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Intercellular odontoblast-neuron communication to drive sensory transduction and min
eralization sequences via ATP-permeable channel

Shibukawa, Yoshiyuki
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Mechanical-, thermal-, and chemical-stimuli to the surface of exposed dentin induc
e dentinal pain. However, mechanisms understanding dentinal pain remain to be clarified. We examined inter
cellular communication between odontoblasts and trigeminal ?anglion (TG) neurons during direct mechanical
stimulation of odontoblasts. The results showed that ATP released from mechanically stimulated odontoblast
s via pannexin-1 in response to activation of mechano-sensitive transient receptor potential channels acts
as neurotransmitter, to transduce a sensory signal to TG neurons by activation of ATP receptors. We sugge
st that odontoblasts are sensory receptor cells to drive sensory transduction sequence for dentinal pain.



transient receptor
potential (TRP)

TRPV1,TRPV2,TRPV4 TRPAL

Ad
Panx
1 ATP
pannexin; Panx
Panx
ATP
1 Dentin
sialoprotein
Di0
TG
fura-2
([ca*1y)
4.3,8.5,0r12.8
Mm 2.2 ym/s
. 30
CCD

[Ca*];

[Ca*];
[Caﬂ]i TRPV1, TRPV2, TRPV4, TRPA1
TRPM8
TRPV1, TRPV2, TRPV4, TRPA1l
[Ca*];
2 -TG
TG [ca*1,
3 [Ca*];
Ca* 0 mM

TRPV1, TRPV2, TRPV4, TRPAl

4 ATP Panx-1
©panx
[Ca*];
TG
[Ca*];
5 ATP
[Ca*T;
TG
[Ca*];
6 G
[Ca*];
16 [ca®],
7 43
8
TRPV1,

TRPV2, TRPV4, TRPA1l mechano-TRP
pannexin(PANX)-1
ATP
ATP
ATP  P2X,
THHET, RYFHME-TC

ATP

Odontoblast

ATP release via pannexin-1

L L]

Sensory transduction to
pulpal afferent via
P2X3 receptor

[Ca2*]it| @mmm

Dentinal fluid movement
-
Cell deformation

Mechano-TRP
channel activation

—sili-—
Stimuli external to dentin



18

M Soya, M Sato, U Sobhan, M Tsumura, T
Ichinohe, M Tazaki, Y Shibukawa, Plasma
membrane stretch activates transient
receptor potential vanilloid and ankyrin
channels in Merkel cells from hamster
buccal mucosa. Cell Calcium, 55: 208-218,
2014. DOI: 10.1016/j.ceca.2014.02.015

M Tsumura, U Sobhan, M Sato, M Shimada,
A Nishiyama, A Kawaguchi, M Soya, H Kuroda,
M Tazaki, Y Shibukawa, Functional
expression of TRPM8 and TRPA1 channels in
rat odontoblasts. PLoS One 8: 82233, 2013.
DOI: 10.1371/journal_pone.0082233

T Muramatsu, K Yuasa, K Ebihara, Y
Shibukawa, K Ohta, M Furusawa, M Shimono,
Glucose-free conditions induce the
expression of AMPK in dental pulp cells.
Archives of Oral Biology, 58: 1603-8,
2013; DOl :
10.1016/j .archoralbio.2013.08.009.

Sobhan Ubaidus,

Ca2+ ,

, 113 593-598 2013
http://ir.tdc.ac.jp/irucaa/bitstream/10
130/3219/1/113_593.pdf

T Muramatsu, S Hashimoto, Y Shibukawa,

K Yuasa, M Furusawa, M Shimono,

Immuno-electron microscopic observation

of connexind3 in rat odontoblasts,

Microscopy Research and Technique,
76:988-91, 2013 DOI:10.1002/jemt.22271
Sobhan Ubaidus

transient receptor potential
melastatin subfamily member 8
157 985-990

2013

U Sobhan, M Sato, T Shinomiya, M Okubo,
M Tsumura, T Muramatsu, M Kawaguchi, M
Tazaki, Y Shibukawa, Immunolocalization
and distribution of functional
temperature-sensitive TRP channels in the
salivary glands, Cell and Tissue Research
354: 507-519, 2013.
DO1:10.1007/s00441-013-1691-x

