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Mechanism of activation of store-operated Ca** entry in salivary gland

Yosuke TOJYO

Laboratory of Biophysics, Integrated Human Sciences, School of Dentistry ; Department of Pharmacology,
Graduate School of Dentistry, Health Sciences University of Hokkaido

Abstract

The cellular Ca™ signaling system plays a central
role in secretion of water and electrolytes in salivary
glands. Activation of membrane receptors linked to
phospholipase C results in a release of Ca™ from intra-
cellular stores and a sustained entry of Ca™ across the
plasma membrane. The Ca™ release is mediated by
inositol 1, 4, 5-trisphosphate (IPs), while the Ca™ entry
is regulated by the level of Ca™ stored in the endoplas-

mic reticulum (ER). This Ca™ entry pathway is referred

1. (FUBIC

ANT AL F Yy (Ca?') I FMER W% WIS 5D
BELZHRNA vy Vv —ThHb. ARANY) V2K
RouT7 FUF Yy ZEEEALT 5 &, Mo Nk
LCaHEH S, Ml (M) oca RE
([ca**]) 25 EA9 5. [Ca ] EAIE 2 DDk
FFIZX 5. 121k HMBANCas A b7 (store) & IIEH
% Ca* WAL (ES/MEAR) 2o oca OB TH
5. ZOCHHICIEA 2 Y b= VIREREIC L o
THER LA 7 ¥ b —=NV1,4,5=Y VB (IP,) A v &
YVx =L LTHL. b 1 o0RE IS S M
HWANDCE DHATH L. ZD2O00FBEFEICE 5T
MBaN O [Ca™ Jud—ZICHAEIC L A§ 5. MER AR
TlE, COEPBIEEII > THAGAF VT v 2L
RA F VR RAEEAL L, W5 O S A S BRIER A~
DKOBE) Okgw) »EE2 (K1) (B, HK,

to as “capacitative Ca™ entry” or “store-operated Ca®
entry (SOCE)”. In the past eight years, two key pro-
teins, STIM1 and Orail, in the molecular regulation of
SOCE have been discovered. The STIM1 and Orail
play critical roles in SOCE, as a Ca™ sensor within the
ER and as a store-operated Ca™ channel in the plasma
membrane, respectively. In this review, I summarize the

historical development of the concept of SOCE.

2006).

MEVIRIZIECa™ ¥ 7 F VRUANZ, BT FLF v
BR% AL CIEMAL S Deyclic AMP (cAMP) JEASRAS
FET2. ZHLIEELTIT—ERAF v REDS v
N7 BEOROMEHRE L Tnw5, HEERTIZc R
cAMPR D 2 D DOMIBA 3 27 F IV R A R < & &
M0, MER O A BB RE RN B 12 B & FE OISR 1 X
D CTR<, FHODWOSHRE 2 8RS 20788, 5
(213 Ca™ ¥ 7V O A SRR I B & RO RFZEE I B
WER AR AT ZEm B & LR B ST & 7=

A B30T LT, 7 A Y A ONIEHS (I B A4
WFZERT) @DJames W. Putneyld, JEFEMEMIIZBIT 2
Ca”" MAMMEDET IV & LT T =— 7 2R 2 4
L7 (Putney, 1986). Putney!dZ DR % capacitative
Ca’ entry (FEMEC WA) &LAMITF22%, BAETIX
store-operated Ca®" entry (SOCE) (A © 7 {EB 4 Ca®" it

ZAF 1 P254E 9 H30H
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X 1. BEGHRICBU BRSO ERIEERENE. ACh, TEF
VY Y My AR, MsT R F ) vk s, 4 )
¥ F—1,4,5-=1 Vg NKCC1, Na'-K*-2CI 3kiiifa.

A) LV IFOZD R TH 5. FFREEME &
X, MRESERWEELZEZ X 20ililaoZ LT, #f
FER 5 N DO RR 2 IE B RN % 569 % BB P & X L C
T SNTBRTH S, MERANE S IR 72 I A 1
Ml 265N TEHY, PutneylSSOCEMNRFH % IEME T 5
IR L% O FEPMER I Z > 725 Th o 72, Fh
(X, 19884FZPutney DAFEZE Z G L=k (K2), &
D E TN 2D THIY, MR %l > 720585 5 3%
B 72 Ca® FEATE T IV & fLA N T DML Ty L WhsEF
BRI EZ T 5 LI, TO2=—7 RIHET VIS
BWHELEZ FFo 72, 22Tl [ A M7 EEIMEC A

2. 19884 2 Dr. Pumey D HF%E5 & [ L 725 0 % F
7. £i%i 7 HDr. Putney, AGHUREEMEH QW AL, &
B, AALEO HB ARG B,

(SOCE)] 7N &, TheBls aHEeMaiL, <
HITEARSE N S N7=SOCED #1537 % MM 5.

2. WD/ b=V VEEEREECTEIE

R A 70 &AM (L RSN B & > T
1§ 2 BAARAEEC F v AVHEAE L, AR §
5 EC T v AV L CHLIBA 2 & Ca™ D3 AT
%. Fiz, HAOWEE, MRRECRA LR REAE
B/ MEEIZSED Y, Hi/ak Eoca F v Ao ()
TV VZEMR) HCH AR s, [Cat liE—Z8IC
FHT 2. BAARGENCY F v AV, MR TN
3 5 d ERLCaMAKBTH Y, MR REWE D
TR R 5 WA D RIS T D ¥ 7 v & LT w
5.

—7, MEGERRMIIL O X 9 7 BV (X EE AL O
ZAGIZ & o TR 2 KA ECa™ - ¥ A WVIAFTE L
HLWEEZLBNTWS, EZFIEELZELTY, 0
HEEBZLLAF—=ThA . BlfE, JFREMMIL
DCa> Y T FIVHA ) ¥ b= ) VIRERHEZ LT
LT LIFELRDLENTWEDS, 1970 IXIFEA L
WHTHo7z. KEHWEEDS, 19534 12Ca* ¥ 7 F VI
FEDEIRT I % o 723 LS Hokin R FEIZ X > THE S I
7z (Hokin & Hokin, 1953). K3, /» M OREK A 7 4
AETEFNIY CTRETHE, A7 =) Vi
BHANOPPOIY AR T 22 & 25 H L. 4h
SIRZBTE, ZOWIMISHLIL 2 ¥ =) Vi
BOHEBERE M L72b0THhsEEZLNE. Z
DOWZEEMO THELER TH LI 0b 5T, *P
WY AH DL 25 BIRDBAN ThH o 72720, HiRFIIE
EAEEREIN o728 0w, LaL, BAAC v 7
FIVORFRICTF % Jeb i 7219804012 % 5 &, M. R.
Hokin & L. E. Hokin®%41%, Ca** ¥ 7 F IVIFZE D JBRE
ELTE L OMBEBENAILD L IAHTH -7

Hokin K FE DM FE 7 5 224F % D 19754F, JEE DR, H.
Michellld, MK CRES4 /2 =) VIFEOLE
WITHEZ ZDC B HERI T AN ZALTHDHET S
IR % $EM L7 (Michell, 1975). MichelliZ, Ca* 15
& LCHllastm» 5 oCca” i AR g L TWznT, 4H
DL ENTZ XA AL L IZRRED DY, MDY »
RER#LCa v 7 F Ve % Ky F 07 72RO
FHEE LTSN TWS, LarL, 4K, ok
LTI S H D, CaBBIELRDOH, Tl d
473 =) VIRER#PEZOP L vodz, JisSk
M= MU BEDIUmF LIS Rz, To@
GHTHARIF 2 3T > 72 D HT19834E DM. J. Berridge & D58
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ER
3. £ 73 =0 VIRERHENTHCEE. R, ZHK: G, GouBlDGH ¥ /878 i PLCR, wAKY
IN—YCR;PIP, FATF7FINA )Y M—NVA5 ) /B ;1P £/ b—1,45-=1) Y DAG, V7T
VY tku—); PKC, 7T 1 ¥ F—F¥C;IPR, IPs5%K ; ER, /MK,

TdH5 (Strebetal, 1983). HHIE, 1/ =NV >
FEORBEMD 1 DOTHEL /¥ b—=)V1,4,5=) ¥
% (Ips) %7 v FORBEREMBIZANS &, ANk
M OC HERES B 2 & & Ca¥ B Z o TIEWI L 72,
IPLAL DA 7 2 b — VACGH EY I Ca™ il 2 12 & A L
ZERWv. I, IPC R ERIT Ay Y
XY —THHILHOLPIILZRDOWMETH 5.
BAE, 472 M=) RE#H 5 Ca’ it E oz
RIS TS (M3). MR 2 A H3 8
2B EGTP- &y 828 (Gq) #/rLTHKRA
RYNR—ECE W) BERMNEUAL L, MK DRSS
DIDODTHERAT7FINVA ) b—=N4, 5V
% (PIP.) 2YIAKRGHREN, RHEDTH LI T
V7)) ka—) (DAG) 2K SN 5L, 1P, HaA
Ca®" A b 7O VNBRE) 125070 § 21Py2 B4k (Ca™
F v ANVRIZER) (EHLCCa 2 i S5, 1Py
BRI 3OS T 5 4 THAEL, ZNENOFEE
R THEHIIOWTIIBAEF TITBB L ZWHLNIIEN
Twb. bR, IPZERETN L0 RERY
DT EHIZ (BIEALAZEN) THY, BED
P2 AR ZE DRI ) — 5 — & L CIHH L T 5.
72, 39— HORWEMNTHIDAGIE 7T 1 ~ F
F—¥C (PKC) xEMA L3 5. PKCIX, 19774E1CH
KEPEOWBERFHE (L) HIZX o THRAIh Y ~
N VIBALEEE TH B, MERR TO Z OREE O
E BB STV ARWD, AN ) Y ZHEKE A
T573I5—EHW T, PRKCOPEELREEHEZT L L

Ca?*

2+ 2+
Ca Ca

AR SN TS (Putney et al., 1984 ; Takuma & Ichida,
1986 ; Tojyo et al., 1992).

