
Overview 

1. “Basic” mechanisms of self-tolerance 

•  central tolerance 
•  peripheral tolerance 

2. Mucosal immunology 

•  role of innate immunity in tolerance to foreign  
•  oral tolerance 

3. Analyzing tolerance in clinical disease settings 

•  autoimmune disease vs. DTH reactions 
•  pathogenetic role of genetic and microbial factors 
•  where does tolerance fail and how can it be assessed? 



Tolerance in clinical disease settings 

Autoimmune disease versus hypersensitivity reactions 

Hypersensitivity reactions may well be operative during autoimmune disease but 
collateral damage to self mediated through excessive immune reactivity to foreign  
is not an autoimmune disease ! 

Autoimmune disease: 
“A disease caused by a break-down in self-tolerance such that the adaptive immune 
system responds to self-antigens and mediates tissue damage” (A.K. Abbas) 

Hypersensitivity: 
“Excessive immune reactivity to a generelly innocuous (self- or foreign) antigen” 
(Tak W. Mak) 

When considering immunological tolerance in its completeness (i.e. not just as  
tolerance to self but also to foreign - where required), hypersensitivity reactions  
may also be caused or driven by failure in tolerance mechanisms ! 



Autoimmune diseases: Examples of AID caused by auto-antibodies 

presence of auto-antibodies 
can also represent an  
epiphenomen and does  
not necessarily indicate  
a pathogenetic role for a 
particular auto-antibody 

autoimmune diseases which 
are primarily mediated by 
auto-antibodies could still 
originate from a primary  
defect in T cell tolerance 



Autoimmune diseases: Examples of AID caused by self-reactive T cells  

no evidence for 
classification as AID! 

How identify a self-directed T cell response as a pathogenetic mechanism of an AID? 
 
•  experimental models: immunizations with the candidate auto-antigen, transfer of 
  pathogenic T cells to lymphopenic recipients 
 
•  humans: T cell infiltrates in target tissues, enhanced T cell responses to target antigens 
  ex vivo, altered Th profiles (compared to healthy controls) – only circumstantial evidence! 

identification of potential 
target auto-antigens in 
human AID mostly relies 
on extrapolation of findings 
from experimental models 



Autoimmune diseases:  Role of genetic background: MHC alleles 

Associations of AID with  
particular HLA-DR alleles: 

in experimental animal models of 
AID, disease susceptibility strongly  
depends on the genetic background  

prominent role of MHCII in selection  
and activation of CD4 T cells 

prominent role of CD4 T cells in  
supporting and amplifying both 
innate & adaptive immune responses 

Cave: 

•  most AID are polygenic / associated  
  with several polymorphisms  

•  linkage disequilibrium may obscure 
  the true causal association  

•  associations may differ between ethnic  
  groups 

•  susceptibility alleles are also found in 
  healthy individuals 



Autoimmune diseases:  Role of genetic background: non-MHC alleles 

failure in  
central tolerance 

failure in peripheral 
tolerance mechanisms 



   Autoimmune diseases:  Pathogenic role of microbial infections 

Potential mechanisms for pathogen-triggered induction of autoimmunity: 

•  molecular mimicry 

•  activation of APC and “bystander” activation of self-specific T cells 
  (also: upregulation of MHCII on non-APC?) 

•  tissue damage mediated by hypersensitivity reactions to persistent 
  microbes may lead to the release of normally sequestered self-antigens 
  and induction of autoimmunity 

T1 diabetes PC2 protein 
of Coxsackie 

GAD of islet cells 

rheumatic fever: antistreptococcal 
antibodies crossreact with  
myocardial proteins 
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   Autoimmune diseases:  Pathogenetic role of microbial infections 

Pro: 

Experimental models: Human disease: 

•  in the NOD mouse model of diabetes 
  disease onset (in adult mice) is  
  accelerated after infection with 
  rotaviruses 

•  in a spontaneous model of EAE, 
  mice are less prone to disease 
  when housed in a clean facility 

•  viral infections have been associated  
  with flare-up of SLE and relapse of MS 

•  viral antigens from EBV, HPV, influenza,  
  measles virus a.o. can provoke the  
  production of antibodies and T cells that 
  crossreact with MBP in vitro 

(only some examples!) (only some examples!) 

