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Effect of Neonatal Nutrition on Long Term Barrier Function and Gut Inflammation
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There is emerging evidence that events in early life, which establish the community structure of the gut microbiota and programming the mucosal immune, have important consequences for the development of inflammatory bowel disease in later life. However there is a lack of examples in the literature where a manipulation in early life has been clearly associated with altered inflammatory responses in later life. In the current study the authors investigated the effect of feeding high protein milk to neonatal piglets on the development of the intestinal microbiota, epithelial barrier and immune function and the long-term consequences for intestinal inflammation. Low birth weight piglets were chosen for study to maximize the potential for observing changes caused by diet. Piglets were separated from sows on day 2 and fed either a normal or high protein milk formula. The high protein formula had 40% higher protein but the same casein/whey and fat to carbohydrate ratios. The quantity of milk fed to the piglets was calculated to provide the same energy intake from the two formulas. On day 28 some of the piglets were sacrificed and others were weaned and kept until sacrifice of day 160.

The high protein formula increased the growth rate of piglets. The concentration of ileal aerobic and anaerobic bacteria was measured on days 2, 7 and 28. On day 7 there were higher concentrations of both aerobic and anaerobic bacteria in the high protein formula fed piglets but this difference was lost by day 28. The investigators did not carry out a comprehensive analysis of microbiota but did identify that Lactobacilli were elevated while E.coli and Enterococci were unchanged. The concentration of aerobic and anaerobic bacteria adherent to the ileal mucosa was unchanged. Paradoxically adherent Lactobacilli was lower in the high protein formula group. Thus the composition of adherent bacterial communities did not reflect changes in the lumen. 

The effect of the HP formula on the intestinal barrier was measured in Ussing chambers using FD-4 as a small molecular weight probe and horseradish peroxidase as a high molecular weight probe. The high protein increased the permeability of the ileum to both the low and high molecular weight probes on days 7 and 28 by between 2.9 and 24 fold. There was however no difference in bacterial translocation to mesenteric nodes or the spleen, perhaps reflecting the combined influence of the epithelial barrier and mucosal immune system on bacterial translocation.

The effect of high protein formula on the development of the mucosal immune system was evaluated. At day 28 the density of myeloid (CD172) cells was lower and the density of T (CD3) cells was higher in the high protein formula group. The high protein formula also reduced the expression of toll-like receptor 2 (TLR2) by 45%. There was no effect on TLR4 or TLR9. Cytokine profiles were changed with a 60% reduction in the pro-inflammatory cytokine IL-1ß and an increase in IL-10 mRNA, but without change in IL-6 or TNF-. No changes in TGF-1, IL-4 or IL-13 were detected. The ileal NF-B signaling pathway was also altered with down regulation of NF-B the p100, p65 subunits and IB gene expression at day 28. 

The investigators then examined the effects of high protein formula fed between days 2 and 28 on epithelial barrier function and the sensitivity of the inflammatory response to bacterial products on day 160.  The changes in ileal permeability observed at days 7 and 28 were no longer present at day 160. The differences in TRL2 and IL-1 mRNA were also lost at day 160. Ileal explants from piglets sacrificed on day 160 were exposed to rising concentrations of Lipopolysaccharides (LPS) in order to examine the sensitivity of intestine to bacterial products. The ileum of piglets fed high protein formula released less TNF and IL-8 in response to high concentration LPS (200 g/ml) compared to piglets fed normal formulation milk. There was also reduced expression of NF-B1 and NF-B2 in response to LPS challenge in the high protein formula piglets. 

In summary this study shows that feeding neonatal piglets a high protein diet reduces in inflammatory responses to LPS in adulthood. There are short-term dietary induced changes in the composition of the microbiota, loss of intestinal epithelial barrier function and accelerated development of the mucosal immune system.

Comment
Research is now starting to focus on how the gut microbiota is established and the programming of gut immunity in early life and how the relationships between these two systems and the intervening epithelial barrier influences the susceptibility to inflammation in later life (Mucosal Immunology 2011;4:127-32). At birth there is colonization with aerobic species from the maternal birth canal. Environmental factors, including diet, are more important than genetic factors in determining the composition of microbiota (Nature 2009;457:480-84). Before weaning Lactobacilli and Bifidobacterium predominate. After weaning the composition of the microbiota increases in complexity and becomes predominately anaerobic (Acta Paediatr 2009;98:229-238).

