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Inflammatory lymphangiogenesis in a rat model of chronic allograft injury
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Introduction: Interstital fibrosis and tubular atrophy (IFTA) is an important cause of late renal allograft failure and has a multifactorial aetiology. We have previously demonstrated de novo lymphangiogenesis in failing human renal allografts (Transplantation 2007).  Lymphangiogenesis has also been documented in human allografts with acute rejection.  Although therapeutic manipulation of de novo lymphangiogenesis might be clinically relevant there are no experimental models of renal transplantation currently available to study this process. 

Methods: Orthotopic renal transplants were carried out in rats comprising both isografts (Lewis kidneys ( Lewis rats) and allografts (Fisher kidneys ( Lewis rats). Animals were immunosuppressed in the immediate post-operative period with cyclosporine and sacrificed at 12 months. Renal tissue was stained with PAS for tubular atrophy and picrosirius red to detect fibrillar collagen. Tissue sections were immunostained with podoplanin (lymphatic marker), ED-1 (macrophage marker), CD3 (T cells) and B220 (B cells).  RNA was extracted from formalin fixed paraffin embedded tissue and real time PCR was used to determine expression of the lymphangiogenic growth factor vascular endothelial growth factor (VEGF-C). Serum creatinine, urinary protein excretion, creatinine clearance and blood pressure were measured at 12 months. 

Results: Histological analysis of rat kidney allografts demonstrated the characteristic features of IFTA (Figure depicts fibrillar collagen deposition by picrosirius red staining of isograft and allograft). Allografts exhibited a significant infiltrate of ED-1+ and CD3+ cells which was not evident in isografts. Small numbers of B220+ cells were present in perivascular infiltrates in allografts. There was a dramatic 6.5-fold increase in the number of podoplanin+ lymphatic vessels in allografts compared to isografts (8.9(1.8 vs 1.4(0.5 lymphatic vessels/field, allograft vs isograft, p<0.05). In addition, all allografts exhibited interstitial lymphatic vessels that were absent in control tissue. A 1.5-fold increase in VEGF-C expression was found in allografts. Functional data demonstrated significant proteinuria (357(114 vs 23(6 mg/24h, allograft vs isograft, p<0.05), elevated serum creatinine (180(63 vs 64(7 (mol/l, allograft vs isograft, p<0.05)  and impaired creatinine clearance (0.7(0.25 vs 1.8(0.4 ml/min, allograft vs isograft, p<0.05) of allografts with associated hypertension (systolic BP 155(15 vs 120(7 mmHg, allograft vs isograft, p<0.05).
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Conclusions: This study demonstrates a dramatic increase in the number of interstitial lymphatic vessels in a rat model of IFTA and this mirrors our previous work in failing human renal allografts. This model provides the opportunity of determining the outcome of experimentally manipulating lymphangiogenesis.
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