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Abstract  
The inflammasome is a multiprotein complex involved in innate immunity that mediates 
the inflammatory response leading to pyroptosis, which is a lytic, inflammatory form of cell 
death. There is accumulating evidence that nucleotide-binding domain and leucine-rich 
repeat pyrin domain containing 3 (NLRP3) inflammasome-mediated microglial pyroptosis 
and NLRP1 inflammasome-mediated neuronal pyroptosis in the brain are closely 
associated with the pathogenesis of Alzheimer’s disease. In this review, we summarize the 
possible pathogenic mechanisms of Alzheimer’s disease, focusing on neuroinflammation. 
We also describe the structures of NLRP3 and NLRP1 and the role their activation 
plays in Alzheimer’s disease. Finally, we examine the neuroprotective activity of small-
molecule inhibitors, endogenous inhibitor proteins, microRNAs, and natural bioactive 
molecules that target NLRP3 and NLRP1, based on the rationale that inhibiting NLRP3 and 
NLRP1 inflammasome-mediated pyroptosis can be an effective therapeutic strategy for 
Alzheimer’s disease.
Key Words: Alzheimer’s disease; caspase-1; GSDMD; inflammasome; neuroinflammation; 
NLRP1; NLRP3; pyroptosis; therapeutic strategies

Introduction 
The clinical features of Alzheimer’s disease (AD) include 
progressive cognitive decline, memory loss, and motor 
impairment accompanied by a variety of psychological 
symptoms (Jia et al., 2017). In advanced stages of the disease, 
clinical complications such as infections and eating disorders 
can further decrease the quality of life of patients and 
increase the cost of care (Lin et al., 2018). Thus, AD places a 
substantial burden on patients’ families and society as a whole 
(Li et al., 2021b) and is a major public health concern as well 
as a focus of intense research (Ballard et al., 2011).
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The main pathologic features of AD are the deposition of 
amyloid-β (Aβ) fibrils in the extracellular space that form senile 
plaques (Harrison et al., 2021; Yue and Hoi, 2023), formation of 
neurofibrillary tangles from aggregates of hyperphosphorylated 
tau protein (Xia et al., 2021), and vascular amyloidosis and 
neuronal loss in the cortex and hippocampus (Edler et al., 
2017). Despite decades of research, the pathogenesis of AD 
remains poorly understood. Aβ accumulation is considered 
an early event preceding neurodegeneration and neuronal 
loss, but the Aβ cascade hypothesis cannot fully explain the 
loss of neurons in AD (Volloch and Rits-Volloch, 2023) and 
therapies that target Aβ or tau have not been effective in 
preventing disease progression. The United States Food and 
Drug Administration (FDA) has approved several therapies 
for AD including acetylcholinesterase inhibitors (donepezil, 
tacrine, galanthamine, and carbolatine) and N-methyl-D-
aspartate receptor antagonists (memantine). These agents 
can preserve neuronal activity and improve memory and 
learning by enhancing cholinergic transmission or reducing 
neuronal apoptosis through suppression of excitotoxicity, but 
they are palliative treatments that slow onset and progression 
without curing the disease (Peng et al., 2023). Several drugs 
for AD are currently in clinical trial including anti-Aβ drugs 
(the β-secretase inhibitors verubecestat [NCT01953601], 
lanabecestat [NCT02972658], atabecestat [NCT01978548 
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Figure 1 ｜ The pathogenesis of AD.
The pathogenesis of AD is associated with many factors, including oxidative stress, 
endoplasmic stress, metal iron imbalance, mitochondrial dysfunction, genetic mutations, 
epigenetics, and neuroinflammation. Created with Adobe Illustrator CS5. AD: Alzheimer’s 
disease.

and NCT02360657], and elenbecestat [NCT02956486] and 
γ-secretase inhibitor semagacestat [NCT00594568]) as well 
as anti-tau drugs (the glycogen synthase kinase-3β inhibitors 
tideglusib [NCT01350362] and lithium [NCT00088387] 
and tau aggregation inhibitor methylthioninium chloride 
[NCT02380573]). However, many trials have been terminated 
due to low efficacy or significant adverse effects (Peng et al., 
2023).

The identification of new molecular targets for AD treatment is 
a major focus of research (Zhang and Zheng, 2019). Oxidative 
stress, endoplasmic reticulum (ER) stress, metal ion imbalance, 
mitochondrial dysfunction, genetic mutations, epigenetics, 
and neuroinflammation are known to be involved in AD (Tiwari 
et al., 2019; Feng et al., 2020b; Kabir et al., 2021; Figure 1). In 
particular, neuroinflammation has been shown to be closely 
associated with AD pathogenesis (Calsolaro and Edison, 2016).  
Here we review the evidence for pharmacologic targeting of 
neuroinflammation as a promising strategy in the treatment 
of AD.

In the early stages of AD, activated microglia can eliminate 
pathologic Aβ and/or tau (Feng et al., 2020a). However, 
their prolonged activation can lead to continuous release 
of inflammatory factors while reducing their ability to clear 
neurotoxins, resulting in tau and Aβ accumulation, neuronal 
death, and acceleration of AD progression (Leng and Edison, 
2021). As microglia activation can occur in the preclinical 
stage of AD, neuroinflammation may be involved in the 
pathogenesis of the disease.

Neuroinflammation in AD is closely related to activation of 
the inflammasome, which contains a sensor, an adaptor, 
and pro-caspase-1 (Malik and Kanneganti, 2017). The core 
structure is composed of a nucleotide-binding domain and 
leucine-rich repeat (LRR)-containing receptor (NLRs), pyrin 
receptor, or absent in melanoma 2 (AIM2)-like receptor. 
NLR inflammasomes in the CNS including NLRP3 and NLRP1 
are well-characterized (Saresella et al., 2016; Mamik and 
Power, 2017). NLRP3 and NLRP1 inflammasome-mediated 
neurodegeneration has been shown to induce pyroptosis, an 
inflammatory form of lytic cell death (Yang et al., 2022).

NLRP3 Inflammasome in Alzheimer’s Disease
Structure of NLRP3
NLRP3, the best-characterized inflammasome complex 
in the CNS, plays a central role in neuroinflammation in 
neurodegenerative disorders (Mamik and Power, 2017). 
Human NLRP3 comprises a C-terminal LRR, nucleotide-
binding oligomerization (NACHT) domain with ATPase activity, 
and N-terminal effector binding domain (PYD) (Malik and 
Kanneganti, 2017; Figure 2A).

Activation of NLRP3 inflammasome
NLRP3 activation is a 2-step process of priming followed 
by activation (Christgen and Kanneganti, 2020; Liang et al., 
2022). Priming is induced by activation of Toll-like receptor 
(TLR) or cytokine receptors such as interleukin-1 receptor (IL-
1R) and tumor necrosis factor (TNF) receptor, which then 
activate nuclear factor kappa-B (NF-κB) signaling along with 
caspase-8 and FAS-associated death domain protein (Gurung 
et al., 2014). This leads to the upregulation of NLRP3 and pro-
IL-1β (Swanson et al., 2019). NLRP3 monomers oligomerize 
through their NACHT domain when cellular homeostasis 
is perturbed by damage-associated molecular patterns 
(e.g., uric acid crystals, extracellular ATP, calcium phosphate 
dihydrate, cholesterol crystals, and aluminum adjuvant) or 
pathogen-associated molecular patterns (e.g., viruses, fungi, 
and bacteria). PYD domain-mediated clustering of NLRP3 
recruits apoptosis-related speck-like proteins containing a 
caspase-1 activation and recruitment domain (CARD) (ASC) 
via interaction with the PYD domain of ASC. The CARD domain 
of ASC then recruits pro-caspase-1, which also contains a 
CARD domain (Figure 2B and C), to form the termary complex 
(NLRP3/ASC/pro-caspase-1) that is the NLRP3 inflammasome 
(Proell et al., 2013). Pro-caspase-1 undergoes self-cleavage 
into active caspase-1, leading to the maturation of IL-1β (He 
et al., 2016). Gasdermin D (GSDMD) is also cleaved by active 
caspase-1, and the N-terminal domain forms a transmembrane 
pore that mediates the release of mature IL-1β and induces 
pyroptosis (Shi et al., 2015a). The general process of NLRP3 
inflammasome activation is shown in Figure 3.

Search Strategy
We conducted a literature search of the PubMed database 
using the following key words: AD, neuroinflammation, 
inflammasome, pyroptosis, NOD-like receptor family pyrin 
domain-containing 3 (NLRP3), NLRP1, or their combinations.

Neuroinflammation in Alzheimer’s Disease 
Neuroinflammation is a complex inflammatory response 
in the central nervous system (CNS) that can be triggered 
by diseases, toxins, ischemia, trauma, and infection 
(Regen et al., 2017; Li et al., 2022; Possemato et al., 2023; 
Si et al., 2023; Taing et al., 2023; Zhang et al., 2023). Aβ 
deposits and hyperphosphorylated tau protein can induce 
neuroinflammation and is associated with cognitive 
impairment in AD (Leng and Edison, 2021; Chen and Yu, 2023) 
and contribute to its pathogenesis (Huang et al., 2017; de 
Brito Toscano et al., 2021).

Neuroinflammation in the AD brain is driven by microglia 
and astrocytes, two types of CNS immune cell. Microglia 
are brain-resident immunocytes that play critical roles in 
immune defense by monitoring the local microenvironment. 
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Figure 2 ｜ The protein structure of human NLRP3, NLRP1, ASC and pro-CSP1.
(A) The human NLRP3 contains a C-terminal LRR, a NACHT, and an N-terminal PYD. 
(B) ASC contains an N-terminal PYD and a C-terminal CARD. (C) Pro-CSP1 contains an 
N-terminal CARD. (D) The structure of human NLRP1 contains an N-terminal PYD, a 
NACHT, a C-terminal LRR and a C-terminal extension consisting of a FIIND motif and a 
CARD. Created with Adobe Illustrator CS5. ASC: Apoptosis-related speck-like proteins 
containing a caspase-1 activation and recruitment domain; CARD: caspase-1 activation 
and recruitment domain; FIIND: function-to-find domain; LRR: leucine-rich repeats; 
NACHT: nucleotide-binding oligomerization; NLRP1: NOD-like receptor family pyrin 
domain-containing 1; NLRP3: NOD-like receptor family pyrin domain-containing 3; PYD: 
effector binding domain. 

