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Introduction

Obesity, defined as an abnormal or excessive fat accumulation, is now recognized as an international public health concern. Indeed, in the world, more than 2.1 billion people have a body mass index (BMI) ≥ 25.0 and ≥ 30.0 in more than half a billion of them with no distinction of age or sex. Although obesity is considered as a multifactorial pathology (genetic predisposition, environmental impact, lack of physical activity …), the leading cause of obesity development is the rising consumption of high-fat/high-sucrose (HF/HS) dietsespecially in western countries -and efforts still need to be done to identify factors that would prevent or cure this pathology. Obesity is also associated with increased risk of developing a wide cluster of alterations such as insulin resistance (IR), dyslipidemia, hypertension, diabetes known to be the main components of the metabolic syndrome (1) and of non-alcoholic fatty liver diseases (2).

Obesity and low grade inflammation: role of LPS

Nowadays, obesity is linked to low-grade systemic inflammation which is identified as a key factor of its development and of related metabolic disorders [START_REF] Hotamisligil | Inflammation and metabolic disorders[END_REF][START_REF] Horng | Linking the inflammasome to obesity-related disease[END_REF][START_REF] Olefsky | Macrophages, inflammation, and insulin resistance[END_REF], even if the molecular origin of such inflammation is not fully elucidated. Cani and co-workers [START_REF] Cani | Changes in gut microbiota control metabolic endotoxemia-induced inflammation in high-fat diet-induced obesity and diabetes in mice[END_REF] have identified major bacterial components, lipopolysaccharides (LPS), mainly found in the outer membrane of Gram-negative bacteria, as a triggering factor of metabolic endotoxemia when it translocates in the bloodstream, which has been associated with an increased risk of obesity and clinical diabetes [START_REF] Creely | Lipopolysaccharide activates an innate immune system response in human adipose tissue in obesity and type 2 diabetes[END_REF]. A rising of concentration of LPS in plasma and both diet-induced metabolic endotoxemia have been shown to be linked to high fat and high energy diets coupled with enhanced Toll-like receptor (TLR) 4 and nuclear factor-kappa B (NF-κB) expressions [START_REF] Cani | Changes in gut microbiota control metabolic endotoxemia-induced inflammation in high-fat diet-induced obesity and diabetes in mice[END_REF].

Even if the increased level of LPS in plasma is not fully understood, it is closely correlated with an imbalance in bacterial composition (mainly Bacterioides/Firmicutes ratio and defined as intestinal microbiota dysbiosis) during high-fat (HF) feeding in mice [START_REF] Cani | Metabolic endotoxemia initiates obesity and insulin resistance[END_REF] and human [START_REF] Amar | Energy intake is associated with endotoxemia in apparently healthy men[END_REF]. Moreover, it has been shown that the gut bacteria changes after HF diet strongly increased gut permeability (10) by downregulating genes encoding for the tight junctions zonula-occludens 1 (ZO-1) and occludin [START_REF] Cani | Changes in gut microbiota control metabolic endotoxemia-induced inflammation in high-fat diet-induced obesity and diabetes in mice[END_REF]. Next, LPS promotes lipid storage in liver and adipose tissue, triggers inflammatory cytokine expression and causes insulin resistance [START_REF] Cani | Metabolic endotoxemia initiates obesity and insulin resistance[END_REF]. Mice invalidated for TLR4 have been shown to be resistant to HF diet-induced inflammation, obesity, and insulin resistance [START_REF] Tsukumo | Loss-of-function mutation in Toll-like receptor 4 prevents dietinduced obesity and insulin resistance[END_REF]. Moreover, mice invalidated for CD (Cluster of Differentiation) 14 gene (a TLR4 co-receptor) are resistant to the development of LPS-induced inflammation, compared with wild-type (WT) mice [START_REF] Cani | Metabolic endotoxemia initiates obesity and insulin resistance[END_REF]. These data suggest a major role of LPS in the pathogenesis of metabolic syndrome.