W AR L VR TIPs AR & e & § RSB AT 5.
LA YMeZRR, T RV vk, LT
TAZ VAP (SP) ZHEKRTHAH. WBIZZN DAY, SP
ZHEBICOVTIEFHAENIKEV LI T, SPIZX S
THEDIET v VORI TH S, 204FE4, o biE, <
7 A DOMEF AN Z SPTHIM L Td [Ca’ ] LA R1PsE
HEPRERE W L2 RDUF, AOBIZHHTHE L
72 (Tojyo et al., 1993). Fx X VI, HAEE RN
BoORMBEEE LI, <7 ZICSPRHKE LT MR
SWABRELVWI EEHEL TWS (Iwabuchi et al.,
1989). &9 X5 ~Y Y7 A DMEGIRIZIESPEZ AR AAE L
Wb LW, GREOBERELRDICT v T ATRE
COMBREND D D00, AEHEEGEZE. SPIZUGT
%7 v N ORI KR O b kv, L
L, COMRMEEOZEEHEVHEHSNZNL, FHH
DFFli L VDT, #HEHEEANTRS 2.

3. Ca”" Y JFIDOIEMRIG

Milan HlE) oca™ REEMIBI D 175570 1 L
T, #100nMTd %. Z O % Ca™ OWEITIECa™
EZEFOCRIE LM OVBUE— I TH 5. FFllfura-
2wy HEOLRE (K4A) ikdIEHwLRTY
5. ZOWEEDFIIZOWTIE, KFEEEDORIILL
Hi#FVZZOTERL I Ly O, 2005). B % AIC
fura-213, 19854F [ZRoger Y. Tsien & W\ 9, BIEI2K D 7

(107)
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X 4. Ca¥ J&ZMatik#ifura-205E (A) &9 FE TR
MBS [Ca®' L EAs (B). Hpk L 2B T hAC
fura-2% WY AT 4, HANa—) L (CCh) TLAHY v
HRERNT 5 &, [Ca® ] EFIIE =7 M & Fifih Sk b
CHIPERE 2 RT. AMECa O IELEAE T TR L 7o e
HASHEERL, ©—2HOAINFKD (B,

A A OFEFMHEZI L > THIE E L7z (Grynkiewicz
etal, 1985). ZOWELEDE K IICa™ ¥ 7 F VIFFEDF)
B EHE—I2T25bDTHY, TOHFGHENS A T
ARG R TEBEE D AN v, HARBICL B
&, JBCIZHEFE EN7zTsien® T D7 3115, 000/E 2L 15|
H&N7zE w9 (Petersen et al., 2005). FAIZ20054FE DA
FRE, THEMBREEZYVTVE AL ATIHILT S &
ZUHEIC L 72 TsienDYFHIIMO TR EL, Dxro&d
He—NVEDRVP MMV EFw (R
B, 2005). M1, fura2@B%EHRD 7 77X 0HEGs v o3
2 'B{GFP (green fluorescent protein) % #AK % fifi o 7=
M4 zaot7u—72%E L, ROPR@EY, 3HEEZRD
200841 HARD TA A & 012 ) — UL P E 2 2 E
L7z, RROFHEDIES B ) L72REIZFE IR TH -
7.

WE AR I fura-2 2 LD A S8, A AN 2Bk
FFICE 2 [C JOZALZWET B &, HHEHZRDOK
ERE—JMHEZDOBROFERMHPNBITS (XM4B).
L2 L, ARG SBIN 5 O3 MR IZ Ca®* D3 AE

Yosuke TOJYO,” Mechanism of activation of store-operated Ca*" entry in salivary gland

THET, M OCE 2B &AL L,
=2 MOANPEL. Thbh, E—27HIEIP% £ v
V=L T HCHANTHLDOCT HILTH S DI
xPL, R IR S DCa DA TH 5. Putney
(&, fura-212 & 2 A AL T 2 DA A 5, MEIR
Mo [Ca 1 oZALIE ML EZE 2TV
(Putney, 1976 ;1977). D # 21, ¥Rb (K'& [{] L%
BERTTAV b=T) oK RN ERD 7 —
=B NMRTH D, TR S OK
HECa RAFRIE AL SN D S EAH S 222 » T
72®T, PutneyldIK' DU/ 85 — ¥ 23Ca* DM N By g
AL TWD EERIL 7 LIS, HOLREOR
XEWRDE, “RoDUEH /T — ¥ idfura-212 & > THllE
L7z [Ca T2 L L —HLTBY, LOTHDIN
BIOFSITELT 5.

4. [ZXF7EEMECE RAL &1 72

HMIFLNCa A b 7 25 0Ca it (E—2 M) 128w
T, P A vy Iy —L L TEHKEHoTWEZ
LRV ORI . —T7, MRS » S DC A
(FfEAH) I FED X HITHREI SN T2 D7 19804
e, ZNEHMET 272008  2IKH/I—E S h
7o TIPS, Ca”' ULZZ TR, CMIADRA Yy LY
¥y —¢LTHMWL T AP (Kuno & Gardner,
1987), IPsD V) ¥ ERALEY) TdH 1PHNP; & L[] T < &
T 5IPit (Morris et al., 1987) &= EBUEN L DTH
W, WINHAWIREZEODLILIITEY, 4TI
INLOBIFHATCLES 2. ZOEHHNIRP D
Putney 23§28 L 7z capacitative Ca*" entry (%= MECa™ it
A), BI#ASOCE (R b 7EEEC iA) THbH. ZD
FL, COWALL “AvbrIv—" @FRELVEND
EZBOT, Ay rIx =" IZHEEL TV YD
WF7e 8 3B 72,
COETNMIIED L, CiRAIC i & — kD3
RTHY, AMTHLLOCT AT E 2 iFiXCa
MADEE W, Ca'HIZE > TA M 7THDOCa 3G
W5 (Ca" LRUVDBMKT %) &, TNDTIEEIT%H
> THERa A HCa” 25 A L, Al L7zCa A b 713
AL7Ca" IC ko THAHEINS., T2, AMTHHD
Ca D SR D, Ca A bHE <. IPRIP 7R E DR
) VIREOHIEW X, OCa HAICEEMIZIZES
LCTWiwE v, PutneyH 44 L 72 capacitative Ca®*
entry (BFEMECTA) LWV HAFRIE, Ca A b7 LA
fufid & OB TBEARBEICBIT S 3~ 7 % — (capaci-
tator) & HPLEF (resistor) & DBIRITPT VDL Z &5

(108)
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Az st
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5. PutneyA™ Mg L7z IR AL B I 5 Ca” A E T
V. (A) 19864EDF V) T VI (B) 19904F D5 IERK.

ANy (VS

198641258 FE X N7ZSOCEETF VD F ) Y F ViR (X
5 A) (Putney, 1986) Ti%, MifaNCa® A b 7iZMifust &
ERER->TED, ANT8HMETEE, A M7 LAl
L& A BCH AR &, M2 X b7 NICEE
Ca” MMAT 5. TOWRFIE, MEERZ > 72K (“R)
TR EBRDIRAT ISV THANL. THNZETFT VT, M
AN DCa> DZEALZ EHE=F — L2bIFTId R, #
D%, Ca* Htik#Efura-212 £ % [Ca LI ED TN S
EWERY, Wiz mMmElER SN, FFIT, Take-
mura and Putney (1989) %, #fiigL7zCa® A I 7HH T
By A8, MBEO [C lAdE L) E 2 28%
(F—=nN—va—1F) PRGN LR, Sy bOET
PAiE 2 4 > TH W L7z (Takemura & Putney, 1989).
bLCa" A T EMBAPEREEN > TwHDR5,
DIl —N—=va—PMEALNEVETTHE. 22
T, Putneyld, 4V Y FNVIEE —HBIEL, SOCEDH
ETNVEI9904EI2FEE L 72 (K5B) (Putney, 1990). 1%
EMRICE 2L, CalZ—HMBEICHAL, TOHA T
7O EOC R T (Ca® -ATPase) ICX>TA T
WICID AEND &),

ZDOSOCEE T IVIE, N E TITH S N7z IR A
HLDCa i AFEBROFE R 2 (ZITFIHME L 5 2 &8
T&7. oL, RERWIROATHY, fx Dt
BT OMEENRFWNEESL ST IEE X Lo

MERE  32(2)  ~FHK254F 5

A

Thapsigargin

B 300 +

200 +

[Ca2+]i (nM)

100 =

[V

2 min

6. /IMfkCa” Ry THEHRSY 72 H VY~ (thapsigar-
gin) O (A) LCH AWK T EE TNV v

(TG) O#hAE (B). HEEL7-7 v b H TR fura-2% B
NihER, PMHECS DI T CTGEAEH S 72, — Mk
O [Ca' i EHDOHE, FMEICC M A % & K& RCa™ A
FUBAE & 72, TGERAEMH S F12Ca 2 M A 7 FELCa™ i A
LA ERE WV ().

