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L’Inflammasome

candidat pour une analyse approfondie des états inflammatoires

Inflammation contributes to diseases

www.Times.com

clinically denoted by the suffix itis. 

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

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

Definition: • Local response
 Defense and healing

• Systemic response  
 Fever, Heart rate increase, Acute 

phase response, Abnormal white 
blood cell count..

• Chronic inflammation (parainflammation)
 Prolonged 
 Dysregulated and maladaptative
 Active inflammation, tissue destruction 

and attempts at tissue repair

Hawkins et al. NEJM.  2003, 348(25):2583-4 

• Acute inflammation
 Short term
 Usually results in healing

MWS IL‐1Ra

Gabay & Kushner  NEJM. 1999, 340(6):448-54 

Targets and Kinetics of the Inflammatory response

Hallmarks of acute Inflammation

Aulus Cornelius Celsus
(c. 25 BC – c. 50 AD)

Rudolf Virchow
(1821 – 1902)

Causes of inflammation:

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

• Corrosive Chemicals (acid reflux)

• Thermal injury (burns and frostbite)

• Radiation

• Ischemia

• Infection 

…

Microorganisms  Tissue Death (Necrosis) 
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Cells that initiate inflammation:

Tissue resident 
Macrophages

Tissue resident 
Mast cells

Granule (2-5 pg/cell of histamine)

• Cytokines
• Leukotrienes
• Prostaglandines
• ROS / NO
• Platelet activating factors

• Histamine
• Serotonin
• Lysosomal enzymes

Vascular and cellular effects  

Vasodilatation 

Increased vascular permeability  

Chemotaxis

Fluid and protein leakage

Histamine, prostagandines, NO ..

Histamine, ROS, leukotrienes, platelet activating factors

Chemokines, cytokines, leukotrienes

Neutrophils emigration

Events that contribute to the signs of Inflammation

Vasodilatation 

Increased vascular permeability  

Emigration of White Blood Cells

Mediators (cytokines, ROS)

bacteria

Overview of the inflammatory response

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)

LPS, peptitoglycans, nucleic acids …

Danger associated molecular patterns (DAMPs)

ATP, uric acid, HMGB1, IL-1 …

Sensors : 

Membrane associated (sample surface and endosomes)

Toll-like receptors (TLRs)  …

Cytosolic (sample the cytosol)

Nod-like receptors (NLRs); Rig-I-like receptors (RLRs); 
AIM2-like receptors (ALR)…

pathogen 

innate immune sensors 

TLRs, NLRs RLRs...

effector signaling

PAMPs DAMPs

inflammation, 
immune response

Mechanisms of innate immunity

danger 
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Microbial world

Detection System

Immune Response
(pathogen)

Symbiotic Response
(commensal)

TL
R
s

LPS

NFB; JNK; p38; INF …

Zymosan
CpG dsRNA

Patterns 
Recognized

Receptors

Response

Systems for the sensing of Microbes

Innate Immunity; Inflammation

dsRNA,LPS, 
ssRNA, Flagellin,  etc.

dsRNA,LPS, 
ssRNA, Flagellin,  etc.

PRR (Pathogen/microbe  recognition receptors)

MYD88

MAPK
NFB

PAMP (Pathogen/microbe -associate molecular patterns)

Toll-like
receptors

(TLR)

RIP

PAMPPAMP DAMPDAMP

Nod-like
receptors 

(NLR)

N
O

D
N

O
D

N
A
C
H

T

Caspases

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

Martinon, F., Mayor, A., & Tschopp, J. (2009). The inflammasomes: guardians of the body Annual Review of Immunology, 27, 229–265

Nod-like receptors (NLRs)

NLRC3
NLRC5

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

Nod-like receptors (NLRs) : Associated Diseases 

Molecular definition of the Inflammasomes

Martinon, F., Mayor, A., & 
Tschopp, J. (2009). The 
inflammasomes: guardians of 
the body Annual Review of 
Immunology, 27, 229–265

Inflammasomes
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Inflammasomes prionisation

The AIM2 inflammasome is a guardian of Nuclear Envelope integrity, Di Micco et al. 2016 PNAS  

