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The prevalence of obesity has steadily increased over the last few decades. During this time, populations of industrialized countries have been exposed to diets rich in fat with a high content of ω6 linoleic acid and a low content of ω3 α-linolenic acid compared with recommended intake. As we had shown earlier that ω6-arachidonic acid (ARA) stimulates fat cell differentiation, we assess in the first place its contribution to the formation of white adipose tissue (WAT) by feeding male and female mice for 4 successive generations with a moderate high-fat diet (35%energy) rich in ω6 linoleic acid and exhibiting a linoleic acid: α-linolenic acid ratio of 28. A gradual enhancement in fat mass occurred due to combined hyperplasia and hypertrophy with no change in food intake. Transgenerational alterations in adipokine levels were accompanied by hyper insulinemia. Gene expression analyses of the stromal vascular fraction of adipose tissue revealed over generations discrete and steady changes in certain important players, such as CSF3 and Nocturnin. Thus, under conditions of genome stability and with no change in the regimen over four generations, a Western-like fat diet rich in ω6 linoleic acid was sufficient to induce a gradual WAT mass enhancement, in accordance with the increasing prevalence of obesity observed in humans. A second effect of ARA was observed with respect to the formation of brite/beige adipocytes which are energy-dissipating cells characterized by the expression of the uncoupling protein (UCP1) specific of brown adipose tissue (BAT) and which appear within WAT under β-adrenergic stimulation. By using a model of human cells undergoing the conversion from a white to a brite adipocyte phenotype, ARA strongly inhibited this process through a cyclooxygenase pathway. This inhibition was characterized by a decrease in UCP1 expression and oxygen consumption, leaving mitochondriogenesis unaffected. Both active ARA metabolites and signaling pathways were characterized and shown to be responsible of the inhibitory process. In vivo, supplementation of a standard Chow diet with ARA led also to a similar inhibition of brite/beige cell markers in mouse WAT. Altogether, our results strongly suggest that, in addition to favoring WAT formation, dietary excess of ω6 polyunsaturated fatty acids characteristic of Western diets may enhance through arachidonic acid an additional deleterious effect by preventing the "browning" process to take place in WAT depots. 

