NACHT
domain to block the interaction between NLRP3 and NEK?7,
thereby inhibiting NLRP3 inflammasome assembly and
activation (He et al.,, 2018). In the AD mouse model, Ori
inhibits the activation of microglia induced by AB1-42, reduces
the release of inflammatory cytokines, prevents the loss of
synapses, and improves the cognitive impairment of AD mice
(Sulei Wang et al., 2014; Wang et al., 2016). In addition, it has
also been observed in TBI that Ori treatment can significantly
reduce the expression of NLRP3 inflammasome components
(NLRP3, ASC and caspase-1), and restrict the secretion of IL-
1B and IL-18 (Yan et al., 2020a). In addition to being widely
used to treat inflammatory diseases, Ori also has potential
neuroprotective effects. Therefore, Ori can be applied as a
possible drug for long-term treatment of AD.

4.3.4 CY-09

CY-09 is a selective and direct NLRP3 inhibitor. In 2017, Jiang
et al. confirmed the target of interaction between CY-09 and
NLRP3. They found that CY-09 can directly bind to the Walker A
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motif of NLRP3, rather than NLRC4, NLRP1, NOD2, or RIG-1,
which indicates the specificity of CY-09. CY-09 directly binds to
the ATP binding motif of the NLRP3 NACHT domain to inhibit
NLRP3 ATPase activity, thereby inhibiting the assembly and
activation of NLRP3 inflammasome (Jiang et al., 2017). Based
on the high specificity and good pharmacokinetic characteristics
of CY-09 targeting NLRP3, it may become a new method for the
treatment of diseases. Currently, CY-09 can be treated for
inflammatory related diseases such as osteoarthritis (Zhang
et al., 2021a), myocardial fibrosis (Gao et al., 2021a), hepatic
steatosis (Wang et al., 2021), etc. However, the effect of CY-09 has
not been reported in AD, and its application value should be
explored as soon as possible.

4.3.5 MCC950

MCC950 is a small molecule compound of diarylsulfonylurea. It
is a potent and selective small molecule inhibitor of NLRP3,
which can block the activation of canonical and non-canonical
NLRP3 at nanomolar concentrations. MCC950 specifically
inhibits NLRP3 but not AIM2, NLRC4 or NLRP1 activation.
MCC950 reduces IL-1p production in vivo and attenuates the
severity of experimental autoimmune encephalomyelitis (EAE)
(Coll et al, 2015). With the study of MCC950 target, the
researchers have found that MCC950 can also specifically bind
to NLRP3. It directly interacts with the walker B motif in the
NACHT domain of NLRP3, which blocks the activity of NLRP3
ATPase and loses the ability to hydrolyze ATP, thereby blocking
NLRP3 oligomerization and formation (Coll et al., 2019). This is
further supported by another study. They have found that
MCC950 can modify the active conformation of NLRP3 and
prevent NLRP3 oligomerization (Tapia-Abellan et al., 2019).
MCC950 is an effective and selective NLRP3 inhibitor, which
has a wide range of applications in inflammatory diseases.
However, here we mainly discuss the therapeutic effect of
MCC950 in cognitive dysfunction diseases. Dempsey et al.
found that, in the APP/PS1 AD mouse model, MCC950 can
inhibit the activation of NLRP3 inflammasome in microglia,
prevent the release of IL-1B, and promote the phagocytosis of
AP by microglia, which reduces the accumulation of AP and
improves the cognitive function (Qi et al.,, 2018). In addition,
MCC950 can also completely inhibit the immune response after
activation of NLRP3 inflammasomes induced by fibrils and low
molecular weight AP aggregates (Luciunaite et al., 2020).
MCC950 attenuates the reactivity of microglia induced by
AP1-42 oligomers, blocks the activation of NLRP3
inflammasome, and eliminates memory impairment (Fekete
et al,, 2019). These results indicate that MCC950 can reduce
Ap-induced pathological events and enhance cognitive function.
Some studies have also found that MCC950 improves the damage
of synaptic plasticity (Qi et al., 2018), inhibits the activation of IL-
1B induced by tau aggregates, and prevents tau-mediated
pathological changes (Stancu et al, 2019). Li et al. reported
that the administration of MCC950 improves the spatial
memory and brain histology of senescence-accelerated mouse
prone 8 (SAMP8), and reduces the deposition of Ap in the mouse
brain (Li et al., 2020). MCC950 may be a promising compound
for AD treatment, but this also requires more animal experiments
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and clinical drug observation trials for further evaluation. The
improvement of drugs based on MCC950 can reduce its side
effects and increase its neuroprotective efficacy and safety, which
is also a potential strategy for the development of AD drugs.

