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            Abstract
The lateral hypothalamic area is considered the classic â€˜feeding centreâ€™, regulating food intake, arousal and motivated behaviour through the actions of orexin and melanin-concentrating hormone (MCH)1,2,3. These neuropeptides are inhibited in response to feeding-related signals and are released during fasting. However, the molecular mechanisms that regulate and integrate these signals remain poorly understood. Here we show that the forkhead box transcription factor Foxa2, a downstream target of insulin signalling4,5,6, regulates the expression of orexin and MCH. During fasting, Foxa2 binds to MCH and orexin promoters and stimulates their expression. In fed and in hyperinsulinemic obese mice, insulin signalling leads to nuclear exclusion of Foxa2 and reduced expression of MCH and orexin. Constitutive activation of Foxa2 in the brain (Nes-Cre/+;Foxa2T156Aflox/flox genotype) results in increased neuronal MCH and orexin expression and increased food consumption, metabolism and insulin sensitivity. Spontaneous physical activity of these animals in the fed state is significantly increased and is similar to that in fasted mice. Conditional activation of Foxa2 through the T156A mutation expression in the brain of obese mice also resulted in improved glucose homeostasis, decreased fat and increased lean body mass. Our results demonstrate that Foxa2 can act as a metabolic sensor in neurons of the lateral hypothalamic area to integrate metabolic signals, adaptive behaviour and physiological responses.
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                    Figure 1: 
                        Foxa2 is co-expressed with MCH and orexin in the lateral hypothalamus and its subcellular localization is regulated by insulin.
                      [image: ]


Figure 2: 
                        Permanent inactivation of Foxa2 and reduced expression of MCH and orexin in hypothalamus of hyperinsulinemic, obese mice.
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Figure 3: 
                        Constitutive nuclear Foxa2T156A activates 
                        Pmch
                         and 
                        Hcrt
                         expression in fed mice.
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Figure 4: 
                        Metabolic measurements in HFD, brain-specific 
                        Foxa2T156A
                         mice.
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        Editorial Summary
Foxa2 shows antiobesity potential
A novel mechanism by which insulin regulates metabolic and behavioural responses to fasting and feeding has been discovered. During fasting, the neuropeptides orexin and MCH (melanin-concentrating hormone) are released in the lateral hypothalamic area â€” the classic 'feeding centre' of the brain â€” where they induce motivated behaviour and stimulate food intake. Work in mice shows that expression of orexin and MCH is regulated by the transcription factor Foxa2. After a meal, insulin signalling renders Foxa2 ineffective and orexin and MCH production ceases. Mice with Foxa2 permanently 'on' have more orexin and MCH, eat more and are more physically active and have improved insulin sensitivity. Turning on Foxa2 in obese mice increases lean body mass and reduces their fat content. Pharmacological blockade of Foxa2 phosphorylation may therefore increase levels of physical activity and improve overall health.
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