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The inflammasomes:

The next frontier

$Acypovoowpa Kal maOnoeic avanveuoTiKoU

Popiva NwkoAétta
Emnlkoupn kaBnyntpwa lMveupovoroylac - Evratwne Oepamnelag
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Innate immunity
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Innate immunity (‘Epgurn avooia)

H éuputn avooia avayvwpilei Ta onpadia «KivdUuvou»
evronifovrac  HiIkpoPlaka  poTiPpa HEOW  TWV  UTOOOXEWV
avayvwpiong npoTUunwv (pattern-recognition receptors-PRRs)

PRRs

- pathogen-associated molecular patterns (PAMPs)
- danger associated molecular patterns (DAMPS)

O1 umodoxeic PRR ekyppalovrai ota KUTTAGpa apuvac

pwTnG Ypadppnc (Hakpowdayd, povokUTTapa,  BeVIPITIKA
KUTTapa, oudeTepowiAd, emiOnAiaka KUTTAPA)

2uvdéovtal otn HepPppavn~> Toll like receptors, C-type lectin receptors

Schroder & Tschopp The inflammasomes Cell 2010



Pattern recognition

receptors ligands

CLR

* Transmembrane proteins localized at

and some bacteria
* Activate kinase syk and CARD9/MALT1

* Transmembrane proteins localized

‘ Virus
the plasma membrane _ bacteria XA either at the plasma membrane or in
* Recognize glycans from the wall of fungi J- ...:?‘. endosomes

* Broad range of specificities recognizing
proteins, nucleic acids, glycans etc...

AIM2 detects viral and bacterial DNA

* Form multiprotein signalling complexes
known as inflammasomes

* Activates caspase-1-mediated processing
and activation of pro-interleukins IL-1

and IL-18 cytosol

/Bcl-10 adapter complex CLR « Activate MAP kinase, NFkB and IRF
pathways
Example: Dectin-1/CLEC7A recognizes [3-
1,3-glucans of the cell wall of various fungi Example: TLR4 recognizes lipopolysa-
species /= ccharide (LPS), a component of the gram-
o bacteria cell wall
* Cytoplasmic sensors Kl
* Multiple subfamilies:
NLPRs recognize bacterial, viral, parasitic
and fungal PAMPs NLR * Cytoplasmic sensors of viral RNA

RLR

* Signalvia the mitochondrial adaptor
protein MAVS

* Trigger antiviral responses including
the production of type | interferon

nucleus

Examples: RIG-l and MDAS

NOD1 and NOD2 recognize bacterial
peptidoglycan

Rossana Zaru, Euro
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NLRP3 inflammasome activators

Activator Source Examples

DAMP Self-derived ATF, cholesterol crystals, monosodium urate crystals, calcium pyrophosphate dihydrate
crystals, calcium oxalate crystals, soluble uric acid, neutrophil extracellular traps, cathelicidin,
a-synuclein, amyloid-p, serum amyloid A, prion protein, biglycan, hyaluronan, islet amyloid
polypeptide, hydroxyapatite, haeme, oxidized mitochondrial DNA, membrane attack complex,
cyclic GMP-AME, lysophosphatidylcholine, ceramides, oxidized phospholipid 1-palmitoyl-
2-arachidonoyl-sn-glycero-3-phosphorylcholine and sphingosine

Foreign-derived  Alum, silica, aluminium hydroxide, nanoparticles, carbon nanotubes, chitosan, palmitate
(also self-derived), UVB, imiguimod (R837)/CL097 and resiquimod (R848)

PAMP Bacterial Lipopolysaccharide, peptidoglycan, muramyl dipeptide, trehalose-6,6'-dibehenate,
c-di-GMP—c-di-AMF, bacterial RNA and RNA-DNA hybrid

Toxins: nigericin (Streptomyces hygroscopicus), gramicidin (Brevibacillus brevis), valinomycin
(Streptomyces fulvissimus and Streptomyces tsusimaensis), p-haemolysin (Streptococcus sp.