•  infection with enteroviruses often      
  precedes or accompanies diabetes in 
  children 



   Autoimmune diseases:  Pathogenetic role of microbial infections 

Contra: “Infections are common, autoimmunity is not”    R. Inman, L. Albert; University of Toronto 

Experimental models: Human disease: 

•  a shift to a germ-free (GF) environment  
  does not ameliorate disease in Aire-/- mice 

•  rheumatoid arthritis is equally inducible 
  in germ-free rats 

•  SPF and GF NOD mice have a higher 
  incidence of spontaneous diabetes 

•  “hygiene hypothesis”: increasing 
   incidence of hypersensitivity diseases 
   in developed countries 

•  for most AID, no firm causal relation- 
  ship with a specific pathogen exists 

can infections even protect from AID ?! 



The hygiene hypothesis re-visited: The diet-microbiota hypothesis! 

our microbiota and our diet play a considerable  
role in the education and regulation of our 
immune system: 

experimental models indicate that 
exposure to a diverse microbial population  
during a critical time window early in life is  
absolutely required to set the baseline  
immune regulatory state for life  

human populations that consume  
adequate or large amounts of dietary  
fibers and whose microbiota is enriched 
in Bacteriodetes show a lower incidence 
of inflammatory or atopic disease 

the anti-inflammatory effects of short-chain  
fatty acids (SCFA) and polysaccharide A (PSA) 
on the intestinal immune system (e.g. by 
expansion of Tregs or modulation of colonic 
epithelial cells) are now acknowledged 



   Autoimmune disease: where does tolerance fail ?    

MHCII failure in binding of relevant 
peptides for negative selection 
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evidence from experimental 
models suggests a pivotal  
role for Tregs in preventing 
onset of autoimmunity  
 
in humans, most patients 
with AID exhibit normal 
numbers of functional Tregs  

most evidence today 
points to a role for 
defects in peripheral, 
rather than central 
tolerance mechanisms 

AID likely have a multifactorial aetiology with a complex 
interplay of genetic, microbial and even nutritional factors 



Hypersensitivity diseases 

Hypersensitivity: 
“Excessive immune reactivity to a generelly innocuous (self- or foreign) antigen” (Tak W. Mak) 

Examles for type IV 

•  chronic DTH               conventional foreign antigen        granuloma formation 
•  chronic graft rejection      allo-antigen in donor tissue          destruction of donor cells, fibrosis 
•  autoimmunity                   self-antigen in target tissue          destruction of self-cells, fibrosis 

T cells directed against tissue damage observed 



Inflammatory bowel diseases: Clinical / histological manifestation 

Ulcerative colitis (UC) 

•  continuous inflammation 
   of entire colon 
•  crypt abscesses 

Crohn’s disease (CD) 

•  may affect entire 
   gastrointestinal tract 
•  discontinuous, transmural, 
   granulomatous inflammation 

Switzerland: ca. 1/500 inhabitants 

clinical symptoms: abdominal pain, diarrhea, fever, fatigue (chronic relapsing) 

onset between 15-40 years; from first symptoms to diagnosis: > 2 years  

treatment:  anti-inflammatory / immunosuppressive drugs  
   (5-ASA, methotrexate, steroids, anti-TNF) 



Inflammatory bowel diseases (IBD): where do they belong…?  

IBD is a chronic immune-mediated  
but non-infectious disease 

IBD is an autoimmune disease 

IBD is a T cell-mediated hypersensitivity 
reaction against the commensal flora 

Is IBD an innate immunodeficiency disease ? 

…the evolving paradigm… 



Inflammatory bowel diseases: atypical intestinal immune responses  

aberrant phenotypes and functional responses 
of intestinal macrophages in IBD  

aberrant differentiation of 
intestinal CD4 T cells into 
Th1 and Th17 subsets in  
Crohn’s disease (CD) patients 

Schenk M, Mueller C et al., J Clin Invest 2007 

Kamada N et al., J Immunol 2009 Kamada N et al.,  
J Immunol 2009 



Inflammatory bowel diseases: Role for microbial factors ? 

•  in human IBD patients, disease is ameliorated by antibiotic treatment or 
  diversion of the fecal stream away from affected intestinal segments  

•  in experimental disease models, disease cannot be induced in  
  germ-free mice 

Dysregulation of the normally tightly controlled  
immune response to commensal bacteria in  
susceptible individuals 

Failure in intestinal tolerance mechanisms to “foreign” ? 



Inflammatory bowel diseases: Role for a defect in Tregs ? 