4.3.6 OLT1177

OLT1177, also known as Dapansutrile, is an active §-sulfonyl
nitrile compound. OLT1177 is initially identified as a drug for the
treatment of arthritis and is currently undergoing a phase II
clinical trial for the treatment of acute gouty arthritis (Kluck et al.,
2020). OLT1177 is a potent, selective and orally active inhibitor of
NLRP3 inflammasome. The effect of OLT1177 is similar to that of
MCC950. It blocks the canonical and non-canonical activation of
NLRP3 inflammasome, and directly binds to NLRP3 to inhibit its
ATPase activity (Marchetti et al., 2018). In vitro experiments have
shown that nanomolar concentration of OLT1177 can specifically
inhibit the activation of NLRP3 inflammasome and reduce the
release of IL-13 and IL-18 (Marchetti et al., 2018). In a study,
Lonnemann et al. provided some convincing evidence. Their
results showed that OLT1177 inhibits the activation of NLRP3
inflammasome, thereby improving cognitive dysfunction and
synaptic plasticity in AD mice, reducing the number of
pathological plaque deposits in the cerebral cortex, and
reducing the activity of microglia (Lonnemann et al.,, 2020).
However, there are still few researches on the application of
OLT1177 in neurodegenerative diseases. In short, considering
that OLT1177 has good safety, pharmacokinetics and less side
effects after oral administration, this makes OLT1177 to become
an option for the treatment of AD in the future.

4.3.7 Tranilast

Tranilast is originally used as an anti-allergic drug, which has a
good therapeutic effect on asthma, allergic rhinitis, idiopathic
dermatitis and other allergic diseases. Now, other uses, such as
myocardial fibrosis and anti-cancer treatment, are gradually
being discovered (Chen et al, 2021; Osman et al, 2021). In
2018, Huang et al. first discovered that Tranilast is a direct NLRP3
inhibitor that can inhibit the NLRP3-NLRP3 interaction.
Tranilast inhibits NLRP3 inflammasome activation in
macrophages, but has no effects on AIM2 or NLRC4
inflammasome activation. Tranilast directly binds to the
NACHT domain of NLRP3 and suppresses the assembly of
NLRP3 inflammasome by blocking NLRP3 oligomerization
(Huang et al., 2018). Moreover, the researchers have also
reported that Tranilast increases the lysine 63 (K63)-linked
ubiquitination of NLRP3, restricts NLRP3 oligomerization,
blocks the assembly and activation of NLRP3 inflammasome,
thereby improving vascular inflammation and atherosclerosis in
Ldlr” and ApoEf/ " mice (Chen et al., 2020). Tranilast can inhibit
the formation of rat gliomas after oral administration, which
indicates that Tranilast can cross the BBB (Platten et al., 2001).
However, the therapeutic effect of Tranilast in AD is still unclear.
Recent studies have reported that Tranilast can improve cognitive
behavioral parameters and significantly increase memory-related
proteins in AB-induced cognitive deficit model mice, thereby
showing the potential for neuroprotection (Thapak et al., 2021).
On the contrary, some researchers have put forward different
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views. Connors et al. found that Tranilast is likely to promote
fibrillation by shifting AP monomer conformations to those
capable of seed formation and fibril elongation, which
indicates that elderly patients treated with Tranilast may
increase the risk of AD (Connors et al., 2013). The role of
Tranilast in AD still needs further research, and whether
Tranilast plays a role in AD by inhibiting the activation of
NLRP3 inflammasome is also unknown.

