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Amyloid beta (Aβ)-induced abnormal neuroinflammation is recognized as a major pathological feature of Alzheimer’s

disease (AD), which results in memory impairment. Research exploring low-grade systemic inflammation and its impact

on the development and progression of neurodegenerative disease has increased. A particular research focus has been

whether systemic inflammation arises only as a secondary effect of disease, or it is also a cause of pathology. The

inflammasomes, and more specifically the NLRP3 inflammasome, are crucial components of the innate immune system

and are usually activated in response to infection or tissue damage. 
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1. Alzheimer’s Disease and Inflammation

Alzheimer’s disease (AD) is the most common neurodegenerative disease in older people representing the most frequent

form of dementia worldwide . Although by 2050, the number of diagnoses is expected to reach 131.5 million, to date,

almost all clinical trials have failed—underling the need for further research of novel therapeutic approaches .

AD is mainly characterized by two pathological changes, the deposition of extracellular senile plaques of β-amyloid (Aβ)

protein, and the formation of intracellular neurofibrillary tangles (NFTs), due to the hyperphosphorylation of tau protein .

In physiological conditions, Aβ peptides are removed from the brain tissue both by degradation and by removal into

cerebrospinal fluid and blood vessels .

The abnormal accumulation of Aβ in the brain, especially the oligomeric form, is an early feature of AD and is usually

associated with neuronal loss, inflammatory responses, and oxidative stress . Recently, increasing evidence suggests a

central role of the immune system in the progression or even the origin of AD . Many studies highlighted the role of

neuroinflammation in the progression of AD, in which the release of inflammatory mediators can influence neuronal cells

and their function . Indeed, the inflammatory response has a crucial role in different neurodegenerative diseases, and it

is primarily driven by the microglia, which release cytokines causing chronic neuroinflammation . Microglia originate

from primitive macrophages and are the resident myeloid cells of the central nervous system (CNS). These cells not only

check for pathogens and cell debris in the parenchyma of the CNS, but also support homeostasis and brain plasticity,

being involved in the formation of neuronal connections during development . In physiological conditions, microglia

play a critical role in several developmental events, as the formation of neural circuits, synaptic pruning, and remodeling,

neurogenesis, clearing cellular debris, proteins aggregate, and pathogens . Microglia are the non-neuronal CNS

cells most closely related to changes observed in AD. Microglia remove by phagocytosis Aβ oligomers and protofibrils .

Aβ oligomers propagate into the brain parenchyma, arousing a stronger microglial response and memory impairment than

fibrils . Microglia immune response against Aβ oligomers in the hippocampus may be implicated in the pathogenesis of

late-onset AD . However, impairment in this capacity may lead to an adverse increase of Aβ species in the CNS, which

could then aggregate further into Aβ plaques. Moreover, Aβ peptide can bind to microglia’s receptors driving the

production of proinflammatory cytokines and chemokines . Different studies have shown in AD mouse models that

the increase of CD68, a marker for microglial activation, is associated with Aβ plaques . Furthermore, the fibrillar

form of Aβ can induce inflammasome activation in microglia, but less is known about the capacity of small Aβ oligomers

and protofibrils, that seem to be more neurotoxic, to activate the inflammasome in microglia . The extended

exposure of microglia to Aβ can impair their function, decreasing phagocytosis and reducing the capacity to extend

processes towards the lesioned tissue with the result that Aβ is inefficiently cleared from the neuronal tissue .

Different proinflammatory cytokines, like the tumor necrosis factor–α (TNF–α) or interleukin (IL)–1β, –6, –12 and –23,

maintain a state of microglial activation and they could trigger each other, leading to a positive feedback loop which

accelerates AD pathology . In particular, IL-1β induces IL-6, which is dramatically increased in AD patients .

This last cytokine may have a crucial role in AD, indeed not only a mutation in the gene encoding for IL-6 may result in a

late––onset disease, but it can also play a role in the synthesis and expression of amyloid precursor protein (APP) .
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Moreover, higher levels of IL-1β may affect tau hyperphosphorylation, and thus, aggravate AD pathology, impairing long

term potentiation (LTP) and memory formation . In physiological conditions, microglia have a critical role in maintaining

a healthy brain. Some structural variants of genes expressed on microglia and encoding for immune receptors, such as

TREM2, CD33, and CR1, have been associated with a higher risk of AD . Moreover, altered gene expression in

the regulation of the immune system in AD and its contribution to the pathology, support a pathogenic role of CNS–

resident myeloid cells, like microglia, in the evolution of the disease . Microglia dysfunction may occur not only by

mutations, but also consequently to a long–lasting Aβ exposure .

Regardless of the cause, altered microglia lose their beneficial and physiological functions to develop a detrimental,

senescent–like phenotype. In addition, when microglia become overactivated or reactive, they can induce detrimental

neurotoxic effects releasing numerous cytotoxic elements .

