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1) Purpose of the visit
The objective of the visit is to attempt a therapeutic intervention type experiment using the DSS (dextran sodium sulphate) mouse model of Ulcerative Colitis. Our aim is to test the efficacy of a peptide encoded in a secreted protein from the probiotic bacteria Lactobacillus plantarum, that has shown in the past to have a great immunomodulatory potential in vitro on the human gastrointestinal tract.  
The coordinate work of three research groups at the IPLA-CSIC (Spain), ENITAB (France) and Imperial College London (UK), had led to identification of this peptide called STp, that is characterized by the abundance of serine and threonine residues within its sequence. STp is encoded in one of the main extracellular proteins produced by such species, which includes some probiotic strains. It lacks cleavage sites for the major intestinal proteases. 
In our study in vitro with human biopsies, STp expanded the ongoing production of regulatory IL-10 in human intestinal dendritic cells from healthy controls. STp-primed dendritic cells induced an immunoregulatory cytokine profile and skin-homing profile on stimulated T-cells. 
The data previously obtained suggested us that some of the molecular dialogue between intestinal bacteria and dendritic cells may be mediated by immunomodulatory peptides, encoded in larger extracellular proteins, secreted by commensal bacteria.
The results obtained will give us data on the efficacy of the STp in a well-established animal model of Inflammatory Bowel Disease, as well as will give us data on the potential cytotoxicity, allergenicity and effects on mouse microbiota modulation affected by STp administration. The results from this short stay provided a step change in understanding distribution of immune responses in general and of inflammatory lesions in IBD in particular, by facilitating the progress and advance of our work with STp.


2) Description of the work carried out during the visit
During a seven-day study we used two groups of five mice each, strain C57BL/ 6J, eleven weeks of age and male sex, that received DSS in drinking water at 2.5% (w/v). One of the groups received three doses of peptide at days one, three and five, but the other received vehicle alone. Another two control groups of mice of the same characteristics received drinking water, and one received the peptide in three doses as well; this equated to twenty mice in total. 
At day seven all mice were euthanasied, point clinical and disease activity indexs (DAIs) were determined at autopsy, and different tissues removed for processing and analysis. We also collected stool and blood samples. 
We  accomplished the following objectives:
Objective 1. Survey of mouse groups (control 1, control 2, DSS 1, DSS 2) during 7 days. Determination of the general fitness, behaviour of the animals, and food and drink uptake.

Objective 2. Collection of tissues for histopathology and immunohistochemistry analysis. Collection of blood and stool samples, in duplicate, for further analysis. 
Objective 3. Stablishment of a detailed score of the state of the animals through the DAI after autopsy. Parameters observed were: diarrhoea or fecal consistency, fecal occult blood, appearance of tissue and content through the gastrointestinal tract, weight loss, and colon length.

Objective 4. Quantification of relevant cytokine levels in different environments: distal colon, proximal colon, and serum.

Objective 5. Perform a detailed histopathology study of the colon tissue. Physical microscopic analysis of the tissue fixed and processed for heamatoxilyn and eosin stainning.

Objective 6. Search for the presence of STp in colon content, tissue exudate, or serum by western blotting.
Objective 7. Finally I prepared the shipment of the biological samples to Spain in order to follow the analysis.

   
3) Description of the main results obtained

The scoring and DAI parameters revealed significant differences on the fitness of the animals between groups. The control group 1, and control group 2 have the lowest index, cero or near, and were ascribed to healthy individuals. The DSS group that received only vehicle in the gavage has the highest index, 11.8, the animals showed a clear weight loss and dehydration, blood in stools and annus, and when autopsy was performed showed blood in entire colon up to cecum. On the contrary, the DSS group that received STp in three different doses showed an index of 5.0 and a better health state in general. No visible blood was found in any of them, although three out of five had fecal ocult blood. Also two of them showed inflammation in the gastrointestinal tract, specially in the cecum that was clearly enlarged.
We quantified the citokine levels through the Cytometric Bead Array Mouse Inflammation Kit, BD Bioscience. Interleukin 6, interleukin 10, interleukin 12p70, TNFalpha, IFNgamma and MCP-1 protein were evaluated in serum, distal and proximal colon supernatant from tissue culture incubated 24h in basal media. FACSCalibur flow citometry was performed and the results observed were as follows: in serum there were no significant differences between groups, and levels in general were low; in distal colon content there are significance levels for IL-6 and MCP-1, this were lower for the group of mice having DSS plus peptide. In the rest citokines, although not significance, levels show a trend for the DSS plus peptide to be lower. In proximal colon the levels of all the citokines are significant lower in the group of DSS plus peptide compare to the DSS alone.
For the histopathology study, distal and proximal tissue was obtained, fixed in paraformaldehide 4% util processing, embedded in paraffin wax, and sections of four micra were cut and subsequently stained with haematoxylin and eosin. Pictures were taken with the microscope Nikon Eclipse 90i software NIS-Elements BR and the analysis revealed that in the DSS group the tissue is completely damaged, the crypts are no longer formed, the layers are falling appart in most of the mice, edema is present between layers, with the presence of plenty of infiltrating immune cells between layers and between crypts in the lamina propria area, indicating clear inflammation due to colitis. In the DSS plus STp group, two out of the five mice showed a healthy tissue, with all layers attached and well-formed crypts, and three of the rest showed a better state of the tissue although still signs of inflammation such as slight presence of edema and infiltrating cells. The two control groups had histological parameters within normal appearance.
Further analysis of the results of the western blot and immunohistochemistry experiments will shed light into the mechanism of action of the STp peptide in the human gastrointestinal tract.  
 

4) Future collaboration with host institution (if applicable)

We are in the way to search financial means to support future work.
5) Projected publications / articles resulting or to result from the grant (ESF must be acknowledged in publications resulting from the grantee’s work in relation with the grant)
At this point, we have showed that STp is able to revert the inflammatory response induced by DSS in the mouse gut. These results are very promising since all the mice treated with DSS which received STp showed a prominent improvement of all the parameters related with the DSS-induced disease. However, care should be taken in the sense that we need to confirm these observations by repeating again the same experimental setup.

Our next movements would be, if financial support is achieved, to repeat again the experiments and to take samples from the mouse gut mucosa for undergoing high-throughput RNA sequencing. In this way, our objective is to prepare a high-impact factor and comprehensive paper on the subject, with in-vivo results from the mice using the DSS model, and the molecular way of action of the peptide over the mouse mucosal populations (epithelial + immune cells). 

6) Other comments (if any)
These results are very promising and relevant. If we are able to confirm our findings, we will describe for the first time the presence of a bioactive peptide, encrypted in the extracellular protein of a lactic acid bacterium, which is capable of reverting the inflammatory symptoms observed in the framework of a DSS-induced colitis. Further research will be focused on the development of a functional food including STp-like peptides.