H Kuroda, U Sobhan, M Sato, M Tsumura,
T Ichinohe, M Tazaki, Y Shibukawa,
Sodium-calcium exchangers in rat
trigeminal ganglion neurons. Molecular
Pain 9:22, 2013. DOl :
10.1186/1744-8069-9-22

M Sato, U Sobhan, M Tsumura, H Kuroda,
M Soya, A Masamura, A Nishiyama, A Katakura,

T Ichinohe, M Tazaki, Y Shibukawa,
Hypotonic-induced stretching of plasma
membrane activates transient receptor
potential vanilloid channels and
sodium-calcium exchangers in  mouse
odontoblasts, Journal of Endodontics
39:779-787, 2013. DOl :
10.1016/j -joen.2013.01.012
H Ichikawa, HJ Kim, A Shuprisha, T
Shikano, M Tsumura, Y Shibukawa, M Tazaki,
Voltage-dependent sodium channels and
calcium-activated potassium channels in
human odontoblasts in vitro, Journal of
Endodontics. 38:1355-62.2012. DOl :
10.1016/j - joen.2012.06.015
H Kuroda, Y Shibukawa, M Soya, A
Masamura, M Kasahara, M Tazaki, T Ichinohe,
Expression of P2X1 and P2X4 Receptors in
Rat  Trigeminal Ganglion Neurons,
Neuroreport. 23:752-6, 2012. DOI:
10.1097/WNR.0b013e3283568a29
M  Fujisawa, M  Tokuda, Y
Morimoto-Yamashita, S Tatsuyama, S Arany,
T Sugiyama, C Kitamura, Y Shibukawa, M
Torii, Hyperosmotic stress induces cell
death in an odontoblast-lineage cell line.
Journal of Endodontics. 38: 931-935, 2012.
DOI: 10.1016/j.joen.2012.03.023
M Tsumura, U Sobhan, T Muramatsu, M Sato,
H Ichikawa, Y Sahara, M Tazaki, Y Shibukawa,
TRPV1-mediated calcium signal couples
with cannabinoid receptors and
sodium-calcium exchangers in rat
odontoblasts, Cell Calcium, 52: 124-136,
2012. DOI: 10.1016/j.ceca.2012.05.002
M Tazaki, H Ichikawa, M Tsumura, M Sato,
U Sobhan, Y Shibukawa, Bradykinin
up-regulates voltage-dependent sodium
channels in human odontoblast, Medical
Biology ( ) 156: 404-409, 2012
Y Shibukawa, Cortical mechanism of oral
somatosensory function, Journal of Oral
Biosciences, 54: 15-18, 2012.
http://ww.journaloforalbiosciences.org
/article/P1151349007912000047/ful I text
T Endoh, H Kobayashi, H Nobushima, Y
Shibukawa, M Tazaki, K Sueishi, Prepulse
facilitation of calcium channel current in
osteoblasts. Bulletin of Tokyo Dental
College. 53:33-6, 2012.
https://www.jstage.jst.go.jp/article/td
cpublication/53/1/53_1 33/ pdf
Y Kato, T Muramatsu, M Kato, Y Shibukawa,
M Shintani, M Mimura,
Magnetoencephalography study of right
parietal lobe dysfunction of the evoked
mirror neuron System in
antipsychotic-free schizophrenia, PL0S
ONE, 2011, 6: e28087. DOl :
10.1371/journal .pone




H Yamamoto, T Muramatsu, Y Shibukawa,
WJ Sohn, JY Kim, M Tazaki, Alteration of
the cytokeratin expression  during
palatine rugae development 1in mice,
Journal of Hard Tissue Biology 20: 17-22,
2011

41

M Sato, M Tsumura, M Soya, A Kawaguchi,
A Nishiyama, K Ogura, H Mochizuki, S Kodama,
Y Shibukawa, M Tazaki, ATP-mediated
odontoblast-odontoblast communication
following TRP channel activation, The 91st
Annual Meeting of the Physiological
Society of Japan, March 16-18, 2014,
Kagoshima.

