Mechanisms of inorganic phosphate-induced vascular calcification in human aortic smooth muscle cells
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Introduction. Vascular calcification is associated with ageing, atherosclerosis and chronic kidney disease. It involves phenotypic modulation of vascular smooth muscle cells toward an osteogenic-like state, leading to calcium phosphate deposition. Elevated inorganic phosphate is a major driver of this process, but the associated molecular and pharmacological responses remain incompletely understood.
Aims. This study aimed to establish an inorganic phosphate/calcium-induced vascular calcification model in primary human aortic smooth muscle cells and characterise associated phenotypic, proteomic and pharmacological changes.
Methods. Primary human aortic smooth muscle cells were cultured under pro-calcifying conditions using inorganic phosphate and calcium chloride for up to 7 days. Cannabidiol was administered to assess its effect on calcification and phenotypic modulation. Calcium deposition was assessed using Alizarin Red S staining and cetylpyridinium chloride extraction, and cell viability was measured using the Alamar Blue assay. Expression of SM22α, smoothelin and RUNX2 was assessed by Western blotting. Label-free quantitative proteomics was used to investigate broader molecular changes.
Results. Inorganic phosphate and calcium chloride induced time-dependent calcification, accompanied by reduced cell viability at later time points. Calcification was associated with reduced contractile marker expression and increased osteogenic signalling, consistent with contractile-to-osteogenic phenotypic modulation. Proteomic analysis revealed extensive remodelling of cytoskeletal, extracellular matrix, metabolic and stress-response pathways. Cannabidiol further enhanced calcification-associated morphological changes and reduced SM22α expression, suggesting an influence on vascular smooth muscle cell phenotype under calcifying conditions.
Discussion. These findings demonstrate that inorganic phosphate and calcium chloride promote vascular calcification and phenotypic switching in primary human aortic smooth muscle cells. This model provides a translationally relevant platform for investigating vascular calcification mechanisms and pharmacological strategies targeting vascular smooth muscle cell phenotype.
