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Lactate Plays a Key Role in the Crosstalk Between Streptococcus thermophilus and Colonic Epithelium in Gnotobiotic Rats

The lactic acid bacterium Streptococcus thermophilus is the archetype of lactose-adapted bacteria and so far, its sugar metabolism has been mainly investigated In Vitro. S. thermophilus, consumed by Humans for centuries, is widely and traditionally used in food industry for yogurt-and cheese-making but few data are available about its behaviour in the gastrointestinal tract (GIT). In this context, we studied the crosstalk between S. thermophilus and GIT in gnotobiotic rats. Recently, we showed that S. thermophilus was able i) to adapt its global metabolism to the gut environment toward carbohydrate metabolism and ii) to induce a host response (Rul et al., J Biol Chem., 2011). We thus proposed that lactate, resulting from the adaptive metabolic activity of S. thermophilus, may serve as a biological signal to communicate and modulate colonic host epithelium. Moreover, we have shown that the presence of lactose acts as a prebiotic by enhancing S. thermophilus level and kinetic of implantation, and fermentative activity in the GIT (Thomas et al., Plos One, 2011). In a context where probiotics are claimed to have a protective action toward GIT, our aim was to evaluate the ability of S. thermophilus in enhancing mucosal protection through the goblet cells production. Each germ-free (GF) rat was inoculated orally with 5x10 9 S. thermophilus and was euthanized 30 days later. Goblet cells on colon sections were stained with Alcian blue or periodic acid-Schiff and Mucin 2 (MUC2) immunohistochemistry was performed. Krüppel Like Factor 4 (KLF4) protein, a goblet cells differentiation marker, was quantified by Western blot. We showed that S. thermophilus significantly increased the percentage of goblet cells per crypt compared to GF rats (41% and 29%, respectively) and the amount of KLF4 protein (2.2 ±0.5-fold). Quantification of goblet cells markers mRNA is currently in progress. Our hypothesis was that lactate produced at high level (from 15 to 50 mM) by S. thermophilus in GIT might be involved in the induction of goblet cells. To test this hypothesis, confluent HT29-MTX cells (a cell line producing mucus) were incubated with 20 or 50 mM lactate for 17 hours and we observed that lactate significantly increased the amount of KLF4 protein In Vitro (2.3 ±0.3-fold). To conclude, we proposed that lactate produced by S. thermophilus in the GIT of mono-associated rats may act as a bacterial signal to trigger goblet cells differentiation pathway suggesting a novel protective function of this probiotic bacterium.
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Gnotobiotic Mice, a Promising Tool to Better Understand the Anti-Inflammatory Effects of Faecalibacterium prausnitzii? Sylvie Miquel, Sylvie Hudault, Chantal Bridonneau, Sébastien Blugeon, Luis G. Bermúdez-Humarán, Muriel Thomas, Philippe Langella