Figure 3 ｜ Schematic of activation of NLRP3 inflammasome in microglia. 
Priming stage: Stimuli by microbe or cytokines activate TLRs, IL-1R or TNFR, which along 
with FADD and caspase-8 activate NF-κB and lead to the transcription and translation 
of NLRP3 and pro-IL-1β. Activation stage: PAMPs or DAMPs induce the activation 
of NLRP3 and NLRP3 inflammasome (NLRP3/ASC/pro-caspase-1 complex) forms to 
mediate activation of caspase-1, which further cleave pro-IL-1β and GSDMD, leading to 
inflammatory cell death known as pyroptosis. Created with Adobe Illustrator CS5. ASC: 
Apoptosis-related speck-like proteins containing a caspase-1 activation and recruitment 
domain; DAMP: damage-associated molecular pattern; FAS-associated death domain 
protein; GSDMD: gasdermin D; IL-1R: interleukin-1 receptor; IL-1β: interleukin-1β; NF-
κB: nuclear factor kappa-B; NLRP3: NOD-like receptor family pyrin domain-containing 3; 
PAMP: pathogen-associated molecular pattern; TLRs: Toll-like receptors; TNFR: tumor 
necrosis factor receptors.

for K+ efflux and Na+ and Ca2+ influx (Mishra et al., 2021). 
Inositol-1,4,5-trisphosphate receptor (IP3R) localized on 
the ER membrane and activated by IP3 mediates Ca2+ influx; 
the increased intracellular [Ca2+] (Chakraborty et al., 2023) 
can lead to mitochondrial dysfunction, lysosome rupture, 
increased levels of ROS, and nuclear translocation of NF-
κB, resulting in NLRP3 activation (Sharma et al., 2023). Na+ 
influx mediated by epithelial Na+ channels exacerbates 
NLRP3-dependent inflammation (Scambler et al., 2019). The 
mechanism by which Na+ regulates NLRP3 inflammasome 
activation is largely unknown, but may involve the Na+/Ca2+ 
exchanger located in the inner mitochondrial membrane 
that maintains mitochondria homeostasis and [Ca2+] (Li et al., 
2021a). Other activating factors include uric acid, ATP, and 
nigericin, which can induce K+ efflux, resulting in decreased 
[K+] in cells (Marchetti et al., 2015). Although not required 
for NLRP3 inflammasome activation, K+ efflux may promote 
the generation of ROS in mitochondria and the interaction 
between NLRP3 and the serine/threonine-protein kinase 
NEK7, a key step in the activation process (Li et al., 2021a). 
Excessive ROS production (mainly by nicotinamide adenine 
dinucleotide phosphate oxidase) can trigger NLRP3 activation 
(Fulp et al., 2018). Although ROS inducers and inhibitors 
cannot directly influence NLRP3 activation, they can block the 
initial step (Sharma et al., 2023). Finally, lysosome rupture 
releases the proteinase cathepsin B into the cytoplasm, which 
is directly involved in NLRP3 activation (Sharma et al., 2023).

Roles of NLRP3 inflammasome in AD
In the CNS, NLRP3 is predominantly expressed in microglia, 
suggesting that the NLRP3 inflammasome is involved 
in microglia activation (Vontell  et al. ,  2023). NLRP3 
inflammasome activation is a feature of AD (Huang et al., 
2022). Postmortem examination of human brain tissue 
has revealed that only microglia, and not neurons or 
astrocytes, express all NLRP3 inflammasome components 
(e.g., NLRP3, ASC, and pro-caspase-1) (Moonen et al., 
2023). Aβ accumulation in the brain was shown to induce 
NLRP3 inflammasome activation in microglia in animal 
models of AD (de Brito Toscano et al., 2021). In the Aβ1–42 
and d-galactose-induced AD models, expression of NLRP3, 
ASC, activated caspase-1, cleaved GSDMD, IL-18, and IL-
1β was markedly increased (Cai et al., 2021), suggesting the 
occurrence of NLRP3 inflammasome-induced pyroptosis. 
Pyroptotic microglia release ASC, which forms ASC–Aβ fusion 
proteins that are incorporated into the NLRP3 inflammasome 
in neighboring microglia, leading to amplification of the 
proinflammatory response and more extensive pyroptotic 
cell death (Friker et al., 2020). An increased number of 
microglia containing cleaved GSDMD was found to be closely 
related to the loss of local neurons, implying a contribution 
of NLRP3 inflammasome and pyroptosis activation to 
neurodegeneration in AD (Moonen et al., 2023).

There have been few studies on NLRP3 inflammasome-
mediated neuronal pyroptosis. Aβ treatment was shown to 
induce NLRP3 inflammasome-triggered neuronal pyroptosis 
in cultured mouse cortical neurons (Han et al., 2020b), and 
NLRP3 inflammasome-mediated neuronal pyroptosis was 
observed in the hippocampus and cortex of senescence-

NLRP3 inflammasome activation is also induced by other 
factors such as Na+ influx, an increase in intracellular Ca2+, K+ 
efflux, an increase in reactive oxygen species (ROS) levels, 
and lysosome rupture (White et al., 2017; Sharma et al., 
2023). Purinergic P2X7 receptor (P2X7R) expressed by 
multiple cell types acts as an ATP-activated cation channel 
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accelerated mouse prone 8 (SAMP8) mice (Li et al., 2020a). 
In the CNS, microglia and neurons communicate through 
secreted exosomes; these deliver intracellular components to 
the extracellular space that are then internalized by the target 
cell via endocytosis (Mattingly et al., 2021). Thus, activation 
of the NLRP3 inflammasome in neurons may be linked to 
exosome secretion by microglia. Indeed, Aβ-induced NLRP3 
activation in microglia stimulated the release of exosomes 
carrying inflammasome components such as NLRP3 and ASC, 
which increased their levels in the recipient neurons (Prada 
et al., 2018). Thus, Aβ-induced NLRP3-mediated microglia 
pyroptosis can induce neuronal pyroptosis.

NLRP1 Inflammasome in Alzheimer’s Disease
Structure of NLRP1
The NLRP1 inflammasome was the first to be identified and 
has a more complex structure than NLRP3. Human NLRP1 
contains an N-terminal PYD, NACHT domain, and C-terminal 
LRR followed by a function-to-find domain (FIIND) motif and 
CARD (Figure 2D) required for inflammasome activation 
(Venegas and Heneka, 2019). The PYD or CARD domain in 
NLRP3 and NLRP1 is a protein-protein interaction domain for 
the transduction of inflammatory or apoptotic signals (Park et 
al., 2007).

Activation of NLRP1 inflammasome
Like NLRP3, transcriptional expression of NLRP1 is regulated 
by activation of NF-κB signaling (Bleda et al., 2017). Post-
translational self-cleavage of the FIIND motif into the ZU5 
and UPA domains (connected by a noncovalent bond) is 
essential for NLRP1 activation (Yap et al., 2019). Proteolytic 
cleavage of the N terminus of NLRP1 between the PYD and 
NACHT domains results in NLRP1 activation (Chavarría-Smith 
et al., 2016), suggesting auto-inhibition of NLRP1 through 
the N-terminal region. Two ATP-binding motifs in the NACHT 
domain of NLRP1 are required for self-oligomerization and 
subsequent assembly of the NLRP1 inflammasome (Faustin et 
al., 2007).

The NLRP1 inflammasome consists of NLRP1, adaptor protein 
ASC, and effector protein pro-caspase-1 (Broz and Dixit, 2016). 
Because of structural differences, unlike NLRP3, NLRP1 can 
directly recruit pro-caspase-1 without ASC via interaction 
of the CARD domain of both proteins (Finger et al., 2012). 
Interestingly, the formation of ASC-driven specks greatly 
enhanced the activity of the human NLRP1 inflammasome 
(Faustin et al., 2007), as the oligomerization of ASC produced 
multiple potential caspase-1 activation sites that promoted 
inflammasome-mediated cytokine production (Dick et al., 
2016).

Roles of the NLRP1 inflammasome in AD
In the CNS, NLRP1 protein is highly expressed in neurons and 
is indispensable for pyroptotic neuronal death (Kummer et 
al., 2007; Yap et al., 2019; Vontell et al., 2023). Aβ induces 
the interaction between purinergic P2X7R and pannexin 1 
in hippocampal neurons, leading to activation of the NLRP1 
inflammasome (Salminen et al., 2008). As with NLRP3, 
activation of the NLRP1 inflammasome induces the cleavage 
of pro-caspase-1 and GSDMD and maturation of pro-IL-18 and 

pro-IL-1β, ultimately resulting in neuronal pyroptosis (Ding 
et al., 2016; Figure 4). Aβ was shown to activate caspase-1-
dependent pyroptosis mediated by NLRP1 in primary cortical 
neurons; RNA interference-mediated knockdown of NLRP1 
or caspase-1 expression in the brain of Aβ precursor protein 
(APP)/presenilin 1 (PS1) mice significantly reduced neuronal 
pyroptosis and improved cognitive function (Tan et al., 2014). 
Similarly, genetic ablation of NLRP1 or caspase-1 decreased 
Aβ accumulation in the hippocampus and alleviated cognitive 
impairment in APPSwedish/Indiana J20 AD mice (Flores et al., 
2022b). These results suggest that NLRP1 inflammasome-
mediated neuronal pyroptosis is an important mechanism 
underlying cognitive dysfunction. In fact, the loss of neurons 
may contribute to a greater extent to the development of 
AD than Aβ deposition or microglia activation: inhibiting 
caspase-1 improved cognitive function in aged mice with AD, 
without obvious effects on inflammation and Aβ deposition in 
hippocampal microglia, suggesting that neuronal degeneration 
and not Aβ or microglia-mediated inflammation drives 
cognitive impairment in AD (Flores et al., 2022a).

Figure 4 ｜ Schematic of activation of NLRP1 inflammasome in AD neurons.
Upon Aβ treatment, the expression of NLRP1 and pro-IL-1β is enhanced by the 
activation of NF-κB. FIIND is post-translationally auto-cleaved into ZU5 and UPA. NLRP1 
N-terminus between PYD and NACHT domain is also cleaved. In addition, Aβ treatment 
also induces ATP leakage to extracellular matrix through pannexin 1 and Ca2+ influx and 
K+ efflux through P2X7R. The interaction between P2X7R and pannexin 1 promotes 
the assembly of NLRP1 inflammasome, which subsequently recruits and activates pro-
CSP1. Active caspase-1 cleaves pro-IL-1β and GSDMD, ultimately results in neuronal 
pyroptosis. Created with Adobe Illustrator CS5. Aβ: Amyloid-β; ARD: caspase-1 activation 
and recruitment domain; FIIND: function-to-find domain; GSDMD: gasdermin D; IL-
1β: interleukin-1β; P2X7R: Purinergic P2X7 receptors; NACHT: nucleotide-binding 
oligomerization; NF-κB: nuclear factor kappa-B; NLRP1: NOD-like receptor family pyrin 
domain-containing 1; PYD: effector binding domain.