N-3 polyunsaturated fatty acids, obesity and related disorders

In this last decade, many studies both in animal and human have focused on the cardioprotective effects of fish oils. Increasing the feeding of n-3 polyunsaturated fatty acids (PUFAs) represents a promising approach (12) against obesity-associated diseases. Thus, the physiological functions and molecular actions of these unsaturated fatty acids have been investigated in the context of obesity, and thanks to their functional properties they could be considered useful to fight metabolic syndrome in obese animal models. Indeed, administration of marine oils containing n-3 PUFAs in the context of obesity and linked disorders has been reported to improve both glucose [START_REF] Ebbesson | Omega-3 fatty acids improve glucose tolerance and components of the metabolic syndrome in Alaskan Eskimos: the Alaska Siberia project[END_REF][START_REF] Popp-Snijders | Dietary supplementation of omega-3 polyunsaturated fatty acids improves insulin sensitivity in noninsulin-dependent diabetes[END_REF][START_REF] White | Transgenic restoration of longchain n-3 fatty acids in insulin target tissues improves resolution capacity and alleviates obesity-linked inflammation and insulin resistance in high-fat-fed mice[END_REF][START_REF] White | Transgenic omega-3 PUFA enrichment alters morphology and gene expression profile in adipose tissue of obese mice: Potential role for protectins[END_REF], and lipid metabolism [START_REF] Lu | Chronic dietary n-3 PUFA intervention improves dyslipidaemia and subsequent cardiovascular complications in the JCR:LA-cp rat model of the metabolic syndrome[END_REF][START_REF] Neff | Algal docosahexaenoic acid affects plasma lipoprotein particle size distribution in overweight and obese adults[END_REF], and to alleviate liver lipid storage by downregulating lipogenic genes. Interestingly, these beneficial effects of n-3

PUFAs have been associated with reduced adipose inflammation [START_REF] White | Transgenic restoration of longchain n-3 fatty acids in insulin target tissues improves resolution capacity and alleviates obesity-linked inflammation and insulin resistance in high-fat-fed mice[END_REF][START_REF] Oh | GPR120 is an omega-3 fatty acid receptor mediating potent antiinflammatory and insulin-sensitizing effects[END_REF][START_REF] Todoric | Adipose tissue inflammation induced by high-fat diet in obese diabetic mice is prevented by n-3 polyunsaturated fatty acids[END_REF], increased expression and secretion of adiponectin -an insulin sensitizing adipokine -( 21) raised adipose mitochondrial activity [START_REF] Flachs | Polyunsaturated fatty acids of marine origin upregulate mitochondrial biogenesis and induce beta-oxidation in white fat[END_REF], and inhibition of the remodeling of adipose tissue induced by a HF diet [START_REF] Huber | Prevention of high-fat diet-induced adipose tissue remodeling in obese diabetic mice by n-3 polyunsaturated fatty acids[END_REF]. Furthermore, beneficial effects of n-3 PUFAs on metabolic syndrome and obesity mitigation could be due to their impact on the regulation of transcriptional factors in liver and adipose tissue [START_REF] Oh | GPR120 is an omega-3 fatty acid receptor mediating potent antiinflammatory and insulin-sensitizing effects[END_REF]: among those, n-3 PUFAs, potential endogenous ligands for the peroxisome proliferator activated receptor (PPAR) family nuclear receptors, play a crucial role in adipocyte differentiation and lipid metabolism [START_REF] Neschen | Fish oil regulates adiponectin secretion by a peroxisome proliferatoractivated receptor-gamma-dependent mechanism in mice[END_REF][START_REF] Forman | Hypolipidemic drugs, polyunsaturated fatty acids, and eicosanoids are ligands for peroxisome proliferator-activated receptors alpha and delta[END_REF].

In addition, nutrigenomic approaches have shown cardioprotective effects of n-3 PUFAs mediated by a decrease of inflammatory markers, an enhanced synthesis of proresolving lipid mediators and a modulation of genes involved in fatty acid synthesis and oxidation [START_REF] Davidson | Mechanisms for the hypotriglyceridemic effect of marine omega-3 fatty acids[END_REF].

