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Effect of Serine Proteases, Elastase and PR3 on Glomerular EC-Neutrophil Interactions
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Introduction: Neutrophil recruitment into glomerular tissues and the associated decrease in capillary vessel wall integrity have roles in the development of vasculitic glomerulonephritis. The secretion of serine proteases from intracellular granules during neutrophil activation may induce phenotypic changes, or even damage, to glomerular endothelial cells (EC). 

Aims: To investigate the role of proteases (Proteinase 3 (PR3) or Elastase) in endothelial cell activation leading to neutrophil adhesion, or to alterations in EC viability or monolayer integrity, and whether PR3 or Elastase-induced alterations in adhesion are solely due to their protease activity.

Methods: The effect of PR3 and Elastase on the viability of confluent of Human umbilical vein HUVEC or glomerular EC was determined by assaying mitochondrial succinate dehydrogenase activity and cell detachment using the MTT and the crystal violet assays. DAPI staining of endothelial nuclei was used to assess protease-induced apoptosis. Von Willebrand factor (vWF) release by protease–activated EC was measured using a sandwich ELISA. The adhesion of unprimed neutrophils to EC stimulated with either: PR3 and Elastase was assessed in the presence or absence of a serine protease inhibitor human (1-antitrypsin (Prolastin, a gift from Talecris). 

Results: PR3 or Elastase at 1µg/ml did not cause decreased mitochondrial activity (n=4), affect endothelial monolayer integrity (n=6) or cell attachment or induce detectable DNA fragmentation in either GEC or HUVEC (n=3). However, high concentrations (10µg/ml) and prolonged exposure (24hours) of EC to either protease did cause detectable damage to EC monolayer integrity. Prolastin abolished this protease-induced effect. At protease concentrations which did not decrease EC monolayer integrity, Elastase induced a dose dependant (0-2µg/ml) increase in HUVEC vWF release (ANOVA p=0.008, control vs. 1µg/ml Elastase, n=4 p<0.01), PR3 had a similar effect on EC vWF release; however, this trend did not reach significance. Pretreatment of GEC with both proteases caused a time dependent (0-4hr) increase in neutrophil adhesion to EC which peaked after 2hour exposure to 1µg/ml of either protease (Elastase ANOVA p=0.0242, n=4 post test p<0.05; PR3 ANOVA p=0.0345, n=4 post test p<0.05). The effect of serine proteases on adhesion was not restricted to GEC, similar results were observed using HUVEC. There were significant increases in adhesion observed following a 2hr incubation with 1µg/ml of either protease, HUVEC (ANOVA p<0.0001, PR3 n=11 P<0.001 Elastase n=5 p<0.05) and GEC (ANOVA p<0.0039, PR3 n=6 p<0.05, Elastase n=6 p<0.01). The presence of Prolastin altered neutrophil adhesion and vWF release in protease treated EC, this reached significance for HUVEC (PR3 vs PR3-prolastin for adhesion n=11 p<0.01) and vWF (Elastase vs. Elastase-Prolastin n=4 p<0.05). Stats: One Way ANOVA with Bonferroni post tests. 

Conclusions: Exposure of EC from different vascular beds to low levels of neutrophil-derived proteases activated EC without causing damage to the monolayer and in a manner that supported the adhesion of purified neutrophils. However, as the anti-protease Prolastin only partially inhibited adhesion, suggests that the balance between serine proteases and their inhibitors is important in this process, and that the activity of PR3 or Elastase on adhesion was partially due a protease-independent mechanism. Dysregulated neutrophil activation and protease release within the glomerulus may contribute to injury.


