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Abstract

Merkel cells (MCs), which form part of the MC-neurite complex, making contact 
with sensory afferents to drive mechanosensory transduction mechanisms, express 
 transient receptor potential (TRP) cation channel subfamily vanilloid (V) members 1, 
2, and 4, as well as ankyrin subfamily member 1. While these proteins are involved  
in sensing plasma membrane stretch, less is known about the functional properties of 
TRPV subfamily member 3 (TRPV3) during membrane stretch in MCs. The aim of this 
study was to determine whether TRPV3 channels were involved in mechanosensory  
activity by measuring intracellular free Ca2+ concentrations ([Ca2+]i) in MCs isolated from  
hamster buccal mucosa. Application of a hypotonic extracellular solution to quinacrine-
positive MCs elicited a transient increase in [Ca2+]i. When TRPV3 channel antagonist 
2,2-diphenyltetrahydrofuran was added to the hypotonic extracellular solution, however,  
no effect was observed on hypotonic stimulation-induced increase in [Ca2+]i. These results 
suggest that TRPV3 channels are not involved in the mechanosensory mechanism during  
membrane stretch in MCs.
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Introduction

It has been suggested that Merkel cells 
(MCs) form part of the MC-neurite complex, 

maintaining synaptic contact with primary  
sensory afferents3). The underlying mechanism  
of mechanosensory transduction between  
MCs and neurons, however, remains to be  
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fully elucidated. It has been reported that MCs  
sense mechanical cell deformation caused by 
membrane stretch via subfamily vanilloid (V) 
members 1, 2, and 4 of the transient receptor 
potential (TRP) cation channel and ankyrin 
subfamily member 16). Transient receptor  
potential vanilloid channels also associate with  
polymodal plasma membrane sensor proteins  
to sense various mechanical stimuli applied 
to a wide variety cells. The TRPV3 channel is 
also widely expressed in skin keratinocytes  
in addition to in oral epithelia7). Activation  
of TRPV3 channels triggers release of a  
number of cellular substances which regulate  
cellular/tissue function, including temperature  
sensing and nociception. Whether TRPV3  
channels are involved in sensing plasma  
membrane stretch in MCs, however, remains 
unclear. The purpose of the present study  
was to clarify the functional involvement  
of TRPV3 channels in plasma membrane 
stretch-induced Ca2+ response in MCs.

Materials and Methods

1. Ethical approval
All animals were treated in accordance  

with the Guiding Principles for the Care and 
Use of Animals in the Field of Physiological 
Sciences approved by the Council of the 
Physiological Society of Japan. This study was 
conducted according to the guidelines for  
the Treatment of Experimental Animals at 
Tokyo Dental College (approval No.260304).

2. Isolation of MCs from hamster buccal 
mucosa
Single MCs were identified and isolated  

as described previously1,2,6). Briefly, the MCs 
were first labeled by intraperitoneal injection 
(15 mg/kg) of quinacrine dihydrochloride, a 
MC-specific marker, into 3-to-5-week-old male  
Syrian golden hamsters. At 12 hr post-injection,  
MCs were isolated from the touch dome  
of the inner buccal pouch mucosa. First,  
the hamsters were deeply anesthetized with 
10 vol% isoflurane (Dainippon Sumitomo 
Pharma, Osaka, Japan) and then given an  

intraperitoneal injection of 50 mg/kg sodium  
pentobarbitone (Kyoritsuseiyaku, Tokyo, Japan).  
The excised touch dome was treated with a  
standard extracellular solution containing DL-
dithiothreitol (3 mg/ml) to separate stratified  
squamous epithelium from buccal mucosa.  
The separated stratified squamous epithelium  
was then treated enzymatically with Ca2+-free  
standard extracellular solution containing  
0.025% collagenase and 0.01% trypsin at 37°C  
for 8 min. The epithelium was then mechani-
cally dissociated to obtain single epithelial  
cells, including MCs, followed by rinsing  
with fresh standard extracellular solution.  
The suspended epithelial cells in standard  
extracellular solution were triturated carefully  
and plated onto dishes (CORNING, Corning, 
NY, USA). They were then incubated at 37°C 
in 5% CO2 for 2 hr before being used for 
 subsequent experiments.