4.3.8 BAY 11-7082 and Parthenolide

BAY 11-7082 and Parthenolide are common NF-«B inhibitors.
BAY 11-7082 can inhibit IxBa phosphorylation and prevent
nuclear translocation of NF-kB. Parthenolide is a powerful
natural anti-inflammatory drug derived from the medicinal
plant Feverfew. As early as 2010, Juliana et al. found that BAY
11-7082 and Parthenolide can selectively inhibit the activity of
NLRP3 inflammasome in macrophages, but this effect is not
related to their inhibitory effect on NF-kB activity. They found
that Bay 11-7082 and Parthenolide blocks ASC oligomerization
via inhibiting NLRP3 ATPase activity. Surprisingly, in addition to
directly inhibiting NLRP3, Parthenolide is also a direct inhibitor
of caspase-1, while Bay 11-7082 has no such effect. Therefore,
Bay 11-7082 selectively inhibits the NLRP3 inflammasome
pathway, while Parthenolide inhibits the activity of multiple
inflammasome pathways (Juliana et al, 2010). In the TBI
model, Bay 11-7082 shows a similar effect to NLRP3
knockout, which significantly limits the NLRP3 inflammasome
activation, reduces the levels of caspase-1 and IL-1B, and
improves the cognitive function of model mice (Irrera et al,
2017). Additionally, the pretreatment of Bay 11-7082 can also
block the activation of inflammasome through the
pharmacological inhibition of NF-kB/NLRP3, thereby reducing
neuronal damage and cognitive dysfunction in aged rats (Liu
et al., 2021). In APP23 mice treated with kainic acid (KA), BAY
11-7082 attenuates KA-induced neuronal degeneration and Af
deposition by inhibiting the activation of NLPR3 inflammasome,
and ultimately improves the cognitive function (Ruan et al,
2019). These studies indicate that BAY 11-7082 has
neuroprotective effects on AD. Parthenolide has been proven
to have antioxidant and anti-inflammatory effects, but its role in
the nervous system has not yet been elucidated. According to
reports, Parthenolide can effectively reduce neuroinflammation
and improve brain damage (Jun-An Wang et al.,, 2020). More
importantly, the synthesis of Parthenolide derivatives with low
toxicity, such as compound 8b (Ou et al., 2020), may bring hope
for targeting NLRP3 inflammasome to treat AD.

4.3.9 3,4-Methylenedioxy-p-nitrostyrene

3,4-methylenedioxy-f-nitrostyrene (MNS) is a tyrosine kinase
inhibitor. In 2014, He et al. first discovered the inhibitory effect of
MNS on NLRP3 inflammasome activation. They found that MNS
do not affect the activation of NLRC4 or AIM2 inflammasome,
but specifically blocks NLRP3-mediated ASC speck formation
and oligomerization. MNS directly binds to the nucleotide-
binding and oligomerization domain (NOD) and leucine-rich
repeat (LRR) domains of NLRP3 and inhibits the activity of
NLRP3 ATPase, thereby blocking the assembly and activation of
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inflammasome (He et al., 2014). It has previously been reported
that MNS can inhibit platelet aggregation, tumor cell invasion
and metastasis (Wang et al., 2007; Chen et al., 2015). At present,
more attention should be paid to the application of MNS in
inflammatory-related diseases by blocking the activation of
NLRP3 inflammasome. The role of MNS in AD is still
unknown, which requires more in vivo and in vitro experiments.

4.4 ASC Oligomerization Inhibitors

4.4.1 B-hydroxybutyrate

B-hydroxybutyric acid (BHB) is a ketone body produced by the
oxidation of fatty acids in the liver under fasting conditions, which
can provide alternative energy for the brain and heart. In 2015,
Youm et al. first discovered that BHB can specifically inhibit the
activation of NLRP3 inflammasome. They found that BHB inhibits
NLRP3 inflammasome assembly and activation by preventing K*
efflux and reducing ASC oligomerization and speck formation
(Youm et al, 2015). Clinical evidence shows that long-term
consumption of ketogenic formula can significantly improve the
cognitive function of AD patients (Ota et al.,, 2019). In addition,
BHB reduces the level of IL-1B by inhibiting NLRP3-mediated
hippocampal  neuroinflammation, thereby exerting an
antidepressant effect (Yamanashi et al, 2017; Kajitani et al,
2020). Subsequently, BHB is also found to attenuate long-term
stress-induced anxiety-related behaviors and plays an anti-anxiety
effect (Yamanashi et al., 2020). Recently, in the 5xFAD mouse
model, Shippy et al. revealed that the administration of BHB
reduces AP plaque formation, microglial proliferation, ASC
formation and caspase-1 activation, thereby alleviating AD
pathology (Shippy et al., 2020). BHB can easily cross the BBB,
which increases its therapeutic potential as a treatment strategy
for AD.