Then, it has been recently shown that feeding eicosapentaenoic acid (EPA) enhances the hepatic content of resolvin (Rv) E1, RvE2, RvD1 and RvD2 in mice fed HF diets, leading to reduction of high-fat diet-induced liver proinflammatory state [START_REF] Echeverria | Reduction of high-fat diet-induced liver proinflammatory state by eicosapentaenoic acid plus hydroxytyrosol supplementation: involvement of resolvins RvE1/2 and RvD1/2[END_REF]. In addition, other n-3 PUFA-derived mediators (as protectins and maresins) are also known to be specialized lipid mediators able to dampen inflammatory [START_REF] Serhan | Resolvins and protectins in inflammation resolution[END_REF] in the context of dietary obesity. Moreover, a recent study demonstrated that administration of protectin D1 (PD1) to obese diabetic db/db mice markedly improved their insulin sensitivity [START_REF] Li | Endogenous omega-3 polyunsaturated fatty acid production confers resistance to obesity, dyslipidemia, and diabetes in mice[END_REF].

Nevertheless, studies regarding the effects of n-3 PUFAs on obesity remain controversial: some of them argue that these FA are able to significantly decrease body weight and fat mass [START_REF] Chadli | n-3 PUFA prevent metabolic disturbances associated with obesity and improve endothelial function in golden Syrian hamsters fed with a high-fat diet[END_REF][START_REF] Bertrand | Effects of dietary eicosapentaenoic acid (EPA) supplementation in high-fat fed mice on lipid metabolism and apelin/APJ system in skeletal muscle[END_REF][START_REF] Sato | Antiobesity effect of eicosapentaenoic acid in high-fat/high-sucrose dietinduced obesity: importance of hepatic lipogenesis[END_REF] whereas others did not evidence any significant effect on body weight loss even if adipose fat accumulation decreased in n-3-fed animals [START_REF] Kuda | n-3 fatty acids and rosiglitazone improve insulin sensitivity through additive stimulatory effects on muscle glycogen synthesis in mice fed a high-fat diet[END_REF][START_REF] Perez-Matute | Eicosapentaenoic acid actions on adiposity and insulin resistance in control and high-fat-fed rats: role of apoptosis, adiponectin and tumour necrosis factor-alpha[END_REF]. More recently, it has been demonstrated that the replacement of lard by fish oil in high-fat diet alleviates systemic and tissue inflammation [START_REF] Lionetti | Differential effects of high-fish oil and high-lard diets on cells and cytokines involved in the inflammatory process in rat insulin-sensitive tissues[END_REF]. In addition, the authors have shown that n-3 PUFAs increased mitochondrial fatty acid oxidation leading to a lower liver lipid accumulation [START_REF] Lionetti | High-lard and high-fish-oil diets differ in their effects on function and dynamic behaviour of rat hepatic mitochondria[END_REF].

Nevertheless, very recent meta-analyses did not evidence any positive effects of n-3 [START_REF] Aung | Associations of Omega-3 Fatty Acid Supplement Use With Cardiovascular Disease Risks: Meta-analysis of 10 Trials Involving 77917 Individuals[END_REF].

