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Summary
The aim of the 2013 ENGIHR Conference was to create a forum for the discussion of key issues relating to gut health and allow time for networking. The topic of this conference was loosely based on metabolites of the gut microbiota and split into 3 speaker sessions relating to: the diet; the microbiota; and clinical outcomes. 

The format combined those of the previous two ENGIHR meetings, with 3 speaker sessions, a poster session and working group sessions. 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.
We were fortunate to have some excellent session and keynote speakers from across Europe to talk about their cutting-edge research and this provided an excellent platform for constructive discussions amongst the participants.

The conference was hosted by Professor Jose Maria Lagaron of the IATA-CSIC institute and the excellent facilities, catering, and local organisation provided an great location for networking. 

Programme

THURSDAY 19th

19:30
Registration, Welcome & Evening Buffet: Hotel Sorolla Palace

WEDNESDAY 18th

09:00
Introduction: Jose Maria Lagaron, IATA-CSIC (host)

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

09:10
Introductory Talk: Martin Wickham (Leatherhead Foods, UK):

“Gastro-intestinal digestion - determining what's delivered to the gut microbiota”

09:50
Keynote Talk: Kristin Verbeke (University of Leuven, Belgium):

“Deciphering the impact of the gut microbiota in health and disease by analyzing their metabolites”

10:30
BREAK

SESSION 1: 

Contribution of the diet to the composition of the intestinal microbiota

Chairs:

Jose Maria Lagaron  (CSIC-IATA, Spain) 

Margareta Nyman (University of Lund, Sweden)
11:00 
Raffaella Di Cagno (University of Bari, Italy):

“Raw fruits and vegetables: source of functional microorganisms”

11:40 
Juan Miguel Rodríguez (The Complutense University of Madrid, Spain): “Human milk: a source of bacteria to the infant gut”

12:20
Velitchka Gotcheva (UFT, Bulgaria):

“Gut microbiota: contribution of bacteria from traditional fermented foods”

13:00 
LUNCH
SESSION 2: Digestion of nutrient groups by the intestinal microbiota

Chairs:

Patrice Cani (Université Catholique de Louvain, Belgium)
 Aldona Miezeliene (Kaunas Institute of Food, Lithuania)
14:10 
Harry Flint (Rowett Institute, UK):

"Roles of different human colonic bacteria in the degradation of dietary substrates"

14:50 
Koen Venema (TNO, The Netherlands):

“How C13-labelling of carbohydrates allows one to trace microbial metabolism in the colon”

15:30 
BREAK

16:00
POSTER PRESENTATIONS
17:00
Keynote Talk: Ines Thiele (University of Iceland):

“Computational systems biology approaches to investigate metabolic interactions between gut microbes & the host”

17:45
Closing comments

Evening:
Conference Dinner-Restaurante Nou Raco, Albufera, Valencia

FRIDAY 20th

SESSION 3: Effect of bacterial metabolites on human health and disease
Chair:

Ted Dinan (University College Cork, Ireland)
Andrea Laukova (Slovak Academy of Sciences, Slovakia)
09:00 
Yolanda Sanz (IATA-CSIC, Spain):

“Uncovering the role of gut microbes in metabolism and obesity”

09:40 
Saskia van Hemert (Winclove, The Netherlands):

“Probiotic metabolites in relation to immune health”

10:20
Patrice Cani (Université Catholique de Louvain, Belgium):

“Crosstalk between gut microbes and intestinal epithelium: impact on metabolic inflammation and obesity”

11:00
PARALLEL WORKING GROUP SESSIONS

WORKING GROUP 1: Contribution of the diet to the composition of the intestinal microbiota Facillitator: Kieran Tuohy (Fondazione Edmund Mach, Italy)

WORKING GROUP 2: Digestion of nutrient groups by the intestinal microbiota 
Facillitator: Paola Vitaglione (University of Napoli “Federico II”, Italy)

