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Insulin regulates POMC neuronal plasticity to
control glucose metabolism
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Insulin acts on peripheral tissues including liver, muscle and
adipose tissue to directly control glucose metabolism, while also
acting in the brain to concordantly regulate nutrient fluxes, feeding
behaviour and energy homeostasis. Although our understanding
of the neural circuitry controlling feeding behaviour and energy
expenditure has grown considerably in the last few years, the
neural processes by which insulin elicits its effects on glucose
metabolism are less clear.

Here we define heterogeneous populations of hypothala-
mic pro-opiomelanocortin (POMC) neurons that are activated or
inhibited by insulin and thereby repress or inhibit hepatic glu-
cose production (HGP). The proportion of POMC neurons activated
by insulin was dependent on the regulation of insulin receptor
signalling by the phosphatase TCPTP, which is increased by fasting,
degraded after feeding and elevated in diet-induced obesity.

TCPTP-deficiency in POMC neurons enhanced neuronal insulin
signalling and the proportion of POMC neurons activated by insulin
to repress HGP. Elevated TCPTP in POMC neurons in diet-induced
obesity and/or after fasting repressed neuronal insulin signalling,
the activation of POMC neurons by insulin and the insulin-induced
POMC-mediated repression of HGP. Our findings define a molecular
mechanism for integrating POMC neural plasticity with feeding to
control glucose metabolism.
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The consensus data suggest that physical activity benefits
weight-related outcomes via its effect on altering energy balance.
Therefore analyses of the impact of exercise on weight loss have
shown that the extent of weight loss is dependent on the dose
of exercise, with relatively small doses associated with little or
no weight loss, but large doses capable of delivering significant
weight loss provided they are adhered to and sustained. Around
300–420 min per week of moderate to vigorous intensity physi-
cal activity appears to be required for meaningful weight loss. The
benefits are greater when combined with dietary restriction.

The high exercise volumes recommended for significant weight
loss may not be possible, or difficult to achieve for some clien-
tele, and the majority of the population fails to meet these levels.
Furthermore, there is large inter-individual variability in weight
loss resulting from exercise interventions. Given the benefits of
increased physical activity on health, the simplest advice for many
people may be that the more activity that is undertaken the better.

Increasing research interest has centred on the benefits of phys-
ical activity independent of weight loss, and the usefulness of low
levels of exercise for health outcomes. Studies in previously inac-
tive overweight/obese adults suggest that aerobic exercise training
at doses below current recommendations is effective for improv-
ing fitness and reducing visceral and ‘ectopic’ adiposity, which are
strongly associated with metabolic and cardiovascular disease risk.
These benefits can occur independent of changes in body weight.
Despite conferring other benefits, the utility of some physical activ-
ity approaches (e.g. high intensity interval exercise and resistance
exercise) for adiposity management is less clear.
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