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Summary
The aim of the 2nd ENGIHR Workshop was to bring together researchers from several disciplines to discuss issues relating to the diet and the intestinal microbiota. Of the 75 participants, 25 were invited as experts in their field, while remaining participants applied to attend and were selected on the basis of their potential contribution to the planned discussions. The format of the workshop involved a morning of talks followed by four discussion groups which were led by 2-3 facilitators. The topics under discussion had been selected by the ENGIHR Steering Committee and by the facilitators themselves. In addition, an online forum had been hosted on the ENGIHR website to give all Network Partners an opportunity to suggest topics for the meeting. At the end of the Workshop, a general discussion on the findings of the working groups took place. The Workshop also provided an opportunity for participants to hear a talk from a representative from the EU Commission about funding opportunities relating to metagenomics. The main outcome of this meeting was a commitment by groups of participants to write several academic reviews and book chapters on the subjects under discussion.  

Programme

WEDNESDAY 2nd MAY

19:00 

Registration, Welcome & Evening Bu!et (Raddison Blu)

THURSDAY 3rd MAY

09:00 

Introduction: Maria Saarela, VTT, Finland (host)

Seve Pandiella, University of Manchester, UK (Chair, ENGIHR)

09:30-12:40 
Introductory Seminars:

Jose Lagaron (IATA-CSIC, Spain): Nanotechnology for the design of novel functional foods, encapsulation of bioactives and efficient gut delivery

Michael Blaut (DIFE, Germany): Impact of host and nutrition factors on intestinal bacteria 
Tor Lea (UMB, Norway): Regulatory interactions between gut microflora and the intestinal immune system 
Sam Possemiers (University of Ghent, Belgium): The use of integrated in vitro models for the combined study of intestinal microbiota modulation and host response

Lunch & Poster Session
14:00-16:30
Parallel Working Groups: Groups of 15-25 researchers and invited experts working on specific discussion

GROUP TITLE:
1. Development and Maintenance of the Microbiota

2. Effect of the Diet on Shaping the Intestinal Microbiota

3. Current and Future Technologies to Investigate the Intestinal Microbiota

4. Bioactives: Discovery and Delivery
17:15-18:00 
Keynote Talk: Dusko Ehrlich (MetaHIT, INRA, France): Gut microbiome in health & disease assessed by the MetaHIT consortium

Evening: Workshop Dinner: Tarvaspaa Cafe and Restaurant

FRIDAY 4th MAY

09:00 

Dirk Hadrich (EU Commission): European funding in personalised medicine

09:30-12:30 
Reports from Working Groups & Expert Panel Discussion

12:30

Final Remarks and Lunch

Scientific Content

Introductory Talks  

The first session was chaired by Dr Maria Saarela (VTT, Finland & ENGIHR Steering Committee member) and began with a talk by Jose Maria Lagaron (IATA-CSIC, Spain & ENGIHR Steering Committee member) entitled “Nanotechnology for the design of novel functional foods, encapsulation of bioactives and efficient gut delivery”. The market for nanotechnology in foods is worth $5.8bn per year and Dr Lagaron discussed the potential uses of nanotechnology for encapsulating probiotics and protecting them from u.v. light, mechanical deterioration, water and oxidative stress. As well as protecting bioactives, encapsulation is also used for their controlled release, and to separate bioactives from other food components. As an example, encapsulation of Bifidobacteria probiotic was shown to increase shelf life and protect from u.v. light as compared with freeze-drying. Also, encapsulation is able to protect bioactives from stomach acids so that they are able to be efficiently delivered to the lower GI tract. 
Next, Michael Blaut (DIFE, Germany) gave a talk entitled “Impact of host and nutrition factors on intestinal bacteria”, during which he outlined the complex relationship between the diet & the host microbiota. Analysis of the microbiome has shown that taxanomic variation between individuals is greater than functional variation, indicating that core functions of the microbiota can be provided by various sets of bacteria. One of the main challenges in analysing the host microbiota is the inter-individual variation. Also, few of the genes making up the microbiome have been characterised and many are assigned to categories which are too broad to be meaningful. As an alternative approach to studying the microbiota-host relationship, Dr Blaut has developed gnotobiotic mice colonised with specific strains of E.coli. Such mice have allowed the identification of differences in gene expression between bacteria grown in vivo and bacteria grown in vivo. In addition, such mice have been used to analyse bacterial expression at the level of the proteome in response to changes in diet. For instance, a stress response occurs following lactose intake and this can be monitored by analysing the activity of the “OxyR” regulon which protects against oxidative stress. Dr Blaut finished by proposing the use of simplified human intestinal microbiota (SIHUMI), consisting of seven dominant species of bacteria, in in vivo models of the human gut. The advantages of this combination of bacteria are that the bacteria are stable and probes are available for these particular species.   
Tor Lea (UMB, Norway) then gave a talk entitled “Regulatory interactions between gut microflora and the intestinal immune system” during which he described the development of the host immune system and how this is influenced by the microbiota. Specialised cells lining the intestine (“M cells”) have developed to sample bacteria in the gut lumen. Recently, research has focussed on “Pattern Recognition Receptors” which are expressed by cells of the immune system and recognise specific bacterial proteins, enabling the immune system to active an immune response or to induce tolerance towards gut bacteria. Dr Lea suggested that the key question facing this area of research is that of which components of the microbiota interact with the immune system. 
Finally, Sam Possemiers (University of Ghent, Belgium), gave an overview of in vitro models of the human gastrointestinal tract. The model developed in the University of Ghent, called the Simulator of the Human Intestinal Microbial Ecosystem (SHIME) can be inoculated with human faecal samples and provided with nutrients to simulate meals, achieving stable microbial communities after 1-2 weeks. By feeding with different nutrients, changes in the microbial composition can be monitored and it has been found that this model compares well with an in vivo rat model. Limitations of this model include the lack of mucus and since mucus is an important source of nutrition for the gut microbiota, an “mSHINE” version has been developed, using mucin-coated agar. Further modifications include a “Host-Microbe Interaction” module which allows the introduction of tissues and cells to study bi-directional host-microbe interactions.
Following these talks, lunch was provided with a poster session which gave younger participants an opportunity to explain their work to the workshop.