‘group B), a-haemolysin (Staphylococcus aureus), M protein (Streptococcus sp. ‘group A'),
leucocidin (Staphylococcus aureus), tetanolysin O (Clostridium tetani), pneumolysin (Streptococcus
pneumoniae), listeriolysin O (Listeria monocytogenes), aerolysin (Aeromonas hydrophila),
streptolysin O (Streptococcus pyogenes), enterohaemolysin (Escherichia coli 0157:H7), haemolysin
BL (Bacillus cereus), adenylate cyclase toxin (Bordetella pertussis), M protein (Streptococcus

sp. ‘group A) and maitotoxin (Marina spp. dinoflagellates)

Viral Double-stranded RNA and single-stranded RNA

Fungal B-Glucans, hyphae, mannan and zymosan

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



Structures of the inflammasomes

o NLR family
o a sensor - central nucleotide-binding and

oligomerization (NACHT) domain, which is
commonly flanked by C-terminal leucine-
rich repeats (LRRs)

an adaptor molecule known as apoptosis-
associated speck-like protein containing
caspase activation and recruitment domain

(CARD) (ASC), or pyrin (PYD) domain
the effector molecule caspase-1

NOD like receptors with a pyrine domain > NLRP (1,3)
With a caspace recruitment domain > NLRC

NLRP3 = NOD like receptor with a pyrine domain 3
Best characterized

Schroder & Tschopp The inflammasomes Cell 2010
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NOD-like receptors and their activators

o el Flagellin, rod protein

! Lethal toxin toxins), host-derived Unknown Cytosolic DNA
Activator— | (Bacillus anthrax) (ATP, MSU), or sterile (Gut microbiota?) 2, mﬂ;ﬂ (DNA virus)
(silica, UV) substances iy
NLRP1b MLRP3 NLRP& NLRC4 NAIP1, 25,6 AlM2

Receptor —

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



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

O1 PRRs evepyomoloUv €vav Karappdkrtn ondarodoTnong mou emayel
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The NLRP3 inflammasome responds to activating signals through a two-step
activation model
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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-kB 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-1p 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-1p, IL-18), prior to their secretion

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



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

NLRP3 inflammasome in lung disease

Chronic Obstructive Asthma

Pulmonary Disease Regulation of Inflammation?

Defense Against Secondary Infections?

Acute Lung Injury/
Acute Respiratory
Distress Syndrome

NLRP3 INFLAMMASOME
Pulmonary

Arterial Hypertension

Propagation of Tissue Injury Regulation of Inflammation?

Idiopathic
Pulmonary Flbrosis

Regulation of Inflammation?

Infectious
Dlsease

Host Defense Against Pathogens

v

Pro-Inflammatory Cytokines 5 e i
Cystic Fibrosis
Fpomcds Regulation of Inflammation?

Defense Against Pseudomonas

Sepsis

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



Environmental triggers of inflammasome activation
in a pulmonary macrophage

. o DAMPs
Flagellin SARS envelope (e.g. ATP) <«
protein O @
Foreign DNA
/’/_’_’__“ s o Cigarette smoke
Silica, asbestos

Microbes

Epithelial cell death

Neutrophil €——————— Promoting inflammation and lung injury
recruitment

Annu Rev Physiol. 2017 Feb 10;79:471-494
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Innate immunity in tuberculosis: host defense vs
pathogen evasion

Cui Hua Liu', Haiying Liu® and Baoxue Ge*
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Cell Mol Immunol. 2017 Dec;14(12):963-975
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Investigating the Role of Nucleotide-Binding Oligomerization
Domain-Like Receptors in Bacterial Lung Infection

Mary Leissinger’, Ritwij Kulkarni', Rachel L. Zemans®, Gregory P. Downey?, and Samithamby Jeyaseelan'+*

Bacteria

Bordetella pertussis

Chlamydophila ({Chlamydia) pneurmoniae

Klebsiella pneumoniae
Legionella pneumophila

Mycobacterium tuberculosis
Pseudomonas aeruginosa
Staphylococcus aureus
Streptococcus pneumoniae

