3/ E2 2 FR2IE12H

ISSN 1880-5892

JLHE DN B A

The Dental Journal of Health Sciences University of Hokkaido

it E & X & &
$34% F£25 FH27E12R

cAMP
. HS
HS89
\\ L
o cAMP; PKA 5,

Ca*+EGTA

jb@’?kfg% o& * 6\1
Eauk 02 /ﬁ‘}\\ : . .
pp. 73-149 éﬁ 71\ $§ :It E
FAR27TE12 unrn BlEEEKXFERFEES

The Dental Society of Health Sciences University of Hokkaido



AL B IR ARk A R 3 B

= E B B % &

LA N T T S A

WO M OH & Bk E A b 3 T (B
o Z-T o B (GEHEY)
WA B M- g A I (Y
A AL — Juek B M (EmiEHY)

L L N

The Dental Society of Health Sciences University of Hokkaido

President : Taishin TAKUMA

Vice President : Morio OCHI

Directors : Masato SAITO, Eiji NAKAYAMA,
Akihiko TANIMURA, Itsuo CHIBA,
Yasunori SAKAKURA, Hisayoshi ISHII,
Kazuharu IRIE, Hiroki NAGAYASU

Auditors - Futoshi NAKAZAWA

Editorial Board

Editor-in-Chief : Hisayoshi ISHII
Members : Morio OCHI, Takashi SAITOU, Takanori SHIBATA,
Ttaru MIZOGUCHI

Address of Editorial Board

Hisayoshi ISHII

Division of Physiology, Department of Oral Biology, School of Dentistry,
Health Sciences University of Hokkaido,

Ishikari-Tobetsu, Hokkaido 061-0293, Japan

E-mail: hisayosh@hoku-iryo-u. ac. jp

Phone/Fax: +81 133-23-1239



At EE KR RS
$34% F£25 FM27E12A

=] Rx
(#88%)
1 A2 v 7 AMP & G55 Wh O 3k
EE”}F% ;/%,Tg ........................................................................................................................ (73)
(FEE)

17 Porphyromonas gingivalis 1 Lipopolysaccharide R HiHIl#1Z & %
b BRI 35 1) % LI B (R T ODNA X T VALf#AT
mIE BA B S, #J)I PHEE, Bhoj Raj Adhikari, i - MR R, iR R,
FEE O OHESE, MR G, HHOUA, KO WA T TEO&RN, KE O (89)

23 Light forcelZ & % 55 IE22 1B OB O =K TCIEMIE A BREEFR FfFAT
B FHAOTE B BE, BK —J5, BRI Bleoreeoeeoeeoesoe et (95)

37 IR B MIIEAR O LI B BRI E 4 3 U D:DEH
K EERE A BHEE, FEBE  TEAL coeoeerrosomosemosesmose oot (109)

45 A combination of oral care and 23—valent—pneumococcal vaccination is able to reduce pneumonia incidence
in nursing homes
Masahiro HATTA D.D.S., Takahiro ICHIKI M.D., Hiroyuki MORITA M.D.,
Masako HATTA D.D.S., Tomohiko MURAKAMI M.D.  «rreersreeesrteersentmmetienttentit (117)

EIERE)
55 [ZIZZA L 22T ALk SR R o0 1 )
i B, WEAR  FE4H, Bhoj Raj Adhikari, ARJI1 EHEE, JEH Sct, wi o K
HH A, KO, EIMEKRER, FER ST, kB W K M (127)

(MINI REVIEW (#2394r AF9))
61 T v 7 ZFEPTI L BB X O 05 HT

BRIE JEEL, JEHE 5 ceorereeeere e (133)
(B 1 #R)

B5 BTG R 0 27 A oveeeemeeeen et (137)
69 LR BRI EEBIEE YA <eveeeomee e e e e e (141)
71 LB IR R BSEMERE  FIREHAR o evove e e e et (143)



The Dental Journal of Health Sciences University of Hokkaido
VOL. 34, NO. 2, DECEMBER, 2015

CONTENTS
REVIEW
1  The enigma of cyclic AMP mediated salivary exocytosis
TaiShin TAKIUMA «c e e errrrreeennent ettt ettt et ettt et ettt (73)
ORIGINAL

17 DNA methylation analysis of Anti-aging related genes in Human Periodontal Ligament Fibroblasts by
long-term stimulus of Lipopolysaccharide derived from Porphyromonas gingivalis
Rie TAKAI, Fumiya HARADA, Tetsuro MORIKAWA, Bhoj Raj ADHIKARI, Jun ITOH-OBARA,
Masafumi UTSUNOMIYA, Osamu UEHARA, Koki YOSHIDA, Jun SATO, Michiko NISHIMURA,
Ttsuo CHIBA, YOShIiro ABIKID «-- e v rereresrentmesteee ettt ittt ittt (89)

23 Three-dimensional nonlinear finite element analysis of orthodontic tooth movement with a light force
Yukie OKA, Masaru KOBAYASHI, Kazuo HAYASHI, Itaru MIZOGUCHI ««r+eeresrrerrsssnsesmneesneees (95)

37 Effect of active form of vitamin D; in the differentiation of rat dental epithelial cell line
Kaori MURATA, Akihiko TANIMURA, Masato SAITOH ::ccreereeresreermerserertrei <109>

45 A combination of oral care and 23—valent—pneumococcal vaccination is able to reduce pneumonia incidence
in nursing homes
Masahiro HATTA D.D.S., Takahiro ICHIKI M.D., Hiroyuki MORITA M.D.,
Masako HATTA DDS, Tomohlko MURAKAMI MD ............................................................ <117>

CLINICAL REPORT
55 A case of Clear cell variant of Mucoepidermoid carcinoma of the palate
Takatoshi CHUJO, Kosuke TAKIMOTO, Bhoj Raj ADHIKARI, Tetsuro MORIKAWA,
Fumiya HARADA, Rie TAKAI, Koki YOSHIDA, Jun SATO, Shintaro YODOGAWA,
Michiko NISHIMURA, Hiroki NAGAYASU and Yoshihiro ABIKQ:«w-coeeererrereererrerreee. (127)

MINI REVIEW (Introduction to Instrumental Analysis)
61 Analysis of Materials and Products by a X-ray diffractometry
Masahiro IIJIMA, KazuhiKo ENIDIQ «:eeereerrreeremteem ettt ittt <133)

DENTAL INFORMATION
65 Recent tOpiCS ........................................................................................................................ (137)



A PR R A B A e R

(#88%)

¥4 27 v 72 AMP & MRS
[ B

AL iEE R

34(2) (1 —15) V274 1

3D

#13

B AR A AL A o i

The enigma of cyclic AMP mediated salivary exocytosis

Taishin TAKUMA

Department of Biochemistry, School of Dentistry, Health Sciences University of Hokkaido

Abstract

Cyclic AMP is a classical signal transduction mole-
cule that covers a wide variety of organisms including
bacteria, cellular slime molds, and mammals. In this re-
view I focus the role of cAMP in the mechanism of the
salivary protein exocytosis. The mechanism still re-

mains an enigma, and I have evaluated it trying to an-

FU OIS EWEEDFE L TDCAMP

VITFMVIEEESTELTOY A 7Y v 7 AMP

(cAMP) (&, MR CHILEAGR 2> S AL E T, Ady
HEALZIAFIS A N—L, SHEEEZRZLTHE (K

1, cAMPORE®E IR 3 # T AZS ). MET
&, KEFEE LTRDFF LTV Kby “Mig”
L7-L& RDODICAMEIPFHTEZ LT H729
7 F—=A AR YO ERHMET LT FVELT
CAMPIZ BT 5.

T A== A & U CANG 3 A T PR
W, SOMEIAE LT "HLEKIRE" ISz &

swer 4 different questions, 1) is the final exocytic
stimulus Ca* or cAMP? 2) Is protein phosphorylation
necessary? 3) What mechanisms are involved in Epac
and PKA in insulin and amylase secretion? And 4)

what SNARESs are involved in salivary exocytosis?

&, ERMIRREZHMO T X —N—FIZAN5E 570
EALER T & L CcAMPS LI E D, & iﬁa
cAMPIZMIENZE WAL R 5 " h Y F" Av k>
Ty =T, MEHTHEHRERBRTE 77— A
N Aotk rTVr—LLTHELTVS

WAE» & mEAEWTIX, cAMPIEZ ALk 7 F
Vo oFEE) R EN, MlBNTES Y Ay 2y
VX —ORE R T L)% 5. ZOREM RN E
Rl AT AU T 5. WU 132 2R 2)s
FHLTHED, ZZITHWIGITPRET S EAMPHYH
WEND. cAMPIZHINBIEICAAE S 2505k Rl 1 4 ~
FXYANVIHAELTINEHE, TOBEKME TR

FR1 cAMPOEZHER ¥ 7 F MuiErkkE

i CAMPOEGHITF HRe
AT CAP* T =R - R0 O
iR e MR O cAMP 515 ML O FAEALIER ¥
WA, 32 A+ > F %2 F AV E < (o)
e G, (32 PKA* LAV A- DG 3|4
Epac* Rap 1, Rap2 *OFEHEALZ: &

CAP : Catabolite Activator Protein.

PKA : Protein Kinase A (cAMP—dependent protein kinase) .
Epac - Exchange Proteins directly Activated by cAMP.

Rapl, Rap2: &% F#G% >~ /87 %. EpaclZ & 1) GDPASGTPIZ

B &40 D AL,
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CAEEN, WMTHWPHEN S NG, EYIRE Z )
WWHHELTWL 2, REZEROBEETE2HRR L EH
HCT&5. Z0H, v FTH400, KT0, 77UAhY
7 TIE R AL200002E L, IR TEEMRT O %~
10% % 55 L vbilTwa (Niimura et al., 2014).
HH 2 S WAL £ TOCAMPD ¥ 7 F UAZERERE 13,
HEHSHTHEVWEWLH-T, Ay ¥ EERMoNbAR
CIFHENTWS X9 ZHIREZ 2T 5. RBICEST 5
PKA & Epacld, cAMPIC & - CHifli S 2 Ak EE DK
Wb o TV D LHERESIND A, TEHBERS A v +
) ERIHIN TV A0 H1E, RRORBRYLTLHEL
v, FADS30MER Y b o T & I W B B %
b, WELERVRICEENTWS., Ihx 4 D05
FTHEHLE D &) OFARFOHNTH 5.

1. 8510 : cAMP»Cat # > H»?

19844F, SRIEINTHRY 22> & MBI IZ R 1, R 2SR 55
WO 2RO/ 5, HIZTFSWCHINVT T L -
T—LADHS 2RI H o2 HWiE, 47 Y b=
1,458 A Y (IP;) 2 X AR Ca® B B FEERD
B A5NatureZEICHR U S 41 (Streb et al., 1983), Z Dff
R, WMPERFOWERLUTPHER L-TaT 4 v *
F—+¥C (PKC) DFERRWFEREED, Z DIEBerridge
W&o TEFICHA S N7z (Berridge, 1984). T4 b
L, C'BEMDORNVE L > THMALE N2k Ak
JR—ECIE, MDA > v =N U IRE Z K
BLTIPE Y 7Y VT ) ka— )L (DAG) % HEW$
5. IPIIMIENCa® A b 7 TdH B /Mafkd & Ca* % e i
L, DAGIZitE#EL 7-Ca® & & D ICPKCEIHHEALT 5. Bl
d 5 W 5 EMFFOEFEFE IR IN TV LHHmTH
%. Z LT, #9854, ALWREEFL A O+ I I 1
&, AT = VRIEC & o THI &k 2 XA MER
JaNDCa* 2 L%, R THO T, Ca™ dOtRRE
Quin2% W Tl L7z (Takemura, 1985). Z M 3%l 7%
P L PINT 2 B L7z, B - RS EER 2 ROV
L, BERICHAIEONIEE 235 LTI R%E e TIH
WeZ R BWIET. O MOIRIIZHIRHE B IZ O
FUCREL W (B, 2014).