3. Solutions and reagents
Standard extracellular solution contained  

the following: 136 mM NaCl, 5 mM KCl, 2.5 mM  
CaCl2, 0.5 mM MgCl2, 1.2 mM NaH2PO4, 11 mM  
glucose, and 12 mM NaHCO3 (328 mOsm/
liter). The pH was adjusted to 7.4 with Tris-
HCl. Low-NaCl solution was prepared as 
above except with 36 mM NaCl instead of 
136 mM NaCl (128 mOsm/liter). Low-NaCl  
solution was used to prepare isotonic or  
hypotonic test solutions by adding mannitol.  
Fura-2-acetoxymethyl ester was obtained from  
Dojindo Laboratories (Kumamoto, Japan) and  
pluronic acid F-127 was purchased from  
Invitrogen (Grand Island, NY, USA). The TRPV3  
channel antagonist, 2,2-diphenyltetrahydrofuran  
(DPTHF), was added to the hypotonic solution  
to a final concentration of 100 μM. Unless 
otherwise noted, all additional reagents were  
obtained from Sigma Chemical Co. (St. Louis,  
MO, USA).

4. Measurement of intracellular free Ca2+ 
concentration ([Ca2+]i)
Quinacrine-positive MCs were visualized 

under a fluorescence microscope (Olympus, 
Tokyo, Japan) linked to an AquaCosmos 
analysis system and software (Hamamatsu 
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Photonics, Hamamatsu, Japan) with an exci-
tation wavelength selector and an intensified 
charge-coupled device camera attached to 
the microscope. Fura-2 fluorescence from 
both quinacrine-positive MCs and -negative 
epithelial cells was measured. Fura-2 fluores-
cence emission was measured at 510 nm in  
response to alternating excitation wavelengths  
of 340 nm (F340) and 380 nm (F380). Free 
intracellular calcium ([Ca2+]i) was expressed 
as the fluorescence ratio (R F340/F380) at 380  
and 340 nm excitation wavelengths; the value 
of [Ca2+]i was expressed as F/F0 units to nor-
malize the R F340/F380 value (F ) with the resting 
value (F0).

5. Statistical analysis
Data were expressed as the mean±the stan-

dard deviation (S.D) of n, where n represents  
the number of independent experiments. 
The Wilcoxon signed-rank test was used to 
determine statistical significance. A p-value  
of less than 0.05 was considered significant.

Results and Discussion

Application of hypotonic extracellular solu-
tion (200 mOsm/liter) to quinacrine-positive 
MCs elicited a transient increase in [Ca2+]i  
(black line in Fig. 1A). No hypotonic  
stimulation-induced increase in [Ca2+]i was  
observed in the quinacrine-negative epithelial 
cells (gray line in Fig. 1A). Addition of TRPV3  
channel antagonist DPTHF to the hypotonic  
solution yielded no effect on hypotonic  
stimulation-induced increase in [Ca2+]i (Figs. 
1A and 1B)(p>0.05; n=4). These results  
suggest that TRPV3 channels are not involved  
in the mechanosensing pathway induced by 
membrane stretch. This is in line with earlier 
results showing that TRPV3 channels played 
an important role in temperature sensing 
(ranging from 31 to 39°C) in oral epithelia7), 
while related TRPV1, TRPV2, TRPV4, and 
TRPA1 channels4) contributed to the mecha-
nosensing of plasma membrane deformation,  
including in MCs6).

Given the half-maximal (50%) inhibitory  

concentration of DPTHF (c.a., 48 μM) required  
for phenol derivative-induced increase in 
[Ca2+]i in odontoblasts5), we believe that the 
concentration of DPTHF used in this study  
(100 μM) was high enough. This indicates that  
DPTHF did not affect hypotonic stimulation- 
induced increase in [Ca2+]i. This suggests that  
Ca2+ influx via TRPV3 channels does not 
mediate plasma membrane stretch-induced  
increase in [Ca2+]i in MCs. The present  
results are insufficient, however, to judge  
conclusively whether MCs express TRPV3 

Fig. 1

(A) Representative traces obtained during application of 
hypotonic extracellular solution (upper black boxes)  
with or without 100 μM DPTHF (upper gray box)  
in MC (black line) and epithelial cell (gray line).

(B) Summary bar graph showing peak amplitudes of 
increase in [Ca2+]i in MCs exposed to hypotonic  
extracellular solution (200 mOsm/liter) with or  
without 100 μM DPTHF. No significant difference  
was observed between columns (p>0.05; n=4).  
Parentheses represent number of cells tested.
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channels or not. Further experiments are 
required to clarify TRPV3 expression in MCs.
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