4.5 Caspase-1 Activation Inhibitors

4.5.1 VX-765

Caspase-1 is an important component of NLRP3 inflammasome.
Upon activation, caspase-1 promotes the production of IL-1f/IL-18,
and at the same time mediates the pyroptosis through gasdermin D.
VX-765 is a safe, effective, selective, and small molecule caspase-1
inhibitor. Early studies showed that VX-765 inhibits the production
of IL-1B in forebrain astrocytes, thereby blocking epilepsy in rats
(Ravizza et al., 2008). Currently, VX-765 has entered phase II clinical
trials for patients with epilepsy. VX-765 is a non-toxic caspase-1
inhibitor that is permeable to the BBB. In the AD model, VX-765
prevents progressive AP deposition and reverses brain inflammation,
synaptic loss, and memory impairment (Flores et al, 2018). In
addition, VX-765 is promising as an effective drug to prevent the
onset of cognitive deficits. Research by Flores et al. showed that
treatment with VX-765 for 1 month before the onset of symptoms in
AD J20 model mice could delay the cognitive impairment of mice by
atleast 5 months (Flores et al., 2020). Therefore, VX-765 represents a
safe drug, which may have potential value in the early prevention of
AD cognitive deficits and the improvement of cognitive dysfunction.

4.5.2 Ac-YVAD-CMK
Ac-YVAD-CMK is a selective and irreversible inhibitor of caspase-
1, and prevents the expression of IL-1B. Ac-YVAD-CMK can
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inhibit the activation and infiltration of microglia around the
hematoma in the rat model of cerebral hemorrhage, promote
the transformation of microglia from M1 type to M2 type, and
reduce the release of IL-1B/IL-18. At the same time, Ac-YVAD-
CMK inhibits cell pyroptosis, improves nerve function, and
exhibits neuroprotective effect (Lin et al, 2018; Liang et al,
2019). Infusion of Ac-YVAD-CMK into the lateral ventricle of
aged rats can inhibit the production of hippocampal IL-1p, thereby
improving the memory of aged rats and reversing the decrease of
hippocampal neurons (Gemma et al., 2005, Gemma et al., 2007). In
the AD model, AC-YVAD-CMK treatment improves spatial
learning and memory impairment in APP/PS1 mice, reduces
AP plaque deposition, and promotes membrane transport of
GluAl (Gu et al., 2021).

