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TLR-specific 
recognition 
& signaling

TLR1-11
surface receptors

TLR7-9
endosomal

receptors



Bacteria

LPS Gram-negative bacteria TLR4

Diacyl lipopeptides Mycoplasma TLR6/TLR2

Triacyl lipopeptides Bacteria and mycobacteria TLR1/TLR2

LTA Group B Streptococcus TLR6/TLR2

PG Gram-positive bacteria TLR2

Porins Neisseria TLR2

Lipoarabinomannan Mycobacteria TLR2

Flagellin Flagellated bacteria TLR5

CpG-DNA Bacteria (viruses) and mycobacteria TLR9

ND Uropathogenic bacteria TLR11

Fungus

Zymosan Saccharomyces cerevisiae TLR6/TLR2

Phospholipomannan Candida albicans TLR2

Mannan Candida albicans TLR4

Glucuronoxylomannan Cryptococcus neoformans TLR2 & TLR4

Parasites

Glycoinositolphospholipids Trypanosoma TLR2 & TLR4

Hemozoin Plasmodium TLR9

Profilin-like molecule Toxoplasma gondii TLR11

Viruses

DNA Viruses TLR9

dsRNA Viruses TLR3

ssRNA RNA viruses TLR7 and TLR8

Envelope proteins RSV, MMTV TLR4

Hemagglutinin protein Measles virus TLR2

ND HCMV, HSV1 TLR2





TLRs and cytokines:
IL-8
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NODCARD LRR repeats

Rip 2

NOD 1,2

CARD 9

kinase

Bcl-10

Malt-1

CARD 11 [10,14]

Coiled-coilCARD

paracaspase Ig Ig DD

P

Coiled-coilCARD SH3 GUKPDZ



TLR 1/2 
TLR 2/6 
TLR 4 
TLR 3
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Neutrophil inhibition of outgrowth of 
Candida and Aspergillus species

Hyphae

unopsonized

serum opsonized

Neutrophils

- conidia outgrowth after 2 hrs
- germination of hyphae at 20 hrs

(number of hyphae [GFP])
- hyphae killing (MTT staining)

PathogenicCommensal

Conidia

germination



Granulocyte concentrates & fungal infections after 1995?

• Increased survival in patients unresponsive to stan dard therapy:         
9 of 15 patients (60%) showed objective improvement  
(Hester et al . J Clin Apheresis 1995;10:188-93 )

• Impressive responses in 11 of 15 patients (80%) wit h invasive 
fungal diseases resistant to amphotericin B (Dignani et al . Leukemia 

1997;11:1621-30)

• Survival to day 100 of 14 of 23 patients (60%) with  severe fungal 
infection (Peters et al . Br J Haematol 1999;106:689-96)

Granulocyte Transfusions 



• How to select patients-at-risk for interventional G Tx ?

• RCT studies required for further confirmation of th e 

clinical effects observed in GTx studies are missin g

Granulocyte Transfusions 

A service of the U.S. National Institutes of Health

This study is currently recruiting participants. 

Sponsor:
National Heart, Lung, and Blood Institute (NHLBI)
Information provided by (Responsible Party):
National Heart, Lung, and Blood Institute (NHLBI)
ClinicalTrials.gov Identifier:
NCT00627393

Estimated Enrollment:236
Study Start Date:April 2008
Estimated Study Completion Date:December 2013

Safety and Effectiveness of Granulocyte Transfusions in Resolving Infection in People With Neutropenia (The RING Study) 
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Bacterial RNA 
Imiquimod        
Bacterial toxins        
ATP (K+ efflux)         
Uric acid 

