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Microbe — host interaction and immuno-programming
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Loss of clinical and immunological tolerance

®» Hygiene hypothesis
* Lack of infectious microbes in early childhood
 Altered exposure to environmental microbes
* Examples:

= having older siblings

= frequent viral infections

= anthroposophical life style

= early day care

= traditional farming

Traditional farming and early immuno-education

\ N
Courtesy: Erika von Mutius ALEX-Study (1998 — 2002)

EU-6FWP PASTURE (2002 - 2007)
EU-7FWP PRO-IMMUNE (2008 — 2011)

Effect of childhood farm exposure
on allergic phenotypes

Protective Phenotype Number of Risk reduction
effect studies Significant Trend
(n= (n=)% (n=)%
rhinitis/
conjunctivitis 16 (12) 75% 4) 25%
atopic sensitization 14 (10) 71 % (4) 29%
asthma 28 (18) 64 % (10) 36 %
wheezing 17 (9) 53% (7) 41% *
atopic dermatitis 14 (3)21% (10) 72 %

Total study number: n =33
* In one study a slight increase in risk was observed von Mutius and Vercelli, 2010;
Roduit et al., 2010

Cord blood allergen-specific IgE
correlates with lowered IFN- y production
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- Protection against Allergy-STUdy in Rural Environme nt (PASTURE)
- prospective, international
-n =933 CB samples

Pfefferle et al, JACI 2008
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Possible mechanisms:
°|- Direct suppression of TH-2 development
~Induction of counter-regulatory TH1
- Immuno-suppression (Tregs et al.)

The

innate immune
response stimulating |
substances \

> 1L-4, IL-5, IL-13, - IL-6, IL-8, IL-17A,
cytokindeg IL-25, IL-31, 1L-33, ILA7E, IL-22, 1L-26

Functions:  intracem Blminths, mucus extracellular
pathogens, allergic production pathogens,

apoplosis of inflammation tissue chronic neutrophilic

tissue cells i inflammation inflammation

chronic eosinophilic
inflammation

Akdis et al., JACI 2009
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Prenatal farm exposure relates to the
expression level of TLRs at school age

TLR2 /185 RNA
!

TLR4 /185 rANA

CD14 /185 rANA
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Number of different farm animal species the mother had contact to during pregnancy

 cross-sectional (PARSIFAL)
* subsample of n = 322 children
+ adjusted for age, sex, family history of atopy, parental education,

i I tok king, maternal during p
number of older siblings, contact with pets ever, child‘s current
exposure to a farming lifestyle, child‘s exposure to farm animals, and
predomi farm milk ion of the child

Ege et al, JACI 2006

Inverse relationship between endotoxin-load
and atopic phenotypes
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Endotoxin Load in Mattress [EUm 2]

Endotoxin Load in Mattress [EU/m 2]
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Braun-Fahrlander et al.
NEJM, 2002

Gene-by-environment interaction
Model situation:
(Traditional) farming and endotoxin exposure

Gene |Allele phenotype
(homozygous) TLR2 Lipopeptide TH1  Patel,J Immunol 2005
CD14 [-159TT risk of allergic rhinitis, Leynaertet al,
atopy V¥ JACI 2006 TLR2/4  Peptidoglycan TH1  Velasco, Am J Respir Cell Mol Biol
— 2005
CD14 |-260 CC total and specific IgE: Eder at al, JACI
if regular contact with pets A 2005 . . "
if contact with stable animals ¥ TIR4 TH1 gg;hglg JW Clin Immunol 2003
- Bliimer, Clin Exp Allergy 2005
CD14 [-159TT lung function, wheeze A Le Van et al,
-1619G AJRCCM, 2005 TIR3 poly (I:C) 112 Sel,J Immunol 2008
CD14 |-159 CC sensitization ¥ Simpson et al, TIR7 R848 IL-10
AJRCCM, 2006
TLR2 |-16934TT asthma Eder et al, JACI, TIRS ~ DNAfrom Bordetella  THL  Kim, Immunology 2004
2004
Environmental micrabes Mouse model of prenatal immuno-modulation
with asthma protective properties - proof of principle -
Acinetobacter lowffii - TH1/IENy 4 1) Mother A Jwolfil 78 exposure
Staphylococcus sciuri + Tecell activation ¥ 2) Mating Pregnancy  Birth
. .
. T T
Lactococeus lactis + THZ § (IFNy) 4 3) days 10 0 2
" . . . OVA OVA aerosol
Bacillus licheniformis + TH1 pathology 4 sensitization challenge
Lactobacillus GG + (T-cell activation) * 5) ! l [ I 1
Offsprin —t
LPS - 124 /THL 4 5) pring /‘%3 dars . i
Phenotype

