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Innate immunity (Έμφυτη ανοσία)

Η έμφυτη ανοσία αναγνωρίζει τα σημάδια «κινδύνου»
εντοπίζοντας μικροβιακά μοτίβα μέσω των υποδοχέων
αναγνώρισης προτύπων (pattern-recognition receptors-PRRs)

PRRs
o pathogen-associated molecular patterns (PAMPs)

o danger associated molecular patterns (DAMPS)

Οι υποδοχείς PRR εκφράζονται στα κύτταρα άμυνας
πρώτης γραμμής (μακροφάγα, μονοκύτταρα, δενδριτικά
κύτταρα, ουδετερόφιλα, επιθηλιακά κύτταρα)

Συνδέονται στη μεμβράνη Toll like receptors, C-type lectin receptors

Cytosolic  NOD like receptors, RIG like receptors

Schroder & Tschopp The inflammasomes Cell 2010





NLRP3 inflammasome activators

Nat Rev Immunol. 2019 Aug;19(8):477-489



o NLR family

o a sensor - central nucleotide-binding and
oligomerization (NACHT) domain, which is
commonly flanked by C-terminal leucine-
rich repeats (LRRs)

o an adaptor molecule known as apoptosis-
associated speck-like protein containing
caspase activation and recruitment domain
(CARD) (ASC), or pyrin (PYD) domain

o the effector molecule caspase-1

o NOD like receptors with a pyrine domain  NLRP (1,3)

o With a caspace recruitment domain  NLRC

o NLRP3 = NOD like receptor with a pyrine domain 3

o Best characterized

Schroder & Tschopp The inflammasomes Cell 2010

Structures of the inflammasomes



NOD-like receptors and their activators

Annu Rev Physiol. 2017 Feb 10;79:471-494

https://www.ncbi.nlm.nih.gov/pubmed/28192059


Loverdos et al. J Clin Med. 2019 Nov 14;8(11)

Οι PRRs ενεργοποιούν έναν καταρράκτη σηματοδότησης που επάγει 
φλεγμονώδη απάντηση          ενεργοποίηση της επίκτητης ανοσίας

Μέλη της οικογένειας NLR
σχηματίζουν μεγάλα 
κυτταροπλασματικά 

συμπλέγματα

Φλεγμονοσώματα 

Μοριακές πλατφόρμες που 
συνδέουν την αναγνώριση 
μικροβιακών/κυτταρικών 

προϊόντων μετά από λοιμώξεις ή 
καταστάσεις stress με την 

πρωτεολυτική ενεργοποίηση των 
φλεγμονωδών κυτταροκινών IL-
1β και IL-18 μέσω της caspase-1

Alarmins



Priming is provided by the activation of cytokines or 
pathogen- associated molecular patterns (PAMPs), 

leading to the transcriptional upregulation of canonical
and non- canonical NLRP3 (NOD-, LRR- and pyrin domain-

containing protein 3) inflammasome components. 

Nat Rev Immunol. 2019 Aug;19(8):477-489



The NLRP3 inflammasome responds to activating signals through a two-step 
activation model

Am J Respir Cell Mol Biol. 2016 Feb;54(2):151-60

Step 1
Initiation is typically triggered by ligand 
binding (e.g., LPS) to Toll like receptors (e.g., 
TLR4) and related receptors. This results in 
activation of NF-κB which translocates to the 
nucleus and activates the transcription of 
inflammasome components, including NLRP3, 
and the pro-forms of inflammasome-related 
cytokines (i.e., pro-IL-1β and pro-IL-18). 

Step 2
A second signal is required for assembly of 
the inflammasome from its individual 
components (e.g., NLRP3, ASC, pro-caspase-1). 
• The canonical signal is provided by P2X7 

stimulation by ligand (e.g., eATP), which 
triggers potassium ion efflux. 