There is accumulating evidence that diet alters the gut microbiota though the details of how particular food components influence individual species and the repertoire of genes which they express remains to be explored (Sci Transl Med 2009;1:6ra14). A switch from a normal to high diet in fat causes widespread changes in the community structure of gut microbiota (Cell Host Microbe 2008;3:213-223). An elegant study, which distinguished direct effects of high fat diet on the microbiome from effects secondary to obesity, has shown high fat diet to be associated with a decrease in Bacteroidetes and an increase in Firmicutes and Proteobacteria.  Furthermore a high fat also causes extensive changes in gene expression within individual bacterial groupings (Gastroenterology 2009;137:1716-1724). Diet supplemented with the amino acids L-threonine, L-serine, L-proline and L-cysteine promotes growth of a wide range bacterial species within stool (J Nutr 2006;136:1558-1564). High protein diet in adults has been shown to reduce Roseburia/Eubacterium rectale with consequent reduction in faecal butyrate and antioxidant phenolic acids such as ferulate (Am J Clin Nutr 2011;93:1062-72). The authors argue that such high protein diets will be detrimental to colonic health potentially promoting neoplasia. 

Some bacterial species respond to specific dietary components. For example, Bacteroides thetaiotaomicron expresses a signaling sensor for dietary fructan that controls it ability to be metabolized. Thus bacteria with this sensor have a competitive advantage in vivo. (Cell 2010;141:1241-52). The use of metabolic substrates, or prebiotics, has potential for the therapeutic alteration of the composition of gut microbiota (Gut 2009 58:1091-103). 

Commensal gut bacteria play an important role in maintaining epithelial integrity, proliferation and barrier function (Science 2001;292:1115-8). The sensing of microbial macromolecular ligands such as LPS, flagellin, peptidoglycans by toll like receptors 2 and 4 and the adapter protein MyD88 protects epithelial integrity and (Cell 2004;118:229-41, PNAS 2005;102:99-104, Gastroenterology 2007;132:1359-74). Flagellin has cytoprotective on intestinal epithelium mediated through TRL5 (J Clin Invest 2007;117:3909-21). NF-B mediates some of the effects of toll-like receptors. Accordingly mice null for IIK or IKK have defective barrier function and develop spontaneous colitis (Nature 2007;446:552-6, Nature 2007;446:557-561).  A number of studies have reported that commensal bacteria can suppress activation of NF-B through a variety of mechanisms including generation of reactive oxygen species and butyrate thereby preventing inflammation and enhancing barrier function (Science 2000; 289:1560-3, Nature immunology 2004;5:104-12, J Immunol 2009;182:538-46, Curr Top Microbiol Immumol 2011;349:145-58).

There is also increasing evidence that commensal and probiotic bacteria can alter the expression of tight junction proteins and modulate the signal transduction pathways regulating tight junction permeability (J Nutr 2011;141:769-76). More recently it shown that reactive oxygen species released by commensal bacteria can enhance the healing of small wounds in intestinal epithelial through the inactivation of adhesion kinase phosphatases (PNAS 2011;108:8803-8).   

The striking finding of this study is that a short dietary change before weaning can have a long-term impact on the severity of inflammatory responses without changing the basal physiology of the GI tract in terms of barrier function and cytokine profile. However when challenged with LPS the mucosa of the HP pigs 4 months after weaning has reduced cytokines responses and less activation of NF-B. However there are some important caveats that should be stated before general conclusions are drawn. The study of the inflammatory response was in vitro and not of a well characterized in vivo model of gut inflammation. This is particularly important as a dampened inflammatory response could reduce chronic inflammation but exacerbate acute inflammation (Current Topics Microbiology 2011;349:145-58). The study design does not allow a clear conclusion to be drawn over whether the long terms effects well because of increased protein or less fat content of the milk formula. There is already precedence for dietary fat to influence the incidence of inflammatory bowel disease. Individuals with the highest relative concentrations of arachidonic acid in adipose tissue have a significantly greater risk of developing UC. (Gastroenterology 2010 Dec;139(6):1912-7). 

Nonetheless this study provides strong support for the idea and diet in early life when the gut microbiota and mucosal immune system are being established could have an important influence in later life on inflammatory conditions such Inflammatory Bowel Disease and other more widespread inflammatory conditions such as arthritis, fatty liver disease, type 1 and type 2 diabetes and obesity. Furthermore this study suggests that early intervention in infancy might therapeutic in high risk of chronic inflammation or allergy.


