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EMRC Forward Look ‘Gene Environment Interaction in Chronic Disease’

Following discussion with Professor Martin Rollinghofff, EMRC Standing Committee member, this Forward Look proposal was
written by Professor Harald Renz and Professor Dirk Haller. It was endorsed for funding by the ESF Science Advisory Board and
approved by the Governing Council in October 2009.

The activity was launched on 20 January 2010 by a Kick-off Meeting with the Scientific Committee at the Technical University,
Munich, Germany. There three Strategic Workshops were decided to take place from 19 to 22 October 2010. International
scientific experts in the field were invited to attend those closed events and contribute to the foresight exercise aiming to set
priorities/recommendations and assess impacts and chances to tackle chronic disease.

During the Strategic Workshops, the participants will be asked to define the influencing fields, the descriptors and polarities in
the field of chronic disease. The influencing fields can be described as the main actors, the descriptors are consequently the 2"
roles and the polarities are the possible directions of descriptors. With those information collected, Scenarios will be built to
describe possible future developments, and identify the most desired scenarios. It is expected that the exercise will reveal
underlying assumptions, structure the field and identify decision points. To reach the most desired scenarios, relevant drivers
will be identified and strategies will be developed.



Introduction

The dramatic increase of chronic inflammatory and degenerative diseases particularly in the industrialized world implies a
complex interaction of host genetic predispositions and environmental triggers. The European Science Foundation initiated a
“Forward Look” initiative with world leading experts in Barcelona to discuss the dynamic interactions of disease susceptible
genomes with an enourmasly complex environment in order to develop novel research strategies for the prevention and
therapeutic intervention of lifestyle-related chronic diseases including chronic inflammatory disorders of the gastro-intestinal
tract and airways as well as neurodegenerative and metabolic pathologies.

Recently a great advancement has been achieved in the understanding of the complex immunological signalling cascades which
drive chronic inflammation. The cellular and molecular interaction between the innate and the adaptive immune system results
in the generation of specialised T-helper cell populations which control many of the downstream effector responses. Prominent
examples are Th-1 and Th-17 cells which play a dominant role in chronic inflammatory bowel disease, type-I diabetes (TIDM)
and in multiple sclerosis, respectively. In contrast, Th-2 T-cells are important regulators in allergic diseases of the lung skin and
gut. Although it is well established that certain polymorphisms in an increasing number of genes predispose for disease
development, the dramatic increase in prevalence and incidence of these conditions within a relatively short timeframe points
towards environmental factors which trigger disease development.

Nutrition-related factors together with components of the mucosa-associated microbial ecosystem (gut, lung, uro-genital tract)
emerged as prime environmental triggers for the development and modification for the development of metabolically-driven
and inflammation-mediated pathologies. Recent discoveries clearly suggest that the gut and lung associated microbiota of
individuals throughout their lifespan is a powerful determinant of chronic diseases, and that the mechanisms underlying this link
involve the development of inflammatory activity in the organ-specific mucosa. Nutritional factors and/or the metabolic status
of the host clearly contribute to the disease susceptibility either through direct mechanisms or indirectly through the
modulation of the gut microbial ecology.

It has been proposed to complement the search for disease susceptibility genes in the human genome with the analysis of the
gut “microbiome”, considering the hypothesis that health or disease is being determined by the complex interaction of the host
with its gut microbial ecosystem. Since the pioneering work by Louis Pasteur and Robert Koch in the 19th century, the study of
pathogens has been a major interest in the field of infectious disease. Yet, over the last years, advances in the understanding of
the gut microbial ecology have highlighted the fundamental role of commensal gut microbes in human health and disease. The
hygiene hypothesis provides a challenging concept for the explanation of increases in chronic inflammatory diseases. Striking
evidence is provided for the role of the intestinal and lung associated microbiota in the pathogenesis of inflammatory bowel
diseases and asthma. In addition, the intestinal microbiota affects fat storage, as well as the development of autoimmune T1IDM
and experimental T2DM through gut- and liver-derived mechanisms linking bacterial signals from the gut microbiota with
inflammatory processes and altered lipid metabolism. Interestingly, these gut- and metabolic-associated diseases share common
traits in their cellular pathogenesis, suggesting a link between inflammatory processes, pattern recognition receptors and highly
conserved cellular stress response pathways of the endoplasmic reticulum (ER).