NFR-induced peritonitis

Vehicle

NFR

ASC specks AIM2 is required

Visualization of the inflammasome

Imaging flow cytometry Imaging flow cytometry applications

NFR affects nuclear shape DNA release upon treatment with NFR
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NFR mediates ASC oligomerization

ASC

Caspase-1

NFR triggers ASC specks

Quantification of ASC specks using ImageStream

Di Micco A, et al.. Proc Natl Acad Sci U S A 113: E4671‐80

Interleukin-1 (IL-1) Interleukin-1 (IL-1) 

>Key player in Inflammation 

>Important player in various aspect of
cell regulation

Known as 

•Lymphocyte activating factor (LAF)
•Mitogenic protein (MP)
•T cell replacing factor III (TRFIII)
•B-cell activating factor (BAF)
•B-cell differentiation factor (BDF) 
•“Heidikine”

•Endogenous Pyrogen (EP) 

IL-1

NFB; JNK; p38; INF …

IL-1

IL-1R complex

Burns, K., Martinon, F., Esslinger, C., Pahl, H., et al. (1998). MyD88, an adapter protein involved in interleukin‐1 
signaling The Journal of biological chemistry, 273(20), 12203–12209.

IL-1 Production

NFB 
JNK 
P38..

Pro-inflammatory stimuli 

Caspase-1
Inflammasome

Pro-IL-11)

1) Transcription

IL-1

2)

2) Maturation
IL-1

3) 3) Export

IL-1

IL-1R complex

The TLR and Inflammasome systems

Signals : 

Adaptor : 

LPS

TLR4Sensor : 
extracelullar

cytosolic

nuclear

MyD88

Effector : IRAKs

NFB
mediators

TLRs

IL-1R
extracelullar

cytosolic

nuclear

MyD88

IRAKs

NFB
mediators

IL-1

->           IL-1R

NLRP3

ATP, uric acid, ..

ASC

Caspase-1

Inflammasome

IL-1

Inflammasome
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Inflammasomes as guardians of cellular integrity

Inflammasome

?

What are the cell-intrinsic pathway of inflammasome activation?

How is innate immunity affected by cellular perturbations? 

• Jamilloux Y, Martinon F. Methods Mol Biol. 2016; 1417:207-15

• Martinon F, Burns K, Tschopp J. Mol Cell. 2002; 10(2):417-26

30°C
Caspase-1 p45

p35

p10

Rathinam VAK, Vanaja SK, Fitzgerald KA. Regulation of inflammasome signaling. Nat 
Immunol 2012;13:333–332.

Activation of NLR
Inflammasomes

Rathinam VAK, Vanaja SK, Fitzgerald KA. Regulation of 
inflammasome signaling. Nat Immunol 2012;13:333–332.

Activation of PYHIN
Inflammasomes

Inflammasomes in Diseases

NLRP3 (CIAS1; cryopyrin)  and autoinflammatory diseasesNLRP3 (CIAS1; cryopyrin)  and autoinflammatory diseases

Localized on Chr: 1q44 a periodic fever locus

Suscseptibility locus
• 1q44

Pathology
• Rashes
• Fever
• Amyloidosis
• Sensorineural Deafness (MWS)
• Symptoms provoked in the cold (FCU)
• Neurological involvement  (CINCA)

• Autosomal dominant

• Familial cold urticaria (FCU)
• Muckle-wells syndrome (MWS) 
• Chronic infantile neurological cutaneous arthropathy (CINCA)

NLRP3 (NALP3; CIAS1; cryopyrin)  and CAPS
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Hereditary autoinflammatory diseases Hereditary autoinflammatory diseases

NALP3 mutation lead to increased IL-1 secretionNALP3 mutation lead to increased IL-1 secretion

Agostini, L., Martinon, F., Burns, K., McDermott, M. F., Hawkins, P. N., & Tschopp, J. (2004)  Immunity, 20(3), 319‐325.

Martinon, F., Agostini, L., Meylan, E., & Tschopp, J. (2004). Current biology 14(21), 1929‐1934.

