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TH1 (or TH17)
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Loss of clinical and immunological tolerance

• auto-immunity

• allergies

Chronic inflammatory disease
Chronic inflammatory disease Gene-Environment Interaction 

in Chronic Inflammatory Disease

Renz H, Autenrieth IB, Brandtzeag P, Cookson WO, Holgate S, von Mutius E, Valenta R, Haller D. 
JACI 2011;128(6):25-49.

Genetics and rheumatoid arthritis

McInnes and Schett, 
NEJM 2011

Genetic overlap between IBD and other 
chronic inflammatory disease

Lees et al, 2011
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Genetic associations and asthma

GWAS

>10,000 asthmatics

>16,000 non-affected 

Moffat et al, 
NEJM 2010

Pre- and postnatal environment

opportunity for early 

immuno-education

and –programming 

Dr. David Barker

The fetal origins of adult disease: Barker Hypothes is

is strongly associated with

D.J.P. Barker; British Medical Journal, 1992
D.J.P. Barker; The Lancet 1989
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• Hypertension
• Stroke
• T2D
• Osteoporosis
• Aging
• Breast and ovarian cancer

The Dutch famine 1944/45
Prenatal nutrition and the disease in subsequent 

generations
The Dutch famine birth cohort
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Prenatal nutrition and the disease in subsequent 
generations

The Dutch famine birth cohort
2000 kcal

500 kcal

Winter 1944/45                           1970s                   1990s

birth F2
~ 1975

birth F1
1945/46

Obesity
(Ravelli et al., 1999)
Schizophrenia 
(Susser er al., 1992) 
Coronary heart disease
(Roseboom et al., 2000)
Breast cancer 
(Painter et al., 2006)

Mother (F0) analysis
of 

phenotypes
~ 1990

Energy uptake

Impaired glucose tolerance 
(Ravelli et al., 1998)
Major affective disorders 
(Brown et al. 2000) Obesity

(Painter et al., 2008)

Fetus F1

early    late
Germ cells  F2

Maternal as well as grandmaternal smoking 
increases asthma risk in early childhood
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Maternal as well as grandmaternal smoking 
increases asthma risk in early childhood

1.8 * 2.6 *
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asthma risk

grandmother

mother
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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
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Microbe – host interaction and immuno-programming

environmental
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barrier
microbiome

Akdis et al., JACI 2009

Akdis et al., JACI 2009

Possible mechanisms:
- Direct suppression of TH-2 development
- Induction of counter-regulatory TH1
- Immuno-suppression (Tregs et al.)

Environmental microbes 
with asthma protective properties

Acinetobacter lowffii - TH1 / IFN γ                               γ                               γ                               γ                               1)

Staphylococcus sciuri + T-cell activation                         2)

Lactococcus lactis + TH2    (IFN γ)                            γ)                            γ)                            γ)                            3)

Bacillus licheniformis + TH1 pathology                           4)

Lactobacillus GG + (T-cell activation     )                  5)

LPS - IL-12 /gram mechanism TH1  5)

1. Conrad et al, JEM 2009
2. Hagner-Benes et al, submitted
3. Debarry et al, JACI 2007
4. Vogel et al, JACI 2008
5. Blume et al, Clin Exp Res, 2007

20-10 0

Mating Pregnancy Birth

A. lwoffii F78 exposure

days
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sensitization

OVA aerosol

challenge

0 25 39 44 46 47 48

Phenotype

Mother

Offspring

Mouse model of prenatal immuno-modulation
- proof of principle -

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

Brand, Kesper et al., JACI 2012
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Histone Modifications of cytokine genes
- proof of concept for functional relevance -

Brand, Kesper et al., JACI 2012

anti-INF- γ treatment
or

inhibition of histone
Acetyltransferase

(Garcinol)  

prevents
A. Lwoffii
effects
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CNS-1

opens

Transmaternal asthma protection
- importance of microbial exposure -

environmental 
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- diversity 
- dose 
- time 
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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

Perinatal immune development
in the respiratory mucosa 

Renz, Brandtzaeg, 
Hornef NRI 2012

Bacterial colonization

IFN- γ

IFN- α

IL- 10

IL- 4

TLR expression

DC number 

Chronic allergic 
inflammation

Homeostasis

A model of chronic inflammatory disease and 
epigenetic programming

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

aging

phenotype

epigenetic 
programs

Environmental factors
• diet
• toxins (smoking)
• allergens
• microbes

Tolerance Chronic inflammation
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