4.6 Plant-Derived Compounds and Chinese

Herbal Medicines

Some plant-derived compounds and Chinese herbal medicines
can inhibit the activation of NLRP3 inflammasome, and exhibit
the effect of preventing and treating AD. Resveratrol is a natural
polyphenol compound extracted from plants. Many studies have
shown that resveratrol has anti-cancer, anti-oxidant, anti-
inflammatory, anti-aging and other pharmacological effects
(Kumar et al,, 2021). In the nervous system, resveratrol can
play a neuroprotective effect by inhibiting the activation of
NLRP3 inflammasome. Feng et al. found that resveratrol
significantly inhibits the proliferation and activation of BV-2
cells induced by AP through the TXNIP/TRX/NLRP3 signaling
pathway, and reduces the expression levels of caspase-1 and IL-1f
(Feng and Zhang 2019). Qi et al. also reported that resveratrol
reduces AP-induced IL-1 production and mitochondrial
dysfunction through the NF-kB/IL-1/NLRP3 signaling
pathway, improves learning and cognitive impairment, and
plays an anti-dementia effect (Qi et al, 2019). Picrorhiza
kurroa (PK) is a herbal medicine with antioxidant, anti-
inflammatory, anti-allergic and anti-cancer effects. Kim et al.
found that, in the hippocampus of 5xFAD mice, PK inhibits the
activation of NLRP3 inflammasome, reduces the protein
expression level of NLRP3 and the activity of caspase-1,
thereby blocking the release of IL-1p (Kim et al, 2020).
Dihydromyricetin (DHM) is a kind of plant flavonoids, which
has many unique effects such as anti-oxidation, anti-thrombosis,
anti-cancer, and anti-alcoholism. It is convinced that flavonoids
can cross the BBB to regulate inflammation and exert
neuroprotective effects (Youdim et al, 2003). In the AD
model, DHM treatment can inhibit the activation of NLRP3
inflammasome in APP/PS1 mice and reduce the level of IL-1p.
DHM, as a therapeutic drug that inhibits the activation of
microglia by inhibiting NLRP3 inflammasome, contributes to
prevent the progression of AD-like pathology and improve spatial
memory (Feng et al., 2018). Pterostilbene is a natural compound
with antioxidant, anti-inflammatory and neuroprotective
activities. Li et al. reported that pterostilbene attenuates the
neuroinflammatory response induced by AP1-42 in microglia
via inhibiting the NLRP3/caspase-1 inflammasome pathway (Li
et al,, 2018b). Sulforaphane (SEN) is an isothiocyanate derivative
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contained in cruciferous vegetables. SFN’s anti-oxidation, anti-
cancer, anti-inflammatory and other uses are being extensively
studied. SFN also exhibits anti-inflammatory effects in the brain.
Tufekci et al. found that SEN inhibits the secretion of IL-1p and
IL-18 mediated by NLRP3 inflammasomes and the pyroptosis of
microglia (Tufekci et al., 2021). Ginkgolide B (GB) is a plant ester
compound extracted from Ginkgo biloba leaves. Through its anti-
inflammatory, anti-oxidant and anti-apoptotic properties, GB
exerts an effective neuroprotective effect on ischemic brain
injury and neurodegenerative diseases. Zhang et al. found that
GB treatment prevents the pathological process of AD and
inhibits ~ neuroinflammation =~ by  inhibiting = NLRP3
inflammasome activation and promoting microglia M2
polarization (Zhang et al, 2021). Achyranthes bidentate has
anti-inflammatory and antioxidant activities, and has been
used in traditional Chinese medicine for the treatment of
dementia and osteoporosis for a long time. Recent study has
shown that Achyranthes bidentate polypeptide fraction
(ABPPx) can down-regulate AP oligomer-induced IkBa
phosphorylation and NLRP3 expression in vitro. In vivo, pre-
administration of ABPPk inhibits the activation of microglia in
the CA3 region of the hippocampus, promotes the polarization of
the microglia M2 phenotype, and reduces the expression of
NLRP3, cleaved caspase-1 and ASC in the brain, thereby
significantly improving the cognitive impairment of mice (Ge
et al., 2021). In addition, there are other Chinese herbal
medicines, including DI-3-n-butylphthalide (DI-NBP) (Wang
et al, 2019), Shaoyao Gancao Tang (SG-Tang) (Chiu et al,
2021), and Liquiritigenin (LG) (Du et al., 2021), which can
play a neuroprotective role in AD by inhibiting the NLRP3
inflammasome pathway. Therefore, these Chinese herbal
medicines and extracts that can inhibit the activation of
NLRP3 may be a promising and safe treatment for AD.

4.7 Nonsteroidal Anti-inflammatory Drugs

Nonsteroidal anti-inflammatory drugs (NSAIDs) are the most
widely used anti-inflammatory drugs in clinical practice. These
drugs have a wide range of effects, including anti-inflammatory,
anti-rheumatic, antipyretic, analgesic and so on, which are widely
applied in rheumatic and painful diseases. NSAIDs mainly act by
inhibiting the cyclooxygenase-1 (COX-1) and COX-2. Researches
have shown that NSAIDs can delay the development or reduce the
risk of AD by acting on the NLRP3 inflammasome pathway
(Deardorff and Grossberg 2017). Early studies found that
NSAIDs of the fenamate class (such as mefenamic acid) are
effective and selective inhibitors of NLRP3 inflammasome,
which can selectively inhibit the activation of NLRP3
inflammasome in macrophages and relieve the cognitive
impairment of AD mice. The effect of NSAIDs on NLRP3 may
be through the inhibition of the volume-regulated anion channel
(VRAC), independently of COX enzymes (Daniels et al., 2016).
Another study showed that Indomethacin (IND) reduces the
expression of IL-1B and caspase-1 via inhibiting NLRC4 and
NLRP3 inflammasomes, thereby improving neuroinflammation
and memory impairment in AD (Karkhah et al,, 2021). In a recent
review, Hampel et al. have reported that, in transgenic AD mice,
the researchers have found that NSAIDs not only exert
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neuroprotective effects by suppressing inflammatory effects, but
also reduce early AB pathology through other mechanisms, thereby
preventing memory decline. However, all controlled prospective
trials from the clinic have not found positive therapeutic effects of
NSAIDs in AD patients, or have limited their application due to the
severe side effects (Hampel et al., 2020). So the researchers do not
have positive data from patients supporting the hypothesis that
NSAIDs are effective in AD. In humans, the occurrence of AD is
related to many predisposing factors (such as age, genetics and
environment, etc.), and its pathogenic mechanisms are also
complex and diverse. This may lead to different mechanistic
pathways for human AD and rodent AD disease models.
Furthermore, human AD is a long-term asymptomatic chronic
disease, and the relatively late treatment time point may also be a
potential reason for the clinical inefficiency of NSAIDs. Because
epidemiological data show that the incidence of AD decreases after
long-term treatment with NSAIDs (Hampel et al., 2020). In the
future, evaluation of the effect of NSAIDs in AD treatment requires
more data from clinical trials.

