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Abstract: Patients with asthma frequently experience recurrent symptoms including coughing, wheezing, shortness of breath, and 
chest tightness. Asthma is a common public health concern. It is characterized by chronic airway inflammation. However, The 
pathogenesis of asthma is complex. Inflammasomes are signaling platforms that regulate the inflammatory response. There is 
a correlation between inflammasomes and asthma. Pattern recognition receptors recognize danger signals and participate in inflamma
some activation. Nucleotide-binding and oligomerization domain-containing 2 (NOD2), a pattern recognition receptor, senses micro
bial components and triggers immune responses. There have been studies showing a correlation between NOD2 and asthma. The 
nucleotide-binding oligomerization domain-like receptor containing pyrin domain 3 (NLRP3) participates in the formation of 
inflammasomes. NLRP3 are involved in asthma pathogenesis. In this review, we discuss the roles of NOD2 and NLRP3 in the 
pathogenesis of asthma. 
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Introduction
Asthma is a common chronic respiratory disease in the world, which increases the burden to family and society. Asthma 
impacts nearly 300 million globally, with around 1000 daily deaths attributed to this critical health challenge.1 Asthma 
attacks often result in coughing, wheezing, shortness of breath, and tightness.2 Recurrent asthma attacks significantly 
impair patients’ quality of life. Common triggers of asthma include air pollution, allergens, viral respiratory infections, 
weather changes and exercise.3–7 Chronic airway inflammation is a pathological feature of asthma.8 Asthma is believed 
to be a heterogeneous disease that is affected by the environment and heredity.9 Cells involved in airway inflammation 
include T helper cells, lymphocytes, eosinophils, mast cells, basophils, macrophages, epithelial cells, dendritic cells, 
goblet cells, fibroblasts, smooth muscle cells, neuronal cells, and endothelial cells.10,11

NOD-like receptors (NLRs) are a group of pattern recognition receptors. The NLRs family has 22 members in 
humans and 34 in mice.12 The expression of NLRs in the cell nucleus and cytoplasm plays an important role in 
inflammation and immune response.13,14 NLRs can induce an inflammatory immune response by sensing molecules 
associated with infection and tissue damage.14 Previous studies have suggested that NLRs based inflammasomes exhibit 
an immune response mechanism that enhances the response to pollutants.3 This suggests that NLRs may be involved in 
asthma pathogenesis.

The nucleotide-binding oligomerization domain-like receptor containing pyrin domain 3 (NLRP3) and nucleotide- 
binding and oligomerization domain-containing 2 (NOD2) are members of the NLRs family.15 Recent studies have 
suggested that pathogens and allergens can activate NLRP3.16 Interestingly, NLRP3 contributes to Th2 cell 
differentiation.17 Both NLRP3 and NOD2 are involved in the immune defence response to viral infection.18,19 In fact, 
viral infection of the respiratory tract is one of the triggers for asthma attacks. It has been confirmed that NOD2 and 
NLRP3 are closely associated with asthma pathogenesis of asthma.20,21 In this review, we describe the functional 
characteristics of NOD2 and NLRP3 in asthma pathogenesis and explore the functional relationship between NOD2 and 
NLRP3. We propose a new approach to explore the pathogenesis of asthma through the NOD2-NLRP3 signalling 
pathway.
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NOD2 and Immune Reaction
Functional characteristics of NOD2 were first identified in 2001.22 NOD2 is located on human chromosome 16 q12, and 
contains 18 coding exons. NOD2 is widely expressed in human tissues. NOD2 is a cytoplasmic protein mainly expressed 
in monocytes.23 Some studies have found that other cells could express NOD2, including epithelial cells, eosinophils, 
basophils, and neutrophils.24–27 It had been reported that NOD2 responds to microbial infections. SLC15A3 transports 
microbial products across endosomal membranes to NOD2.28 Additionally, some studies have explored the relationship 
between B cells and endoplasmic reticulum inflammation. The IRE1α/TRAF2 signaling pathway provides a new 
connection between endoplasmic reticulum stress inflammation and NOD2 in innate immune responses.29 Singh et al 
found that parkin targets NOD2 in astrocytes to regulate endoplasmic reticulum stress and inflammatory responses.30

NOD2 deficiency enhances the ability of mouse CD4+ T cells to produce IL-17, which promotes inflammation and 
participates in the pathogenesis of asthma.31 Compared with wild-type mice, the microbial composition of the intestinal 
tract of mice with NOD2 deficiency is altered.32 The expression level of NOD2 mRNA in the central nervous system is 
increased in mice infected with Streptococcus pneumoniae.33 Travassos et al suggested that NOD2 recruits the autophagy 
protein ATG16L1 to defend against invading bacteria in the plasma membrane.34 Respiratory syncytial virus infection 
enhances NOD2 signal transduction in an IFN-β-dependent manner in primary human cells.35 The question of whether 
NOD2 effects the microecology of the lung microenvironment warrants further exploration.

Moreover, NOD2 has been reported to be involved in eosinophil activation.24 A study demonstrated that bacterial 
infection activated NOD2, which triggered allergic asthma by promoting eosinophil-bronchial epithelial cell interactions 
in inflamed airways.36 In ovalbumin-induced mouse models, NOD2 agonist promoted increased IgE levels.37 These 
indicate the mechanism by which NOD2 is involved in allergic reactions.

NOD2 and Airway Allergen Tolerance
There is tolerance in the airway when exposed to harmful environmental antigens.38 However, in the case of asthma, 
environmental antigens can cause airway eosinophilia, mucus hypersecretion, and airway hyperresponsiveness.39 It has 
been suggested that the induction of airway tolerance is blocked by nod2 through the OX40 ligand IL-25 and Thymic 
stromal lymphopoietin (TSLP).40,41 Regulatory T Cells play an important role in airway allergen tolerance.42 The NOD2 
ligand changes the balance between regulatory T and TH2 cells, which subsequently leads to increased susceptibility to 
eosinophilic airway inflammation.40 Poole et al designed a study in which monocytes/macrophages were exposed to an 
organic dust extract from a swine facility and explored the role of NOD2 in complex organic dust reactions.43 The 
expression of NOD2 induced by organic dust depends on NF-κB signalling, and NOD2 is a negative regulator of dust- 
induced inflammatory cytokines produced by monocyte phagocytes. Therefore, NOD2 might play an important role in 
airway allergic tolerance. At present, it is the mechanism of antigen immune tolerance that is used to desensitize and 
reduce the incidence of asthma.44 Therefore, NOD2 could be a potential target for the treatment of allergic asthma.