N-3 PUFAs, intestinal permeability and microbiota in the context of obesity

Dietary n-3 PUFAs, affecting gut integrity, have been shown to reduce clinical colitis and colonic immunopathology by improving epithelial barrier function in animal models [START_REF] Whiting | Dietary n-3 polyunsaturated fatty acids reduce disease and colonic proinflammatory cytokines in a mouse model of colitis[END_REF][START_REF] Hudert | Transgenic mice rich in endogenous omega-3 fatty acids are protected from colitis[END_REF]. EPA has been shown to up-regulate the expression of tight junctions and to increase the trans-epithelial electrical resistance (TER), thus reducing the permeability of the endothelial cells [START_REF] Jiang | Regulation of tight junction permeability and occludin expression by polyunsaturated fatty acids[END_REF]. EPA and DHA, by lowering permeability-induced inflammatory cytokines such as TNFα, IFNγ and IL-4, can maintain gut barrier integrity [START_REF] Li | n-3 polyunsaturated fatty acids prevent disruption of epithelial barrier function induced by proinflammatory cytokines[END_REF][START_REF] Willemsen | Polyunsaturated fatty acids support epithelial barrier integrity and reduce IL-4 mediated permeability in vitro[END_REF]. In agreement, it has been shown that, following intravenous injections of E. coli LPS to animal models, dietary DHA supplementation significantly enhanced the expression of intestinal tight junctions as occludin and claudin-1 and decreased intestinal expression of TLR4 [START_REF] Liu | Fish oil enhances intestinal integrity and inhibits TLR4 and NOD2 signaling pathways in weaned pigs after LPS challenge[END_REF]. Very few studies assessed the impact of n-3 fatty acids on metabolic endotoxemia. Nevertheless, Mani and co-workers [START_REF] Mani | Dietary oil composition differentially modulates intestinal endotoxin transport and postprandial endotoxemia[END_REF] have shown in pigs that post-prandial endotoxemia was decreased by fish oil supplementation when it was increased by coconut oil (rich in saturated fatty acids). Recently, enhanced levels of metabolic endotoxemia and systemic low-grade inflammation were observed in high n-6 PUFA-fed mice, whereas these parameters are drastically reduced in transgenic mice able to convert n-6-to-n-3 PUFAs in their tissues [START_REF] Kaliannan | A host-microbiome interaction mediates the opposing effects of omega-6 and omega-3 fatty acids on metabolic endotoxemia[END_REF].

It has been recently suggested that n-3 PUFAs may influence the content of gut microbiota [START_REF] Ghosh | Fish oil attenuates omega-6 polyunsaturated fatty acid-induced dysbiosis and infectious colitis but impairs LPS dephosphorylation activity causing sepsis[END_REF][START_REF] Liu | Gut bacteria profiles of Mus musculus at the phylum and family levels are influenced by saturation of dietary fatty acids[END_REF][START_REF] Yu | Effects of fish oil with a high content of n-3 polyunsaturated fatty acids on mouse gut microbiota[END_REF] when another study showed no prevention of gut microbiota dysbiosis in EPA-and DHA-treated mice [START_REF] Mujico | Changes in gut microbiota due to supplemented fatty acids in diet-induced obese mice[END_REF]. N-3 PUFAs, brought by diet, are able to attenuate the decrease of the Bacterioides/Firmicutes ratio observed in high fat-fed mice [START_REF] Liu | Gut bacteria profiles of Mus musculus at the phylum and family levels are influenced by saturation of dietary fatty acids[END_REF]. These results agree with dietary experimentation conducted by Andersen et al. who reported that, compared with sunflower oil, dietary intake of fish oil impacted most of bacterial phyla [START_REF] Andersen | Molecular fingerprints of the human fecal microbiota from 9 to 18 months old and the effect of fish oil supplementation[END_REF]. Moreover, Yu et al. showed that fish oil is capable of producing significant changes in gut microbiota, especially suppression of Helicobacter and Firmicutes growth [START_REF] Yu | Effects of fish oil with a high content of n-3 polyunsaturated fatty acids on mouse gut microbiota[END_REF], known to be highly involved in the etiology of peptic ulcer disease and obesity respectively. Finally, a just recently published paper showed that a host-microbiome relationship mediates the opposing effects of n-6 and n-3 FA on metabolic endotoxemia [START_REF] Kaliannan | A host-microbiome interaction mediates the opposing effects of omega-6 and omega-3 fatty acids on metabolic endotoxemia[END_REF].