Activation of the NLRP1 inflammasome has effects other 
than inducing pyroptosis in AD. Activated caspase-1 
activates the apoptosis effector protein caspase-6, which is 
associated with axonal degeneration (Kaushal et al., 2015), 
suggesting that caspase-1 can induce neuronal apoptosis. 
Activation of the NLRP1 inflammasome was shown to result 
in 5′-monophosphate-activated protein kinase (AMPK)/
mammalian target of rapamycin (mTOR)-mediated autophagy 
in aged APP/PS1 mice (Li et al., 2023b).
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Protective Effects of NLRP3 or NLRP1 
Inflammasome Inhibition in Alzheimer’s Disease 
Activation of the NLRP3 or NLRP1 inflammasome leads to 
pyroptosis and neuronal death in AD. As such, pharmacologic 
targeting of these complexes is a promising strategy for the 
treatment of AD.

Inhibition of NLRP3 in AD
MCC950
MCC950, also known as CP-456773 and containing diaryl 
sulfonylurea (Figure 5A), was originally shown to slow the 
maturation of IL-1β and its release in macrophages. Later 
studies found that the inhibitory effects of MCC950 on IL-
1β were associated with NLRP3 inhibition (Coll et al., 2019). 
Therefore, MCC950 is now used as a selective small-molecule 
inhibitor of the NLRP3 inflammasome given its direct 
interaction with the Walker B motif in the NACHT domain of 
NLRP3, which suppresses NLRP3 activation and subsequent 
inflammasome formation (Coll et al., 2019). MCC950 was also 
shown to inhibit the oligomerization of ASC induced by NLRP3 
(Coll et al., 2015). MCC950 has been used to treat various 
inflammatory diseases including AD (Dempsey et al., 2017; 
Bakhshi and Shamsi, 2022), and not only improved learning 
and memory but also reduced Aβ deposition in the brain of 
SAMP8 mice. MCC950 was found to suppress the expression 
of NLRP and promoted mTOR-mediated autophagy, thereby 
reducing α-synuclein accumulation (Ren et al., 2022). 
MCC950 is widely used in disease models to inhibit NLRP3 
inflammasome activation, but it does not directly block the 
interaction between NLRP3 and NLRP3, NLRP3 and ASC, or 
NEK7 and NLRP3, suggesting that it targets an unidentified 
molecule upstream of the NLRP3 inflammasome.

CY-09
Cystic fibrosis transmembrane conductance regulator (CFTR) 
inhibitor 172 (C172) is an antagonist of CFTR. CY-09 is a 
structural analog of C172 (Figure 5B) that selectively and 
specifically inhibits NLRP3 by directly binding to the ATP-
binding site of the NACHT domain and blocks the ATPase 
activity, thus preventing NLRP3 inflammasome assembly and 
activation (Jiang et al., 2017). Unlike C172, CY-09 does not have 
CFTR-inhibitory activity. Importantly, CY-09 has anti-AD effects: 
blocking NLRP3 inflammasome activation with CY-09 alleviated 
AD pathology, including learning and cognitive deficits in 3×Tg-
AD mice (Han et al., 2023). It also promoted glucose uptake 
in the brain via upregulation of glucose transporters and 
reduction of insulin resistance (Han et al., 2023). CY-09 has 
been shown to facilitate glycometabolism by increasing the 
activity of hexokinase, which is decreased in AD mice (Han 
et al., 2021). Given the critical role of NLRP3 inflammasome-
mediated neuroinflammation in AD, CY-09 can serve as a basis 
for the development of novel therapies targeting NLRP3.

OLT1177
OLT1177 (dapansutrile), a β-sulfonyl nitrile compound 
(Figure 5C), is a small molecule specifically targeting the 
NLRP3 inflammasome without affecting NLRC4 and AIM2 
inflammasomes (Marchetti et al., 2018). OLT1177 was 
shown to inhibit activation of NF-κB signaling and reduce 

the ATPase activity of NLRP3 in a cell-free assay (Marchetti 
et al., 2018), suggesting that OLT1177 has a dual function 
(downregulating and inhibiting activation of NLRP3). 
Notably, it is taken orally and is safe in humans (Marchetti 
et al., 2018). Therefore, OLT1177 is widely used for the 
clinical treatment of inflammatory diseases such as acute 
gout flare and osteoarthritis, among others (Klück et al., 
2020). Administration of OLT1177 was shown to protect 
dopaminergic neurons by reducing α-synuclein levels in 
cultured cells and animal models of Parkinson disease (Amo-
Aparicio et al., 2023). The therapeutic potential of OLT1177 in 
AD was underscored by the finding that it completely restored 
learning and memory functions and synaptic plasticity, 
suppressed microglia activation, normalized blood metabolic 
markers, and reduced the number of Aβ plaques in the cortex 
of APP/PS1 mice (Lonnemann et al., 2020). Although OLT1177 
is currently in phase 2 trial (NCT01768975) for the treatment 
of inflammatory diseases, the efficacy in patients with AD has 
yet to be determined.

JC-124
JC-124 is also a novel small molecule antagonist of the 
NLRP3 inflammasome. JC-121, a sulfonamide analog with 
anti-inflammatory effects, was developed by optimizing the 
chemical structure of glyburide (Fulp et al., 2018). Methylation 
to reduce the hydrophilicity of JC-121 yielded JC-124 (Figure 
5D), a selective NLRP3 inhibitor. Importantly, JC124 has 
shown a potent neuroprotective effect in AD: intraperitoneal 
injection of JC-124 (50 mg/kg per day for 4 consecutive weeks) 
inhibited NLRP3 inflammasome assembly and activation in 
CRND8 APP transgenic (TgCRND8) mice, resulting in decreased 
microglia activation (Yin et al., 2018).

JC-124 has also been shown to protect synapses by increasing 
protein levels of synaptophysin in TgCRND8 mice (Yin et 
al., 2018). Oral administration of JC124 (50–100 mg/kg per 
day for 3 months) significantly improved cognitive function, 
preserved synaptic plasticity, and increased neurogenesis 
of hippocampal neurons in APP/PS1 mice, although the 
mechanisms underlying these effects remain to be elucidate 
(Kuwar et al., 2021).

Endogenous inhibition of NLRP1 by dipeptidyl peptidases 8 
and 9 in AD
Cytoplasmic dipeptidyl peptidase 8 and 9 (DPP8/DPP9) 
interact with and inhibit NLRP1. The two proteins have similar 
functions and there are no substrates that can distinguish 
between them. The N terminus of the NLRP1 C-terminal 
fragment is required for NLRP1 activation and can interact 
with the DPP9 active site; this interaction can be disrupted by 
Val-boroPro, a specific inhibitor of DPP8/DPP9 (Hollingsworth 
et al., 2021). Other specific DPP8/DPP9 inhibitors such as 
1G244 and cyclic Val-boroPro also effectively inhibit activation 
of the NLRP1 inflammasome (de Vasconcelos et al., 2019). 
The suppression of DPP8/DPP9 activates NLRP1, which in turn 
activates pro–caspase-1, leading to pyroptosis (Johnson et al., 
2018). The main action of DPP8/DPP9 is immune regulation 
but there have been no studies investigating the use of these 
agents in AD. Given their high expression in brain tissue, DPP8 
and DPP9 may have therapeutic potential for AD treatment.
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MicroRNA regulation of NLRP3 and NLRP1 in AD
MicroRNAs (miRNAs) are noncoding single-stranded RNAs 18–
22 nt in length that recognize and bind to the 3′-untranslated 
region of target mRNAs to block their translation, thus 
regulating gene expression. MiRNAs have been implicated 
in various disorders (Sako et al., 2023) and their altered 
expression in AD has been reported. Several miRNAs are also 
known to regulate NLRP3 and NLRP1 in AD (Han et al., 2020a; 
Wang et al., 2023).

miRNAs and NLRP3
The tumor suppressor role of miR- in cancer is well described 
(Sako et al., 2023). In AD, miR-22 levels were found to be lower 
in the peripheral blood of patients than in healthy controls, 
and the levels were negatively correlated with NLRP3 and 
p30-GSDMD protein levels and the release of inflammatory 
factors (Han et al., 2020a). miR-22-loaded exosomes 
obtained by transfection of miR-22 mimic into adipose-
derived mesenchymal stem cells increased the survival rate of 
neurons in the hippocampus and cortex of APP/PS1 mice and 
suppressed the release of inflammatory factors by inhibiting 
NLRP3-mediated pyroptosis (Zhai et al., 2021). These results 
suggest that miR-22 inhibits NLRP3 inflammasome activation 
in AD. Another study found that miR-22-3p targets Sox9/NF-κB 
signaling to inhibit the transcription of NLRP3 (Xia et al., 2022).

Other miRNAs have been identified that regulate NLRP3 in AD. 
miR-212-3p expression was found to be significantly reduced 
in AD (Herrera-Espejo et al., 2019). Meanwhile, miR-212-3p 
overexpression by agomir injection inhibited the expression 
of specificity protein 1 (SP1) and blocked β-site APP cleaving 
enzyme 1 (BACE1)-induced activation of NLRP3/caspase-1, 
thereby alleviating neuroinflammation in a rat model of AD 
(Nong et al., 2022). miR-204 and -373 have inhibitory effects 
on NLRP3. In neuron-derived exosomes from AD patients, the 
levels of miR-204 and -373 were markedly decreased, resulting 
in the activation of NLRP3 inflammasome (Taşdelen et al., 
2022).

miRNAs and NLRP1
miR-181c-5p targets PS1, a catalytic component of the 
γ-secretase complex, to reduce Aβ expression and prevent AD 
progression (Wang et al., 2022). Conversely, Aβ accumulation 
reduced the levels of miR-181c-5p in both mouse neurons and 
serum from patients with AD, suggesting a role for miR-181c-
5p in the occurrence and development of AD. Decreased miR-
181c-5p levels in peripheral blood were found to be related to 
the elevated serum Aβ1–40 levels and increased vulnerability of 
the brain during normal aging (Manzano-Crespo et al., 2019).