NOD2 and Asthma
NF-κB contributes to the pathogenesis of airway inflammation in asthma.45 NOD2 recognizes muramyl dipeptide (MDP), 
which is the basic bacterial structure that activates the NF-κB pathway and induces an immune response in the host.46–48 

Activation of NF-kB by NOD2 depends on a common downstream regulatory molecule receptor interacting serine/ 
threonine kinase 2 (RIP2).49 Subsequently, the produced pro-inflammatory mediators (such as iNOS, COX-2, TNF-α, and 
IL-1β) are involved in airway inflammatory responses.50 Several studies have investigated the relationship between 
NOD2 and asthma. A previous study confirmed that bacterial infection mediates the activation of Nod1/2 to trigger 
allergic asthma by the interaction of eosinophils and bronchial epithelial cells in the inflamed airway.36 Genetic 
polymorphisms have suggested that the rs3135499 polymorphism of the NOD2 gene might be associated with suscept
ibility to asthma in the Chinese Han population.51 It was found that the expression of NOD2 was down regulated in 
CCR3+ granulocytes of patients with asthma.52 Gaballah et al showed that compared with the healthy control group, the 
expression of NOD2 mRNA in peripheral blood mononuclear cells decreased in patients with atopic asthma, and 
downregulation of NOD2 expression was related to the severity of asthma.20 However, another study suggested that 
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upregulation of NOD2 expression was observed in lung tissue and airway smooth muscle cells in patients with asthma.53 

In addition, a study with different results showed that there were no significant differences in the levels of NOD2 mRNA 
and protein between asthma and healthy groups.54 Heterogeneity in results could be influenced by the patient popula
tions, clinical phenotypes, and the types of specimens examined. Whether there is a difference in the expression of NOD2 
between different asthma phenotypes requires further investigation.

NLRP3 and Immune Reaction
NLRP3 plays an important role in innate immunity.55 There were results indicate that NLRP3 played a key transcription 
factor in the process of Th2 differentiation.17 Further studies have revealed that NLRP3 is involved in the inflammatory 
response of Th2 and Th17 in asthmatic mice by inducing the expression and secretion of high-mobility group B1 
(HMGB1).56 Activated NLRP3 recruits apoptosis-associated speck-like protein containing a caspase recruitment domain 
(PYCARD) and cysteinyl aspartate-specific proteinase-1 (Caspase-1) to form a protein complex called NLRP3 
inflammasome.57 NLRP3 inflammasome, a molecular platform, was discovered in 2002.57 Upon detecting environmental 
changes, the NLRP3 inflammasome activates and induces IL-1β and IL-18 secretion.58,59 Interestingly, Nek7 is involved 
in the downstream discharge of potassium and plays an important role in the assembly and activation of NLRP3 
inflammasome.60,61 As an RNA binding protein, tristetraprolin may regulate NLRP3 transcription by reactive oxygen 
species (ROS) level during metabolism.62 NLRP3 inflammasome is related to a variety of inflammatory diseases and 
involves the following four categories: genetic-related autoimmune diseases, metabolic disorders, diseases driven by the 
formation of crystals or aggregates, acute tissue injury, and chronic inflammation.63

NLRP3 and Acute Lung Injury
Grailer et al showed that the NLRP3 inflammasome plays a positive feedback role in the mechanism of inflammatory 
transmission in acute lung injury in mice.64 Research has demonstrated for hyperoxia-induced acute lung injury that 
inflammatory response and apoptosis of lung epithelial cells were inhibited in NLRP3 deficient mice.65 It had been found 
that the mechanism of NLRP3 inflammasome in acute lung injury was regulated by a series regulatory factors, such as 
melatonin, vimentin, Heme oxygenase-1, p120-catenin, PTEN-induced putative kinase 1 (PINK1) and carbon monoxide- 
releasing molecule-2 (CORM-2).66–71 NLRP3 can be used as a therapeutic target for the inflammatory response to lung 
injury via various regulatory factors.

NLRP3 and Asthma
A previous study showed that NLRP3 participates in ovalbumin-mediated allergic airway inflammation independently of 
the inflammasome.21 However, Allen et al suggested that NLRP3 had no significant effect on alum-free ovalbumin- 
induced allergic airway inflammation in mice.72 The inconsistency in the experimental results above may stem from 
differences in the induced model methodologies. A study using antibiotics to disrupt commensal bacteria suggested that 
certain commensal bacteria could aggravate OVA-induced allergic asthma through NLRP3/IL-1β signalling.73 In OVA- 
induced asthmatic mice, inhibitors, including atractylenolide III and Apolipoprotein, significantly inhibit the activation of 
the NLRP3 inflammatory response.74,75 Further studies on NLRP3 and allergic asthma will be helpful in understanding 
the pathogenesis of asthma.

Studies of neutrophilic asthma have also been conducted. Studies have shown that NLRP3 inflammasome expression 
is upregulated in neutrophilic asthma phenotype.76–79 The NLRP3 inflammasome-mediated IL-1β response contributes to 
neutrophilic inflammation and airway hyperresponsiveness in severe, steroid-resistant asthma.80 MiR-223 target NLRP3, 
and neutrophil airway inflammation can be relieved in a mouse model of neutrophilic asthma.81 These studies suggest 
that NLRP3 is involved in the pathogenesis of neutrophil asthma and may be used as a therapeutic target.

Other studies have confirmed that NLRP3 is also associated with asthma. Kim et al suggested that the highly selective 
NLRP3 specific inhibitor MCC950 may contribute to the treatment of severe hormone-resistant asthma.80 Han et al found 
that NLRP3 inflammasome is involved in the molecular mechanism of rhinovirus-induced asthma exacerbation.82 

Without dependence on the functional platform of the inflammasome, NLRP3 can promote the polarization of M2 
macrophages by upregulating the expression of IL-4 and thus participates in the regulation of asthma.83
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Airway hyperresponsiveness is a characteristic manifestation of asthma. Activation of the NLRP3 inflammasome is 
regulated by Apolipoprotein E and ATP/P2X7 axis to participate in the mechanism of airway hyper-responsiveness in 
mouse models.56,75 The rs4612666 polymorphism of NLRP3 is related to the symptoms of airway hyperresponsiveness 
induced by aspirin in Japanese patients with asthma.84 However, Allen et al revealed that NLRP3 had no significant 
effect on airway hyperresponsiveness in allergic asthmatic mice.72 In mouse models, the results of studies on NLRP3 and 
airway hyper-responsiveness have been inconsistent. The discrepancies may be related to experimental conditions and 
disease severity. The correlation between NLRP3 and airway hyperresponsiveness requires more systematic and 
comprehensive studies.

