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L'Inflammasome

candidat pour une analyse approfondie des états inflammatoires
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Inflammation contributes to diseases

clinically denoted by the suffix itis.

suffix that denote inflammation of an organ (dermatitis; arthritis; colitis; bronchitis;
gastritis; neuritis...)

www. Times.com

Definition:

« Inflammation is the body' natural and immediate
response to tissue injury.

Targets and Kinetics of the Inflammatory response

* Local response * Systemic response
» Defense and healing > Fever, Heart rate increase, Acute
phase response, Abnormal white
) blood cell count..

« Acute inflammation « Chronic inflammation (parainflammation)
» Short term » Prolonged
» Usually results in healing » Dysregulated and maladaptative
» Active inflammation, tissue destruction
and attempts at tissue repair
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Hallmarks of acute Inflammation
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Pain (gotor)

Causes of inflammation:

Tissue Death (Necrosis) Microorganisms

Mechanical trauma (tissues are crushed, pressure friction.. )

Corrosive Chemicals (acid reflux)
Thermal injury (burns and frostbite)

Radiation
Ischemia

Infection
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Cells that initiate inflammation:
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) . » Cytokines
Tissue resident . « Leukotrienes
Macrophages L - Prostaglandines
°. + ROS/NO
« Platelet activating factors
Tissue resident . ‘ + Histamine
Mast cells | o « Serotonin

Lysosomal enzymes

Granule (2:5 pg/cel o histarine)

Vascular and cellular effects
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Increased vascular permeability
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Fluid and protein leakage

Histamine, ROS, leukotrienes, platelet activating factors

Chemotaxis === =]
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Neutrophils emigration

Events that contribute to the signs of Inflammation
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Overview of the inflammatory response

e ) bacteria

What are the signals detected by the
sentinels ?

How are these signals integrated
by the cell ?

Sensors of microbes and danger signals

Signals :

Pathogen associated molecular patterns (PAMPs) 4 “,
LPS, peptitoglycans, nucleic acids ...

Danger associated molecular patterns (DAMPS)
ATP, uric acid, HMGB1], IL-1a ...

Sensors :
Membrane associated (sample surface and endosomes)
Toll-like receptors (TLRS) ...
Cytosolic (sample the cytosol)

Nod-like receptors (NLRs); Rig-I-like receptors (RLRs);
AlIM2-like receptors (ALR)...

Mechanisms of innate immunity

1 pathogen |
"PAMPs

| innate immune sensors -

TLRs, NLRs RLRs...

effector signaling -
inflammation,
immune response
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Systems for the sensing of Microbes

Toll-like receptors (TLRs) and Nod-like receptors (NLRs)

dsRNA,LPS,
sSRNA, Flagellin, etc.

PAMP (Pathogen/microbe -associate molecular patterns)

Patterns
Microbial world Recognized
_— T e
receptors
(TLR) PRR ( el
Receptors (P DAMP
Detection System
receptors
NFkB; INK; p38; INF} (NLR)
Symbiotic Response Immune Response _I; Response m
(commensal) (pathogen) R
Innate Immunity; Inflammation
Nod-like receptors (NLRs) Nod-like receptors (NLRS) : Associated Diseases
b NAIP
Motor neuron survival
Spinal muscle atrophy
NOD-like receptors CITA
Adaptive immunity
NALP1 MHC ciass Il presentation NOD1, NOD2
CARD Intestinal homeostasis
. :gg;mm NLRX1/ Innate immunity
F NALP3 VHD
NALP4-14 ME. Nooa*hopz  Nops  CITA ot APAFY Blau disease
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Martinon, F., Mayor, A, & Tschopp, J. (2009). The inflammasomes: guardians of the body Annual Review of Immunology, 27, 229-265

Skin autoimmune disorders
Vitligo, diabetes

Genetic imprinting
Beckwith-Widemann synarome

GVHD
NLRP3
IN"HP'Q Danger sensing
immune regulation 1L18 sccrotion
Heredtary fever syndrome Gout, pseudo-gout
CAPS
Diabetes

Kufer, T. A., & Sansonetti, P.J. (2011). NLR functions beyond pathogen recognition Nature Immunology, 12(2), 121-128.