72 HEE, HEE—HOMEFE, 51 [T TITRES
N7z T bstupid (E0F72) EFNVE] LHpHI S h
7zl ZBROME 2B LWREL & B Tw 72 ifge
BHEDPo72DTRRVIESL) D LHL, TOETV
MBE D%, FFFEVEMIICB I 5 Ca® i AR & L TIA
CZFANLNDZ LTG5,

5. 87 HNLT DR
SOCEMIEDER IR VRS L, ¥ T H VY “thap-
sigargin (TG) &\ 9 MW HIkOLFEWE (K6 A) A°
W CEEREE R/ Lz e 3b9 5. TG Thap-
sia garganica &\ ) &) FLOREY) 2> & HEE L 7258 HA T
UE—¥%—ThHb. HENPATBE—F—L LTI, PKC
RWEMALT ARV E—NZAF AR IO T WS
A%, TGIZIEPKCEIEHALT 2EHIE 2w, Tr~v—7
®Ole Thastrup® 27 )V — 7i&, [Ca?* 1§ 5 TGP FLIE
RWVEH % 19874F £ 19884E D7 L1583 L 7z (Thastrup
et al., 1987 ; Jackson et al., 1988). NIk % &, TG
HMIFHNA b 726 0C x5 X L, [Ca® )% L

(109)
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AZEDLLVH. ZOEWIE, 14+ /34T A
23187TDRE R Ca A F 7 7+ 7 & LTOERIZ R WL,
A7 =) VIRBEAHEZR T 27EH S 2o T,
2o [Ca ] LR ELNDA A=A LI D, Thas-
trup S 1ZZFDHEDIIET, TGHVMNEKD ATP-IRAF M Ca**
K7 (Ca*'-ATPase) ZHRFRMICHET LI L E2WH
{2 L7z (Thastrup et al., 1990). 4>FHiiEhs5E 7% % Hifig
JEDCa*' R ¥ T EZZ T 2w & bR SN
MMakoCa? Ry TE2HET L L, HEca 25 EERES
0N MR OC B (Ca®* A b 7)
ELTHRELTWD Z LI /NN O Ca™
BEEBEETuME D 5N TB Y, ZoREIZMkst
DCWE (> 1mM) LD IFRREw2s, MigEo
Ca2+()§f‘?r‘;ﬁt’\é EBTREEW. IhuE, Ca¥tAiCatt R
TN & o TREEIIS/MBANIZIY AF TV 505
f%é.¢ﬁ¢®Wkﬂ&®ﬁ§&%§§u,¢mww
S ~OC oL (V—2) 2L S
. V=2 L72Ca" IIEHIZCa R ¥ 712 & o TNk
WY AN 50T, MKEOCS IZH IV IREE IS
7z Twadb, LaL, TGHCa Ry 7% HET L &
Ca® DALY AAABEME b, MaE» 5 DC™ D
V= hHe . ORI, A ISHREOC RS L

Zih 7z,

A9 5 LI, Ca" A P TNOC HHET 5.
TGO Z DVEMIZIEH L72D2Putney TH 5. fEIEF

#HThastrup TGO G- % 21F, 7 v M OH ML %
ffi> CTGORI R N7z, ZOH%E, 1) TGHMEHT
5Ca" A T L, IPBDMEHT ACa" A b7 L3Ikl TH
52k, 2) TGIECa B &t 2 97 721F T2 < Ffe iy
HRCWMAZDIRRIT L, 3) TGILL-TiEE 2
Ca" WA, AAHY ¥ ZFEHRBIC & > TlEE 5 Ca™
MALR URE (HLCaFy ) 232 LR
B 5212 7% > 72 (Takemura et al., 1989). 72 b ETG
(&, TP & B3R IS SOCE 2 il PEAL ¢ 2 45 5 7 it
ThoHIEeNbhotz. LIAT, ZOFEBRITHRDEL
b o7z013, LEEPutney® T NI % L TW 72 ALIRE
FERZFEAOVMHIERE L TH L. F T E - 7
SOCEDFEMIZ I L O Hik A fid TRE VW E W 2
L. RDTHEZ ORHHICPatney® 7 R &2 G L, Pradis
L5 DOMEORT WA 2 L AT E DI REEE
THhotz. TOH, TGIZ X HSOCEDTEALIZE T L
ORI T B IR & 1T 2N, TGIZSOCEDWIFIZ L -
TELS TE RS R VERY Yool LTSHTHIALLH
woHonTwa

Z ZCTGASSOCEZ AL T % 2 & &R L 72 3B 1
BT 5. K6BIX, T v ME TR fura- 2 %

¥ A b T AEBPECa® i A DI LBEAE

WhAFEE, TGRMED [Ca' ] 0ZEfbEE=F— L7
WRTHD., U rETEhvERTb TR, [Ca lildwo
<hELEAL, BHthilidbasal [Ca¥" iV NIVIZE S
CO—BEOFUSZMBBN A~ 7 20 5 DCa e fE (Ca*
V—7) ZRLTWwS. MBAHIIZC BAEFE L RV D
TCH ML ENT, A PTRPPTHET L. 20—
#PED [Ca™ L EABIE D, FHEIZC 2Ny % &
[Ca" IR EL ERHT B, Zo RSB S DCa®
MAZRL TS, TCEEH S EFICC 2 RML 72
WAL, CoRRERCmAGHEL 2w (H6B,
WiH). TGEEH & ¥, C"MADKEZIAE=FY—7F
5 FiEZ, 4 TIESOCED IV —F & T & L CTHET
LTw3

6. Ca”WAEF (CIF)

19904EARIC A % & SOCEIXFFBA MBI 51 5 %
HCa" AR L LTLKRBOONL L) ko7 L
ML, ANTHHET 5L REMEOCS F v A v s
FOT 2003 THY, LiF, 2 7 OfEOfEHz
ML (Ca™ F % A V) ITERBIFIZOV TV DR
DEFARB E Nz, REW RO HERA v &> T
% — (diffusible messenger) L CTH2 (H7A). AT
DB T 5 & & HMOWHDILHL, TOWHOIEH T
MM D SOCF v A )V (store-operated Ca®* channel) 7%
BT 2L W EHTH L. DRy LT v —OFH
& LT, cyclic GMP (Pandol and Schoeffield-Payne,
1990 ; Xu et al., 1994), 7 7 F F YRR T OB EY
(Rzigalinski et al., 1996 ; Wolf et al., 1997), F b7 T AP
450 (Alvarez et al., 1991 ; Montero et al., 1991), small G
% X278 (Fasolato et al., 1993) 7 E2%RME X, H
RFWOEE R LTz, ThEOWHEOHIIE, SOC
FX ANV EIZRRLHCa T v A NVORHITICHEG T2 b0
B DN, ANT ORGONEMERRA LAYV v —
ELTRSHBESINTWS

19934F, Ca*" A b7 75:1‘5(% S & 7z Jurkat il NG O fil Y B
2, Ca”WMAZ IS 2 RADWEP MBS 5 L&)
T AFEFR E N7z (Randriamampita and Tsien, 1993).
Z O AHWE 1 Z calcium influx factor (CIF) & %fFiF 5
N, TNIEHA LT OB L - Tl 2 2 v £ ¥
Ty —PHETIE vt Ez bz BEE hERE
KT ®ONature, FH Ifura-20[FEE TH AR, Y. TsienT
b, FEINS VDT, R T ORAWE
DEEDIEE 572, WEWISOCED ST A A=A LD
RIS 2 & b 7278, #RIIIEEE D CIFO IER
2& DL LI TEY, CIFIZLICHD 57z,
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Ca?*

? IPsR

Ca?*

SOCC i RE A=

diffusible

messengers

INFRAAR
7. Ca¥ A N7 OWEOEHE ML I 2 D4R,
(B). SOCC, A b T7HEE)ECa® F v % )b

Putney 3487 5 Z OCIFFHIZ ITHERN T, O %
BETHMLEIEL TS (Gilon et al., 1995). 7
&, Jurkatfifd QBB HIZ [Ca*' ] LA AR T 71 F
V) OGN T 258 F T B I REEE % F54 L T
W5, Putney® 7 )V — T L Tsien® 7 )V — T3 DCIFD
“HJE" % & o TNatureit L T 217> THB Y (Bird
etal, 1995), CIFASZ DD MYy 7D 1DOTHo7z
LRIV DVDED.

