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Macrophage-podocyte interactions and the role of the endothelin system
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Introduction: Podocyte injury is common to many forms of chronic kidney disease (CKD) and is associated with proteinuria and disease progression. Macrophage (MΦ) infiltration also contributes to glomerular injury but may also aid in its resolution. Endothelin-1 (ET-1) is a potent vasoconstrictor upregulated in CKD. ET-1 also has pro-inflammatory and pro-fibrotic effects and previous data have suggested ET-1 activation of MΦ. We hypothesised that ET-1 would promote a pro-inflammatory MΦ phenotype, resulting in podocyte injury. We aimed to determine MΦ expression of ET receptors, to assess MΦ activation in response to ET-1, and to determine their effect on podocyte apoptosis.

Methods: Human blood monocyte derived MΦ were cultured for 7 days in DMEM with 10% autologous serum. Expression of ETA and ETB receptors was assessed using double labelling immunofluorescence. MΦ were stimulated with either ET-1 (dose range 100-5x105pg/ml), or lipopolysaccharide (LPS, 100ng/ml) and interferon-γ (IFN-γ, 5ng/ml) for 24 hours. TNF-α, IL-6 and IL-8 production was determined by ELISA. MΦ ability to produce or scavenge exogenous ET-1 was assessed by measuring ET-1 concentrations in the supernatant using a radioimmunoassay. Co-culture was performed between MΦ and a conditionally immortalised human podocyte line. Prior to co-culture MΦ were stimulated with either LPS/IFN-γ (classical activation), or ET-1 (5000pg/ml) for 24 hours. Fluorescently labelled podocytes were exposed to either conditioned medium from stimulated MΦ or directly co-cultured with these MΦ. After 24 hours cells were fixed, stained with Hoechst 33342, and podocyte apoptosis assessed by cell and nuclear condensation, and Hoechst positivity.

Results: MΦ showed substantial expression of both ETA and ETB receptors. As expected, stimulation with LPS/IFN-γ resulted in a significant increase in MΦ TNF-α, IL-6 and IL-8 production. ET-1 stimulation of MΦ across the dose range, however, did not result in any increase of these cytokines. Furthermore, there was no augmented cytokine response when MΦ were co-stimulated with ET-1 and LPS/IFN-γ, or when primed with ET-1 for 24 hours prior to LPS/IFN-γ stimulation. However, MΦ exposed to all doses of ET-1 were able to scavenge 60-90% of the peptide from the medium. Percentage of apoptotic podocytes (control 9%) was increased by exposure to both classically activated MΦ (21%) and non-activated MΦ (19%), and to media from these MΦ (22% and 24%). By marked contrast, neither medium from ET-1 stimulated MΦ, nor co-culture with these cells resulted in increased podocyte cell death (both 6% apoptosis).

Conclusions: ET-1 does not confer a pro-inflammatory phenotype to MΦ, and it has no synergy with classical activation. However, MΦ actively scavenge ET-1 and over 24 hours are able to remove up to 90% of exogenous ET-1. Both non-activated and classically activated MΦ and their conditioned media increase podocyte cell death, whereas ET-1 stimulated MΦ are protective. These data suggest that MΦ may have important regulatory roles in the interplay between ET-1 and podocytes.