MAMP

CyaA
Unknown

PGN

Unknown

Unknown

Flagellin

PGN

mAGP
Flagellin/ExoUT35S
MDP

Pneumolysin

NLR

Unknown
Inflammasome
Unknown
Inflammasome
NOD1/NOD2
NLRC4
NLRP3
NLRC4
NOD1/NOD2
NOD2

NLRC4

NOD2

NLRP3

Phenotype*

Snd Nnd BB1

BDnd (IL-R1~~ mice)
S| Nnd BBt BDnd
(caspase-1~"" mice)
S) Nt BBt BDnd
S| N| BBt BD1

5] N| BBnd BDnd
snd Nns BB1 BDnd
5] M| BBt BDnd
Sns Nns BBns BDnd
Sns Nnd BB1 BDt
Sns N| BBns BDnd
5] Nns BBns BDns

Am J Respir Crit Care Med. 2014 Jun 15;189(12):1461-8
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Immune recognition of Pseudomonas
aeruginosa mediated by the IPAF/NLRC4
inflammasome

Fayyaz S. Sutterwala,' Lilia A. Mijares,>* Li Li,** Yasunori Ogura,’
Barbara 1. Kazmierczak,?* and Richard A. Flavell!~
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Pseudomonas aeruginosa Type-3 Secretion System Dampens Host
Defense by Exploiting the NLRC4-coupled Inflammasome

Emmanuel Faure'?*, Jean-Baptiste Mear'®*, Karine Faure'?, Sylvain Normand®3%=, Aurélie Couturier-Maillard®3*-5,
Teddy Grandjean®**>, Viviane Balloy®, Bermhard Ryffel”®, Rodrigue Dessein'®, Michel Chignard®,
Catherine Uyttenhove™8, Benoit Guery'-2, Philippe Gosset®**5, Mathias Chamaillard®3*-5T, and Eric Kipnis'=T
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Am J Respir Crit Care Med. 2014 Apr 1;189(7):799-811
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IL-17-mediated Host Response Is Increased in Nirc4-/- Mice
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Virus infection induces proteolytic processing
of IL-18 in human macrophages via caspase-1
and caspase-3 activation

Jaana Pirhonen, Timo Sareneva, llkka Julkunen and Sampsa Matikainen
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The NLRP3 Inflammasome Mediates in vivo Innate Immunity to
Influenza A Virus through Recognition of Viral RNA

Irving C. Allen’, Margaret A. Scull2:3, Chris B. Moore', Eda K. Holl2, Erin McElvania-
TaKi?geg, Debra J. Taxman?, Elizabeth H. Guthrie, Raymond J. Pickles?3, and Jenny P.-Y.
Ting '
Pathogenicity and immune response in mice deficient in
inflammasome signaling pathways
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The H7N9 influenza A virus
infection results in lethal
inflammation in the mammalian
host via the NLRP3-caspase-1
inflammasome

Rongrong Ren?, Shuxian Wu?, Jialin Cai*, Yugin Yang®, Xiaonan Ren?, Yanling Feng?, Lixiang
Chen', Boyin Qin', Chunhua Xu!, HuaYang', Zhigang Song?, Di Tian®, Yunwen Hu®?, Xiachui
Zhou™?* & Guangxun Meng?
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NLRP3 (NALP3/CIAS1/Cryopyrin) mediates key innate and healing

responses to influenza A virus via the regulation of caspase-1

Paul G. Thomas', Pradyot Dash', Jerry R. Aldridge Jr.2, Ali H. EllebedyZ, Cory Reynolds!,
Amy J. Funk3, William J. Martin3, Mohamed Lamkanfi®, Richard J. WebbyZ2, Kelli L. Boyd?,
Peter C. Dnhertr1-5, and Thirumala-Devi I(anneganti1

Nirp3(-/-) 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
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Acute lung injury and ARDS
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CASP1 relative RT-PCR expression
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IL18 relative RT-PCR expression