WORKING GROUP3:Effect of bacterial metabolites on human health and disease 
Facillitator: Maria Carmen Collado (IATA-CSIC, Spain)

13:00 
LUNCH

14:10 
WORKING GROUP DISCUSSIONS


Chair: Koen Venema (TNO, The Netherlands)
15:30 
BREAK

16:00 
Keynote Talk: Ted Dinan (University College Cork, Ireland):

“Brain-Gut-Microbiota Axis: Impact of Probiotics”

16:40 
Closing comments

Scientific Content

Following introductions by the host, Jose Maria Lagaron, and the ENGIHR Chair, Seve Pandiella, 12 speakers presented their work.
Speaker Session:
Martin Wickham: Gastro-intestinal digestion - determining what's delivered to the gut microbiota
The importance of diet in maintaining optimal health continues to gain recognition and acceptance. With recent advances in our understanding of gut physiology we are able to understand and predict the behavior of food within the digestive tract thus permitting well informed interventions to improve health. Also with the advent of present-day analytical techniques, it is possible to describe the complex chemical nature of our foods with ever more accuracy and sensitivity. However only a portion of the nutrients present in food is released from the food material, absorbed into the body and utilised, and this portion can be highly variable depending upon the food structure and degree of processing. There is a growing realisation that everyday foods contain not only ‘digestible’ nutrition that is readily digested and absorbed in the upper gastro-intestinal tract, but also non-digestible components that may provide additional positive and/or negative health benefits. These health benefits may be delivered by the host microbiota once these non-digestible dietary components are delivered to the colon. However to investigate ‘digestibility’ and ‘bioaccessibility’ of food components in the GI tract and to understand what is delivered to the microbiota a cross-disciplinary approach utilising in vitro models of human digestion and in vivo studies in human volunteers must be undertaken.

Kristin Verbeke: Deciphering the impact of the gut microbioata in health and disease by analyzing their metabolites
The gut microbiota constitutes of an extremely metabolically active ecosystem that produces a wide range of metabolites. These compounds are in intimate contact with the intestinal mucosa and induce physiological and pathophysiological responses in the host. Evaluation of the micro- bial activity can be performed either at the genomics, transcriptomics, proteomics or metabolomics level. However, the levels of metabolites represent integrative information from different regulatory processes within the cell and most closely defines the phenotype of a cell or tissue in response to genetic or environmental changes.

Targeted analysis of individual metabolites is more and more replaced by metabolomic approaches that covers the identification and quantification of “all” intra- and extracellular compounds. Due to the chemical diversity and different physicochemical properties of the metabolites and the large dynamic range of metabolite concentrations in different biological samples, however, it is virtually impossible to measure the complete metabolome. The choice of an analytical platform and of a biomatrix inherently reduces the resulting metabolome to a subset specific for that condition.

Metabolomic studies have used, not only as a classification tool to improve diagnosis and stratification of patients in the context of gastrointestinal diseases, but also to discern metabolic path- ways and mechanisms affected by the gut microbial metabolism and might eventually reveal new therapeutic targets.
Raffaella Di Cagno:  Raw fruits and vegetables: source of functional microorganisms