• Additional contributory signals may include 
the destabilization of lysosomes after 
ingestion and phagocytosis of crystalline 
substrates such as monosodium urate 
crystals (MSU), and the disruption of 
mitochondria, leading to the release of 
mitochondrial DAMPs such as cardiolipin and 
mtDNA. 

• Activation of inflammasome-associated 
caspase-1 results in the activation 
(cleavage) of pro-inflammatory cytokines 
(e.g., IL-1β, IL-18), prior to their secretion 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Regulation+and+Function+of+the+NLRP3+Inflammasome+in+Lung+Disease%2C+Lee%2C+Choi


Am J Respir Cell Mol Biol. 2016 Feb;54(2):151-60

NLRP3 inflammasome in lung disease

https://www.ncbi.nlm.nih.gov/pubmed/?term=Regulation+and+Function+of+the+NLRP3+Inflammasome+in+Lung+Disease%2C+Lee%2C+Choi


Infectious disease



Environmental triggers of inflammasome activation 
in a pulmonary macrophage

Annu Rev Physiol. 2017 Feb 10;79:471-494

https://www.ncbi.nlm.nih.gov/pubmed/28192059


Cell Mol Immunol. 2017 Dec;14(12):963-975

https://www.ncbi.nlm.nih.gov/pubmed/28890547


Am J Respir Crit Care Med. 2014 Jun 15;189(12):1461-8

https://www.ncbi.nlm.nih.gov/pubmed/?term=Am.+J.+Respir.+Crit.+Care+Med.+189%3A1461%E2%80%9368


J Exp Med. 2007 Dec 24;204(13):3235-45

https://www.ncbi.nlm.nih.gov/pubmed/?term=.+J.+Exp.+Med.+204%3A3235%E2%80%9345


Am J Respir Crit Care Med. 2014 Apr 1;189(7):799-811

• Type-3 secretion 
system–positive (T3SS1) 
strain

• Srain lacking exotoxins 
(DSTY)

Pseudomonas aeruginosa 
triggers, through a 

functional type-3 secretion 
system (T3SS), the 
activation of NLRC4. 

Nlrc4-/- Mice Show 
Enhanced Bacterial Clearance 
and Decreased Lung Injury 
Contributing to Increased 

Survival against Extracellular 
Pseudomonas aeruginosa 

T3SS1 Strain

https://www.ncbi.nlm.nih.gov/pubmed/24555512


Am J Respir Crit Care Med. 2014 Apr 1;189(7):799-811

IL-17–mediated Host Response Is Increased in Nlrc4-/- Mice

https://www.ncbi.nlm.nih.gov/pubmed/24555512


Eur J Immunol. 2001 Mar;31(3):726-33.

Virus infection induces the 
processing of pro-IL-1 and 

pro-IL-18 into their 
mature forms in 
macrophages

https://www.ncbi.nlm.nih.gov/pubmed/?term=Eur.+J.+Immunol.+31%3A726%E2%80%9333


Pathogenicity and immune response in mice deficient in 
inflammasome signaling pathways 

Immunity. 2009 Apr 17;30(4):556-65

https://www.ncbi.nlm.nih.gov/pubmed/?term=Immunity+30%3A556%E2%80%9365


Sci Rep. 2017 Aug 8;7(1):7625

Mice deficient for NLRP3 inflammasome 

components, including NLRP3, caspase-1, and 
Apoptosis-associated speck-like protein 
containing a CARD (ASC), were less susceptible 
to H7N9 viral challenge than wild type (WT) 
controls.

https://www.ncbi.nlm.nih.gov/pubmed/28790324


Immunity. 2009 Apr 17;30(4):566-75

Nlrp3(-/-) and Casp1(-/-) mice were more susceptible than wild-type mice after infection with a 
pathogenic influenza A virus. This enhanced morbidity correlated with decreased neutrophil and monocyte 

recruitment

https://www.ncbi.nlm.nih.gov/pubmed/?term=Immunity+30%3A566%E2%80%9375


Acute lung injury and ARDS 



Am J Respir Crit Care Med. 2012 Jun 1;185(11):1225-34

https://www.ncbi.nlm.nih.gov/pubmed/?term=Am.+J.+Respir.+Crit.+Care+Med.+185%3A1225%E2%80%9334


J Immunol. 2014 Jun 15;192(12):5974-83.

https://www.ncbi.nlm.nih.gov/pubmed/?term=J.+Immunol.+192%3A5974%E2%80%9383


J Immunol. 2014 Jun 15;192(12):5974-83.