Recent evidence supports the concept that host-environment interactions operate during certain “windows of opportunity” in
life in order to develop and maintain clinical and immunological tolerance. Fetal life has been identified as one of such windows
where education and training of the immune system already starts. Epigenetic regulation represents one important level of
gene-environment interaction which represents a further rapidly evolving research field.

These and other findings support the hypothesis that the intestinal microbiota is an essential part of a disease-conditioning
environment harbouring the capability to drive the development of chronic pathologies in the genetically susceptible host. This
Forward Look Initiative on “Gene-environment interactions in chronic diseases” of the European Science Foundation provides an
interdisciplinary effort in implementing basic science, genetics, and clinicial disciplines such as gastroenterology, medical
microbiology and immunology, and nutritional medicine targeting fundamental mechanisms of host-microbe interactions in
order to guide novel concepts for diagnostic, primary prevention and treatment of immune-mediated and/or chronic
inflammatory diseases.

Dirk Haller and Harald Renz



Workshop 1 ‘Intrinsic Mechanisms in Chronic Disease’

Chair
Co- Chair

Dirk Haller, Technical University Munich, Germany
Per Brandtzaeg, Oslo University Hospital, Norway

Tuesday 19 October 2010

13:00

Registration and Lunch

14:00

ESF Introduction
Nathalie Spielewoy, Stephane Berghmans, European Science Foundation, Strasbourg, France

Welcome and Introductory Remarks
Dirk Haller, Technical University Munich, Germany

Session 1: Genetic Susceptibility

Nutrient-gene interaction
Keynote Speaker
Michael Miiller, Division of Human Nutrition, Wageningen University, The Netherlands

Allergy and asthma
Francine Kauffmann, Epidemiology and Statistics, INSERM, Villejuif, France

Gene environment interactions underlying type | diabetes
Jayne Danska, The Hospital for Sick Children, Toronto, Canada

Neurodegenerative diseases
Hartmut Wekerle, Max-Planck-Institute of Neurobiology, Martinsried, Germany

Metabolic diseases
Hans-Georg Joost, German Institute of Human Nutrition (DIfE), Potsdam-Rehbriicke, Germany

Environment and epigenetic imprinting
Bastiaan T. Heijmans, Leiden University Medical Centre, The Netherlands

17.00-17.30

Coffee Break

17.30

Session 2: Immune-Mediated Pathogenesis

Gut-associated immune responses
Oliver Pabst, Institute of Inmunology, Hannover Medical School, Germany

Lung-associated immune responses
Martinus Lovik, National Institute of Public Health (NIPH Folkehelsa), Oslo, Norway

Epithelial cells and barrier function
Donna Davies, Faculty of Medicine and Health and Life Sciences, University of Southampton, United Kingdom,
(apologies, presentation by Dr Emily Swindle)

Epithelial cells, TLRs, microbiota and tolerance
Mathias Hornef, Institute for Medical Microbiology and Hospital Epidemiology, Hannover Medical School,
Germany

NK cells in tolerance and immunity
Andreas Diefenbach, Institute of Medical Microbiology & Hygiene, University of Freiburg, Germany

Mast cells at tissue interface
Stephan Bischoff, Institute of Nutritional Medicine, University of Hohenheim, Stuttgart, Germany



20:30 Dinner

Wednesday 20 October 2010
8.30 Session 3: Mechanism of Inflammation

ER stress and autophagy
Keynote Speaker
Richard Blumberg, Brigham and Women's Hospital, Harvard Medical School, Boston, United States

Update on genetics of inflammatory bowel disease
Jean-Pierre Hugot, Hopital Robert Debré, INSERM U843, Paris, France