7. BENERET I

PHE A v 2 v DV r —FAEH RO TW2E, Th
EAX BT HE 75 19 8 45 £ 77V (conformational coupling
model) & WIH IR A FEIE T 2 HF5EH D 7z (Irvine,
1990 ; Berridge, 1995 %), T OREL (K 7B) T,
AR (AN T) BICH HIPZ K & M Eoca F
¥ AV L DEREIICERD TEHF LZMEICH Y, AT
ARG B LIPS AR OREEHEAL L Tl o Ca” 5
TRV EEBEMEENT A, ZO/E, A N7 OB
TGRSR Z b, Ca"F ¥ AUDHIITT 5. 2
DEFIVIE, BEHTEREO YL Fuey v vk
/N D ) 7 2 Y v iR E ORREEUL LD
DT, REBHW LRI TD - 7205, FEBR % GEILAA
Bl WEEA Yy 2y Dy —FIFLEER SN R0
LB, AL, BREVWISDIEIERLEDDOT, 4 HIE
SLENDDH BHSOCED G- A=A LE, Ebbh L
B9 & OREENEAE T VI,

8. TRPF v xJ
SOCED 7T Bt 05T, 95 1 ODMIFREE

B Caz+

? IP;R

Ca?*

SOCC HHRE =

/M@K

BHE A v 2> Y =B (A) LSS E 7L

PRI I RCa F ¥ AV (SOCTF ¥ 2 V) DFIET
Holz. MRERHIA % & OB IS 5 BALK
FHEC T ¥ AV, BIERAEROEHFICH O
HCOHHH (Ca 7T vy T=A L) OEWNGTTHSD
D, EOAEMRPLIER DL R LR 2 5 3
T ST &7z, MUK L TSOCT ¥ A VD IERILE
EFTEEAERHTH 72 EE > TV,

19924, ¥ 3w Y a U NTONZEEITRHR 2 Ca®*
MAZRRITAF U F Y ANVDPHEET LI eGSR
(Hardie & Minke, 1992),
(TRP) F % 2V L&A Sz TRPF x & VI
BUCDILSAEEL, BUE, 7% & 29 OTRPF v
ANVBIEETDREEINRTWS, ZOHFDOTRPCY 77 7
I =DSOCTF ¥ ANVDRKETH B &\ ) F ZHHEE S
N, ZOFHOLDIZINE TE L ORI ER SINT
&7z, TRPCF ¥ A IVIZMERMRMIBIC S AL, TR
ANIDCR®DI. S. Ambudkar® 7" — 7 ASTRPCHLIZ I\
TR W% 0 I Twb (Singh et al., 2001 ;
Liu et al., 2007).

L2 L, TRPCHIZIZWL O DEE»H B, 1D
X, ZOF v FIVIECENIH T HBEIRES LT LD KRE
BV EWIRHTHD. Ca ' UNDIEA b Hhs
FIOFXYANEBEDT, Ca&"F ¥ A NVEEI LV
AF T F v ANV EWERTTAEL S ANz, 72, 8
vF I Ty TEEC)ERFHTA 4+ B (current)
#WET DL, TRPCF ¥ A NVOFHEEALIC L > TAHEL S
HIIL, SOCEIZ & 2 HW (Lu EIFITN TV D) L35
LBIARO I LAREINTVS. Doz Ers,
TRPCF % R VASOCF ¥ A IVORKTH S L \vWH) E 2

transient receptor potential
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B
Orail “ “ “

STIM1 Cazr ©Ca”

/N AR

Ca?

NH»
X 8.

Ca?

Ca? N INERAR
CaZ L7 D 78

(A) STIMI1DAfERE. NAGENZIZ/ AR O Ca* i % J&H13 % EF hand domain<sterile o-motif (SAM) 23& E N 5.

R L 21X STIM1 D %4 R Orail DTG AL L2 B 53 5 coiled-coil domains (CC) 3& T b. (B) STIMID A ZEAL. /NMatko
Ca”* D HiiE$ 5 L STIMIASHIAIE DI E I &E L, OOl EAHEAEM T 5. O EOril ST PEL L, Ca* 2SIz

WAY 5.

RN ZH

Ca®* ART7 DHLiB

Ca®" Nt
c

YEP-STIM1 D534, (b) ATPHIELIC X 5 TCa>* A b7 %M X872 B OYFP-STIMI D 434, 8 OEEGPHI L. () A b
7 & Ca’ THIHT 5 & YFP-STIMLIZHIHHT O 5045 125 5.

(ZIZEEM &2 FE o288 & 72 (Putney, 2007)
TRPCHAYH T A & D 104F [ (X SOCEM 78 0 £5 Id &
WCTRPOBEFEMHTICU TOHNT WAL IITES. Ly
L. 2L O3 VF— Lk (£ LTH%EH®R) 28l
72EIZIZSOCELE TRPE DRIFRIZ 7 V) TIZWE 2 H % h o
72, HWROEEZHOKH L LFEIR > TRV TV S 5
DT, LIl SRk, ZOT7F A
L — 3 3 ¥ OfFH 21320054 & 20064F 12 HE T TR S 1
72RO YO AR T E R S o
7z

9. STIM1&OraitdHER

AT ADOREBIECIE 2 O0RERH DL, HD
BHRMREOMHTHW I DS, 121%, WY
DOWFZEASFRR (HRER) IR H B (KRl) T, =
DEFHIIZENE DR E D, MBI 525, B
BREALDBEZZ > TREVDITTIE RV, 9 121, BF

OGP ZALT HERET, Thl X - Thf%E
MOWFIZEST D, Sz g, FRERIcIET I

F—AH L BEEEA B B & v DFZ STIMI (stromal in-
teraction molecule 1) & Orail ®F§ FL 1%, SOCEMfZE &
MBS 72, IEICBEIEEAM (breakthrough) Tdh o7z &
BZ5.

STIMLIETE 4 A b 1 —< A OESF & L CTRES
728 U ZET, vawYaunhbfiflE T Tkl
A A, 2005%E, STIM1ASSOCE % il § % %HD ¥
UINIVHTHLIERT AV ID 20D T V—TIEIT
R IZHE L7z (Roos et al, 2005 ; Liou et al., 2005). \»
FTNIZBWTH, RNAI (RNA interferance) A 27V —=
VTEW)FERMSTSTIMIZ ) v 2y v L2k
%, SOCEFZE LAl s N, Z LR s sz, STIMI
EFIDAARBIAFAE S 2 — R o » » X7 BT
HY, MaENOCS BEZERAT 5Ca" Ly —L L
THWTW2 (K8A). /NakMIEIZALE T %STIMIL
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DONAYE M2 IZEF-hand domain & F:IE AL % Ca®* 5 A AL
BH Y, PMaENEEDCS IEDEALIZ X 5 TCa™ A5
BLDEMLZD TS, Ca" A N T DOC IBEMMET
3 % & EF-hand domain?® 5 Ca® 25841, STIM1id/hafk
fi b A2 RE) L CHIBLE B IR T 5. X HICSTIMLG T
L2554 LC, punctad %\ idcluster & IF1X 4L % kiR
Wk 2IEET 5 (M8B). ZORUSIIWHIT, Ca
A N T ACa THAE I NS Epunctald i L, STIMI
I DG AICKE A (Liou et al., 2007 ; Smyth et al.,
2008).

COSTIMID Z A F 3 v 7 i i, ks o8
ZHETT RV LISTIML 2§58/l 1S g Bl S &, 20y
ELZHMBRET A LICL o TREBICHZ L 2 &
WTES. I ADVBL L 10 2BNT5. Th
(X YFP (GFPOZFAK) THEAE L 72STIM1 (YFP-STIM
1) ZHAEM (CoS-7THlE) \ZRBlsE, Zoinfiz
LML — B TR LR TH S, RO
YFP-STIMLiZ /MR O RIS — 120 LT 5
A, 7TIT=A L (ATP) THEML TCa A + 7 % Aliig S
5L, ZEOEES (puncta) AHIT 2. ATPZ ¥k
Wit L7k, Ca"ZiRMLCA N7 2 AT S L,
YFP-STIM1® 55 A (X HIBK T DOARFEICIRE 5. STIMIA/INE
RoCa* L v —ThHbH I Lid, ThFTEL DERWY
FELASEAE ST W T (Zhang et al., 2005), %E9 Al
o,

T, b9 1DODkeyd ¥ /37 B TH 5O0rail & 131
M TOFUNRIEIEDN, INFTHELHATY
72SOCTF ¥ AVDORKTH B L WIEZ BB TH
%. RIZTRPCICHE L TWAIFEE Wb Tl
s, A BR) TIERHBERL TS L HIEDb
N5, OrailiZ20064E27 AU B D 3 DD IV —TF
WZ& o Tl A I1238 R 81 (Feske et al., 2006 ; Zhang et
al., 2006 ; Vig et al., 2006), —FFiZOrai& CRACM & 9
SRR SIEAT LTV B 17228, Stefan Feske® 77V — 7
DREENDOTPICE L5722 25, BAETIXOrail A®
LR LTS, Oraik W) BRI, ¥V ¥ v MEHIHT
B RKEDOM%SF %A (the keepers of the gates of
heaven) D &HiN L AL NL DI L TH 5.
Orail |ZCa> F ¥ RV DFY FITH 5.