A large amount of interest has been generated these last years by the bacterium Akkermansia muciniphila, a highly represented species in human grastroinstinal tract with 5% of the total bacteria in basal conditions. Interestingly, besides the fact that Akkermansia uses mucins, it seems to be crucial for the maintenance of mucus layer integrity [START_REF] Andersen | Molecular fingerprints of the human fecal microbiota from 9 to 18 months old and the effect of fish oil supplementation[END_REF][START_REF] Everard | Cross-talk between Akkermansia muciniphila and intestinal epithelium controls diet-induced obesity[END_REF]. Increased intestinal abundance of Akkermansia can protect against obesity-linked metabolic syndrome, and reduce (brought as a probiotic) systemic LPS levels in high-fat-fed mice [START_REF] Everard | Cross-talk between Akkermansia muciniphila and intestinal epithelium controls diet-induced obesity[END_REF][START_REF] Anhe | inflammation in association with increased Akkermansia spp. population in the gut microbiota of mice[END_REF][START_REF] Shin | An increase in the Akkermansia spp. population induced by metformin treatment improves glucose homeostasis in diet-induced obese mice[END_REF][START_REF] Roopchand | Dietary polyphenols promote growth of the gut bacterium Akkermansia muciniphila and attenuate high fat diet-induced metabolic syndrome[END_REF]. Possibly, it occurs through mucus layer thickness prevention, and then reduction of gut permeability and LPS leakage [START_REF] Everard | Cross-talk between Akkermansia muciniphila and intestinal epithelium controls diet-induced obesity[END_REF]. Moreover, in a study on the effects of a polyphenol-rich cranberry extract, Anhê et al. showed that the putative effects of Akkermansia on dysbiosis induced by obesity arises with no major changes in the proportions of Firmicutes and Bacteroidetes [START_REF] Anhe | inflammation in association with increased Akkermansia spp. population in the gut microbiota of mice[END_REF]. The mechanism by which Akkermansia could protect against obesity is not fully elucidated, but recent data indicate that a membrane protein from Akkermansia muciniphila (Amuc_1100*)more than the bacteria by itself -could be involved in the protective effects. This hypothesis has been reinforced by the fact that data obtained with pasteurized bacteria have shown similar effects [START_REF] Plovier | A purified membrane protein from Akkermansia muciniphila or the pasteurized bacterium improves metabolism in obese and diabetic mice[END_REF]. Collectively, these data indicate that modulation of intestinal tightjunction barrier by n-3 PUFAs remains not fully understood and the means by which n-3

PUFAs are able to reduce LPS-induced permeability still needs to be evaluated and more particularly under diet-induced obesity (DIO) conditions. In addition, the complexity to point out the specific effects of n-3 PUFAs per se is reinforced by many potential confounding factors provided by the dietary procedures.

The fat-1 mice: an appropriate model for studying obesity

In obesity-related studies, fat-1 mice represent an innovative animal model that overcomes the use of dietary manipulation helpful for avoiding any confounding dietary elements brought by diets. Indeed, these transgenic mice ubiquitously express a gene coming from C. Elegans, which encodes for a n-3 fatty acid desaturase able to convert n-6 to n-3 PUFAs (55) leading to a remarkable tissue enrichment in n-3 PUFAs compared with WT.

Moreover, in this mouse model, tissue contents in n-3 PUFAs not only increase but the levels of excessive endogenous n-6 PUFAs also decrease resulting in a balanced n-6-to-n-3 ratio [START_REF] Kang | Transgenic mice: fat-1 mice convert n-6 to n-3 fatty acids[END_REF]. This endogenous synthesis of n-3 PUFAs allows getting away from the use of dietary intervention introducing potential confounding factors and is more effective in balancing the n-6-to-n-3 ratio. This n-3 PUFA enrichment is ideal for identifying their specific roles and addressing nutrient-gene interactions. Then, this mouse model represents a useful in vivo system for giving new insights of the role of the n-6-to-n-3 fatty acid ratio in the context of obesity and associated metabolic disorders.

We recently took advantage of this model to answer the following questions: does n-3 fatty acids tissue enrichment prevent obesity and associated metabolic disorders? Does such prevention occur through alleviation of intestinal permeability (tight junction protein expression, gut permeability) and metabolic endotoxemia, in association with gut microbiota remodeling?

