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Myofibroblast Apoptosis during Interstitial Renal Remodelling is Macrophage Independent
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Introduction: Renal repair is characterised by the loss of matrix generating interstitial myofibroblasts. Previous work using conditional macrophage depletion in CD11b-DTR mice explored the role of macrophages (M() in the loss of hepatic myofibroblasts seen during liver repair (JCI 2005) and suggested that M( may actively target myofibroblasts for deletion. In this study, we used the murine model of reversible unilateral ureteric obstruction (R-UUO) to determine the role of M( during renal interstitial remodelling. 
Methods: Male FVB/N mice (6-8 wks) underwent unilateral ureteric obstruction (UUO). At day 7, kidneys were either removed (d7 UUO) or ureteric obstruction was surgically reversed (R-UUO). De-obstructed kidneys were removed at days 3, 5, or 7 (d3, 5 or 7 R-UUO) and immunostained for F4/80 (M(), smooth muscle actin (SMA, myofibroblasts) and collagen III. Immunostaining was quantified by computer image analysis. RT-PCR was performed for TGF(. Interstitial apoptosis was quantified by TUNEL staining with SMA/TUNEL double labelling also undertaken. Tissue from d7 UUO and d7 R-UUO kidneys was enzymatically dissociated and M( isolated by flow cytometry (95-98% purity). RT-PCR was then performed for various M( phenotypic markers and genes involved in matrix turnover. M( depletion following reversal was induced by administration of diphtheria toxin (DT - 7.5ng/g at days 1, 3 and 5 post-reversal) to CD11b-DTR mice (PBS control) with sacrifice at d7. 

Results: Reversal of UUO leads to a rapid and profound loss of interstitial myofibroblasts over 7 days (16.1(1.7% vs 5.1(1.4% SMA+ staining; d7 UUO vs d7 R-UUO; p<0.05) with no change in interstitial M( infiltration evident. This was associated with a 2.6-fold reduction in tissue TGF( mRNA expression. TUNEL staining demonstrated increased interstitial apoptosis following reversal peaking at d5 R-UUO (p<0.05). Furthermore, TUNEL and SMA colocalisation demonstrated unequivocal myofibroblast apoptosis during renal repair. M( isolated from d7 R-UUO tissue exhibited reduced mRNA expression of TGF(, mannose receptor and MCP-1 (p<0.05) compared to M( from d7 UUO tissue but no differences were evident in the expression of arginase, iNOS, TNF(, IL-1(, MMP-12/13 or TIMP-1. Diphtheria toxin administration resulted in a 3-fold reduction in M( infiltration in d7 R-UUO tissue (7.87(0.94% vs 2.47(1.19% F4/80+ staining; PBS vs DT; p<0.05). However, in stark contrast to previous work in the liver, M( depletion was associated with an augmented loss of myofibroblasts in d7 R-UUO tissue (5.2(0.5% vs 2.2(0.6% SMA+ staining; PBS vs DT; p<0.01) with no effect on collagen III deposition. 
Conclusions: UUO reversal results in a rapid and profound loss of myofibroblasts over 7 days with myofibroblast apoptosis playing a key role in this process. Overall M( numbers remain unchanged during the period of interstitial myofibroblast loss and, although M( isolated from obstructed or reversed kidneys exhibited some differences in gene expression, there was no dramatic change in typical M( phenotypic markers. Lastly, in contrast to resolving liver injury, effective M( depletion is associated with increased myofibroblast loss rather than persistence of myofibroblasts. This suggests that M( do not actively target interstitial myofibroblasts for deletion but remain supportive of myofibroblast survival. The nature of the dominant pro-apoptotic stimuli to interstitial myofibroblasts following UUO reversal remains elusive but may involve reduced signalling by TGF( or mechano-transduction stimuli. 