Feske® 7V — 7%, HIEHEGRIRIEAR S (severe
combined immunodeficiency ; SCID) & \\» 9 JGK ) 72 529%
KAIEDWFIED S 0nail ZFE R L7z, M5 1%, Orail # 5
B BHiA 5, SCIDAEEOTHINL TIZSOCEASFIT5E 4
WRELTWDE Z EEHEL TWwW/ (Feske et al.,
2005). % Z CSCIDDRENEL T 2 FFET b7z, &F

MERE  32(2)  ~FHK254F 9

J LWIEMOBEEIENT ERNAIA 7 ) — = ¥ 7 &2 AT\,
SCID % THHL$ 5 SOCED K A30rail O —Hi Fe 25
QIFHOY P UHRF I VICHEE) 222525
MIL7e. COERINFEHOT I VBETVF= 0
BT b7 7 IEZTLES. SCIDEEOTHINLIZ
IEH 2 0rail Z 38HIFEI T 5 &, SOCENMET ST LB
RS N7z, NaturellFEER SN2 2 DL (Feske et al.,
2006) 1%, SOCE7St b OAEBRLRHE L EIBIONT
WBHIZERLIA Y7 POREVIIETH Y, L3
F—CHEBOKRHBMDZ O X 2B LRI,
SOCEDMZEd T 2 F THE Lo E, HWVIKE) %
Z7=.

Oraillx 4 DO E M EZ AT MM » 87 K
T, 48K TF ¥R - K7 (pore) ZWT 5. fila
JRS % CSTIM1 25464 (punctal2hk) 35 &, STIM1&
Orail L D HEAEHIZ X o COrail X LI NS (F %
AVOBH). STIMIBIR T IR &M Z TOrail & DM
HERRTERVE TS L, OrailiZiGHELL 22w
(Baba et al., 2006). STIMI & Orail & DM HEAEM % €Y
2 b— M LHERTOFEDRR SN TV ED (Var-
nai et al., 2007), SOCED{HMEALIZIZSTIMI & Orail @ 2
DDkey ¥ YN ERHNIEEARMII 5 HHETH 5.
3L D SOCERF 721X STIM1 & Orail & DA HAEH D451 A
= ALDHERICR 5> TH Y (Shaw et al,, 2013), I\
WRZOFIZOVWTOERPHOL 2B LR, F
7z, STIM1DAIZSTIM2, Orail DI Orai2 & Orai3 & \»
IRBGTVHET DI L 5> TEZ. ThHD5
TOBRENZOWTHIEHIREZNS.

10. SOCEMD X8 & mhE

Orail DR TER DI SRR BN T, STIMID
BIZTFEREZFEOREMEEBA D% 5 72 (Picard et
al., 2009). Z O HEHIXSCIDEHE L FERDRIEA 2 E IR
%, Orail DBIZTIXIEH TH o7z, STIMIBIET O
HAERCH) 2~ 2% &, 3807 H & 3813 H DI JE DRI 4%
GRTTF=VPASNTEY, ZOMKE, 7L—2av
7 MZE o5 TSTIMLY ¥ 2827 B iZ136FH UKD 7 3
B (CRM) 2RELTHEZEDRGholz. TOR
FH DERILL 724 2 i L < & SOCEIX AL S e
.o LA L, ZOSOCERIEMIM (3 ot 3 )
IR = STIMIEIZ %28 A3 5 &, SOCEADSH{H
%5. 29 LTCSTIMI . Orail D Hin T AR D RIZL -
T, INHDF Y7 EHE b OREREBORKIC A
LI ENFEIFEINTDITTHS.
STIMIDBIRFERZ RO BHIL, REALZOMIC,
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A
400 -
&
c 300 +Stauro
w=r +Stauro
F 200
s Control Control
100 ~
t t t t
CCh Ca?* TG Ca®
0 —
B
300}
s C°m';&'.‘ Control
£ 200 "Nt
f A T ot
N + Okada
S 1004 + Okada
! t
'cen 'car b Ca®
0- —
2 min

10. 7 v PEHETERMEICBT 2 A P TEBHECT HRAILHTE2AF 70 XK »
(Stauro) (A) & ¥ (Okada) (B) DFhA. Staurod 5\ idOkada THIWLEL L 7-HlifL % 7

VX2 —)v (CCh) HDHWIXT 7T HIVY Y (TG) THIEL 7.

—i#tko [Ca® ] LA o

%, AMEICCa" Nz 728 25, StauroMLPCTldCa® FEA DI L7225, OkadallL¥ Tl A

S 7z (Tojyo et al., 1995a ; 1995b).

B O ZEHG (myopathy) T F X VE O EA 4
(amelogenesis imperfecta) 7% & DFFRLIY 70 KL % IR
F. UL, kOOl D@IZ AR (SCID) THOLN
LIRELIZIZFA L THAZ NS, MBERTERTHNML
RPN, WINHSOCEOKREBHHTH % &% 2
LMTWwa. FFIZ, EifIcEZECHICE 5T
SOCEDQ KN L F A VEDOREAEZR I T T LI1TK
ZRIRZE, COBETIE, AEEAAEOWTRIZY
IF ANVEDOAIKAEAZED SN, #KiGe T+ 2 VR
TAICHELT, DVICRRFEDPHB LT L LW
SOCE®D KAAH T F A VML OFERE 2B E % 5 2 72D
TV EEZLNTWEY, FRMENRZ L1350
PoTwniw., Y A%2flio72BWEBRTDH 5 75,
Orail BIZF42 /v 777 3 5E, BREESLZ S AL
BTG S b T & Al #hts S 1172 (Robinson et
al., 2012).

v M DSOCERIA & Wi & DMRIZOVTITFEL W
WHBHH DTS LTIZ LW (Feske, 2010).

1. UZEME—BE > B{EIC L 2SOCEDFAE
2 IZSOCEIZBIFR L 72 FA72 B O e 2 i L 72w,
LI ISERIC R 525, Bz bid, 7 oo B VAR

F (FF—8) R VBRILEEE (FAT775—¥) O
FHESEIZ L 5T, 7 v FPE TR OSOCED 1 i& L 72
DVIRT L7220 325282 0O0, 2HMOEmLITHEELL
(Tojyo et al., 1995a, 1995b). K10IEZ D F— & — D —Ff
Thb. MEHNANTS0C HiiZZIh s orEE-
EHICL 5 TELWEBEZZIT aho72h, Ca" AT
F—EHEETHELAFTBARY VX > THEIZH
RN, kY Y/ ALF =Y - kAT 7 F—BHEET
BB TERIZE > TEIZHHI S NG Z Lo,
WEE, FBOBREZT A Y ANIHO Z )V —7 LT
B (Sakai & Ambudkar, 1996), SOCEASZ N & OEEFH
FHESEIZ X - TREZ 2T A Z L IEHhEVEZWE R bR
b, ZO#RIE, SOCEWN S ¥ /878 D) VAL -y
YHALIC X BRI TV A S RRIBT 5, A
GRLENL RICHIAEZ ERSEZ 2 LIETE Do
7z.
COS-THINLIZP, 2 K7 T= X P THHATPIC X L
L, ¥—27tHERRM2 55 2 Mk [Ca* ] LA
Y. BAERT, R LICCOS-THIZfioTA Y v I A
RY YOMPEETRTARIZEZ S, HHVEHRE RO
7o, NI ZORRO—H %2 RS, Fifi TATP% Bk <
L, arvihu—iiao [Ca* 13 2 Rl #T o v
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A +Ca?* +Ca?* B +Ca?* +Ca?*
ATP ATP
1.8 - 1.8-
1.6 - 1.6
S 14/ g 141
L 121 L 12
=3 =3
I\L: 1.0 - l\iz 1.0
o 0.8 o 0.8
© ] © |
& 0.6 K 0.6
0.4 0.4- ST
0.2 T T T T T 1 0.2 T T T T T 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time (min) Time (min)

Control

ST

1. COS-THINBIZ BT 2 A b THEEIECa™ WA T 5 A7 7@ AR Y >~ (ST) DR, Control (A) &%\

IESTHLELANNE (B) #ATPTHIB L7z, STALHL L 7248 CIZATPZ BR W T 3 Ca® i ADEV 72, (C) Venus-Orail
DOMMBAN A5 DI L — =B EE%. DRca R Y T oW H N HES TH 5 CPATHIINT % & Venus-
Orail DRI DS BIE S 7z, STHLEL L 72l Tld, CPABRZEZCA 2 i LT b RLIRAE i 1375 2 L 22

-7z (Tojyo et al., 2013).