The intestinal microbiota has an important impact on the homeostasis and protection of the gastrointestinal tract (GIT). Diminished prevalence and abundance of Faecalibacterium prausnitzii, an extremely oxygen sensitive (EOS) Firmicute (Duncan et al., 2002), has been reported in intestinal disorders as inflammatory bowel disease, irritable bowel syndrom and colorectal cancer (Martinez-Medina et al., 2006;Willing et al., 2009;Rajilic-Stojanovic et al., 2011). This bacterium was identified as an anti-inflammatory bacterium on the basis of human clinical data (Sokol et al., 2008). The aim of this study is to obtain and to characterize gnotoxenic mice models with F. prausnitzii to evaluate the mechanisms of its anti-inflammatory effects in acute 2,4,6-trinitrobenzenesulphonic acid (TNBS)-induced colitis. We unsuccessfully tried to get monoxenic mice with F. prausnitzii by using a single oral inoculation. F. prausnitzii monoxenic mice (8.2±0.3 log10 CFU/g of feces) were then obtained using both intragastric and intrarectal administrations of a 100-fold concentrated culture. However, this mono-implantation was difficult to reproduce at a large scale. Since F. prausnitzii is an EOS bacterium, we tried to co-inoculate F. prausnitzii with a companion strain: Escherichia coli JM105. After an adaptation period (8 days), during which E. coli was supposed to render the GIT environment more adequate for F. prausnitzii, a stable F. prausnitzii population level (9.2±0.1 log10CFU/g of feces) slightly lower than E. coli (9.8±0.3 log10CFU/g of feces) was observed during 30 days. E. coli/F. prausnitzii dixenic mice and E. coli monoxenic mice were challenged by TNBS to induce acute colitis. The inflammation led to a significant decrease of F. prausnitzii fecal population (8.2±0.8 log10CFU/g of feces) as it has been observed in ileal Crohn's disease patients (Sokol et al., 2008). In E. coli/F. prausnitzii dixenic mice, the disease activity index (4.6±3.2) was significantly decreased compared to that of E. coli monoxenic mice (6.8±3.3) (p<0.05) suggesting a specific protective role of F. prausnitzii. Histological scores and cytokine production (IL-12, IFN-γ and IL-10) are currently in progress. This simplified dixenic mice model confirms previous observations (Sokol et al., 2008) and is a new tool essential to determine the specific anti-inflammatory mechanisms of F. prausnitzii. Other potential companion strains are currently tested to facilitate the obtention of F. prausnitzii monoxenic mice. It will be also interesting to investigate the effect of this bacterium in the integrity of the epithelium and in the proliferation or differentiation of colonic crypt cells. All of these results will facilitate and optimize the potential future use of F. prausnitzii as a novel probiotic to counterbalance the dysbiosis observed in intestinal disorder's patients.
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Protective and Curative Effect of Faecalibacterium prausnitzii in a Chronic DNBS-Induced Murine Colitis Rebeca Martin Rosique, Luis G. Bermúdez-Humarán, Florian Chain, Jun Lu, Patricia Blennerhassett, Jean Jacques Gratadoux, Harry Sokol, Elena F. Verdu, Premysl Bercik, Philippe Langella

The inflammatory bowel diseases (IBD) are characterized by an abnormal activation of the immune system related to the gut, resulting in a chronic inflammation of the digestive tract. Patients suffering IBD go through bloody diarrhea, abdominal pain and rectal bleeding with periods of illness followed by recovery periods without symptoms. Even if their etiologies are still unknown, some factors are involved in their development such as genetic components, immunological disorders, environmental factors, pathogens and microbiota dysbiosis. Although ecological treatments including probiotics, prebiotics, and symbiotics are actively studied with promising results, the development of more realistic animal models of IBD is still required in order to better mimic these human diseases. A decrease in the abundance and biodiversity of the commensal bacterium Faecalibacterium prausnitzii (a major member of the Clostridium leptum group) has been observed repeatedly in Crohn's disease (CD) patients (1, 2). In previous studies, F. prausnitzii has shown a protective role in acute TNBS colitis model and anti-inflammatory properties In Vivo and In Vitro (1) but has not yet been tested in a chronic colitis model. In this study, we reproduced the recovery and the recurrence periods observed in CD patients to design our chronic colitis model. For this, a model of dinitro-benzenesulfonic acid (DNBS)-induced colitis with two episodes of inflammation was developed. We tested the effects of our model strain F. prausnitzii A2-165 and its supernatant and we compare the efficacy of F. prausnitzii A2-165 with that of a recombinant strain of Lactococcus lactis secreting biologically active anti-inflammatory interleukin-10 (LL-IL10). Our results showed significant protective effects, based on macroscopic and microscopic scores, MPO activity and the pro-inflammatory cytokine interferon-gamma, after colitis reactivation in mice treated with both F. prausnitzii and its supernatant. Here, we showed for the first time protective effects of both F. prausnitzii and its supernatant in a chronic DNBS-induced colitis which mimics the chronic profile of IBD in humans, confirming the high potential of F. prausntzii as a novel probiotic to counterbalance dysbiosis in IBD patients. Finally, this chronic DNBS model will be useful to study the anti-inflammatory effects of other F. praustnitzii strains as well other therapeutic molecules. 
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Further Characterization of Lactobacillus GG Peptides NPSRQERR and PDENK Ruiliang Lu, Alessio Fasano Background We previously described that seven small peptides identified from Lactobacillus GG conditional media which have broad spectrum anti-bacterial activities, including activities against antibiotic-resistant strains. Among them, peptide NPSRQERR and PDENK have higher activities. Aims To further characterize both peptides and explore their action of mechanism. Methods Bacteria cultured with or without increased concentration of peptide followed by plate spread were used to determine the inhibition rate; Live/Dead bacterial viability kit was used to observe if peptide destroyed the bacterial membranes. Results It is dose-dependent for peptide NPSRQERR to inhibit the growth of E. coli, kanamycine-resistant E. coli SM10 λpair, wide type Salmonella typhi and wide type Shigella flexnari; their IC50 is 2.8 mM, 3.3mM, 7.4 mM, and 4.7 mM respectively. It is also dose-dependent for peptide PDENK to inhibit the growth of MRSA (Methicillin-resistant Staphylococcus aureus) and MSSA (Methicillin-sensitive Staphylococcus aureus); their IC50 is 21.3 mM, 27.4mM respectively. According to the most literatures, negatively charged antimicrobial peptides cannot kill bacteria. Peptide PDENK has one negative charge and we have observed that the peptide PDENK destroyed the membrane of methicillin-sensitive Staphylococcus aureus and thus killing it.
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Mirnas Contribute to the Probiotic Effect of E.coli Nissle 1917 on Host Cells Offering New Perspectives for Inflammatory Bowel Disease Treatment Christoph Cichon, Katharina Veltman, Stephanie Hummel, Ulrich Sonnenborn, M.