BB OB, AEEE LT8—a— VA R
LiEZE AW TE VRO IEK MM 2 3R L, Na iRk
HELE B LT I VL Ca OMREMEL Tz
(Takuma et al., 1984 ; Takuma & Baum, 1985 ; Takuma et
al., 1985 ; Helman et al., 1986). Ji[E#, I A L7
L T=AICEYERTVE, HTFRMEALT IT—
CowzmETLEh v KAy £y Y v —0cAMPY

(74)

FAZ /A 2 1) » 7 AMP & METE 53 0 3k

Ca¥* v, 5THRHAMEDOL ) ICHNL "R
T OREICI ) M 2 L1 L7z (Messenger et al.,
2014). #F7EiXButcher & Putney D A %4 72 %83 (Butcher &
Putney, 1980) DN HInE - 72, T OMRFITIE,
19804 LA 0 W It 73 WA B IE 2 D = & & A H3EE S
nNTwsb. vy PETIRO7 I 7 —E55WIE, Schramm
512 & o TI9604EM 2> 5 cAMPHIZED FEBRE TV & LT
BEACHH SN TW, UL, BHTldcaAMPE D 3
LA LD AT T L - A F v OREIDHRH S
NCTwa, WEESY ¥ /87 EOnuwg, FHEMIZIZCAMP
WML TVAEEHICHZ S, LaL, M- Ng
WEP D TR L, BHTRE X MBS 5T X
A, WY T FIVOFERIITS 2 IICa TH S, Bucher
RPutney 5 1%, cAMPIE (1) MIlaRNDCa ZFE L,

(2) C"IZ72VT 2 EEZEEROLLIZE->T, H
FEWIEHLTW2DTH Y, 5WICHEHZEEG LTS
DEFMEFIRICBVTHCa> TH D LEZ Tz, iy,
Schramm*° Quissell 5 1%, EGTATERMCa # k&L T
DAMPIZ L 27 I 7 —EHRWDBRAET A &b,
Ca* D ENIVIH T 2\ & FHR L Tz,

ORI AT, IR S NzERD
OO CTEAliZRIP % ¥ <4 AL, EBR%E G
L7z, 50 ug/mldHR= ¥ THIRLEIC “REDIF B
TR ICMg-ATPZ RN % & Ca® R ¥ THE) & 72
L, MEEKICHFEDO AV A4 F >~ (Pca®) B3k
ALFHNs. 1210 uMDIP & $E AT 5 &/ gtk
55Ca* 2SHBEIHH S5 2%, 100 uM D cAMP Tl 4
SN W & 219864 ICREHT 5 2 LN TE
(B 1) (Takuma & Ichida, 1986a). [IFIZ, a7 A »
¥+ —¥C (PKC) ZHBLEGEEALT 27+ VK-V TR
TIVEH, PKCOE TIRT I 7 —¥rikz s s 2
ERALNICTH I EHNTE (Takuma & Ichida, 1986
b). —H, WWREDZIV—T1Z, BHOENT I
PR R SN -Ca #OtIB /R S Fura2 % v, MR N
Ca™ WJE 2 RIREEIC) TV & A4 NE T % FEBOR % fifg 7.
L, A7TZA DAY TRFL ) —VhCa ikfE% I
ALETITWIEEST 52 %, SOtz CGEIL
7= (Tojyo & Matsumoto, 1990 ; Tojyo et al., 1998). Z i1
5OWZEN 5, HTFRHIETIX, cAMPIZCa* By H1EH
BNV Z EWGHS L 257275, cAMPH“Ca? 1272\
BB EED D T EICL o THMERET S L V)
B, EEIZIEFERE STV RN,

R EHROFA

IP;DFEERT, FASAIIEE 2 3388 T & 2 WIPs & H T it

- >
— -
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X 1

HAR=> (50 ug/ml) THULE 2 &\ & L-F FIRMIBO MKz, Mg-

ATPCTHUFEA VY 7 54 4~ ("Ca) ZHLY AT 7%, IP; (10 uM), cAMP
(100 uM), A23178 (5uM) ZINZ, LD Ca% R PEMEB:THlE L7,

MENISEAT 720, ¥RV EHVE RV
Mo L 27u— Vv Efa LTI vaRBkL, M
JaBE I E 10 nmOMILE H T B 2 ENME N T W
b, ZOHRO TERM, RIZ0 RdEMR ZHWT
HETFW7 I 7—E5WIIBITAcAMP L PKA (cAMPAK
774 ¥ P —¥) ok#HEemEL: (K2)
(Takuma & Ichida, 1988).
R EMNT OREEDITFS L,
1) EGTAFAET, Ca iR T b cAMPIZ & % 7 3

-

X2

ZAFLFPY Y0 (SL-O) ZHWTHE LA “Rd XMk 12,

=+ cAMP— PKA ®

S—ERWLBFLEENDL LD, Ca L IF LRI
cAMPIZ & % 77 2 SR T & 5.

2) EEHMRBOYE, BEREOAMPHEERTS, 7
3T —EBHWITIEmM A — & — O IEA B 7 R & B

E5%. LaL, "ROEMEE TRAEARTVTAT
T —YRHEMZILAESIELE, TuME ) AR 2
JED S WATEDHN L.

3) EGHM Ty Y3 HY) YIRfbE RIS 5121, A
a2 M TRk E ORI Y B pL & b ITRE

HS8
H89

..

-Ca**+ EGTA

Rp&" FTIMz w7 37— e omzE. 8= %

4y 7as L

J = (ISO) 7% EDOPEBE L ZHRIH G LRICEKR S h, Wik sh sy
T, 23 TROOMESTFEEAL, 7TIT—ESUKHHTE N E) 2%

W7z, cAMPIZ X B33, Ca®' FEAFTET

TS 7z, HS, HS9IIPKARHEH].

(+EGTA) THHEAREZ AT &M

(75)
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A Fax—1tL, MIBANDATPEZ*PTT L INILT
BUVENHL. LhL, “RdEMIE TIIEEP-ATP
RMATHIENTES.

4) MK ZE M L 2 WPKABRMHEERTF K
(PKD) ZEAT 5 ENWHETHY, FABEHEED

LFE I ERZMEHT 256 TH, EEME X b KR

JETRIRPEONS.

COXHh RHEM oFEEMMEL, Hen
CAMPFZEAK DB K FEEi % GHH L 72, cAMPREE A1
BIRFEIC600FE I DL b A S Tw 7z, Hizic
CAMPT ¥ % T= A b LIFIEN B 1= — 7 % FBARDE
YLz (M3). ¥4 29 v 7 AMPIZIZAATOHF &
BolBRIREEZRT 2 VBREDN DS, 20 Uk
HOMFE L2 1 M, MR FSICEMR L 728K

(cAMPS) T, SOEHALHE IZ X > TSp-cAMPS & Rp-
CAMPS &\ ) 2 SO BYEAKS AL B, 2D 9 B Sp-
CAMPS I3 IC D cAMP & [/ B IZPKA % i P13 % 2%, Rp-
CAMPSIZPKADFiH 7 2= v MIHET 5 b O Ofil
W7 1=y b EREEREL Wiz, mEHESTELT
BEET 5 (cAMPT ¥ % I=X }). ZhbOFHEMKI
TCDOCAMP X 0 MBI E #PEASw <, I C Il 5540
JaCTh7 vy T=X MhRDPHER S 2. LA L, MR
PR ORI X Rp-cAMPS 2 3% 8837, R = LB AL
ZHWLZLIZE S TIZLDT, SpcAMPSIZ L 5 T 3
7 — X571l % Rp-cAMPS S G I RS 37 5 & & & 5EH
FTHIENTE (K4) (Takuma & Ichida, 1991a). 3

BiClX, cAMPIZX BT IS5 —Bpiht s vz v
LI RE L CHBEL, 735 S WAZPKADSE S L
TWwWhZ e ZmFFL.

2. B20H PKAICE DY) VEILIZDEDL ?

cAMPIZPKADFHEY 7= MIHEL, &3
B YBALENE A Dol T =y MRS A L
2 & 5> CTPRAZIHEALT 5. LA L, MICIZPKAL X
MERERICY) Y BRILE NS & V80 BHE AT B 72
B, PKAIZX 2 YIALZ M3 5121%, Wi o
MRBICO & R T 2B D -7z A, &30
) VEALRFZED 8L F =T D— N T B ZHEBERFED
CRFHLANCBEFRL, M AEELRRZLTHWE
(Kanamori et al., 1974). ?5(1’)0 720, ET%%HH@.%T
B Y FA W= TR, E O BERS IR 55 A S -
MsHIEIZED, cAMPEAED ¥ //\7’E’T‘J/E§{l:
FMMT A ENTE.

Mg, HERFOHEILEERE, ThETodo
Xy@micLyrdbfitomnw a4 ¥ F—EHE
ﬁﬂ%?ﬁv«kﬂﬁ""b HWXEH T ik, 73I7—

BT BPRKADKE RIS 5720, HEWIZEE
1“1984$ P S M 7-H8 & X 5 PKAFH EH#] (Hi-
daka et al., 1984) %, BZ5H { HHFTHD THUWFERIZ
U7z, HSIZH T RMIIE o L & B 5 o PRATE P
TSR HEE L7z, F /2, HBIZB T T = A MTH
b4V 7a7 L /= (I1SO) 12X %21 kDa& 26 kDa®

A

0" o 0 \/O\I Cyclic AMP

o \\I_I/

o

A
S\\P/O_\/O\I
/
o \\l—l
O OH
Sp-cAMPS

(cAMP)
OH

i A
CL}{,O__\//O\J
S7 \_/

\c; OH

Rp-cAMPS

3 CAMPYCAMPT ¥ ¥ T= A + Ok, ¥4 71 v 7 AMPO BRI & %2 Ak

35 VIBRIEOMEIE T & 1 AT,
JEDCAMPE ZE D L 2\ 73,
DY 7=y b &L vz
Ve RS

AR L 72D 0. Sp-cAMPSOAE 1Z
Rp-cAMPSIZPKAD ¥ 72 = v T

AT AHHD

B, cAMPOYER ZBEAMET 5. AXT 7=
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¢

30} /

Sp-cAMPS /
201 / T

o
10} & —— & 1
Rp-cAMPS

Amylase release (% of total)

0 1 Il L I
0 10% 10° 10*
cAMP analogue (M)

30
3 M
+—+\+s;-m:1ps

N

¢

N

o= 26 kDa

N
o

-
o
O_

<= 21 kDa |

Amylase release (% of total)

Co Rp Sp llp
Sp

0 10 33 100 330
Rp-cAMPS (uM)

4 Sp-cAMPSIZ “RdHE" HTHME»ST I T —¥5WxRHET %55, Rp-
CAMPS |21 73 e SEAE A3 22 vy, Rp-cAMPS I, Sp-cAMPS (33 uM) 12X %7 3
F—Eu k21, 26 kDaly ¥ 87 B DY Y BALE RS RE L7z

iy 7oy YEfbEmdHE L. Larl, KRE
B\n72Z L2, H8IZISORCAMPIZ X 57 X 7 — €5
wEdHELR2-72 (B5). I, cAMPIZ X %
7 3T —EHUWIIPKAIL L 5 7 Yoy H) VL
HBWZ EERRTEENDRIRTH o7z, RITZ DRIRE
19874, HH ARG FEE L 72 552900 ki B} 2L R 4%
RFEMAREOFH, BUEOH T4 by v RY 2D X
I BRI ThIME S 725 1 BIMER RS 2T, [cAMPIC
AT IT—ERWITE Y NIV T EDN? ] &
W, SO LG EAASTEE DT TREL
bOTHAH., BEEORIIE, & 378 VLR S
BWCAMPOERIIE "t PSSV KR OEBE" O L)

WU BN720TH A (Takuma, 1988). 19884EH, 7
FEDOEY M) A=V THME S 725 4 1= B L
FERIIEMT B likD @, A KENIHODr. Baum D
782 a1 S FNF /N —DDr. QuissellDF7EE T H i
L7 (M6). Quissellld, 87 T=A+RT v ¥ IT=
AMIEDT IT—ERWOMME, 26 kDaliiy /32
Ho) YBALLARVOBEENF I CHBET 22 95, 2
DWES YIRT AT I 5 —EBHWmIcEET5 2 L ERIE
95 i L EPNASHEIZIEFE L T vz (Quissell et al.,
1985). 47589 L Dr. QuissellZIF KERDH R Z &
2 L7278, RoOEEIIEOFRYIET2 LR ET 5 HE
ThHol:.