Molecular definition of the Inflammasomes

NALP3 inflammasome IPAF inflammasome

Inflammasomes
NALP3 NALP3 IPAF IPAF

Caspase-1

:

. Caspase-1 Caspase-1

Inflammasome v v

Martinon, F., Mayor, A, &
Tschopp, J. (2009). The
inflammasormes: guardians of
the body Annual Review of
Immunology, 27, 229265
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Inflammasomes prionisation
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Visualization of the inflammasome
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NFR mediates ASC oligomerization NFR triggers ASC specks
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>Key player in Inflammation | .
o
FR >Important player in various aspect of
cell regulation
PO uM
Known as

=Lymphocyte activating factor (LAF)
=Mitogenic protein (MP)

=T cell replacing factor 111 (TRFIII) IL-1
«B-cell activating factor (BAF)

=B-cell differentiation factor (BDF)

NFxB; INK; p38; INFB ...

o =“Heidikine”
Zo0f —2
3 15 ~Endogenous Pyrogen (EP) —
@
rEl 4
P ,
£ Di Micco A, et al.. Proc Natl Acad Sci U S A 113: E4671-80
o
o
<« H¥ b‘;ﬁ’ Burns, K., Martinon, ., Esslinger, C., Pahl, H., et al. (1998). MyD88, an adapter protein involved in interleukin-1
Q& & signaling The Journal of biological chemistry, 273(20), 12203-12209.

IL-1B Production The TLR and Inflammasome systems

Pro-inflammatory stimuli Si | © e
ignals : - ic aci
T-10 1) Transcription 9 LPS . - ATR uricacid, .. B
Sensor : TLR4C‘ NLRP3 C B MRS
extracelullar extracelullar
2) Maturation . cytosolic I cytosolic
. Adaptor : MyD88 ASC b MyD88
) 3) Export
Effector : IRAKs Caspase-1 ~ IRAKs
IL-1R complex Sal |
i) nuclear 2. ,)‘\\ =i nuclear
B mediators ,;"’4' “:’&o mediators
N Infl °
> .. nflammasome NFB R

Caspase-1
Inflammasome

TLRs Inflammasome -> IL-1R
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Inflammasomes as guardians of cellular integrity

Inflammasome

+ Jamilloux Y, Martinon F. Methods Mol Biol. 2016; 1417:207-15
+ Martinon F, Burns K, Tschopp J. Mol Cell. 2002; 10(2):417-26

What are the cell-intrinsic pathway of inflammasome activation?

How is innate immunity affected by cellular perturbations?
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Rathinam VAK, Vanaja SK, Fitzgerald KA. Regulation of inflammasome signaling. Nat
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NLRP3 (CIAS1; cryopyrin) and autoinfl

ory d
Localized on Chr: 1944 a periodic fever locus

= Familial cold urticaria (FCU)
= Muckle-wells si/ndrome (MWS)
= Chronic infantile neurological cutaneous arthropathy (CINCA)

Suscseptibility locus
- 1044

Pathology

= Rashes

- Fever

= Amyloidosis

= Sensorineural Deafness MWS?

= Symptoms provoked in the cold (FCU)

c AW
= Neurological involvement (CINCA) B
{ c
« Autosomal dominant i i

NLRP3 (NALP3; CIAS1; cryopyrin) and CAPS

AT

12 13 12 15

MU1 234567 8 91011121314 1516 17 1819 20

@ periodic fever with amyloidosis

@  perioac fever without amyioidosia

[ ] thout

Figure 6.4 . A) Pedigrees of family A (Indian) showing the results of Tag I restriction fragment
length polymorphism assays for the R260W. B) family B (French Canadian), and Alu I
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Hereditary autoinflammatory diseases

Table 1 The autoinfiamm story diseases
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Hereditary autoinflammatory diseases
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Figure 6.8 Model for the inflammasome deregulation in periodic fevers.
Proteins highlighted in green represent mutated protein for gain of function,
and proteins highlighted in red proteins were the function is believed to be
disrupted in the patients.

Isoprenoids

NALP3 mutation lead to increased IL-1 secretion
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‘Agostin, L, Martinon, ., Burns, K., McDermott, M. F., Hawkins, .., & Tschopp, J. (2004) Immunity, 20(3), 315-325

Martinon, F, Agostini, L, Meylan, £, & Tschopp, . (2004) 1929-1934,

Treatment of patients with IL1ra (Anakinra)

Patient 1

g

Plasma Concentralion of Serum
Amyloid A Protein (mgfiiter)

IL.-6 TNF

/J\ T proll-1

»1L-1 a target for therapy

Hawkins et al. N EnglJ Med. 2003 Jun 19;348(25):2583-4
Hawkins et al. Arthritis Rheum. 2004 Feb;50(2):607-12.

