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WFZERC R OB (JE30) : Functional TRPV1- Na'-Ca? exchager coupling mediates Ca®" extrusion
to drive reactional dentinogenesis and maintain [Ca®']; homeostasis. This study suggests
that two separate dental pulp functions, that in protective dentin formation and that in
sensory reception, are simultaneously driven by TRPV1, TRPM8, TRPAl activation following
stimuli applied external to odontoblasts.

AAFIRTEHA
(SHEEANL - 1)
[EREG Sy DR a FF
AR ERE 3, 300, 000 990, 000 4, 290, 000

WFFE5y 87« [EH SR
B DR - E - 5 - BERE R R R
X —U— R OfEARE

1. WFZERIA S DT = FHMPRORENZH SN T D720, B i

S FHIIIIR P EI AR CH O | ETE
\ZD7- B AR FER R & EERNI DD
DR fE D TR G FE I % % BEE 9~ %
ZEFELS BN TWS, LLARRNG, th
FRERLRRRE B 72 SIS EY G FERE N D O
SRR & BEE L - R RIS BT D%
FIHMEORENIRMTH D, M2 T, HWHF
~DOINIRNLZ 2 — G AT OE R & <
BEE~ 5t « AR OZ RS L R
B RARIL R,

2. Mo

ARWFFE TIX G F MBI DR FE A~
DA R & BE T 2 R FEE B2 &
N HE « RIFFERGE O REEICBIT 5%

T & 2 IR EERIE, BRI, RERIC
A2 b OF ¥ kL ThD TRP (transient
receptor potential) F v R/ACHEH L, LFHF
MRz 31T DMK D2 25k & . s
B3 2 MR - MRS B2 B H 22T 5,

3. WD A

(1)t A 7 A AEAERL

AN RV E X — VR T THEHEfRE T 4
28 —F v~ (5~10 B X oEZRHAT
FHENO~A 7B ATA Y —FHWTEX
500 wum O FEHE HHEAERTE) A /ERL L 7=,
AY oG PO R E ek ik 2 B0 BrE ., o
BE DA R F AN B A3 D H A T



A AEARZER U, ERUZZHEEA 7 A 2
FEARITE R AT, | 24 RERRI WIS 21T o 72,

(2) fa g Y Yuta B O b F e

il O SN E IS BL A 9 B MR A3 B o 2
THDHILERIETH7-DIT dentin matrix
protein—1, dentin sialoprotein, nestin %
AWCaEs gt xiTo7-, £z, TRPVL
FxrihrFE A4 K (CB) ZHEIK I,
TRPM8 F % /L. TRPAL F ¥ /LD T4
Rz 317 2 RTEZ T~ 5 72 DI b5 g
BE{ToT,

(3) AMA PN Ca® i B

A T A ANEREFICIFET D5 F3F
ARIRIS AN Ca® FE/R3E (Fura-2) Z A L.,
AN Ca™ R ([Ca™],) % 2 WEmEIZE
VD HOERRE e CRRER LT,

W)Xy F 7 7Tk

YA 7 A AEREPAICAFIET D5 F 3
a7 A EEMmA A L, B E S
TTHR—=NMEARF I T TR EITD
Z LT TRPVI T RVER &2 5l L 7=,

4. WFgERkR

(1) TRPVLI F ¢ /L7 T=Z b+, & pH HIli%1Z
[Ca™], M3 2

TRPV1 F% XV T A=A SO TP A
(CAP), L =7 =7 &> (RF), TRPV1
F N E B ZHFET A=A NTHDHT T
V=4 R (AEA) 2595 & flifast ca®
FEAFAE T TIX[Ca®], ICB RIZ A B R -
7oy, st Ca® fF4E N Cik[Ca®], 3Hghn L
2o THHM[Ca¥ ], DEEIIE, TRPV1 F v X%
NT v H A=A RNTHDL T EEY L (CPZ)
Tl SN, F70. K pH FEIZEBNTH
CPZ &2 MED—8 M D Ca* TRADMBEZZ ST,
I OFERD B SR TRPVL T v %
IVRFEBLTND Z LRI T,

