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Abstract: Aberrant activity of the protein glycogen synthase kinase-3β (GSK-3β) has been implicated
in disorders of cognitive dysfunction, such as Alzheimer's Disease and schizophrenia, disorders that also
exhibit a dysregulation in neuronal oscillatory activity. However, a direct functional relationship between
region-specific changes in GSK-3β activity, neuronal oscillations, and learning and memory has not been
elucidated. Here, we demonstrated that an adeno-associated viral vector (AAV)-mediated increase in
GSK-3β activity in the prefrontal cortex (PFC) or ventral hippocampus (vHIP) of rats induced learning
and memory impairments during the object recognition, object location and/or object in place tasks,
neuronal oscillatory deficits in theta and/or gamma spectral power, and elevated levels of pathogenic tau
phosphorylation, a GSK-3β substrate, in those same brain regions. Next, considering the widespread
expression of GSK-3, and its diverse role in multiple cellular mechanisms, we investigated other
approaches to regulate GSK-3β activity in a more neuroanatomically restricted way, specifically via the
dopamine 5 receptor (D5R). AAV-mediated knockdown of D5R in the PFC region, where the D5R is
highly expressed, induced learning and memory impairments in recognition memory, associative memory,
as well as spatial memory. These changes were accompanied by increased theta spectral power in multiple
brain regions, and increased PFC GSK-3β activity. Finally, considering the prominent role that GSK-3β
plays in cognitive dysfunction, we used the methylazoxymethanol acetate (MAM) model of schizophrenia
to assess whether alterations in learning and memory, and neuronal oscillatory activity, were associated
with changes in GSK-3 activity and/or expression and to assess sex differences in these measures. The
study revealed sex-specific differences in learning and memory function, with male MAM animals
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exhibiting deficits during the learning trials in the T-maze task, and the female MAM animals showing
deficits in reversal learning. These deficits were accompanied by sex-specific differences in oscillatory
activity in the theta and high gamma frequencies, and region-specific changes in the levels and/or activity
of GSK-3 and phosphorylated tau protein. Collectively, these findings suggest that aberrant GSK-3
signalling may have a central involvement in disorders of cognitive dysfunction through the regulation of
neurophysiological network function.
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