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Exclusive enteral nutrition (EEN), a liquid diet using elemental or polymeric formulae (PF), is particularly successful at inducing remission in children with active Crohn’s disease (CD) when given exclusively over a prolonged period. In addition to anti-inflammatory benefits, EEN enhances mucosal healing, improves nutrition and avoids drug-related side effects. However, while the clinical benefits of EEN are established, the mechanisms of action of this therapy are yet to be fully defined.

We have shown that PF has a dose-dependent effect on the expression of carcinoembryonic antigen cell adhesion molecule (CEACAM)6 on the surface of Caco-2 cells, which are used as an in vitro model of intestinal enterocytes. CEACAM6 is up regulated in active CD and implicated in the attachment of pathogenic bacteria to the gut epithelium. However, significantly fewer bacteria adhere to PF-treated Caco-2 cells compared to untreated controls and we have demonstrated that this correlates with the release of extra-cellular CEACAM6. 

CEACAM6 is also a marker of differentiated intestinal epithelial cells that release antimicrobial peptides into the gut lumen. These peptides, which include intestinal alkaline phosphatase and cathelicidin, are shown to have antibacterial activity. In addition, they are considered to bolster the host innate immune response by acting as a “secreted barrier”. We speculate that the release of antimicrobial peptides is increased in the presence of PF.

There is evidence that the differentiation of Caco-2 cells is mediated by the Vitamin D receptor (VDR), and, intriguingly, that Vitamin D can up regulate the expression of cathelicidin in skin cells. The polymeric formula that we are using (Abbott Osmolite) contains 303 IU/L vitamin D and we propose to investigate the extent to which the direct effect of PF on intestinal enterocytes is mediated through the VDR.
Briefly describe how successful you were in achieving the stated objective(s).  If the objective(s) was not achieved, explain why that is the case and describe what you did manage to achieve.

We first determined that untreated Caco-2 intestinal epithelial cells produce intestinal alkaline phosphatase (IAP) and that expression of this enzyme is a marker of differentiation in these cells. 

Treatment with polymeric formula (PF) resulted in a 50% decrease in Caco-2 cell numbers over 72 h, and a threefold increase in cell death. This was shown to be due to an increase in cellular apoptosis, which is considered benign cell death. Moreover, the increase in apoptosis was consistent with an increased rate of cell differentiation, evidenced by a corresponding increase in IAP activity in PF-treated cells. This finding suggests that PF may act to increase the rate of crypt-villus differentiation of gut epithelial cells, which is likely to contribute to increased barrier function and/or the release of antimicrobial peptides. 
Our second objective was to determine if this effect of PF is mediated through the Vitamin D receptor. Vitamin D and butyrate, which both signal through the VDR, were used as positive controls and a VDR antagonist (TE-9647) was used to block signalling. TEI-9647, which was first shown not to directly affect cell viability in the presence of any of the cell treatments, significantly reduced the effect of 4mM butyrate on cell proliferation and IAP activity. TEI-9647 also caused a significant decrease in IAP activity in vitamin D treated cells. In contrast, the presence of the Vitamin D receptor antagonist (TEI-9647) had no effect on PF-mediated cell proliferation and/or IAP activity, which indicates that the accelerated differentiation of Caco-2 cells in the presence of PF is not primarily mediated through the vitamin D receptor. 
These findings are currently being written up for publication.

A model of small intestinal epithelium was also developed as part of this project. Stem-cell rich crypts were harvested from mice and incubated in a highly specific environment, which resulted in the formation of three-dimensional enteroid structures capable of producing the enzymes, mucus and antimicrobial peptides present in a functioning gut. Our aim was to treat the enteroids with PF and use IAP expression as a marker of cellular differentiation. Unexpectedly, treatment of the enteroids with PF caused them to disintegrate into loose aggregates of cells. The reason for this remains to be determined (see below).
Briefly describe any interesting outcomes which might not have been considered in your original objectives (if any).

The observation of enteroid disintegration following exposure to PF mirrored was intriguing in that it mirrored what happened when similar structures were once briefly deprived of the growth factors required to maintain the Wnt signalling pathway. This gains significance with evidence that PF is recognised to block the NF-κB pathway, which in turn is required to promote the Wnt pathway in vivo. 
This is an exciting observation because the NF-κB pathway is linked to inflammation, which is in turn linked to cancer, as is the Wnt signalling pathway. We are currently investigating these cell signalling pathways as part of our study into the aetiology of colorectal cancer development, and will explore the possibility that an unrecognised clinical benefit of EEN may be to inhibit pathways know  to be implicated in the development of this disease.
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