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The inflammasomes

Adapted from Hansson and Klareskog, 2011

Pathogenic

microbes



Intracellular pathogens, such as Leishmania, 

trigger activation of NLRP3 inflammasome

in macrophages

Lima-Junior et al., Nature Med. 2013.



The inflammasome is required for restriction

of Leishmania infection in vivo
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NLRP3

+ ASC +

Caspase-1

IL1R

NOS2

NF-kb

MyD88

IL-1

IL-1b

Pro-IL-1

Lima-Junior et al., Nature Med. 2013.

Inflammasome-mediated resistance to 

Leishmania infection

NO

Growth

restriction



Cysosolic recognition of pathogenic microbes

Shigella

Listeria

Rickettsia

Trypanosoma cruzi

Vacuole lysis

S. aureus

S. pneumoniae

S. agalactiae

Pore-forming toxins

Legionella 

Salmonella

Chlamydia

Coxiella

Pseudomonas, etc.

Specialized secretion

systems

T3SS or T4SS

Cytosolic 

Receptors and

Inflammasomes



Activation of the NAIP5/NLRC4 inflammasome in response to 

Legionella infection

Dot/Icm

products
Legionella

Inactive NAIP5

Oligomerization

Activated NAIP5

Pro-caspase-1

+NLRC4

Active caspase-1

Pyroptosis and

restriction of 

bacterial 

multiplication

Zamboni et al.,  Nat. Immunol. 2006 



NAIP5 

+

NLRC4 

?

Caspase-1 activation

Inflammatory cell death

Restriction of bacterial replication

Legionella

Zamboni et al., Nat. Immunol. 2006

Ren, Zamboni et al., Plos Path. 2006

Molofsky and Swanson, JEM. 2006

Amer et al., JBC. 2006

Miao et al., Nat Immunol. 2006

Franchi et al., Nat. Immunol. 2006

Flagellin





However, caspase-1 is still activated in response 

to flaA- bacteria or in NLRC4-/- cells

Silveira and Zamboni, Infect. Immun. 2010 



The flagellin-dependent pathway cooperate with caspase-11 

for caspase-1 activation in response to L. pneumophila

Initial observation: Jonilson B. Lima, 2007

WT Legionella

flaA- Legionella



Case et al., PNAS. 2013

The flagellin-independent pathway for pyroptosis is 

dependent on caspase-11



Legionella

The caspase-11 pathway cooperates with the FlaA/NLRC4 

inflammasome for capase-1 activation and pyroptosis in 

response to L. pneumophila

NAIP5 + NLRC4 

Inflammasome

Flagellin

Caspase-1 

activation

PYROPTOSIS
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mediated process

NLRP3 + ASC

Inflammasome

Caspase-11
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What about chronic bacterial pathogens 

that survives longer in macrophages?



Coxiella burnetii

• Gram-negative; obligate

intracelular, genetically intractable;

• Higly infective, adapted to subvert 

mammalian immune system

• Expression of Dot/Icm type IV 

secretion system (very simmilar to 

Legionella pneumophila);

•  Evolutionary selected to multiply 

in mammalian hosts;



NAIP5 + NLRC4 

Inflammasome

Dot/Icm products

Flagellin

Caspase-1 

activation

PYROPTOSIS

Caspase-11

LPS

NLRP3 + ASC

Inflammasome

Coxiella

X ?

Is the inflammasome activated in response

to Coxiella burnetii infection?

Caspase-1 

activation



Caspase-1 is not activated in macrophages infected

with Coxiella burnetii



Caspase-1 activation

PYROPTOSIS

Coxiella

?

The use of a co-infection strategy to investigate 

Coxiella-mediated inhibition of caspase-1 activation

1st infection

Legionella

2nd infection



Coxiella actively inhibits the caspase-1 activation 

induced by Legionella



Caspase-1 activation

PYROPTOSIS

Coxiella

Legionella

The use of L. pneumophila a as a surrogate host to screen for C. 

burnetii effector proteins involved in inhibition of caspase activation

?



Identification of CBU1823 as a Coxiella gene involved

in inhibition of caspase-1 activation

CBU1823 was named IcaA (Inhibition of caspase activation) 



Expression IcaA in Legionella inhibits caspase-1 

activation (a process that requires caspase-11)



Expression of IcaA in flaA- Legionella inhibits caspase-

11-dependent pore formation



IcaA inhibits caspase-11-activation when expressed in 

flaA- L. pneumophila



Cunha et al, Nat. Commun. 2015
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