Most studies to date have demonstrated that miR-181c-5p 
has neuroprotective effects in AD. A notable exception if a 
study reporting that plasma miR-181c-5p levels were higher 
in patients with mild cognitive impairment and AD than in 
healthy subjects (Siedlecki-Wullich et al., 2019). miR-181c-
5p regulated the hyperphosphorylation of tau in Aβ1–42-
treated SH-SY5Y cells and APP/PS1 mice (Yan et al., 2020b). 
In a recent study, miR-181c-5p was shown to bind NLRP1 
and that transfection of miR-181c-5p mimic mitigated Aβ1–42-
induced NLRP1-mediated neuronal pyroptosis in mouse 

hippocampal HT22 cells (Wang et al., 2023). Furthermore, 
miR-181c-5p agomir mitigated neuronal pyroptosis in both 
the hippocampus and cortex, whereas microR-181c-5p 
antagomir exacerbated pyroptosis in neurons and cognitive 
deficiency in AD mice. Given their regulation of NLRP3 and 
NLRP1 inflammasomes, miRNAs have clinical potential in the 
treatment of AD.

Dual inhibitory activity of natural bioactive compounds 
against NLRP3 and NLRP1 in AD
Several natural bioactive compounds have been identified 
that exert neuroprotective effects in AD through their ability 
to inhibit inflammasome activation. These include chemical 
compounds extracted from traditional herbal medicines such 
as resveratrol (RSV), curcumin, schisandrin, and ginsenoside 
Rg1, which have shown dual inhibitory activity against NLRP3 
and NLRP1 inflammasomes.

RSV
RSV is a naturally occurring phytochemical and polyphenolic 
compound (Figure 5E) that is present in at least 70 plant 
species including peanuts, herbs, and grapes (Li et al., 2012). 
Research on RSV has mainly focused on its antioxidant, 
anti-apoptotic, anti-inflammatory, anti-aging, and anti-
neurodegeneration effects. RSV exerts potent therapeutic 
effects  in  AD that  involve regulat ion of  AMPK and 
phosphoinositide 3 kinase (PI3K)/Akt signaling (Yan et al., 
2020a). RSV delivered via an intranasal in situ gelling liquid 
crystal system effectively improved memory and alleviated 
neuroinflammation in rats with intracerebroventricular 
streptozotocin injection-induced sporadic AD (Fonseca-Santos 
et al., 2023).

Based on the anti-inflammatory effects, a role for RSV in 
the regulation of NLRP3 or NLRP1 inflammasome activation 
has been investigated. Intracerebroventricular injection of 
RSV attenuated Aβ-induced NLRP3-mediated inflammation 
by targeting NF-κB signaling, and improved learning and 
cognitive impairment (Qi et al., 2019b). Additionally, RSV 
markedly reduced protein levels of NLRP1, caspase-1, and 
IL-1β, suggesting that NLRP1/caspase-1 signaling is related 
to the anti-dementia functions of RSV (Li et al., 2020b). 
However, physicochemical characteristics of RSV such as low 
solubility and low oral bioavailability limit its applicability to 
AD treatment. Therefore, the development of RSV analogs 
or alternative routes of administration should be a focus of 
future studies.

Curcumin
Curcumin is an ancient and naturally occurring hydrophilic 
polyphenol compound (Figure 5F) extracted from the 
traditional herbal medicine turmeric that is widely used for 
its potent antioxidant, anti-carcinogenic, anti-inflammatory, 
and anti-cancer activities. Curcumin also plays important roles 
in regulating obesity and metabolic disorder and improving 
mood and memory (Akaberi et al., 2021). Importantly, 
curcumin has shown potential for AD treatment as it can 
attenuate tau hyperphosphorylation, inhibit the formation 
of Aβ plaques, and suppress microglia activity (Tang and 
Taghibiglou, 2017).
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Curcumin inhibits the extracellular signal-regulated kinase 
1/2 (ERK1/2) and p38 kinase pathway in Aβ-treated microglia, 
leading to downregulation of IL-1β, IL-6, and TNFα (Shi et al., 
2015b). It also inhibits PI3K/Akt phosphorylation and NF-κB 
activation, which are important for microglia activation and 
neuroinflammation (Cianciulli et al., 2016). A highly sensitive 
nanotheranostic platform consisting of curcumin reduced 
Aβ plaque formation in APP/PS1 mice and rescued memory 
deficits, which was likely related to inhibition of the NLRP3 
inflammasome (Ruan et al., 2022). Curcumin also enhanced 
neuronal proliferation and suppressed neuronal pyroptosis via 
inhibition of NLRP1/caspase-1/GSDMD signaling (Huang et al., 
2021).

Schisandrin
Schisandrin (Figure 5G) is a compound isolated from the fruit 
of Schisandra chinensis baill, which is an herbal medicine (Zhu 
et al., 2019). Owing to antioxidant and anti-inflammatory 
properties, schisandrin plays a beneficial role in various 
diseases. Schisandrin may suppress microglia-associated 
neuroinflammation by inhibiting NF-κB and Janus kinase (JAK)-
signal transducer and activator of transcription 3 (STAT3) 
signaling (Zhi et al., 2019). There is accumulating evidence 
that schisandrin can improve AD pathology through various 
mechanisms including modulating mitochondrial function, 
autophagy, neurotransmission, microglial polarization, and gut 
microbiota composition and inhibiting neuroinflammation and 
ER stress.

The combined use of schisandrin and nootkatone was shown 
to suppress TLR4/NF-κB/NLRP3 signaling and reduce the levels 
of inflammatory factors such as IL-1β, TNFα, and IL-6 in an Aβ1–

42-treated AD mouse model. Schisandrin also prevented NLRP1 
inflammasome-induced neuronal pyroptosis in mouse models 
of AD. It was reported that schisandrin treatment significantly 
inhibited activation of NLRP1/caspase-1 pyroptotic pathway 
and production of IL-18 and IL-1β in hippocampal neurons of 
AD mice (Li et al., 2021c).

Ginsenoside Rg1
Ginsenosides are the natural bioactive molecules found in the 
herbal medicine Panax ginseng and Panax notoginseng. We 
previously showed that ginsenoside Rg1 (Figure 5H), the main 
active component of Panax ginseng and Panax notoginseng, 
has antioxidant and anti-inflammatory effects (Zeng et al., 
2014), and there is increasing evidence that ginsenoside 
Rg1 plays a neuroprotective role in CNS diseases including 
AD (Gao et al., 2020; Wu et al., 2022). Several studies have 
also demonstrated an inhibitory effect on inflammasomes in 
AD. In one report, ginsenoside Rg1 suppressed the function 
of the NLRP3 inflammasome, decreasing blood levels of IL-
18 and IL-1β, and also prevented streptozotocin- and ROS-
induced inflammation by activating the antioxidant nuclear 
factor-E2-related factor 2 (Nrf2)/antioxidant response 
element (ARE) pathway (Gao et al., 2020). In an in vitro 
model of lipopolysaccharide-induced AD, ginsenoside Rg1 
administration inhibited nicotinamide adenine dinucleotide 
phosphate oxidase 2 (NOX2)-mediated activation of the NLRP1 
inflammasome and alleviated neuronal damage in mouse 
hippocampal HT22 cells (Zhang et al., 2021); and evidence 

from an in vivo AD model (APP/PS1 mice) suggests that 
ginsenoside Rg1 may mitigate cognitive impairment and Aβ 
deposition by inhibiting NLRP1 inflammasome activation and 
improving autophagy dysfunction (Li et al., 2023b).
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Figure 5 ｜ The chemical structures of NLRP3 and/or NLRP1 inhibitors.
Created with Adobe Illustrator CS5. (A) MCC950, a NLRP3 inhibitor; (B) CY-09, a NLRP3 
inhibitor; (C) OLT1177, a NLRP3 inhibitor; (D) JC-124, a NLRP3 inhibitor; (E) resveratrol, a 
dual inhibitor of NLRP3 and NLRP1; (F) curcumin, a dual inhibitor of NLRP3 and NLRP1; (G) 
schisandrin, a dual inhibitor of NLRP3 and NLRP1; (H) ginsenoside Rg1, a dual inhibitor of 
NLRP3 and NLRP1. NLRP1: NOD-like receptor family pyrin domain-containing 1; NLRP3: 
NOD-like receptor family pyrin domain-containing 3.

Caspase-1 Inhibition Blocks the Effects of NLRP3 
and NLRP1 Inflammasomes 
NLRP3 and NLRP1 inflammasomes both have pro-caspase-1 
as a component. An outcome of both NLRP3 and NLRP1 
inflammasome activation is the cleavage of pro-caspase-1 to 
active caspase-1, which cleaves GSDMD and accelerates the 
maturation of pro-IL-1β and pro-IL-18, resulting in pyroptosis 
(Docherty et al., 2023). Thus, inhibition of caspase-1 can block 
the effects of NLRP3 and NLRP1 inflammasomes.

VX-765 is the most commonly used selective inhibitor of 
caspase-1, and was shown to alleviate cognitive deficits and 
reduce tau hyperphosphorylation in SAMP8 mice, an aging 
model (Tan et al., 2022). Meanwhile, VX-765 administration 
prevented Aβ accumulation, suppressed neuroinflammation, 
and restored the expression of synaptophysin in the 
hippocampus of the J20 mouse model of AD (Flores et al., 
2022a). Presymptomatic treatment with VX-765 did not 
alter Aβ levels in the hippocampus and cortex of these mice, 
although the onset of cognitive deficits was significantly 
delayed (Flores et al . ,  2020).  Consistent with these 
observations, caspase-1 inhibition with VX-765 improved 
cognitive function by restoring dendritic spine density and 
synaptophysin expression in the hippocampus without altering 
Aβ deposition and inflammation in aging AD mice (Flores et 
al., 2022a). These results suggest that neurodegeneration 
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drives cognitive impairment in AD and that microglia-
mediated inflammation is not the main trigger event. Based 
on the available evidence, VX-765 can potentially delay the 
onset of cognitive impairment in AD.

