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Renal glomerular podocyte injury is implicated in the pathogenesis of proteinuria and
glomerulosclerosis associated with diabetes, hypertension, and metabolic syndrome.
Podocytes have well-organized actin cytoskeletal architecture, and when injured, proteinuria
occurs together with morphological changes such as fragmentation of the actin bundles,
effacement of foot processes, and loss of slit diaphragm. When podocytes detach from the
glomerular basement membrane, the remaining podocytes spread their cell body to cover the
basement membrane, which triggers the development of the glomerulosclerotic lesion.

Podocytes are known to be susceptible to mechanical stresses in clinical conditions such
as glomerular hypertension, hyperfiltration, hypertrophy, and hyperextension of remaining
podocytes. It had long been difficult to study podocyte mechanobiology, in part due to the
shortage of good in vitro system. My department established several immortalized podocyte
cell lines of high quality. Here, | compared the properties of multiple podocyte cell lines, and
constructed the in vitro model systems that mimic the mechanical stress-mediated podocyte
injury seen in vivo.

Several podocyte cell lines were incubated under non-permissive condition, replated on a
silicon chamber coated with type | collagen, and stimulated with unidirectional cyclic stretch
(0.5 Hz, 10% elongation). Gene expression was analyzed using real time gPCR, protein
expression using Western blot, and Racl activity by GST pull down assay.

| selected the rat C7 podocyte cell line as a good responder to mechanical stress among
various podocytes. Stretch rapidly increased phosphorylation of ERK1/2 in the C7 podocytes,
and cells were oriented perpendicular to the stretch direction. Expression profiles of
podocyte-specific molecules and mechanobiology-related molecules differed greatly
depending on cell line and differentiation state. Gene expression of TRPC6 was 100 times
higher in the C7 cell line than other podocytes. Piezo 1, Piezo 2 (mechanosensor,
mechanotransducer), nephrin, synaptopodin (podocyte-specific molecules), and
mineralocorticoid receptor (MR) were also abundantly expressed. Small G protein Rac 1 was
activated early in response to stretch, followed by induction of MR-related molecules (Sgk1,
PAI-1, MCP-1). Stretch finally reduced expression of nephrin and synaptopodin. These
changes were all suppressed by the Rac inhibitor EHT1864. | demonstrated that stretch
activated the Racl-MR signaling pathway in the in vitro podocyte culture system, which
recapitulated the in vivo changes seen in the glomeruli of various chronic kidney disease
animal models. The present findings also suggest that mechanical stress in podocytes plays
a pivotal role in the pathogenesis of glomerular injury associated with life-style related
diseases.
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