1 2 3 4
30t {1 (b) 1} (e) J
: ‘_l,slso V* +._+_+___+ +t:;c|.c AMP
- v / +1S0 ¢_ “-l.]'——ﬂ;
af— 20. ¢ 4 b o -
@
g
©
=26 kDa o 10r b- ~+ é 4 4,- -+/+_¢ ¢,
= g Wyl e
*SeRe... g =l
< Iy
QL i A i L s s s i
0 10 20 0O 100 200 O 100 200
Time (min) [H-8] (um)

CON H8 ISO HS
+
1sO

5 PKAFEROHSIE, £V 7aFL ./ —)b (I1SO) HEIC X 2 ¥ v 87 B VL %5k < fHE
L7zh%, w2 &2, ISOLCAMPIZ X BT I 9 —Elbha & HEL LD o7, HSIZISOZ 72

IEcAMPZE I Z % 5 i L 72.
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6 19884E, Ev MY A — VTSN 4 o] [ ESHHTE
EWESIIEINT A likO&, BRI, WIEEE Xt A
FONIHIZY. B0 i Lz, 3 OBIEDr. Bruce Baum.
BROBMmIZIE, MKEOBIZEHT O % FiNational Institute of
Dental Research & EH2>NLTW 5.

] -PKA
[ +PKA

Amylase release (% of total)

0
SLO (unit/ml)

100

Amylase release (% of total)

pica PIA

PKI
E7 HR=VID—-HYIREVRZEZHITFTLAINLT Y ¥
V-0 (SLO) ZHvy, PKAOfilllE+y7 2= b (41138
kDa) % H FRGHIRICEAL, 2w HE 3w 25651
B WARAER) A MR L7, i 7= v MIC X B4
WESLODHFHET TLARI 5, 72, PKAOHERTF
F (PKD) 2& o> CTREeCHESN

CON PKI

(78)

Tl /A 2 ) v 7 AMP & BE 5 D ik

LR oEEKE R, Zo%, 400 uMOHST1555 [ Hi
WLPR L 72 H T A C b AR S 7z (Takuma & Ichida,
1994b). 512, "PERAMEDT, G K FCREBIZHT %
U CEALPUAZ VT, PKATEMREZ XD ) TV A 4
WEWETE=Y — L7225, 400 yMOHSIE, Bl
EPKAMERI DAY v 5 — F &> TwbHS (10
uM) & D B ERVPKABLER) R % /R L7z (Takuma et al.,
1997b).

FHIBRDHRE

PKAIR Y ¥ 878Dt v E203 AL F = ViR E Y
ALY B 2 L TEOIRMERRE WIS 5. ) Y RIL
SNy 7 HIE, MRRNICHEET 27074 > - ok
2778 —=BIZEoTHY YB3 h, ZoiEttizco
LARWVIZRS. ftoT, FusA v - KxA7 7% —¥ik
HrHETLEY VX H) VEALL ANV ESAL, T
I EHWDHEEENDL ZERTREIN. Y, R
hTas4y - RxA7 75 —EHEMEPAANDT
TruA VA4 Aot Eh, A 5BREGHIh
72, BE, RSN BHTOF 7 5 % BRSO S HE
MEW L2 530 21, oK EZMR72 (Takuma &
Ichida, 1991b). H TR Z 4 4 FERCTULE 5 5 &,
FURTEDY) YAV ANRVAIHENZ RS A8, T3
T —EE LHET, WICCAMPIZL BT 3 T — 5
WaRHE L. FROERRE, 7534
BORBDBHAV Y ALV TATA Y - KAT 7
7 —VYHEHICL > THMHRA SN/ (Takuma et al.,
1993). % Y287 YL L NV OIEFRERI & B A
&, SWERETLZEZADPLLAMET LI LN
CAMPIZ & 2 7 MRAEIC & V28 7 ) VIR L 2w
B, 5V THREOE WY VB L LE L £ 2
b7z,

PKAfE Y 7 1=y FOEA

7 35— L5 BT LPKADKE & T 5121,
PKADfilEY 7= b (4 F&38 kDa) % EHH T it
MBI EAT 2 DD BIEFETH S, 1990FUTAD,
BR=ZVEDOEND KREVEZELLS nmD K 2 Ml fo R
WKHFHAFLT MY >0 (SL-O) ZMiv, MlLH
WCESTWEEZEAT 2w LIELIERE2T S X912
otz LML, WXl THAIN TS 7 Tu i AL
DSL-OZHATIRFICAL LW, FAlL, #2572/
JEIICH, Bt OSL-0% B Y %8, MBI g FLIG 1
IRz, FOFER, GIBCOH: B DSL-01C A% 4 4L
WSRO bz, 72720, B TFRsMREBEEOZEfLICLE
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Z%SL-ODE ML, WwiZHEInTwar vy
LA X Y THT Ao 7.

K2, HHENTVEPKAD FED 1T - 72, Stto
B, BEOREHIE L HICHBEZRShTEY,
GRACKI DSR2 T L7 b, Tax
HHOPKARZD THUEA R {, ZEfbHlZ&A TV
Mo 7z GIBCOHEDSL-0& 71 * #1t8 O PRAfl
Yrazy belEe, EiliRHIEZ R 5 0
* T AERREY TR L. ZTORE, HR= 0
JlZCAMPZ B A L 72 FERE LT I 5 — B WOEE
S 2SR DS, BRI B e I IR AR R AR
e (K7). 5iE, BN L 72PKARPKA R &
7F FCHIAHE L7ZPKATITRI SRV &h 5, PKA
DOBEEYE, $habb ¥ V87 EY) YBALICEAEL Tw
5 2 EANEYI SNz 2 OMFFEBCRIZ19944FE DIBCIZFE
FEMN (Takuma & Ichida, 1994a), H ARME IR 45 D 3%
FhE %2 ZH L7z, HARBRFRZ IR LGRSO 5D
MRIEHEL, SL-OTHILL 72 H FIHIEICRab27 & Z D
BN T O RYUAZEAL, 737 —ERWIIBITS
ZNOREHFOREEZRL LHSPIZL TS (Imai
et al., 2004a ; Imai et al., 2004b ; Imai et al., 2006 ; Imai et
al., 2011 ; Imai et al., 2012 ; Imai et al., 2013).

INFTHRTERZLHIZ, PRAEHIOHSIZ Y ~
NI VAL ECHET 20 0b b, T3
7 — ¥t e W, 7, H8X Y 25f%u)) &
WHONBLHRIZ L 5 ThH, FUWIEERIIC LA HE S
/o 7z (Takuma & Ichida, 1994b). H89ET I 5 —¥
S ECIET 525, FIREOHINIIEH S 2 ZHI
YER AR b7z, b5, HTRMIISEA L72PKAD
filllitr 7=y MIZ OB, Thbby Vs Y
D YBALTEYEIRAE L TR R L7, T 0%k
ERIIHO2LICFET S, LeL, RETHRS X9
2, PKAIAKAE L e \WWeAMPOD #7272 ¥ 77 F VAR 55T
EpacDFRIZL Y, HHHTIEH DA, ZOFIEIZHH
THEE 72 o 72,

3. B3D

WA Y 87— 27 OWFFED, AaiGB O« X TRk
WZIAAYD, R ORE R IEMOERT 21200, &l
B0 Y 7 F MRER TdH HcAMP/PKADIIZEI, #ED
B EWR RSN, BOLTLLWFBIZEBWR L.
CAMPIZ 57272 USRS 72 5 DI, 19984EPKA % 1 & 72
W72 e fE A & L CTEpac (exchange proteins directly
activated by cAMP) 2338722 & (de Rooij et al.,
1998) (Kawasaki et al., 1998), < LT, {HILE RV E ¥

i . PKADEpach ?

(79)

DAY VF U BA YR VR E R o)
HEFLCERLAZBLTES-TOHRS TRV
(Seino & Shibasaki, 2005).

MAEA B3 2 RO BHINL D & 4 > 20 ¥ A3
Eha, Zhik, Zva—2ARHOICEIC X > THINL
TZATPHATPIRAEVEKF ¥ AV E S L, F %, K
BVRAEOC F ¥ A VDS &, SN OCa 1
HEATEHZDEEZLNTWS. EEE, SHIlOR &
BRI NI —ADSE T VT —ANE “BRIEIZ G
Wz b, 4R VML ICHMT 5. LarL
BRWO 7V I — AREEERND LI, wo DI
22T TiRA2 I A ZERE, B2kl £ VA
VUM EALRI SR, ZORRIRI T, #Hk
Ml S W Esh s 2BEOL V2 LT v, $hbb
TNVH T RERTF K (GLP1) & 7V a3 — ARAEPEA
V2 VW7 F K (GIP) &, BHIEOcAMPE
JE% E5 &%, PKAREEpack DML — b %4 LT,
Ca” MRAFED A ¥ R) YW A PRS2 L E 2 b TW»
b A V7 LF URAMPIE, MAE LA 2T IUEAL v
2 VW R L iz, B IR 2 5 Xk 2
BHRWEERFERFIEEOREE IR L C, 5%
ZEDVEH LT3,

EpaciC & B 1 > XU 3 ubtEmmigts

Epacld, BI#cAMP-GEF: b Lidh, K4 T8EGSY ~
%7 B O—1HfiRap & GDP & ff A L 72 A ER A 5 GTP &
fiA L7t e R & 533 5 GDP/GTPR L 1- & L C
i) <. cAMPIZEpacDFffi K 2 £ ~IZ#E& L, GDP/GTP
RHWSER % HOffill M X 4 2N E 45 2 & CTEpack
WAL T 5. Epacll X B4 ¥ AU o mbidnhtims & L
T, UTOX A=A AP E N T2 (Shibasaki et
al., 2014).