4.8 MicroRNAs

MicroRNAs can directly target the NLRP3 inflammasome, and
play an important role in the regulation of inflammation. MiR-
138-5p can directly target the 3'-UTR of NLRP3 and inhibit
the expression of NLRP3. Up-regulation of miR-138-5p
inhibits the activation of NLRP3/caspase-1 and
microglia, thereby attenuating hippocampal
neuroinflammation and improving the cognitive function of
the rat model (Feng et al., 2021a). MicroRNA-223 also directly
targets and inhibits the expression of NLRP3, thereby reducing
LPS-induced inflammation in microglia and improving
neuronal function (Zhang et al, 2020). However, some
studies have found that microRNAs also affect the
expression of NLRP3 indirectly. MiR-194-5p can target
TNF receptor associated factor 6 (TRAF6), which interacts
with NLRP3 to promote the activation of NLRP3
inflammasome. Overexpression of miR-194-5p can reduce
the interaction of TRAF6/NLRP3, thereby inhibiting the
NLRP3  inflammasome  activation  and  reducing
neuroinflammation (Wan et al., 2021). A recent study found
that the expression level of miR-22 in the peripheral blood of
AD patients is lower than that of healthy people. MiR-22
regulates glial cell pyroptosis by targeting GSDMD, inhibits
the activation of NLRP3 inflammasome, and reduces the
release of inflammatory cytokines, thereby alleviating
cognitive impairment in AD mice (Han et al., 2020a). In
addition, miR-34c (Xu et al., 2019), miR-30e (Li et al.,
2018¢), and miR-7 (Zhou et al, 2016) can also directly
target and inhibit NLRP3, regulate the activity of NLRP3
inflammasome, and improve the occurrence of
neuroinflammation. Perhaps targeting microRNAs for
regulating the activation of NLRP3 inflammasome may be a
new direction for AD treatment.

axis

4.9 Autophagy and Mitophagy Activators
As described the previous regulation of NLRP3
inflammasome activation, autophagy and mitophagy have

in
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been shown to regulate inflammasome activation. Therefore,
any drugs that activate autophagy or mitophagy can negatively
regulate  NLRP3 inflammasome. IIIM-941 can induce
autophagy through AMPK pathway to inhibit ATP-induced
NLRP3 inflammasome activity (Ali et al., 2021). Dopamine D1
receptor agonist A-68930 enhances the degradation of NLRP3
inflammasome and reduces the secretion of IL-1P and IL-18 by
activating the AMPK/autophagy signaling pathway, thereby
improving the neuroinflammation and cognitive impairment
of mice induced by AP1-42 (Cheng et al., 2020). Progesterone
(PG) is a steroid with neuroprotective effects. Hong et al.
found that PG inhibits the activation of NLRP3-caspase-1
inflammasome induced by AP via enhancing the autophagy
of astrocytes, thereby exhibiting neuroprotective effects (Hong
et al, 2019). In the TgCRND8 AD model, Ginkgo biloba
extract EGb 761 can activate autophagy in microglia, down-
regulate the level of NLRP3 protein, reduce the activation of
IL-1p and caspase-1 induced by AP, and improve the cognitive
ability of mice (Liu et al., 2015). Moreover, AICAR and
metformin can activate PRKAA1 to enhance autophagy,
which not only contributes to clear extracellular AP fibrils,
but also inhibits Ap-induced NLRP3 inflammasome activation
and IL-1p release (Cho et al, 2014). 2,3,54'-
Tetrahydroxystilbene-2-O-B-D-glucoside (TSG) is one of
the main active ingredients extracted from Polygonum
multiflorum. It has been proven to be used in the treatment
of AD. TSG can effectively alleviate the neuroinflammatory
response induced by LPS via inhibiting the NLRP3 signaling
pathway in microglia and neurons. In addition, TSG can also
prevent LPS/ATP and Ap-induced inflammation through
AMPK/PINK1/Parkin-dependent enhancement of
mitophagy, thereby exerting a neuroprotective effect (Gao
et al, 2020). Quercetin (Qu) is a natural flavonoid
compound with anti-inflammatory and antioxidant
properties. Recent studies have found that Qu promotes
mitophagy to enhance the clearance of damaged
mitochondria,  thereby  inhibiting = mtROS-mediated
activation of NLRP3 inflammasome in microglia, and
preventing neuronal damage (Han et al., 2021). We believe
that the enhancement of autophagy and mitophagy in
microglia may be a new strategy for the treatment of AD,
but the safety of this treatment remains to be further observed.