NV T L, €OHCT ZAMICHEMLTH [Ca ]
FIEEAEEA L o7 (K11A). E2AH, A%
T aZAARY ¥ (ST) OFFFE T THIELL 72 Mig TIXATP
ZBEWTH [Ca DB LNV HERE L, AMECa® % B
PRVIRVET Lero7z. Lad, FOKICCE 2k
ms e, O [Ca 1A EH L7z (K11B). 2 OffE
(&, STCALELL 72/ Clx 7 2= A b L TSOCED 5
WeZERRLTWT, Ca¥" 7PV af5Ed 5 HIC1E

MFAREZ, NEEGBLTH -7

CORROFIE LT, FIE, STAY YRILHEZ
- L COorail OF AL (BHI) REZ Ffe S €720 Tl
BwpERIz, 2T, HGF ORI HETINVLT:
Orail (Venus-Orail) % COS-7AIfgIZ5RHIZEH s8¢, It
R L — ¥ — B TN O 5 2 Blgt L7z (X111
C). /Mafkca® K ¥ 7O HEHETH 5CPA (cy-
clopiazonic acid) #fio CTAX M7 ZflilgsE7/-L 2 5,

(115)



12 Yosuke TOJYO,Mechanism of activation of store-operated Ca’* entry in salivary gland

Venus-Orail OFLRFEE (puncta) SZ I L. Zh
(ESTIMI & D EAEHIZ & > CTOrail 257FMAL L 722 &
)DDbESL. CPARBRVWTC 2T 5&, AL
TACH THREINLDOT, v bu—Villlao
punctal(TIFH L L7z, &2 ADS, STTRIL 74T
13Ca" ZAHI L T b punctald{H €3, Orail O EALAS
BWTWEZERRL TV, STOEBEDOEN T2
OrailZz DA, Zh & MO IEBE )T 7% D9 E A
TH 5D, FAlE, Orail & STIM1 & DM EAEH A—H )
VAL -BLY YBEIC X o TR S TWw AT 2w
NEEZTWE, WPAREDZIV—T1, Orail DFRE
HPKCIZ L Ziffi# 23 Cwad I aMELTBY

(Kawasaki et al., 2010), 4%, SOCEDIHHEALE V) >k
b OBRDIZE DT % % 20 b Hi .

& DCOS-THINE & fiff 5 72WF9E1L, #xiT, Cell Cal-
ciumiZHE T 5 Z L ASTE 72 (Tojyo et al., 2013). Zh
HRAD A D F LA L B & Z ) IR .

MORZE7E0s, EHEOKHFEM S, v PO TR
B2 S STIMI O fn T2 8 A L, T HRMARIC
STIM1 Z iR IS8 8 &5 Z 12 L7z (Morita et al.,
2011). & 512, STIM1% 731 L 7250 F Bfi g <1,
SOCEDHK¥ % 2 & biEsL S N7z (Morita et al.,
2013). C OWFFEIENK, TIEGZIE O BHR IS A5 1]
LD, ChhLoREZMEL2W.

12. BbHYIC

Ca® it A @ capacitative model 23562 & 1172 D 1219864F
THhb. BRI N7HEFEIXCell Calcium&E VW9, ¥4 7
ENTFERHBZOE TR S NG, BHIKIZZLVBHK
M CTho72 BUEEIA V7 VT 72 5 —H4. 30
BMETH D). ZORHFEET VD EDOE, b EEN
RCa ARG & LCHE. SN &1, YR AoifgE
ERENETFHLITHA I 0. TOETNVORAER
MO ZOMEOHNZ AL HIZE 5T, 4 HDSOCE
MIED BRI R IIEE TH L. 5 TRTOH T HE
MFITHH SN, b bOAEHRERLHELD Ny X7
ENTEL BEH AWK, SOCEIL, H#RESE
MmNy =7y PELTHIHEHENSE LI IIRDEESS.
SOCEWIEDIERIZ, FHWVITEE O Ffk 2 7
WCRERWEEMEE AR BT 2% L RLTW S, 254
W DET IV E A I, MEEIROWIEAZ DR —Z 12
BoTW/Zeddh, RFERMIZ “THEBLLA
WL L E9RLZOREO EK ERESs TR
WiaholtX)ThHb. 4 TIESOCENFIMR L F A
VERBIZOEbDoTWE I ERHL2ICLY,

K& D BERRTIE AR,

SOCElZ, FApsikd L&, HoEE L2700
FREETH Y, WAL IZESN D 2RI,
SOCEfZEDER Z 4R D 3B - THz. AT T THRIML
72 DLW I DSOCEMFED 1T A D — I & 2228,
SOCEZ R B ¥ A F 3 v 7 oz kLo Ty
R NESEWTH L. SOCEZR &irCa™ ¥ 7 F IV OHf
FECIRIEF ISR LRk N, FEFLHMLL, £
OFTHEINEZ T OREHEDOHETH L. RBVD LD
BN L D o725, TRLA D XD iz
OO FRAETIIEIHBYTH -7, T L2ED
b)) ZENTE.

KPR E FIRE 25X TN HWERR R
OHBRBEEII O OEHB L LTS, 72, Th
FCRE —MICATZE 2 3 o T NI D AT Z #
2, ARHEFHERER, BUREBEAGEMICBALR L LIFE 5.

ZOFITRIY OKIEFIZ, capacitative model D fifE 3712
R EBE S N7ALIBREE KL B DAY K64 DR MR
A7z, 4 H OSOCERFZE D AEJR (G A DRFFEME L 12
FEENLR V. TRETOZTRITL HIE#Hd 5 & 4R,
TEMEZ B L7z,
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Abstract

Fragments of Hertwig’s epithelial root sheath persist
in small clusters known as epithelial rests of Malassez
(ERM) in periodontal ligaments. These ERM cells are
unique epithelial cells that are present in periodontal
tissue throughout the life of organisms, and play a role
in the homeostasis of the periodontium through recipro-
cal interactions with other periodontal cells. However,
the function and cell proliferation properties of ERM
cells are not fully understood. This study investigated
whether ERM cells have cell growth capabilities and
primitive stem cell characteristics.

Undifferentiated epithelial markers and the GO cell
cycle marker of ERM in vivo were identified by immu-
nohistochemical staining using anti-CK-19 and anti-
p27"" antibodies. The ERM cells were isolated from
porcine periodontal ligament and cultured in Dulbecco’s
Modified Eagles Medium with serum. Porcine gingival
epithelium (GE) cells were also cultured in the same
way as the ERM cells. The ability of the ERM cells to

proliferate was examined by a cell proliferation assay

using CyQUANT GR dye, which produces fluorescence
enhancement upon binding to cellular nucleic acids. Ex-
pressions of Nanog and Stat3 as pluripotent genes and
TERT as the catalytic components of telomerase were
observed in the ERM cells by RT-PCR.

As a result, localization of immunohistochemical
staining for p27*"" and CK-19 were detected in the cy-
toplasm, but for GE both were negative. The cell
growth rates of the ERM cells were significantly higher
than the GE cells in vitro (p<0.05). The signal of the
catalytic components of the telomerase, TERT, in the
ERM cells was stronger than in the GE cells by RT-
PCR. The ERM cells were expressed as pluripotent
genes of Nanog and Stat3 by RT-PCR.

The results suggest that The ERM cells are unusual
cells that exhibit the immatureity and cell growth arrest
of ectoderm-derived epithelial cells. The ERM cells
may also have the properties of a unique stem cell

population.

Key words : epithelial cell rests of Malassez, stem cell, cell proliferation
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BF, 2011). BRoFEEZ, WA S W TR LR O
APSBBEEND 720, ¥ T vt Rk b Ak
LIpe ERz sk TH 5 A%, 2 $ To sk BRI Bzl
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ZENH LT 572 (Guo et al., 2009 ; Guo & Smith,

(125)



22 AE BN FT Ty BRERMINC 31T 2 I B A O FF B

2010). AR#EERIIBWT, ¥ 7 vt LEAMILIENanog
BLUS@3z B LTEY, 7 vt LRk
HBUEVPHO L 2o 72,

&

~ 7 v @k LR AL, T RN ESE & e D) R
TERHI 2> & RMIH I TITHFIEL TW 5.
BWTC, ¥ 7 v itk LEMIIZCK-198 X Up27 &
FERMICHILL TV D720, BRI LR L3Rk 572
Al bds L OB EICH 5. <~ T v #EF LR
&, AT A & e AR TR & L L—3 T
FAELTEY, p2TE2R%BL Twb720, AERNICE
WTGOHI DM RIEIICH 2 Z LaVRENT Ty
LIER E R & D A - BREE L 72~ T v b BRI
I GEAE I 2S5 <, TERTOIEHIMM A B, S 512
Nanog# X UStat37% & D% R FRHE I T DB %2 RO
52 Enn, %7 v ik M EsMEor L A
T2 LRI N

X (73

Agostini T, Sacco R, Bertolai R, Acocella A, Cola-

®

in vivo lZ

franceschi M & Lazzeri D. Peri-implant squamous odon-
togenic tumor. J Craniofac Surg 22 : 1151-1157, 2011.

Akiyama M, Dale BA, Sun TT & Holbrook KA. Charac-
terization of hair follicle bulge in human fetal skin : the
human fetal bulge is a pool of undifferentiated keratino-
cytes. J Invest Dermatol 105 : 844-850, 1995.

Assoian RK. Stopping and going with p27kipl. Dev Cell
6 : 458-459, 2004.

Blackburn EH. Switching and signaling at the telomere.
Cell 106 : 661-667, 2001.

Blasco MA. Telomeres and human disease : ageing, cancer,
and beyond. Nat Rev Genet 6 : 611-622, 2005.

Bodnar AG, Ouellette M, Frolkis M, Holt SE, Chiu CP,
Morin GB, Harley CB, Shay JW, Lichtsteiner S & Wright
WE. Extension of life-span by introduction of telomerase
into normal human cells. Science 279 : 349-352, 1998.