Treatment of patients with IL1ra (Anakinra)Treatment of patients with IL1ra (Anakinra)

NACHT

PYD

N
A

D

CARD

PYD

CARD
Casp1

IL-1

CARD

FIIND

CARD

Casp1

TNF
proIL-1

SAA

IL-6 …

…

IL1ra

IL-1 a target for therapy 
Hawkins et al. N Engl J Med.  2003 Jun 19;348(25):2583-4
Hawkins et al. Arthritis Rheum.  2004 Feb;50(2):607-12.

IL1ra

Inflammatory cascades: 

Linear model of inflammation

inflammasome
IL‐1

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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Inflammasome dependent MSU inflammation in vivo

Nature  Vol. 440, 237–241, march  2006,

Gout 

Martinon and Glimcher 
J. Clin Invest. 116 (8) 2073‐5

Autoinflammatory and chronic inflammatory diseases

NACHT

PYD

N
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PYD

CARD
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IL-1
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FIIND
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IL‐1R
MyD88

NACHT
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CARD

PYD

CARD
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IL-1

CARD

FIIND

CARD

Casp1

IL‐1R
MyD88

Periodic fevers

Gout / Pseudogout/Asbestosis/ Silicosis

IL1ra
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Prof.Alexander SoUse of  IL-1 inhibitors in Gout patients

So et al. :
A pilot study of IL-1 inhibition by anakinra in acute gout

?
K+ efflux
<100 mM

Caspase-1Caspase-1

NALP3 
inflammasome

NALP3 
inflammasome

Asbetos
Silica

MSU

ATP

PGN
DNA

CPPD

IL-1bPro- IL-1b

DAMPs

PAMPs
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D
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D

NADNAD

HSP90 SGT117‐DMAG

IL‐1ra (Anakinra)
IL-1b

Inflammasome inhibitorsInflammasome inhibitors

Inflammation, periodic fevers, Gout…

VX‐765

Adenoviruses
Listeria 

….

Pathogens

MCC950

IL-1Pro- IL-1
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NADNAD

Caspase-1Caspase-1

PAMPS DAMPS

DAMPS

Hypotonic stress
ATP /P2X7
Uric Acid
Asbestos
Alum
Silica
Cholesterol crystals 
Nanoparticles
Amyloid beta
UVB…

PAMPS

Bacterial cell wall
component (Peptidoglycans)
RNA
Adenoviruses
Poxvriuses
Flagellin
Hemozoin crystals
dsDNA

Shigella/ IpaB
Francisella
Listeria..

Activators of the NLRP3 Inflammasome
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. Mature atherosclerotic lesions contain macroscopic deposits of cho‐ lesterol crystals in the necrotic core, but their appearance late in 
atherogenesis had been thought to disqualify them as primary inflam‐matory stimuli. However, using a new microscopic technique, we 
revealed that minute cholesterol crystals are present in early diet‐ induced atherosclerotic lesions and that their appearance in mice 

coincides with the first appearance of inflammatory cells. 

Inflammation: Detection and repair of dangerous situations

Microbial
attackPathogen‐Associated

Molecular Patterns
Danger/Damage‐Associated

Molecular Patterns

Pattern 
Recognition 
Receptors 

(PRR)

Acute
Inflammation
Rapid repair
(days, weeks)

Danger

DAMPsPAMPs

Sterile
attack

Intestine

Lung 

Rheumatoid
arthritis

Inflammatory
Bowel Diseases

Heart

Metabolism 

Cancer

Hypertension
Heart failure

Hepatomas
Mesothelioma

Atherosclerosis
Type II diabetes

Joints

Psoriasis
Allergy

Multiple
sclerosis

Brain

Asbestosis
Asthma

Alzheimer
Parkinson

Skin  Chronic
Inflammation

Repair unsuccessful

Inflammasomes

single‐housed versus cohoused WT and NLRP6mice. 

NLRP6‐Deficient Mice Harbor a Transmissible Colitogenic Gut Microbiota
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Bacteria/Inflammasome interaction

Menu, P., & Vince, J. E. (2011). The NLRP3 inflammasome in health and disease: the good, the bad and the ugly. Clinical and experimental 
immunology, Inflammasomes: the good, the bad and the ugly, 

Inflammasome regulation 

Inflammasomes regulatorsInflammasomes regulators

Rathinam VAK, Vanaja SK, Fitzgerald KA. Regulation of 
inflammasome signaling. Nat Immunol 2012;13:333–332.
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