(2) TRPV1 F ¥ R DT = A MNESEALD
FEE

CAP & AFA 35 L To 5 TRPV1 F ¥ % /L
NIEMAL &5 £ CIOBERF A E T, L
MDURND ., filash Ca¥IE1EAE T C AEA % &
ML O LIz BICHIfE/NT Ca®' 2 B9
HEFiIclCa”] NI LI-Z &b, e
ST d D CAP & AEA 28 TRPV1 F ¥ /LI E 1T
DAEAENC BT D F TITHF N D
723 CAP & AEA Offifias 5 512 K 5 TRPVL 5~
¥ R AEVEACICBIER 8 U7z 2 & AR
BXhiz, £/, v F 7 T U TEEITBW
T, CAP ZHfEPICER G L7~ R mfast o #%

G LR B NmEERBFRE I N,
TS DFEEN S CAP & AEA DOFEA LA
JINICEET D Z LR S L7z, RF oM
S5 Tl [Ca®], DI L N & BIEOFH
FNGBIERE R I A N o T2, T X RF
DFE AL DG NI R B35 TRPVL F
¥ ARV B W THIEAMIGFEET D Z & &R
L TW\Wb,

(3) TRPV1 F % F /L & Na'—Ca* AR D J1 » 7
Vo

TRPV1 F % R UTEMAL THRIFENIZHRA L7
Ca” DHEHRRIEIZ OV THRET L 72, st Ca®
IEE T T RF O G2 X 5 [Ca*], oI
— 7 LT 1% ORI 5 O Ca? HEHEE %
R ERESIL, Na—Ca® 23 #afk (NCX) FH
EAH T D KB-R7943 AR ET 52 &
WX VIR L, 2Dz &6 TRPVL F ¥ ¢
JAEPELRFIZ BT Ca¥ HEHIZ L v [Ca®] %
TEIT D723 TRPVL T+ R /L & NCX 23EEREY
WCH YT L TWAZ ENRIBEEISNT,

(4)CB1 Z &K L TRPVL F v VD7 1 A
—7

CB ZTHXK K7 2 =2 K Tdb %5
2-arachidonylgrycerol (2-AG) D5 KRFIZi%,
CB1 Z&FKT v 2 I=A N ThHDH AM251,
adenylyl cyclase [HEHK THDH SQ22536.
CPZ &M D —#tE D Ca?" i AN b, &
D[Ca®); DHINNE CB2 KT AT v 2 =
= A N TH D ITET7 TIEIH S 2o o 7z,
CAP. AEA. 2-AG OREHKG#iT-71-& 2
5. FREAOFE G L VR Shz[Ca™);
OEIL 2-AG &5 TR IEE . AEA
P G- T T, CAP $ G- Tl < BUEAE L 72,
INHOFRERNG, RFFEMIIE CB1 %%
k& TRPV1 F ¥ XA ZFHE L TEBY . s
RN TH CBl ZAEKOIEMALI
adenylyl cyclase % 41 L 72N cAMP > 7
FORIKIZ LW TRPVL F v rVa3tEoD
Ca?tifi Nz 5| ST Z ENRB I,

(5) A RIT D TRPMS F v RIL DI
B L RfE

G PR YL B2 33\ T TRPMS F % /L 1%
G2 F MG D 3 DB & S PR IR R 22k 1
HELTWAHI LRI,

FRA Ca® TF4E R C TRPMS F ¥ R /LT =
ARDA b=, AU WS3, WSI2 %
BhH45HE [Ca®], NIz, AU v,
WS3. WS12 |2 & % [Ca®], »HEhNIL TRPMS F
INT VB IA=ANDOH TP F-IE
By 72 TRPM8 F ¥ R T v X T=X hD
5-benzyloxytryptamine (5-BOT) <THH| X4
7oo HHRESL Ca* FEAFAE T CTWS3 245G L= &