Inflammasomes are defined as ‘canonical’ when their assembly requires caspase-1, and as ‘non-canonical’ when their

assembly depends on human caspase-4 or caspase-5. As shown in Figure 1, proteins in the NLR family are constituted

of a central NOD domain, C–terminal leucine–rich repeats (LRRs), and N–terminal caspase recruitment domains (CARD)

or pyrin domains (PYD). These sensors initiate the assembly of canonical inflammasomes by recruiting caspase-1, with or

without the ASC adaptor in an ATP–dependent manner .

Figure 1. Schematic representation of the inflammasome’s components. Inflammasome contains a C–terminal LRR

domain, an N–terminal CARD or PYD domain, and a central NOD domain. ASC consists of an N–terminal PYD and a C–

terminal CARD. Once activated, inflammasome acts as a sensor molecule and connects to ASC via the PYD–PYD

interaction. Finally, ASC recruits pro-caspase-1 via CARD–CARD interaction, which promotes the self–cleavage and the

activation of pro-caspase-1.

2. NLRP3 and Aβ

NLRP3 is ubiquitously expressed in CNS, and it has been found to be highly expressed in the brain of AD patients . To

date, no data is available about the possible pharmacological approach in AD based on the inhibition of NLRP3. Misfolded

protein aggregates, like Aβ depositions, can promote NLRP3 activation by increasing the expression of the major

histocompatibility complex II (MHC–II) on the cell surface .

After its activation, the NLRP3 inflammasome increases the release of active caspase-1, and the subsequent secretion of

IL-1β and IL-18, which may result in chronic inflammatory responses, neuronal death, and pyroptosis in the CNS . On

the other hand, the inhibition of IL-1β signaling may contribute to disease–modifying effects, as shown by the expression

of IL-1β in Aβ–plaque, associated with microglial cells . Evidence suggests that the levels of active caspase-1 and

IL-1β increase in the microglia of AD animal models and patients, and it can be associated with the onset and progression

of the pathology . Moreover, patients with amyloidosis showing cognitive impairments present higher levels of

proinflammatory cytokines and lower levels of IL-10 in the serum, as compared to patients without brain amyloidosis .

In this view, the activation of microglia in the hippocampus may influence the cytokine profiles in the serum, and this

activation may result in a decrease of IL-10 levels . Indeed, emerging evidence indicates that IL-10 may act in a

negative feedback loop to regulate the NLRP3 inflammasome during chronic stimulations .

An interesting study by Lučiūnaité et al. shows that soluble, low molecular weight Aβ oligomers and protofibrils, with a

maximum size of 5 nm, can activate the NLRP3 inflammasome in microglia . The study shows that small Aβ fragments

activate murine microglia without altering their viability, suggesting that these species can induce an innate immune

response prior to their deposition in amyloid plaques. Moreover, the authors investigate whether soluble Aβ species were

able to activate the NLRP3 inflammasome. Indeed, as fibrillary Aβ can act as DAMP and activate the NLRP3

inflammasome, also small soluble Aβ oligomers and protofibrils may activate all components of the NLRP3 inflammasome

too, inducing an early neuroinflammatory response . Additionally, the activation of the NLRP3 inflammasome boosts

Aβ aggregation by reducing phagocytosis .

In AD, the presence of Aβ plaques recruits microglia to phagocyte the aggregated forms, especially oligomers and fibrils.

This condition induces the activation of the NLRP3 inflammasome, with a subsequent release of proinflammatory

cytokines, as IL-1β, and potentially neurotoxic factors. In turn, cytokines and factors released to enhance the neurotoxic
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effects of Aβ and worsen the pathological processes of AD . It has been described that the NLRP3 inflammasome

might be essential for the immune responses in AD. Indeed, Halle et al. showed that Aβ increased the activation of the

NLRP3 inflammasome in microglial cells . This hypothesis is also confirmed by Heneka et al., who showed in APP/PS1

mice, that Aβ can activate NLRP3 inflammasome in microglia, inducing an inflammatory M1 phenotype, characterized by

an elevated expression of proinflammatory factors, resulting in increased hippocampal and cortical Aβ deposition,

neuronal loss, and cognitive impairment. Interestingly, NLRP3 activation in APP/PS1 mice occurs only in microglia

associated with the presence of Aβ plaques depositions; underlying that microglia–specific NLRP3 activation contributes

to AD pathogenesis. However, in this transgenic model, mice with deletions for NLRP3 or caspase-1 show a reduced

impairment in spatial memory abilities and a lower inflammatory response. Moreover, the deletion induces microglia anti-

inflammatory M2 phenotype, with decreased caspase-1 and IL-1β secretion, reduced amyloid depositions, and improved

cognitive functions .

Another study conducted by Venegas et al. on APP/PS1 mice showed that the intrahippocampal injection of ASC

fragments promotes Aβ plaque formation and accumulation, but it failed to induce Aβ pathology in ASC–deficient mice .

