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Table 2 | Oral tolerance in animal models of disease

Animal model Human Induction Effective oral antigens  Prophylactic Dose References
disease or therapeutic
Experimental Muttiple sclerasis  Commonly induced by Whole myelin, myelin basic  Prophylactic High dose 42-44
autoimmune injection of susceptible protein, proteclipoprotein,  Prophylactic Lowdose 63,94,95125
encephalomyelitis animals with myelin proteins  myelin cligodendrocyte and therapeutic
plus pertussis toxin as glycoprotein, glatiramer
an adjuvant to permeabilize  acetate (copolymer 1)
the blood-brain barrier
Collagen-induced ~ Rheumatoid Induced by injection of CoII?n types ll and X, Prophytactic Low dose 74
arthritis arthritis type |l collagen in adjuvant  HSP65S
Adjuvant-induced  Rheumatoid Induced by injection of HSPE0, HSPES, type |l Therapeutic Low dose 114
arthritis arthritis Freund's adjuvant, collagen
bactenal products or HSPs
Experimental Autoimmune Induced by immunization Retinal S-antigen, IRBF, Prophylactic Low dose 78,7997
autoimmune uveitis - uveitis with sequestered retinal HLA-B27 mimetope
antigens or IRBP (HLA-B27PD)
Experimental Myasthenia Immunization with Acetylcholine receptor Prophylactic Low dose 77
autoimmune gravis acetyicholine receptor
myasthenia gravis
Non-obese diabetic Type 1 diabetes  Spontaneous destruction Insulin Prophylactic Lowdose 90,98,99,121
mice of pancreatic islet cells
Rat insulin promoter Type 1 diabetes  Transgenic expression of Insulin Prophylactic Low dose 101
LCMV diabetes LCMV proteins under the rat
model insulin promoter. Infection
with LCMV initiates disease
Middle cerebral Stroke Surgical occlusion of the Myelin basic protein Prophylactic Low dose 64
artery occlusion middle cerebral artery
LDL-receptor- Atherosclerosis  Mice lacking the LDL receptor HSPES Prophylactic Low dose 65,66
deficient mice are fed a high-fat diet
Tissue transplant ~ Tissue transplant  Surgical transplantation of Donor cells, donor MHC Prophytactic Low dose 80,92
alogeneic tissue proteins

Sevaral common models are used to study oral tolarance. Maodels are prophylactic if the regimean of aral feeding is begun prior to induction or onsat of clinical diseass,
whereas they are therapeutic if ora tolarance Is initiated after induction or onset of disaase. Low doses correspond 1o <1 mg per day, wheraas >1 mg per day is considerad a
high dosa. This dvision Is based on studias with myelin protains in axparimeantal autaemmune encephalomyelitis and might not accurately reflect doses with othar antigens in
other disease modats. HSP, heat-shock protain; IRBE, interphotoreceptor ratinold-binding protein; LCMV, lymphocytic chorlomeningitis virus; LDL, low-density ipoprotain.

Mayer and Shao, Nature Rev. Immunol. 2004, 4:407




Table 3 | Oral tolerance in human diseases

Disease Oral antigen Dose Prophylactic Outcome References
or therapeutic
Food allergy Allergen Increasing dose over time Therapeutic About 80% of patients are 130
successfully desensitized
Autoimmune  Sequestered 4 mg capsules 3 imes a week for Therapeutic Marginal clinical benefit. 131,132
uveitis retinal antigens, 12 weeks All patients relapsed after
HLA-B27PD cessation of treatment
Retinal S-antigen, 30 mg S-antigen or 50 mg soluble Therapeutic No benefit, with possible 133
soluble retinal retinal antigens or both. exacerbation of disease in
antigens Decreasing dose, starting from 3 times patients receiving a mixture
aweek for 8 weeks, ending with once of soluble retinal antigens
aweek
Rheumatoid Collagen 0.1 mg bovine type Il collagen Therapeutic No benefit 135
arthritis daily for 1 month, followed by
0.5 mg daily for 6 months
20, 100, 500 or 2,500 ug chicken Therapeutic Clinically significant response 136
type |l collagen daily for 24 weeks at 20 pg dose
0.05, 0.5 or 5 mg bovine type Il Therapeutic Response at 0.5 mg 137
collagen daily for 6 months
0.5 mg bovine type Il collagen daily Therapeutic Response at 0.5 mg 138
for 3 months
0.1 mg chicken type |l collagen daily Therapeutic Improvement in most clinical 139
for 1 month, followed by 0.5 mg for measures, 4 out of 28 patients
2 months had complete remission
Type 1 diabetes Insulin 7.5 mg insulin Prophylactic No benefit B
2.5 mg or 7.5 mg insulin Therapeutic No benefit 140
Multiple sclerosis Myelin 300 mg bovine myelin Therapeutic No clinically significant benefit 52,141

For trial rasults sea National Institutas of Heath News wabsita in Furthar Information. In contrast 10 experimeantal animal models, most human clinical trals have attemptad
to Induca oral tolerance after the onset of diseasa (tharapautically). Treatments are prophylactic if the regimen of oral feading is begun prior to the onset of clinical disaass,
vheraas they arg therapeutic if oral toleranca IS Initiated aftar the onsat of dsaasa. HLA-B27PD, HLA-B27 mimatopsa.