Relationship Between NOD2 and NLRP3
A previous study suggested that the biological mechanism of IL-1 β production induced by MDP requires NOD2 and 
NLRP3.85 Under the same conditions, Wagner et al applied the comprehensive yeast two-hybrid method to analyze Nod- 
like receptor (NLR) protein-protein interactions.86 The results showed that the CARD domains (CARD1+2) of NOD2 
interacted with the PYD domain and linker region of NLRP3. RIPK2-mediated autophagy induction in influenza A virus- 
infected cells and mice inhibits NLRP3 inflammasome activation, reduces inflammatory cytokine production, and 
attenuates neutrophil recruitment.87 Another study has confirmed this result. Lupfer et al suggested that the NOD2- 
RIP2 pathway may contribute to the inhibition of NLRP3 inflammasome activation during intestinal pathogen 
infection.88 Other studies have also explored the relationship between NOD2 and NLRP3.

Kim et al demonstrated that TLR2 and NOD2 contribute to the induction of pro-IL1β and NLRP3 in dendritic cells 
infected with H. pylori.89 In a mouse model, the absence of the NOD2 gene was related to a decrease in NLRP3 
expression induced by Coxsackievirus B3.90 Shi et al suggested that NOD2 positively regulates NLRP3.91 

Additionally, the NOD2 ligand MDP upregulates human beta-defensin 2 (hBD2) and inflammatory cytokines, which 
are dependent on the NLRP3 inflammasome in human dental pulp cells.92 These studies indicate a close correlation 
between NOD2 and NLRP3.

mtDNA can act as a signal from the mitochondria to the nucleus to activate the main innate immune signaling 
pathway, which indicates that cells are undergoing major damage, thus reminding them of major damage. The 
mitochondrial outer membrane is a platform for the signal transduction of the mitochondrial antiviral signaling protein 
(MAVS) and the NLRP3 inflammasome.93 Indeed, the N-terminal residue of NLRP3 constitutes the minimum sequence 
that mediates NLRP3-MAVS interaction.94 As a mitochondrial-related adaptor molecule, MAVS mediates the recruit
ment of NLRP3 to the mitochondria, activation of the NLRP3 inflammasome, and promotion of IL-1β and IL-18 
production.94 Interestingly, after virus-induced asthma attacks, elevated levels of IL-1β and IL-18 were detected.95–97 IL- 
1β is involved in steroid-resistant neutrophilic inflammation and airway hyperresponsiveness in asthma.80 IL-18 is 
involved in airway inflammation (Th1 inflammatory pathways and Th2 inflammatory pathways), airway hyperrespon
siveness and mucus metaplasia in asthma.98 A previous study suggested that Sendai virus-induced the activation of 
MAVS promotes NLRP3 activation by enhancing mitochondrial reactive oxygen species (ROS) sensing.99 Viral infection 
triggers elevated mitochondrial ROS production, which depends on NOD2.100,101 Another study found that virus 
infection promoted the interaction between NOD2 and MAVS to activate antiviral response.102 These results suggest 
that MAVS may act as a bridge between the NOD2 and NLRP3 signaling pathways (Figure 1).

Conclusion
NLRs are essential for the recognition of molecular patterns related to microorganisms and danger signals, and have the 
ability to elicit immune responses through the formation of inflammasomes and activation of inflammatory signaling 
pathways. NOD2 and NLRP3, as typical members of the NLRs family, are closely associated with asthma. There may be 
an NOD2-NLRP3 signaling pathway that is mediated by MAVS. Therefore, it is valuable to investigate the relationship 
between oxidative stress-induced lung damage and the NOD2-NLRP3 signaling pathway in harmful factor-induced 
asthma exacerbations. Further investigation of the NOD2-NLRP3 signaling pathway’s biological functions may con
tribute to identifying novel therapeutic targets for asthma.

https://doi.org/10.2147/JAA.S526788                                                                                                                                                                                                                                                                                                                                                                                                                                                               Journal of Asthma and Allergy 2025:18 772

Cai                                                                                                                                                                                    

Powered by TCPDF (www.tcpdf.org)



Abbreviations
NOD2, nucleotide-binding and oligomerization-domain containing 2; NLRP3, nucleotide-binding oligomerization 
domain-like receptor containing pyrin domain 3; NLRs, NOD-like receptors; PYCARD, apoptosis-associated speck- 
like protein containing a caspase recruitment domain; Caspase-1, cysteinyl aspartate-specific proteinase-1; MDP, 
muramyl dipeptide; RIP2, receptor interacting serine/threonine kinase 2; ROS, reactive oxygen species; PINK1,PTEN- 
induced putative kinase 1; CORM-2, carbon monoxide-releasing molecule-2; hBD2, human beta defensin 2; MAVS, 
mitochondrial antiviral signalling protein.

Funding
This study was supported by the Medical Research Project of the Jiangsu Commission of Health (no. Z2019002); 
Clinical Research Project of Jiangsu Medical College (No.20229115).

Disclosure
The author declares no potential conflicts of interest in this work.

References
1. Global Initiative for Asthma. Global strategy for asthma management and prevention [Internet]. Available from: http://www.ginasthma.org. Accessed 

January 31, 2025.
2. Klain A, Giovannini M, Pecoraro L, et al. Exercise-induced bronchoconstriction, allergy and sports in children. Ital J Pediatr. 2024;50(1):47. 

doi:10.1186/s13052-024-01594-0
3. Miller RL, Peden DB. Environmental effects on immune responses in patients with atopy and asthma. J Allergy Clin Immunol. 2014;134 

(5):1001–1008. doi:10.1016/j.jaci.2014.07.064

MAVS 

NOD2 

Viral RNA 

NLRP3 

PYCARD pro-caspase1 

caspase1 

NLRP3 

pro-IL-1β pro-IL-18 

IL-1β IL-18 

inactivate 

NLRP3 inflammasome 

mitochondria 

Steroid-resistant neutrophilic inflammation 
Airway hyperresponsiveness  

Asthma 
airway Airway inflammation 

Airway hyperresponsiveness 

Th1 inflammatory pathways 

Th2 inflammatory pathways 

Mucus metaplasia 

ROS 

Figure 1 NOD2 identifies virus related dangerous molecules and transmits the signal to MAVS. MAVS mediates the recruitment of NLRP3 to mitochondria and promotes 
the activation of NLRP3. Activated NLRP3 recruits PYCARD and pro-caspase1 to form NLRP3 inflammasome. Subsequently, activated caspase1 promotes the release of IL- 
1β and IL-18.

