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NLRP3 inflammasome sensors are activated in response to both DNA and RNA viruses. Indeed, the NLRP3

inflammasome is essential in defending against viral infections (reviewed detailed in). However, in the steady-state,

inflammasome assembly is tightly regulated at a low level to prevent an aberrant pro-inflammatory response and

cell death.
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1. Introduction

Despite less knowledge about the defined etiology and precise mechanisms, considerable advances in

understanding IPF pathogenesis have been achieved in recent years. IPF is characterized by progressive

extracellular matrix (ECM)-producing fibroblasts, fibroblast-myofibroblast transition, and extensive deposition of

ECM by transforming growth factor-β1 (TGF-β1)-induced myofibroblasts . Although IPF has been redefined due

to repeated micro-injury of the alveolar epithelium and aberrant epithelial-mesenchymal transition (EMT) crosstalk

in a genetically susceptible aging individual, chronic inflammation still plays an important role . Inflammation

also has contributions to IPF initiation and progression. Intrinsic factors, occupation, environmental influences,

including exposure to microbes, particles, irritants, pollutants, allergens, and toxic molecules, genetic and

epigenetic risk factors may lead to chronic inflammation that in turn leass to the development of IPF .

Innate and adaptive inflammation appears to be a prominent feature, markedly increased in the IPF group with

rapid disease progression . Along with previous studies, innate and adaptive immune and inflammatory cells

produced heterogeneous contributions in remodeling and fibrosis processes . Inflammation induced by viral

infections and co-expression of virus-related proteins were firmly associated with IPF .

Upon infection with a respiratory virus, innate immune response signaling cascades start with the recognition of

specific viral components, or pathogen-associated molecular patterns (PAMPs) and endogenous danger molecules

that are generated and exposed from damaged or dying cells, damage-associated molecular patterns (DAMPs), by

germline-encoded receptors called pattern recognition receptors (PRRs) . PRRs are classified into four

significant subfamilies: toll-like receptors (TLRs), nucleotide-binding oligomerization domain (NOD), leucine-rich

repeat (LRR)-containing receptors (NLRs), retinoic acid-inducible gene-1 (RIG-1)-like receptors (RLRs), and C-type

[1][2]

[3][4]

[5][6][7][8]

[9]

[10]

[11][12]

[13][14]



NLRP3 Inflammasome | Encyclopedia.pub

https://encyclopedia.pub/entry/14955 2/7

lectin receptors (CLRs) . TLRs and CLRs control the extracellular environment and endosomal compartments,

while RLRs and NLRs recognize microbial patterns or danger signals within the cellular cytoplasm .

2. NLRP3 Inflammasome

The inflammasome is a multiprotein complex activated in response to microbial invasions or danger signals . In

sensing viral infection, inflammasomes will activate the innate immune response to regulate unwanted

inflammasome activation and overt inflammation . The classical inflammasome mainly activates caspase-1,

whereas the non-classical inflammasome pathway is a caspase-1-independent inflammasome . Indeed,

inflammasomes regulate the secretion of pro-inflammatory cytokines, activate caspase-1, and the induction of

pyroptosis as a mediator in the innate immune response . When persistent inflammation occurs, activation of

inflammasome complexes is initiated, leading to further activation of caspase-1, proinflammatory cytokines, and

pyroptosis induction .

The complete structure of inflammasome is a sensor (NLRs, absent in melanoma 2 (AIM2)-like receptors (ALRs),

and pyrin) that recognize a ligand, an adaptor (apoptosis-associated speck-like protein containing a caspase

activation and recruitment domain (ASC)) and a zymogen pro-caspase-1 . NLRs are cytosolic receptors

widely identified in non-vertebrates and vertebrates, where humans express 22 NLR genes and at least 34 in mice

. NLRs are divided based on their specific N-terminal domain: NLRAs that have an acidic activation domain,

NLRBs that possess a baculovirus inhibitor of apoptosis repeat (BIR)-like domain, NLRCs that feature a caspase

activation and recruitment domain (CARD) or a Death domain (DD), and the NLRP subfamily that contain a pyrin

domain (PYD) .

The NLRP subfamily comprises C-terminus (LRR), a central nucleotide-binding and oligomerization terminus

(NOD/NACHT), and N-terminus (Pyrin domain or PYD) . Several NLR and non-NLR families that can form

multiprotein complexes inflammasome have been described, including NLRP3, NLRP1, AIM2, NLRC4, and pyrin.