Although the term probiotic cannot be merely used synonymously for putatively beneficial members of the human gut microbiota, bacteria from this ecosystem are almost the only source where probiotics are isolated. One of the main recommendations is that probiotic strains have to be autochthonous of the ecosystem where they will be a part once ingested. Nevertheless, the probiotic potential of bacteria from other ecosystems would not a priori be excluded. The selection of strains from novel ecosystems (e.g., sourdoughs, cheeses, yoghurt and pickled vegetables) implies that several functional features have to be preliminarily in vitro investigated. More than other food ecosystems, raw fruits and some vegetables possess intrinsic chemical and physical parameters that, for some traits, mimic those of the human gastrointestinal tract. In most of the cases, the autochthonous microbiota of fruits and vegetables has to colonize and adhere to surfaces, and it exerts antagonistic activity towards spoilage and pathogenic microorganisms. Although the epiphytic microbial population of plants is largely subjected to fluctuations of physical and nutritional conditions, analyses by molecular methods showed that each species of fruits and vegetables harbours a dominant and constant microbiota. The probiotic potential of a large number of autochthonous lactic acid bacteria isolated from fruit and vegetables was highlighted. Survival under simulated gastric and intestinal conditions showed that 35% of the strains, mainly belonging to the species Lactobacillus plantarum maintained high cell densities. Tolerance to bile salts and low pH, immune-regulation towards peripheral blood mononuclear cells (PBMC) and Caco-2 cells, adhesion to Caco-2 cells, hydrolysis of FOS, and antagonism towards human pathogenic microorganisms were in vitro assayed. The results of this study showed that some autochthonous lactic acid bacteria from raw fruit and vegetables have functional features to be considered as novel probiotic candidates.

Juan Miguel Rodríguez: Human milk: a source of bacteria to the infant gut

Human milk has been traditionally considered sterile; however, recent studies have shown that it represents a continuous supply of commensal, mutualistic and/or potentially probiotic bacteria to the infant gut, being among the earliest gut colonizers. Culture-dependent and -independent techniques have revealed the dominance of staphylococci and streptococci, while propionibacteria, corynebacteria, lactic acid bacteria and bifidobacteria are also commonly isolated from this bio- logical fluid. These bacteria could protect the infant against infections and contribute to the maturation of the immune system, among other functions. Different studies suggest that some bacteria present in the maternal gut could reach the mammary gland during late pregnancy and lactation through a mechanism involving gut monocytes. Thus, modulation of maternal gut microbiota during pregnancy and lactation could have a direct effect on infant health. On the other hand, mammary dysbiosis may lead to mastitis, a condition that represents the first medical cause for undesired weaning. Selected strains isolated from breast milk can be good candidates for use as probiotics. Their potential uses for the treatment of mastitis and to inhibit mother-to-infant transfer of HIV will be discussed.

Velitchka Gotcheva: Gut microbiota: contribution of bacteria from traditional fermented foods

Traditional fermented foods are part of the human diet since early ages, currently contributing 5% to 40% of the daily intake. Depending on the fermentable raw materials (milk, cereals, meat, vegetables, etc.) and on the species composition of the fermenting microbiota, specific combinations of molecules are produced that confer unique flavor, texture and taste to each product, and in addition prolong foods shelf life. Fermented foods have been long associated with general health benefits. Many studies suggest that these could be largely associated with the effects of fermented foods on the composition of the gut microbiota through various mechanisms. One of them is related to the diverse substrates delivered to the gut microbiota. As an example, dietary fibers in plant-based products act as prebiotics. In addition, biotransformation and biosynthesis reactions occurring throughout fermentation produce a wide range of biologically active sub- stances such as vitamins, polyphenols, peptides, amino acids, bacteriocins, etc., which affect microorganisms in the gut, and exert a number of benefits for consumer’s health. A unique fea- ture of fermented foods is that they are “alive”, thus being important vehicles of high amounts of living bacteria into the human body. Bacterial populations within them eventually reach the gastro-intestinal tract where they can interact with the resident gut microbiota. However, scientific data on the effects of traditional fermented foods on human gut microbiota is still very limited, especially regarding the role of microorganisms ingested with the foods. This research field is yet to be explored and the advances in molecular technologies offer the tool to find many answers. Understanding the role of fermented foods in modulating human gut microbiota may bring to new developments in the concepts for healthy nutrition and at the functional food market.

