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            Key Points

                	
                  Ca2+ is a multipurpose messenger that exerts its effects not only inside the cell (in the cytoplasm and subcellular compartments), but also outside the cell. It functions through the extracellular calcium-sensing receptor (CaR) and other Ca2+ 'sensors'.

                
	
                  The CaR was cloned in 1993 from the parathyroid gland, and it is the best characterized of the extracellular Ca2+ sensors. This unusual receptor is widely expressed in many different cell types.

                
	
                  Mutations in the CaR are linked to inherited disorders of systemic Ca2+ homeostasis in humans. In fish, the CaR might function as an olfactory detector for Ca2+ in the aquatic environment.

                
	
                  The CaR is a promiscuous receptor, which is activated not only by Ca2+, but also by other divalent and trivalent cations, amino acids, polyamines and other polycationic ligands. It is coupled to many different intracellular signalling cascades through heterotrimeric G proteins.

                
	
                  Recent evidence indicates that the extracellular Ca2+ concentration can undergo substantial fluctuations in the local microenvironment outside a cell during intracellular Ca2+-signalling events and neuronal activity. Ca2+ might potentially function as a paracrine or autocrine messenger under these circumstances, which works to activate or inactivate the CaR.

                
	
                  Information about other sensors of extracellular Ca2+, which are distinct from the CaR, is now beginning to emerge. These include gap-junction hemichannels, the acid-sensing ion channels ASIC1a and ASIC1b, a 36pS cation channel found in hippocampal neurons, and a cell-surface-expressed form of the ryanodine receptor.

                


              

Abstract
Ca2+ is well established as an intracellular second messenger. However, the molecular identification of a detector for extracellular Ca2+ â€” the extracellular calcium-sensing receptor â€” has opened up the possibility that Ca2+ might also function as a messenger outside cells. Information about the local extracellular Ca2+ concentration is conveyed to the interior of many cell types through this unique G-protein-coupled receptor. Here, we describe new emerging concepts concerning the signalling function of extracellular Ca2+, with particular emphasis on the extracellular calcium-sensing receptor.
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                    Figure 1: The structure of the CaR.[image: ]


Figure 2: Signal transduction mediated by the CaR.[image: ]


Figure 3: Ca2+ oscillations.[image: ]


Figure 4: Ca2+ as a potential paracrine messenger.[image: ]
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Glossary
	POLYCATION
	
                  A molecule that carries numerous positive charges.

                
	METABOTROPIC
	
                  Requiring metabolic action. Metabotropic receptors are generally coupled to signalling cascades through heterotrimeric G proteins and are distinct from ionotropic receptors, which are ligand-gated ion channels that are activated without intervening metabolic steps.

                
	FAMILY C GCPRs
	
                  One of the five principal families of the G-protein-coupled receptor (GPCR) superfamily, the members of which are classified according to their amino-acid sequence similarity.

                
	CAVEOLAE
	
                  Specialized, flask-shaped microdomains in the plasma membrane of cells that are enriched in signal-transducing molecules and other plasma-membrane proteins. Caveolae are characterized by the presence of the marker protein caveolin-1.

                
	HILL COEFFICIENT
	
                  A numerical value that reflects the degree of cooperativity in a ligandâ€“protein interaction; it is derived from the slope of the portion of a Hill plot that corresponds to the cooperative transition. A non-cooperative enzyme would produce a slope of 1, positive cooperativity a slope >1 and negative cooperativity a slope <1.

                
	EC50
	
                  The effective concentration of an agonist that provokes a response that is halfway between the baseline and maximum responses.

                
	CALCIMIMETIC
	
                  A pharmacological agent that mimics or potentiates the stimulatory action of Ca2+ on the extracellular calcium-sensing receptor.

                
	HYPERPARATHYROIDISM
	
                  A condition in which there is excessive secretion of the parathyroid hormone from the parathyroid gland, one cause of which can be defective Ca2+ sensing by the extracellular calcium-sensing receptor.

                
	CALCILYTIC
	
                  A pharmacological antagonist of the extracellular calcium-sensing receptor. One of the principal actions of such a compound is to increase secretion of the parathyroid hormone, which results in the elevation of the serum Ca2+ concentration owing to the mobilization of skeletal Ca2+ and enhanced renal tubular Ca2+ reabsorption.

                
	IC50
	
                  The concentration at which an agent inhibits a reaction or enzyme by 50% of the maximum value.

                
	TIGHT JUNCTION
	
                  A junctional element that connects adjacent epithelial cells, and helps to maintain polarity and epithelial-barrier function.

                
	HEMICHANNEL
	
                  A free-floating connexon in the non-junctional plasma membrane. When it is paired with a connexon from a neighbouring cell, a functional gap-junction channel is formed.
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