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PODOCYTE NOTCH SIGNALING CAUSES IMPAIRED MURINE GLOMERULAR FILTRATION BARRIER FUNCTION AND DECREASED SLIT DIAPHRAGM  PROTEIN EXPRESSION
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Molecular mechanisms governing early podocyte differentiation include short range signaling by the Notch pathway. During podocyte differentiation, Notch pathway components are progressively downregulated such that mature podocytes no longer express Notch. Constitutive Notch activation in developing podocytes (CRE;NIC) causes loss of glomerular filtration barrier (GFB) permselectivity, podocyte differentiation defects and glomerulosclerosis within the first weeks of life 1. Development of a permselective GFB would therefore, appear to be dependent on low or absent levels of Notch signaling during terminal podocyte differentiation. To investigate the effect of Notch signaling on GFB development, we analyzed slit diaphragm (SD) formation in addition to mRNA and protein expression of SD molecules in CRE;NIC-transgenic mice at a time point which precedes onset of proteinuria and loss of GFB permselectivity. Our first goal was to determine whether podocytes of newborn CRE;NIC mice exhibited features of terminal podocyte differentiation such as tertiary foot process (FP) assembly and SD formation. A morphometric analysis of SD number, using high resolution transmission electron microscopy  in P0 CRE;NIC and control mice demonstrated fewer SD and FPs per glomerular basement membrane (GBM) length in 413 imaged glomerular fields of CRE;NIC mice compared to controls [median #SD/µm GBM, (range) – CRE;NIC: 1.1, (0-4.8); control: 1.5, (0-4.8); P=0.0004; Median # FP/µm GBM, (range) - CRE;NIC: 1.9, (0-6.1); control: 2.3, (0-5.8); P=0.0002]. To determine the molecular mechanisms of decreased SD formation in CRE;NIC mice, mRNA and protein expression of key SD components (Nphs1, Nphs2, Neph1, Neph2, Neph3, Zo1, and Fat1), were analyzed in CRE;NIC glomerulopathy at postnatal day (P) P0, P7, P10 when mice are non-proteinuric and P14, at onset of proteinuria. While no significant difference in mRNA expression was noted at P7, a significant increase in glomerular Neph1 mRNA and non-significant increase in Neph3 glomerular mRNA expression was noted at onset of proteinuria in two week old CRE;NIC  mice. WB analysis showed decreased nephrin and podocin protein in CRE;NIC mice at birth (P0) compared with controls [control vs. CRE;NIC  mean relative nephrin/actin expression (P0: 132(18 vs 49(7 (%), p=0.03; mean relative podocin/actin expression (P0:157(49 vs 50(12 (%), p=0.11].  To determine spatial effects of NIC on nephrin protein expression in differentiating podocytes, P0 kidney tissue sections were triple-labeled with anti-nephrin, -WT1, and -MYC antibodies to detect nephrin, WT1, and NIC immunoreactivities, respectively. When comparing nephrin staining for CRE;NIC mice in NIC-expressing podocytes (i.e. [WT+/MYC+]-double positive cells) to non-Notch-expressing podocytes (i.e MYC-/WT+ cells), nephrin staining was preferentially lost in NIC-expressing podocytes (%absent nephrin –  WT+/MYC+:  20(2%; WT+/MYC-: 10(4%; P=.03), suggesting a post-transcriptional effect of NIC on nephrin in differentiating podocytes. Similarly, decreased podocin, synpatopodin and ZO-1 was lost preferentially in MYC-NIC-transgenic podocytes compared to controls.

     These data indicate that constitutive Notch activation in developing podocytes results in a reduction in SD protein expression in podocytes of newborn CRE;NIC glomeruli which predates the onset of proteinuria in transgenic mice. Therefore, early intervention with Notch pathway inhibitors may be an effective strategy to reduce proteinuria in glomerular diseases associated with podocyte injury.
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