1) cAMPIZ & o TUEAL L 72Epactd, _Eili ®Rapl % 1%
PEAL L, BISWAT] BE 2 53 WABERL O 7 — b (readily releas-
able pool : RRP) % K325,

2) EpaclZCa® BIBICB D BIPZRIRE ) T ) UV V25
I &, Ca" FEMDCa” Wi (Ca* induced Ca’'re-
CICR) HEMEZIGYEIL L, MMaCa® i1 % L&A
X¥ 5. CICROIEMALIZIE, Epack 3 WIZPKAIZ X %
TRy VIBRILABG T EEZLNT VS,

3) XVBIMRE AT, EpackfiaLA YA Vo
W 5 2 Rim2oDVE I BEHEDS, A RO HEH
Bor7v—7128 0 IS SLTw % (Yasuda et
al., 2010). Riml¥Rab3-interacting molecule  ZMH L, %
ELERDIFRATHY Vs HE L CRHES T,

-,

lease :



LA»L, TO%HRab3IIIA, K8 II/RT &9 %53
MbrL Dy 7 HEMBEEHL, Wb
(AF X7+ —IVF) ¥R 7HELTHETLI LD
HohE %572 Rim2o& &6 L 72Rab3A L 55 Wh 3k O
FyF® 7128 bHY), Muncl3-1£SNAREIZ T 7 4 3 ~
TERARMEL, S HIZATPKAFEK T v & )V OSUR-1%°
Ca® 2 4% —DPiccolo, L THICIIREIN TRV
BVARGFEDOCS F ¥ AV EHE L, RS 2558 5
EEZOLNTWD. Fflle 2 H = X AIIAWED

cAMP & # & L 72Epacld, &7 ¥ 737 BRim200 ) %
A=A LT OREED X ) ICTRPICHRE L, Ca*
XA VR VWL Tnd LIRSS,

PKAICK B 1 > R V) 53 iubsEiaikes

EpacDFEICHIIL X T, PKAICX B Y VI LZ AL
THWHRS 25 N7 HL WL OPRA IR TS

(Brozzi et al., 2012 ; Song et al., 2011). 8IZRT
MyRIPIZ, 7SR OERICHDLE I AT Y, BIW
Rab27TE#5E 55 Y37 HE LTIHEE N7z (Myosin-
Rab27-interacting protein). <M, PKAL#if L TPKA
OMBE W IR TE % BLE 3 % PKA anchoring protein 7 7 I

TSA=Y

SUR-1 (K 1p)

S ’ =y
Piccolo

Rim2a

cAMP —PI

0
MyRIP

X8 ARV YHFWTIE HEERVEXOL V7 LTV
\2& Y, EpackPKAD 20DV — &4 LT, Ca KA MED
SFUHIETR XN D, cAMP/EpacSiE &3 A Rim20 & PKADSY
UL AMyRIPIE, L HICRY (AF vy T 4= F) ¥
NIETHY, L OFWMHERTIREL, Tho oM
VERARIERIL E N B Z L 12 & o TCa IRAFME D 73 A3 B R ¢
5EEZHENTVS.

(80)
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D=/ 5 RS I E THHHI LWL
& 72 o7z (Goehring et al., 2007). PKAE K& LY vk
1t S N7=MyRIPIZ, 75K % @i L 72Myosin Va & @
Ha2uaEL D, 5] &% ZPKAIZ X % Rabphilin-3AD
) L& RAET S (Brozzi et al,, 2012). Lk L 7zRim
200& [AFRIC, MyRIPIZZ D BEER T LG5 %
Y5 v HTHY, PRKAICL DY) VIEEEAL T,
BEREWRT 2 5K EOB & 2 83{LL, Ca Tk
A VRN YWEMNRTLAEEZOLNT VS,

H AR R A A A s B O 4R 641, H TS
HMyRIP (B#Slac2-c) I LTHBY, bR oL
TSlac2-c L Rab2TBIE AR Z K L TnwhH T 2L
M2 L7z (Imai et al., 2004b). PKAIZ X %Y Y LIZD
WTIRBE SN TV WS, Slac2-c & Rab27B D AR
T B HRBE 2 UK & SL-OTZESL L 72 B T BRI (238 A
L, AV785VL /) —=VIlkb73IT—EBRWrHES
NBDEMEARL TN 5.

Epaclc K3 HTFRY7 I 7 —tE9u

HTWT I 7 =X B1F 5EpacD B 5-1&, Epacll
BRI AT 5 cAMPIEEARZ W TR S 7z,
PKANDHKEEIZIZAMPD Y R— 2D 2" fiA’0OHT H %
VENRDH D20, ZoOEME A F VL (0-Me) L7z
cAMPFH ALK (8-pCPT-2'-O-Me-cAMP) (& Epac % #R 1Y
WAL S 2. HARBRRERZZHE A ar i =5 o TS E
Bz, T OEpacERIFHERDS, cAMPDHI30% FE &
TRHLVHETRT I 5—ERWardEssc L, L
b PKARHEHEH OHEIN Z D i BHE L 22 & 2 W] 5
722 L7z (Shimomura et al., 2004). F FI#IZ(XEpacl &
Rm2A L TEBY, TNOHPPRAF KGO T 3
=BG L TCwb s L. )5, cAMP
DT 7= VIEAEON6 & B L 728K, PKAZ ER
BNSIEMEAL S 2. Fex OBEDERT, N6XY VAV
CAMPIZ 7 I 7 — ¥ WAMAOCIREL TBY
(Takuma, 1990), H FI7 I 7 — €/l TIZPKAR DO
#25Epack & D DR E VLNV, HEERIZBT S
EpacDW7EIE, F72W#ICOW72IE0 ) TH 5.

INFTHRTERLLIE TIT—EHRWEL VR
YR BT B AMPOZENZ T W 2SR bl
5. PKASREEpacRDWINE AT BICH K, cAMPIE
HMTH7 I 7 —E¥ e ERTELDII5 L, cAMP
HATIEA YR Y EFETERVwEHTHL. 20
ENEECEHRLT, BFTRT I 7 —¥5lilsn
b, A VA vorwE RIS, SWICHEBERES T 501
Ca" TH Y, cAMPIZCE IC X AW E R L TW5BH 72




b IR R AR

FEBRT 22 LI, RFMWEMREZECHELZW
(Messenger et al., 2014).

4. F40OK  EERDWICEEE T H5SNAREIZ A
H»?

20134E D /) — ~OVEE AR E S, AR LRI
/NS BT B [SNAREIK ] (Sollner et al., 1993)
DOFESAZEHBKL 72 3 ADWF% %, Rothman, Scheck-
Sudhof |2 % 5- & L 72 . SNARE (soluble N-
ethylmaleimide-sensitive factor attachment protein recep-
tor) &%, MAO/NREREIZBNT, DMaks 2o
BT DOREIE 2 BlLA X 25 BARICEH < 1 OB Y /8
JBEEIL, b MTIEH0ME OSNAREM S T- A3 5
nTwa (9)(Hong, 2005). HBWMEDEA TV S
s T, MREY 2 58 Y F 7 AR Y-
SNARE (vesicle-SNARE) & L CVAMP2, &L 22%
F 7 AR 2 13 t-SNARE  (target-SNARE) & L C Syn-
taxinl & SNAP25HSfF 3 5. % SNAREIZIE, SNARE-E
F—T EMENLRT07 I VSR Ao v 7 A
EDPHFAEL, B AT Dv-SNARE & t-SNARE T,
HWOSNAREEF — 7 [HLASLOMD L 9 12& EfFw
TaA NV FIAf VEEEZIERT % (Qab,c + ROEH]).
Z OSNAREMSHKRIERIC L D, Yy =L oNnb
ISV FTANLE VF T ARNES AL, #AeT 5
E#Z 5N TWwb (Jahn & Scheller, 2006). — #7255
Wy 3 HoYs, MMk TaER Iy Y8y
Brat/idan JEBICHxE SN, TVIEETO
R 2 N THW L L 7> 721k, IR O 4% 5 FFH I8
CRG LHIBas A~ S s, B A D RLA 7R A
W BWT, SNAREIX “BEFHE" & “HEREZ”

man ,

34(2) 2T 9
REICIRET S BE ofHE R LTS,

BIZT /v 2777 b (KO) =7 A% W% &
D, WERY 287 ORI D S Z AT LT
WASNAREIX, 4D & ZAVAMPSZE I TH S (Wang
et al., 2004). VAMPS8 KO~ 7 A D LML 2 1355
WERTEX20WENORE2ERIRBDO LN
A3, 20074E O T, WERR % & T AL SR b [
FROEDHERR S 7z (Wang et al., 2007). VAMPSIZ
T3IT—ERAF V2L o WEN RS 5 y-
SNARET® % %%, VAMPSDSHEF IR IZ 31} % v-SNARED
T LD 2, T EZH TRV, EE, VAMPS
ZKOLTH7 I 7 =¥l L v, B
JiBiTi%, VAMPSIZFEE (250 7RIS & 45 R
F LA A LK O % KITWET 2EE 7R, T
I — VR OBS, S WNERAS IS 7 50w & T o
FEIEHE L AT 2RI R MBS A 2 s H T
W5 (Cosen—Binker et al., 2008 ; Gaisano, 2001 ; Lam et
al., 2007).

ZNTIXIEH 2 55 W % v-SNAREIZT TH 5 9
. VAMP2DSZDHENEMEZ 2 b Twsb. HAK
FRP RS EE o FH A A, SL-OTHIREIEIC R %
HUIF2H TIRAEC, VAMP2% 8 822k #$ %
RV XAHEFEBEEAL, VAMP2O 53Rt L <OV IZH
L5277 —ERWORTEBELTwb (Fujita-
Yoshigaki et al., 1996). 77, WAL IZ 12 VAMP2
& VAMPS % BN 5 % 2 FlIH o 53 R ASAFAE§
L) HELH D (Weng et al., 2007). VAMP2 &
VAMP8D &5 & A3 FEF 2 v-SNARED, #himmid £ 72H T
W,

E-1 . #HlanRE FS/B  SNARE £F—7 s47

Synaxinl  PM 288 202-254 Qa

Syntaxin2 PM 288 201-253 Qa

Syntaxin3  PM 289 201-253 Qa .

Syntaxind  PM 297 210-262 Qa HNARE

Stubais Go 301 219271 Qa TT7 uza

Synaxin6é TGN, End 253 173-225 Qc Py

Syntaxin? EE, LE 261 175-227 Qa Svntaxin-X Qﬂ

Syntaxin® EE, 1E 236 155-207 Qe >

Syntixinl0 TGN 249 167-219 Qe —{ T H]

Syntaxinll TGN, LE 287 214-266 Qa

Synlaxinl3 EE 276 188-240 Qu Qb

Syntaxinl6 TGN 323 240292 Qa

Syntaxinl7 ER 302 172-224 Qa

Syntaxinl§ ER 335 253-305 Qa

SNAP-23  PM 211 24-76, 156-208 Qh.Qc  SNAP-Y Qc

SNAP25  BM 206 29-81, 150-202 b, Qc P

SNAP-29  Go, End 258 60112, 206-258 Qb, Q¢

VAMPL SV 18 3486 R —E

VAMP2 SV 116 3284 R .

VAMPZ  EE, RE 100 15-67 R VAMP-7.

VAMP4 TGN, EE 141 53105 R

VAMPS  PM 116 6-58 R t-SNARE
VAMP?  LE, Ly, PM 220 126-178 R abc+R *Syntaxin2~18
VAMPE  EE, LE 100 13-65 R *SNAP23, 29

9 SNAREf#H & B %RSNAREY /37 . b b CTldiik/Ma & ikt & 2 2 BERICHK40HEH DOSNARE ¥ » 3 7 E 3583
LTHEY, SNAREEF—7%Qa, b, c + RELRDHMABRDLETHAKRIEEEN, BEREGIRIDZEEZONTVDS.