Harry Flint: Roles of different human colonic bacteria in the degradation of dietary substrates

Dietary residue that survives digestion in the small intestine is subject to fermentation by the complex microbial community of the large intestine, yielding a range of metabolites that have important impacts on the host. It is emerging that for many substrates degradative activity shows a highly uneven distribution among community members, with only certain highly specialised bacteria being able to breakdown particulate substrate such as plant cell walls and resistant starch (RS). Recent examples come from an important family of gram-positive Firmicutes, the Rumino- coccaceae, with evidence that R. bromii has a special ability to degrade particulate RS while the related R. champanellensis is so far unique within the human colon in its ability to degrade crystalline cellulose. Analysis of bacterial genomes has shown that human colonic Bacteroidetes possess very much larger numbers of glycoside hydrolase genes than most of the Firmicutes. Despite this there is little evidence that Bacteroidetes can degrade insoluble carbohydrate substrates, although they are clearly equipped to utilise a very wide range of glycans. Many co-operative interactions are emerging between community members that occupy different nutritional niches. In addition to carbohydrate utilization, patterns of transformation are being esatablished for other substrates including amino acids and phenolic compounds that again suggest an uneven phylogenetic distribution. In view of this, it seems likely that microbiota composition will have an important influence on the formation of microbial metabolites, and is likely to be a major factor underlying inter-individual variation in the metabolome.

Koen Venema: How C13-labelling of carbohydrates allows one to trace microbial metabolism in the colon

The colon in humans is hardly accessible for sampling. Fecal samples do not reflect what is produced in the proximal part of the colon, but rather are a reflection of local processes in the distal colon. Therefore, it is difficult to study in detail the metabolism of the colonic microbiota in man, especially in the proximal part of the colon. For this reason, TNO has developed a validated, dynamic, computer-controlled in vitro model of the colon (nick-named TIM-2), which accurately mimics the physiological conditions throughout the colon. It has been used over the past two decades to study amongst others the effect of carbohydrate (fibers and prebiotics) fermentation on the composition and activity of the microbiota. In the last 5 years or so, TIM-2 has been used to set up and optimize tools using stable isotope labeled substrates (specifically the stable isotope carbon-13 or 13C), with the intent to use these tools in human trials to study fermentation of substrates in vivo. Insight has been obtained in i) which microbes are involved in the fermentation of the 13C-labeled substrates, ii) which metabolites are produced from the substrates, iii) which biochemical pathways are employed upon addition of certain carbohydrates, and iv) cross-feed- ing between different members of the microbiota. These four items will be highlighted with examples during the presentation. 13C-labeled substrates studied so far have been starch, FOS, GOS, lactose, and 6’-sialyl-lactose – a component of human milk oligosaccharides. Microbiotas originating from babies, adults and elderly have been compared.

Ines Thiele: Computational systems biology approaches to investigate metabolic interactions between gut microbes & the host

Computational modeling plays an important role in systems biology and the steadily increasing wealth of diverse, genome-scale data sets require adequate computational tools. The constraint-based reconstruction and analysis approach is gaining importance and relies on the avail- ability of genome-scale metabolic reconstructions. These have been assembled for numerous well characterized organisms and successfully employed for biotechnological and biomedical applications. Many gut microbes are poorly characterized. I will present an iterative approach of computational modeling, comparative genomics, and metabolomics that we used to improve cur- rent knowledge of Faecalibacterium prausnitzii. This approach can be expanded to other gut microbes and will assist in defining their metabolic capabilities and potential contribution to the host-microbe interactions. I will then introduce a computational framework for systematic investigation of metabolic pathways that define the symbiotic relationship between the host and gut microbiota. We simultaneously modeled growth of mouse and Bacteroides thetaiotaomicron on five different diets. The integrated computational model captured mutually beneficial cross-feeding as well as competitive interactions. Furthermore, we identified metabolites that were exchanged between the two organisms, which were compared with published metabolomics data. This analysis resulted for the first time in a comprehensive description of the co-metabolism between a host and its commensal microbe. I will also demonstrate that the presence of B. thetaiotaomicron could rescue in silico the growth phenotype of the host with an otherwise lethal enzymopathy and vice versa. This systems approach represents a powerful tool for modeling.
Yolanda Sanz: Uncovering the role of gut microbes in metabolism and obesity

Gut microbiota composition and function are considered novel factors determining our susceptibility to developing obesity and metabolic disease. The notion that energy provided by the diet may depend on the individual’s microbiota is particularly attractive in view of designing strategies to reduce dietary energy input by intentional manipulation thereof. Observational studies reported reductions in Bacteroidetes in obese subjects compared to lean subjects, or paralleled to weight-loss, accompanied by increases in Firmicutes. Other studies, however, have suggested these associations were just a secondary consequence of dietary habits. Emerging evidence is now revealing that diet-induced microbiota alterations also contribute to regulating energy balance, highlighting the tight dependency of both factors.