5 ROS AND NF-KB INHIBITORS

a-lipoic acid (LA) is an antioxidant, and is frequently used in
the treatment of diabetes. LA can easily pass through the BBB
and play a protective role in the nervous system. Studies found
that a-LA inhibits the activation of NLRP3 inflammasome in
microglia, regulates the polarization of microglia from the M1
phenotype to the M2 phenotype, and reduces the
neuroinflammatory response (Kim et al., 2019). Edaravone
(EDA) is a free radical scavenger that has neuroprotective
effects on cerebral infarction, amyotrophic lateral sclerosis and
dementia. In the AD cell model, EDA significantly attenuates
mitochondrial membrane potential (Aym), reduces the
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production of mtROS, and inhibits the activation of NLRP3
inflammasome induced by Ap (Wang et al., 2017). Donepezil is
a reversible central acetylcholinesterase (AChE) inhibitor that
can be used to improve the cognitive function of AD patients.
Recent studies found that Donepezil can also inhibit LPS-
induced AKT/MAPK signaling and NF-kB/STAT3
phosphorylation in BV2 microglia, and down-regulate
NLRP3 and pro-IL-1 mRNA levels, thereby reducing
neuroinflammation induced by NLRP3 inflammasome (Kim
et al., 2021).

6 CONCLUSION AND FUTURE
PERSPECTIVES

It has been nearly 2 decades since the NLRP3 inflammasome
being discovered. With continuous studies, researchers have
gained a certain understanding of the structure, composition,
regulation and role of NLRP3, but its precise molecular
mechanisms in diseases have not been fully elucidated. In
recent years, the research of NLRP3 inflammasome in
neurodegenerative diseases has attracted much attention. More
and more evidences have confirmed that NLRP3 inflammasome
activation plays an important role in the pathogenesis and
progression of AD. More importantly, microglia and astrocytes
play a crucial role in the chronic neuroinflammatory response of
AD caused by NLRP3 inflammasome. In AD cells and animal
models, the inhibitory measures against NLRP3 or its
inflammasome constituent molecules can alleviate the
inflammatory response, and reduce AP deposition, Tau
phosphorylation and other pathological features, thereby
improving AD-related behavioral abnormalities. Therefore,
targeting NLRP3 inflammasome may be a new trend for AD
treatment. The activation of NLRP3 inflammasome involves
upstream signal related regulatory factors, priming signal,
activation signal and downstream IL-1p and IL-18 effectors. In
the early stage of drug development, researchers usually focus on
strategies to block downstream inflammatory cytokines.
Inhibitors targeting IL-13 as drugs for the treatment of
neurological diseases have not achieved satisfactory clinical
results. With the discovery of new drug targets, people
gradually turn their attentions to NLRP3 and the constituent
molecules ASC and caspase-1. This targeting effect is selective
and efficient, which can ensure the specificity of the treatment to
the greatest extent and reduce non-specific effects. In addition,
the upstream-related regulatory factors of NLRP3 inflammasome
activation can also become attractive pharmacological targets, but
due to the complexity of the interaction of upstream signals, it
may bring non-specific therapeutic roles. So far, although many
compounds have successfully been identified to target NLRP3
inflammasome in vitro and in vivo, their therapeutic effects and
safety in AD patients have yet to be verified by clinical trials. In
the CNS diseases, the development of therapeutic drugs targeting
the NLRP3 inflammasome needs to be evaluated by its
permeability across the BBB. More importantly, under the
premise of obtaining the desired therapeutic values, it will not
cause toxic effects on the whole-body or CNS. In addition, AD is a
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long-term chronic progressive disease, and usually requires
intervention in the early stage of the disease. However, whether
long-term use of targeted drugs for inflammasomes will affect the
health of AD patients requires further evaluation. In view of the
good safety and side effects of traditional Chinese herbal medicines
and plant-derived compounds, they may provide new directions
for the treatment of AD.
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