(81)



10 HIBE  ZAE A 2 1) v 7 AMP & MEE 53 D 3k

MEHREEDSNAREE &%

19974 D F LT, FAlET v PO H FTRICVAMP2 &
NSF, aSNAP#% & &fif & 5 O SNAREM G AV HAET 5
Z & & L7z (Takuma et al., 1997a). ZF 7220004F @
W CTUE, SRIE L RIS X D SNAP23 & Syntaxind O t-
SNAREH] L OB AKIZBI T & %755, -SNARE & 57l
BRI DOV-SNARED #E G L7z "~ 7 » AR O SNAREH
AAR" (G TR IS & ML O Bl & R LT S, 3l
BIZIK - VA 2V ENBBAERER) BMRIETE VS
&2 L7z (Takuma et al., 2000).

Z Ot%, SNAREDRIELFEICHE 2 2 BRIk % %K
Eb, T LAy 7ay MEHW ALF5EH
EMIMEEE O REDSHEIC LR L2, 2h S oy
o B2 T, 20124, FAE T HeLafi L1 B\ T
SNARE & v-SNAREZSH & L 72 b 7 ¥ AR AR %
T5H5Z LI L7 (Okayama et al., 2012). h 5 ¥ A
BB AEKRERNT 21213, SEEROE - VA 71
M INSFOME Z 1k 57280, N-TF VL[ I F&
W RRIEE I, IR 2 AR TS B L EEASH 5 72,
COFERIGHL, RIFI0ES D HISHIT L7225 T I
oot 7 v ARBEEEOMMICHEF v Ly I35 L1
L7

IERES B

BH LD BT, HFTRMIBICAATES 5220 %
SNAREMI G RZ MM T 2 2 A TE 72, Z2OHIZIRT
IT—EHWIIEb L NI Y ARBEAROBER D FE N
TV, el LICN-ZF V<L A4 I FCMHL
72H TR ISOTHWM L Td, SNAREHA KO BN
RO OENL Mmooz, FIT, RET 7 F ML
G5 A M H5 YD (CyD) O E B VO W,
CyDDOZ &3, 104EH, FEORPTT L EZ Tz L
I BRENT D, WEOMIET, CyDIZEFEMMERE T
DT 7 F U MERREST I LITLD, Wbk &
MR DB 2R T 5 2 &, T2, @A L 7250wk
O E ANy 75252 LITLD, BRI 2 Bk
EELTEPAMBEN T2 (X10) (Segawa & Yamashina,
1989 ; Tojyo et al., 1989 ; Okumura et al., 1990). CyDIZ &
D, FEWERIEDEI - HAHRDBA Y 7§50
EHIEIC, SNAREMIG RO - HAIHRZRD A by 7
FTHLDTIELWNEEZT-DOTH 5.

CYDOFAET, 737 —¥Hibx s 21SOTH T
PrER L, Ba 2Pik% Vv TSNAREY v 37 H%&
RIERRE L7z, ZOKR, abcamtl DO SNAP23HiIA %
flio THRELREL, RIFMEGLR, ZhiTo—k
1) 72 BEOGIRE ] TR T & 2o 2 o 7248000 THLE DO VAMP

Segawa & Yamashina 1989

2T A Z LI L. Lard, T DOSNAP23-
CyD + ISO
Q)
()
BEESNAREDYH A LELE ?

XI10 MR o & REMABIE O W TISAAES 2 7 7 F o, 0wl i
MaWiE, DR IR OESE 2 W1 58 7T — & LTHREL T2
5, DLW S D &, W OFR & RlE L 72RO )
WL - VFA 7 VIS T2 EZE2 6N TWE. T2 F UiiiehiEs
T5HA AT D (CyD) &, T2 F UMEEEREST 5720, 5w
DFFH & G WBRIE ORI Z + v 7L, HEFBRT 5.
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IP: anti-SNAP23

11

12
E * k%
SN23 [——— E‘ 10 I
S
G 8
SYNd | e s a— ﬁ *%
e &
= *
VA8 | v . . | .E. 4 -’
VA-2 ——4 E .
> 0 I—-
ISO - + = + CON  ISO CyD  CyD
CyD - - + + ’;)
K11 %4 bA52 0D (CyD) T, HBFREA Y 7u7 L/ =)L (ISO) THLHIES

L&, WHEIRITE A EHINTE R WSNAP23 (SN23) £ VAMP2 (VA-2) @ b5 » AHISNARE
BERPAERZIIHINL, BETEEE %2 4. Synd, Syntaxind ; VA-8, VAMPS,

VAMP2HEAKIZ, 1SO& CyDOYMMLEIZ L ) ZhZh
BIBR LB L, T O FRERIIC X - TS SN 2
Bnasiged 57z (K11) (Takuma et al., 2013). FAld,
COWmOEERIE, SWRHIHITRE - C—@M I’
WENDD, TOHROIE - FRIHAED T AR M
Tbh s 720, IEH MR CIRAAEED IR I v
‘b7 Y ABISNAREH G TREZWHAEEZ TV,

COEBIZEY, MBI T 5 t-SNAREDSNAP
23 & 43 R B AFAE $ 5 v-SNARE D VAMP2 2SI 8 7
I —ESWICHES LT A REMEAR C RIR S 7z
A, RGROMBEH 2 Fik-72. F1I1L, +T v AR
SNAREHARD b 9 —D Dt-SNARE T & % Syntaxin i
PARETHHZ L. 212, VAMPSDXRE 2 /RIBd %
RV ON o722 & TH 5.

MEg 0k CB8H B Syntaxin(d @ h ?

G DR IS ST AV T, &
& L TR I 12 FE BL3 % Syntaxind A3 1R 7% 45 Wk
2B % SyntaxinDER 2 LA SN D DT DO S
ETHDH. B TIE, PR C B 5 Syn-
taxin2 & 43 WA SR B 12 56 B9 % Syntaxin3 254 JJ Al 1248
EEINTWBED, MEFELHEMIZ R v (Pickett et al.,
2007 ; Weng et al., 2007).

ST O R (R, A/, VY vy —2H
W) ZETIM/MMITIE, v-SNAREE L CTVAMPS7)S F %
B E R L, VAMP2E VAMP3ZSHi I 2 B &) % 5t
72LTwb. i }it-SNAREZ L TIZSNAP23IZHIZ T,
FRATHLAAR 08 A B A> & Syntaxin2 F 72 13 Syntaxind @ B

(83)

=}

g htniz. L 2A2% ik, FEREMREE
JE 7 #  (familial hemophagocytic lymphohistiocytosis
FHL) &\ 9 #IZEOMENT &, Syntaxin2, Syntaxind @
KOMINL 2 72 AT 20 &, /IS Z 31 5 Syntaxin
2 & Syntaxind D ZENLE I HE E N, Syntaxinl1 53
HOBE Z R L TwB 2 e EEH S Lz (Ye et al,
2012). Syntaxinllid, (T A EORMMBRICHEIHL T
D, BEMERF XA 2% 7%\ b OORERS 55 14
1L, SNAP23: MG A% $ %. SyntaxinlliZ,
IO G- e SN2 e h e, MERIRT
DIFZENFF 72 5.

ooy

SNAP23M V) > ER4EIC & % S &

=

AIBME o7 o< 7 4 MR TIX, SNAP23 & #IAT
BYIZIEVSNAP2SAPKAIC L » T Vb s b Z &1
X0, BT RE 7R WKL O 7 — v (readily releas-
able pool : RRP) AH{KT 2 L wvbNTWwb (Nagy et
al., 2004). A ¥ AV Y5 TIX, SNAP25DHi{ ¥
YR TH HsnapinZE PKAD ) VAL L, ZOE,
SNAP25 & VAMP2DAM HAEH MR S L, 7l 238 iR ¢
HEEZSHNTWS (Song et al., 2011). SNAP23iZ
SNAP2SDZLEF ¥ A KREVTThHY, PKAIZL 5T
D YBIL I NS DL o REBFIREE . FEEE, SNAP23
DY) ALY G ERE L TV LR DH S, 5L,
V) U b E T AEER IIPKATIE 2 { IkBF > — €
(IKK) TV, AR S T 2 030
o & /MK T3 % (Karim et al., 2013 ; Suzuki & Verma,
2008). IKK#fzfoars 4y aFnv- /vy s 77k



12

EEPNZ X HHEICL Y, SNAP23DBHFHD L) v &
IZ120 H 02y o) VLA T T v 7 S I
MG & M/MRTIE, W23 L IRT L, iR o &
B ohiz. 500, SNAP23D &) ¥ HPKAIZ & -
THY VLI N D EH B, FRIKKY 7 F Vo Lk
IZcCAMPRPKAD B G-2H 2 7 &) 3o T
Hi 2 TR R721S0IC & - TV VL & 1 526 kDalfi
¥ 8y B ESNAP23D RS, KRERIZG 5 TH
5.

Wy,

WIS

FAEMFZERt B & L C & 72cAMPIZ X B & » /8 7 Y
DFWEREIZONT, EHEMDLZEDOTEbTNIE
) OFFFERE & FHITIR S N KRB OGO W Tk
RTCTE72. KOG, PKAL IO %E D% CPRKAD
BT A &) BB, RO I 72 IR F S
T, L AEYFREEEE D o EE E 2 5ND
HoF FHELGY, AWEOKISKDTREEDHS. H
SO AEGRFAZEDS, BIEWO LS B TH->T
b, CORELMBEPAPTHIRS Z LR LAILRD
7wk S,

E i 3

MERHPEE 2 7P L CF & o 72 A H AU 4 R A&
LEFEd. SESEOPIBHAH 250 S THW 25084
L, MIEOMETHBHM 2 HELE L2 2050 25k%
AN, BFEE DS ETREBIERICAZD LA O
POEHHLETEST. T4 HRICOVWTT A A Ay
Yarvl, 7 N4 RAEREWEERY I 00D
BUNEHH L BP9, RKRIC, ZhE TROWHER
¥ R— b LTS NIALH G ORI SAEZIZ,
FHEEF T oRIN=A#, € L CHEE R oBREY
TR OSBRI L E T,

X (73
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Abstract
Objectives : Details of how DNA methylation is in- controls. The DNA was analyzed using human CpG is-
volved in periodontal disease are not fully understood. land microarrays. A quantitative methylation—specific
Lipopolysaccharide (LPS) derived from Porphyromonas polymerase chain reaction was carried out to confirm
gingivalis (P. gingivalis) is involved in the progress of the reproducibility of the microarray data. The expres-
periodontal diseases, and we have recently developed sion levels of mRNA of the selected Aging-—related
an in vitro model of LPS infection in human periodon- genes from the data were analyzed by quantitative RT—

tal fibroblast cells (HPdLFs) for 1 month. In this study, PCR.
we examined DNA methylation in HPALFs stimulated Results : We identified 4 Aging—related genes with hy-

with LPS derived from P. gingivalis for 1 month. We permethylation at the CpG islands of the promoter re-
investigated the hypermethylation of Aging — related gion that exhibited 4—fold hypermethylation over the
genes and examined whether hypermethylation affect controls. Among these genes, the hypermethylation of
their transcription levels. the Klotho gene induced a significantly downregulated

Methods : The HPdLFs were grown in Dulbecco’s expression of the mRNA.