The gut-brain axis
John Bienenstock, The Brain-Body Institute, St. Joseph's Healthcare Hamilton, Canada

10.00-10.30 Coffee Break

Phenotype and function of intestinal dendritic cells and macrophages
Lesley E Smythies, University of Alabama, Birmingham, United States

Epigenetics at the crossroads of T-helper lineage commitment
Ola Winqvist, Karolinska Institute, Karolinska University Hospital, Stockholm, Sweden

B cell responses
Nicola L. Harris, Ecole Polytechnique Fédérale de Lausanne, Switzerland

NF-kB in acute and chronic inflammation
Manolis Pasparakis, Institute for Genetics, University of Cologne, Germany

Strategic Discussion

12:30 Closing and Lunch




Workshop 2 ‘Extrinsic Mechanisms in Chronic Disease’

Chair Erika von Mutius, Dr. von Hauner Children’s Hospital, Ludwig-Maximilians University Munich, Germany
Co- Chair Ingo B. Autenrieth, Universitdtsklinikum Tiibingen, Germany

Wednesday 20 October 2010

13:00 Registration and Lunch

14:00 ESF Introduction
Nathalie Spielewoy, Stephane Berghmans, European Science Foundation, Strasbourg, France

Welcome and Introductory Remarks
Erika von Mutius, Pediatric Allergology/Pneumology, Munich, Germany

Session 1: Microbe-Host Interactions

Microbiota of surfaces and disease
Keynote Speaker
Rob Knight, University of Colorado at Boulder, United States

Gut microbiome and health
Dusko Ehrlich, Microbiology and Food Chain (MICA), INRA, Jouy-en-Josas, France

How can we characterise human gut microbiota and what variability do we see?
Harry Flint, Rowett Institute of Nutrition and Health, University of Aberdeen, United Kingdom

Host gut microbiota interactions
Helena Tlaskalova-Hogenova, Institute of Microbiology of the Academy of Sciences of the Czech Republic,

Prague, Czech Republic

Local and systemic immune effects of host commensal interactions in the gut
Valerie Gaboriau-Routhiau, INRA/INSERM, U910, Jouy-en-Josas, France

Importance of skin microbes for immune maturation
Agnes Wold, Institute of Biomedicine, University of Gothenburg, Sweden

Strategic Discussion

17.00-17.30 Coffee Break

17.30 Session 2: Mechanisms of Microbe-host Interactions: Defining the Targets

Dendritic cell-microbe interactions
Keynote Speaker
Bart Lambrecht, Faculty of Medicine and Health Sciences, Ghent University, Belgium

Airways microbiota in health and disease
William O. Cookson, Imperial College London, United Kingdom

Environmental microbial exposures
Dick Heederik, Institute of Risk Assessment Sciences, University of Utrecht, The Netherlands

Interactions between microbes and the innate immune system
Denise Kelly, Rowett Institute of Nutrition and Health, University of Aberdeen, United Kingdom

Strategic Discussion

20:30 Dinner




Thursday 21 October 2010

8:30

Session 3: Intervention Strategies for Microbe-Host Interactions

Genetic polymorphisms promoting inflammation in a complex environment - novel strategies for therapy
and intervention

Keynote Speaker

Stefan Schreiber, Institute for Clinical Molecular Biology, Christian-Albrechts-University, Kiel, Germany

Microbiota and lactobazilli
Michiel Kleerebezem, NIZO Food Research, Wageningen University, The Netherlands

10.00-10.30

Coffee Break

Dietary factors in chronic disease
Heiner Boeing, German Institute of Human Nutrition (DIfE), Berghol-Rehbriicke, Germany

Probiotics and allergies
Erika Isolauri, Department of Paediatrics, University of Turku, Finland, (apologies, presentation by Seppo

Salminen)

Recombinant lactobacteria
Jerry M Wells, Faculty of Animal Sciences, University of Wageningen, The Netherlands