Future Directions
The caspase-1 inhibitor VX-765 can block NLRP3- and NLRP1-
mediated pyroptosis and was approved by the FDA for clinical 
trials of CNS-associated inflammatory diseases FDA (Flores et 
al., 2020). Dual inhibition of NLRP1 and NLRP3 inflammasomes 
may have more direct therapeutic effects than inhibiting either 
one alone. A recent study showed that the dual inhibitor 
ADS032 directly binds to both NLRP1 and NLRP3 and prevents 
the activation of both inflammasomes (Docherty et al., 2023). 
However, the therapeutic potential of ADS032 and other dual 
inhibitors in AD needs to be more closely examined.

Thioredoxin-interacting protein (TXNIP) plays an important 
role in the activation of the NLRP3 inflammasome (Zeng 
et al., 2018; Jia et al., 2023a). TXNIP can dissociate from 
oxidized thioredoxin (Trx) under stress in a ROS-dependent 
manner and interact with the LRR domain of NLRP3, leading 
to its activation (Fischer and Schulze-Osthoff, 2005). TXNIP 
expression was shown to be elevated in the microglia of 
5×FAD mice and Aβ-treated primary microglia, and promoted 
Aβ-induced NLRP inflammasome activation followed by IL-
1β secretion and GSDMD activation (Sbai et al., 2022). NLRP3 
knockout in 5×FAD mice attenuated the proinflammatory 
response, enhanced phagocytosis by microglia, and improved 
cognitive function (Zhang et al., 2023). Trx is a redox protein 
that plays a vital role in neuroprotection in CNS diseases (Jia 
et al., 2023a). Our previous studies demonstrated that Trx 
inhibited inositol-requiring enzyme 1α (IRE1α)-mediated ER 
stress in Parkinson disease by increasing the protein levels 
of heat shock protein 90 (HSP90) and phosphorylated cell 
division cycle 37 (Cdc37) and potentiating the interaction 
between IRE1α and the HSP90/Cdc37 complex (Zeng et al., 
2023). Importantly, Trx is an inhibitor of TXNIP in mammalian 
cells (Zeng et al., 2018) and plays a neuroprotective role in AD 
via antioxidant and anti-inflammatory effects (Jia et al., 2021, 
2023a, b). Our recent work has shown that Trx suppressed Aβ-
induced activation of the NLRP1/caspase-1/GSDMD pyroptosis 
pathway (Jia et al., 2022), although the underlying mechanism 
is unclear. Interestingly, the activity of NLRP1 inhibitor DPP8/
DPP9 was sensitive to oxidative stress or alteration of redox 
signals (Finger et al., 2020), implying that Trx may regulate 
DPP8/9. Thus, Trx may be an endogenous dual regulator of 
NLRP1 and NLRP3 inflammasome activation, although the 
mechanisms underlying this regulatory activity remain to be 
determined in future studies.

Conclusions
Neuroinflammation is closely related to the occurrence 
and development of AD. Activated NLRP3 inflammasome in 
microglia and NLRP1 inflammasome in neurons in the AD brain 
cleave pro-caspase-1 to produce active caspase-1; this then 
cleaves GSDMD to GSDMD-N, which forms transmembrane 
pores and induces pyroptosis. Caspase-1 also promotes the 
maturation of pro–IL-18 and pro-IL-1β to IL-18 and IL-1β, 

respectively, which are secreted into the extracellular space 
through GSDMD-N pores, exacerbating pyroptotic cell death. 
In the past 2 decades, several small molecule inhibitors, 
miRNAs, and natural bioactive compounds targeting the 
NLRP3 or NLRP1 inflammasome and caspase-1 have been 
designed or identified and have shown efficacy in AD 
models. Therefore, therapeutic targeting of NLRP3 or NLRP1 
inflammasome-mediated pyroptosis is a promising strategy 
for AD treatment. Although this review focused on NLRP3 and 
NLRP1 inflammasomes, the role of other inflammasomes in 
AD warrants further investigation.

Author contributions: Design: JJ, BH; figure preparation: JH, BL, XZ; 
manuscript draft: BH, JZ, JJ; manuscript revision: XZ and JJ. All authors 
approved the final version of the manuscript.
Conflicts of interest: The authors declare no conflict of interest.
Data availability statement: The data are available from the corresponding 
author on reasonable request. 
Open access statement: This is an open access journal, and 
articles are distributed under the terms of the Creative Commons 
AttributionNonCommercial-ShareAlike 4.0 License, which allows others 
to remix, tweak, and build upon the work non-commercially, as long as 
appropriate credit is given and the new creations are licensed under the 
identical terms.
Open peer reviewer: James Bennett, Neurodegeneration Therapeutics, USA.
Additional file: Open peer review report 1.

References
Akaberi M, Sahebkar A, Emami SA (2021) Turmeric and curcumin: from traditional 

to modern medicine. Adv Exp Med Biol 1291:15-39.
Amo-Aparicio J, Daly J, Højen JF, Dinarello CA (2023) Pharmacologic inhibition of 

NLRP3 reduces the levels of α-synuclein and protects dopaminergic neurons in a 
model of Parkinson’s disease. J Neuroinflammation 20:147.

Bakhshi S, Shamsi S (2022) MCC950 in the treatment of NLRP3-mediated 
inflammatory diseases: latest evidence and therapeutic outcomes. Int 
Immunopharmacol 106:108595.

Ballard C, Gauthier S, Corbett A, Brayne C, Aarsland D, Jones E (2011) Alzheimer’s 
disease. Lancet 377:1019-1031.

Bleda S, De Haro J, Acin F (2017) Nuclear factor-kappa B role in NLRP1 
inflammasome activation by triglycerides and VLDL cholesterol in endothelial 
cells. Int J Cardiol 234:104.

Broz P, Dixit VM (2016) Inflammasomes: mechanism of assembly, regulation and 
signalling. Nat Rev Immunol 16:407-420.

Cai Y, Chai Y, Fu Y, Wang Y, Zhang Y, Zhang X, Zhu L, Miao M, Yan T (2021) Salidroside 
ameliorates Alzheimer’s disease by targeting NLRP3 inflammasome-mediated 
pyroptosis. Front Aging Neurosci 13:809433.

Calsolaro V, Edison P (2016) Neuroinflammation in Alzheimer’s disease: current 
evidence and future directions. Alzheimers Dement 12:719-732.

Chakraborty P, Deb BK, Arige V, Musthafa T, Malik S, Yule DI, Taylor CW, Hasan G 
(2023) Regulation of store-operated Ca(2+) entry by IP(3) receptors independent 
of their ability to release Ca(2+). eLife 12:e80447.

Chavarría-Smith J, Mitchell PS, Ho AM, Daugherty MD, Vance RE (2016) Functional 
and evolutionary analyses identify proteolysis as a general mechanism for NLRP1 
inflammasome activation. PLOS Pathog 12:e1006052.

Chen Y, Yu Y (2023) Tau and neuroinflammation in Alzheimer’s disease: interplay 
mechanisms and clinical translation. J Neuroinflammation 20:165.

Christgen S, Kanneganti TD (2020) Inflammasomes and the fine line between 
defense and disease. Curr Opin Immunol 62:39-44.

Cianciulli A, Calvello R, Porro C, Trotta T, Salvatore R, Panaro MA (2016) PI3k/
Akt signalling pathway plays a crucial role in the anti-inflammatory effects of 
curcumin in LPS-activated microglia. Int Immunopharmacol 36:282-290.

Coll RC, Hill JR, Day CJ, Zamoshnikova A, Boucher D, Massey NL, Chitty JL, Fraser 
JA, Jennings MP, Robertson AAB, Schroder K (2019) MCC950 directly targets the 
NLRP3 ATP-hydrolysis motif for inflammasome inhibition. Nat Chem Biol 15:556-
559.



2408  ｜NEURAL REGENERATION RESEARCH｜Vol 19｜No. 11｜November 2024

NEURAL REGENERATION RESEARCH
www.nrronline.org Review

Coll RC, Robertson AA, Chae JJ, Higgins SC, Muñoz-Planillo R, Inserra MC, Vetter 
I, Dungan LS, Monks BG, Stutz A, Croker DE, Butler MS, Haneklaus M, Sutton 
CE, Núñez G, Latz E, Kastner DL, Mills KH, Masters SL, Schroder K, et al. (2015) 
A small-molecule inhibitor of the NLRP3 inflammasome for the treatment of 
inflammatory diseases. Nat Med 21:248-255.

de Brito Toscano EC, Rocha NP, Lopes BNA, Suemoto CK, Teixeira AL (2021) 
Neuroinflammation in Alzheimer’s disease: focus on NLRP1 and NLRP3 
Inflammasomes. Curr Protein Pept Sci 22:584-598.

de Vasconcelos NM, Vliegen G, Gonçalves A, De Hert E, Martín-Pérez R, Van 
Opdenbosch N, Jallapally A, Geiss-Friedlander R, Lambeir AM, Augustyns K, 
Van Der Veken P, De Meester I, Lamkanfi M (2019) DPP8/DPP9 inhibition elicits 
canonical Nlrp1b inflammasome hallmarks in murine macrophages. Life Sci 
Alliance 2:e201900313.

Dempsey C, Rubio Araiz A, Bryson KJ, Finucane O, Larkin C, Mills EL, Robertson AAB, 
Cooper MA, O’Neill LAJ, Lynch MA (2017) Inhibiting the NLRP3 inflammasome 
with MCC950 promotes non-phlogistic clearance of amyloid-β and cognitive 
function in APP/PS1 mice. Brain Behav Immun 61:306-316.

Dick MS, Sborgi L, Rühl S, Hiller S, Broz P (2016) ASC filament formation serves as a 
signal amplification mechanism for inflammasomes. Nat Commun 7:11929.

Ding J, Wang K, Liu W, She Y, Sun Q, Shi J, Sun H, Wang DC, Shao F (2016) Pore-
forming activity and structural autoinhibition of the gasdermin family. Nature 
535:111-116.

Docherty CA, Fernando AJ, Rosli S, Lam M, Dolle RE, Navia MA, Farquhar R, La 
France D, Tate MD, Murphy CK, Rossi AG, Mansell A (2023) A novel dual NLRP1 
and NLRP3 inflammasome inhibitor for the treatment of inflammatory diseases. 
Clin Transl Immunology 12:e1455.

Edler MK, Sherwood CC, Meindl RS, Hopkins WD, Ely JJ, Erwin JM, Mufson EJ, Hof 
PR, Raghanti MA (2017) Aged chimpanzees exhibit pathologic hallmarks of 
Alzheimer’s disease. Neurobiol Aging 59:107-120.

