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Leptin and insulin hypothalamic signalling

Learning objectives

i) Compare and contrast the models of how leptin and insulin act as afferent arms of a body weight regulation loop. 

ii) Describe the intracellular signalling pathways by which leptin and insulin exert their hypothalamic effects. 

iii) Critically discuss the evidence of cross-talk between leptin and insulin signalling pathways. 

iv) Identify the downstream neurotransmitters that propagate central leptin and insulin signalling.

Leptin and the regulation of energy homeostasis
Leptin levels reflect changes in energy balance- low in fasting, high in overfeeding. Leptin replacement (peripheral and central) corrects abnormalities in the ob/ob mouse and in starved mice. Peripheral and central administration to normal mice reduce food intake and body weight, and increase energy expenditure. However, leptin does not reduce food intake in obese humans because of leptin resistance. 

Leptin receptor

Class I Cytokine receptor, 6 splice variants identified. long isoform (Ob-Rb) is only variant with clearly demonstrated signalling capability-highly expressed in the hypothalamus. Principal sites of Ob-Rb expression in the CNS: ARC, PVN, DMH, VMH, LH. Leptin receptor lacks intrinsic kinase activity- uses cytoplasmic-associated kinases of the Janus kinase (JAK) family. Leptin binding forms receptor complex leading to cross-phosphorylation and activation of the JAKs. Activated JAKs phosphorylate tyrosine residues in the cytosolic domain of the receptor. Phosphorylated residues provide binding sites for signalling molecules - including signal transducer and activator of transcription (STAT) family. 

Insulin and the regulation of energy homeostasis

There is considerable evidence to suggest an important role for insulin in the regulation of energy homeostasis.  Like leptin, insulin acts as an adiposity signal, plasma insulin levels circulate in proportion to body adiposity and these levels signal to the hypothalamus the state of body fat stores.  Mice with a neuron-specific deletion in the insulin receptor have an increased body fat content suggesting that insulin signalling the brain is essential for the normal regulation of adiposity.

Insulin Receptor

Insulin mediates its effects via the insulin receptor – a ligand activated receptor tyrosine kinase.  Binding of insulin to the insulin receptor causes autophosphorylation increasing the catalytic activity of the tyrosine kinase causing the phosphorylation of downstream signalling molecules, in particular PI3 kinase. In the hypothalamus the highest concentrations of the insulin receptor are found in the ARC, PVN, DMN, VMN and LH.

Central and peripheral administration of insulin causes a marked reduction in food intake.  ICV administration of insulin causes a significant increase in hypothalamic POMC and a decrease in NPY mRNA expression. 
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