Extracellular histones activate the inflammasome. 

These data indicate an interaction between extracellular histones and 
the NLRP3 inflammasome, resulting in ALI. Such findings suggest novel targets 
for treatment of ALI, for which there is currently no known efficacious drug.

https://www.ncbi.nlm.nih.gov/pubmed/?term=J.+Immunol.+192%3A5974%E2%80%9383


Am J Respir Crit Care Med. 2012 Jun 1;185(11):1225-34

Mechanical ventilation (MV) increases the expression of the 
cleaved form of IL-18 in alveolar macrophages

https://www.ncbi.nlm.nih.gov/pubmed/?term=Am.+J.+Respir.+Crit.+Care+Med.+185%3A1225%E2%80%9334


J Immunol. 2013 Apr 1;190(7):3590-9

Mechanical ventilation with a high 
tidal volume activates NLRP3 
inflammasome in mouse lungs

https://www.ncbi.nlm.nih.gov/pubmed/?term=J.+Immunol.+190%3A3590%E2%80%9399


Am J Physiol Lung Cell Mol Physiol. 2014 Jul 15;307(2):L173-85

The cytosolic form of 
microtubule-associated protein 
1A/1B-light chain 3 (LC3-I) is 
conjugated to 
phosphatidylethanolamine to 
form LC3-II, which is 
recruited to autophagosomal 
membranes, the process of 
which is essential for the 
autophagosome formation

https://www.ncbi.nlm.nih.gov/pubmed/24838752


COPD



Am J Respir Cell Mol Biol. 2011 Mar;44(3):423-9.

P2X7R-deficient animals are 
partially protected from 

cigarette smoke (CS)– induced 
lung inflammation

https://www.ncbi.nlm.nih.gov/pubmed/?term=Am.+J.+Respir.+Cell+Mol.+Biol.+44%3A423%E2%80%9329


PLoS One. 2014 Nov 18;9(11):e112829.

https://www.ncbi.nlm.nih.gov/pubmed/?term=PLOS+ONE+9%3Ae112829


PLoS One. 2014 Nov 18;9(11):e112829.

https://www.ncbi.nlm.nih.gov/pubmed/?term=PLOS+ONE+9%3Ae112829


Inflammation. 2018 Aug;41(4):1321-1333

https://www.ncbi.nlm.nih.gov/pubmed/29656319


Inflammation. 2018 Aug;41(4):1321-1333

The relative mRNA levels of NLRP3 (a), ASC (b), Casp-1 (c), IL1β (d), 
and IL-18 (e) to the internal control GAPDH, in bronchial tissues

https://www.ncbi.nlm.nih.gov/pubmed/29656319


Inflammation. 2018 Aug;41(4):1321-1333

Correlation Analysis of NLRP3, ASC, Casp-1, IL-1β, and IL-18 
mRNA levels with the bacteria burden in the airways

https://www.ncbi.nlm.nih.gov/pubmed/29656319


Asthma



J Allergy Clin Immunol. 2001 Feb;107(2):331-6

https://www.ncbi.nlm.nih.gov/pubmed/?term=IL-18+might+reflect+disease+activity+in+mild+and+moderate+asthma+exacerbation


Respir Med. 2009 Dec;103(12):1919-25

https://www.ncbi.nlm.nih.gov/pubmed/?term=IL-18+in+induced+sputum+and+airway+hyperresponsiveness+in+mild+asthmatics%3A+Effect+of+smoking