Journal of Asthma and Allergy 2025:18                                                                                            https://doi.org/10.2147/JAA.S526788                                                                                                                                                                                                                                                                                                                                                                                                    773

Cai

Powered by TCPDF (www.tcpdf.org)

http://www.ginasthma.org
https://doi.org/10.1186/s13052-024-01594-0
https://doi.org/10.1016/j.jaci.2014.07.064


4. Sheehan WJ, Phipatanakul W. Indoor allergen exposure and asthma outcomes. Curr Opin Pediatr. 2016;28(6):772–777. doi:10.1097/ 
MOP.0000000000000421

5. Frati F, Salvatori C, Incorvaia C, et al. The role of the microbiome in asthma: the gut–lung axis. Int J Mol Sci. 2019;20(1):123. doi:10.3390/ 
ijms20010123

6. Del Giacco SR, Firinu D, Bjermer L, et al. Exercise and asthma: an overview. Eur Clin Respir J. 2015;2(1):27984. doi:10.3402/ecrj.v2.27984
7. Poole JA, Barnes CS, Demain JG, et al. Impact of weather and climate change with indoor and outdoor air quality in asthma: a Work Group 

Report of the AAAAI Environmental Exposure and Respiratory Health Committee. J Allergy Clin Immunol. 2019;143(5):1702–1710. 
doi:10.1016/j.jaci.2019.02.018

8. Hammad H, Lambrecht BN. The basic immunology of asthma. Cell. 2021;184(6):1469–1485. doi:10.1016/j.cell.2021.02.016
9. Bisoffi L, Sassudelli G, Agostinis F, et al. Pediatric asthma and altitude: a complex interplay between different environmental factors. Ital 

J Pediatr. 2024;50(1):42. doi:10.1186/s13052-023-01492-x
10. Mims JW. Asthma: definitions and pathophysiology. Int Forum Allergy Rhinol. 2015;5(S1):S2–S6. doi:10.1002/alr.21609
11. Fehrenbach H, Wagner C, Wegmann M. Airway remodeling in asthma: what really matters. Cell Tissue Res. 2017;367(3):551–569. doi:10.1007/ 

s00441-016-2566-8
12. Motta V, Soares F, Sun T, et al. NOD-like receptors: versatile cytosolic sentinels. Physiol Rev. 2015;95(1):149–178. doi:10.1152/ 

physrev.00009.2014
13. Alhazmi A. NOD-like receptor(s) and host immune responses with Pseudomonas aeruginosa infection. Inflamm Res. 2018;67(6):479–493. 

doi:10.1007/s00011-018-1132-0
14. Kim YK, Shin J, Nahm MH. NOD-like receptors in infection, immunity, and diseases. Yonsei Med J. 2016;57(1):5. doi:10.3349/ 

ymj.2016.57.1.5
15. Fu J, Wu H. Structural mechanisms of NLRP3 inflammasome assembly and activation. Annu Rev Immunol. 2023;41(1):301–316. doi:10.1146/ 

annurev-immunol-081022-021207
16. Patel S. Inflammasomes, the cardinal pathology mediators are activated by pathogens, allergens and mutagens: a critical review with focus on 

NLRP3. Biomed Pharmacother. 2017;92:819–825. doi:10.1016/j.biopha.2017.05.126
17. Bruchard M, Rebé C, Derangère V, et al. The receptor NLRP3 is a transcriptional regulator of TH2 differentiation. Nat Immunol. 2015;16 

(8):859–870. doi:10.1038/ni.3202
18. Dominguez-Martinez DA, Nunez-Avellaneda D, Castanon-Sanchez CA, et al. NOD2: activation during bacterial and viral infections, 

polymorphisms and potential as therapeutic target. Rev Invest Clin. 2018;70(1):18–28. doi:10.24875/RIC.17002327
19. Shrivastava G, León-Juárez M, García-Cordero J, et al. Inflammasomes and its importance in viral infections. Immunol Res. 2016;64(5–

6):1101–1117. doi:10.1007/s12026-016-8873-z
20. Gaballah HH, Gaber RA, Sharshar RS, et al. NOD2 expression, DNA damage and oxido-inflammatory status in atopic bronchial asthma: 

exploring their nexus to disease severity. Gene. 2018;660:128–135. doi:10.1016/j.gene.2018.03.061
21. Wang L, Zha B, Shen Q, et al. Sevoflurane inhibits the Th2 response and NLRP3 expression in murine allergic airway inflammation. J Immunol 

Res. 2018;2018:1–8.
22. Ogura Y, Inohara N, Benito A, et al. Nod2, a Nod1/Apaf-1 family member that is restricted to monocytes and activates NF-κB. J Biol Chem. 

2001;276(7):4812–4818. doi:10.1074/jbc.M008072200
23. Ogura Y, Bonen DK, Inohara N, et al. A frameshift mutation in NOD2 associated with susceptibility to Crohn’s disease. Nature. 2001;411 

(6837):603–606. doi:10.1038/35079114
24. Kvarnhammar AM, Petterson T, Cardell LO. NOD-like receptors and RIG-I-like receptors in human eosinophils: activation by NOD1 and 

NOD2 agonists. Immunology. 2011;134(3):314–325. doi:10.1111/j.1365-2567.2011.03492.x
25. Ekman AK, Cardell LO. The expression and function of Nod-like receptors in neutrophils. Immunology. 2010;130(1):55–63. doi:10.1111/ 

j.1365-2567.2009.03212.x
26. Uehara A, Fujimoto Y, Fukase K, et al. Various human epithelial cells express functional Toll-like receptors, NOD1 and NOD2 to produce 

anti-microbial peptides, but not proinflammatory cytokines. Mol Immunol. 2007;44(12):3100–3111. doi:10.1016/j.molimm.2007.02.007
27. Qiu HN, Wong CK, Chu IMT, et al. Muramyl dipeptide mediated activation of human bronchial epithelial cells interacting with basophils: 

a novel mechanism of airway inflammation. Clin Exp Immunol. 2013;172(1):81–94. doi:10.1111/cei.12031
28. Bonham KS, Kagan JC. Endosomes as platforms for NOD-like receptor signaling. Cell Host Microbe. 2014;15(5):523–525. doi:10.1016/j. 

chom.2014.05.001
29. Keestra-Gounder AM, Byndloss MX, Seyffert N, et al. NOD1 and NOD2 signalling links ER stress with inflammation. Nature. 2016;532 

(7599):394–397. doi:10.1038/nature17631
30. Singh K, Han K, Tilve S, et al. Parkin targets NOD2 to regulate astrocyte endoplasmic reticulum stress and inflammation. Glia. 2018;66 