. The NLRP3 inflammasome is assembled upon ligand recognition, the PYD of NLR sensor associates with the

PYD of ASC, then recruits and activates caspase-1, leading to the proteolytic cleavage and secretion of the pro-

inflammatory cytokines, IL-1β and IL-18, as well as to gasdermin D (GSDMD)-mediated pyroptotic cell death .

The NLRP3 inflammasomes are widely expressed in the cytoplasm of various cells, including fibroblast . The

structure of NLRP3 is depicted in Figure 1 .

3. The Activation of NLRP3 Inflammasome

In general, fully activating the NLRP3 inflammasome (canonical activation) requires two steps: a priming signal

(signal 1) and an activation step (signal 2). The binding of viral membrane components to PRRs, such as TLRs,

NLRs, RLRs, or cytokine receptors initiates priming signals then activating the transcription factor nucleus factor-κβ

(NF-κβ). NF-κβ upregulates the expression and translocation of NLRP3, pro-IL-1β, and -IL-18 from the nucleus to

the cytosol, which remains inactive until stimulated by the second signal . These priming signals also regulate
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post-translational modifications of inflammasome components, such as NLRP3 deubiquitination, ubiquitination, and

ASC phosphorylation, which is needed for further activation of inflammasome complex assembly .

In case of deficient signaling molecules of the NF-κβ pathway, both IL-1R–associated kinase (IRAK)1 and IRAK4

bypass priming and directly link to TLR for rapid activation of NLRP3 through the MyD88 pathway . The

priming signals regulate NLRP3 inflammasome activation via both transcription-dependent and -independent

pathways .

An additional stimulus (signal 2), induced by a wide range of stimuli following the priming step, is usually required

to promote NLRP3 inflammasome assembly, leading to the oligomerization and activation of the inflammasome

complex. The NLRP3 inflammasome complex triggers the cleavage of pro-caspase-1 into caspase-1, and

subsequent maturation of pro-inflammatory cytokines IL-1β and IL-18, and pyroptosis induction . Several

molecular and cellular events have been proposed to trigger NLRP3 inflammasome activation, including K + efflux,

Ca 2+ signaling, reactive organ species (ROS), mitochondrial dysfunction, ATP release, and lysosomal damage

.

Apart from canonical activation, the NLRP3 inflammasome is switched on via non-canonical and alternative

pathways. Unlike canonical NLRP3 inflammasome activation, non-canonical activation is critical for defense

against intracellular Gram-negative bacteria  and requires a receptor, such as caspases 4/5 in humans 

and caspase-11 in mice , rather than caspase-1. These caspases initiate non-canonical inflammasome

activation through the direct recognition of intracellular LPS independently of TLR4 .

4. Viral Infection Triggered The Activation of NLRP3
Inflammasome

Numerous studies demonstrated that RNA viruses could activate the NLRP3 inflammasome. Double-stranded RNA

(dsRNA), such as influenza virus, induced IL-1β; release and caspase-1 activation via both NLRP3-dependent and

NLRP3-independent mechanisms . Influenza virus is the most common viral activator, and components of

specific viruses can activate the NLRP3 inflammasome, including influenza virus proton-specific ion channel M2

protein, nonstructural protein PB1-F2, and vRNA . Recent studies showed the roles of Z-DNA binding protein-1

(ZBP1) and IFN regulatory factor 1 (IRF1) transcription factor to promote NLRP3 inflammasome activation after

influenza virus infection .

On a molecular level, viral RNA triggers NLRP3 inflammasome activation through RNA-modulating proteins,

including DHX33, RNase L, RIG-1, and ROS production . DDX19A, a member of the DEAD/H-box protein

family, bridged viral RNA and NLRP3 to activate the NLRP3 inflammasome . A study revealed that mitochondrial

mitofusin protein 2 (MFN2), involved in cytoprotection, was required for NLRP3 inflammasome activation in

response to RNA viruses .

[34]

[35][36]

[37]

[33]

[27]

[38][39] [40][41]

[42][43]

[38]

[44]

[25]

[45]

[45]

[46]

[47]



NLRP3 Inflammasome | Encyclopedia.pub

https://encyclopedia.pub/entry/14955 4/7

Ad virus, Flaviviridae family, influenza virus, and myxoma virus activate the NLRP3 inflammasome via mtROS and

cathepsin B induction . Dengue virus and other RNA viruses mediate mitochondria aberrations and ROS

production leads to NLRP3 inflammasome activation through the RIP1-RIP3-DRP1 pathway .

