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Inducible overexpression of angiopoietin-1 in the glomeruli of diabetic adult transgenic mice ameliorates albuminuria
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BACKGROUND AND AIM: Diabetic nephropathy is the cause of 13% of the 40,000 UK individuals requiring treatment with kidney transplantation or life-long dialysis. Strikingly, diabetic nephropathy also accounts for 22% of individuals entering renal replacement programmes in the UK, suggesting an ‘epidemic’ of severe kidney disease caused by diabetes. New treatments are urgently needed for preventing or slowing down the progression of diabetic kidney disease. Angiopoietins (Ang) are a family of vascular growth factors which bind to the Tie-2 receptor tyrosine kinase, expressed by endothelium and podocytes, with Ang-1 activating Tie-2 leading to endothelial cell survival and vessel integrity, while Ang-2 acts as an antagonist. In healthy adult glomeruli, Ang-1 is expressed by podocytes and may stabilise adjacent capillary loops, whereas Ang-2 is absent. However, in diabetic nephropathy this delicate balance is disrupted with upregulation of Ang-2. Furthermore, transgenic glomerular Ang-2 overexpression causes albuminuria in otherwise healthy, non-diabetic, mice. We hypothesised that increased levels of Ang-2 are an important player in the early stages of diabetic glomerulopathy. If this is the case, primary overexpression of Ang-1 in diabetic glomeruli could, by restoring the angiopoietin balance (Ang-1>Ang-2), prevent/ ameliorate glomerular disease.
DESIGN: We increased local glomerular levels of Ang-1 utilising transgenic mice which overexpress Ang-1 specifically in podocytes using a reverse tetracycline-controlled transcriptional activator system activated by doxycycline (DOX). Five weeks old Pod/Ang1 and Pod/+ (controls) animals were rendered diabetic with daily intraperitoneal streptozotocin injections for 5 days. Two weeks later mice with glycaemia >22 mmol/l, were randomised to receive either DOX in 5% sucrose, which would induce Ang-1 in the Pod/Ang1 group, or sucrose alone (vehicle: VEH) in drinking water for 10 weeks (Pod/Ang-1 DOX, Pod/Ang-1 VEH; Pod/+ DOX, Pod/+ VEH).

24 hour urine collections in individual metabolic cages were performed at baseline (i.e. prior STZ injection), week 0 (i.e. prior to DOX or VEH treatment), and week 10 (i.e. 10 weeks of treatment and prior to sacrifice). Urine albumin  was measured  by ELISA and expressed as 24 hours albumin excretion.
RESULTS: At week 0, albuminuria was significantly increased by 2 fold in male mice compared to baseline (p=0.01). VEH-treated diabetic Pod/Ang1 and Pod/+, as well as DOX-treated diabetic Pod/+ mice showed a further 1.5 fold increase in albuminuria at week 10 compared to week 0. On the contrary at week 10, DOX-treated diabetic Pod/Ang1 mice had a significant 40% decrease in albuminuria (p=0.01). Preliminary data on albuminuria in female animals showed a similar trend as in male mice. Kidney/ body weight ratio was similar in all groups.

CONCLUSION: This data provides the first intriguing evidence that restoring the angiopoietin balance in diabetic nephropathy (by Ang-1 overexpression) ameliorates albuminuria; therefore, targeting this pathway may provide a novel therapy in the future.