A Nishiyama, M Sato, M Tsumura, M Tazaki,
A Katakura, Y Shibukawa, Functional
expresion of glutamate receptor in mouse
odontoblasts, The 91st Annual Meeting of
the Physiological Society of Japan, March
16-18, 2014, Kagoshima.

A Kawaguchi, M Sato, M Tazaki, T
Ichinohe, Y Shibukawa, Activation of
P2Y12-BK receptor coupling disarms the
CAMP-mediated inhibitory effect on
ryanodine receptor channel-induced Ca2+
release in trigeminal ganglion neurons,
The 91st Annual Meeting of the
Physiological Society of Japan, March
16-18, 2014, Kagoshima

M Murakami, F Wei,
Matsuki-Fukushima, S  Hashimoto, Y
Shibukawa, M Sato, Luminal entry of
fluorescent dye is driven by solvent drag
due to paracellular fluid secretion in the
submandibular gland, The 91st Annual
Meeting of the Physiological Society of
Japan, March 16-18, 2014, Kagoshima

Y Shibukawa, M Sato, M Tsumura, H Kuroda,
U Sobhan, M Tazaki, Odontoblast as sensory
receptor cell: TRP channels, pannexin 1
and P2X3 receptor coupling mediate sensory
transduction in dentin.11th International
Confference on Tooth Morphogenesis and
Differentiation, La Londe Les Maures,
France (May 30, 2013)

M Murakami, T
Matsuki-Fukushima, S  Hashimoto, Y
Shibukawa, M Sato, F Wei, Confocal
Microscope Observation on Paracellular
Fluid Transport in Salivary Gland, 91st
General Session of the International
Association for Dental Research, March 23,
2013, Washington, USA

M Sato, M Tsumura, U Sobhan, M Tazaki,Y
Shibukawa, Expression of TRPM8 and TRPAl
channels in rat odontoblasts, 11th
International  Confference on Tooth
Morphogenesis and Differentiation, La

T Narita, M

Narita, M

Londe Les Maures, France (May 28, 2013)

P2Y,, cAMP
Ca* , 296
25 10
19
Sobhan Ubaidus

TRP
Na+-Ca2+ exchenger )

SBIUWMES, PRi2549A20-22H,

Sobhan Ubaidus

RSB IOHMES, Fk2549A20-2

Sobhan
Ubaidus , Guaiacol
TRPV3 ,
TRP Na+-Ca2+ exchenger
25 9 2022
M Murakami, F Wei, T Narita, M

Fukushima-Matsuki, S  Hashimoto, Y
Shibukawa, M Sato, Confocal microscope
observation of paracellular fluid
transport in isolated perfused
submandibular salivary gland, Proceedings
of the XXXVII International Congress of
Physiological Sciences (I1UPS2013), July
21-26, 2013, Birmingham, UK, 541P

M. Soya, H. Kuroda, A. Kawaguchi, M. Sato,
U. Sobhan, M. Tazaki, T. Ichinohe and Y.
Shibukawa, Expression of TRP channels in
isolated single Merkel cells from hamster
oral mucosa, Proceedings of the XXXVII
International Congress of Physiological
Sciences (1UPS2013), July 21-26, 2013,
Birmingham, UK, 974P

A. Kawaguchi, Y. Shibukawa, H. Kuroda,
M. Soya, M. Sato, M. Tazaki, Ichinohe,
Expression of purinergic P2Y12 receptors
in rat trigeminal ganglion neurons,
Proceedings of the XXXVIl International
Congress of Physiological Sciences
(1UPS2013), July 21-26, 2013, Birmingham,
UK, 513P

25 7 5-6

pp. 29
Sobhan Ubaidus




22 24 11
9-11

Sobhan Ubaidus

294
24 10 20
294
24 10 20
P2Y,,
294 24
10 20
Sobhan
Ubaidus
Ca2+
294
24 10 20

IR, M3 1] 4%, Sobhan Ubaidus

TRP 294
24 10

20
@H Kuroda, A Masamura, M Soya, M Sato, U

24 9 14-16
QIERT, BHEIE ERE,
TRP 11
24
7 6-7 pp. 24
@IEFTRE, ERT:, BHEIEE HEHEFR, —
P2y 11
24
7 6-7 pp- 25
@py LB Z
11
24 7 6-7
Sobhan Ubaidus
11
24 7 6-7