XX [Ca¥ ] I iz A BNl £z,
WS12 DONEERSGEIT-o728 2 A, WS12 12X
% [Ca”], OEEINTIMBEAE LT, 2D DFER
P DB EHINIC TRPMS FF % /LN FEER L T
WA Z LRIz,

(6) G or3F 7% TRPM8 F v R/LDF
WL RfE
Rhig ik )
G2 oF SRR oD oz O & B AR 3
FHLTWD I ENRENT,
A Ca® fF4E R C TRPAL F ¥ kLT I =
ARNDAVFFT BT VL (AITC) &%
H4 2 L [Ca¥] 1T in L., & oL TRPAL
F¥RXNT 2 A=A N Th b HC030031 T
MmN, F7-. AITC ODREHR G5 %177~
& A, AITC (2 X B [Ca®], OIS
L7ze ZODOZ ENLRFIFHINIZ TRPAL T v
FIVINFEHL L TWA Z &R ENT,

AR d

128U T TRPAL F v R/ViZ
i zeik iz

(7) TRPM8 F % /L, TRPAl F ¥ R/ILDIRSE
sz

FMRSL Ca® f74E T TlCa®' ], (x4 5 il
DB OWTHE LT, ST ik
DR % 35°C 26 22°C, 26°C 75 13°C 1T
LEEDZ & TITo 7z, HIBEAMEOIRE 35°C
D 22°C OWHRNKIL[Ca™ ], DB A FHF L
Z OEEANE 5-BOT {2 & 0 Ji S vz, Hifash

Endocannnabinoids (AEA or 2-AG)

' CB1

receptors
<mERE

AEA/2-AG X
synthesis? | [Ca2*]i t

4

[CAMPJ;

I CB1-TRPV1 crosstalk
BEEES

TROEE 26°C 775 13°C OHFIIL[Ca*], D
AR L, £ O HC030031 (2X Y
SN, ZNLOREEND ., SR
N 5 ¥Rl E TRPMS <+ /L. TRPAl1 F
¥RV E S TEZRINTWND I ENRE
.

(8) TRPM8 F % kL. TRPAl F ¥ /LD
sz

IR T EIRIR D F 512 & 0 i i % 35 %
SHTo, KRBERKIL[Ca® ], 28 L7z,
Z OHEANIE HC030031 D% 5-THH 723,
5-BOT OFE-TIIIH S 7enoTz, b
DOFEFD B R FEMAIC T BT 5 TRPAL F %
FVITEMBAR A SR T 52 ENRE S
i,

5. FRREiRLE

(BFFEf R, WFoE
(=S

Gy HE o ONEHERIT B 12

(MERERR SO (B 4 1)

(1)Masaki Sato, Ubaidus Sobhan, Maki
Tsumura, Hidetaka Kuroda, Manabu Soya,
Akihiro  Nishiyama, Akira  Katakura,
Dentin
TRPV1-NCX coupling I c
Dentinogenesis S
=]
Ca?* extrusion via NCXs £
) y =
o
®
Dentinal fluid movement, or =
€uEE direct stimuli via dentinal tubule: E
(hydrodynamic mechanism) n

TRPV1 channel activation

Sensory transduction

TRPMS8 channels

Dentin

Low temperature stimuli .

-,

Driving various celluar function
such as sensory transduction

Odontoblast

TRPA1 channels )

Low temperature stimuli or
Menbrane mechanical
by dentinal fluid movement

External stimulation to dentin



Tatsuya Ichinohe, Masakazu Tazaki and
Yoshiyuki Shibukawa. Hypotonic—induced
stretching of plasma membrane activates
TRPV channels and sodium—calcium
exchangers in mouse odontoblasts. J Endod

A 2013;39(6) 1 779-787

(2) Ichikawa H, Kim H.J, Shuprisha A,
Shikano T, Tsumura M, Shibukawa Y and
Tazaki M. Voltage—dependent  sodium
channels and calcium—activated potassium
channels in human odontoblasts in vitro.

