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Differential dose dependent BMP-7 signalling in Proximal Tubule Epithelial Cells and implication in fibrosis
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Bone Morphogenic Protein-7 (BMP-7) appears to maintain proximal tubule epithelial cells (PTECs) morphology in human adult kidney at levels which activates Smad 1. Reduced levels of BMP-7 and its receptors exist in diabetic animal model of fibrosis and the effects of low dose BMP-7  which does not activate Smad 1 may correlate with the progression of this and other fibrotic diseases. Hence high dose BMP-7 which activates Smad 1 may reverse TGF-β induced fibrotic outcomes. We have previously described novel BMP-7-induced signalling in (PTECs), at concentrations below those known to activate the Smad pathway. We have also investigated upstream, downstream signalling and cell survival and proliferation in response to low dose BMP-7. In addition this work investigates BMP-7 regulation of Smads and p38-MAP kinase signalling and modulation of TGF-β-induced fibrotic outcomes in adult human (PTECs). We hypothesized that activation of Smad and p38 may be mutually exclusive.

Experiments were performed on transformed PTECs (HKC-8). Cells were treated with BMP-7 (2.5 and 200 ng/ml) at 5, 15 and 60 minutes. Activation of p38, MKK3/6, MAPKAPK-2 and Smad signalling was studied by measurement of phosphorylated form of the protein with Western blot and Luminex Phospho Protein assay. Immunocytochemistry was used to look at the intracellular localisation of phoshpo-p38, MAPKAPK-2 and Smad 1 after treatment with 2.5 and 200 ng/ml of BMP-7. The effect of BMP-7 and p38 on cell apoptosis and proliferation of PTECs was measured with Caspase-Glo 3/7 and BrdU assay respectively. The effect of BMP-7 on TGF-β induced signalling and fibronectin (Fn) production was measured by ELISA.

BMP-7 activated Smad 1/5/8 at high concentration (200 ng/ml), but activated p38 at lower concentration (2.5 ng/ml). Nuclear localization of both Smad 1 and phospho-p38 is dependent on the concentration of BMP-7, 2.5 ng/ml resulting in nuclear phospho-p38 and 200 ng/ml in nuclear Smad 1. We have also shown MKK3/6 to be the upstream of p38 and MAPKAPK-2 to be downstream following treatment with low dose BMP-7. BMP-7 (2.5ng/ml) did not significantly affect cell proliferation nor did it induce or modify staurosporin-induced apoptosis. High dose BMP-7 significantly reduced TGF-β induced p38 production and significantly reduced TGF-β induced Fn secretion at 48 hours.    

Here we have shown a novel pathway of low dose BMP-7 which results in p38 MAP kinase activation with upstream being MKK3/6 and downstream being MAPKAPK-2 which may be involved in modulation of inflammatory responses such as activation of inflammatory cytokines IL-1, IL-6, IL-8 and TNFα. We have also demonstrated high dose BMP-7 can modulate TGF-β induced p38 fibrotic outcomes. Our results suggests high dose of BMP-7 that activates Smad 1 to be PHYSIOLOGICAL and low dose that activates p38 to be PATHALOGICAL. The full interaction of the above signalling pathways remains to be classified.  