After lunch, participants divided into 4 Working Groups to discuss key aspects of gut health. 

1. Development and Maintenance of the Microbiota

2. Effect of the Diet on Shaping the Intestinal Microbiota

3. Current and Future Technologies to Investigate the Intestinal Microbiota

4. Bioactives: Discovery and Delivery
Each group contained approximately 20 participants and was let by 2-3 facilitators. Discussion points had been identified by the Steering Committee and by the facilitators following an online discussion forum on the ENGIHR website in the weeks leading up to the workshop. These discussion groups lasted 2.5 hours and the facilitators prepared a short presentation summarising the conclusions for a general discussion the next day.

The keynote talk was delivered by Dusko Ehrlich (INRA, France), the project coordinator of MetaHIT. Professor Ehrlich described the scope of MetaHIT before giving an overview of how MetaHIT produces a microbiome sequence from a stool sample. Based on 400 individuals, the microbiome catalogue now contains approximately 4 million different genes (an order of magnitude greater than the human genome). Such sequence data derived from stool samples is both qualitative and quantitative, so that it provides information on abundance of particular bacterial species as well as presence or absence of these species. Such sequences are then used to look for patterns in bacterial genes or species which are associated with particular diseases (e.g. inflammatory bowel disease). 
Microbiome sequencing has revealed the presence of enterotypes – particular patterns of bacteria – which allows individuals to be segregated. Although the significance of these enterotypes is not fully understood, it may be the case that particular enterotypes are linked with specific disease susceptibilities and this could be of importance for the concept of nutrition and personalised medicine.

Sequence data can be used to construct individual bacterial genomes and so far 741 bacterial species have been identified in this way. The majority of these species were previously unknown, providing a challenge for microbiologists to characterise these species. Also, such sequences can be used to identify strains within species, although this resolution of sequence information has not yet been used to address correlations with disease. 
Professor Ehrlich then went on to describe a Danish study on obesity looking at 7000 individuals. This has revealed a bimodal distribution of individuals with respect to their gut microbiota species diversity. Individuals with low diversity had a prevalence of Bacteriodes species, while individuals with high microbial diversity had a prevalence of Prevotella species.  Approximately 25% of subjects could be characterised by a low micobiota species diversity & this subgroup was associated with a high BMI. Rather than sequencing complete microbiomes, it is possible to analyse 8 specific bacterial species in order to assign an individual to a low or high microiota diversity group. Ongoing projects aim at further investigating the link between bacterial diversity and obesity as well as ulcerative colitis.

 Whether a low diversity of gut bacteria contributes to disease or results from disease (possibly as a result of chronic host inflammatory processes) is unknown. However, since the ability to measure the diversity of individuals’ microbiota is readily achievable, it may represent an important tool in predicting disease development and tailoring treatments.
In the evening, participants were taken to the picturesque Taarvaspaa Restaurant on the coast near Helsinki for the Workshop dinner which provided an opportunity for relaxing and networking.