J Endod, 2012; 38(10) :1355-1362 #AHi

(3) Tsumura M, Sobhan U, Muramatsu T, Sato
M, Ichikawa H, Sahara Y, Tazaki M,
Shibukawa Y. TRPVl-mediated calcium
signal couples with cannabinoid receptors
and sodium—calcium exchangers in rat

odontoblasts

Cell Calcium. 2012;52(2):124-136 A3t

(4) Masakazu Tazaki, Hideki Ichikawa, Maki
Tsumura, Masaki Sato, Ubaidus Sobhan,
Shibukawa.

Yoshiyuki Bradykinin

up—regulates voltage—dependent sodium
channels in human odontoblast. EZf& A4

W, 2012;156(6) @ 404-409 AHi

(FaE) G191

(1) VEpBIEMH HATMREE, BHBEE I OHE,
Sobhan Ubaidus, PHILUBAZ:, FHECIEME, L
. WIEEHERD, )11 F8sE, REFMICIT
Zo A0 A e AR S 2 & = SO R R e 3
FEARRIT I D s 5 294 [T}
RFEL, TR 244510 A 20 A, F3EH,

(2) HAPpE, HEFHKEE, FEREEMS, Sobh

an Ubaidus, I TNFH—BER, HIEHERD, 3%

B, T Y a— VIR MO Ca®F v %
JCEBERT 5. 8 294 [BIHEFTHER K%
2 Rk 244510 H 20 H, TIEd

(3) Ubaidus Sobhan, Masaki Sato, Takash
i Shinomiya, Migiwa Okubo, Maki Tsumura,
Masao Yoshinari, Takashi Inoue, Masaka
zu Tazaki, Mitsuru Kwaguchi, Yoshiyuki
Shibukawa. Functional role of thermosen
sitive TRP channels in salivaly gland d
uring salivary secretion. 2 294 [ H 1R
BIRFES, FR24 4510 A 20-21 H, T3
i

(4) VEILEAZ:, Vepliesst, BoRbRRED. FIREHE
. RAE. . REFMRICIET S
TNH I VR RIROBERER IR, 5 294 [A1 B
RO R, PRk 24 45 10 A 20-21 A,
T

(5). HEEFFREC. Sobhan Ubaidus. & FAsf,
PEIIBAZ, HIRHERD, W) F85, S
{281+ D TRPMS F + % /L & TRPAL F ¥ R/L D
SRR, 5 b4 R RL R R A Al R
YRk 24 49 H 14-16 H, BRI

(6) Sobhan Ubaidus. VEgEIEAT. DU,
RIISRFE 0, BEALRREE. HIRTHERD, 1B FE.
WERHRIZ 31T D TRP F % RV FEBL L 53U A H
=R 55 b4 BB R EE R IN RS
AR 24 4E 9 A 14-16 H, BRI

(7) EAFBEEE. Sobhan Ubaidus, V&REIE#S .
PEIIBAZ, HIRHERD, W) F85, S i
([Z81F D TRPVL F~+ kL +CB1 & (K -Na™~Ca®’
RHAROREREHER, B e6E F T o AR—F—
WFERTUNERSS, PRk 24 429 A 1 B, &
i



(8) HEEIER, IEASFEEE. Sobhan Ubaidus,
BHEEE BEHER, )13, v 7 ARG
3 A SR R LT 3 U 2 O e e R o s
TRP channels & NCX O#HERSE, 55 6 [A] &
VAR—H IR IUNER S, SR 24 4F 9
H1H, @k