Remodeling gut microbiota by endogenously synthesized n-3 fatty acids prevents high fat/high sucrose diet-induced metabolic endotoxemia and associated metabolic disorders

In the context of obesity, remodeling the gut microbiome could be a promising therapeutic target. Then, it has recently been pointed out in mice the relative contribution of endogenously synthesized n-3 PUFAs in altering gut microbiota in order to change metabolic parameters [START_REF] Li | Endogenous omega-3 polyunsaturated fatty acid production confers resistance to obesity, dyslipidemia, and diabetes in mice[END_REF][START_REF] Bidu | The Transplantation of omega3 PUFA-Altered Gut Microbiota of fat-1 Mice to Wild-Type Littermates Prevents Obesity and Associated Metabolic Disorders[END_REF].

Fat-1 mice were protected against obesity, glucose intolerance, and hepatic steatosis

Homozygous fat-1 transgenic mice have been shown totally protected against HF/HS dietinduced obesity (DIO), glucose intolerance and severe hepatic steatosis occurring in obesogenic diet-fed mice (Fig 1). Moreover, in accordance with such a liver steatosis prevention, the mRNA liver expressions of FATCD36 (a fatty acid transport protein) and PPARγ (an adipogenic marker) were not altered as usually observed in DIO [START_REF] Bidu | The Transplantation of omega3 PUFA-Altered Gut Microbiota of fat-1 Mice to Wild-Type Littermates Prevents Obesity and Associated Metabolic Disorders[END_REF]. These data extend those of Li et al. [START_REF] Li | Endogenous omega-3 polyunsaturated fatty acid production confers resistance to obesity, dyslipidemia, and diabetes in mice[END_REF] and Kim et al. [START_REF] Kim | Endogenously synthesized n-3 polyunsaturated fatty acids in fat-1 mice ameliorate high-fat diet-induced non-alcoholic fatty liver disease[END_REF], who showed that fat-1 gene expression provided protection against hypercholesterolemia and hepatic steatosis when mice are fed a high-fat diet. The homozygous status has been revealed essential for obesity protection, as if fat-1 heterozygous mice were protected against obesity-linked inflammation and insulin resistance and exhibited amelioration of non-alcoholic fatty liver disease, no change was observed in their body weight compared to WT mice under DIO [START_REF] White | Transgenic restoration of longchain n-3 fatty acids in insulin target tissues improves resolution capacity and alleviates obesity-linked inflammation and insulin resistance in high-fat-fed mice[END_REF].

The protection of fat-1 mice against metabolic disorders associated to obesity might be related to the release of anti-inflammatory n-3 PUFAs mediators, as shown by White et al. [START_REF] White | Transgenic restoration of longchain n-3 fatty acids in insulin target tissues improves resolution capacity and alleviates obesity-linked inflammation and insulin resistance in high-fat-fed mice[END_REF] who pointed out an increase of docosanoid biosynthesis, i.e the pro-resolving lipid mediator, PD1 (10R,17S-dihydroxydocosa-4Z,7Z,11E,13E,15Z,19Z-hexaenoic acid) in DIO.

Unlike WT mice, fat-1 mice maintained a normal barrier function and exhibited a significantly lower metabolic endotoxemia

Low-grade systemic inflammation is now recognized as a crucial factor underlying obesity and type-2 diabetes (59) where significant alterations in the intestinal barrier take place [START_REF] Cani | Metabolic endotoxemia initiates obesity and insulin resistance[END_REF][START_REF] Cani | Changes in gut microbiota control inflammation in obese mice through a mechanism involving GLP-2-driven improvement of gut permeability[END_REF][START_REF] Frazier | Gut microbiota, intestinal permeability, obesityinduced inflammation, and liver injury[END_REF]. Until now, very few in vivo studies have investigated the effects of n-3 PUFAs on intestinal permeability and metabolic endotoxemia [START_REF] Liu | Fish oil enhances intestinal integrity and inhibits TLR4 and NOD2 signaling pathways in weaned pigs after LPS challenge[END_REF][START_REF] Mani | Dietary oil composition differentially modulates intestinal endotoxin transport and postprandial endotoxemia[END_REF]. A recent study showed high levels of metabolic endotoxemia and systemic low-grade inflammation in WT mice fed a diet high in n-6 FA, whereas endotoxemic and inflammatory status were alleviated in fat-1 mice [START_REF] Kaliannan | A host-microbiome interaction mediates the opposing effects of omega-6 and omega-3 fatty acids on metabolic endotoxemia[END_REF]. We have also reported (57) that fat-1 mice exhibited a decrease of intestinal permeability and metabolic endotoxemia compared with WT mice (Fig 1).