The next day, Dirk Hadrich, a scientific officer from the EU Commission gave a talk entitled “European funding in personalised medicine. Dr Hadrich explained that the vast majority of drugs work on only a minority of patients and so there is a need to provide “personalised medicine” whereby patients can be screened for their potential responsiveness to particular therapies, making drug treatments more effective and saving costs. Such screening may include metagenomic sequencing and Dr Hadrich went on to describe an upcoming FP7 call related to metagenomics. This call is for proposals to follow on from the MetaHIT project and Dr Hadrich anticipated that in addition to the MetaHIT consortia, other consortia, perhaps including ENGIHR Partners would put forward proposals. As such, this presentation was good timing for participants to be made aware of this important funding call. Finally, Dr Hadrich went on to discuss the successor to FP7 – Horizon2012 - and the funding priorities associated with this scheme. 
The remaining session of the Workshop involved the facilitators from each group giving a short summary of the discussions and key findings from the previous days working groups. The wider audience was then invited to comment on, and add to these findings. As part of this final discussion, facilitators outlined plans for review documents and many of the participants volunteered to contribute to these.

Group 1: Development and Maintenance of the Microbiota. A summary of the group discussions was presented by Julian Marchesi (University of Cardiff, UK) and Caroline Karlsson (Lund University, Sweden). Discussions centred around antibiotic use by the mother during pregnancy and during infancy, the effect of antibiotics on the gut microbiota, and health consequences. Also highlighted was the consequence of Caesarean sections on the establishment of the gut microbiota. A lively discussion took place regarding the increasing numbers of C-sections and increasing antibiotic usage and the importance of understanding the impact of these trends on the gut microbiota. A group of participants has emerged from the workshop, coordinated by Julian Marchesi, who are preparing a review on “Factors influencing establishment of neonatal microbiota and impact on health”.  
Group 2: Effect of the Diet on Shaping the Intestinal Microbiota. A summary of the group discussions was presented by Bernard Corfe (Sheffield University, UK), Johanna Maukonen (VTT, Finland) and Anne Salonen (Helsinki University, Finland). The facilitators talked of the importance of performing dietary intervention studies in order to assess the impact of specific foods on the gut microbiota. Several participants contributed to a discussion on how best to perform such studies and the need to generate a faecal biobank. Bernard Corfe is coordinating a review on the “Role of Diet in Shaping the Gut Microbiota”  
Group 3: Current and Future Technologies to Investigate the Intestinal Microbiota. A summary of the group discussions was presented by Karen Wright (University of Lancaster, UK) and Velitchka Gotcheva (University of Foo d Technologies, Bulgaria), which included potential biomarkers of gut health. Such biomarkers could include measurements of gut permeability in response to stress challenge, and measurements of gut bacterial diversity and several members of the audience shared their opinions on such biomarkers. Further discussions also took place on in vitro models of the gastrointestinal tract and Koen Venema (TNO, the Netherlands) is writing a review on this subject with contributions from several workshop participants. Also, Severino Pandiella discussed traditional fermented foods as a source of gut bacteria. A review of such foods and their effect on the gut microbiota was proposed.
Group 4: Bioactives: Discovery and Delivery. A summary of the group discussions was presented by Rachael Rigby (Lancaster University, UK) and Patricia Ruas-Madiedo (IPLA-CSIC, Spain). Discussions focussed on defining a bioactive and there was debate amongst the audience as to whether this was necessary or not. A book chapter was proposed, coordinated by Jose Teixeira (University de Minho, Portugal), which will help address the definition of bioactive compounds. 
Assessment of the results 
Participants were given a feedback form at the meeting and feedback has generally been positive. The meeting generally met all of its aims: 
· It was an excellent networking event, enabling younger researchers to interact with more established researchers and contribute to the discussions. 

· It provided an opportunity for researchers to focus on one particular topic during the Working Group session and discuss their ideas openly with researchers from a range of disciplines.
· The workshop provided a forum for researchers to form review-writing groups in order to make their views available to a wider audience. 
Future direction of the field 
One outcome of the workshop was a commitment by several participants to write up the findings of the Working Groups in the form of reviews or book chapters. This is being coordinated by the group facilitators and should soon result in publications. These documents will help shape ideas for the future of this RNP.

Participants have provided valuable information in their feedback forms, including industrial contacts who may be interested in joining the ENGIHR Network. It will be important to recruit such researchers since incorporating SMEs into the Network will provide opportunities for industrial collaborations. Such collaborations are important for EU funding applications.   

The feedback from participants was positive about the structure of the meeting, and many found the online forums in the weeks prior to the meeting a useful way of helping to determine the focus of the Working Groups. A summary of the feedback will be posted on the ENGIHR website. . 

An ENGIHR Steering Committee Meeting in October 2012 will review this feedback and decide the focus of the next workshop in 2013. This meeting will be a good opportunity to review the status of publications arising from the workshop.