@DM Soya, Y Shibukawa, H Kuroda, M Tazaki,
T Ichinohe Expression of TRPV4 channels
in single Merkel cells isolated from
hamster oral mucosa 89th Annual Meting for
the physiological society of Japan,
Matsumoto, Nagano March 29-31, 2012

62H Kuroda, Y Shibukawa, A Masamura, M Soya,
M Sato, U Sobhan, M Tsumura, M Tazaki, T

Sobhan, M Tsumura, M Tazaki, T Ichinohe,
Y Shibukawa, Sodium-calcium exchangers in
rat trigeminal ganglion neurons

pp. 24
@ Sobhan Ubaidus
TRPV1 CB1
Na+-Ca2+
pp. 24
@ Sobhan Ubaidus
TRP
channles  NCX
pp. 24
@ Sobhan Ubaidus
TRPM8 TRPA1

WMREBIOHRES, Fk24F9A14-1

@0Sobhan Ubaidus

TRP

Ichinohe Search for expression of Na*-Ca?
exchangers in rat trigeminal ganglion,
89th Annual Meting for the physiological
society of Japan, Matsumoto, Nagano, March
29-31, 2012

@

IXU=EEIVAL (HSAN-

CIPA
41 2011

11 10

39 5 pp. 332

6HM Sato, U Sobhan, M Tsumura, H Ichikawa,
M Tazaki, T Muramatsu, Y Shibukawa,
Activation of TRP channels by osmotic
stimulation and Ca** extrusion by Na‘’/Ca*
exchangers in mouse odontoblast lineage
cells, 6th International Conference on
Sodium Calcium Exchanger 2011, Ischia,
Italy, 1-5 October 2011
@ H Kuroda, Y Shibukawa, M Tazaki, T
Ichinohe, Y Kaneko, Expression of Na*-Ca?
exchangers in rat trigeminal ganglion, 6th
International Conference on  Sodium
Calcium Exchanger 2011, Ischia, ltaly, 1-5
October 2011




@0U Sobhan, T Muramatsu, M Sato, M Tsumura,
M Tazaki, Y Shibukawa, Potassium dependent
and independent Na*-Ca?" exchanger protein
is mainly expressed in  myoepithelial
cells/ductal cells of rat salivary glands.
6th International Conference on Sodium
Calcium Exchanger 2011, Ischia, ltaly, 1-5
October 2011

@DY Shibukawa, M Tsumura, M Sato, U Sobhan,
T Muramatsu, T Matsuda, A Baba, M Tazaki,
NCX expression in enamel/dentin-forming
cells, 6th International Conference on
Sodium Calcium Exchanger 2011, Ischia,
Italy, 1-5 October 2011

@M Tsumura, Y Shibukawa, T Muramatsu, U
Sobhan, M Sato, H Ichikawa, M Tazaki,
Functional coupling between TRPV1, CB1 and
NCXs in rat odontoblasts, 6th
International Conference on  Sodium
Calcium Exchanger 2011, Ischia, ltaly, 1-5
October 2011

@9Ubaidus Sobhan

Localization and
the role of TRPs in salivary gland

pp. 72 2011 6 24-26
Ubaidus Sobhan
TRPV1/TRPV2

pp- 81
2011 6 24-26
Ubaidus Sobhan
TRPV4  Na'-Ca®

pp-
82 2011 6 24-26
1
In:

JRTARRIEE, ZOXGEE A=K L, &

2011

- Q&A
DENTAL DIAMOND, 38, 118-119, 2013

73 143-145 2013
Sobhan

Ubaidus

73 149-151 2013

73 155-157 2013

Sobhan Ubaidus

65 21-30 2012

75 11-17
2012

H LR W-RE & e O AL, 55 568

2011 7
27
2012 10 23
€Y
SHIBUKAWA, Yoshiyuki
@

KIMURA, Maki

SATO, Masaki

SOBHAN, Ubaidus



