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Oral tolerance - physiological induction of 
mucosal and systemic non-responsiveness to 
dietary antigens
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A model of food allergy 
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TLR4 signaling influences susceptibility to allergic  
responses to food



Commensal bacteria populate our skin and mucosal surfaces 
and profoundly influence our health

There are as many E. coli in our gut as there are people on earth!
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We exist in a dynamic interrelationship with our 
commensal microbiome!

Healthy individuals “tolerate” their commensal 
bacteria but are also constantly receiving 
signals from the microbiome that impact both 
systemic and mucosal immunity.



The commensal microbiota confers many
 health benefits to the host



The 16S rRNA gene is 
highly conserved among 
bacterial species.

“Universal” primers 
target conserved regions 
of this gene and allow for 
amplification and 
sequencing of species 
specific hypervariable 
regions for bacterial 
classification.

Structure of 16S ribosomal RNA

Culture independent methods of analysis have transformed
 our understanding of the composition of the microbiome 



The goal of the Human 
Microbiome Project was 

to characterize the 
microbial content of 

sites in the human body 
and examine whether 

changes in the 
microbiome can be 
related to disease. 

-300 healthy subjects 
-15-18 body sites 
-multiple times 

www.hmpdacc.org 



Diversity of the human microbiome is 
determined by microbial habitat

The Human Microbiome Project Consortium, Nature 2012, 486; 207



The composition of the microbiota varies by site: 
Bacteroidetes and Firmicutes dominate in the gut

Cho, I. & Blaser, M.J.  Nat. Rev. Genetics  2012; 13: 260 



Carriage of microbial taxa varies while metabolic pathways 
remain stable within a  healthy population

The Human Microbiome Project Consortium, Nature 2012; 486: 207



Antibiotic 
use

Western
high fat,
low fiber
diet
Elimination of entero- 
pathogens
(H. pylori, 
helminths)

Vaccination/reduced 
exposure to 
infectious 
disease  

Caesarean  
birth/formula  
feeding 

Alteration of
commensal
microbiota
“dysbiosis” 

genetically
susceptible
 individual

Inflammatory 
Bowel 
Disease

Obesity

Food Allergy

Diabetes

Autism

Asthma

Feehley et al  Seminars in Immunopathology 2012, 34; 671



Dominguez-Bello, MG et al, Gastroenterology 2011, 140;1713

The gastrointestinal microbiota changes throughout life



Does neonatal administration of oral antibiotics alter  
the composition of the fecal microbiota?
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Antibiotic treatment dramatically alters the composition of the 
microbiota and increases sensitization to food
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How does bacterial colonization change the  
response to sensitization to a food allergen?



Germ free mice are a powerful tool to examine whether the 
presence of particular bacterial species protects against 

sensitization to food



A novel gnotobiotic model of food allergy 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1    Clostridia 
              are resident bacteria 
              associated with the
              apical mucosa 

Bacteroides  
  are enriched among the 

transient bacteria 
associated with digesta      

 

Nava & Stappenbeck 2011, Gut Microbes 2; 99

 
To identify allergy protective bacterial populations we 

selectively colonized gnotobiotic mice with representatives 
of the numerically predominant taxa in the murine colon  

 
	
  

2



Accumulation of Foxp3+ regulatory T cells in the gut is dependent 
on indigenous spore-forming bacteria from the Clostridia class

Atarashi et al. Science 2011, 331; 337



Selective colonization of gnotobiotic mice differentially  
induces Tregs in the colonic lamina propria
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A Clostridia containing commensal microbiota protects 
against allergic sensitization to food
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Clostridia colonization uniquely induces expression of a 
subset of genes in the colonic epithelium
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IL-22 is a barrier protective cytokine

Stefka, Feehley et al PNAS 2014, 111; 13145
	
  



Clostridia-induced IL-22 is necessary to reduce intestinal 
permeability to food antigen
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A consortium of Bacteroides+Akkermansia does not induce 
IL-22 and enhances intestinal permeability to food antigen 
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Depletion of IL-22 primes for an IL-17 response and an 
increase in peanut-specific IgG
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Treatment with anti-IL-22 decreases expression of anti-microbial 
peptides (Reg3b) and increases Clostridia abundance
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Tolerance to dietary allergen requires the induction 
of a bacteria-induced barrier protective response



Can we develop novel strategies to modulate the 
composition of the microbiota to prevent or treat
food allergies?



Supplementation of extensively hydrolyzed casein formula with  
 Lactobacillus GG accelerates acquisition of tolerance  

in children with cow’s milk allergy 

Visit 1 
	
  

•  Full anamnestic and   
  clinical evaluation 
•  SPT and APT 
•  Oral food challenge (OFC) 

Visit 2 
6 months 

• 	
  Full clinical evaluation 

Visit 3 
12 months 

• 	
  Full clinical evaluation 
•  SPT and APT 
•  Oral food challenge (OFC) 

Berni Canani R, et al. The Journal of Pediatrics 2013, 163; 771
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Supplementation of extensively hydrolyzed casein formula (EHCF)
 with Lactobacillus GG accelerates acquisition of tolerance 

in children with cow’s milk allergy
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The cow’s milk allergic (CMA) infant microbiome exhibits 
significantly increased diversity

Berni Canani, Sangwan, Stefka et al ISMEJ 2016, 10; 742
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The composition of the fecal microbiota is altered in 
cow’s milk allergic (CMA) infants

Berni	
  Canani,	
  Sangwan,	
  Steca	
  et	
  al	
  ISMEJ	
  2016,	
  10;	
  742	
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Demographic variables do not explain differences 
 in bacterial abundance
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Treatment with LGG supplemented formula changes microbial 
community structure to enhance production of 

of fecal butyric acid and promote tolerance to CMA

   Tolerance to CMA
    at 12 months

        EHCF      0/7

        EHCF + LGG    5/12*

Berni Canani, Sangwan, Stefka et al ISMEJ 2016, 10; 742
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Genus level differential feature selection revealed a relationship between
the abundance of bacterial strains, increased fetal butyrate concentation 

and acquisition of tolerance

Berni Canani, Sangwan, Stefka et al ISMEJ 2016, 10; 742



IL-­‐22	
  

food 

modified from
M. Velasquez-Manoff,
Nature 2015, 518: S4



Is sensitization to a food allergen increased in mice 
colonized with an allergic infant microbiota?
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Developing microbiome-
modulating therapeutics to 
prevent or treat food allergy

www.clostrabio.com

•  Drug formulations from microbial metabolites

•  Therapeutic bacterial species (or mixtures)

•  Pre-biotic dietary supplements


