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An Agreement between 
the tissues and the 
immune system for 

Chronicity 
 
 
 
 
 

Body surfaces: Skin 0.5% 

     Mucosas 99.5% 

 

Lung: 100 m2 

Gut:   300 m2 

 

1 Ton food per year 

mixed with water 

 

1014 bacteria 

1 kg 

2000 species 

 

 

11/2 Tennis court 

 

=12*0.6*60*24*365*80 

3‘027‘456‘000 liters 

10 billion particles (3 perLiter) 

1 kg 

Only one cell layer between life and death 

0.03 mm thick 

T cell epithelium 
interaction 

 
Rules of activation 
and cell death of 

epithelium 
 
 
 
 

activation/ 

organ  

migration 

effector functions 

eczema/spongiosis 

survival/reactivation 

dermal  

mononuclear  

cells 

Histopathology of AD 

70 % T cell 

1-3 % eosinophil 

10-20 % dendritic cell 
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HE TUNEL 

NORMAL 

ASTHMA 

ASTHMA 

ASTHMA Trautmann et al. 
Klunker et al. 
Basinski et al.  

IFN-g 

TNF-a 

Trail 
 
T cells and eosinophils 
cooperate in apoptosis 
 
Early activation 
is followed by death 
 
Dead epithelium 
does not contribute to 
inflammation 
 
Basal cells remain intact, 
full recovery occurs 

Epithelial apoptosis in asthma and CRS (IFN-g, TNF-a and TRAIL) 
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activated T cells 

IFN-g 

Fas-ligand 

TNF-a 

TWEAK 

IL-32 

Trautmann et al. J Clin Invest, 

JACI, Curr Opin Imm. 

Keratinocyte apoptosis as a mechanism of eczema 
 in atopic dermatitis 

Resting 

 T cells 

Activated  

T cells 

No 

apoptosis 
Apoptosis 

Epithelial apoptosis and shedding in 

chronic rhinosinusitis 
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Chemokines, cytokines  
IP-10, Mig, iTac,  
TSLP, TARC, eotaxin 
HLA-DR,  
apoptosis ligands and  
receptors 

apoptosis 

Biphasic nature of T cell epithelial interaction 
A typical activation-induced cell death 
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Th1 cell or IFN-g+TNF-a 

stimulated bronchial epithelial cells 

 
 

Mezenchymal cell 
deatH 

and  
Fatal Asthma 

Qu ic k T im e ™ a nd a
TIFF (L ZW) dec om p res s or

are  ne eded  to s ee th is  p ic t ure.

Solarewicz et al. 2009 

Smooth muscle activation and apoptosis in severe asthma  
(IFN-g, TNF-a and TRAIL) 

active  

caspase 3 

Death of mezenchymal cells: Fatal 
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Rules of ANGIOGENESIS 
AND Remodelling 

in Chronicity 
 
 
 

Rules of angiogenesis: 
Blocked during severe inflammation 
Induced during low level inflammation 
Induced during remissions and healing 
Blocked by high dose proinflammatory cytokines 
Induced mainly by VEGFA, PlGF, PDGF 
Inhibited by IL-32 (Meyer et al. JACI 2012) 

 
Rules for chronicity, feed, revascularize,  
never bleed 

Angiogenesis and remodeling 
 

Angiogenesis and remodeling 
 

Norbert Meyer JACI 2012 

IL-32 downregulates VEGF and PDGF and angiogenesis 

   EPITELIAL 
BARRIER 
VERSUS 

PERMISSIVENESS 
 
 
 
 

Epithelial tight junctions 
(Epithelial permissiveness for 

allergens etc.) 
 

Drainage of inflammation 
 

 

-Closed tight junctions: preventive and protective 
-Open tight junctions: to drain inflammation, but allow  
allergen, toxin accessibility 

Tight junctions (TJs) T cells and airway epithelium 

lumen 

tissue 

TJs PROTEINS: 

 

3-membrane domains 

• occludin 

• claudins (24 proteins) 

• tricellulin (novel - between 3 

neihbouring cells) 

 

1-membrane domain 

• JAMs – junction adherent proteins 
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Defective epithelial barrier function in asthma  

Chang Xiao,  et al.  

The Journal of Allergy and Clinical Immunology  

Volume 128, September 2011, Pages 549–556.e12 

 

•The bronchial epithelial barrier in asthma is compromised. This defect may facilitate 

the passage of allergens and other agents into the airway tissue, leading to immune 

activation and may thus contribute to the end organ expression of asthma. 

Tight junction defects in patients with atopic dermatitis 

Anna De Benedetto, et al. 

The Journal of Allergy and Clinical Immunology 

Volume 127, March 2011, Pages 773-786.e7,  

 

• An impairment in tight junctions contributes to the barrier dysfunction and immune 

dysregulation observed in AD subjects and that this may be mediated in part by reductions 

in claudin-1. 

 

Defective epithelial barrier in chronic rhinosinusitis: The regulation of 

tight junctions by IFN-γ and IL-4 

Michael B. Soyka et al. 

 

A defective epithelial barrier was found in patients with CRS with nasal 

polyps along with a decreased expression of TJ proteins.  

