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 Beekeepers: 
 Show full allergen tolerance Tr1 

cells 

 1000x higher allergen-specific 
IgG4 

Which human antigen-specific models are we using? 

Patients and healthy  
individuals 
 

allergen-SIT, biologicals 
blood, tonsils,  
biopsies of affected tissues, 
3D tissue equivalents 

1) Meiler 2008, J. Exp. Med. 
2) Trautmann A 2000, J. Clin Invest. 
3) Jutel 2001, Nature 
4) Akdis C 1996, J. Clin. Invest. 
5) Akdis C 1998, J. Clin. Invest. 
6) Akdis M 2004, J. Exp. Med. 
7) Klunker 2009, J. Exp. Med. 

which one will be the first and preferential APC to present the antigen to 
which T cell subset in which tissue microenvironment 

adjuvants, dose, frequency, place, age 
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Immature DC LC 

Th17-9-22 

It is very difficult to cope with a primed and  

established immune response 
Aeroallergen-specific T cell frequency  

in health and allergy 
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Beekeepers show way to 

allergen tolerance  
 

 

The Journal of Experimental 

Medicine, November 10, 2008 

 

 

 

High dose antigen-induced  

peripheral T cell tolerance 

bee keeping 
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control antigens 

tetanus toxoid 
PPD  

Meiler & Zumkehr et al. 

J.Exp.Med. 2008 

Frequency of PLA-specific cytokine secreting  
T cells before and after live bee stings  

*: p<0.001 

n:6 beekeepers 
Decreased frequency of PLA-specific IL-4- and IFN-g-secreting T cells, 

increased frequency of IL-10-secreting T cells is observed  

7 days  after ≥20 bee stings 
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 B regulatory Cells in  

Allergen Tolerance 

Induction of IL-10 in human B cells 

24h mRNA 3d  protein 

PBMC 

Isolate   
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Stimulate 

Induction of IL-10 in human B cells 

24h mRNA 3d  protein 

PBMC 

Isolate   
 
B cells 

Stimulate 

TLR9 agonist (CpG2006) 
induces IL-10 in human B 
lymphocytes 
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Sorting of IL-10-secreting B cells 
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Surface markers upregulated in IL-10+ B 

cells 
Gene Expression in IL-10+ 

B cells 

CD25 (IL-2RA) ↑ 

CD274 (PD-L1) ↑ 

CD71 (TFRC) ↑ 

CD73 (NT5E) ↓ 

CD274 CD71 CD25 

Isotype IL-10+ IL-10- 

CD73 

Sorting of CD25+CD71+ B cells 

Suppressive capacity of IL-10+ B cells 
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basophil 

 IgG4: A non-inflammatory antibody 

 Fab-arm exchange  Functionally monovalent 
   Prevents formation of immune complexes 

Protective effects in allergy 
 
 Blocking antibody:  

 Compete with IgE for allergen binding 
 Prevent allergen-mediated crosslinking of  
  surface bound IgE 

 Does not fix complement  

van der Neut Kolfschoten et al., 2007, Science  

IL-10-secreting B cells express high levels of 

IgG4 

PBMC 

Isolate   
 
B cells 

Stimulate   
 

3d 

IL-10 
secretion 
assay 

P < 0.01 

Sort 
IL-10+ 

IL-10- Stimulate 

10d 

Analyze Ig isotypes 
By qPCR 

IL-10-secreting B cells express high levels of IgG4 Beekeepers as a human model to study 

regulatory B cells 

 Beekeepers: 
 Develop tolerance to phospolipase-A2 

(PLA)1 

 High PLA-specific IgG4 

1) Meiler et al., 2008, J Exp Med 
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PLA-specific Beekeeper B cells produce 

higher levels of IL-10 than other B cells 
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Stain IL-10 and PLA-specific BCR 