Metabolic activity and redox state are all intricately linked to each other and connect mitochondrial network

dynamics during infection and NLRP3 inflammasome activity . All this evidence supports mitochondria as central

regulators of NLRP3 inflammasome activation induced by ER stress, virus infections and the NLRP3 activators

accompanying mitochondrial dysfunction to promote the activation of NLRP3 inflammasome .

References

1. Upagupta, C.; Shimbori, C.; Alsilmi, R.; Kolb, M. Matrix abnormalities in pulmonary fibrosis. Eur.
Respir. Rev. 2018, 27, 180033.

2. D’Urso, M.; Kurniawan, N.A. Mechanical and physical regulation of fibroblast–myofibroblast
transition: From cellular mechanoresponse to tissue pathology. Front. Bioeng. Biotechnol. 2020,
8, 1459.

3. Sgalla, G.; Iovene, B.; Calvello, M.; Ori, M.; Varone, F.; Richeldi, L. Idiopathic pulmonary fibrosis:
Pathogenesis and management. Respir. Res. 2018, 19, 32.

4. Martinez, F.J.; Collard, H.R.; Pardo, A.; Raghu, G.; Richeldi, L.; Selman, M.; Swigris, J.J.;
Taniguchi, H.; Wells, A.U. Idiopathic pulmonary fibrosis. Nat. Rev. Dis. Primers 2017, 3, 17074.

5. Kropski, J.A.; Blackwell, T.S.; Loyd, J.E. The genetic basis of idiopathic pulmonary fibrosis. Eur.
Respir. J. 2015, 45, 1717–1727.

6. Guiot, J.; Struman, I.; Chavez, V.; Henket, M.; Herzog, M.; Scoubeau, K.; Hardat, N.; Bondue, B.;
Corhay, J.L.; Moermans, C.; et al. Altered epigenetic features in circulating nucleosomes in
idiopathic pulmonary fibrosis. Clin. Epigenet. 2017, 9, 84.

7. Sack, C.; Raghu, G. Idiopathic pulmonary fibrosis: Unmasking cryptogenic environmental factors.
Eur. Respir. J. 2019, 53, 1801699.

8. Racanelli, A.C.; Kikkers, S.A.; Choi, A.M.K.; Cloonan, S.M. Autophagy and inflammation in chronic
respiratory disease. Autophagy 2018, 14, 221–232.

9. Balestro, E.; Calabrese, F.; Turato, G.; Lunardi, F.; Bazzan, E.; Marulli, G.; Biondini, D.; Rossi, E.;
Sanduzzi, A.; Rea, F.; et al. Immune inflammation and disease progression in idiopathic
pulmonary fibrosis. PLoS ONE 2016, 11, e0154516.

10. Desai, O.; Winkler, J.; Minasyan, M.; Herzog, E.L. The role of immune and inflammatory cells in
idiopathic pulmonary fibrosis. Front. Med. 2018, 5, 43.

[44]

[48]

[49]

[50]



NLRP3 Inflammasome | Encyclopedia.pub

https://encyclopedia.pub/entry/14955 5/7

11. Calabrese, F.; Kipar, A.; Lunardi, F.; Balestro, E.; Perissinotto, E.; Rossi, E.; Nannini, N.; Marulli,
G.; Stewart, J.P.; Rea, F. Herpes virus infection is associated with vascular remodeling and
pulmonary hypertension in idiopathic pulmonary fibrosis. PLoS ONE 2013, 8, e55715.

12. Folcik, V.A.; Garofalo, M.; Coleman, J.; Donegan, J.J.; Rabbani, E.; Suster, S.; Nuovo, A.; Magro,
C.M.; Di Leva, G.; Nuovo, G.J. Idiopathic pulmonary fibrosis is strongly associated with productive
infection by herpesvirus saimiri. Mod. Pathol. 2014, 27, 851–862.

13. Kikkert, M. Innate immune evasion by human respiratory RNA viruses. J. Innate Immun. 2020, 12,
4–20.

14. Land, W.G. Role of DAMPs in respiratory virus-induced acute respiratory distress syndrome—
With a preliminary reference to SARS-CoV-2 pneumonia. Genes Immun. 2021, 22, 141–160.

15. Effendi, W.I.; Nagano, T.; Hasan, H.; Yudhawati, R. Immunoregulatory property of C-type lectin-
like receptors in fibrosing interstitial lung diseases. Int. J. Mol. Sci. 2020, 21, 3665.

