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Extracellular calcium-sensing receptor mediated signalling and its role in the regulation of proliferation and apoptosis in human vascular smooth muscle cells
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Accelerated medial arterial calcification represents a major cause of the high cardiovascular mortality in patients with chronic kidney disease (CKD). Recent data suggest that intracellular signalling pathways and cellular functions regulated by the calcium-sensing receptor (CaSR) in vascular smooth muscle cells (SMC) are closely involved in the initiation and progression of vascular calcification. Our group earlier demonstrated the expression of a functional CaSR in human aortic SMC and human arteries. This project was aimed to examine CaSR downstream intracellular signalling pathways and to investigate the potential role of CaSR in regulating SMC proliferation and apoptosis.

Incubation of human aortic SMC with the CaSR agonists (300µM neomycin or gentamycin) resulted in a consistent and significant (>7-fold; p<0.05) up-regulation of ERK1,2 phosphorylation. Such up-regulation was markedly reduced (p<0.01) in the presence of 10µM PD-98059 (MEK1 inhibitor), indicating that the CaSR agonist-induced effects were mediated via the classic MEK1/ERK1,2 pathway. In addition, ERK1,2 phosphorylation was almost completely abolished after pre-incubation with 5µM U73122 (specific PIP2-PLC inhibitor), indicating that PLC signaling was crucial for MEK1/ERK1,2 activation. Interestingly, treatment of human aortic SMC with specific PI3K and PKC inhibitors failed to significantly alter the ERK response to neomycin or gentamycin, suggesting that PI3K and PKC were not directly involved in CaSR agonist-induced ERK1,2 activation. To confirm that ERK1,2 stimulation was mediated via the CaSR, the cells were transfected with CaSR siRNA to knock down the receptor. As a result, in CaSR knockdown cells its expression was reduced by 80% (p<0.05) compared to cells transfected with control siRNA. Importantly, CaSR knockdown cells showed a significantly lower (p<0.01) ERK1,2 response to neomycin and gentamycin than control siRNA-transfected cells.

Treatment with neomycin markedly increased human aortic SMC proliferation (>3-fold, p<0.001), which was significantly reduced in CaSR knockdown cells (p<0.01) and further inhibited by PD-98059 and U73122 (p<0.05) confirming the importance of CaSR mediated MEK1/ERK1,2  and PLC signalling in SMC proliferation.

Apoptosis was not affected by treatment with neomycin or transfection with CaSR siRNA. However, incubation with U73122 resulted in a dramatic increase in human aortic SMC apoptosis (3.5-fold vs. control, p<0.05), which was further increased by CaSR knockdown (almost 5-fold vs. control siRNA, p<0.05). 

In conclusion, we have demonstrated that in human aortic SMC agonist-induced stimulation of the CaSR leads to activation of the MEK1/ERK1,2 and PLC pathways and up-regulation of cell proliferation. In addition, CaSR-mediated PLC activation is crucial for SMC survival and protection against apoptosis.


