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Elucidation of the Role of Protocadherin Gamma C4 in Neuronal Development and Survival
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The construction of functional neural circuits requires precisely regulated, membrane protein mediated
cell-cell connections that orchestrate recognition, adhesion, and downstream signaling. Disruption of these
interactions derails circuit assembly and is implicated in autism spectrum disorder, intellectual disability, and
other neurodevelopmental and neurodegenerative diseases.

In this dissertation, I focused on clustered protocadherins (cPcdhs), a family of more than 50
cadherin-related adhesion isoforms, as regulators of neuronal connectivity. Previous studies have shown that
mice lacking all isoforms of clustered protocadherins exhibit neonatal lethality with massive neuronal
apoptosis. Here, to elucidate the molecular mechanisms in neural circuit formation, I investigated the role of
Protocadherin gamma C4 (Pcdh-yC4), a member of the clustered protocadherin family, in regulating neuronal
survive and dendritic development.

Firstly, T utilized a novel CRISPR/Cas9 strategy (Double Mutation Inducing Open reading frame
switch, DOMINO method) to generate Pcdh-yC4 knockout and alone expression mice to examine its function
in vivo. My results demonstrate that Pcdh-yC4 is crucial for neuronal survival and dendritic formation in
Purkinje cells, with loss of Pcdh-yC4 leading to abnormal apoptosis and dendritic self-crossing. Rescue
experiments, where only Pcdh-yC4 was expressed among the 22 Pcdh-y cluster, restored these phenotypes.
Furthermore, I identified that the FAK/PYK2 signaling pathway is regulated by the intracellular domain of
Pcdh-yC4, highlighting its unique functional role among the Pcdh-y cluster.

Next, further dissected the functional domains of Pcdh-yC4 by generating novel mouse models with
deletions in the extracellular cadherin domain (EC2) and the variable intracellular domain (VCD). My findings
reveal that both domains are essential for the survival in mice and neurons, and that the functional loss of
Pcdh-yC4 results in Bax-dependent apoptosis. Yet the precise molecular mechanisms by which Pcdh-yC4
dependent apoptosis have not been uncovered.

Finally, to address this black box, I explored specifically binding molecules to Pcdh-yC4 in mouse
brain. Using "yC4only" mice, which only Pcdh-yC4 is expressed within the 22 Pcdh-y cluster, I identified the
STRIPAK (Striatin interacting phosphatase and kinase) complex as a novel binding partner through
immunoprecipitation and mass spectrometry. The STRIPAK complex, known to regulate processes such as
axon elongation, dendrite formation, and apoptosis. Further analysis in HEK293T cells confirmed that Strn,
Strn3, Strn4, and Stripl physiologically interact with Pcdh-yC4. These findings highlight the existence of a
Pcdh-yC4-STRIPAK-mediated signaling pathway that regulates neuronal apoptosis and orchestrates dendritic

arborization in Purkinje cells.

This research demonstrated the essential role of Pcdh-yC4 in neuronal development and survival,
providing insights into the molecular networks that govern neuronal fate determination and the potential
mechanisms leading to neurodegenerative diseases.
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