Disruption of cerebellar activity causes autism-like mature phenotypes
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ABSTRACT

Cerebellar lobules VI/VII and crus I/l form reciprocal loops with neocortical regions associated with executive
functions (Wang et al, 2014). To test the functional significance of those connections we used DREADDs to disrupt
neural activity of these cerebellar regions during adulthood or postnatal development, and measured the
consequences in two major domains: (1) social choice and behavioral inhibition; and (2) cognitive flexibility.

We made lobule-specific injections of AAV8-hSyn-hM4D(Gi)-mCherry to achieve expression in molecular layer
interneurons (MLIs), a major source of inhibition to Purkinje cells. For developmental inactivation, mice were injected
with the virus at P21, and received DREADD agonist clozapine-N-oxide (CNO) from P30 through P56. For acute
inactivation, mice were injected at P42, followed by testing at P56 with CNO administered on the day of testing. The
inhibitory action of CNO on DREADD-expressing MLIs was confirmed in acute cerebellar brain slices, as well as through
indirect effects on Purkinje cell firing in vivo in awake mice.

To analyze behavioral data, we used principal component analysis (see Poster by Pereira, Metzger et al.). In lobule
VI, CNO administration in adult mice led to increased perseveration. The mice also showed reduced performance and
bias in a virtual reality-based working memory task. These results suggest that lobule VI is an active part of brainwide
circuitry for cognitive flexibility.

Developmental effects were seen from perturbations of crus |, crus I, and lobule VII. CNO administration during
development led to reduced social interaction in a three-chamber test and impaired reversal learning in a Y-maze in
mice injected in crus I. Unilateral crus Il perturbation led to reductions in movement in the elevated plus maze and
three-chamber task, as well as reduced social preference in the three-chamber test. None of these effects were seen
with adult CNO treatment. In lobule VII, juvenile treatment with CNO decreased exploratory activity in the
elevated-plus maze and increased social behavior in the threechamber test. Opposite effects were seen in acute adult
treatment with CNO, suggesting that lobule VII contributes to maturation and acute function of exploratory behavior.

These experiments provide the first direct evidence for the developmental diaschisis hypothesis of cerebellar
function.
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5 CEREBELLAR CONTRIBUTIONS TO MOUSE BEHAVIOR - ACUTE INACTIVATION DURING ADULTHOQOD
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