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Local control, production and action of IGF-I in the human glomerulus focused on the podocyte
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Background:    Podocytes are unique terminally differentiated cells located in the filtration barrier of the kidney that have limited capacity to regenerate. They are important in preventing the passage of protein into the urine and when lost are associated with the development of proteinuria and eventually renal failure. We have previously shown the podocyte to be insulin sensitive 


[1] ADDIN EN.CITE , and that this is critical for normal kidney function [2]. We have gone on to examine the role of the structurally related peptide insulin-like growth factor I (IGF-I) in the glomerulus, particularly in the podocyte.
Methods:    Conditionally immortalised human glomerular cell types (podocytes, glomerular endothelial [GEnC] and mesangial cells) were studied; adult human glomerular sections and also mice stimulated with IGF-I.
Results:    Podocytes are the major glomerular source of IGF-I (radio-immune-assay of cell supernatant and immunofluorescence of adult tissue) and in vitro this hormone signals to the podocyte through the PI3-kinase and MAPK pathways at physiological doses (100ng/ml). We have gone on to dissect the contribution of the 2 major receptors involved in both IGF-I and insulin signalling (the insulin receptor (IR) and IGF-I receptor (IGF-IR) by generating stable short hairpin siRNA (ShsiRNA) cell lines with these receptors knocked down (75% for the IR and 81% for the IGF-IR). This shows that IGF-I activates MAPK through the IR and PI3K predominantly through the IGF-IR. Using our mouse model we did not initially detect any downstream activation of these signalling pathways in response to administration of native unmodified IGF-I, however when using an IGF-I analogue which does not bind to the modulating IGF-1 binding proteins (IGFBPs) robust activation was detected for MAPK. We therefore went back and assessed if any of the glomerular cells produced any of the 6 major IGFBPs (1-6). We found that different glomerular cell types produced different IGFBPs. Podocytes produced IGFBP 1 to 5, mesangial cells abundantly produced IGFBP 4, produced less IGFBP-1 and -2 and no IGFBP-3. GEnC produced IGFBP-2, -3 and -4. We also found that in the podocyte IGF-I causes rapid release of IGFBP-2 and -3 but not -4 (within minutes) demonstrating another local control mechanism for this system.
Functionally we have previously shown that insulin is important for rapid actin remodelling in podocytes. This was not the case for IGF-I. Using total IGF-IR knockdown ShsiRNA podocytes, a chemical inhibitor of the IGF-IR (AG1024), and also stress models we have found that IGF-I is critically important for podocyte survival in the developing and mature cell.

Conclusion This work demonstrates there is a complex local glomerular IGF-I system that is critical for maintaining podocyte survival. This pro-survival mechanism may be crucial in responding to a variety of glomerular diseases.
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