(9) HEMEIER, HEASFEEE. Sobhan Ubaidus,
BHIEE, AERT, EAE, HRHEM, —F
B, E)1265E . RO R MR T 5
BRSNS 2% & = SCMHR Ei I 3L 55 48 R 1T
Bl DI, 11 = —a A
TUAU—Ivay T, Rk 24 T A 67
H, #iFEH

(10) Sobhan Ubaidus, Muramatsu Takashi,
Tsumura Maki, Sato Masaki, Tazaki Masa
kazu, Shibukawa Yoshiyuki. Imunolocaliz
ation of potassium dependent (NCKX) and
potassium independent (NCX) Na‘/Ca®" exc
hanger proteins in salivary glands. %% 8

9el H ARAHS S, Rk 2443 A 29-31 H,
AT

(11) EfEse . HABEEE. Sobhan Ubaidus,
TRtk VepBiER, )1F58, mIRHER,
WE)1365E, RIFIEMIARIZ R D TRPMS/TRPAL
F v RVOFBLOMIR, H# 53 [H B A E
AR RE R 234E 9 H 30 H-10 A 1
H, IR

(12) HFHWS | FEFEIES, EATBREL, Sob
han Ubaidus, i)lIF5#f, HIRHERD, )13
e, — U — VTG EEA O TRPVL T ¥
FIVTHERT 5. % 53 BIAEMERS S
ks FAe2349 H30 H-10 A 1 H, I
A

(13) Tsumura M, Shibukawa Y, Muramatsu
T, Sobhan U, Sato M, Ichikawa H, Tazaki
M, Functional coupling between TRPVI,
CB1 and NCXs in rat odontoblasts. 6 In
ternational Conference on Na’/Ca® exchan

ge 2011, Ischia, Naples, Italy

(14) Sobhan U, Muramatsu T, Sato M, Tsu
mura M, Tazaki M, Shibukawa Y. Potassiu
m dependent and independent Na’/Ca®?' exch
anger proteins is mainly expressed in m

yoepithelial cells/ductal cells of rat

salivary glands. 6" International Confe

rence on Na'/Ca®" exchange 2011, Ischia,
Naples, Italy
(15) Shibukawa Y, Tsumura M, Sato M,

Ubaidus S, Muramatsu T, Matsuda T, Baba A,
Tazaki M. NCX expression in
enamel/dentin—forming cells. 6L
Na“/Ca**

International Conference on

exchange 2011, Ischia, Naples, Italy

(16) Sato M, Sobhan U, Tsumura M, Ichik
awa H, Tazaki M, Muramatsu T, Shibukawa
Y. Activation of TRP channels by osmot
ic stimulation and Ca? extrusion by Na'-
Ca®" exchangers in mouse odontoblast lin
eage cells. 6™ International Conference
on Na*/Ca®

exchange 2011, Ischia, Naple

s, Italy

(17) #EFBREL. Sobhan Ubaidus, eI,
FrEAER, FIRPHERD, WE)11385E. S 3EMiaIC
F51F 5 TRPV1/TRPV2 F ¥ /L&A L 7SR
W & RFERR OMEEREY, 28 31 [IA
KRR RIE 2, TRk 23 4F 6 H 24-25



H, THEm

(18) VERRIERT, JALFEEE, Ubaidus Sobhan,
)5k, ARG, MIRHERD, )%=, ~
U AGIFFHINA R AR T D REBEZA
28 TRPV4 & Na'—Ca® 23R > R fE i

% 31 [l A AR SIRIE 2, Rk 23 4F 6
H24-25 B, THEM

(19) Ubaidus Sobhan, Fiin#f, =fkiERsT,
HEETIRES, FBERERN, JE)11365, Localizati
on and the Role of TRPs in Salivary Gla
nd. %5 31 [\l AARHWESEDIRIEES, TRk 23
46 A 24-26 H, T

6. BF7EAH

() WF7efREFEE

AT B (Tsumura Maki)
HO R B R A F R - BT
WF9eE %5« 90582346