Inflammatory cascades:

Linear model of inflammation

Uric acid crystals (MSU).

...the etiologic agent of gout

-Autoinflammatory disorder
-pain

-inflammation of the articular and
periarticular tissues
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Does MSU activates the NALP3 inflammasome?
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Autoinflammatory and chronic inflammatory diseases

Gout / Pseudogout/Asbestosis/ Silicosis

Periodic fevers

IL-1R
MyD88

IL-1R
MyD88
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Prof.Alexander So

Use of IL-1 inhibitors in Gout patients
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Soetal.:
A pilot study of IL-1 inhibition by anakinra in acute gout

Table 3. Current approved anti-interleukin (IL)-1 therapies.

Anakinra (Kineret)

Rilonacept (Arcalyst)

Canakinumab (Haris)

Nature Recombinant IL-1Ra
Target IL-IR
Half life 46h

Administration 100 mg, daily, subcutaneous

Major injection site reactions,
URI, infections

Second-line therapy for RA
(FDA 2001, EMEA 2002).
CAPS (off-label use)

Comnon side-effects

Indications

Cytokine trap (fusion protein including
IL-IR and IL-1Ra)

IL-1B (and IL-1, IL-1RACP)

86 days

320 mg loading dose then 160 mg
n: weekl

Minor injection site reactions, URI,

infections

ECAS and MWS patients aged more.
than 12 years (FDA 2008, EMEA
2009)

Humanized monaclonal antibody
against [L-1p

IL-1B.

26 days

1 ry 8 weeks, subutaneous

(or intravenous)
URI, vertigo (MWS
injection site re

FCAS and MWS paticnts aged more
than 4 years (FDA and EMEA 2009)

ents), negligible
ions,

IL-1Ra: [L-1 receptor antagoni
<ryopyrin-associated periodic syndromes

receptor; IL-IRACP: IL-1 receptor accessory protein; URL, upper respi
toid arthritis; FCAS: familial cold

syndrome

y tract infections; CAPS;
Muckle-Wells syndrome;

W

FDA: Food and Drug Administration; EMEA: European Medicines Agency: Regarding NOMID/CINCA: the only currently approved therapy is

Canakinumab (approved by the EMEA but not the FDA).

Inflammasome inhibitors

= .
_ Silica
17-DMAG _l HSPOO  SGT1 sy
cpPD
NALP3
inflammasome
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DNA
MCC950 —|
‘Adenoviruses
Listeria

@

VX-765 _I
Caspase-1
—_— g ;
Pro-IL-1b IL-1ra (Anakinra)

Inflammation, periodic fevers, Gout...

ARTICLES

nature.,
medicine

A small-molecule inhibitor of the NLRP3 inflammasome
for the treatment of inflammatory diseases

Rebecca C Coll' 2, Avril A B Robertson?, Jae Jin Chae?, Sarah C Higgins', Raul Munoz-Planillo?,

Marco C Inserra®3, Irina Vetter>%, Lara § Dungan', Brian G Monks®, Andrea Stutz®, Daniel E Croker?,
Mark $ Butler?, Moritz Haneklaus!, Caroline E Sutton!, Gabriel Nunez?, Eicke Latz®-%, Daniel L Kastner?,
Kingston H G Mills", Seth L Masters”, Kate Schroder?, Matthew A Cooper? & Luke A ] O'Neill'

Sterile inflammatory diseases-Infammasomes

MWS, FCU, CINCA/NOMID *NALP3 ILra
Familial Mediterranean Fever (FMF) “Pyrin ILra
Pyogenic arthritis, pyoderma & acne syndrome (PAPA) *PSTPIP1 ILra
n Systemic juvenile idiopathic arthritis (SOJIA) *CLIC2? ILira
TRAPS “TNFR1 Wi
Gout MSU/NALP3 ILra
Pseudogout CPPD/NALP3 ILra
DIRA R ILIRA IL-1ra
Asbestosis Asbestos/NALP3 ?
Contact dermatitis (hypersensitivity) Irritants/NALP3. ?
Malaria HZ/NALP3 2
igo *NALP1 7o
Hydatidiform moles *NALP7 ?
Hypertension *NALP3 ?
Fever Syndrome *NALP12 ?
Schnitzler' s syndrome ? ILira
Sweet syndrome ? ILira
ﬂ Behcet' s disease ? ILira
Type 2 diabetes 7 a-1L1f
Rheumatoid Arthritis ? (a-1Lp)
Relapsing polychondritis ? ILira
Castleman disease ? ILira