Animal studies are facilitating rapid progress from mere associations to cause-effect relation- ships between gut microbiota and obesity. The gut microbiota, as a whole, increases the host’s ability to extract energy from the diet, by enhancing digestion and absorption of nutrients, and to store this energy in adipocytes. The metabolic activity of microbiota mediating the breakdown of indigestible carbohydrates is considered a primary mechanism by which energy extraction from the diet is improved. More recent evidence suggests this mechanistic concept is too simplistic to fully explain the role gut microbiota plays in energy balance, which likely results from much more complex processes involving the whole metabolic machinery (e.g. bile acid signaling) and cross-feeding mechanisms, as well as the immune and neuroendocrine systems. Further investigations taking into account microbial ecological interactions under specific dietary influences applying functional omics-technologies and systems biology are required to pin point the key core human bacteria involved in energy balance and their modes of action. Ultimately this should make it possible to integrate microbiome-based dietary strategies in the struggle against the obesity epidemic.

Saskia Van Hemert: Probiotic metabolites in relation to immune health

Certain probiotic bacteria have been shown to be effective in different disorders, like infectious diarrhea, side effects of antibiotic use, and prevention of allergy. Although bacterial compounds or dead bacteria have shown some effect, live bacteria seems to be more active. One of the rea- sons for this can be that the metabolites they produce are responsible for the observed health effects. However, the active compounds are not yet identified. In a first in vitro approach, the aim was to identify immunologically active compounds produced by probiotic bacteria. For this the bacteria were grown in defined minimal medium and culture supernatants were screened in immune assays. By fractionating immune-active supernatants and further characterization using FTICR-MS and NMR, an active metabolite has been identified. Another approach used faecal samples which were taken during the PANDA study. In this double blind, placebo controlled study children at high risk of allergy were randomly receiving the probiotic product Ecologic®Panda or a placebo. After 3 months a significant decrease in the number of children with eczema was found in the probiotic group. To investigate if metabolites were correlated with this effect, a subset of the faecal samples were analysed by NMR in a pilot study. This screening showed that metabolites correlated with the occurrence of eczema and also with the use of probiotics. Both our approaches indicated that metabolites produced by probiotic bacteria are import- ant in immune health and further efforts will be make to identify the responsible compounds.

Patrice D. Cani: Crosstalk between gut microbes and intestinal epithelium: impact on metabolic inflammation and obesity

Obesity and type 2 diabetes are characterized by a low-grade inflammatory tone. In this context, changes in the gut microbiota composition have been observed. In 2007, we described the concept of metabolic endotoxemia (increase in plasma LPS levels) as one of the triggering factors leading to the development of the metabolic inflammation and insulin resistance associated with obesity. We discovered that gut microbes play a major role in this context by contributing to the development of insulin resistance and low-grade inflammation. We also found that gut microbiota directly contributes to the regulation of the gut barrier via several mechanisms (e.g., gut peptides production, mucus production, endocannabinoid system regulation).

More recently, we demonstrated that the mucus layer thickness was decreased in obese and type 2 diabetic mice, a phenomenon associated with a lower abundance of Akkermansia muciniphila, a mucin-degrading bacterium that resides in the mucus layer. We recently showed that daily administration of A. muciniphila for 4 weeks reversed high-fat diet-induced obesity and type 2 diabetes. We also found that A. muciniphila controls Reg3g expression, a specific antimicrobial peptide produced by the host intestinal epithelial cells. We found that the abundance of A. muciniphila was positively associated with L-cell number. These cells are known to produce GLP-1 and GLP-2, two gut peptides with antidiabetic/antiobesity properties and involved in gut barrier functions, respectively.

