SOX9 is a critical regulator of extracellular matrix deposition during kidney fibrosis
Background: Renal fibrosis is a major, increasing cause of morbidity and mortality and a common feature of all chronic kidney disease (CKD). It is characterised by extracellular matrix (ECM) secretion from effector cells (renal myofibroblasts) resulting in tissue dysfunction and scarring. Discovering how to block scar production represents a very attractive therapeutic avenue for much needed antifibrotic drug development. We have uncovered a pro-fibrotic role for the transcription factor, SOX9, responsible for collagen deposition rom kidney myofibroblasts. In human and rodent samples with fibrosis, SOX9 was increased and localised to areas of scar, whereas loss of Sox9 during kidney fibrosis significantly improved scarring. Mechanistically, SOX9 was induced via the mechanosensing factor YAP1.
Methods: Primary pericytes were extracted from wild type mice. Cells were analysed by immunohistochemistry, western blotting and qPCR. Kidney fibrosis was induced in vivo by 2 week unilateral ureteric obstruction (UUO). Sox9-loss was achieved through tamoxifen injections of Sox9fl/fl; RosaCreERT2 mice.  Fibrosis was assessed histologically in mice and human kidney fibrosis tissue. 
Results: In fibrotic kidneys induced by UUO, SOX9 was increased and detected in α-SMA positive cells, demarcating activated myofibroblasts, along with collagen type 1 (COL1) rich fibrotic tracts disrupting normal tissue architecture. In vitro, primary pericytes isolated from mouse kidneys, expressed α-SMA and COL1, SOX9 and YAP1. During activation, SOX9 localised to the nucleus surrounded by an α-SMA positive cytoplasm. SOX9 knockdown in activated pericytes using RNA interference caused a commensurate reduction in COL1 protein expression (~60%), whereas the pro-fibrotic cytokine transforming growth factor-beta (TGF-β) induced expression of SOX9 by 2.5 fold in pericytes and  2.3 fold in the rat fibroblast cell line NRK-49F. Pericytes cultured on 1, 4 and 12 KPa stiffness gels became more α-sma positive on stiffer gels, especially the 12KPa gel. This α-sma positivity was accompanied by nuclear translocation of sox9 and mechanosensitive yap. 
Conclusion: 
Abrogation of SOX9 reduces myofibroblast and fibrosis markers in vitro and in vivo. SOX9 is regulated by mechanosensitive YAP1 which could be a target for future therapy in treating kidney fibrosis.
