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There are two families of Na+-Ca2+ exchangers in mammalian cells: K+-dependent (NCKX) and K+-
independent (NCX). Generally both NCX and NCKX are bidirectional transporters that mediate Ca2+ 
influx or efflux from cells, depending on the transmembrane Na+ gradient (NCX) or the transmembrane 
Na+ and K+ gradient (NCKX). Various isoforms of NCX and NCKX are expressed in heart, kidney, 
brain or retina, however, expression of those in salivary glands are still unidentified. Since intercellular 
Ca2+ mobilization via IP3- dependent and transient receptor potential (TRP)-C/Orai Ca2+ signaling 
pathway is primary factor in regulation of fluid secretion, the Ca2+ extrusion mechanism underlying 
maintaining regulation of intracellular Ca2+ levels remains to be clarified in not only salivary acinar but 
also in the ductal cells. In addition, myoepithelial cells, which are contractile epithelial cells, function 
like smooth muscle with long cytoplasmic processes, wrap around salivary acini. Contraction of the 
myoepithelial processes can squeeze secretory product from the acini into its duct. The major function 
of these cells is believed to support salivary secretion and the glandular structure through isometric 
contraction. Their detailed function remain unknown, however, we have reported that TRP channels 
expressed in the myoepithelial cells, but not acinar cells, modulate salivary secretion. To clarify 
transmembrane proteins driving Ca2+ extrusion from salivary acinar and ductal cells as well as Ca2+ 
signaling mechanism in myoepithelial cells, we investigated the expression and localization of NCX 
and NCKX isoforms in rat salivary glands. Wistar rats weighing about 250 g were used and treated in 
accordance with the guiding principles for the care and use of animals in the field of physiological 
science for these experiments. RNA was extracted from salivary (parotid, submandibular or 
sublingual) glands, and expression of NCX mRNA in the salivary glands was analyzed by RT-PCR. 
For immunostaining, the salivary glands were fixed in 4% paraformaldehyde solution, and paraffin 
sections were prepared. Some of salivary glands were also embedded in OCT compound, and frozen 
sections were prepared. NCXs mRNA was expressed in parotid, submandibular and sublingual 
glands.  
Immunohistochemistry and immunofluorescence for both paraffin and frozen sections were conducted 
following the single and double staining protocols. Immunohistochemistry showed the intense 
localization of NCX-1 in the body of myoepithelial cells and ductal cells in the salivary glands. 
Furthermore NCKX-1 is intensely positive in myoepithelial cells of salivary gland and ductal cells as 
well. Immunoreactivity of NCX-1 and NCKX-1 positive numerous myoepithelial cells was seen in the 
sublingual salivary gland and parotid gland comparing to submandibular gland. However, the 
localization of these proteins was not detected in the acinar cells of salivary glands.  
The results of this study suggest that NCX-1 and NCKX-1 in salivary ductal cells is involved in 
reabsorption of Na+ from and secretion of ca2+ and/or K+ to the saliva during salivation. Those proteins 
in myoepithelial cells could be associated with contraction of myoepithelial cells for salivary secretion 
via coupling mechanism with TRP channels. 
 