Isotype 
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IL-10 

PLA-specific B cells produce higher levels of 

IL-10 in Beekeepers and in beevenom allergic 

individuals  after SIT 
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allergen-specific 
Treg cell 
multiple 

suppressor  
factors 

IL-10, TGF-b, IL-10R, TGF-bR, CTLA4, PD1, HR2 
RUNX (Klunker et al. J. Exp. Med. 2009) 

Immune tolerance to allergens  
in healthy immune response and successful SIT 

eosinophil 

IL-10 
TGF-b 

decreased  
TH2 cytokines 

very 

early and late 

desensitization 
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Th2 
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Meiler et al., 2008, Allergy Meiler et al., 2008, J Exp Med 

Allergen 

Aim of study 

IL-10 

B cell 

Suppress T cell responses Interfere with: 
• Allergic sensitization 
•       Hypersensitivity reaction 

A subset of B cells 
can produce IL-10 

IgG4 class  
switching 

Memory 
B cell 

Plasma 
cell 

IgG4 antibody 
Production 
Non-inflammatory 
 isotype 

Differentiation 

Summary 

 Majority of IL-10+ B cells are CD25hi CD71hi CD274+CD73low 

 

 IL-10-secreting B cells suppress antigen-specific proliferation 
 

 IL-10-secreting B cells show elevated IgG4 production 

 

 Beekeepers 

 High levels of PLA-specific IgG4 

 PLA-specific B cells can produce IL-10 and are mainly 

   IgG4-positive 
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Regulation of IgG4 production 

IL-10 

B cell 

Interfere with: 
• Allergic sensitization 
•       Hypersensitivity reaction 

IgG4 induction 
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B cell 

Plasma 
cell 
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Production 
Non-inflammatory 
 isotype 

Differentiation 

Allergen-specific T cell response 

Healthy No response 

Th0 response in PBMC and specific T 
cell clones with low frequency 

Tr1, particularly IL-10-dominating 
response with relatively high 
frequency 

Allergic Th2 response with varying quantities 
of IL-4, IL-5 and IL-13, detectable IL-
10 and IFN-g 

M. Jutel & M. Akdis et al. EJI 2003 
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Th2 

mast 
cell 

HR2 suppresses APC capacity, 

 increases IL-10 and  

suppresses IL-12 in  

maturing dendritic cells 

 

HR2 on Th2 cell 

suppresses IL-4, IL-13  

and proliferation 

 

HR2 

HR2 

Th1 

HR1 on Th1 cell 

enhances IFN-g  

and proliferation, 

increases effector functions  

and tissue injury 
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suppressive 

capacity of  

Treg cells 

 
Nature 2001 

Curr Opin Immunol. 2002 

 

control Ag + IL10 + anti-IL10R + ranitidine us 

us PLA + IL-10 + anti-IL10R + ranitidine 

C
D

3
+

 C
D

4
+

 

CFSE 

0.49 + 0.21 2.56 + 0.85 0.24 + 0.13* 12.65 + 6.11* 5.23 + 2.15 

0.43 + 0.22 0.64 + 0.19 0.45 + 0.11 0.71 + 0.29 0.75 + 0.19 

Breaking of peripheral T cell tolerance  
by blocking IL-10R and HR2 

active suppression by IL-10 and histamine via HR2 after multiple bee stings 
 

Meiler & Zumkehr et al. 

J.Exp.Med. 2008 
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Upregulation of HR2 on allergen-specific T cells  by natural bee stings 

 

 

Meiler & Zumkehr et al. 

J.Exp.Med. 2008 
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Suppressive capacity of IL-10+ B cells Sorting of CD25+CD71+ B cells 
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Regulation of immunoglobulin expression by 

CpG and IL-10   

PBMC 

Isolate   
 
B cells 

Stimulate   
 

5d 
Analyze Ig isotypes 
By qPCR 
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Regulation of immunoglobulin expression by 

CpG and IL-10   

PBMC 

Isolate   
 
B cells 

Stimulate   
 

5d 
Analyze Ig isotypes 
By qPCR 

TLR9 stimulation induces IgG1, 
IgG4 and IgA 

IL-10 enhances TLR9-induced 
IgG4 production 


