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Obesity is part a constellation of cardiovascular risk factors called the Metabolic Syndrome which comprises visceral obesity, dyslipidaemia, hyperglycaemia and hypertension and is associated with systemic inflammation, fatty liver and thrombosis. Recent experimental evidence suggests that bacteria within the gut, now termed the “gut microbiota”, might influence obesity and the metabolic syndrome. 

At first sight, the idea that gut microbiota might be related to obesity is surprising but makes perfect sense when one considers that gut bacteria harvest energy (calories) from food in preparation for absorption (Proc Natl Acad Sci U S A 2007;102:11070-11075). Germ-free mice gain weight when colonized with distal colonic bacteria (PNAS 2004;101:15718-15723). Obesity with mice lacking leptin is associated with a decrease in Bacteroidetes phylum and an increase in Firmicutes (PNAS 2005;102:11070-11075). Similar observations have been made in obese humans (Nature 2006;444:1027-1031). Lipopolysaccharide (LPS), which is derived from the outer membrane of gram –ve bacteria, is involved in metabolic endotoxaemia, inflammation of adipose tissue and metabolic disorders caused by high-fat diets (Diabetes 2007;56:1761-72, Diabetologia 2007;50:2374-83, Diabetes 2008;57:1470-81). Gut microbiota are a potential source of LPS as a high fat diet increases intestinal permeability and treatment with antibiotics can reduce the metabolic endotoxaemia. Loss of Bifidobacteria spp. is particularly associated with endotoxaemia caused by a diet high in fat. However the mechanisms linking prebiotic changes in microbiota, endotoxaemia and metabolic disorders are unknown.

In this study Cani et al add another dimension to the relationship between the gut microbiome and obesity. They show that feeding ob/ob obese mice (which are deficient in the satiety protein leptin) a prebiotic diet containing oligofructose increases total bacterial count in the caecum with higher Lactobacillus, Bifidiobacterium and Clostridium coccoides-Eubacterium rectale species compared to mice fed either a control diet or a diet containing the non-fermentable carbohydrate cellulose. Oligofructose is a branched oligosaccharide that is not readily broken down in the small intestine, but rather undergoes fermentation in the colon.  Mice fed the prebiotic diet containing oligofructose had reduced gut wall permeability and reduced plasma lipopolysaccharide (LPS) suggesting that the prebiotic diet reduces uptake of bacterial products from the gut lumen. As gut permeability can be regulated at the level of the tight junction between epithelial cells, the investigators examined the expression of the tight junction proteins ZO-1 and occludin. Expression of these proteins was increased in ob/ob mice fed the prebiotic diet compared to obese mice fed control and cellulose diets. Levels of ZO-1 and occludin mRNA had a negative correlation with gut permeability. Of interest, barrier function of ob/ob mice was substantially lower than that of wildtype mice regardless of diet. The prebiotic diet also reduced inflammatory mediators (IL-1α, IL-1b, TNFα, MCP-1, MIP-1a, INFγ, IL6, IL10, IL18 and IL15) and was associated with a reduced thrombotic state (PAI-1), reduced macrophage infiltration (CD68, TLR4) and less oxidative stress (NADPH oxidase, iNOS). Furthermore these markers were correlated with reduced Bidfidobacterium spp. within the gut lumen. Together these data suggest that the prebiotic diet alters gut microbiota in such a way that the integrity of tight junctions is increased, which reduces the absorption of bacterial products leading to a reduction of systemic inflammatory responses. 

To determine the mechanisms of action of the prebiotic diet, gut peptides were investigated. Glucagon-like peptide 2 (GLP-2) and mRNA of its parent molecule proglucagon was increased in ob/ob mice fed the prebiotic diet and were correlated with increased tight junction ZO-1 and occludin, reduced gut permeability and reduced plasma LPS concentration. Blockade of GLP-2 with the receptor antagonist GLP-2 (3-33) (Eurogentec, Belgium) prevented the reduction in plasma LPS, and the decrease in inflammatory markers and tight junction changes found in ob/ob mice fed the prebiotic diet. Finally, administration of GLP-2 to ob/ob mice on a normal diet increased tight junction protein expression, reduced plasma LPS and reduced inflammatory markers. Thus the beneficial effects of the prebiotic diet appear to be mediated through GLP-2. 

