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Multiscale understanding of social cognition
in schizophrenia

Modeling psychiatric disorders as a dysfunction in one brain region, cell type or even gene has
been largely unsuccessful in both revealing mechanisms and identifying therapies, thus in the last
decade the hypothesis that disorders such as schizophrenia represent a distributed impairment,
related to disruption in intraregional communication has gained both experimental and clinical
support. While schizophrenia is a complex and multifaceted disorder, prominent endophenotypes
include disruptions in novelty processing and impairments in social behavior and cognition. Changes
in social behavior and novelty detection are readily assessed in animal models of the disorder,
making the investigation of their circuit mechanisms feasible. A well-established genetic model is
the Df(16)A+/- mice, a genetic mimic of 22q11 microdeletion syndrome linked to schizophrenia in
humans. Both human patients and the mouse model have consistent deficits in social cognition, that
have been suggested to be linked to the CA2 region of the hippocampus. My group has recently
characterized a previously unknown novelty signaling
pathway in the brain, linking the supramammillary
nucleus (SuM) of the posterior hypothalamus to the
hippocampus. We found that SuM neurons targeting
the CA2 region of the hippocampus were selectively
activated by novel social stimuli and optotgenetic

activation of this circuit could alter social cognition.
In this project we characterize the dynamic changes
in hippocampal activity induced by SuM activity and
investigate if manipulation of this circuit in Df
(16)A+/- mice can impact social cognition.

Circuit based genome editing for the treatment
of stress related psychiatric disorders

Transcriptomic and circuit based approaches have revolutionized our understanding of brain function and
offered new vistas on potential treatments for disease. While the role of specific circuits or distinct
molecules/signaling pathways in controlling behavioral processes is becoming clear, what is missing is an
understanding of how circuits and molecules interact to regulate behavior. This is particularly important for
molecular and pharmacological based disease treatments as there are specific circuits that mediate
different clinically relevant aspects of behavior. The locus coeruleus (LC) noradrenaline system and
the amygdala are important targets for the treatment of anxiety disorders and post-traumatic stress
disorder (PTSD) and are prominently dysregulated by stress and trauma. Traditional models suggest that
the LC-noradrenaline system is homogeneous, but we’ ve recently discovered distinct populations of
LC-noradrenaline neurons which enhance aversive emotional learning or, opposingly, boost extinction of
aversive emotional behavioral responses. This suggests that non-specific targeting of the noradrenaline
system for disease treatment is not optimal. Furthermore, distinct
populations of amygdala neurons which store aversive memories
have been identified, but how the LC-noradrenaline system
selectively modulates molecular signaling in these cell types is not
known. In this grant we will use omics and neural circuit based
approaches to define the underlying molecular differences in the
opposing LC and amygdala cell populations, determine how stress
differentially alters neural processing and transcription in these cell
modules and employ cell type specific genome remodeling
approaches to reverse aversive learning and stress induced
changes in neural processing and behavior.
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