Brunette DM, Heersche JN, Purdon AD, Sodek J, Moe HK
& Assuras JN. In-vitro cultural parameters and protein
and prostaglandin secretion of epithelial cells derived
from porcine rests of Malassez. Arch Oral Biol 24 : 199-
203, 1979.

Cobrinik D. Pocket proteins and cell cycle control. Onco-
gene 24 : 2796-2809, 2005.

Cotsarelis G, Sun TT & Lavker RM. Label-retaining cells

(126)

reside in the bulge area of pilosebaceous unit : implica-
tions for follicular stem cells, hair cycle, and skin carcino-
genesis. Cell 61 : 1329-1337, 1990.

Demirkesen C, Hoede N & Moll R. Epithelial markers and
differentiation in adnexal neoplasms of the skin : an im-
munohistochemical study including individual cytokera-
tins. J Cutan Pathol 22 : 518-535, 1995.

Etienne-Manneville S & Hall A. Rho GTPases in cell biol-
ogy. Nature 420 : 629-635, 2002.

Greider CW & Blackburn EH. A telomeric sequence in the
RNA of Tetrahymena telomerase required for telomere re-
peat synthesis. Nature 337 : 331-337, 1989.

Griffiths DS, Li J, Dawson MA, Trotter MW, Cheng YH,
Smith AM, Mansfield W, Liu P, Kouzarides T, Nichols J,
Bannister AJ, Green AR & Gottgens B. LIF-independent
JAK signalling to chromatin in embryonic stem cells un-
covered from an adult stem cell disease. Nat Cell Biol
13:13-21, 2011.

Gu B, Bessler M & Mason PJ. Dyskerin, telomerase and
the DNA damage response. Cell Cycle 8 : 6-10, 2009.

Guan JZ, Maeda T, Sugano M, Oyama J, Higuchi Y &
Makino N. Change in the telomere length distribution
with age in the Japanese population. Mol Cell Biochem
304 : 353-360, 2007.

Guo G & Smith A. A genome-wide screen in EpiSCs iden-
tifies Nr5a nuclear receptors as potent inducers of ground
state pluripotency. Development 137 : 3185-3192, 2010.

Guo G, Yang J, Nichols J, Hall JS, Eyres I, Mansfield W
& Smith A. Klif4 reverts developmentally programmed re-
striction of ground state pluripotency. Development. 136 :
1063-1069, 2009.

Giines C & Rudolph KL. The role of telomeres in stem
cells and cancer. Cell 152 : 390-393, 2013.

Harley CB, Futcher AB & Greider CW. Telomeres shorten
during ageing of human fibroblasts. Nature 345 : 458-460,
1990.

Iwama H, Ohyashiki K, Ohyashiki JH, Hayashi S, Yahata
N, Ando K, Toyama K, Hoshika A, Takasaki M, Mori M
& Shay JW. Telomeric length and telomerase activity
vary with age in peripheral blood cells obtained from nor-
mal individuals. Hum Genet 102 : 397-402, 1998.

Jain R, Fischer S, Serra S & Chetty R. The use of Cy-
tokeratin 19 (CK19) immunohistochemistry in lesions of
the pancreas, gastrointestinal tract, and liver. Appl Immu-

nohistochem Mol Morphol 18 : 9-15, 2010.



The Dental Journal of Health Sciences University of Hokkaido 32(2) 2013 23

Kurashige Y, Saitoh M, Nishimura M, Noro D, Kaku T,
Igarashi S, Takuma T, Arakawa T, Inoue T & Abiko Y.
Profiling of differentially expressed genes in porcine epi-
thelial cells derived from periodontal ligament and gingiva
by DNA microarray. Arch Oral Biol 53 : 437-442, 2008.

Lin LM, Huang GT & Rosenberg PA. Proliferation of epi-
thelial cell rests, formation of apical cysts, and regression
of apical cysts after periapical wound healing. J Endod
33:908-916, 2006.

Luan X, Ito Y & Diekwisch TG. Evolution and develop-
ment of Hertwig’s epithelial root sheath. Dev Dyn 235 :
1167-1180, 2006.

Mitsui K, Tokuzawa Y, Itoh H, Segawa K, Murakami M,
Takahashi K, Maruyama M, Maeda M, Yamanaka S. The
homeoprotein Nanog is required for maintenance of pluri-
potency in mouse epiblast and ES cells. Cell 113 : 631-
642, 2003.

Morii N, Teru-uchi T, Tominaga T, Kumagai N, Kozaki S,
Ushikubi F & Narumiya S. A rho gene product in human
blood platelets. II. Effects of the ADP-ribosylation by
botulinum C3 ADP-ribosyltransferase on platelet aggrega-
tion. J Biol Chem 267 : 20921-20926, 1992.

Nam H, Kim J, Park J, Park JC, Kim JW, Seo BM, Lee JC
& Lee G. Expression profile of the stem cell markers in
human Hertwig’s epithelial root sheath/Epithelial rests of
Malassez cells. Mol Cells 31 : 355-360, 2011.

Oka K, Morokuma M, Imanaka-Yoshida K, Sawa Y, Isok-
awa K & Honda MJ. Cellular turnover in epithelial rests
of Malassez in the periodontal ligament of the mouse mo-
lar. Eur J Oral Sci 120 : 484-494, 2012.

Park Y, Kim JH, Lee SJ, Choi IY, Park SJ, Lee SR, Sung
HJ, Yoo YD, Geum DH, Choi CW, Kim SH & Kim BS.
Human feeder cells can support the undifferentiated
growth of human and mouse embryonic stem cells using
their own basic fibroblast growth factors. Stem Cells Dev
20:1901-1910, 2011.

Polyak K, Lee MH, Erdjument-Bromage H, Koff A,
Roberts JM, Tempst P & Massagué J. Cloning of p27%",
a cyclin-dependent kinase inhibitor and a potential media-
tor of extracellular antimitogenic signals. Cell 78 : 59-66,
1994.

Rincon JC, Young WG & Bartold PM. The epithelial cell
rests of Malassez--a role in periodontal regeneration? J
Periodontal Res 41 : 245-252, 2006.

Sgambato A, Zhang YJ, Ciaparrone M, Soh JW, Cittadini

(127)

A, Santella RM & Weinstein IB. Overexpression of p27*"'
inhibits the growth of both normal and transformed hu-
man mammary epithelial cells. Cancer Res 58 : 3448-
3454, 1998.

TEIESE. B OREL.  BEPRSE AR, 2011

Smogorzewska A & de Lange T. Regulation of telomerase
by telomeric proteins. Annu Rev Biochem 73 : 177-208,
2004.

Starostina NG & Kipreos ET. Multiple degradation path-
ways regulate versatile CIP/KIP CDK inhibitors. Trends
Cell Biol 22 : 33-41, 2012.

Suryadinata R, Sadowski M & Sarcevic B. Control of cell
cycle progression by phosphorylation of cyclin-dependent
kinase (CDK) substrates. Biosci Rep 30 : 243-255, 2010.

Yamamoto H, Soh JW, Shirin H, Xing WQ, Lim JT, Yao
Y, Slosberg E, Tomita N, Schieren I & Weinstein IB.
Comparative effects of overexpression of p27“"" and p21
Cipl/Wafl on growth and differentiation in human colon
carcinoma cells. Oncogene 18 : 103-115, 1999.

Yang JS, Lavker RM & Sun TT. Upper human hair follicle
contains a subpopulation of keratinocytes with superior in
vitro proliferative potential. J Invest Dermatol 101 : 652-
659, 1993.

von Zglinicki T, Saretzki G, Docke W & Lotze C. Mild
hyperoxia shortens telomeres and inhibits proliferation of
fibroblasts : a model for senescence? Exp Cell Res 220 :

186-193, 1995.



24 Yoshihito KURASHIGE et al.,”Specific properties of the cell proliferation in epithelial rests of Malassez.

Al R

154 3 H AL E AR A A3k

194 3 H LR AR A B AU e R A BT
FREI94E 4 A ALHRE RO LR - BRI T R N R AT B
FHi224E 4 H [k R

(128)



b RO AF B SRS

UEBIERE]

MG VWA 2 BbE - b

ek 12
SH o Z Y,

VEJEIRERY,
iR H

1) e aEth

32(2) (25-29) °

el s,
HE LA,

ES YRR 2
2) At PR A R AR bR -
3) AL MR A AR A bR R - AR TE

SFR254: 25

S ERIE 1 61

B AT,
W T

7
RE  EHY
B B T B 5 B

B TSI R B3 0
5 LR VB350

A case of Giant Cell Tumor of Maxilla considered to be neoplastic lesions
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Abstract

A case of giant cell tumor of Maxilla in a 15 year-
old is reported.

The patient was brought to our Hospital with chief
complaint of swelling of maxillary gingiva. After vari-
ous examinations, removal of tumor was carried out by

resection of maxilla under general anesthesia. Histopa-

Key words : Giant Cell Tumor, Maxilla
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B 15, KT
M5 1 20124F 4 H vy,
EFF | 45 Mo AR,

thologically, giant cell tumor was confirmed. No tumor
recurrence has occurred during lyear 6months of follow
-up.

