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Double jeopardy for the kidney: the renal transcriptomic response to the combinatorial insult of diabetes and hypertension
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Introduction: Optimal blood pressure control is at least as important as tight glycaemia control in retarding progression of diabetic nephropathy (DN). We sought to utilise a rodent model of inducible hypertension to investigate how hypertension and hyperglycaemic interact at a molecular level to promote DN.
Methods: We utilised Cyp1a1mRen2 transgenic rats which harbour the mouse renin coding sequence integrated into their genome under the control of the Cyp1a1 promoter thereby permitting induction of titratable hypertension by addition of indole-3-carbinol to their diet. Fisher male Cyp1a1 rats were either rendered diabetic by streptozotocin injection or given citrate buffer as control and 2 weeks later hypertension was induced in half of each group by dietary I-3-C, to generate 4 groups of rats: control (Cont, n=6), diabetes alone (DM, n=7), hypertension alone (HTN, n=7) and diabetes and hypertension (DM+HTN, n=8). Clinical parameters such as blood glucose, BP, and albuminuria were recorded periodically and after 28wks rats were culled and tissue was harvested for analysis by immunohistochemistry and microarray.
Results: Mean blood sugar was higher in the DM (25.3mM) and DM+HTN (23.6mM) groups than either the Cont or HTN animals (both 6.1mM) with no significant difference between the diabetic groups. Mean systolic BP was higher in the hypertensive animals (HTN:199 and DM+HTN:196mmHg) than in normotensive animals (Cont:156 and DM:158mmHg) with no  significant difference between the hypertensive groups. The combination of DM+HTN acted synergistically to promote much greater albuminuria than either DM or HTN in isolation (median albumin:creatinine ratio at 28wks, Cont: 7, DM:103, HTN 719, DM+HTN 3557mg/mmol).  There was a trend towards a reduction in terminal inulin clearance in both the HTN and DM+HTN rats (1.9 and 2.6ml/min, respectively) compared with the Cont and DM rats (3.2 and 3.4ml/min). There was no evidence of glomerulosclerosis or tubulointerstitial fibrosis (TIF) in the DM animals. While there was a trend towards an increase in the glomerulosclerosis index and TIF in the HTN animals, this only reached significance following the combination of DM+HTN. Remarkably microarray analysis identified only 22 genes significantly (corrected p<0.01) dys-regulated by DM alone, while HTN altered expression of 129 genes and DM+HTN altered 997 genes. From a panel of 38 genes known to be up-regulated in the tubulointerstitium of patients with DN, 0, 8 (21%) and 16 (42%) were also up-regulated in the DM, HTN and DM+HTN groups, respectively. Prominent amongst the genes up-regulated in the DM+HTN group included kidney injury molecule-1 (KIM-1), more widely known as a marker of acute tubular injury, and the down regulated genes included tissue kallikrein, and 17(-hydroxysteroid dehydrogenase 1, which converts inactive oestrone to oestradiol.
Conclusion: Induction of diabetes alone results in little in the way of tissue damage or gene expression changes in rats, whereas hypertension acts synergistically with hyperglycaemia to promote marked glomerulosclerosis and TIF and to recapitulate many of the gene expression changes observed in human DN. Hence this may be a useful model both for investigating the pathophysiology of DN and for testing novel therapeutic agents.