Faustin B, Lartigue L, Bruey JM, Luciano F, Sergienko E, Bailly-Maitre B, Volkmann N, 
Hanein D, Rouiller I, Reed JC (2007) Reconstituted NALP1 inflammasome reveals 
two-step mechanism of caspase-1 activation. Mol Cell 25:713-724.

Feng W, Zhang Y, Wang Z, Xu H, Wu T, Marshall C, Gao J, Xiao M (2020a) Microglia 
prevent beta-amyloid plaque formation in the early stage of an Alzheimer’s 
disease mouse model with suppression of glymphatic clearance. Alzheimers Res 
Ther 12:125.

Feng YS, Tan ZX, Wu LY, Dong F, Zhang F (2020b) The involvement of NLRP3 
inflammasome in the treatment of Alzheimer’s disease. Ageing Res Rev 
64:101192.

Finger JN, Lich JD, Dare LC, Cook MN, Brown KK, Duraiswami C, Bertin J, Gough 
PJ (2012) Autolytic proteolysis within the function to find domain (FIIND) is 
required for NLRP1 inflammasome activity. J Biol Chem 287:25030-25037.

Finger Y, Habich M, Gerlich S, Urbanczyk S, van de Logt E, Koch J, Schu L, Lapacz KJ, 
Ali M, Petrungaro C, Salscheider SL, Pichlo C, Baumann U, Mielenz D, Dengjel J, 
Brachvogel B, Hofmann K, Riemer J (2020) Proteasomal degradation induced by 
DPP9-mediated processing competes with mitochondrial protein import. EMBO 
J 39:e103889.

Fischer U, Schulze-Osthoff K (2005) Apoptosis-based therapies and drug targets. 
Cell Death Differ 12 Suppl 1:942-961.

Flores J, Fillion ML, LeBlanc AC (2022a) Caspase-1 inhibition improves cognition 
without significantly altering amyloid and inflammation in aged Alzheimer 
disease mice. Cell Death Dis 13:864.

Flores J, Noël A, Fillion ML, LeBlanc AC (2022b) Therapeutic potential of Nlrp1 
inflammasome, caspase-1, or caspase-6 against Alzheimer disease cognitive 
impairment. Cell Death Differ 29:657-669.

Flores J, Noël A, Foveau B, Beauchet O, LeBlanc AC (2020) Pre-symptomatic 
caspase-1 inhibitor delays cognitive decline in a mouse model of Alzheimer 
disease and aging. Nat Commun 11:4571.

Fonseca-Santos B, Cazarin CA, da Silva PB, Dos Santos KP, da Rocha MCO, Báo 
SN, De-Souza MM, Chorilli M (2023) Intranasal in situ gelling liquid crystal 
for delivery of resveratrol ameliorates memory and neuroinflammation in 
Alzheimer’s disease. Nanomedicine 51:102689.

Friker LL, Scheiblich H, Hochheiser IV, Brinkschulte R, Riedel D, Latz E, Geyer M, 
Heneka MT (2020) β-Amyloid clustering around ASC fibrils boosts its toxicity in 
microglia. Cell Rep 30:3743-3754.e6.

Fulp J, He L, Toldo S, Jiang Y, Boice A, Guo C, Li X, Rolfe A, Sun D, Abbate A, Wang XY, 
Zhang S (2018) Structural insights of benzenesulfonamide analogues as NLRP3 
inflammasome inhibitors: design, synthesis, and biological characterization. J 
Med Chem 61:5412-5423.

Gao Y, Li J, Chu S, Zhang Z, Chen N, Li L, Zhang L (2020) Ginsenoside Rg1 protects 
mice against streptozotocin-induced type 1 diabetic by modulating the NLRP3 
and Keap1/Nrf2/HO-1 pathways. Eur J Pharmacol 866:172801.

Gurung P, Anand PK, Malireddi RK, Vande Walle L, Van Opdenbosch N, Dillon CP, 
Weinlich R, Green DR, Lamkanfi M, Kanneganti TD (2014) FADD and caspase-8 
mediate priming and activation of the canonical and noncanonical Nlrp3 
inflammasomes. J Immunol 192:1835-1846.

Han C, Guo L, Yang Y, Guan Q, Shen H, Sheng Y, Jiao Q (2020a) Mechanism of 
microRNA-22 in regulating neuroinflammation in Alzheimer’s disease. Brain 
Behav 10:e01627.

Han C, Yang Y, Guan Q, Zhang X, Shen H, Sheng Y, Wang J, Zhou X, Li W, Guo L, Jiao 
Q (2020b) New mechanism of nerve injury in Alzheimer’s disease: β-amyloid-
induced neuronal pyroptosis. J Cell Mol Med 24:8078-8090.

Han S, He Z, Hu X, Li X, Zheng K, Huang Y, Xiao P, Xie Q, Ni J, Liu Q (2023) Inhibiting 
NLRP3 inflammasome activation by CY-09 helps to restore cerebral glucose 
metabolism in 3×Tg-AD mice. Antioxidants (Basel) 12:722.

Han S, He Z, Jacob C, Hu X, Liang X, Xiao W, Wan L, Xiao P, D’Ascenzo N, Ni J, Liu Q, 
Xie Q (2021) Effect of increased IL-1β on expression of HK in Alzheimer’s disease. 
Int J Mol Sci 22:1306.

Harrison TM, Du R, Klencklen G, Baker SL, Jagust WJ (2021) Distinct effects of 
beta-amyloid and tau on cortical thickness in cognitively healthy older adults. 
Alzheimers Dement 17:1085-1096.

He Y, Hara H, Núñez G (2016) Mechanism and regulation of NLRP3 inflammasome 
activation. Trends Biochem Sci 41:1012-1021.

Herrera-Espejo S, Santos-Zorrozua B, Álvarez-González P, Lopez-Lopez E, Garcia-
Orad Á (2019) A systematic review of microRNA expression as biomarker of late-
onset Alzheimer’s disease. Mol Neurobiol 56:8376-8391.

Hollingsworth LR, Sharif H, Griswold AR, Fontana P, Mintseris J, Dagbay KB, Paulo 
JA, Gygi SP, Bachovchin DA, Wu H (2021) DPP9 sequesters the C terminus of 
NLRP1 to repress inflammasome activation. Nature 592:778-783.

Huang C, Dong D, Jiao Q, Pan H, Ma L, Wang R (2017) Sarsasapogenin-AA13 
ameliorates Aβ-induced cognitive deficits via improving neuroglial capacity on 
Aβ clearance and antiinflammation. CNS Neurosci Ther 23:498-509.

Huang L, Li X, Liu Y, Liang X, Ye H, Yang C, Hua L, Zhang X (2021) Curcumin alleviates 
cerebral ischemia-reperfusion injury by inhibiting NLRP1-dependent neuronal 
pyroptosis. Curr Neurovasc Res 18:189-196.

Huang Y, Li X, Luo G, Wang J, Li R, Zhou C, Wan T, Yang F (2022) Pyroptosis as a 
candidate therapeutic target for Alzheimer’s disease. Front Aging Neurosci 
14:996646.

Jia J, Zeng X, Xu G, Wang Z (2021) The potential roles of redox enzymes in 
Alzheimer’s disease: focus on thioredoxin. ASN Neuro 13:1759091421994351.

Jia J, Zhang X, Xu G, Zeng X, Li L (2022) Thioredoxin-1 inhibits amyloid-β(25-35)-
induced activation of NLRP1/caspase-1/GSDMD pyroptotic pathway in PC12 
cells. Mol Biol Rep 49:3445-3452.

Jia J, Xu G, Zhu D, Liu H, Zeng X, Li L (2023a) Advances in the functions of 
thioredoxin system in central nervous system diseases. Antioxid Redox Signal 
38:425-441.

Jia J, Yin J, Zhang Y, Xu G, Wang M, Jiang H, Li L, Zeng X, Zhu D (2023b) Thioredoxin-1 
promotes mitochondrial biogenesis through regulating AMPK/Sirt1/PGC1α 
pathway in Alzheimer’s disease. ASN Neuro 15:17590914231159226.

Jia JJ, Zeng XS, Song XQ, Zhang PP, Chen L (2017) Diabetes mellitus and Alzheimer’s 
disease: the protection of epigallocatechin-3-gallate in streptozotocin injection-
induced models. Front Pharmacol 8:834.

Jiang H, He H, Chen Y, Huang W, Cheng J, Ye J, Wang A, Tao J, Wang C, Liu Q, Jin T, 
Jiang W, Deng X, Zhou R (2017) Identification of a selective and direct NLRP3 
inhibitor to treat inflammatory disorders. J Exp Med 214:3219-3238.

Johnson DC, Taabazuing CY, Okondo MC, Chui AJ, Rao SD, Brown FC, Reed C, 
Peguero E, de Stanchina E, Kentsis A, Bachovchin DA (2018) DPP8/DPP9 
inhibitor-induced pyroptosis for treatment of acute myeloid leukemia. Nat Med 
24:1151-1156.



NEURAL REGENERATION RESEARCH｜Vol 19｜No. 11｜November 2024｜2409

NEURAL REGENERATION RESEARCH
www.nrronline.orgReview

Kabir MT, Uddin MS, Zaman S, Begum Y, Ashraf GM, Bin-Jumah MN, Bungau SG, 

Mousa SA, Abdel-Daim MM (2021) Molecular mechanisms of metal toxicity in 

the pathogenesis of Alzheimer’s disease. Mol Neurobiol 58:1-20.

Kaushal V, Dye R, Pakavathkumar P, Foveau B, Flores J, Hyman B, Ghetti B, Koller 

BH, LeBlanc AC (2015) Neuronal NLRP1 inflammasome activation of caspase-1 

coordinately regulates inflammatory interleukin-1-beta production and axonal 

degeneration-associated caspase-6 activation. Cell Death Differ 22:1676-1686.

Klück V, Jansen TLTA, Janssen M, Comarniceanu A, Efdé M, Tengesdal IW, Schraa 

K, Cleophas MCP, Scribner CL, Skouras DB, Marchetti C, Dinarello CA, Joosten 

LAB (2020) Dapansutrile, an oral selective NLRP3 inflammasome inhibitor, for 

treatment of gout flares: an open-label, dose-adaptive, proof-of-concept, phase 

2a trial. Lancet Rheumatol 2:e270-e280.

Kummer JA, Broekhuizen R, Everett H, Agostini L, Kuijk L, Martinon F, van Bruggen 

R, Tschopp J (2007) Inflammasome components NALP 1 and 3 show distinct but 

separate expression profiles in human tissues suggesting a site-specific role in 

the inflammatory response. J Histochem Cytochem 55:443-452.