16. Krishnaswamy, J.K.; Chu, T.; Eisenbarth, S.C. Beyond pattern recognition: NOD-like receptors in
dendritic cells. Trends Immunol. 2013, 34, 224–233.

17. Zheng, D.; Liwinski, T.; Elinav, E. Inflammasome activation and regulation: Toward a better
understanding of complex mechanisms. Cell Discov. 2020, 6, 36.

18. Lupfer, C.; Malik, A.; Kanneganti, T.-D. Inflammasome control of viral infection. Curr. Opin. Virol.
2015, 12, 38–46.

19. Ma, X.; Li, Y.; Shen, W.; Oladejo, A.O.; Yang, J.; Jiang, W.; Imam, B.H.; Wu, X.; Ding, X.; Yang, Y.;
et al. LPS mediates bovine endometrial epithelial cell pyroptosis directly through both NLRP3
classical and non-classical inflammasome pathways. Front. Immunol. 2021, 12, 1935.

20. Stoilova, B.; Vyas, P. The inflammasome: More than a protective innate immune mechanism.
Immunity 2019, 51, 3–5.

21. Amir, M.; Czaja, M.J. Inflammasome-mediated inflammation and fibrosis: It is more than just the
IL-1β. Hepatology 2018, 67, 479–481.

22. Sharma, D.; Kanneganti, T.-D. The cell biology of inflammasomes: Mechanisms of inflammasome
activation and regulation. J. Cell Biol. 2016, 213, 617–629.

23. Man, S.M.; Kanneganti, T.-D. Regulation of inflammasome activation. Immunol. Rev. 2015, 265,
6–21.

24. Zhong, Y.; Kinio, A.; Saleh, M. Functions of NOD-like receptors in human diseases. Front.
Immunol. 2013, 4, 333.

25. Chen, I.-Y.; Ichinohe, T. Response of host inflammasomes to viral infection. Trends Microbiol.
2015, 23, 55–63.



NLRP3 Inflammasome | Encyclopedia.pub

https://encyclopedia.pub/entry/14955 6/7

26. Danis, J.; Mellett, M. Nod-like receptors in host defence and disease at the epidermal barrier. Int.
J. Mol. Sci. 2021, 22, 4677.

27. He, Y.; Hara, H.; Núñez, G. Mechanism and regulation of NLRP3 inflammasome activation.
Trends Biochem. Sci. 2016, 41, 1012–1021.

28. Lamkanfi, M.; Dixit, V.M. Mechanisms and functions of inflammasomes. Cell 2014, 157, 1013–
1022.

29. Swanson, K.V.; Deng, M.; Ting, J.P.-Y. The NLRP3 inflammasome: Molecular activation and
regulation to therapeutics. Nat. Rev. Immunol. 2019, 19, 477–489.

30. Kelly, P.; Meade, K.G.; O’Farrelly, C. Non-canonical inflammasome-mediated IL-1β production by
primary endometrial epithelial and stromal fibroblast cells is NLRP3 and caspase-4 dependent.
Front. Immunol. 2019, 10, 102.

31. Lasithiotaki, I.; Giannarakis, I.; Tsitoura, E.; Samara, K.D.; Margaritopoulos, G.A.; Choulaki, C.;
Vasarmidi, E.; Tzanakis, N.; Voloudaki, A.; Sidiropoulos, P.; et al. NLRP3 inflammasome
expression in idiopathic pulmonary fibrosis and rheumatoid lung. Eur. Respir. J. 2016, 47, 910–
918.

32. Looi, C.K.; Hii, L.-W.; Chung, F.F.-L.; Mai, C.-W.; Lim, W.-M.; Leong, C.-O. Roles of
inflammasomes in epstein-barr virus-associated nasopharyngeal cancer. Cancers 2021, 13, 1786.

33. Yang, Y.; Wang, H.; Kouadir, M.; Song, H.; Shi, F. Recent advances in the mechanisms of NLRP3
inflammasome activation and its inhibitors. Cell Death Dis. 2019, 10, 128.

34. Yuk, J.-M.; Silwal, P.; Jo, E.-K. Inflammasome and mitophagy connection in health and disease.
Int. J. Mol. Sci. 2020, 21, 4714.

35. Fernandes-Alnemri, T.; Kang, S.; Anderson, C.; Sagara, J.; Fitzgerald, K.A.; Alnemri, E.S. Cutting
edge: TLR signaling licenses IRAK1 for rapid activation of the NLRP3 inflammasome. J. Immunol.
2013, 191, 3995–3999.