Modified Eagle’s medium containing 10% fetal bovine Conclusions : These results indicate that LPS derived
serum. The culture was repeated, alternating 3 days from P. gingivalis may cause DNA hypermethylation
with LPS derived from P. gingivalis and 3 days with- of the Klotho gene followed by a downregulated ex-
out LPS for 1 month. Untreated samples were used as pression of the transcriptional level.
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(Larsson L et al., 2014 ; Barros SP & Offenbacher S,
2014).

I¥Y AT 427 ALIE, DNAKMISRHI D% R % 1k
bY, BIET OB L > TR 2S¢, #©
ZFHEREBERNICHET 2B THH, DNAXF IV
bR x b i, 7axF U BEORK, VETY V
FhEMNMENT WD (Eggar G et al., 2004). H T
DNAD X FVAbE, —H, ZrKizEh s & #{aT

FRRE\C RN 2 B2 5.2 2 ME2H ), HEEOIE
JE, EATICHECEDLSL L3N TS (Eggar G et al.,

2004). $512, FuET—F —HEOE A F VLI, EE
HWrofiaezlEL, @xrEHZBAFINDL 2L
2o, BAMHEETO T B E— 5 — RO R 2 F V1t
EFBALDOBBRIZOWTIE L WFZEN T T& /2

(Baylin SB & Jones PA, 2011 ; Dawson MA & Kouzarides

T, 2012). ¥4F, Z OMEBEOMZEAHERBE, W, 7L
V¥ —, HOMERE, BtRE s EoRA LSO

PRANEIRD) B AHETWD (Abiko Y et al,, 2014). I
ERIRT D, TIEAARHIRINE DI, EIT OG-
IZ2oWT, MEPRSNTETEY, REIZ% D HEw»
WCHDIZEY 22 T4 7 ANHEGETH L) WERALN
BN, FOFEMERIZAHE L HA% v (Larsson L et al.,
2014 ; Barros SP & Offenbacher S, 2014). B JE % DRI
TR SN A AR v M2, o6 R B Porphy-
romonas gingivalis (P. gingivalis) #fREET 54D
75 NEMRPEAEL TWA. Zh 5 O RE LB
\%, Lipopolysaccharide (LPS) »fFfEL, AEMRIZx LT
LSRR AT BB S, REROWEEL K, 1T
SELZ—HIIE>TWBEFbNL TS (Ding PH &
Jin LJ, 2014). LPSZ MW 728F2ED % {1d, BBei =
2, SHEEOHMIZLE 25D THY), DNAD X F )V
BICBbZ RIZT 0L EFEZ I W, 22T, &L
P4 X, P. gingivalis HIELPSE W H# 12 X ) DNAD £
F VAL AL % BT T H 72 2 EBRE TV &L L 72

(Takai et al., 2015).

A2 TIE, FMEBRETFVEHWT, P gingivalis
SEDOLPS TR L 7280 & b kMR SR 12
B 2 BB T ODNAR A F VAL D RN % 17T -
7z.

-

il pr
1. HMifasss2

v b AR RHE S M HPALEs  (LONZA) % 10%Fetal
bovine serum (FBS, Sigma) % 7 Dulbecco’s Modified

Eagle Medium (DMEM, Sigma) 2 T 2415 [B] 55 28 1%,

(90)

DMEMIZP. gingivalis (ATCC33277) H#LPS (WAKO,
lug/ml) ZFML2b0EIERMLAZBOTI AMT
DORHIIZHL, 1r AREELZ OZHwz., %
72, 3 bE—IVIZIZLPSDOALH D I E AR AL,
FMHEREE LD 02 v,
2. AFVL—=3var7 LA

338 U 72 2> 5 Qiagen® DNeasy Blood & Tissue Kit
(Qiagen) ZJH\WTDNAZMII L7, ZDHDNAZ S
WAL B XY Wi Ak, F# L 7-1%, cytidine 5 —dUTP
(Cy5) B & Ucytidine 3-dUTP (Cy3) IZTHHI~NRY)
> 2", Human CpG islands 224k array{CDNA% /N4 7' 1)
% 4 X, DNA Microarray Scanner (Agilent technology)
TR, Y 7 P ERRHWTIEN 24T 7. ok
T VAR R D D, LIS 58 Ao T E—
y—WURICAE L, BB DOAF VL XA 4 50
ZRTHOEENL .
3. mRNAZEBUFRHT

F MG & ) TRIzol® (Invitrogen) |2 TCtotal RNA % 4l
HL72%, MEZ 2ug/ulilhb LKL, W5 %
175 72 (SuperScript reverse transcriptase, Invitrogen). 4
5N 72cDNAZ HIWT, AACTH: & v 72 %€ & [ real—time
PCR (SYBR® Green, Applied Biosystems) ¥ & O°RT-
PCR (KAPA) 12X 1), mRNAFSBURN 2175 7-.
4. MSP#HT

DNA X FIVALDOZAL D P 2 #ERR§ % 7280, Hize
L 72 #i2 %> 5 Qiagen® DNeasy Blood & Tissue Kit% v
CDNAZitH L, Qiagen® Epitect Bisulfite Kit (Qiagen)
% H W CBisulfite LB %2 17 5 72. £ D%, Methylation—
Specific PCR (SYBR® Green) 2T 4 F WAL L NOVIEHT
2110 7-.

R1 mRNARBURH 727 T 4 < — LG

Name Sequences Size
TBX2-F 5’-CATCCGAAGGTGTCTCTGGT-3’ 159bp
TBX2-R 5’'-CCAGTTTTATCACGCGGTCT-3’

KL-F 5’-~AGGGTCCTAGGCTGGAATGT-3’ 158bp

KL-R 5’-CCTCAGGGACACAGGGTTTA-3’
TBX3-F 5’~AAGACCTAGGGGCTGGAGAG-3’ 196bp
TBX3-R 5’-GGCGAAAAATCAGCAAACAT-3’
NPM1-F 5’-TTGTTGAAGCAGAGGCAATG-3’ 158bp
NPM3-R 5’-~AATATGCACTGGCCCTGAAC-3’
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£2 MSPRATICHWAT 5 1 < —HLH) (NPM 1) @ 4#EfzFHRESh (E3).
2. mRNAZEBUFAT

7 VAN X 0 8 A F VAL & & 7= AL Y
BIZFIZ2WT, mRNARBIEN £17-72£ 25, KL
KL-Methyl-R 5'~AAAACGTTTCGTAAACGCTC-3' DOARLPSEMHIHIC X W AR EIVKRT RO Sz
(P<0.05, [X1).

Name Sequences Size

KL-Methyl-F 5’-ACAAAACATTTCATAAACACTCA-3’ 169bp

KL-Unmethyl-F ~ 5’~-GAGAGTAGGTGTTTTTTTAGTGGT-3"  169bp

KL-Unmethyl-R 5’-AGTAGGTGTTTTTTTAGCGGC-3’

*P <003

5. % ¥ 87 IR

& N OFBUE, CELISATEIC TN L7z, a v
b —vEE, LPSHIEHE QR ML 20.05% b 7 ¥
I (gibco) MLEIZTHUNAE, 96 well platelZ 3 x 10
SmlFERRAE L, 4R E L. £0%, In Cel
ELISA Kit (Cosmo Bio), Klotho#iff (PEPROTECH) 2
THLH % fF v, Bio—Rad” Model 680 Microplate Reader
(Bio Rad) # H W T450nmDOWOILEZ M E, 7 v 2327
FE Bk & fRpT L 7. [ % o TPe00s
6. 5-Azall X HZDNAJE A F VALIEAT

LPSHIE % I 2 7= MR B, Bx F ks e 25720
100uM i £ @ 5 —Aza—deoxycytidine 2 1 Z 24 FF i AL B %
17- 72 (Uehara et al., 2014). Z O, JiF 3 LERIC
total RNAZJilii L, WG 1%, B2 F VALAL BT
mRNAFBLZ Wik L7z, F72, J7k5 L MARICCELISA
LEERHWTE ¥ 87 BEBURNT 24T - 72

7. it

O NIRRT T T, IBM SPSS Statistics 20
(IBM) % H\v>72Mann—Whitney UMREIZ CTILEE - B L
72 (P<0.05).

o
—

TBX2 mRNA/GAPDH ratio
=} o
o + oo

LPS- LPS+

—
[

—1

Klotho mRNA/GAPDH ratio
S IS o IS)
o o ES o o

LPS- LPS+

I
[}

*P <003

S}

o £

1. AFL—3 37 LA
AFVL =237 LA ORNS, TUE—F —HI
T4 RBULEDOE A F VLD A SN2 OO CHALENH]

TBX3 mRNA/GAPDH ratio
o —
o ) — [9)
—

. iy LPS- LPS+
BT 2 IR E2MRT D E, T-box2 (TBX2),
Klotho (KL), T-box 3 (TBX 3 ), Nucleophosmin 1 12 P )03
s 1 f
R3 T LA MR L D B S AP B R T g
T 08
Normalized ratio Gene Symbol Description Position E “r
Sos |
29.0 TBX2 T-box2 -3874 é
204 1
21.29 KL Klotho 460 50,2 I
10.02 TBX3 T-box3 -3079 0 '
LPS- LPS+
815 NPMI Nucleophosmin 1 i 1 & HUReal-Time RT PCR{EIC & % Z AL BY =
F OmRNATEBURHT
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3. AF VAL L XOVIERT
MSPEIZBWT, mRNAFEIBUE T DA HNKLIZH
T ZDNAE A F VLD HHE 2R L2 25, a¥
b —VEE & B L CLPSRIMIHEE CTid 2 F b L X
VORER EADSHER SN (P<0.05, M2).
4. 5 8o I RN
mMRNAFHUZENDH->TD ¥ VX BB L —FK L%
WAL EZONL720, CELISAHEICL S5 V87 g
BHRN 2T o722 5, KLIZLPSEMHEIC X 0V &
BB TR 5Nz (P<0.05 X3).
5. BixF VALSENT
5 —Aza—deoxycytidinelZ & ) Jii X F VALALE % n 272
& T A, LPSEMIMIBHEE L LB L TmRNAKILUCH B R
FEAFED Sz (P<0.05, X4). F7, LPSHIHHE
12 5 —Aza—deoxycytidine (2 & Y it X F )VALALEE % i 272
HTxay bu— WL AED Y V87 BB LN
7z (B3).
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AT, BRARBE H1 Ok A 2 MR % P. gingivalis
HskDOLPS TEMHISZ +2 2 212X 5T, ZbIig
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JE9 IR 23K lotho B AR F- % 4 L 72 ok IR 0 AL A HE 12
BIG-LCW5b 2 EAUR I 7z,

Klothold, AN TEALZIEIT 2 X 2 FFo L SN
58 N0 BE - FTLBIETTHH. FLLTHER
M, 287 PVECZFEHL T2 EIHIRE O EHil,
WRAEIE 22 EWZHEBLL, R A TRIEMGTHL &
25 ZALIIHEE Fo—>2 L ¥ TE 7 (Bian A et al.,
2015 ; Sopjani M et al., 2015). Klotho!ZFGF197 7 3
) —D—DTdH BHFGF23 L FGFR 4 DG &t L, &
NS LG TO ANV Y A (Ca) fosit & itk
B EEROLINTEY, BIPKTILE, VY
7 AAEIC L ZEIRAM LA SR I T EAREINT
Wh. EERAEIIREE LD A2 LB Z ENHMBNT
BY, AWFZEH S R E R I X % Klotho# (£ O i A
FLE ENIHE ) BIE T 220 —FHEHERM SN 5
A, SO EERELET L0, Wik HHEILET
»5.