Therefore, it appears clear that the crosstalk between gut microbiota and host as well as specific associated metabolites are key partners in the control of glucose and energy homeostasis.

Ted Dinan: Brain-Gut-Microbiota Axis: Impact of Probiotics

Evidence is accumulating to suggest that gut microbes (microbiota) may be involved in neural development and function, both peripherally in the enteric nervous system and centrally in the brain. There is an increasing and intense current interest in the role that gut bacteria play in maintaining the health of the host. Altogether the mass of intestinal bacteria represents a virtual inner organ with 100 times the total genetic material contained in all the cells in the human body, surprisingly the characterization of this extraordinarily diverse population is only just beginning, with some 60% of these microbes have never been cultured. Commensal organisms live in a state of harmonious symbiosis with each other and their host, however a disordered balance amongst gut microbes is now thought to be an associated or even causal factor for many chronic medical conditions as varied as obesity and inflammatory bowel diseases. There are rapidly coalescing clusters of evidence which point to the possibility that variations in the composition of gut microbes may be associated with visceral pain syndromes such as infantile colic and IBS. Studies in germ-free animals indicate aberrant development of the brain monoaminergic system. Furthermore, recent pre-clinical studies suggest that certain Bifidobacteria may have anxiolytic or antidepressant activity while Bifidobacterium infantis has been found effective in treating patients with irritable bowel syndrome. The latter occurs in the context of a decreasing pro-inflammatory phenotype.

Communication between the brain and gut is bidirectional and complex. Increased understand- ing of this axis and the role of the gut microbiota may aid the development of better nutritional strategies for brain development and the treatment of visceral pain syndromes.

Poster Session: 
Over 50 posters were presented and participants had opportunities to view the posters during lunch and coffee breaks. During the poster session, the posters were split into 3 groups and a pair of “assessors” listened to short oral presentations from each poster presenter. The assessors then met to discuss the posters and chose an overall winner for the poster prize (an iPad - sponsored by Winclove). The winner of the prize was Ashley Houlden (University of Manchester, UK).
Working Groups:

 Following the final speaker session, the conference participants split into 3 working groups (approximately 35 participants in each). 

WORKING GROUP 1: Contribution of the diet to the composition of the intestinal microbiota WORKING GROUP 2: Digestion of nutrient groups by the intestinal microbiota 

WORKING GROUP 3: Effect of bacterial metabolites on human health and disease 

In separate rooms, each group discussed various aspects of gut health, led by a facilitator.  
Following the working group sessions, the facilitators summarised the key discussion points to the conference, allowing for more general discussions.
Assessment of the results:
Participants were sent a feedback form at the meeting and feedback has generally been positive. The meeting generally met all of its aims: 
Networking: The format of the conference, including the Welcome Buffet and Conference Dinner, provided excellent networking opportunities for participants to meet and discuss their work and future collaborations. 

Cutting-edge research talks: The high quality of the speakers meant that the conference participants were presented the latest research data in the field of the gut microbiota which hopefully provided them with ideas for future research. 

Working Groups: Assigning time for working group discussions allowed early-stage researchers to have the opportunity to discuss their work with leaders in the field. Giving researchers these opportunities is important for their career progression, providing them with contacts in several research disciplines across Europe

Outcomes
A Steering Committee Meeting directly after the conference discussed the overall success of the meeting and several steering committee members commented on the possibility of writing a supplement for a journal based on the topics discussed at the conference. Such a supplement will take the form of a collection of invited reviews. The steering committee have approved an offer from the journal “Microbial Ecology in Health & Disease”, and Network Partners are contributing to these reviews which will be published before the end of the ENGIHR Programme.  
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