Strategic Discussion

12:30

Closing and Lunch




Workshop 3 ‘Therapy and Prevention — Emerging Concepts’

Chair Harald Renz, Philipps-University Marburg, Germany
Co- Chair William O. Cookson, Imperial College London, United Kingdom

Thursday 21 October 2010

13:00 Registration and Lunch

14:00 ESF Introduction
Nathalie Spielewoy, Stephane Berghmans, European Science Foundation, Strasbourg, France

Welcome and Introductory Remarks
Harald Renz, Philipps-University Marburg, Germany

Session 1: Tolerance Induction - Preclinical/Clinical Studies

Inflammatory Bowel Disease
Keynote Speaker
Markus Neurath, Department of Medicine, University of Erlangen-Niirnberg, Germany

Pediatric allergy (excluding asthma)
Jirgen Schwarze, Queens Medical Research Institute, University of Edinburgh, United Kingdom

Asthma in childhood
Hans Bisgaard, Faculty of Health Science, Copenhagen University, Denmark

Protection from chilhood asthma and allergies in rural environments
Charlotte Braun-Fahrlander, Institute of Social and Preventive Medicine, University of Basel, Switzerland

Strategic Discussion

17.00-17.30 Coffee Break

17.30 Session 2: Therapeutic Intervention

New targets for asthma therapy
Keynote Speaker
Stephen Holgate, Southampton General Hospital, United Kingdom

Hypo-allergenic molecules and specificimmunotherapy
Ursula Wiedermann, Institute of Specific Prophylaxis and Tropical Medicine, Medical University of Vienna,
Austria

Antisense technologies
Joerg Vogel, Institute of Molecular Infection Biology, University of Wiirzburg, Germany

Strategic Discussion

20:30 Dinner

Friday 22 October 2010
8:30 Session 3: Prevention

Metabolic imprinting of chronic inflammatory disease
Keynote Speaker
Berthold Koletzko, Dr. von Hauner Children's Hospital, Ludwig-Maximilians University, Munich, Germany

Probiotics in allergy
Matthias Kopp, Klinik fiir Kinder- und Jugendmedizin, Universitdtsklinikum Schleswig-Holstein, Germany,
(apologies, presentation by Markus Weckmann)



Probiotics in IBD and other diseases
Francisco Guarner, University Hospital Vall d'Hebron, Barcelona, Spain

Genetically modified probiotics
Lothar Steidler, ActoGeniX NV, Zwijnaarde, Belgium

Other bacterial /microbial preparations
Seppo Salminen, Functional Foods Forum, University of Turku, Finland

10.00-10.30 Coffee Break

Hypoallergenic milk
Sibylle Koletzko, Dr. von Hauner Children's Hospital, Ludwig-Maximilians University, Munich, Germany

Methyl-rich diets / supplements (folic acid, B12, cholin, etc.)
John Hollingsworth, Duke University Medical Centre, Durham, United States

Antioxidant supplements and allergen avoidance
Graham Devereux, Applied Health Sciences, University of Aberdeen, United Kingdom

Strategic Discussion

12:30 Closing and Lunch
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Session 1: Genetic Susceptibility
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e Kauffmann, F., Castro-Giner, F., Smit, L A.M., Nadif, R. & Kogenivas, M. Gene-environment interactions in occupational
asthma. Occupational Asthma 205-228 (2010).
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Mathias Hornef, Institute for Medical Microbiology and Hospital Epidemiology, Hannover Medical School, Germany
e  Garrett, W.S., Gordon, J.I. & Glimcher, L.H. Homeostasis and inflammation in the intestine. Cell 140, 859-870 (2010).
e Kawai, T. & Akira, S. The role of pattern-recognition receptors in innate immunity: update on Toll-like receptors. Nat.
Immunol 11, 373-384 (2010).
e O'Neill, L.A.J. When signaling pathways collide: positive and negative regulation of toll-like receptor signal transduction.
Immunity 29, 12-20 (2008).
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