CRC1451 - Project A04: The role of hypothalamic and
reward-processing neuronal circuits in adaptive regulation
of motor behaviors in maternal mice

In A04 project we investigate the role of hypothalamic and reward-
processing neuronal circuits in adaptive regulation of motor behaviors.
Motor control strategies enable state-dependent regulation of locomotion
and specific motor actions. We aim to understand the neuronal
mechanisms that regulate the adaptive changes of locomotion and prevent
desadaptive motor behaviors. Malfunction of these adaptive mechanisms
often underlie anxiety- and eating disorders. A reduction of food intake —
and concurrent loss of body weight — in combination with physical
hyperactivity are main symptoms of the eating disorder anorexia nervosa.
We combined single-cell calcium imaging as well as opto- and
chemogenetics in freely behaving mice, and investigated functions of leptin
receptor-expressing neurons in the lateral hypothalamus (LepR-LH), the
brain region crucial for the regulation of feeding and voluntary locomotion.
We found that this cell population signals anxiogenic stimuli. Activation of
LepR-LH cells in multiple behavioral arrays reduced anxiety-related
behaviors and thereby enabled exploration of new terrain as well as eating
despite an anxiogenic environment.

We further observed increased input from the prefrontal cortex — a region
that mediates cognitive control — in more anxious animals. This input
suppressed the activity of anxiety-reducing cells, thereby preventing relief
from anxiety. This demonstrates a role of cognitive control in the
regulation of emotional states.

Anxiety has clear clinical intersections, notably with anorexia nervosa. To
investigate the therapeutic potential of the anxiety-relieving, leptin-
sensitive neurons, we used a preclinical anorexia nervosa disease model:
the activity-based anorexia model. In this paradigm, mice with scheduled
access to food and a freely accessible running wheel spontaneously
develop compulsive exercise, often observed in patients. Activation of
LepR-LH neurons reduced excessive exercise to baseline levels, and
uncoupled anxiety from compensatory running.

This observation points to an anxiety-reducing, energy-preserving
mechanism: Anxiety and anorexia nervosa often go hand in hand — and
anorexia has the highest mortality rate of any psychiatric disorder, with no
effective pharmacological treatment to date. By identifying a leptin-
sensitive hypothalamic node that restrains anxiety-driven locomotion
without suppressing normal activity, we begin to understand how
emotional state and energy balance intersect in the brain. The next step is
to test whether pharmacological modulation of these neurons could help
treat anxiety and eating disorders.
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Alateral hypothalamic neuronal population
expressing leptin receptors counteracts
anxiety to enable adaptive behavioral
responses
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Neuronal mechanisms that facilitate adaptive strategies to enable ananimal
to overcome anxiety in threatening situations remain unknown. Using
single-cell calcium imaging and cell-type-specific activity manipulations
in behaving mice, weidentified leptin-sensitive neuronal subpopulations
in the lateralhypothalamus (LH; LepR*) that encode anxiogenic stimuli.
In high-anxiety animals, LepR*" neurons differentiated poorly among
anxiogenic stimuliand were inhibited by input from the prefrontal cortex.
Theactivity of LepR* neurons predicted the anxiety level of individual
animals, and the activation of LepR" neurons enabled adaptive responses
under anxiogenic conditions—exploration of new terrain, eating despite
anxiogenic environment and limiting maladaptive excessive locomotion
inan anorexia nervosa disease model. Thus, leptin-sensitive neuronal
subpopulations in the LH enable adaptive fulfillment of vital needs despite
anxiogenic conditions, bothin healthy and pathological states.
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