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Glomerular macrophage expression of calprotectin and circulating calprotectin levels are increased in patients with ANCA associated vasculitis and promote lomerulonephritis
Pepper, J¹, Mansfield, N¹, Hamour, S¹, Chavele, K-M¹, Hogg, N², Pusey, C¹, Cook, T¹, Salama, A¹

²Leukocyte Adhesion Laboratory, Cancer Research UK, London Research Institute
Background: 
Macrophages have been shown to be critical for disease development and progression in both experimental and human glomerulonephritis. They are abundant in glomerular lesions as well as in granulomata from patients with ANCA vasculitis. Different macrophage phenotypes are now recognised following in vitro polarisation, but no clear in vivo marker has allowed identification of macrophages associated with disease. Calprotectin (MRP8/14) is abundantly expressed in neutrophils, monocytes and inflammatory macrophages. It has a role in myeloid cell adhesion to endothelium and the induction of pro-inflammatory cytokines. There is increasing evidence for a role of calprotectin in inflammatory diseases. We investigated the role of calprotectin in patients with ANCA associated vasculitis (AAV) and its role in glomerulonephritis in patients and in the murine model of nephrotoxic nephritis.
Methods: 
AAV patients with active and convalescent disease were studied as well as patients with CKD, lupus nephritis (LN) and healthy controls (HC). The serum level of calprotectin was determined using a sandwich ELISA. Immunohistochemistry (IHC) was performed on renal biopsies of AAV. Blood monocytes (from HC) were matured to macrophages and stimulated with the following cytokines: IFN( and LPS, IFN( and TNF, IL4, IL10, or IL17. 
Sections of mouse kidney from wild-type and from IL-17-deficient mice, which are protected from glomerulonephritis, were stained for calprotectin. 

Results

Serum calprotectin levels were measured in patients with acute disease (n= 15), remission (n= 15), healthy controls (n=10), non-immue mediated CKD (n=4) and class III-V LN (n=3). Levels were significantly increased in acute and convalescent AAV samples and LN compared to HC (p<0.0001, P<0.05, p<0.01 respectively). IHC demonstrated prominent glomerular macrophage calprotectin staining in patients with AAV. There was no correlation between circulating calprotectin levels and ANCA titre, monocyte or neutrophil counts or serum creatinine. Monocyte derived macrophages expressed the most calprotectin when stimulated with IFN(/LPS or IFN(/TNF. Stimulation with IL4, IL10 and IL17 did not upregulate calprotectin. Finally, we found similar numbers of glomerular macrophages in WT animals compared to the protected IL17-deficient animals (WT vs IL-17-/- 2.1±0.3 vs 2.5±0.3), however, there were significantly fewer glomerular calprotectin positive cells in IL-17-/- animals (WT 2.26±0.6, IL17-/- 0.13±0.06) demonstrating that disease associated macrophages express calprotectin. Similar results were obtained from mannose-receptor deficient animals that are also protected from nephrotoxic nephritis.
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Conclusion: 
Patients with AAV demonstrate elevated circulating levels of calprotectin during both active disease and remission, suggesting a persistently activated phenotype, while tissue infiltrating macrophages express calprotectin within inflamed glomeruli. IFN(/LPS stimulation resulted in maximal macrophage calprotectin expression supporting its pro-inflammatory role. Lastly, the animal studies suggest that despite similar macrophage infiltration, calprotectin cell phenotype differentiates disease promoting macrophages from others.
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