In general, more than 75% of giant cell tumors of the
bone are situated at or near the end of a long tubular

bone so at the orofacial region it is a rare disease.
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Abstract

The present case study reports a case of a patient
with burning mouth syndrome that was treated with
cognitive behavioral therapy conducted by a dentist.
The patient was a female aged in the 30s. The treat-
ment was conducted by a dentist with two years clinical
experience who was a non-specialist in cognitive be-
havioral therapy. The burning symptoms of the patient

improved through treatment based on a program where

the effect on glossodynia was demonstrated in previous
research conducted under the supervision of a clinical
psychologist with specialized cognitive behavioral ther-
apy. These results indicate that environmental coordina-
tion including a program to fully explicate and detail
the therapeutic regimen and supervision allowed the
dentist to conduct the cognitive behavioral therapy of

glossodynia.

Key words : Glossodynia, Cognitive behavioral therapy, Dentist, Clinical psychologist
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ENBRETHALLEERD T LN TWS (Headache
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2007), FHPEPNIZHEIR % §F 2 2 B O TS BE O
HWIRETH L. TIREORBE LT, FftltoiisLl
SHZ, ST REEIC X ) BET ML, HAaPR
R AT BN, FEADSO Z EIZHEP LT
VARG ABHS SR ENRHITo NS (&
i, 2006). WBFEL LTIIH) 2%, HTA» AL,
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havioral Therapy, LLTFCBT) 7% &EA7hbNTE 7z (de
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£, TRAEBAE OB 1 2L LTCBTZ ) A
TWw3 (ZZ 5, 2009 ; Matsuoka et al., 2010 ; #[
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TR OGE I X 2@ I iR - S (RA—/8=N1
ARX) ZZF VS, HFELEICEFERME 5CBT%
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FEMTEIC BV TIE, ARNCH S EBIE L TR A R
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H244F 3 H & 0 G 2 B L7225, 5 HIC% - T
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(137)



34 Hideki SATOH et al./ Cognitive behavioral therapy for glossodynia conducted by dentist : a case report

KIENOFD IR L 72 b O OgikiGEh 2 FH 3 2 5
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THERATEAL L 72 D 2 T RATE &2 15 1E L T RIS
TIRAHEE, BAMHEEREMLET) 3L L

BERADEIRORANTI R IZEZEZ T2 &
206k OME— DPRK~DEFHETOWRAMKTH 572, L
2L, COEIBKICESZ Lzw e B9 BEFErd -
Th, BEANO#EMEREE L CLEVligTca 2wy
% dotz. TORMIRAANDEZFIZHY, [HEN
BRIV EEZZEIEZOND LI ICFLDOTHLT
ZUFIUTHERETE 2], [BABICL WA S k% L
LRETIE RV ? ] LEZTLEIZDOTHo72. &
DEFENTE RV E W) ADIHIE & A% S 5128
EL, Tiofisax L VEASE TV E X, [THER
ELTROBEEZEERL T & L BEIE,
JeEh T CI THBLZWI A HLDT, Bz LT
bRV % 2 — L THZ TL 23] PRI A=
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ST A 0EE R, AR ZORNTELEST
WHHEIPITRE TS & L L7,

2% (H244E10H), BE AT % L1785
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MFBIENTETW., ZOBBK?S [LIRT AT
SNALZNENBHEFIOZ LR EFDI ENEHh o7
%, WIS HRI -2 E2MHREINDEZENL LT
BLw] EEbNgT, BIRFHELEEL W LR
MBS e RO ZENTEL T, Bk
ICEHZTED I o722 8T, HTONA D EHIME
Ml o7z, TORMBOTEOLEFICLY [BEH»S
BERCHFEDONDZHEDS & W AEPTRFE L] LEE
HE L AGH COELEEETETNL L) THo7z.

i 1R BERE 2> & 4l D KB £ TOM, HAIEINRS 2 T
R L TWIzD, —ERETRADPEMN L2 Do
72 WADEALDA SN I-DIE, H244E 4 AP HRHME
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BrObbrsL, 2ayEZTHZIZVWLHRIS KRS
Ll BT NTWAD, RANTHLRAS EEL
72¥a v 7 THARHEOTBY, EROEIIO RIS
EEZOLN. ZORRTOBRMOLFHZEEZHWE L
T, RO LI BREMERZ BB OBHOBIEEIT- 72,
[S L@ 5 R FIRE & THANTFEB B Y 2o
TW2E LT, B —HZeES LTl afEnk
MolzZ E THMIT AZEHELRAATHRLTES

fifLm AP CTHFE T2 ] LBV, [1HER
KT 5F 0L, ZARICLELZLS THRLLRE
. EFEENFDLERR. ZOBKA~DT KN L 2
Z, HONOT FNA AL LTEZLZ ML

[Z)ZE 228G hehorz. HEMPMZEI LD LNER
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o7z, INDHIEZEIEZTHIW. | EEZENFICE
LA A LTz,

LM% (H244E10H), BHED»S [AFH VT 43
7aF7ENRLALRH LTV, NRSIZ 0 DFA %
, MAREITHTD 223 TELT A L 1TARL, R
WCARLRWTERTE TV EHERH Y, LIETL &
S THAZY FHIALHREDLGDH > TOBA DB L
HNDOT FNA A TIREETE S L HIlho Tz,

Z0%8 r A, 1~27HIZ1EONR—ZATCBTZ
HRBELTWD, RBAIZA ML AZEE 5 HRFL O
220D, HORHMIBLTEILEBRNRSO~2T
TRLTWA, H254E 2 HIC 1B, R - WAk
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EANEAL L7288, oML BRANDOEFERLA FHVF 4
OEHTHIETE, BAALATFORADORE DT ITH
KlL7z. F7-H254E6 H X HFdind, B TS
EFHOML 2 HUT TVWDEDS, AT L TV,

Z =

AR, AR TIEFRAE LSRR R 25 5 BE Ofy
3%LDWMEDDHD. TOREIZIERERETRKLS
WEWDNTWARFEEWDOHK 1 ~ 2% (Carrozzo et
al., 2008) LML THEWILERLE LR > TWAS. CBTIE
TRIEDHIEEOR D 1 2IZHIF 5 Twb. CBTIdiE
WOWETOHRBERAT o 2HHFIEE X 0 DA FIHERDORE
MR INI2Z s, TORMEITREINTED
(Bargdahl et al., 1995), JFICEWOEIWEH O X 9 %) A
7N Ens, WEOBEREDO 1 DL LTRES
NTw5 (Zakrzewska et al., 2005). L %*L %45 CBT
DI H 72> THEIZ % 5 DHCBT % FEhti T X 5 ik
REMROPEN AR THSD (KEF, 2012). 2HZ
&M BCBTEAT 2 5 HMRLSD AN OB 2 L%
AHN5. M TIE, HER I HA TV 2 ik
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TIEBAEFTTED L) AT AL NV,

CBTIZ 9 DR R AL EDHHR OB YR E O A
MM RBRERTELE L THYLONE Z L E W (K
BF, 2012). FIRAEDREEE L CHEWIREEITT-> T b
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Lipopolysaccharide extracted from Porphyromonas gingivalis induces
epigenetic modifications in human periodontal fibroblasts

Osamu UEHARA

Division of Oral Microbiology, School of Dentistry, Health Sciences University of Hokkaido
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IV¥Y AT 427 Ak, DNAOKIEE Y DLz 1
bFRIZTRAVPEAT Z2HLTH Y, oK WL D
DIZDNA A F VbR v A b Y56 (7€ F Vb, BT
tFIUL) BhHBH. CROEDIET AT 4 v 7 kiEE
T OB, IhE CEMEESFEA D SR oW
THHLNTELD, BOEICRY, BERE, 7LV ¥—,
HOREREZ ETOMG EHINTE TS, W
MikZE LD FLHWTELT, REMEYA b v
F=F U REOIEY AT 4 v 7 RIBHIFHE S
LOTWDA, RIEWBEEIEICBITLIEY 24274
v 7 REMIOBGIEH S g T,

—7J5, P. gingivalis 72 E O W EEMEICEE NS
Lipopolysaccharide (LPS) &AM OMILIZ X FEF
ZERZBIX BT, 20— 2 WL OB 3FHi
NOALREMHITER 258 2 25, 2O A 5 = X A DOFEMINC
OWTIHRZERTTH 5.

AWFFETid, b MR (HPDL) % v, LPS
2 X ZHPDLOF 5HLICBIR T 2 BIZF~DZE Y = %
T A 7 AR OB G0V THRE L7z

MRELVOHE

1. LPS, DNA X F IVALHHER]B X O 7 & F VL&
jillo)iz 1

Mifgix, HPDL% M\ 10%FBSHB & U 1 % Penicillin-

Streptomycin 5 i DMEM % Jil\»T37C, 5 % CO.D 5

o

T CHi#E L7z, HPDLOMHE MR, MlwbE i3 wsT
AxHWHlE L7z, HPDLZ 9%~ = Vv 7 L — M ICHE
i, 0.1, 1, 10ug/m®dLPSHB X1, 10, 100uM D i
FEC2ARERIRE AR L 72, D%, DMEMIZLPSB L U'5
Aza% LRI L 