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The significance of NLRP3 and inclusion body myositis.

NLRP3 is a crucial component of the innate immune system, forming an inflammasome that 

drives inflammation through the activation of proinflammatory cytokines and cell death 

pathways. In inclusion body myositis (IBM) NLRP3 is markedly upregulated in muscle 

tissue, linking chronic inflammation and mitochondrial dysfunction to muscle weakness. 

The strong association between NLRP3 activation, altered mitophagy, and IBM severity 

highlights NLRP3's significance as both a biomarker and a potential therapeutic target.

NLRP3 activation drives muscle degeneration in inclusion body myositis through a cascade of 

chronic inflammation and impaired cellular maintenance. Overactivation of the NLRP3 

inflammasome in IBM muscle leads to increased production of proinflammatory 

cytokines, which stimulate muscle cell injury and promote protein aggregation within 

muscle fibers. Additionally, altered mitophagy disrupts the removal of damaged 

mitochondria, fueling oxidative stress and further NLRP3 activation in a vicious cycle 

that accelerates muscle weakness and atrophy, especially in type 2 fibres.
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factors.
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inflammasome is a central component of the interplay between inflammation and 
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Reactive oxygen species, derived from the cytosol or from mitochondria, can trigger 

inflammasome complexes, featuring as an important signal in their activation. 
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infection activates inflammasomes or pathogen evasion mechanisms to overlap the 

immune system and survive in an intracellular harmful environment avoiding this 
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understanding of how these intracellular microorganisms activate or inhibit the 

inflammasome sheds light on the development of therapeutic strategies.
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Mitochondrial DNA (mtDNA) escaping stressed mitochondria provokes inflammation 

via cGASSTING pathway activation and when oxidized (Ox-mtDNA), it binds cytosolic 

NLRP3, thereby triggering inflammasome activation. NLRP3 inflammasome activation 

follows a “two-step” route: priming and activation. Priming is initiated by Toll-like 

receptors (TLRs), which sense pathogen (PAMPs) or danger (DAMPs) associated 

molecular patterns and trigger nuclear factor kappa-lightchain-enhancer of activated B 
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cells (NF-κB)-induced NLRP3 and pro-IL-1β transcription. Activation entails NLRP3 

inflammasome assembly, Casp1 activation and IL-1β maturation. In addition to their key 

role in cell survival and death, mitochondria have emerged as central regulators of 

inflammation. Mitochondria and NLRP3 inflammasome intersect at multiple facets and 

in different diseases. Our results further establish mitochondria as primary targets for 

diverse NLRP3 activators.
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The NLRP3 inflammasome is a cytosolic complex that recognizes pathogenic insults and 

cellular perturbations. Its activation typically requires two signals: The first priming 

signal, activated by pattern recognition receptors or cytokine receptors, transcriptionally 

upregulates inflammasome components and post-translationally modifies NLRP3 from 

an auto-inhibitory to a signal-competent state. The second signal involves detecting 

numerous damage-associated molecular patterns (DAMPs) and pathogen-associated 

molecular patterns (PAMPs), leading to NLRP3’s interaction with the adaptor molecule 

ASC and procaspase-1, nucleating the inflammasome. Subsequent signaling drives the 

cleavage of caspase-1, promoting the maturation of IL-1β, IL-18, and gasdermin D, 

which mediates the release of proinflammatory cytokines and pyroptotic cell death.

Mitochondria, as hubs of the respiratory chain and oxidative phosphorylation complexes, 

influence the NLRP3 inflammasome in different aspects. Mitochondrial dysfunction 

results in the accumulation of reactive oxygen species (ROS) and the release of oxidized 

mitochondrial DNA (mtDNA), both potent initiators of NLRP3 nucleation.

Additionally, as central regulators of intrinsic apoptotic cell death, mitochondria play 

critical roles in deciding between apoptosis and pyroptosis, which remains undefined.
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systemic dimension relevant to IBM as an age-associated disease.
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Appropriate inflammasome activation is vital for the host to cope with foreign pathogens 

or tissue damage, while aberrant inflammasome activation can cause uncontrolled tissue 

responses that may contribute to various diseases, including autoinflammatory disorders, 

cardiometabolic diseases, cancer and neurodegenerative diseases. Therefore, it is 

imperative to maintain a fine balance between inflammasome activation and inhibition, 

which requires a fine-tuned regulation of inflammasome assembly and effector function. 

Recently, a growing body of studies have been focusing on delineating the structural and 

molecular mechanisms underlying the regulation of inflammasome signaling. In the 

present review, we summarize the most recent advances and remaining challenges in 

understanding the ordered inflammasome assembly and activation upon sensing of 

diverse stimuli, as well as the tight regulations of these processes. Furthermore, we 

review recent progress and challenges in translating inflammasome research into 

therapeutic tools, aimed at modifying inflammasome-regulated human diseases.