Activators of the NLRP3 Inflammasome

PAMPS

Bacterial cell wall
component (Peptidoglycans)
RNA

Adenoviruses

Poxvriuses

Flagellin

Hemozoin crystals

dsDNA

Shigella/ IpaB
Francisella
Listeria..

Alum
Silica

UVB...
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DAMPS

DAMPS

Hypotonic stress
ATP /P2X7

Uric Acid
Asbestos

Cholesterol crystals
Nanoparticles
Amyloid beta
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LETTERS

NLRP3 inflammasomes are required for
Fatty acid-induced NLRP3-ASC inflammasome atherogenesis and activated by cholesterol crystals
activation interferes with insulin signaling

Peter Duewell'~*, Hajime Kono®*, Katey J. Rayner**, Cherilyn M. Sirois', Gregory Vladimer', Franz G. Bauernfeind®,
George S. Abela®, Luigi Franchi’, Gabriel Nufiez”, Max Schnurr’, Terje Espevik'*, Egil Lien’, Katherine A. Fitzgerald',
Haitao Wen"?%, Denis Gris">®, Yu Lei', Sushmita Jha’, Lu Zhang'~, Max Tze-Han Huang'?, Kenneth L. Rock?, Kathryn J. Moore™<, Samuel D. Wright'’, Veit Hornung®™* & Eicke Latz' ™%

‘Willie June Brickey' & Jenny P-Y Ting!h245

Mature atherosclerotic lesions contain macroscopic deposits of cho- lesterol crystals in the necrotic core, but their appearance late in

. 2 2 G i : A atherogenesis had been thought to disqualify them as primary inflam- matory stimuli. However, using a new microscopic technique, we
:,f;?‘,:: ;::‘;ﬂ:‘:ﬂzggx ';ﬂ:: I'f A ;"i:ll':lhd'::;t: ;:',2?:;’;:::3 ::d"tgg’:ﬂ::::’mg:ﬂ;:ﬂ::;:?;:?ﬂ;“ revealed that minute cholesterol crystals are present in early diet- induced atherosclerotic lesions and that their appearance in mice
is unclear. We show that the saturated fatty acid palmitate, but not unsaturated oleate, induces the activation of the NLRP3-ASC coincides with the first appearance of inflammatory cells.

inflammasome, causing caspase-1, IL-1B and IL-18 production. This pathway involves mitochondrial reactive axygen species
and the AMP-activated protein kinase and unc-51-like kinase-1 (ULK1) autophagy signaling cascade. Inflammasome activation
in hematopoietic cells impairs insulin signaling in several target tissues to reduce glucose tolerance and insulin sensitivity.
Furthermore, IL-1p affects insulin sensitivity through tumor necrosis factor-independent and dependent pathways.

These findings provide insights into the association of inflammation, diet and T2D.

ARTICLES o s
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Activation of the NLRP3 inflammasome in dendritic v tae b4t e vt - i e St
cells induces IL-1B-dependent adaptive immunity e i

against tumors

ousfor s
Frangois Ghiri i'+18, Lionel 123518, Antoine Tesniere>*”'%, Laetitia Aymeric'**'8, Yuting Ma'-*, PP
Carla on.zt 258 Karim 9, Theocharis 5257, Grégoire Mignot!, Evelyn Ullrich!-25, Diverse somatic mutation patterns and pathway b o]
e o o.38 e
Jean-Luc Perfettini®>7, Frédéric Schlemmer®57, Ezgi Tasdemir®>7, Martin Uhl'", Pierre Génin'', Ahmet Civas'’, alterations in human cancers | L awrs 3
Bernhard Ryffel'?, Jean Kanellopoulos', Jurg Tschopp'¥, Fabrice André' -5, Rosette Lidereau'®, 'mm,m:”" 200000
Nicole M McLaughlin'®, Nicole M Haynes'®, Mark ] Smyth'®'®, Guido Kroemer®*7:'® & Laurence Zitvogel 1718 e Tas? e LR

