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Odontoblasts produce dentin (dentinogenesis) not only during the process of physiological 
development, but also in response to various stimulation of dentin. Expression of thermo-, osmo- 
and mechano-transient receptor potential (TRP) channels was reported to be localized in 
odontoblasts. The relationship between external stimulation of dentin and activation of TRP 
channels, however, remains to be clarified. In the present study, we investigated hypo-tonic 
stimulation-activated expression of osmo- and mechano-sensitive TRP channels and subsequent 
extrusion of Ca2+ following its entry via those channels in mouse odontoblast lineage cells (OLCs). 
OLCs were cultured in α-minimum essential medium with 10% fetal bovine serum, 1% penicillin-
streptomycin and 1% fungizone (37°C, 5% CO2). Intracellular free calcium concentration ([Ca2+]i) 
was measured by fura-2. Cells were first superfused with standard extracellular solution containing 
(mM) 135 NaCl, 5 KCl, 2.5 CaCl2, 1 MgCl2, 10 NaH2PO4, 10 HEPES and 10 glucose, adjusted to pH 
7.4 (tris) (310 mOsm). To adjust osmolality in the test-solution for [Ca2+]i measurement in OLCs, we 
prepared a low-NaCl solution by reducing extracellular Na+ in the standard solution to 35 mM with 
110 mOsm. By adding various concentrations of mannitol, iso-, hyper- or hypo-tonic solutions were 
prepared. To obtain iso-tonic solution (310 mOsm), 200 mM mannitol was added to 110 mOsm low-
NaCl solution. To obtain hypo- or hyper-tonic solutions, various concentration of mannitol ranging 
from 40 (which gives 150 mOsm in total) to 260 mM (which gives 370 mOsm in total) was added, 
respectively. Total RNA was extracted from OLCs cultured in iso-tonic or hypo-tonic (at 170 mOsm 
by adding distilled and sterilized H2O) medium for 24 hr and analyzed by semi-quantitative real time 
RT-PCR. 
Hypo-tonic stimulus induced a transient increase in [Ca2+]i which showed dependency on the 
osmolality of the hypo-tonic test-solution (150 to 300 mOsm). Hyper-tonic stimulation at 320 mOsm 
increased [Ca2+]i, whereas stimulation at 370 mOsm did not. Increase in [Ca2+]i by hypo-tonic 
stimulation at 200 mOsm was inhibited by TRPV2 antagonist (1 mM tranilast or 1 mM 
tetraethylammonium chloride) or TRPV4 antagonist (10 μM RN-1737). TRPV4 agonist (1 nM RN-
1747) increased [Ca2+]i. Na+-Ca2+ exchanger (NCX) inhibitors KB-R7943 (10 μM), SN-6 (3 μM) and 
SEA0400 (1 μM) prolonged decay time constant of [Ca2+]i response in OLC. In addition, gene-
specific primers for real-time RT-PCR analysis revealed expression of several osmo- and mechano-
TRP channels. TRPA1, C1, V2, V3 and V4 were significantly upregulated by 24 hr incubation in 
hypo-tonic culture medium. 
The processes of odontoblasts extend into dentinal tubules. Osmotic stimulation, such as eating 
sweets in patients with caries, of the dentin surface agitates solution in the dentinal tubules. This 
causes mechanical stimulation of odontoblasts, producing “reactionary dentin”. The present results 
indicate that TRPV2 and TRPV4 channels expressed in odontoblasts respond to mechanical 
stimulation induced by the movement of dentinal tubule solution (in line with “hydrodynamic theory”) 
and that TRPV2 or TRPV4 activation-induced increase in [Ca2+]i in odontoblasts is extruded by 
NCXs to the mineralizing front to produce reactionary dentin.
 