Comments 

This paper adds to the growing literature on the influence of gut microbiota on obesity. Although obesity is the result of energy (caloric) input being greater than expenditure, gut microbiota can influence the harvesting of energy from food, particularly from carbohydrates, and alter genes regulating fat storage. Recent twin studies has shown humans have a core gut microbiome characterized by shared genes, though not by shared phylotypes (Nature 2009;457:480-484). Thus the gut microbiota possesses a core repertoire of shared biochemical functions including sugar, fat and protein metabolism represented by bacterial genes. The identity of the bacterial species or lineages containing these genes is of lesser importance than their biochemical function.  

A set of 400 genes are enriched in obese individuals including enhancement of phosphotransferase systems which process carbohydrates within the gut and phylotypes (Prevotellaceae  and Meathanobacteriales) which produce and utilise hydrogen to harvest energy from indigestible carbohydrates (PNAS 2009;106:2365-2370). The gut microbiota also increases fat storage via carbohydrate response element (ChREBP) and liver sterol response element-binding protein type-1 (SREBP-1) and promotes the deposition of triglycerides in adipocytes by suppressing fasting-induced adipocyte factor (Fiaf) (PNAS 2007;104:979-984). Collectively these data show that the microbiome of obese individuals is more efficient at harvesting and storing calories from food than the gut flora of individuals of normal weight.

The observations that intestinal microbiota can modulate tight junctions through a mechanism mediated by GLP-2 are provocative. Tight junctions form the apical most part of the junctional complex and form a circumferential barrier around intestinal epithelial cells functioning to tightly regulate the paracellular space. Tight junctional complexes consist of the ~60kDa tetraspan membrane protein occludin combined with one or more ~20-27kDa claudins from a family of ~24 members, and junctional adhesion molecules (JAMs).  Occludin directly binds to zonula occludens-1 (ZO-1) which is one of a number of cytoplasmic plaque proteins that may bind to each other and also to cytoskeletal proteins such as actin microfilaments (Ann N Y Acad Sci 2009;1165:44-52).  The importance of occludin in regulating barrier function is not yet apparent as occludin-deficient mice show normal epithelial and paracellular resistance.  Occludin is therefore not required for barrier formation.  Occludin is however sensitive to oxidative stress (Ann N Y Acad Sci. 2009;1165:19-27) and knockdown of occludin by siRNA in tissue culture leads to an alteration in tight junction dynamics suggesting that this protein, at least in some contexts is an important tight junction modulator (Am J Physiol Cell Physiol 2005: 288:1231-1241).

Tight junction mRNA expression of occludin and ZO-1 were found by Cani and colleagues to be elevated towards normal wild-type levels in ob/ob mice fed the prebiotic oligofructose. Further studies are warranted to determine whether the observed changes in barrier function are mediated by occludin and/or ZO-1 or by other tight junction associated molecules such as the claudins and JAMs, and whether these other molecules are  implicated in barrier response to GLP-2 with occludin and ZO-1 having bystander roles only.

GLP-2 is co-secreted with GLP-1 following post-translational processing of proglucagon from enteroendocrine L-cells in response to carbohydrate and fat ingestion.  A prebiotic diet has previously been shown in the proximal colon to double L-cell population and increase abundance of neuorgenin-3 and NeuroD mRNA associated with enteroendocrine cell differentiation.  The short chain fatty acid butyrate which is produced by fermentation of prebiotics, has been suggested to be an important determinant of intestinal differentiation and increases proglucagon gene expression in vitro suggesting a mechanism by which prebiotics increase GLP-2 expression (British Journal of Nutrition 2007 98:32-37).  GLP-2 functions to reduce intestinal permeability and exert trophic effects in the gut by activation of the GLP-2 receptor (GLP-2R) (Gastroenterology 2009;137:997-1005).  

The use of prebiotics is not the only way in which the gut microbiota might be manipulated beneficially in obesity. RELMβ KO mice remain lean despite being administered a high-fat diet enabling the study of a high-fat diet in the absence of obesity.  The alteration in diet itself, despite the absence of obesity was shown to cause an alteration in gut microbiota (Gastroenterology 2009 in press doi:10.1053/j.gastro.2009.08.042). It may also therefore be possible to manipulate diet to induce a helpful change in gut microbiota. Addition of probiotic bacteria might also have beneficial effects. For example Lactobacillus rhamnosus GG-produce soluble proteins that can improve intestinal barrier function by inducing a redistribution of TJ proteins occludin and ZO-1 by mechanisms involving PKC and MAP kinase (Am J Physiol 2008;294:G1060-9). The key to the development of pre or prebiotic manipulation of the gut microbiota will be to understand the ecology of gut microenvironments in sufficient detail to that changes in gut microbiota are both predictable and reliable.