Inflammasome-regulated Cytokines Are Critical
Mediators of Acute Lung Injury

Tamas Dolinay’, Young Sam Kim', Judie Howrylak'?, Gary M. Hunninghake'? Chang Hyeok An’,
Laura Fredenburgh®, Anthony F. Massaro', Angela Rogers'-?, Lee Gazourian®, Kiichi Makahira®,
Jeffrey A. Haspel', Roberto Landazury', 5abitha Eppanapally?, |Jason D. Christie?, Muala . Meyers,
Lorraine B. Ware®, David C. Christiani®”, 5tefan W. Ryter!, Rebecca M. Baron!, and

Augustine M. K. Choi’
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Critical role for the NLRP3 inflammasome during acute lung
injury?’

Jamison J. Grailer, Bethany A. Canning, Miriam Kalbitz, Mikel D. Haggadone, Rasika M.
Dhond, Anuska V. Andjelkovic, Firas S. Zetoune, and Peter A. Ward”
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Extracellular histones activate the inflammasome

These data indicate an interaction between extracellular histones and
the NLRP3 inflammasome, resulting in ALL. Such findings suggest novel targets
for treatment of ALI, for which there is currently no known efficacious drug.
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Mechanical ventilation (MV) increases the expression of the
cleaved form of IL-18 in alveolar macrophages
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Activation of NLRP3 inflammasome in alveolar macrophages
contributes to mechanical stretch-induced lung inflammationand
injury
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Autophagy in pulmonary macrophages mediates lung inflammatory injury via
NLRP3 inflammasome activation during mechanical ventilation
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Role of the Inflammasome-Caspase1/11-IL-1/18 Axis in
Cigarette Smoke Driven Airway Inflammation: An Insight
into the Pathogenesis of COPD
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NLRP3 Inflammasome Involves in the Acute Exacerbation
of Patients with Chronic Obstructive Pulmonary Disease
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The relative mRNA levels of NLRP3 (a), ASC (b), Casp-1 (c), IL1p (d),
and IL-18 (e) to the internal control GAPDH, in bronchial tissues
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Correlation Analysis of NLRP3, ASC, Casp-1, IL-1p, and IL-18
mRNA levels with the bacteria burden in the airways
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IL-18 might reflect disease activity in
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hyperresponsiveness in mild asthmatics:
Effect of smoking

Nikoletta Rovina *'9 Efrossini Dima <9, Christina Gerassimou ,
Androniki Kollintza €, Christina Gratziou '€, Charis Roussos '€

l 1 I
N= 17 16 22 24
Healthy non  Healthy ~ Nonsmoking  Smoking
smokers smokers  asthmatics  asthmatics
GROUP

w

FEWV, (%o pred)

o

FEV, (% pred)

140
130
12
110
il 1]

o0

70
-1

im 220 3IX Do an &0 o 200 400 600 BOD

TL-18 (pg/ml)

12
110
m

10D

Fo0
GO0 <
500 1™~
400 £

300 | N

1L-18 (pg/mi)

200 4

100 4

a a

1000 1200
FD20meth (pgr)

MNon smoking asthmatics

Too

GO0

So0

400

IL-18 (pg/ml)

300 ¢

200

100
200 400 &00 s00

PD20meth {(pgr)
Smoking asthmatics

1000 1200

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

IL-18 {(pg.ml)

G00,00 —

200,00 =

400,00 =

300,00 =

200,00 =

100,00 =

Low interleukin (IL)-18 levels in sputum
supernatants of patients with severe
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Elevated expression of the NLRP3
inflammasome in neutrophilic asthma
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NLRP3 Suppresses NK Cell-Mediated Responses to
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NLRP3/Caspase-1 inflammasome activation is
decreased in alveolar macrophages in
patients with lung cancer
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The Nalp3 inflammasome is essential for the
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Bleomycin and IL-1B-mediated pulmonary
fibrosis is IL-17A dependent
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Absence of the inflammasome adaptor ASC reduces hypoxia-induced
pulmonary hypertension in mice
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Conclusion

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