Respir Med. 2015 May;109(5):580-7

https://www.ncbi.nlm.nih.gov/pubmed/?term=Low+interleukin+(IL)-18+levels+in+sputum+supernatants+of+patients+with+severe+refractory+asthma


Am J Respir Crit Care Med. 2019 May 1;199(9):1076-1085

Increased extracellular DNA (eDNA) in sputum from a subset of asthmatics 
reflects neutrophil activation



Eur Respir J. 2014 Apr;43(4):1067-76

https://www.ncbi.nlm.nih.gov/pubmed/?term=Eur.+Respir.+J.+2014%2C+43%2C+1067%E2%80%931076


Lung cancer



Tumour Biol. 2015 Sep;36(10):7501-13

https://www.ncbi.nlm.nih.gov/pubmed/?term=Tumor+Biol.+36%3A7501%E2%80%9313


Cancer Res. 2012 Nov 15;72(22):5721-32

https://www.ncbi.nlm.nih.gov/pubmed/?term=Cancer+Res.+72%3A5721%E2%80%9332


Cancer Res. 2012 Nov 15;72(22):5721-32

Greater NK cell frequency and activity in the B16F10-bearing lungs 
of NLRP3/ mice

https://www.ncbi.nlm.nih.gov/pubmed/?term=Cancer+Res.+72%3A5721%E2%80%9332


PLoS One. 2018 Oct 26;13(10):e0205242.

https://www.ncbi.nlm.nih.gov/pubmed/30365491


Pulmonary fibrosis



PNAS 2008 Jul 1;105(26):9035-40



Am J Respir Crit Care Med. 2009 May 15;179(10):903-13

Bleomycin (BLM)-induced 
pulmonary inflammation and 
remodeling are dependent on 
NALP3, caspase-1, and ASC 

proteins

https://www.ncbi.nlm.nih.gov/pubmed/?term=Am.+J.+Respir.+Crit.+Care+Med.+179%3A903%E2%80%9313


J Exp Med. 2010 Mar 15;207(3):535-52

https://www.ncbi.nlm.nih.gov/pubmed/?term=J.+Exp.+Med.+207%3A535%E2%80%9352


Eur Respir J. 2016 Mar;47(3):910-8

BAL

https://www.ncbi.nlm.nih.gov/pubmed/26743485


Am J Respir Cell Mol Biol. 2016 Aug;55(2):252-63

https://www.ncbi.nlm.nih.gov/pubmed/?term=Am.+J.+Respir.+Cell+Mol.+Biol.55%3A252%E2%80%9363


Pulmomary hypertension



Am J Physiol Lung Cell Mol Physiol. 2015 Aug 15;309(4):L378-87

https://www.ncbi.nlm.nih.gov/pubmed/?term=Am.+J.+Physiol.+Lung.+Cell+Mol.+Physiol.+309%3AL378%E2%80%9387


Am J Physiol Lung Cell Mol Physiol. 2019 Jun 1;316(6):L999-L1012

https://www.ncbi.nlm.nih.gov/pubmed/30908936


Am J Physiol Lung Cell Mol Physiol. 2019 Jun 1;316(6):L999-L1012

https://www.ncbi.nlm.nih.gov/pubmed/30908936


• PRRs constitute an integral component of the immune system of the lung 
and are necessary for inflammatory processes involved in defense 
against invading pathogens and for restoration of tissue homeostasis

• Acutely, activation of NLRP3 is important for the clearance of viral and 
bacterial lung infections 

• However, sustained activation of NLRP3 after inhalation of irritants can 
lead to more chronic and deleterious inflammatory effects in the lung

• The partially redundant and complementary roles of inflammasome
effector molecules in lung pathologies also warrant the search for novel 
therapeutics that directly target the NLRP3 inflammasome or 
mechanisms that control its activation

.

Conclusion