 

 

The broad spectrum of interepithelial junctions in skin and lung 

Jeannette I. Kast et  al. 

 

TJ network is complex and involves many proteins 
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Jeannette Kast, JACI 2012 

Disrupted TJs in CRS 

Michael Soyka, JACI 2012 

IL-4 and IFN-g open TJs 

Michael Soyka, JACI 2012 

Opening of TJs 

 

IL-4, IL-13 

IFN-g (apoptosis) 

TNF-a (apoptosis) 

LPS 

TGF-b 

No effect on 
opening of TJs 

 

IL-10 

IL-17 

IL-2 

IL-21 

IL-23 

IL-25 

IL-33 

EGF (closing) 

 

Epithelial  
regenaration 

 

Treg cells 

EGF (recovery) 

 

http://www.sciencedirect.com/science/article/pii/S0091674911008645
http://www.jacionline.org/article/S0091-6749(10)01632-5/fulltext
http://www.jacionline.org/article/S0091-6749(10)01632-5/fulltext
http://www.jacionline.org/article/S0091-6749(10)01632-5/fulltext
http://www.jacionline.org/article/S0091-6749(10)01632-5/fulltext
http://www.jacionline.org/article/S0091-6749(12)00958-X/abstract
http://www.jacionline.org/article/S0091-6749(12)00958-X/abstract
http://www.jacionline.org/article/S0091-6749(12)00958-X/abstract
http://www.jacionline.org/article/S0091-6749(12)00752-X/abstract
http://www.jacionline.org/article/S0091-6749(12)00752-X/abstract
http://www.jacionline.org/article/S0091-6749(12)00752-X/abstract
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Treg cells open  

tight junctions  

and regenerate 

epithelium 

Treg cells open tight junctions  

control 

Isotype control Chalubinsky, Wawrzyniak & Wanke et al. 

Treg cells migrate into epithelium  

T regulatory cells open tight junctions  

and infiltrate epithelium 

ZO-1 
DAPI 

CD3 

2h 24h 
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up-regulation of occludin mRNA expression 

in T regulatory cells co-cultured with epithelium 

occludin 

cld-1 

cld-4 

C
o

n
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o
l 

disruption and stratification of TJs in epithelium  

of OVA-induced airway inflammation in mice 
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down-regulation of TJs mRNA expression  

in OVA-induced airway inflammation in mice 
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CD4+FoxP3+Tregs Prevent Down Regulation 

and Upregulate TJ Expression  

Realtime PCR of TJ 

protein expression of total 

lung relative to wildtype 

(NaCl-Alum) Wanke et al. 

Expression of EC/TJ Proteins Correlates with 

Expression of Treg Cytokines but not with Th2 

Pearson correlation of 

cytokine with EC/TJ protein 

expression Wanke et al. 

    keep away 
Wash away 

&  
suppress  
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Keep life going 
Tolerate allergens 
Keep tissues as 
intact as possibe 
Minimize tissue injury 

Quae medicamenta non sanant, ferrum sanat, 
quae ferrum non sanat, ignis sanat 

Hippocrates 
 

lamina reticularis thickening 

mucus, caugh and ciliary 
movement  

epithelial shedding 

inflammatory cell migration towards lumen 

 keep away, wash away, suppress 

Tissue factors that contribute to immune tolerance 
Rules of Agreement Between 

the Immune System and Tisssues 
 

 

• Keep busy and low level inflamed (D) 

• Do not kill the basal epithelial cells 

• Kill highly activated suprabasal epithelial cells (D) 

• Drain inflammation if necessary 

• In principle do not attack mesenchymal tissues, 
Respect immune privilege 

• Do not attack vasculature, never bleed 

• Regenerate and remodelL the tissues (D) 

• Make a physical barrier between disease inducing 
factors and cells of the immune system (D) 

• Support angiogenesis, do not allow necrosis 

 

 
 
 

WIRM VII  

13-16 March 2013 

Davos 

41 

IL-32 is induced during rhinovirus infection and  
Toll-like receptor 3 triggering 

 

Norbert Meyer JACI 2012 
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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. 
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FASEB 1999 
FASEB 2001 
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Eur J Imm 2003 
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JACI 2007-2008 
J Exp Med 2008 
Nature Drug Disc 2009 
Curr Opin Imm 2009 
J Exp Med 2009 
JI 2010 
JACI 2010,2011 
JACI 2012 
Nat Med 2012 
Nat Imm 2012 
 

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) 

induction of  

IgG4, IgA 

suppression of  

IgE IL-10 
TGF-b 

Immune tolerance to allergens  
in healthy immune response and successful SIT 

eosinophil 

IL-10 
TGF-b 

decreased  
TH2 cytokines 

early and late 

desensitization 

 

 

suppression  

of  

effector  

cells 

HR2 
Allergen-specific 

Breg cells 

Serum IL-32 correlates with TNF-a and IFN-g 

Norbert Meyer JACI 2012 

 
Treg cell 

 

 

anti-parasite 

IgG4  

production 

TGF-b/IL-10 

keep the parasite 

inside a fibrous sack 

Mechanisms of Immune Tolerance  
to Allergens 

Tissue factors that contribute to immune tolerance 


