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The role of signalling through intracellular inorganic phosphate (Pi) in sensing of hyperphosphataemia by cultured human vascular smooth muscle cells (hVSMC)
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Hyperphosphataemia in advanced renal failure leads to an increased risk of insoluble calcium phosphate (hydroxyapatite) depositing in soft tissue. This is a particularly serious problem if it occurs in the vasculature because vascular calcification is a well established risk factor for cardiovascular disease. Vascular smooth muscle cells (VSMC) adopt a calcifying osteoblast-like phenotype on exposure to high extracellular inorganic phosphate (Pi) or certain growth factors, for example insulin. This is prevented in cultured VSMC in vitro if expression of slc20 Pi transporters in the plasma membrane is silenced (Li et al Circ. Res. 98, 905, 2006). This implies that Pi transfer into the cell, and the intracellular Pi concentration, have an important role in initiating calcification. The aim of this study was to determine whether raising extracellular Pi to hyperphosphataemic levels (2.5mM) leads to the predicted increase in the intracellular Pi concentration. 

Human aortic vascular smooth muscle cells (hVSMC) were incubated in media containing 1 or 2.5mM Pi. After rapid rinsing to remove extracellular Pi, deproteinised perchloric acid extracts were prepared from the cells and immediately neutralised with alkali to prevent artifactual generation of Pi from organic phosphates. Pi was determined in the extracts by colorimetry after separation from interfering organic phosphates by organic solvent extraction. Ca deposition in the cultures was measured by pre-incubation with 45Ca and determination of radioactivity in the cell layer by liquid scintillation counting. Data presented are pooled from at least 3 independent experiments and are expressed as mean ± SEM.
After 90 min exposure to 2.5mM Pi, intracellular Pi rose to 51 ± 18 nmol/mg protein compared with 18 ± 4 nmol/mg protein in cultures with 1mM Pi (P<0.01). This increase did not arise from extracellular calcium phosphate precipitate binding to the cells because Ca deposition in the cell layer was unaffected (27 ± 6 nmol/mg protein with 2.5mM Pi versus 26 ± 6 with 1mM). In contrast, prolonged (48h) exposure to 2.5mM Pi led to significant deposition of Ca (13.5 ± 4 micromol/mg, P<0.01). The intracellular location of the elevated Pi at 90 min was confirmed by showing that this Pi pool was depleted (25 ± 2 nmol/mg protein versus 36 ± 4 in controls, P<0.05) when the transmembrane Na gradient was removed with 10M ouabain, exploiting the fact that the Pi influx through slc20 transporters depends on this Na gradient. In medium with insulin (100nM) as the sole growth factor, 2.5mM Pi for 48h increased total cell protein  by 24 ± 8 % (P<0.03).

It is concluded that the intracellular Pi concentration in hVSMC is an acute sensor of hyperphosphataemia, and that this increase in intracellular Pi significantly promotes growth. This is an important finding because both hyperphosphataemia and growth factors are known to promote the switch to a calcifying phenotype in vascular smooth muscle cells. As several key intracellular enzymes in growth signalling (for example protein phospho-tyrosine phosphatases) respond to the ambient Pi concentration, mimicry of growth signals by elevated intracellular Pi is a likely initiator of calcification in hyperphosphataemia.