Fraquency of copy gain

The therapeutic efficacy of anticancer chemotherapies may depend on dendritic cells (DCs), which present antigens from dying.
cancer cells to prime tumor-specific interferon-y (IFN-y)-producing T lymphocytes. Here we show that dying tumor cells release
ATP, which then acts on P2X, purinergic receptors from DCs and triggers the NOD-like receptor family, pyrin domain containing-3

roat v eoad
protein (NLRP3)-dependent caspase-1 activation complex (‘inflammasome’), allowing for the secretion of interleukin-1p (IL-1B). ans| Q‘,"‘“ bl ) 3 .
The priming of IFN-y-producing CD8* T cells by dying tumor cells fails in the absence of a functional IL-1 receptor 1 and in ol ! iR ?“t‘i "W vl
Nipr3-deficient (NIp3") or caspase- 1-deficient (Casp-1-") mice unless exogenous IL-1 is provided. anticancer o o ow  om  am o
cnamoinmpy |urmﬂ on! ||: be inefficient against tumors established in purinergic receptor P2x7-or Nirp3™or Casp1-hosts. Frequency of copyloss
with carrying a loss-of-function allele of P2RX7 developed metastatic disease
more rapidly than mdmduals bearing the normal allele. These resuits indicate that the NLRP3 inflammasome links the innate
and adaptive immune responses against dying tumor cells.
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Table 1. The good: inflammasome control of pathogen infection.
Inflammasome
importance
Inflammasome established
Organism PAMPS identified activated in vivo? Refs Bacillus anthracis Anthrax lethal toxin NLRPI Yes [167-170]
. Escherichia coli Type IIl secretion system, Ragellin NLRCA No 157)
Schistosoma mansoni nd, NLRP3 Yes 1138 Chlamydia tmachomatis Type 111 secretion system NLRP3 No (i)
Bacteria Protozoa
Mycobacterium fuberculosis ESX-1 secretion system NLRP3-dependent Yes. In vivo IL-1 Taxoplasma gondii nd. NLRPI No (7
and -independent production is Plasmodium species; Haemozoin, MSU NLRP3 Yes' (30,136,173
mechanism independent of Jalciparum, berghei,
caspase-1 ehabasdi
Streptococeus preumoniae Preumolysin NLRP3 Yes [143,044] Fungal
Streptococcus pyogenes Streptolysin O NLRP3 Yes. Not important [145) Candida albicans Hyphae, B-glucan NLRP3 Yes (174)
in vivo Aspergillus fumigatus nd, Bgluan NLRP3 No [175.176]
Streptomyces hygrowcopics  Nigericin NLRP3 na. [146] Saccharompoes cerevisiae nd, Bglican NLRP3 na. [174)
Klebsiella preumoniae nd. NLRP3 Yes 1147 Vi
Chlamycia prcumoniae nd nLws Yes [148] Sendial virus Rn NLRPS o
Salmonella typhimurium Flagellin and type IIl secretion system hL; lw;a‘d Yes [149.150) Igfvonza view RNA, M2 fon channd HiEE -
Francisela rdacensis DA A2 Yo Aoty ey HLRES =
Legionella pneumophila Fagellin NLRCH Y Vieceisa iz DHARNA AN e
Listeria monocytogenes Flagellin, Listeriolysin O, DNA AIM2, NLRP3, Yesr Mouse cytomegalovirus DNA AIM2 Yer
NLRCY Vesicular stomatis virus 5 triphosphate ssRNA RIG-T, NLRP3 Yes. Not important (24183]
Pseudomonas acruginesa Flagellin, Type 11l secretion system NLRC4 Yes [156-158)
Shigelia flexneri Type |1| secretion m\m NLRC4. Yes [157.159) sphalom yocarditis viris RNA NLRP3 (24,183)
8 e Lip NLRP3 No [160]
Staphylococcus aureus Peptidoglycan NLRP3 Yes [146,161-165]
Haemolysin
Virbria vubnificus and Haemolysins NLRP3 o liss] Menu, P,, & Vince, J. E. (2011). The NLRP3 inflammasome in health and disease: the good, the bad and the ugly. Clinical and experimental

Vibrio cholerae

immunology, Inflammasomes: the good, the bad and the ugly,
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