•  experimental models point to an important role for Treg cells or  
  TGFβ, IL-10 and CTLA-4 in preventing intestinal inflammation 

lymphopenic mouse 

colitis 

CD25+ CD4+ Tregs 

CD25-depleted  
CD4 T cells 

CD25-depleted  
CD4 T cells + 

lymphopenic mouse 

no colitis 

CD25+ CD4+ Tregs 

CD25-depleted  
CD4 T cells + 

lymphopenic mouse 

colitis 

αIL-10 
αTGFβ	
αCTLA-4 

colitis 

•  IL-10-/- 

•  TGFβ-/- 

•  CTLA4-/- 

(spontaneous) 

•  mutations in the human IL-10 receptor gene are associated  
  with very severe early onset IBD in paediatric patients 



Uhlig et al., J Immunol 2006 

Saurer L, Mueller C, Allergy, 2009 

in human IBD, CD4+ CD25+ Foxp3+  
T cells are actually increased 

no evidence for reduced production 
of IL-10 and TGFβ in inflamed 
tissues 

Inflammatory bowel diseases: Role for a defect in Tregs ? 

however: 

where does  
tolerance  
fail then ? 



Inflammatory bowel diseases: Role for genetic factors 

Impaired epithelial cell function 

Aberant APC activation 

Defect in regulatory T cells 

Muc2-/- mice 

STAT3-/- macrophages 

IL-10-/-, TGFβ-/-, IL-2-/- mice 

Experimental models of (spontaneous) IBD: 

Different genetic defects, including innate immune defects, can lead  
to comparable clinical and histopathological signs of experimental colitis 

normal colon experimental colitis 

Defective mucus layer 

IEC-specific deletion of IKKγ	



NOD2/ 
CARD15 

IL-12B 

IL-23R 

ATG16L1 

gene 

susceptibility allelles Crohn’s disease 

human susceptibility loci support the notion that IBD may  
initially originate from an aberrant innate immune response 

STAT3 

Inflammatory bowel diseases: Role for genetic factors 

normal function 

intracellular PRR, recognition of bacterial peptidoglycan  

subunit of IL-23 receptor, Th17 differentiation  

p40 subunit of IL-23 and IL-12, Th1 differentiation  

various, involvement in Th17 differentiation 

autophagy 



Inflammatory bowel diseases: Role for genetic factors 

NOD2 
disease-associated polymorphism  
reduces function of NOD2: 
•  impaired handling of bacteria  
  by macrophages? 
•  decreased antimicrobial peptide  
  expression by epithelial cells? 

A closer look at the functions of some of the disease-associated alleles 
reveals a potential innate immune defect rather than hyperresponsive state  

IL-23R 
•  impaired IL-22 production 
  in innate lymphoid cells? 
•  decreased antimicrobial peptide  
  expression by epithelial cells? 

ATG16L1 

•  impaired anti-bacterial autophagy? 
•  impaired Paneth cell exocytosis? 

increased penetration of bacteria, 
uncontrolled activation of  
compensatory adaptive responses? 



Crohn’s disease:  An innate immune deficiency disease ? 

Circumstantial evidence: 

IBD in ≈ 30% of patients 
with chronic granulomatous 
disease (NADPH defect!) 

i.v. injection of 111Indium-labeled neutrophils 
simultaneous s.c. injection of killed E. Coli  

Impaired neutrophil accumulation in CD patients 



Crohn’s disease:  an innate immune deficiency disease ? 

More circumstantial evidence: 

Mice deficient in Myd88 exhibit 
translocation of commensal bacteria  
to the spleen and loss of systemic  
ignorance to the commensal flora  
(priming of systemic adaptive  
immune responses) 



Balanced innate immune activation maintains intestinal homeostasis 

Harrison OJ, Maloy KJ 
J Innate Immunity 2011 



Sum-up: Immunological tolerance 

•  immunological tolerance (in its wider context – including tolerance to foreign)   
  is involved in many areas of clinical immunology, including immunity to  
  infectious agents, allergology, tumor immunology, vaccinology, autoimmunity,  
  hypersensitivity diseases, transplantation immunology,…   

•  without the use of experimental models, our understanding of tolerance 
  and breakdown of tolerance would still be in its infancy 

•  emerging data from clinical investigations is in line with many findings from 
  experimental models (or vice versa) but discrepancies exist!  

•  future research directed at a better understanding of tolerance  
  and breakdown of tolerance must continue to take into  
  consideration aspects from both experimental and clinical  
  immunology 

•  …replacing paradigms requires open minds J 