36. Lin, K.-M.; Hu, W.; Troutman, T.D.; Jennings, M.; Brewer, T.; Li, X.; Nanda, S.; Cohen, P.; Thomas,
J.A.; Pasare, C. IRAK-1 bypasses priming and directly links TLRs to rapid NLRP3 inflammasome
activation. Proc. Natl. Acad. Sci. USA 2014, 111, 775–780.

37. Kelley, N.; Jeltema, D.; Duan, Y.; He, Y. The NLRP3 inflammasome: An overview of mechanisms
of activation and regulation. Int. J. Mol. Sci. 2019, 20, 3328.

38. Kayagaki, N.; Wong, M.T.; Stowe, I.B.; Ramani, S.R.; Gonzalez, L.C.; Akashi-Takamura, S.;
Miyake, K.; Zhang, J.; Lee, W.P.; Muszyński, A.; et al. Noncanonical inflammasome activation by
intracellular LPS independent of TLR4. Science 2013, 341, 1246–1249.

39. Balakrishnan, A.; Karki, R.; Berwin, B.; Yamamoto, M.; Kanneganti, T.-D. Guanylate binding
proteins facilitate caspase-11-dependent pyroptosis in response to type 3 secretion system-



NLRP3 Inflammasome | Encyclopedia.pub

https://encyclopedia.pub/entry/14955 7/7

negative Pseudomonas aeruginosa. Cell Death Discov. 2018, 4, 3.

40. Baker, P.J.; Boucher, D.; Bierschenk, D.; Tebartz, C.; Whitney, P.G.; D’Silva, D.B.; Tanzer, M.C.;
Monteleone, M.; Robertson, A.A.B.; Cooper, M.A.; et al. NLRP3 inflammasome activation
downstream of cytoplasmic LPS recognition by both caspase-4 and caspase-5. Eur. J. Immunol.
2015, 45, 2918–2926.

41. Shi, J.; Zhao, Y.; Wang, Y.; Gao, W.; Ding, J.; Li, P.; Hu, L.; Shao, F. Inflammatory caspases are
innate immune receptors for intracellular LPS. Nature 2014, 514, 187–192.

42. Rathinam, V.A.K.; Vanaja, S.K.; Waggoner, L.; Sokolovska, A.; Becker, C.; Stuart, L.M.; Leong,
J.M.; Fitzgerald, K.A. TRIF licenses caspase-11-dependent NLRP3 inflammasome activation by
gram-negative bacteria. Cell 2012, 150, 606–619.

43. Hagar, J.A.; Powell, D.A.; Aachoui, Y.; Ernst, R.K.; Miao, E.A. Cytoplasmic LPS activates
caspase-11: Implications in TLR4-independent endotoxic shock. Science 2013, 341, 1250–1253.

44. Shrivastava, G.; León-Juárez, M.; García-Cordero, J.; Meza-Sánchez, D.E.; Cedillo-Barrón, L.
Inflammasomes and its importance in viral infections. Immunol. Res. 2016, 64, 1101–1117.

45. Spel, L.; Martinon, F. Detection of viruses by inflammasomes. Curr. Opin. Virol. 2021, 46, 59–64.

46. Li, J.; Hu, L.; Liu, Y.; Huang, L.; Mu, Y.; Cai, X.; Weng, C. DDX19A senses viral RNA and
mediates NLRP3-dependent inflammasome activation. J. Immunol. 2015, 195, 5732–5749.

47. Silwal, P.; Kim, J.K.; Jeon, S.M.; Lee, J.-Y.; Kim, Y.J.; Kim, Y.S.; Seo, Y.; Kim, J.; Kim, S.Y.; Lee,
M.J.; et al. Mitofusin-2 boosts innate immunity through the maintenance of aerobic glycolysis and
activation of xenophagy in mice. Commun. Biol. 2021, 4, 548.

48. Zhao, C.; Zhao, W. NLRP3 inflammasome—A key player in antiviral responses. Front. Immunol.
2020, 11, 211.

49. Holley, C.L.; Schroder, K. The rOX-stars of inflammation: Links between the inflammasome and
mitochondrial meltdown. Clin. Transl. Immunol. 2020, 9, e01109.

50. Seok, J.K.; Kang, H.C.; Cho, Y.-Y.; Lee, H.S.; Lee, J.Y. Regulation of the NLRP3 inflammasome
by post-translational modifications and small molecules. Front. Immunol. 2021, 11, 3877.

Retrieved from https://encyclopedia.pub/entry/history/show/36751


