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Innate versus specific immunity

Innate immunity: 

- rapid

- effective 

- not-specific, indiscriminate

- lacks immunological memory

Adaptive immunity: 

- needs 10-14 days

- a specific activation against a 
particular microorganism, enhancing 
the effectivity of the response

- builds immunological memory
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Memory: the ability of a system to store and recall

information on previously encountered characteristics
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Systemic acquired resistance
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Netea et al: Cell Host and Microbe 2011

Increased response to secondary infection



Innate immunity-dependent 
protection in mice

Quintin et al, Cell H&M, 2012
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Quintin et al, Cell H&M, 2012



MTA: Histone methyltransferase inhibitor

Less Methylation

Quintin et al, Cell H&M, 2012



Trained immunity versus tolerance
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What are the pathways distinguishing 
Training vs Tolerance ?

signaling

Saeed, Quintin et al, Science, 2014



What are the pathways distinguishing 
Training vs Tolerance ?

metabolism

signaling

Saeed, Quintin et al, Science, 2014



What are the pathways distinguishing 
Training vs Tolerance ?

metabolism

signaling

Saeed, Quintin et al, Science, 2014
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Tolerance vs Training

Sustained induction of 

glycolysis (Warburg)

Maintains Trained status

“Training” stimuli

Metabolic status and epigenetic programming decides 

the long-term activation fate of the monocyte
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Trained immunity in humans

New Scientist 

Aug. 2013



Does this happen in vivo in humans?

Kleinnijenhuis et al, PNAS, 2012



BCG enhances monocyte-derived cytokines

Kleinnijenhuis et al, PNAS, 2012



BCG increases NK cell function

Kleinnijenhuis et al, Clin Immunol 2014



BCG effects on epigenetics 
and transcription

Kleinnijenhuis et al, PNAS, 2012



BCG protects against candidiasis in a 
T/B-independent fasion

n=15

n=25

Kleinnijenhuis et al, PNAS, 2012



Is autophagy involved in Trained 
Immunity induced by BCG ?



SNP in ATG2B (rs3759601)

Buffen et al, PLoS Pathogens, in press



BCG study – in vivo

ATG2B 
(rs3759601)

ATG2B 
(rs3759601)

Buffen et al, PLoS Pathogens, in press



Effect on epigenetic level

Buffen et al, PLoS Pathogens, in press



Bladder cancer study

Buffen et al, PLoS Pathogens, in press
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Leentjens et al, submitted



BCG increases immunogenicity of influenza vaccine
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Classical view
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