(11):2427–2437. doi:10.1002/glia.23482
31. Napier RJ, Lee EJ, Vance EE, et al. Nod2 deficiency augments Th17 responses and exacerbates autoimmune arthritis. J Immunol. 2018;201 

(7):1889–1898. doi:10.4049/jimmunol.1700507
32. Rodriguez-Nunez I, Caluag T, Kirby K, et al. Nod2 and Nod2-regulated microbiota protect BALB/c mice from diet-induced obesity and 

metabolic dysfunction. Sci Rep. 2017;7(1):548. doi:10.1038/s41598-017-00484-2
33. Liu X, Han Q, Leng J. Analysis of nucleotide-binding oligomerization domain proteins in a murine model of pneumococcal meningitis. BMC 

Infect Dis. 2014;14(1):648. doi:10.1186/s12879-014-0648-3
34. Travassos LH, Carneiro LAM, Ramjeet M, et al. Nod1 and Nod2 direct autophagy by recruiting ATG16L1 to the plasma membrane at the site 

of bacterial entry. Nat Immunol. 2010;11(1):55–62. doi:10.1038/ni.1823
35. Vissers M, Remijn T, Oosting M, et al. Respiratory syncytial virus infection augments NOD2 signaling in an IFN-β-dependent manner in human 

primary cells. Eur J Immunol. 2012;42(10):2727–2735. doi:10.1002/eji.201242396
36. Wong CK, Hu S, Leung KM, et al. NOD-like receptors mediated activation of eosinophils interacting with bronchial epithelial cells: a link 

between innate immunity and allergic asthma. Cell Mol Immunol. 2013;10(4):317–329. doi:10.1038/cmi.2012.77
37. Lee S, Shan J, Aldossary H, et al. STAT6 inhibitory peptide reduces dendritic cell migration to the lymph nodes to control Th2 adaptive 

immunity in the mouse lung. Eur J Immunol. 2019;49(1):157–169. doi:10.1002/eji.201847534

https://doi.org/10.2147/JAA.S526788                                                                                                                                                                                                                                                                                                                                                                                                                                                               Journal of Asthma and Allergy 2025:18 774

Cai                                                                                                                                                                                    

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1097/MOP.0000000000000421
https://doi.org/10.1097/MOP.0000000000000421
https://doi.org/10.3390/ijms20010123
https://doi.org/10.3390/ijms20010123
https://doi.org/10.3402/ecrj.v2.27984
https://doi.org/10.1016/j.jaci.2019.02.018
https://doi.org/10.1016/j.cell.2021.02.016
https://doi.org/10.1186/s13052-023-01492-x
https://doi.org/10.1002/alr.21609
https://doi.org/10.1007/s00441-016-2566-8
https://doi.org/10.1007/s00441-016-2566-8
https://doi.org/10.1152/physrev.00009.2014
https://doi.org/10.1152/physrev.00009.2014
https://doi.org/10.1007/s00011-018-1132-0
https://doi.org/10.3349/ymj.2016.57.1.5
https://doi.org/10.3349/ymj.2016.57.1.5
https://doi.org/10.1146/annurev-immunol-081022-021207
https://doi.org/10.1146/annurev-immunol-081022-021207
https://doi.org/10.1016/j.biopha.2017.05.126
https://doi.org/10.1038/ni.3202
https://doi.org/10.24875/RIC.17002327
https://doi.org/10.1007/s12026-016-8873-z
https://doi.org/10.1016/j.gene.2018.03.061
https://doi.org/10.1074/jbc.M008072200
https://doi.org/10.1038/35079114
https://doi.org/10.1111/j.1365-2567.2011.03492.x
https://doi.org/10.1111/j.1365-2567.2009.03212.x
https://doi.org/10.1111/j.1365-2567.2009.03212.x
https://doi.org/10.1016/j.molimm.2007.02.007
https://doi.org/10.1111/cei.12031
https://doi.org/10.1016/j.chom.2014.05.001
https://doi.org/10.1016/j.chom.2014.05.001
https://doi.org/10.1038/nature17631
https://doi.org/10.1002/glia.23482
https://doi.org/10.4049/jimmunol.1700507
https://doi.org/10.1038/s41598-017-00484-2
https://doi.org/10.1186/s12879-014-0648-3
https://doi.org/10.1038/ni.1823
https://doi.org/10.1002/eji.201242396
https://doi.org/10.1038/cmi.2012.77
https://doi.org/10.1002/eji.201847534


38. Duan W, So T, Croft M. Antagonism of airway tolerance by endotoxin/lipopolysaccharide through promoting OX40L and suppressing 
antigen-specific Foxp3+ T regulatory cells. J Immunol. 2008;181(12):8650–8659. doi:10.4049/jimmunol.181.12.8650

39. Haspeslagh E, Heyndrickx I, Hammad H, et al. The hygiene hypothesis: immunological mechanisms of airway tolerance. Curr Opin Immunol. 
2018;54:102–108. doi:10.1016/j.coi.2018.06.007

40. Duan W, Mehta AK, Magalhaes JG, et al. Innate signals from Nod2 block respiratory tolerance and program TH2-driven allergic inflammation. 
J Allergy Clin Immunol. 2010;126(6):1284–1293. doi:10.1016/j.jaci.2010.09.021

41. Lei L, Zhang Y, Yao W, et al. Thymic stromal lymphopoietin interferes with airway tolerance by suppressing the generation of antigen-specific 
regulatory T cells. J Immunol. 2011;186(4):2254–2261. doi:10.4049/jimmunol.1002503

42. Lee SM, Batzer G, Ng N, et al. Regulatory T cells contribute to allergen tolerance induced by daily airway immunostimulant exposures. Am 
J Respir Cell Mol Biol. 2011;44(3):341–349. doi:10.1165/rcmb.2010-0001OC

43. Poole JA, Kielian T, Wyatt TA, et al. Organic dust augments nucleotide-binding oligomerization domain expression via an NF-κB pathway to 
negatively regulate inflammatory responses. Am J Physiol Lung Cell Mol Physiol. 2011;301(3):L296–L306. doi:10.1152/ajplung.00086.2011

44. Chien CH, Yu HH, Chiang BL. Single allergen-induced oral tolerance inhibits airway inflammation in conjugated allergen immunized mice. 
J Allergy Clin Immunol. 2015;136(4):1110–1113. doi:10.1016/j.jaci.2015.04.018

45. Mishra V, Banga J, Silveyra P. Oxidative stress and cellular pathways of asthma and inflammation: therapeutic strategies and pharmacological 
targets. Pharmacol Ther. 2018;181:169–182. doi:10.1016/j.pharmthera.2017.08.011