Kuwar R, Rolfe A, Di L, Blevins H, Xu Y, Sun X, Bloom GS, Zhang S, Sun D (2021) A 

novel inhibitor targeting NLRP3 inflammasome reduces neuropathology and 

improves cognitive function in Alzheimer’s disease transgenic mice. J Alzheimers 

Dis 82:1769-1783.

Leng F, Edison P (2021) Neuroinflammation and microglial activation in Alzheimer 

disease: where do we go from here? Nat Rev Neurol 17:157-172.

Li B, Xiong J, Liu HX, Li D, Chen G (2022) Devil or angel: two roles of carbon 

monoxide in stroke. Med Gas Res 12:125-130.

Li C, Chen M, He X, Ouyang D (2021a) A mini-review on ion fluxes that regulate 

NLRP3 inflammasome activation. Acta Biochim Biophys Sin (Shanghai) 53:131-

139.

Li F, Gong Q, Dong H, Shi J (2012) Resveratrol, a neuroprotective supplement for 

Alzheimer’s disease. Curr Pharm Des 18:27-33.

Li J, Du Q, Li N, Du S, Sun Z (2021b) Alpiniae oxyphyllae Fructus and Alzheimer’s 

disease: an update and current perspective on this traditional Chinese medicine. 

Biomed Pharmacother 135:111167.

Li J, Zhuang L, Luo X, Liang J, Sun E, He Y (2020a) Protection of MCC950 against 

Alzheimer’s disease via inhibiting neuronal pyroptosis in SAMP8 mice. Exp Brain 

Res 238:2603-2614.

Li M, Wu X, An P, Dang H, Liu Y, Liu R (2020b) Effects of resveratrol on autophagy 

and the expression of inflammasomes in a placental trophoblast oxidative stress 

model. Life Sci 256:117890.

Li Q, Wang Q, Guan H, Zhou Y, Liu L (2021c) Schisandrin inhibits NLRP1 

inflammasome-mediated neuronal pyroptosis in mouse models of Alzheimer’s 

disease. Neuropsychiatr Dis Treat 17:261-268.

Li X, Zhang H, Yang L, Dong X, Han Y, Su Y, Li W, Li W (2023a) Inhibition of NLRP1 

inflammasome improves autophagy dysfunction and Aβ disposition in APP/PS1 

mice. Behav Brain Funct 19:7.

Li X, Huang L, Kong L, Su Y, Zhou H, Ji P, Sun R, Wang C, Li W, Li W (2023b) 

Ginsenoside Rg1 alleviates learning and memory impairments and Aβ 

disposition through inhibiting NLRP1 inflammasome and autophagy dysfunction 

in APP/PS1 mice. Mol Med Rep 27:6.

Liang T, Zhang Y, Wu S, Chen Q, Wang L (2022) The role of NLRP3 inflammasome 

in Alzheimer’s disease and potential therapeutic targets. Front Pharmacol 

13:845185.

Lin L, Zheng LJ, Zhang LJ (2018) Neuroinflammation, gut microbiome, and 

Alzheimer’s disease. Mol Neurobiol 55:8243-8250.

Lonnemann N, Hosseini S, Marchetti C, Skouras DB, Stefanoni D, D’Alessandro 

A, Dinarello CA, Korte M (2020) The NLRP3 inflammasome inhibitor OLT1177 

rescues cognitive impairment in a mouse model of Alzheimer’s disease. Proc 

Natl Acad Sci U S A 117:32145-32154.

Malik A, Kanneganti TD (2017) Inflammasome activation and assembly at a glance. 

J Cell Sci 130:3955-3963.

Mamik MK, Power C (2017) Inflammasomes in neurological diseases: emerging 

pathogenic and therapeutic concepts. Brain 140:2273-2285.

Manzano-Crespo M, Atienza M, Cantero JL (2019) Lower serum expression of miR-

181c-5p is associated with increased plasma levels of amyloid-beta 1-40 and 

cerebral vulnerability in normal aging. Transl Neurodegener 8:34.

Marchetti C, Toldo S, Chojnacki J, Mezzaroma E, Liu K, Salloum FN, Nordio A, 
Carbone S, Mauro AG, Das A, Zalavadia AA, Halquist MS, Federici M, Van 
Tassell BW, Zhang S, Abbate A (2015) Pharmacologic inhibition of the NLRP3 
inflammasome preserves cardiac function after ischemic and nonischemic injury 
in the mouse. J Cardiovasc Pharmacol 66:1-8.

Marchetti C, Swartzwelter B, Gamboni F, Neff CP, Richter K, Azam T, Carta S, 
Tengesdal I, Nemkov T, D’Alessandro A, Henry C, Jones GS, Goodrich SA, St 
Laurent JP, Jones TM, Scribner CL, Barrow RB, Altman RD, Skouras DB, Gattorno 
M, et al. (2018) OLT1177, a β-sulfonyl nitrile compound, safe in humans, inhibits 
the NLRP3 inflammasome and reverses the metabolic cost of inflammation. Proc 
Natl Acad Sci U S A 115:E1530-E1539.

Mattingly J, Li Y, Bihl JC, Wang J (2021) The promise of exosome applications in 
treating central nervous system diseases. CNS Neurosci Ther 27:1437-1445.

Mishra A, Behura A, Kumar A, Naik L, Swain A, Das M, Sarangi SS, Dokania P, Dirisala 
VR, Bhutia SK, Mishra A, Singh R, Dhiman R (2021) P2X7 receptor in multifaceted 
cellular signalling and its relevance as a potential therapeutic target in different 
diseases. Eur J Pharmacol 906:174235.

Moonen S, Koper MJ, Van Schoor E, Schaeverbeke JM, Vandenberghe R, von 
Arnim CAF, Tousseyn T, De Strooper B, Thal DR (2023) Pyroptosis in Alzheimer’s 
disease: cell type-specific activation in microglia, astrocytes and neurons. Acta 
Neuropathol 145:175-195.

Nong W, Bao C, Chen Y, Wei Z (2022) miR-212-3p attenuates neuroinflammation of 
rats with Alzheimer’s disease via regulating the SP1/BACE1/NLRP3/Caspase-1 
signaling pathway. Bosn J Basic Med Sci 22:540-552.

Park HH, Lo YC, Lin SC, Wang L, Yang JK, Wu H (2007) The death domain superfamily 
in intracellular signaling of apoptosis and inflammation. Annu Rev Immunol 
25:561-586.

Peng Y, Jin H, Xue YH, Chen Q, Yao SY, Du MQ, Liu S (2023) Current and future 
therapeutic strategies for Alzheimer’s disease: an overview of drug development 
bottlenecks. Front Aging Neurosci 15:1206572.

Possemato E, La Barbera L, Nobili A, Krashia P, D’Amelio M (2023) The 
role of dopamine in NLRP3 inflammasome inhibition: implications for 
neurodegenerative diseases. Ageing Res Rev 87:101907.

Prada I, Gabrielli M, Turola E, Iorio A, D’Arrigo G, Parolisi R, De Luca M, Pacifici 
M, Bastoni M, Lombardi M, Legname G, Cojoc D, Buffo A, Furlan R, Peruzzi F, 
Verderio C (2018) Glia-to-neuron transfer of miRNAs via extracellular vesicles: 
a new mechanism underlying inflammation-induced synaptic alterations. Acta 
Neuropathol 135:529-550.

Proell M, Gerlic M, Mace PD, Reed JC, Riedl SJ (2013) The CARD plays a critical role 
in ASC foci formation and inflammasome signalling. Biochem J 449:613-621.

Qi Y, Cheng X, Jing H, Yan T, Xiao F, Wu B, Bi K, Jia Y (2019a) Combination of 
schisandrin and nootkatone exerts neuroprotective effect in Alzheimer’s disease 
mice model. Metab Brain Dis 34:1689-1703.

Qi Y, Shang L, Liao Z, Su H, Jing H, Wu B, Bi K, Jia Y (2019b) Intracerebroventricular 
injection of resveratrol ameliorated Aβ-induced learning and cognitive decline in 
mice. Metab Brain Dis 34:257-266.

Regen F, Hellmann-Regen J, Costantini E, Reale M (2017) Neuroinflammation and 
Alzheimer’s disease: implications for microglial activation. Curr Alzheimer Res 
14:1140-1148.

Ren Y, Wang Q, Yang Z, Feng L, Zhang Y (2022) MCC950 ameliorates the dementia 
symptom at the early age of line M83 mouse and reduces hippocampal 
α-synuclein accumulation. Biochem Biophys Res Commun 611:23-30.

Ruan Y, Xiong Y, Fang W, Yu Q, Mai Y, Cao Z, Wang K, Lei M, Xu J, Liu Y, Zhang X, 
Liao W, Liu J (2022) Highly sensitive curcumin-conjugated nanotheranostic 
platform for detecting amyloid-beta plaques by magnetic resonance imaging 
and reversing cognitive deficits of Alzheimer’s disease via NLRP3-inhibition. J 
Nanobiotechnology 20:322.

Sako H, Youssef M, Elisseeva O, Akimoto T, Suzuki K, Ushida T, Yamamoto T 
(2023) microRNAs slow translating ribosomes to prevent protein misfolding in 
eukaryotes. EMBO J 42:e112469.



2410  ｜NEURAL REGENERATION RESEARCH｜Vol 19｜No. 11｜November 2024

NEURAL REGENERATION RESEARCH
www.nrronline.org Review

Salminen A, Ojala J, Suuronen T, Kaarniranta K, Kauppinen A (2008) Amyloid-beta 
oligomers set fire to inflammasomes and induce Alzheimer’s pathology. J Cell 
Mol Med 12:2255-2262.

Saresella M, La Rosa F, Piancone F, Zoppis M, Marventano I, Calabrese E, Rainone 
V, Nemni R, Mancuso R, Clerici M (2016) The NLRP3 and NLRP1 inflammasomes 
are activated in Alzheimer’s disease. Mol Neurodegener 11:23.

Sbai O, Djelloul M, Auletta A, Ieraci A, Vascotto C, Perrone L (2022) AGE-TXNIP axis 
drives inflammation in Alzheimer’s by targeting Aβ to mitochondria in microglia. 
Cell Death Dis 13:302.

