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Abstract: The podocyte is a unique epithelial cell type that contributes to the kidney’s blood filtration
barrier. Filtration selectivity is largely determined by podocyte slit diaphragms, intercellular junctions
found laterally between neighbouring cells. These create a discerning molecular sieve that blocks the loss
of essential blood components into the urine, a common and detrimental complication of kidney disease.
Nephrin makes up the core of the slit diaphragm and it must withstand significant insult as a function of
its barrier role. Although regulation of nephrin expression on the cell surface is essential for its function,
little is known about the mechanisms responsible for its maintenance. Using comprehensive cell and
animal modeling, we sought to investigate the role of disrupted nephrin turnover in kidney dysfunction
and to determine the regulatory mechanisms that govern this pathway. We demonstrate that nephrin
tyrosine phosphorylation is commonly disrupted in the injured podocyte, and that this results in loss of
filtration selectivity, which is associated with disrupted interactions between nephrin and the cytoskeletal
adaptor Nck. We characterize a requirement for multivalent nephrin/Nck interactions during nephrin’s
endocytosis in cells, which is attributed to Nck’s ability to recruit actin and dynamin. Targeted disruption
of nephrin/Nck interactions also inhibits nephrin’s turnover in mice and this contributes to kidney disease
during aging. Intriguingly, aberrant nephrin phosphorylation and endocytosis is observed in several
models of acute injury, and this is associated with heightened levels of the ShcA phosphotyrosine adaptor,
a protein not previously described within the podocyte. We determine that ShcA overexpression induces
a feed-forward mechanism to stimulate nephrin’s internalization, leading to barrier breakdown. Notably,
ShcA expression is also upregulated in several forms of human kidney disease, supporting the relevance
of this mechanism in humans. Collectively, this work has verified that deregulation of nephrin turnover
results in filtration barrier demise, and identifies Nck and ShcA as two novel mediators of nephrin
endocytosis. Integration of these pathways into the larger framework of nephrin trafficking, a rapidly
growing area of interest, remains an important objective for future work.
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