46. Inohara N, Ogura Y, Fontalba A, et al. Host recognition of bacterial muramyl dipeptide mediated through NOD2. J Biol Chem. 2003;278 
(8):5509. doi:10.1074/jbc.C200673200

47. Girardin SE, Boneca IG, Viala J, et al. Nod2 is a general sensor of peptidoglycan through muramyl dipeptide (MDP) detection. J Biol Chem. 
2003;278(11):8869–8872. doi:10.1074/jbc.C200651200

48. Grimes CL, Ariyananda LDZ, Melnyk JE, et al. The innate immune protein Nod2 binds directly to MDP, a bacterial cell wall fragment. J Am 
Chem Soc. 2012;134(33):13535–13537. doi:10.1021/ja303883c

49. Galán JE, Núñez G, Janeway CA, et al. RICK/Rip2/CARDIAK mediates signalling for receptors of the innate and adaptive immune systems. 
Nature. 2002;416(6877):194–199. doi:10.1038/416194a

50. Kim J, Han A, Park E, et al. Inhibition of LPS-induced iNOS, COX-2 and cytokines expression by poncirin through the NF-kappaB inactivation 
in RAW 264.7 macrophage cells. Biol Pharm Bull. 2007;30(12):2345–2351. doi:10.1248/bpb.30.2345

51. Cai X, Xu Q, Zhou C, et al. The association of nucleotide-binding oligomerization domain 2 gene polymorphisms with the risk of asthma in the 
Chinese Han population. Mol Genet Genomic Med. 2019;7(6):e00675. doi:10.1002/mgg3.675

52. Wong CK, Leung TF, Chu IMT, et al. Aberrant expression of regulatory cytokine IL-35 and pattern recognition receptor NOD2 in patients with 
allergic asthma. Inflammation. 2015;38(1):348–360. doi:10.1007/s10753-014-0038-4

53. Ni G, Chen Y, Wu F, et al. NOD2 promotes cell proliferation and inflammatory response by mediating expression of TSLP in human airway 
smooth muscle cells. Cell Immunol. 2017;312:35–41. doi:10.1016/j.cellimm.2016.11.007

54. Belhaj R, Kaabachi W, Khalfallah I, et al. Gene variants, mRNA and NOD1/2 protein levels in Tunisian childhood asthma. Lung. 2019;197 
(3):377–385. doi:10.1007/s00408-019-00209-4

55. Davis BK, Wen H, Ting JP. The inflammasome NLRs in immunity, inflammation, and associated diseases. Annu Rev Immunol. 
2011;29:707–735. doi:10.1146/annurev-immunol-031210-101405

56. Li R, Wang J, Li R, et al. ATP/P2X7-NLRP3 axis of dendritic cells participates in the regulation of airway inflammation and 
hyper-responsiveness in asthma by mediating HMGB1 expression and secretion. Exp Cell Res. 2018;366(1):1–15. doi:10.1016/j. 
yexcr.2018.03.002

57. Martinon F, Burns K, Tschopp J. The inflammasome: a molecular platform triggering activation of inflammatory caspases and processing of 
proIL-β. Mol Cell. 2002;10(2):417–426. doi:10.1016/S1097-2765(02)00599-3

58. Liston A, Masters SL. Homeostasis-altering molecular processes as mechanisms of inflammasome activation. Nat Rev Immunol. 2017;17 
(3):208–214. doi:10.1038/nri.2016.151

59. Broz P, Dixit VM. Inflammasomes: mechanism of assembly, regulation and signalling. Nat Rev Immunol. 2016;16(7):407–420. doi:10.1038/ 
nri.2016.58

60. He Y, Zeng MY, Yang D, et al. NEK7 is an essential mediator of NLRP3 activation downstream of potassium efflux. Nature. 2016;530 
(7590):354–357. doi:10.1038/nature16959

61. Sharif H, Wang L, Wang WL, et al. Structural mechanism for NEK7-licensed activation of NLRP3 inflammasome. Nature. 2019;570 
(7761):338–343. doi:10.1038/s41586-019-1295-z

62. Hughes MM, O’Neill LAJ. Metabolic regulation of NLRP3. Immunol Rev. 2018;281(1):88–98. doi:10.1111/imr.12608
63. Mangan M, Olhava EJ, Roush WR, et al. Targeting the NLRP3 inflammasome in inflammatory diseases. Nat Rev Drug Discov. 2018;17 

(8):588–606. doi:10.1038/nrd.2018.97
64. Grailer JJ, Canning BA, Kalbitz M, et al. Critical role for the NLRP3 inflammasome during acute lung injury. J Immunol. 2014;192 

(12):5974–5983. doi:10.4049/jimmunol.1400368
65. Fukumoto J, Fukumoto I, Parthasarathy PT, et al. NLRP3 deletion protects from hyperoxia-induced acute lung injury. Am J Physiol Cell 

Physiol. 2013;305(2):C182–C189. doi:10.1152/ajpcell.00086.2013
66. Dos SG, Rogel MR, Baker MA, et al. Vimentin regulates activation of the NLRP3 inflammasome. Nat Commun. 2015;6:6574. doi:10.1038/ 

ncomms7574
67. Zhang Y, Li X, Grailer JJ, et al. Melatonin alleviates acute lung injury through inhibiting the NLRP3 inflammasome. J Pineal Res. 2016;60 

(4):405–414. doi:10.1111/jpi.12322
68. Luo YP, Jiang L, Kang K, et al. Hemin inhibits NLRP3 inflammasome activation in sepsis-induced acute lung injury, involving heme 

oxygenase-1. Int Immunopharmacol. 2014;20(1):24–32. doi:10.1016/j.intimp.2014.02.017
69. Jiang L, Fei D, Gong R, et al. CORM-2 inhibits TXNIP/NLRP3 inflammasome pathway in LPS-induced acute lung injury. Inflamm Res. 

2016;65(11):905–915. doi:10.1007/s00011-016-0973-7
70. Zhang Y, Sauler M, Shinn AS, et al. Endothelial PINK1 mediates the protective effects of NLRP3 deficiency during lethal oxidant injury. 