Alexander Schmidt

The gastrointestinal tract harbours a complex microbial ecosystem which is engaged in a continuous crosstalk with the host. The balanced relationship between intestinal epithelial cells (IECs) and gut microbes can be disturbed, resulting in the activation of the mucosal immune system which contributes to the development of inflammatory bowel diseases (IBD). Employing a T84 cell culture model we analyzed the cellular responses of IECs incubated with the Gram-negative probiotic strain E.coli Nissle 1917 (EcN) in comparison to the prototype enteropathogenic E.coli (EPEC) strain E2348/69. As IBD may develop after defects of barrier function, we used the transepithelial resistance (TER) of T84 cells as a read-out to monitor the bacterial impact on the host cell monolayer. By microRNA-profiling of IECs after incubation with different bacteria we identified microRNAs (miRNAs), down-or upregulated, or even uniquely expressed in the target cells depending on the bacteria used. Linking these data to microarray data obtained earlier for IECs incubated with bacteria, we focused in a first approach on genes coding for proteins of the apical junctional complex (AJC): for down-regulated miRNAs the regulatory (PAR-3, PAR-6) and structural proteins (ZO-2) and by up-regulated miRNAs e.g. JAM-A were affected. Applying TER experiments, we were able to show that even after barrier disruption by EPEC, barrier function could be restored by incubation with probiotic EcN monitored by an increase in TER. To reveal the molecular mechanisms of barrier restoration and to confirm the participation of specific miRNAs in the regulation of the AJC proteins, we transfected T84 cells with miRNAs, miRNA-inhibitors and miRNA-mimics and evaluated mRNA and protein expression by qRT-PCR and Western-Blotting. These studies provided evidence for the involvement of miRNAs in the stabilizing effects of probiotics as well as in the disruptive effect of EPEC on barrier function. Our experiments revealed molecular responses (e.g. miRNAs) of IECs which are specifically induced by the Gram-negative probiotic E.coli strain Nissle 1917. Further insight into the molecular targets of specific microRNAs might foster the development of new strategies for the treatment of gastrointestinal diseases. In particular up-regulated miRNAs might offer an advantage for therapeutic applications. 

  Fig.1: Online TER measurement of T84 cells incubated with: a) no bacteria, b) EPEC + EcN-dependent up-regulated miRNA, c) EPEC only, d) EcN only. Barrier function was enforced by probiotic E.coli and disrupted after EPEC infection (E2348/69). Transfection with miRNA counteracts the detrimental effect of EPEC on T84 monolayer. Final break-down of TER in b and d is due to the overgrowth of bacteria in the culture medium and subsequent starvation of epithelial cells.
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