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Bacterial Stimulation of Immune Tolerance
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Multiple Microbiota Interactions with the Mucosal Immune System

G-PCR

Dendritic cell

SCFAs, Histamine
Bacterial ligands

TLR2

IL-10

Retinoic
acid

IL-10

Innate Tolerance

>

SCFAs Histamine

— IL-10
IgA

Breg lgG4

—> IL-10
TGFpB
Granzymes A+B
PD-1, CTLA4, CD25
cAMP, Adenosine
€CD39,CD73

Treg

Adaptive Tolerance —

Sampson et al., JACI 2018



Microbial Dysbiosis
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Early Life Microbial Dysbiosis
Asociated with Atopy Risk
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Early Life Microbial Dysbiosis
Asociated with Atopy & Wheeze
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Microbiota Dysbiosis and Food Allergen Sensitization

Relative abundance (%)
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Microbiome Composition Associates with Milk Allergy
Resolution
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What Influences Microbiome Development?
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Lunjani et al, Allergy 2018



Individual OTUs

Individual OTUs

Delivery Mode Influences the Gut Microbiota
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Antibiotic Use Delays Microbiome Maturation
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Interaction between Antibiotics and Delivery Mode

Microbiota at 3 months
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Breast-feeding Influences the Gut Microbiota
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Laursen et al, mSphere 2015

Bergstrom et al, AEM 2014

Firmicutes
Fimnicutes (F1b)
Lactobacilius spp. (F2)
L. acidophilus (F4)
C. butyricum (F5)
C. leptum group (FEB)
C. coccoldes group (FT)
E. hallii (F&)
Roseburia spp. (F9)
Enterococcus spp. (F10)

Bacteroidetes
Bactemidetes (B1)

Bacteroides/Prevotella groups (B2)

Bacteroides spp. (B3)
B. fragilis group (B4)
B. wuigatus (BS)
B. thetaiotaomicron (BE)
B. aggerthil (BT)
B. distazoniz (BE)
Frevotella spp. (BY)
Alistipes spp. (B10)
Bifidobacteria
Bifidobacterdum spp. (Alb)
B. bifidum (A2)
B. adolescentis (A3)
B. catenulaturm (A4)
B. longum (AS)
B. breve (AB)

Other bacteria
Enterobacteriaceae (P1)
E cdi (P2)
Desulfovibio spp. (P3)
A. muciniphila (V1)
M_smithii (E1)

9 months
0,566

062489
0, 8274

0,1241
0, 2506
0,3372
0,1745

0,6315
0, 8264

04334

0, 7623

06179
0,6053

0,0753

18 months
0,182
0,173
072
0,0561
0,4015

09108
0,1402
01112
024084

0,51
04082
09744
0,407
0,8546

0,467

0,6436
0,555
0,1072
0,0863
0,3251

36 months
0,425
04136
0,9128
0,6691
0,5851
0,68153
0,639
0,6901
0,5529

0,2087
0,1326
0,0709
08973
01967
0,3561
0,8546
08114
0,076

0,3157

0,5306
0,8208
0,946
0, 7047
0,2187
0,6985

0,0523
0,1425
0,9721
0,811

06047

*pel.05; **p=0.01%*; ***pe0.001



How Does Breast-feeding Influence the Gut Microbiota?

Human breast milk Solid components HMOs

) Proteins
Macronutrients, (about 8 g/L)
micronutrients and

Sialyllacto-N-tetraose
HMO

HMOs (5-15 g/L)

3’-and 6’-Sialyllactose

3’-Fucosyllactose

Lactose

Lacto-N-(Neo)tetraose
(about 70 g/L)

(LNnT)

Lacto-N-fucopentaose
Lipids
(about 40 g/L)

2’-Fucosyllactose (2'FL)

Human milk oligosaccharides (HMOs)
Third most abundant component of human breast milk
Over 150 different HMOs identified

HMO composition is influenced by genetic fucosyltransferase-2 secretor status, lactation
stage, gestational age, maternal health, ethnicity, geographic location and breastfeeding
exclusivity



Maternal fucosyltransferase 2 (FUT 2) status affects the
gut bifidobacterial communities of breastfed infants
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Lewis et al., Microbiome 2015



HMOs and Cow’s Milk Allergy
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HMOs and Food Sensitisation
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*OR and 95%CI

