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Role of the ventromedial hypothalamic Steroidogenic Factor
1/ Adrenal 4 Binding Protein neurons in the regulation of

whole body energy and glucose metabolism in mice.
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Summary of thesis contents

The hypothalamus is the brain center which communicates with the periphery to control
autonomic pathways that regulate energy intake, expenditure and storage. The ventromedial
hypothalamus (VMH) was the first region of the hypothalamus found to play a crucial role in body
weight regulation and energy homeostasis and came to be known as the 'satiety center' because studies
showed that VMH lesions resulted in hyperphagia and obesity. Electrical stimulation of the VMH
suppressed feeding behavior and decreased food intake in rats. Researchers also found that electrical or
chemical stimulation of the VMH increased glucose uptake in peripheral tissues like skeletal muscle and
brown adipose tissue. The VMH consists of different neuron populations characterized by the expression
of either steroidogenic factor-1 (SF-1), brain derived neurotrophic factor (BDNF), pituitary adenylate
cyclase activating polypeptide (PACAP) or cerebellin 1 (Cbinl). SF-1 (also known as adrenal 4 binding
protein) is a member of the nuclear hormone receptor family of transcriptional regulators. SF-1
expressing neurons are limited to the VMH in the hypothalamus and are required for the normal
development of VMH structure.

In my research, | studied the effect of activation or inhibition of SF-1 neurons on energy and
glucose metabolism. | used the Designer Receptors Exclusively Activated by Designer Drugs
(DREADD) system. DREADD technology is a pharmacogenetic method to activate or inhibit specific
neurons in the brain. Upon expression of the stimulatory DREADD ‘hM3Dq’ or inhibitory DREADD
‘hM4Di’, a small drug like molecule clozapine-N-oxide (CNO) is used to activate or inhibit neuronal
activity, respectively. | implanted VMH-targeting bilateral steel cannulas in SF-1 cre recombinase
transgenic (SF-1 Cre Tg) mice and injected double floxed DREADD adenoassociated virus (AAV)
vectors through it.

Brain sections showed expression of DREADD-mCherry only in the VMH. CNO injection into
hM3Dq expressing SF-1 Cre Tg (hM3Dq) mice activated SF-1 neurons, while CNO injection into

hM4Di expressing SF-1 Cre Tg (hM4Di) mice inhibited SF-1 neurons. Activation of SF-1 neurons
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decreased three hours food intake after overnight fasting and during the dark period while inhibition of
SF-1 neurons had no effect on food intake. | found that activation of SF-1 neurons increased energy
expenditure and decreased respiratory quotient (RQ). Activation of SF-1 neurons also increased fat
oxidation, but didn’t alter carbohydrate oxidation. CNO injection to hM3Dg mice didn’t change the
locomotor activity significantly. These results suggest that increased energy expenditure on activation of
SF-1 neurons was due to increased fatty acid oxidation and independent of locomotor activity. On the
other hand, CNO injection to hM4Di mice didn’t alter energy expenditure or locomotor activity. In
addition, activation of SF-1 neurons increased insulin sensitivity and improved insulin tolerance during
insulin tolerance test (ITT). In contrast, injection of CNO into hM4Di mice impaired insulin tolerance
during ITT. During hyperinsulinemic-euglycemic clamp, SF-1 neuronal activation significantly increased
glucose infusion rate required to maintain euglycemia. In accordance, activation of SF-1 neurons also
enhanced insulin-induced suppression of gene expression of rate-limiting gluconeogenic enzymes like
glucose 6 phosphatase (G6Pase) and phosphoenol pyruvate carboxykinase (PEPCK) in the liver
significantly. Activation of SF-1 neurons showed a tendency to increase glucose uptake by the red type
skeletal muscle under basal insulin levels. However under hyperinsulinemia, SF-1 neuronal activation
greatly increased insulin-stimulated glucose uptake in red type skeletal muscle. | found an increase in
phosphorylation of Akt (a key molecule in insulin signaling) in the soleus muscle of hM3Dq mice, further
demonstrating an increase in insulin sensitivity in the muscle under hyperinsulinemia.

Overall, SF-1 neurons regulates insulin sensitivity especially in red type skeletal muscle and the
liver. It also plays an important role in energy homeostasis by regulating energy expenditure and energy
(food) intake. Thus, using the DREADD system, | was able to elucidate the role of VMH SF-1 neurons
by altering its activity and have shown its importance in regulating energy and glucose metabolism. These
results support the idea that SF-1 neurons in the VMH are a crucial neuronal population for whole-body

metabolism and suggest that through its activity, it regulates energy balance and glucose homeostasis.
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Summary of the results of the doctoral thesis screening
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