Moreover, ASC or NLRP3 deficiencies have been associated with a decreased tau pathology and protected tau transgenic

mice against cognitive impairment . Another study has shown that the suppression of IL-1β in the triple transgenic (3 ×

Tg) mouse model of AD restores cognitive abilities, reduces tau pathology, and reestablishes the function of the neuronal

beta–catenin pathway . In this view, the specific abnormal activation of NLRP3 in microglia induces chronic

neuroinflammation in AD, leading to microglial Aβ phagocytic dysfunction and neuronal damage. However, this process

might be altered by a damage to the inflammasome. In summary, clarifying the links between innate immune activation

and microglia–dependent NLRP3 inflammasome activation may explain the functional role of NLRP3 in AD. Its regulation

may reduce neuroinflammation in AD, and therefore, be a novel therapeutic strategy for this disease.

A recent study demonstrates that NLRP3 inflammasome plays a critical role in a mouse model of sporadic AD. Results

showed that the intracerebroventricular (icv) injection of streptozotocin (STZ) activated the NLRP3 inflammasome,

reduced Aβ clearance, and induced neuronal loss and cognitive impairment. Moreover, the inflammatory response

enhanced the activation of NLRP3, amplifying the microglial reaction, and worsening the pathological damage.

Interestingly, the inhibition or depletion of microglial NLRP3 reversed these effects .

All these findings highlighted a fundamental role of the NLRP3 inflammasome in the progression of AD and suggested

that the pharmacological inhibition of the NLRP3 may represent a turning point in treating neurodegenerative diseases.

3. NLRP3 and Infections

A multitude of viruses can cause severe diseases, such as hepatitis C virus (HCV), human immunodeficiency virus–1

(HIV–1), and influenza A virus (IAV). For this reason, the host has evolved highly conserved sensors, named PRRs, to

remove invading viruses activating antiviral immune response . Moreover, the role of the NLRP3 inflammasome is

essential for the antiviral immune responses. Indeed, several viruses induce early activation of NLRP3, which reduces

viral replication and decreases mortality in mouse models . In physiological conditions, NLRP3 levels are low to prevent

aberrant inflammasome activation. In the case of viral infection, NF–κB signaling is activated through PRRs–dependent

pathways, which induce IFN–β or TNF–α activation that, in turn, activate NF–κB to initiate the NLRP3 inflammasome

response . To the best of our knowledge, a specific ligand able to bind directly to NLRP3 is not known. The activation of

the inflammasome is usually associated with PAMPs and DAMPs. Interestingly, also small viral components could activate

the NLRP3 inflammasome inducing IL-1β secretion in macrophages . ROS formation and cellular homeostasis are

fundamental for the NLRP3 inflammasome activation, as potassium (K ) or calcium (Ca ) efflux or influx are established

activators that lead to mitochondria damage and ROS formation, potentiating the NLRP3 inflammasome activation 

.

We have already explained as Aβ formation may induce the NLRP3 inflammasome activation. Interestingly, the open

reading frame 8b (ORF8b) of the severe acute respiratory syndrome coronavirus–2 (SARS–CoV–2) forms intracellular

aggregates that represent a danger signal able to induce endoplasmic reticulum stress and lysosomal damage, resulting

in the NLRP3 inflammasome activation . Several studies showed that the NLRP3 inflammasome and IL-1β are

implicated in the inflammatory response during lung injury and acute respiratory distress syndrome (ARDS) . Indeed,

middle east respiratory syndrome–related coronavirus (MERS CoV), SARS–CoV, and influenza patients with ARDS not

only show higher levels of IL-1β in bronchoalveolar fluid and plasma as compared to healthy controls, but this condition is

also associated with worse clinical outcomes . Indeed, the aberrant activation of NLRP3 and downstream

mediators often lead to pathological tissue injury during infection . For example, several studies have highlighted its

important role in relation to the pathogenesis of ARDS, which is driven by the same proinflammatory cytokines released
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by the inflammasome . Interestingly, animals lacking in inflammasome’s components showed reduced lung injury and

increased survival rate following influenza infection . A recent study by Blanco–Melo et al. demonstrated that SARS–

CoV–2 infection induced the expression of many cytokines and chemokines, including TNF–α, IL-6, and IL-1β,

contributing to the tissue damage . Even more interestingly, this pathological immune response is characterized by a

hyperinflammatory microenvironment limited to the site of tissue injury. With the development of the inflammatory

cascade, IL-1β and TNF–α induce the secretion of further NLRP3 cytokines, such as IL-6, which, owing to the loss of

vascular integrity, can be detected in the peripheral blood and may activate the NLRP3 inflammasome in other

immunological pathways .

In conclusion, NLRP3 activation and associated inflammation are a double–edged sword in the antiviral host defense. The

modulation of NLRP3 inflammasome activity may be a promising approach to counteract viral diseases and the

subsequent inflammatory reactions.
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