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Anti-obesity effects of estrogens are primarily mediated by estrogen

receptor-α (ERα) in both genders by suppressing food intake, and

increasing basal metabolic rate, diet-induced thermogenesis, and

physical activity.

We have previously showed that in female mice, ERα in steroidogenic

factor-1 (SF-1) neurons in VMH stimulates basal metabolic rate and

diet-induced thermogenesis.

However, the effects of the whole VMH ERα population on estrogenic

control of energy homeostasis and the downstream neurocircuits

mediating the stimulatory effects of VMH ERα neurons on energy

expenditure are unknown.

Multiple estrogen receptor α (ERα) neuron populations in the brain are

required to maintain normal body weight. While the metabolic effects of

these ERα neuron populations have been investigated, the neural circuit

and associated neurotransmitter signaling underlying the regulatory

effects of ERα neurons on energy balance are unknown. Here we

combined retrograde and anterograde trans-synaptic tracers,

chemogenetics, optogenetic circuit mapping and genetic mouse models

to functionally map the downstream neural circuits of ERα neurons. We

found that selective activation of ERα neurons in the ventral medial

hypothalamus (VMH) stimulated brown adipose tissue (BAT)

thermogenesis and physical activity without affecting food intake. We

also showed that VMH ERα neurons provide monosynaptic

glutamatergic inputs to serotonergic neurons in the dorsal Raphe nuclei

(DRN). Inhibition of DRN serotonergic neurons partially attenuated the

stimulatory effects of VMH ERα neurons on BAT thermogenesis and

physical activity. More intriguingly, specific deletion of ERα or vesicular

glutamate transporter 2 (vGluT2) from a subpopulation of VMH neurons

projecting to the DRN results in decreased BAT thermogenesis and

physical activity with normal food intake. Together, these findings

suggest a model that VMH ERα neurons activate BAT thermogenesis

and physical activity by stimulating DRN serotonergic neurons.

Our results support a model where vlVMH ERα signals activate

serotonin neurons in DRN to stimulate physical activity and BAT

thermogenesis, which in turn prevent body weight gain.

1. To further characterize the effects of the whole VMH ERα population

on estrogenic control of body weight.

2. To identify the downstream neurocuits that mediate the regulatory

effects of VMH ERα neurons on body weight.
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Fig. 1. ERα neurons in vlVMH stimulate physical

activity and BAT thermogenesis

Fig. 2. vlVMH ERα neurons provide monosynaptic 

innervation to serotonergic neurons in DRN

Fig. 5. ERαvlVMH→DRN neural circuit stimulates 

BAT thermogenesis through glutamatergic 

neurotransmission

Fig. 3. vlVMH ERα neurons stimulate physical activity and BAT 

thermogenesis through activating serotonergic neurons in DRN

Fig. 4. ERα expressed by ERαvlVMH→DRN neurons are required for 

estrogenic effects on BAT thermogenesis and physical activity
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