1. Conrad etal, JEM 2009

2. Hagner-Benes et al, submitted
3. Debarry et al, JACI 2007

4. Vogel et al, JACI 2008

5. Bluemer et al, Clin Exp Res, 2007
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Prenatal A.lwoffii F78 exposure prevents
the allergic phenotype
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Conrad et al, J Exp Med, 2009

Asthma protection by prenatal ~ A. lwoffii exposure
is IFNy dependent
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Brand et al., JACI 2011 (in press)

Intranasal A. lwoffii administration
augments TLR expression in the lung

Lung TLRmRNA expression
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Conrad et al, J Exp Med, 2009

Toll-like receptors and their ligands
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Intact maternal TLR-signalling
is required for allergy protection
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Conrad et al, J Exp Med, 2009
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The genetic and the epigenetic code

Genetic Code Epigenetic Code

DNA sequence Chromatin remodelling

¢ DNA methylation

¢ histone modification

¢ histone variants

¢ high-order chromatin organization

fixed Plasticity
¢ heritable, but potentially reversible
o cell-type specific
¢ dynamic changes throughout life

Gene-specific differences —
DNA methylation of TH1 and TH2 cells

murine T cell lines

- THI (LNC2)
- TH2 (L1/1)

IFNy promoter

55 Wetnyaton

Brand S, Kesper D et al.
JACI 2012

Regulation of IFN- y gene expression
by DNA methylation — age dependent differences
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*The IFNy locus is hypermethylated at birth specifically in C D4+/CD45RO-
*Decreased methylation in adults corresponds with in creased IFN y production
White et al, J Immunol 2002

A model of cytokine programming
via epigenetic mechanism

cytokine program

birth /
N

Activativation of
pathways via
environmental

stimuli

adolescence

adapted from: CH Waddington, An introduction to modern genetics, New York, 1939

Histone Modifications of cytokine genes
- proof of concept for functional relevance -

IL-4 § %)
IL-5 §7%)
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INF-y

Brand, Kesper et al., JACI 2012

Histone Modifications of cytokine genes
- proof of concept for functional relevance -

IL-4 § %)
IL-5 §%)
CNSs-1 §%)

INF-y

anti-INF-y treatment

or prevents
inhibition of histone mmp A Lwoffii
Acetyltransferase effects
(Garcinol)

Brand, Kesper et al., JACI 2012
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Higher load of environmental microorganisms
in dust samples from farms
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Ege et al, NEJM, 2011

Inverse relationship between microbial exposure
and probability of asthma

A - Bacteria B - Fungi

A Bacteria (PARSIFAL) B Fungl (GABRIELA)
2 10

Living on
afarm

fng ona farm

Probability
Probabilty

M. of Detectable Bands No. of Detectable Taxa

Ege et al, NEJM, 2011

Loss of clinical and immunological tolerance

®» Microbiota hypothesis

* modern/ industrialized life style

-> altered microbial diversity

-> loss of ancient co-evolved microbes

-> altered immune response

-> disease

« (organized) microbial colonization of skin and mucos al

surfaces

® Biodiversity Hypothesis

A model of chronic inflammatory disease and

epigenetic programming

phenotype

epigenetic
programs

Environmental factors
« diet

{ * toxins (smoking)

« allergens
¢ microbes

adapted from CH Waddington, An introduction to modern genetics, New York, 1939
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