Diet-Bacterial Interactions - Metabolites

® All ¢ no allergic parents 4 at least one allergic parent

2.00 -
1.50 | _
1.00 T
050 - 1
0.00 ]
yogurt vegetables or fruits

Roduit et al.,

J Allergy Clin Immunol 2012

Metabolites

in blood

* Absorption
from GI tract

+ Effects on
peripheral immun
responses

+ Effacts on neutrophils,

—_inflammation resolution

Food intake

+ Amount of fiber
« Amount of fat P

Lungs and bronchi
+ Effects on innate immune cells,
2 Treg cells, epithelial

Metabolites
in breast milk
« Effects on
postnatal
immune
development
Gut homeostasis
"~ + Microbiota composition
+ Production of bactanal
metabolites, i.e., SCFAs
Mesenteric + Epithelial Integrity %%
Lymph Nodes + Treg cell biology, \<
+DC T cell interactions | tolerance to e R/

+ Tolerance induction food Ags 7

* Bone marrow
- DC maturation, effects
of SCFAs

Direct
absorption of
metabolites in |
small intestine |
* -3 /

fatty acids ! Placental transfer of
« Tryptophan 4 metabolites to developing fetus

metabolites « Effects on iImmune system

- Effects on organ
Al development- lung, heart, brain
* HDAC/epigenetic effects of SCFAS

Thorburn, Macia & Mackay
Immunity 2014



SCFA Levels in Fecal Samples of 1 Year Old Children

% Sensitisation at 6 Years of Age

B Low Fecal Butyrate Levels

60- @l High Fecal Butyrate Levels

40-

20+

Any Inhalant Food
Allergen Allergens  Allergens

PASTURE/EFRAIM birth cohort (n=301)

Roduit & Frei et al., Allergy 2018



SCFA Levels in Fecal Samples of 1 Year Old Children

Butyrate <95P

Butyrate 295P

Propionate <95P

Propionate 295P

Acetate <95P

Acetate 295P

(<26.9 uymol/g)  (226.9 pymol/g) (<32.9 umol/g) (232.9 umol/g) (<114.7umol/g) (2114.7 ymol/q) |
% % % % % %

Asthma up to 6 yrs 12.2 6.7 l 12.2 6.7 l 11.8 14.3
Allergic rhinitis up to 6 yrs 9.7 0.0 l 9.0 13.3 9.0 13.3
Food allergy up to 6 yrs 11.6 6.7 l 10.9 20.0 11.6 6.7 l
Atopic dermatitis up to 6

yrs 47.5 31.3 46.7 46.7 46.7 46.7
Inhalant sensitization at

6yrs 41.0 20.0 41.4 13.3 39.9 40.0
Food sensitization at 6yrs 38.3 13.31 37.9 20.0 l 38.7 6.7 l
Any sensitization at 6yrs 56.3 26.71 56.7 20.0 l' 55.6 40.0

PASTURE/EFRAIM birth cohort (n=301)

Roduit & Frei et al., Allergy 2018



SCFAs and Respiratory Allergy in Murine Models
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SCFAs Reduce Allergic Sensitization

Diet in

early life

Up to 6 years:
4 Any sensitization

] Asthma

| Food allergy

0
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Roduit et al., Allergy 2018



Histamine Secreting Bacteria
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The number of histamine secreting bacteria is increased in asthma patients

Barcik et al., JACI 2016



Absorbance Units

Histamine Secreted from Bacteria is Immunologically Active
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M. morgani Increased in Asthma Patients

Asthma Disease Severity
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Immunoregulatory Activities of Histamine Receptors

HN
|
Q\Am, H4R
. Chemotactic receptor inhibits IL-12
and CCL2 secretion

H1R enhances IFN-y H2R promotes H2R suppresses
production and T,1 cell IL-10 production IL-4 and IL-13
proliferation, H2R and enhances the secretion and T 2
antagonizes this effect suppressive proliferation

effect of TGF-3
L ]
T

H4R mediates chemotaxis of multiple T cell subsets to histamine

O‘Mahony et al., JACI 2011; Frei et al., JACI 2013; Ferstl et al., JACI 2014



How Do We Modify the Microbiome?

Diet

Probiotics

Prebiotics

Synbiotics

Bacteriophages

Microbiome transplant (FMT)
Antimicrobials



Current Opportunities for Practical Clinical Intervention

Clinical intervention Rationale
Reduce elective cesarean Microbial dysbiosis can be mitigated to
sections reduce the risk of allergic immune

responses and inflammation.

Reduce indiscriminate
use of antibiotics
during infancy/
perinatal period
Encourage breast-feeding,
when possible
Increase dietary intake of Microbial termentation produces SCFAs,
fermentable fiber which in vitro and in vive data suggest
can mitigate allergic responses,
including in the lung.

Huang et al., JACI 2017



Diet-Microbes-Immune Health

Components

Metabolite
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Can we prevent allergy by improving early life nutrition?