Scambler T, Jarosz-Griffiths HH, Lara-Reyna S, Pathak S, Wong C, Holbrook J, 
Martinon F, Savic S, Peckham D, McDermott MF (2019) ENaC-mediated sodium 
influx exacerbates NLRP3-dependent inflammation in cystic fibrosis. eLife 
8:e49248.

Sharma B, Satija G, Madan A, Garg M, Alam MM, Shaquiquzzaman M, Khanna 
S, Tiwari P, Parvez S, Iqubal A, Haque SE, Khan MA (2023) Role of NLRP3 
inflammasome and its inhibitors as emerging therapeutic drug candidate for 
Alzheimer’s disease: a review of mechanism of activation, regulation, and 
inhibition. Inflammation 46:56-87.

Shi J, Zhao Y, Wang K, Shi X, Wang Y, Huang H, Zhuang Y, Cai T, Wang F, Shao F (2015a) 
Cleavage of GSDMD by inflammatory caspases determines pyroptotic cell death. 
Nature 526:660-665.

Shi X, Zheng Z, Li J, Xiao Z, Qi W, Zhang A, Wu Q, Fang Y (2015b) Curcumin inhibits 
Aβ-induced microglial inflammatory responses in vitro: involvement of ERK1/2 
and p38 signaling pathways. Neurosci Lett 594:105-110.

Si ZZ, Zou CJ, Mei X, Li XF, Luo H, Shen Y, Hu J, Li XX, Wu L, Liu Y (2023) Targeting 
neuroinflammation in Alzheimer’s disease: from mechanisms to clinical 
applications. Neural Regen Res 18:708-715. 

Siedlecki-Wullich D, Català-Solsona J, Fábregas C, Hernández I, Clarimon J, Lleó 
A, Boada M, Saura CA, Rodríguez-Álvarez J, Miñano-Molina AJ (2019) Altered 
microRNAs related to synaptic function as potential plasma biomarkers for 
Alzheimer’s disease. Alzheimers Res Ther 11:46.

Swanson KV, Deng M, Ting JP (2019) The NLRP3 inflammasome: molecular 
activation and regulation to therapeutics. Nat Rev Immunol 19:477-489.

Taing K, Chen L, Weng HR (2023) Emerging roles of GPR109A in regulation of 
neuroinflammation in neurological diseases and pain. Neural Regen Res 18:763-
768. 

Tan MS, Liu Y, Hu H, Tan CC, Tan L (2022) Inhibition of caspase-1 ameliorates 
tauopathy and rescues cognitive impairment in SAMP8 mice. Metab Brain Dis 
37:1197-1205.

Tan MS, Tan L, Jiang T, Zhu XC, Wang HF, Jia CD, Yu JT (2014) Amyloid-β induces 
NLRP1-dependent neuronal pyroptosis in models of Alzheimer’s disease. Cell 
Death Dis 5:e1382.

Tang M, Taghibiglou C (2017) The mechanisms of action of curcumin in Alzheimer’s 
disease. J Alzheimers Dis 58:1003-1016.

Taşdelen E, Özel Kızıl ET, Tezcan S, Yalap E, Bingöl AP, Kutlay NY (2022) 
Determination of miR-373 and miR-204 levels in neuronal exosomes in 
Alzheimer’s disease. Turk J Med Sci 52:1458-1467.

Tiwari S, Atluri V, Kaushik A, Yndart A, Nair M (2019) Alzheimer’s disease: 
pathogenesis, diagnostics, and therapeutics. Int J Nanomedicine 14:5541-5554.

Vajjhala PR, Mirams RE, Hill JM (2012) Multiple binding sites on the pyrin domain 
of ASC protein allow self-association and interaction with NLRP3 protein. J Biol 
Chem 287:41732-41743.

Venegas C, Heneka MT (2019) Inflammasome-mediated innate immunity in 
Alzheimer’s disease. FASEB J 33:13075-13084.

Voet S, Srinivasan S, Lamkanfi M, van Loo G (2019) Inflammasomes in 
neuroinflammatory and neurodegenerative diseases. EMBO Mol Med 
11:e10248.

Volloch V, Rits-Volloch S (2023) The amyloid cascade hypothesis 2.0 for Alzheimer’s 
disease and aging-associated cognitive decline: from molecular basis to effective 
therapy. Int J Mol Sci 24:12246.

Vontell RT, de Rivero Vaccari JP, Sun X, Gultekin SH, Bramlett HM, Dietrich WD, 
Keane RW (2023) Identification of inflammasome signaling proteins in neurons 
and microglia in early and intermediate stages of Alzheimer’s disease. Brain 
Pathol 33:e13142.

Wang L, Zhen H, Sun Y, Rong S, Li B, Song Z, Liu Z, Li Z, Ding J, Yang H, Zhang X, Sun H, 
Nie C (2022) Plasma Exo-miRNAs correlated with AD-related factors of Chinese 
individuals involved in Aβ accumulation and cognition decline. Mol Neurobiol 
59:6790-6804.

Wang T, Long Q, Hu Y, Yang Y, Li X, Wei H (2023) miR-181c-5p suppresses neuronal 
pyroptosis via NLRP1 in Alzheimer’s disease. Behav Brain Res 447:114387.

White CS, Lawrence CB, Brough D, Rivers-Auty J (2017) Inflammasomes as 
therapeutic targets for Alzheimer’s disease. Brain Pathol 27:223-234.

Wu JJ, Yang Y, Wan Y, Xia J, Xu JF, Zhang L, Liu D, Chen L, Tang F, Ao H, Peng C 
(2022) New insights into the role and mechanisms of ginsenoside Rg1 in the 
management of Alzheimer’s disease. Biomed Pharmacother 152:113207.

Xia P, Chen J, Liu Y, Cui X, Wang C, Zong S, Wang L, Lu Z (2022) MicroRNA-22-3p 
ameliorates Alzheimer’s disease by targeting SOX9 through the NF-κB signaling 
pathway in the hippocampus. J Neuroinflammation 19:180.

Xia Y, Wang ZH, Zhang J, Liu X, Yu SP, Ye KX, Wang JZ, Ye K, Wang XC (2021) C/
EBPβ is a key transcription factor for APOE and preferentially mediates ApoE4 
expression in Alzheimer’s disease. Mol Psychiatry 26:6002-6022.

Yan Y, Yang H, Xie Y, Ding Y, Kong D, Yu H (2020a) Research progress on Alzheimer’s 
disease and resveratrol. Neurochem Res 45:989-1006.

Yan Y, Yan H, Teng Y, Wang Q, Yang P, Zhang L, Cheng H, Fu S (2020b) Long 
non-coding RNA 00507/miRNA-181c-5p/TTBK1/MAPT axis regulates tau 
hyperphosphorylation in Alzheimer’s disease. J Gene Med 22:e3268.

Yang F, Bettadapura SN, Smeltzer MS, Zhu H, Wang S (2022) Pyroptosis and 
pyroptosis-inducing cancer drugs. Acta Pharmacol Sin 43:2462-2473.

Yap JKY, Pickard BS, Chan EWL, Gan SY (2019) The role of neuronal NLRP1 
inflammasome in Alzheimer’s disease: bringing neurons into the 
neuroinflammation game. Mol Neurobiol 56:7741-7753.

Yin J, Zhao F, Chojnacki JE, Fulp J, Klein WL, Zhang S, Zhu X (2018) NLRP3 
inflammasome inhibitor ameliorates amyloid pathology in a mouse model of 
Alzheimer’s disease. Mol Neurobiol 55:1977-1987.

Yue Q, Hoi MPM (2023) Emerging roles of astrocytes in blood-brain barrier 
disruption upon amyloid-beta insults in Alzheimer’s disease. Neural Regen Res 
18:1890-1902. 

Zeng X, Geng W, Zhang Y, Yin J, Xu G, Yu M, Li L, Jia J (2023) Thioredoxin-1 inhibits 
the activation of IRE1 by targeting Hsp90/p-Cdc37 chaperone complex in 
Parkinson disease. Ageing Res Rev 90:102000.

Zeng XS, Geng WS, Chen L, Jia JJ (2018) Thioredoxin as a therapeutic target in 
cerebral ischemia. Curr Pharm Des 24:2986-2992.

Zeng XS, Zhou XS, Luo FC, Jia JJ, Qi L, Yang ZX, Zhang W, Bai J (2014) Comparative 
analysis of the neuroprotective effects of ginsenosides Rg1 and Rb1 extracted 
from panax notoginseng against cerebral ischemia. Can J Physiol Pharmacol 
92:102-108.

Zhai L, Shen H, Sheng Y, Guan Q (2021) ADMSC Exo-MicroRNA-22 improve 
neurological function and neuroinflammation in mice with Alzheimer’s disease. 
J Cell Mol Med 25:7513-7523.

Zhang D, Zhang Y, Pan J, Cao J, Sun X, Li X, Zhang L, Qin C (2023) Degradation of 
NLRP3 by p62-dependent-autophagy improves cognitive function in Alzheimer’s 
disease by maintaining the phagocytic function of microglia. CNS Neurosci Ther 
29:2826-2842.

Zhang H, Zheng Y (2019) β Amyloid hypothesis in Alzheimer’s disease: 
pathogenesis, prevention, and management. Zhongguo Yi Xue Ke Xue Yuan Xue 
Bao 41:702-708.

Zhang Q, Yan Y (2023) The role of natural flavonoids on neuroinflammation as a 
therapeutic target for Alzheimer’s disease: a narrative review. Neural Regen Res 
18:2582-2591. 

Zhang Y, Ding S, Chen Y, Sun Z, Zhang J, Han Y, Dong X, Fang Z, Li W (2021) 
Ginsenoside Rg1 alleviates lipopolysaccharide-induced neuronal damage by 
inhibiting NLRP1 inflammasomes in HT22 cells. Exp Ther Med 22:782.

Zhi Y, Jin Y, Pan L, Zhang A, Liu F (2019) Schisandrin A ameliorates MPTP-induced 
Parkinson’s disease in a mouse model via regulation of brain autophagy. Arch 
Pharm Res 42:1012-1020.

Zhu P, Li J, Fu X, Yu Z (2019) Schisandra fruits for the management of drug-induced 
liver injury in China: a review. Phytomedicine 59:152760.

C-Editor: Zhao M; S-Editor: Yu J, Li CH; L-Editor: Song LP; T-Editor: Jia Y 


	NRGR20241911.0.00020
	NRR-19-2400_Suppl1
	OPEN PEER REVIEW REPORT 1
	COMMENTS TO AUTHORS