ASC

Caspase-1

NALP 3

CARD 8

Caspase-1

NBS CARDPYRIN LRR repeatsNBS CARDCARDPYRINPYRIN LRR repeats

PYRINPYRIN CARDCARD

p12p23 p12p12p23p23CARDCARD

ASC

Caspase-1

CARD 7

ASC

Caspase-1

CARD 7

NBSPYRIN LRR repeats

PYRIN CARD

p12p23CARD

CARD FIIND

p12p23CARD

NBSPYRIN LRR repeatsNBSPYRINPYRIN LRR repeats

PYRINPYRIN CARDCARD

p12p23CARD p12p23 p12p12p23p23CARDCARD

CARD FIINDCARDCARD FIIND

p12p23CARD p12p23 p12p12p23p23CARDCARD

Staphylococcus aureus
Listeria monocytogenes 
Aeromonas spp

PYRIN CARD

p12p23CARD

NBSCARD LRR repeats

PYRINPYRIN CARDCARD

p12p23 p12p12p23p23CARDCARD

NBSCARD LRR repeatsNBSCARDCARD LRR repeats

ASC 

Caspase-1

CARD 12 / IPAF Legionella pneumophila  
…
Salmonella typhimurium
Shigella flexneri

NBS LRR repeatsBIR BIR BIR NBS LRR repeatsBIRBIR BIRBIR BIRBIRNAIP 5

NBS LRR repeatsCARD NBS LRR repeatsCARDCARD

PYRIN CARD

p12p23CARD

PYRINPYRIN CARDCARD

p12p23 p12p12p23p23CARDCARD

ASC

Caspase-1

NALP 1b / ? Bacillus antracis 

…
Francisella tularensis

?



inflammasome 

signalasome

micobial products 

K+ changes

RIG1 / MDA

apoptosome 

cell death

acidification 

caspases 

other?

PRRs

opsonins

antibodies 

complement

soluble lectins

bacterial products

TLRs   
CLRs  

TREMs     

NBS-LRRs 
NLRs    
IRFs    

fraticide 
factors       

?    





activatie
IRAK-1 
IRAK-4

IRAK-M

MyD88 
& Mal

TLR2-6 TLR4-MD2

TRAF6
TAB2 / Ubc13

ubiquitinatie

TAK1
TAB1

IKKγγγγ IKKα / βα / βα / βα / β

IκκκκB

NFκκκκB ubiquitinatie / fosforylering

NFκκκκB

IRF3TRAM 
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–

activatie

+
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PKR
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Gene name Fold change
(after G-CSF/dexa)

Protein Expression
(MFI; control vs. sample

NB1, HNA2A (+) 20.3 CD177 25265 vs. 31745

CD69,CLEC2C (-) 28.6 CD69 2980 vs. 222

CD52 (-) 15 CD 52 3654 vs. 1957

CD55, DAF (+) 3.4 CD55 4095 vs. 9356

CD59 (+) 5 CD59, Protectin 14512 vs. 21245

control

G-CSF/dexamethasone 
(in vivo )

Protein representation of micro -array data

Graphs are representative for 
3 separate experiments

CD177 CD69 CD52 CD55 CD59



Gene ontology analysis

Spotfire (AMC)

On line programs:

• GO Tree machine 

• Onto express 

• GO Stats 



Neutrophil Differentiation

In the bone 
marrow billions 
of neutrophils 
are produced 
every day 

Neutrophils are 
short-lived cells 
(8-20 hours) 

Their life-span 
can be 
increased up to 
several days if 
the cells leave 
the circulation 
and enter 
tissues, 
especially 
during 
inflammation or 
infection

Adapted from Bainton et al.1980



Crossroads of Life and Death:     
role of mitochondria 

Release of
apoptotic factors

activation of caspases

apoptosis

Inhibition
Anti -apoptotic 

Bcl-2 homologues
(Bcl-2, Bcl-X L, Mcl-1) (Bax, Bid, Bad, Bim)

Induction
Pro-apoptotic 

Bcl-2 homologues





IgG receptors (Fc γγγγRI, FcγγγγRII, FcγγγγRIII)

pseudogene 

phagocytes, platelets 

NK cells, macrophages

B cells, macrophages

neutrophils

macrophages
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FEVER syndromes



NBS / NACHT

1 90 219 534 740 991
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