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Vascular calcification is an active, regulated process in which vascular smooth muscle cells (VSMC) differentiate into osteoblast-like cells and deposit a mineralised matrix. It is well established that patients with chronic kidney disease have poor cardiovascular outcomes due to increased vascular calcification and atherosclerosis. Therefore, it is important to determine how vascular calcification is regulated, as this may lead to the development of novel treatments which could in turn reduce cardiovascular morbidity in patients with renal disease. 

Previous work from our laboratory has shown that nitrogen-containing bisphosphonates attenuate vascular calcification by inhibiting farnesylpyrophosphate synthase, an enzyme in the mevalonate pathway1. As a consequence, these cells become depleted of the isoprenoid lipids farnesylpyrophosphate and geranylgeranylpyrophosphate, which are essential for the prenylation and activation of small GTPases such as Ras and Rho. Therefore, the aim of this study was to test the hypothesis that inhibiting farnesylation regulates vascular calcification. 

The effect of two different farnesyl transferase inhibitors (FTI-277 and manumycin A) on calcification was investigated using well-validated in vitro, ex vivo and in vivo model systems. FTI-277 (10 µM) significantly inhibited β-glycerophosphate induced calcification of VSMC in vitro (p<0.001), whereas manumycin A (10 µM) either increased calcification or had no effect on this process. Pull-down assays, cell fractionation and western blotting demonstrated that FTI-277 decreased Ras GTPase activation and membrane localisation. Preliminary studies indicated that FTI-277, and to a lesser extent manumycin A, disrupted focal adhesion formation and cytoskeleton organisation in VSMC. The effects of farnesyl transferase inhibitors on vascular calcification was also investigated using an ex vivo model in which rat aortic rings were incubated in the presence of increased phosphate +/- manumycin A (10 µM) or FTI-277 (10 µM) for up to 10 days. Mineralisation was assessed by histological staining using alizarin red and quantified using a calcium assay. These studies demonstrated that FTI-277 inhibited, whereas manumycin A increased phosphate-induced mineralisation. Manumycin A-increased mineralisation was localised in the intima of the aortic ring, whereas mineralisation was detected in the vessel media in the phosphate-treated controls. The effect of farnesyl transferase inhibitors on vascular calcification in vivo was investigated using a rodent model. Uraemic rats administered calcitriol and a high-phosphate diet were treated with manumycin A (5 mg/kg) s.c. Extensive aortic calcification (> 5 mg/g) was detected in 4/6 of control rats in comparison to 1/6 rats treated with manumycin A. 

In conclusion, these results demonstrate that farnesyl transferase inhibitors can inhibit vascular calcification. Intriguingly, however, manumycin A and FTI-277 exerted different effects on calcification in vitro. Previous work in cancer cells has shown that these farnesyl transferase inhibitors can activate different signalling pathways. Therefore, our future work will aim to determine the mechanisms by which these drugs exert their effects on VSMC. 
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