Mayer and Shao, Nature Rev. Immunol. 2004, 4:407



FOOD ALLERGIES IN THE U.S.
15 MILLION

Americans have food allergy,
a serious medical condition.

People can be allergic to any food, but there are

8 FOODS THAT CAUSE THE MOST REACTIONS.

E0L02TaS

Milk Eggs Peanut Tree Nuts Wheat Fish Shellfish

Reactions can range from a mild response to anaphylaxis, a severe and

potentially deadly reaction. ' — .

Every 3 minutes a food allergy
reaction sends someone to the ER.
The number of people who have the disease is growing,
increasing 90% among children between 1997 and 2011.

It now affects

1IN13

children




A murine model of peanut anaphylaxis:
T- and B-cell responses to a major peanut
allergen mimic human responses

Xiu-Min Li, MD,2 Denise Serebrisky, MD,2 Soo-Young Lee, MD,2 Chih-Kang Huang,
MS,2 Ludmilla Bardina, MS,2 Brian H. Schofield, JD,b J. Steven Stanley, PhD,¢
A.Wesley Burks, MD,c Gary A. Bannon, PhD,¢ and Hugh A. Sampson, MDa

New York, NY, Baltimore, Md, and Little Rock, Ark
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Li et al JAC/ 2000, 106; 150



PN-IgE ng/ml

TLR4 signaling influences susceptibility to allergic
responses to food
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Commensal bacteria populate our skin and mucosal surfaces
and profoundly influence our health

10 trillion human cells
20,000 genes

100 trillion bacterial cells
2 -20,000,000 genes

Human cells Bacterial cells

There are as many E. coliin our gut as there are people on earth!



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
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Culture independent methods of analysis have transformed
our understanding of the composition of the microbiome
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-300 healthy subjects
-15-18 body sites
-multiple times

DACC

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.

www.hmpdacc.org




Diversity of the human microbiome is
determined by microbial habitat

Gastrointestinal

PC2 (4.4%)

PC1 (13%)

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



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

Hair Oral cavity

Nostril “ | Oesophagus

H. pylori (-)
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Cho, |. & Blaser, M.J. Nat. Rev. Genetics 2012; 13: 260



Carriage of microbial taxa varies while metabolic pathways
remain stable within a healthy population
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The gastrointestinal microbiota changes throughout life
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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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To identify allergy protective bacterial populations we
selectively colonized gnotobiotic mice with representatives
of the numerically predominant taxa in the murine colon

Digesta

Bacteroides
are enriched among the
transient bacteria
associated with digesta

are resident bacteria
associated with the
apical mucosa

@3 @®

Nava & Stappenbeck 2011, Gut Microbes 2; 99



Accumulation of Foxp3* regulatory T cells in the gut is dependent
on indigenous spore-forming bacteria from the Clostridia class
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Selective colonization of gnotobiotic mice differentially
iInduces 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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Relative expression 1122

Expression of |L-22 is significantly increased upon
Clostridia colonization
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IL-22 is a barrier protective cytokine
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Clostridia-induced IL-22 is necessary to reduce intestinal
permeability to food antigen
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Stefka, Feehley et al PNAS 2014, 111; 13145



Ara h 6 in serum (ng/mL)

Clostridia-induced IL-22 is necessary to reduce intestinal
permeability to food antigen
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Relative expression /122

104

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
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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 Visit 2 Visit 3
6 months 12 months
* Full anamnestic and * Full clinical evaluation
linical evaluati
e « Full clinical evaluation - SPT and APT

- Oral food challenge (OFC) - Oral food challenge (OFC)

Berni Canani R, et al. The Journal of Pediatrics 2013, 163; 771



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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Shannon Diversity

The cow’s milk allergic (CMA) infant microbiome exhibits

significantly increased diversity
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The composition of the fecal microbiota is altered in
cow’s milk allergic (CMA) infants

Healthy Cow's Milk Allergic

Bl Clostridiales

B Lactobacillales
[] Bifidobacteriales
B Entercbacteriales
[ Bacteroidales
1 Burkholderiales

[1 Pasteurellales
[ Other

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



Demographic variables do not explain differences
in bacterial abundance

Lachnospiraceae
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n-Butyric Acid (mmol/kg feces)

Treatment with LGG supplemented formula changes microbial
community structure to enhance production of
of fecal butyric acid and promote tolerance to CMA
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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
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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
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