AT T A1, AR RS oMl < Y
7 ZABHE BT DO D0 ICDNAF A F VLA C
N, BIETHEIAMET IS L 2HE L7 (Takai et al.,
2015). ZD—2DType XU T =7 VA =N )R
FLAIIZX Y 5B AL (Uno et al, 2001), Type 13
ST VERETLIHEDOD LI EDPREINTEY
(Nemoto et al., 2010), Z OISO & ok & ALk o i
FLICO B2 DLEEZ LN T WA, Type XIIT T —
FoR, BRI RBOKT T2 2 eAamEsh Ty
% (I3, 2010). AHFFETOLPSIC & % Klothoi# 1D
FHUET &, BICHE L7z TypeXII2 5 — 7 » OIHUK
T, gD R A A5k R RLRR R T 0 AL & A
THEVIEZIZHLTVD, LB EEROY 22
WY& 2 EIZELASNTWBDAS, 5w )
KR D EAL Z WA B V) 72 BE S 2 RIB LD 5
dbDLEZ LN

5 — Aza—deoxycytidine { & % il A F VAL AL BR |2 T

Klotho mRNA/GAPDH ratio
s

LPS- LPS+5Aza

JBi A F VABALER L & % Klothois f£F D mRNAZE BUFAT

LPS+
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mRNAB L O ¥ 87 BB A ED S sz, 5-
Aza—deoxycytidinelZ, DNA A F VL #E (DNMT)
AHETLILICEVBEAF MR R TEATH D,
HATIZEHEEBIERERE IS5 5 ) 23 LT
20114 ITKFR SN T % (Ishikawa, 2014). E 512, IE
WAL D CpG island TiE A F IWALIZ A SN\ IZ5)
L, WMiETIEBE LEm A F VLA Z % Z & TKlotho®
FEHPET T2 L0 HENDH S (Rubinek et al.,
2011). IEF 2 iR & Bl AR 123t L 5 —Aza—deoxy-
cytidineLBl 2479 &, MM B 2 7 1k S LKlotho
mRNAFEBIASEE L, EH 2T L A LB
HROENLholot@MmEEN TS (Rubinek et al.,
2011). 5-Aza—deoxycytidineld, HARTIIMEE 2T 5
EHEE L U CRAINTH S Z2WAs, S5k EREH I
LCoORINIGHIC M CE 5.
=

t bR AR AR AE SR 35 > TR R R T B
P. gingivalisHROLPS TEMMHIMZINA /2 25, #
LI B 3# 3 % Klothoi# = 1O 7' 1 & — ¥ — HHIBCpG is-

landsiCDNAE A F VAL Z B &2 L, SETREB X
ﬁ&yﬂ7g®“ﬁ%ﬁTéﬁt._n6® ﬁﬁT#

-

WA D B2 LA L, B D TAE, -7
ZRAFT I EARBE N
&t 3
MR, VIR 2648 B i PR AF B 2 X SRR 72
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VCEI L 7.
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Three-dimensional nonlinear finite element analysis
of orthodontic tooth movement with a light force
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Abstract

The purpose of this study is to establish a new simu-
lation method for predicting orthodontic tooth move-
ment involving bone remodeling using three—dimen-
sional (3D) non-linear finite element analysis. Actual
clinical data obtained from the tooth movement of the
maxillary canine elicited by sliding mechanics with a
light force, where there was no lag phase, were used as
the reference in developing the 3D simulation model.
The 3D tooth model was obtained from the anatomical
data of maxillary canines in Japanese subjects. Contact
conditions were configured to allow free movement on
a wire bracket attached to the labial surface of the ca-
nine. The center of the bracket was retracted to the dis-
tal direction with a load of 50 g. In this load condition,
the force of the wire reaction was transmitted to the
tooth when the wire came in contact with the bracket.
For the verification of periodontal property settings, the
validity of the model was determined by the behavior
of displacement for the model without orthodontic ap-

pliances. After analysis of the initial displacement of

*

REIESRHERR I BT, OMIE 2 ZRITIIZIEREIS

il

the canine, the remodeling process was analyzed as the
second step in the procedure. At the third step, the sec-
ond step was repeated until the movement of the tooth
reached the predetermined position. Analysis was car-
ried out by a locally developed program calculating the
non-linear behavior of the periodontal ligament and
automating the three steps. As a result, there was some
difference, however, the validity of the model was con-
firmed with the behavior of the model, consistent with
previous studies in the verification of periodontal prop-
erty settings. In addition, long—term simulation of the
remodeling analysis approximated previous studies
well. In conclusion, the results of this study indicate
that the newly developed analytical method involving
complicated biological processes would be useful to
predict numerical values of orthodontic tooth move-
ment. However, the usefulness of the non—linear analy-
sis with the simulation of a light force could not be

conclusively shown.

L, REZRBENICI ) RZRETE, AR~
DR ENEH D RN WD T B L, X%
KW RWOBEZITH) L TESL. LaL, B



24 ]

Tl CHIME 2R T D 2 & D B EBROARTOREM 2
JE A EOBEBIEATRETH 5 (Badawi et al.,
2009). €I T, AR TBEATRRISNZHEES 2T
e UCHBRERMBNIAZT 5N 5. ARERBEN,
BHE R TEIRCMEE % A5 % 0 5 2 B AL ] ik 72 /MR o0
ZoE$ 58T, &RoEHEHNTE, LLDNF
IR ST & 72 (Andersen et al., 1991 ; Tominaga
etal, 2009).

BUE OREIEE0 B B 2 AR T2 781, BRI A
ML 28 % /"3 (Miihlemann, 1954 ; A 1§, 1957 ;
Picton, 1963 : #23F, 1967 ; Goéllner et al., 2010.) 123 B
b o TIBHAT A% {A7bMTw b (Kojima & Fukui,
2006 ; Poiate et al., 2009 ; Viecilli et al., 2008 ; Reimann et
al,, 2007). MEOHEITIE, WREOIFFILES) % 1
FATHBLL 72078 (Natali et al., 2003 ; Toms et al., 2002 ;
Toms & Eberhardt, 2003) %, JE#IEEEH) % bilinear (B
MR D “ARYE DAL 28 8) 2 B T 7)) & L72hE
b &% (Qian et al,, 2009) 2%, THHDY I 2L —
YarvolREAERHOMALENOAIELZLDTH
5. LU, BENC X 2 REIR % EoORE O34
WA ORTFHTHICERA DL LEEZONS.

Hayashi et al. (2007) OWfZETIL, 100gfif # (heavy

= Initial
S displacement (I

HIACEE % Light forcelZ & % #ILEH) M D RSB O = K ITCIEATHL A IR SR LT

force) IZBWTBEIRFEOED LM LB
WL, 50gfifdE (light force) 23\ TIEATTLIIATH
Naholzl 2B HMILTWS (M1). 22T,
WAL 72T T S R 2 BIEIS T 2 o8 %
YIalb—var§hIH7zY, light force & HNTE T
VSRS 5 & &) Bl EF IV OMKHATREE 25
N5, 2F 0, FEEDHS IS TR W AR
M % 7 VAL A AT LIS v, ARIFZED B,
I3 LS B 7 wlight forcel2 BT 2 I 722 —
HOWOBEMICOWT, WREOIERIEINE % E
L7z OBB ORI RERET VEREL, T0E
TN OFFNTRER DB O CEAFHI) D288
EPLTWE I EZHRTHIE, E51, BUEIc
LA ORIENIEREE L ZZEE L7232 —va v
#ITHZETHA.
bl *

1. EFVORE

AW FE DA BRERFIT X, HH T 2279 AMARC-
Mentat2012 (MSCYV 7 b = 74k) #Hw/z.

SRR ERET VI, EFHEMREEEET S E
TNaWE L. T VOARRHIL H AN O 4

Light force
RAME
ER3E L)

I

1 FEILJIHS % B O R B ARAT

;7/’—-
II
Heavy force
I Secondary | = /fEHrnE R ;:TQFk
tooth (YEFY 2 2) 28 NP E I
movement (I, 1)
i ]

BIEE R OB ENL, FISHRMRBEOEIC X 2 AN & Z Dk OMARYGEIC X 5 ZIREN O BB 5 %
5. 1 i fEOKRESICI VUM ENEICOESHLEE2ONS. 1T WREONEEE, silE oM
BUEEPEE VY IR Lewvy., I —BNICEIENEZ 22 L =T ETh L vwbh Ty, &
WA E I —E R OBEH I ERT 5. LAL, MEOKESICIL s TWEHELE L, heavy

forcelZx L Clight force & M-EAL 5.
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Wr—% (k4 1962) 230 %, #ERll. Omm, #
13 0mm, B ER6. 95mm, BT & 07, 75
mm, PHARTHE 6. 26mm, PRARILE.0FED. Bmm & 7 B
) THTETVEER L. MEIZoWTIIMEED
BRE L7 (K2a). F72, BRBLIBIT 2455 DE
BAEBOUmE L7z, EFLOEESEIE, 8 i 6 i
KOTA VNG AN v 7 EFREFRH L. £ET VD
ARHT A e © NI ZEFEFIE3315HI AT, 2266 HK & %2>
72 (M2b). 72, WEEMmICT 77 v+ (0.022
inchAT v ) ZEELZ. 74 v — (0.016 % 0.022
inch) 2777 v bAuy MIZ#BL, 777 v FHBTA
Y— L2 HHICBE TE, SOICHENEROFE
(surface) DPITBNHRA L 22w &) 3l Gh 2 5% e L
72 (H2¢).

BREMIZONT, WREMIIE TV OFREERE B X
T A Y — Dl 2 e L, 5 i & B8 s 0 )5
MOWH L L7z (Cattaneo et al., 2005). #ESFMFIET T
oy MRS S B 720 O AN ORI E & L
7z, F7z, ZOfrHEdlight forcek L TH0gllaeE L7z

MR = AOVE, GO, RS, W,
WE, 7979 bBIXUOTAY— (ATF ¥ LV AH) Off
BEFEEL, TOWHEHRBMEELZ S TICHRESI T
%7 —=FIZHEDWTEE L7 (Tanne et al., 1998 ; Voll-
mer et al., 1999 ; Assis et al., 2013) (£ 1).

2. BB RS

HREZETFNVIZOWT, FEITHERLZETFTIVOH
Bt AHElcld245E, ETFIIcix3sE L, 3120
TR TR & 3120 IV R, PR T6240
oA, ETFMREREOEE 2138 L, T
DWf (0) %oIHMMA (p) OFHME ETHZ
EHREREICRE L. T, REBICHEET 2 EHRE
TS5, TS Oy () 527

25

5.5 mm_ 6.25 mm

50 gfr &

2 ERL72ZWITCET NV
(a) HOEFIVEE, (b) TEFIVOLEKE
5 OPERAE.

(c) FEIEZEIETD

(X3).
F72, FHETERE S 2 R ORI TS O W TiE
RO GRZEER L7z (4).