Transplantation of fat-1 microbiota to HF/HS-fed wild-type animals decreases metabolic syndrome disorders and maintains gut barrier integrity

The use of reciprocal microbiota transplantation represents an appropriate approach to validate the fact that n-3 PUFA-enrichment in fat-1 mice impacts their gut microbiota by enhancing the proliferation of beneficial bacteria leading to DIO and associated disorders prevention. The transfer of fat-1 fecal microbiota to WT mice was able to strikingly prevent obesity induced by a HF/HS diet and to regularize glucose tolerance and intestinal permeability [START_REF] Bidu | The Transplantation of omega3 PUFA-Altered Gut Microbiota of fat-1 Mice to Wild-Type Littermates Prevents Obesity and Associated Metabolic Disorders[END_REF], evidencing that a lean phenotype can be transferred from fat-1 to WT mice and is probably mediated by changes of gut microbiota by n-3 PUFAs (Fig 2 ).

Conclusions and future prospects

Altogether, these data evidence that n-3 PUFAs represent a promising approach in the prevention and treatment of obesity and associated disorders. Indeed, by the use of transgenic 

Fat-1 transgenic mice maintain a lean phenotype when fed an HF/HS-diet

The increase of endogenously synthesized n-3 PUFAs in their tissues protects fat-1 mice against obesity induced by high-fat/high-sucrose diet. Moreover, these mice are also protected against liver steatosis and adipose tissue inflammation. Compared with wild-type mice, fat-1 mice fed a HF/HS diet maintained gut epithelium permeability and then exhibit a lower plasma LPS level. The transfer of fat-1 fecal microbiota to WT mice strikingly prevented metabolic endotoxemia and subsequent low-grade inflammation as well as obesity and associated metabolic disorders. Then, preventing a "dysbiotic" microbiota by n-3 PUFAs affects host metabolism and therefore potentially offers an interesting target for therapeutic intervention. 
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 1 mice avoiding nutritional confounding factors, tissue n-3 PUFAs enrichment indisputably demonstrates that these functional fatty acids prevent weight gain, glucose intolerance, liver steatosis inflammation and leaky gut. Moreover such tissue enrichment unexpectedly change gut microbiota composition (a peculiar increase of Akkermansia) in favor of a lean phenotype. Remarkably, transplanting gut microbes from fat-1 mice into WT replicated this protection against DIO and linked metabolic disorders, unequivocally showing that n-3 PUFAs impact intestinal microbiota that will consequently influence host metabolism.Although more studies are required to decipher the role of other intestinal components implicated in gut barrier integrity (i.e colonic mucus layer) and the molecular mechanisms involved. Fecal microbiota characterization of obese patients may become a relevant and usable means to evaluate the positive effect of n-3 PUFAs in individualized medicine.

  Figure legends: Figure 1:

Figure 2 :

 2 Figure 2:Fecal transplantation of the n-3-modified microbiome as a relevant way to preserve a lean phenotype in mice fed the HF/HS diet High fat/high sucrose diet is known to be associated with gut microbiota dysbiosis and to lead to increased intestinal paracellular permeability. These alterations will allow the leakage of microbial products (LPS) into the systemic circulation (named as metabolic endotoxemia) resulting in a low-grade systemic inflammation, considered as an important component of the evolution of obesity.