J Immunol. 2014;192(11):5296–5304. doi:10.4049/jimmunol.1400653

Journal of Asthma and Allergy 2025:18                                                                                            https://doi.org/10.2147/JAA.S526788                                                                                                                                                                                                                                                                                                                                                                                                    775

Cai

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.4049/jimmunol.181.12.8650
https://doi.org/10.1016/j.coi.2018.06.007
https://doi.org/10.1016/j.jaci.2010.09.021
https://doi.org/10.4049/jimmunol.1002503
https://doi.org/10.1165/rcmb.2010-0001OC
https://doi.org/10.1152/ajplung.00086.2011
https://doi.org/10.1016/j.jaci.2015.04.018
https://doi.org/10.1016/j.pharmthera.2017.08.011
https://doi.org/10.1074/jbc.C200673200
https://doi.org/10.1074/jbc.C200651200
https://doi.org/10.1021/ja303883c
https://doi.org/10.1038/416194a
https://doi.org/10.1248/bpb.30.2345
https://doi.org/10.1002/mgg3.675
https://doi.org/10.1007/s10753-014-0038-4
https://doi.org/10.1016/j.cellimm.2016.11.007
https://doi.org/10.1007/s00408-019-00209-4
https://doi.org/10.1146/annurev-immunol-031210-101405
https://doi.org/10.1016/j.yexcr.2018.03.002
https://doi.org/10.1016/j.yexcr.2018.03.002
https://doi.org/10.1016/S1097-2765(02)00599-3
https://doi.org/10.1038/nri.2016.151
https://doi.org/10.1038/nri.2016.58
https://doi.org/10.1038/nri.2016.58
https://doi.org/10.1038/nature16959
https://doi.org/10.1038/s41586-019-1295-z
https://doi.org/10.1111/imr.12608
https://doi.org/10.1038/nrd.2018.97
https://doi.org/10.4049/jimmunol.1400368
https://doi.org/10.1152/ajpcell.00086.2013
https://doi.org/10.1038/ncomms7574
https://doi.org/10.1038/ncomms7574
https://doi.org/10.1111/jpi.12322
https://doi.org/10.1016/j.intimp.2014.02.017
https://doi.org/10.1007/s00011-016-0973-7
https://doi.org/10.4049/jimmunol.1400653


71. Liu G, Gu C, Liu M, et al. Protective role of p120-catenin on mitochondria by inhibiting NLRP3 in ventilator-induced lung injury. J Cell Mol 
Med. 2019;23(11):7360–7371. doi:10.1111/jcmm.14595

72. Allen IC, Jania CM, Wilson JE, et al. Analysis of NLRP3 in the development of allergic airway disease in mice. J Immunol. 2012;188 
(6):2884–2893. doi:10.4049/jimmunol.1102488

73. Huang C, Wang J, Zheng X, et al. Commensal bacteria aggravate allergic asthma via NLRP3/IL-1β signaling in post-weaning mice. 
J Autoimmun. 2018;93:104–113. doi:10.1016/j.jaut.2018.07.003

74. Zhu C, Zhang L, Liu Z, et al. Atractylenolide III reduces NLRP3 inflammasome activation and Th1/Th2 imbalances in both in vitro and in vivo 
models of asthma. Clin Exp Pharmacol Physiol. 2020;47(8):1360–1367. doi:10.1111/1440-1681.13306

75. Zhao C, Xu J, Xie Q, et al. Apolipoprotein E negatively regulates murine allergic airway inflammation via suppressing the activation of NLRP3 
inflammasome and oxidative stress. Int Immunopharmacol. 2020;81:106301. doi:10.1016/j.intimp.2020.106301

76. Simpson JL, Phipps S, Baines KJ, et al. Elevated expression of the NLRP3 inflammasome in neutrophilic asthma. Eur Respir J. 2014;43 
(4):1067–1076. doi:10.1183/09031936.00105013

77. Chen S, Yao L, Huang P, et al. Blockade of the NLRP3/Caspase-1 axis ameliorates airway neutrophilic inflammation in a toluene 
diisocyanate-induced murine asthma model. Toxicol Sci. 2019;170(2):462–475. doi:10.1093/toxsci/kfz099

78. Tan HT, Hagner S, Ruchti F, et al. Tight junction, mucin, and inflammasome-related molecules are differentially expressed in eosinophilic, 
mixed, and neutrophilic experimental asthma in mice. Allergy. 2019;74(2):294–307. doi:10.1111/all.13619

79. Rossios CP, Pavlidis SP, Hoda UM, et al. Sputum transcriptomics reveal upregulation of IL-1 receptor family members in patients with severe 
asthma. J Allergy Clin Immunol. 2017;141(2):560–570. doi:10.1016/j.jaci.2017.02.045

80. Kim RY, Pinkerton JW, Essilfie AT, et al. Role for NLRP3 inflammasome–mediated, IL-1β–dependent responses in severe, steroid-resistant 
asthma. Am J Respir Crit Care Med. 2017;196(3):283–297. doi:10.1164/rccm.201609-1830OC

81. Xu W, Wang Y, Ma Y, et al. MiR-223 plays a protecting role in neutrophilic asthmatic mice through the inhibition of NLRP3 inflammasome. 
Respir Res. 2020;21(1):116. doi:10.1186/s12931-020-01374-4

82. Han M, Bentley JK, Rajput C, et al. Inflammasome activation is required for human rhinovirus-induced airway inflammation in naive and 
allergen-sensitized mice. Mucosal Immunol. 2019;12(4):958. doi:10.1038/s41385-019-0172-2

83. Liu Y, Gao X, Miao Y, et al. NLRP3 regulates macrophage M2 polarization through up-regulation of IL-4 in asthma. Biochem J. 2018;475 
(12):1995–2008. doi:10.1042/BCJ20180086

84. Hitomi Y, Ebisawa M, Tomikawa M, et al. Associations of functional NLRP3 polymorphisms with susceptibility to food-induced anaphylaxis 
and aspirin-induced asthma. J Allergy Clin Immunol. 2009;124(4):779–785. doi:10.1016/j.jaci.2009.07.044

85. Pan Q, Mathison J, Fearns C, et al. MDP-induced interleukin-1 processing requires Nod2 and CIAS1/NALP3. J Leukoc Biol. 2007;82 
(1):177–183. doi:10.1189/jlb.1006627

86. Wagner RN, Proell M, Kufer TA, et al. Evaluation of Nod-like receptor (NLR) effector domain interactions. PLoS One. 2009;4(4):e4931. 
doi:10.1371/journal.pone.0004931

87. Lupfer C, Thomas PG, Anand PK, et al. Receptor interacting protein kinase 2–mediated mitophagy regulates inflammasome activation during 
virus infection. Nat Immunol. 2013;14(5):480–488. doi:10.1038/ni.2563

88. Lupfer CR, Anand PK, Liu Z, et al. Reactive oxygen species regulate Caspase-11 expression and activation of the non-canonical NLRP3 
inflammasome during enteric pathogen infection. PLoS Pathog. 2014;10(9):e1004410. doi:10.1371/journal.ppat.1004410

