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Multiscale analyses of dynamic states
in the schizophrenic brain

Over the last decade the hypothesis that disorders such as schizophrenia represent a
distributed impairment, related to disruption in brain wide dynamic states, has gained

both experimental and clinical support. Oscillations are a fundamental mechanism of
communication and organization throughout the brain and when abnormal, can serve as
reliable indicators of diseases. The connections between the hippocampus and medial
septum (MS) are crucial for integration of sensory and motor information and the
generation of hippocampal oscillations. While recent work has uncovered specific roles
for ascending cholinergic, glutamatergic and GABAergic inputs from the MS to the
hippocampus in these processes, much less is known about the role of the descending
hippocampal efferents. In this project we use transgenic and viral methods, along with
optogenetic manipulation and in-vivo recordings

; o
to identify and characterize a novel descending o r{.‘% 1 - -
= 1

projection pathway from hippocampal CA2 A
pyramidal cells to the MS. Specifically, we are

focused on understanding the involvement of this e

I" \
pathway during behavior and ask what is the . .

behavioral and physiological consequences of

manipulations of this circuit. %EE%::H s i E

Prefrontal regulation or dysregulation of brainstem
noradrenaline for emotional control

Emotions are a central aspect of human experience and highly adaptive, but need to be

controlled to enable flexible cognition and behavior. Dysregulation of this emotional
balance underlies anxiety and mood disorders as well as post-traumatic stress disorder
(PTSD). We have discovered that the neuromodulator noradrenaline controls the balance
between emotional learning and extinction of emotional responses through distinct
brainstem locus coeruleus cell populations connected with either the amygdala or medial
prefrontal cortex (mPFC), respectively. However, it is not clear how these distinct
noradrenaline subnetworks are differentially regulated to control this balance.
Furthermore, although alterations in noradrenaline signaling is implicated in anxiety and
PTSD, it is unclear how this system is dysregulated to produce key symptoms of these
disorders. Using cell type specific viral circuit mapping, optogenetic manipulation and
in-vivo optical imaging approaches we will determine how medial prefrontal cortex
inputs to these different LC-noradrenaline cell
populations control the balance between
aversive emotional learning and behavioral
flexibility. Finally, we will determine how
mPFC-to-LC synaptic connectivity is disrupted
in stress/PTSD-like conditions.
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