89. Kim D, Park J, Franchi L, et al. The Cag pathogenicity island and interaction between TLR2/NOD2 and NLRP3 regulate IL-1β production 
inHelicobacter pylori infected dendritic cells. Eur J Immunol. 2013;43(10):2650–2658. doi:10.1002/eji.201243281

90. Tschöpe C, Müller I, Xia Y, et al. NOD2 (nucleotide-binding Oligomerization domain 2) is a major pathogenic mediator of Coxsackievirus 
B3-induced myocarditis. Circ Heart Fail. 2017;10(9):e003870. doi:10.1161/CIRCHEARTFAILURE.117.003870

91. Shi C, Wang Y, Chen Q, et al. Extracellular histone H3 induces pyroptosis during sepsis and may act through NOD2 and VSIG4/NLRP3 
pathways. Front Cell Infect Microbiol. 2020;10:196. doi:10.3389/fcimb.2020.00196

92. Lee S, Kang S, Jung H, et al. Muramyl dipeptide activates human beta defensin 2 and pro-inflammatory mediators through Toll-like receptors 
and NLRP3 inflammasomes in human dental pulp cells. Clin Oral Investig. 2015;19(6):1419–1428. doi:10.1007/s00784-014-1361-8

93. Mills EL, Kelly B, O’Neill LAJ. Mitochondria are the powerhouses of immunity. Nat Immunol. 2017;18(5):488–498. doi:10.1038/ni.3704
94. Subramanian N, Natarajan K, Clatworthy MR, et al. The adaptor MAVS promotes NLRP3 mitochondrial localization and inflammasome 

activation. Cell. 2013;153(2):348–361. doi:10.1016/j.cell.2013.02.054
95. Rynko AE, Fryer AD, Jacoby DB. Interleukin-1β mediates virus-induced M2 muscarinic receptor dysfunction and airway hyperreactivity. Am 

J Respir Cell Mol Biol. 2014;51(4):494–501. doi:10.1165/rcmb.2014-0009OC
96. Jackson DJ, Glanville N, Trujillo-Torralbo M, et al. Interleukin-18 is associated with protection against rhinovirus-induced colds and asthma 

exacerbations. Clin Infect Dis. 2015;60(10):1528–1531. doi:10.1093/cid/civ062
97. Mahmutovic Persson I, Menzel M, Ramu S, et al. IL-1β mediates lung neutrophilia and IL-33 expression in a mouse model of viral-induced 

asthma exacerbation. Respir Res. 2018;19(1):16. doi:10.1186/s12931-018-0725-z
98. Thawanaphong S, Nair A, Volfson E, et al. IL-18 biology in severe asthma. Front Med. 2024;11:1486780. doi:10.3389/fmed.2024.1486780
99. Park S, Juliana C, Hong S, et al. The mitochondrial antiviral protein MAVS associates with NLRP3 and regulates its inflammasome activity. 

J Immunol. 2013;191(8):4358–4366. doi:10.4049/jimmunol.1301170
100. Shehat MG, Cardona OA, Aranjuez GF, et al. RIP2 promotes FcγR-mediated reactive oxygen species production. J Biol Chem. 2019;294 

(26):10365–10378. doi:10.1074/jbc.RA118.007218
101. Wang L, Cao Z, Wang Z, et al. Reactive oxygen species associated immunoregulation post influenza virus infection. Front Immunol. 

2022;13:927593. doi:10.3389/fimmu.2022.927593
102. Sabbah A, Chang TH, Harnack R, et al. Activation of innate immune antiviral responses by Nod2. Nat Immunol. 2009;10(10):1073–1080. 

doi:10.1038/ni.1782

https://doi.org/10.2147/JAA.S526788                                                                                                                                                                                                                                                                                                                                                                                                                                                               Journal of Asthma and Allergy 2025:18 776

Cai                                                                                                                                                                                    

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1111/jcmm.14595
https://doi.org/10.4049/jimmunol.1102488
https://doi.org/10.1016/j.jaut.2018.07.003
https://doi.org/10.1111/1440-1681.13306
https://doi.org/10.1016/j.intimp.2020.106301
https://doi.org/10.1183/09031936.00105013
https://doi.org/10.1093/toxsci/kfz099
https://doi.org/10.1111/all.13619
https://doi.org/10.1016/j.jaci.2017.02.045
https://doi.org/10.1164/rccm.201609-1830OC
https://doi.org/10.1186/s12931-020-01374-4
https://doi.org/10.1038/s41385-019-0172-2
https://doi.org/10.1042/BCJ20180086
https://doi.org/10.1016/j.jaci.2009.07.044
https://doi.org/10.1189/jlb.1006627
https://doi.org/10.1371/journal.pone.0004931
https://doi.org/10.1038/ni.2563
https://doi.org/10.1371/journal.ppat.1004410
https://doi.org/10.1002/eji.201243281
https://doi.org/10.1161/CIRCHEARTFAILURE.117.003870
https://doi.org/10.3389/fcimb.2020.00196
https://doi.org/10.1007/s00784-014-1361-8
https://doi.org/10.1038/ni.3704
https://doi.org/10.1016/j.cell.2013.02.054
https://doi.org/10.1165/rcmb.2014-0009OC
https://doi.org/10.1093/cid/civ062
https://doi.org/10.1186/s12931-018-0725-z
https://doi.org/10.3389/fmed.2024.1486780
https://doi.org/10.4049/jimmunol.1301170
https://doi.org/10.1074/jbc.RA118.007218
https://doi.org/10.3389/fimmu.2022.927593
https://doi.org/10.1038/ni.1782


Journal of Asthma and Allergy                                                                                                    

Publish your work in this journal 
The Journal of Asthma and Allergy is an international, peer-reviewed open-access journal publishing original research, reports, editorials and 
commentaries on the following topics: Asthma; Pulmonary physiology; Asthma related clinical health; Clinical immunology and the 
immunological basis of disease; Pharmacological interventions and new therapies. The manuscript management system is completely online 
and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real 
quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/journal-of-asthma-and-allergy-journal

Journal of Asthma and Allergy 2025:18                                                                                                  777

Cai

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	NOD2 and Immune Reaction
	NOD2 and Airway Allergen Tolerance
	NOD2 and Asthma
	NLRP3 and Immune Reaction
	NLRP3 and Acute Lung Injury
	NLRP3 and Asthma
	Relationship Between NOD2 and NLRP3
	Conclusion
	Abbreviations
	Funding
	Disclosure