3. PR DMy Ik € DL
VT Y IR AT ) ENS, HALE TV ORED

g1 RO RS
i R - " " RO
R (GPa) K7V R OMEE (FAIRT ALY 9 2)
T AVE 6.0x10 0.3 E)E B i+
S E 1.4x10 0.3 EyRe 8 FiT B
BEE 1.1x10 0.3 E Yk 8 FisT %R
WA 5.0 0.3 E)E B HimM B+
BRAR
- B O
e 1.0 R 8 Hi B
BRAR A
P » e AEE =B
35;1;”:;%[& 7.0%x10 0.49 [ o i TR
AT > L A4
: )5 fii
(T ) 2.0x10 0.3 S 8 Hii M EEHR
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BREFH M EA~T D2 S0 (MU, @okhm), &
H2 M7 (LUF, S50, st 2 S5
i (BLF, BERKFI) ~500gDMEE I Z, FIZEA
2BV BT E - 2R A 1572, I BT A AT E
—ZARRORER (K5) LBEoWMEICBT 5 EM4ET
#l 7°— % (Miihlemann, 1954 ; Picton, 1963 ; Gollner,
2010) (2B AT — 2L L OB E TV, B2
BIAEL L T B R L 72,

4. VETY VTN

1) VEFY ¥ 7Nk

BIEET VB2 ET) ¥ ZONTIERD 32D
B a3 L L7z,

F9H 1 BT, 50gMEIC & o THOENMAEA X
0, WO TFEICE D F TOWMZER % BT L7z

852 BB TIE, HTBRE OIS ) FHATIREE O T T HIAREL D
JE A% 250umiZ HEIEIE L7214, iR O NERIL ) %
WIPEL T, AMEE 74 Y — - 757 v bONEIEH
XD F 2RI IR B A & AT L7z,

83 BRELIRELE, ERLo%E 1 L5 2 By 24 0 R LR
BEL7z, & SICKMTEB S CII MG IE 2 ol X 244
NOEB LM & LT

F7o, 0B 1B L5 2 By T e o BB CIn )

WCED T TOMIINEE 1stepk L7z, HEDOHLTIE
step T RERBRICX IS L TW 5.
0.1
0.08
b
0.06 ////
0.04 //
0.02 2
0 T T 1
0 2 4 6
Jtn 17 (X102kgf/mm?)

BARBSRAE S R IR E 2 B L T D, £ O 0MEAERILS 2 E TOMIZIZ L A LR

BRMT LI LR, W - B TIREAR 2 R EHNS (a).

SHIZEINAENT % LT

AHEARSN (b), REBRIIIBMST S UM, 2014., BZ).
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B, BRI 2N AEE)
— JERYE, SR 2T
S BB, mE LAY )
— JERME, R AT 25
B, RN R
— I, L FRENRE)
5 HHETFTNVIIBIT AP OME -2 iR GERIEMR
AT & BITEIRAT)

[l 41T CIEMIEIRAT & MIBIRAT 24T VIR &2 AT 5 724G
H, IERIEIENT IS BT BN L O &, BIEMHAT O3
D=L T L L, FERIBINIT OGN, SO0
B TIE50g T, BN B2 E) T80 i Tk A%
S NEMNEPZWISWA Lz, ZO#E, WEIHEZ 5
W00 T, FEMVIEINT & BUBIRIT DA R OAEDPKRE L o
TWwo 7z,

400

2) Farsh

BRI OIS ) — BRI DR E & ERLOBRFFICB T 2%
MHEOHBLD 720, 7075 LDF TV —F > % %
4 v 7ur 5 ATHAMARC- Mentat 2012 (MSCY 7
bz 74E) ICHARATE. ENTIX Updated Lagrangeli
KOKREMBEE L, #0285 EHE I IEFull Newton—
Raphosoniki & F\272.

3) HMETNVIIBITE)ETY v TR
BIEREORBELRRL72DI1, TTHEEEOLV
BHET VDY ET) ¥ TN 247 R o 72, fiiKidstep

TEOZEA MM L ERALIZOWTT 7 7I2F e

A
7

4) BEETF VBT 2 )BT v TN

S, BEETIVO)ETY ¥ IR AT - 72
TR Z stepFEDOEM MR L ERAEIIOWT T T 710
L, HHIETFVICBT 2 ETY v 7RI RB X
O, #EOLHRICBIT S EYUE T — % (Hayashi et al.,
2007) &REROILE AT 7z,
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1. BRI Wk i 2 O WGE

HfE 7IVIZ B 2 MR O E - Z LRI B v
T, ZMEIIMEIMD D L FRHIIRE CEML, —%
DENEIZET B L EORBIITRLIHML:. Z0%
P& —AH & 55 AH O ZE il AT IR 2T 25 Bl & T Y
ZALZEE) TIE30um L TH Y, L FIENEEE) T -
umfd i TH -7z, F7z, 500g4 EF DL 3 H
W 2SR 28 ) & s O I 22 A 288 Ch0um f i, BN I9Z
28T - 17umfETh o7z (KM5).

R S D EARGH 7 — & 1%, MTE IS 5 LY
Ko 7 — % (Mihlemann, 1954) & L TZ /24
um, 500 EIRFDZEA E37umTdH - 72, TEHE M E KT
T % LB EI# D7 — % (Picton, 1963) & L CTZ A
— 25um, 500gfif E I DA &= 1% — 35umTdH - 7z

HAREHAI T — 7 & DR OFER, & DT 2L
28 & WA B D2 5T + 6 um, 500gfif
T+ 13um T & - 72, T 2 R 25 B T iE — 10
um, 500gfif EIF T — 18umTdh o 7z. frEAEN MR D%
MBRENEIE P L T/, R lE o7z,

£

2. VETY VI

1) BGFREH - 2008 X OERHhR

HHEF VBT AU BT ¥ 7RI EMNE, e
B BIN 2 R L 72, step 160 @ & #1972 B4l
&, 4.2mm, HFHG1213.8° L% o7 (K6a,b).
FBIEET VD) BT ¥ FITICB TS 2w, 1§
FHOIZ I HAAB N &2 R L7275, @ sepitE s icoh
THIGAE T LTV o 72, Stepl600D i 7 Bdii 12,
AL E T2, dmm, HERIAIZ7. 608 % -7 (X 7a,b).
WEOMRETBU B AEMEEHI T — 5 TlE, RREEHIL
728 MM CEMES Imm, W{HEM7.0°TH - 72
(Hayashi et al., 2007). HHi€7 )V & DEEF, Z=T
+1.1mm, A T+6.8°TH5H. T/, BEEFTL
EOEIEMET 0. 7mm, EHAAET+0.6°Tho
7.

2) A5 AN
BIEETFTVICE 20T ¥ 7R R D von Mises
IS Z RS (K8). BUIFEIEE 7V o KRW %
BUALBIZKTHY, 757 v PEEZEKLTY
5. step 0 O LHSHRAE O WG GEIM) 2hT
PTIBDHRO SN, TORIXIIIT—EDIEIIAFEL
Twiz, ZL T, 160step TIXHTERE & 0 &I 23K <



28 ] MR 4FLight forcell & 2 B IESMM OB O = IRTTIMIAT BREL S AT
5 5
a a
4 e 4
2 -~ cF
Es - EE
Elg‘ 2 "/,.»" :IIEH‘ 2 M
& - - = /
1 ,..'_.,w"w’" 1 W/“"’"
- "’ «»M
P . P M,.,w
0+~ 0 ;

0 20 40 60 80 100 120 140 160
fRHTIRIEC (steps)

16
. 12 o
= 8 .
&
g 4 -
0 o : i : . . ‘ ’ .
0 20 40 60 80 100 120 140 160
fEMTIEIEL (steps)
E6 HHMETNVICBITE)ETY ¥ IR
(a) Zfim, (b) fEAHA.

50gi B IZ & 22yt & OMERHA I3 BERHSN L 7.

o T\,

WiZstep 0, 50, 1600))'%’5}E% ’Eﬁ%%'lffcﬁﬁ\jj
GAIRZERT (K9). BATBITIEstep 0 TIEIZITIG
NHBEELTBLT, step50 BOWTIHIEREE 7 A
Y — &XD/Fﬁ?%ﬁB‘IL’CwéjE GrER LT B
WCRERIBED LT, \ZFEAT DS HE F step 160
Wbk, ﬁo)idﬂﬁfﬁ‘fﬁ'fﬁclﬁﬁofv/f'V’—iﬂtb&, i
DEEICHEII L Tz (K9a). 7z, BMmEBITIE
step O T I DIFE L TR WEkT- &, stepS0THE
ERBIT IS DR SR ST, Stepl60TIE 3%
CEFHIEN T A Y —A72b Ak, WIS 12354 L Tw»
LI EARENT (H9b).

Z =

1. BIEIC X 28 oRE) & EIEH
FEIEHRAHERICBOTRO XHWONRLZY VT 75
v PRIER, ZRICHICIERED DRI R 2 i OB E) %

0 20 40 60 80 100 120 140 160
FRHTIE S (steps)

16

b
12

&

z 8 =
&

= 4 s

o
0 T T T T T T T T
0 20 40 60 80 100 120 140 160
iM% (steps)

K7 WBEEFIVICBITLYET) ¥ TN

(a) &fim, (b) @%‘Jrﬁd.

50gfif B O B & OB A AN ST HA 1380 L 72,
ik, ERHE I stepsASET IO N TG AR 21T 2 o
72.

WHEICT A, L L, ARl Z e LB
DWW OBE 1T 72D121%, OB 2 A1
LT EBEDNROBRE &2 IEMHICAT ) LESD 5.
Burstone (2000) 2 XiuE, MO OBERAMIE, B

HEHT 2E— 2 2 b, B X OHOEA QYOI
XoThREENLT L, SHITIFE—RX Y METERE
THIEIZLST, WERM 1,7 3 IZEH 0D @ B un-
controlled tipping, ARSI [z H.L D & 5 controlled tip-
ping®B X U IZ AR LD H Atorque & V9 3 DD
KO HBH T2 52 L 2B/HmNITR L. LarL, &
KT OB OF TR % finite helical axis % J\» T =WICH)
\ZHRT L 72MF9E (Hayashi et al., 2003 ;2007) Tld, B
DOWORHIL, Hik L7z ZRIT R BERRA O Tl & 1
RECHEZ)ZRTEMIEHLR DD TH L EEZH L
L7z F7, HoBBHZEMEICLTWRENE LTH
FARHRR D PEAR R B vk & DAL BRI S- L Twb 2 &
AR

W
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K512, BIEWEHAHE T, AR LIz 7%
WSO Ly EE 2 B L ool K& S 0EIE
NEWIHEHSEL LD EELGEEFHLE 2L (Ow-
man—-Moll, 1995). F&EIEIGHE AL D ok ARk~ D 2y E 1
MO T, KOBEOEHNL OFHRIINTS %
(Reitan, 1974 ; Lupi et al., 1996 ; Segal et al., 2004). Segal
etal. (2004) DA% - 7FYTAZLINE, YVFT T
oy NREE & TSGR ISR S B BRI O &S P AN iR
LEW LFHPEIMTAD L, FEIEH O SRR O 5
EIIBREOLDETED DL EHTO%ITEL, HWRERD
DFIGEIXL 42lmm E FE LT b, BIEBERE KT
5 &, ERRBIROMETIZIEE D, BIEIBHEEIS
(Reitan, 1974 ; Owman—Moll and Kurol, 1998 ; Cheng et
al., 2010). L2 L, BIEFMKRICBWTIE, WiCHO%
EVEE BRI T KT T EE ORI EMT 5 2
EHH 5 (Owman—Moll and Kurol, 1998). BARWLIL D
BRI L CTIE S £ S 2 fabEF 2588 S w578
(Brezniak and Wasserstein, 1993), Z®OHTHHEIESID
RESLH B OR S PWINOFEEIIKRE CBBRLT
WA ZENPRMENTW S (Segal et al., 2004 ; Cheng et
al, 2010). L2 LE&ERS, BEDO L A~ D%E
BN 31T 2 BRARIR AN O i Btk R 163 14 0 A i & T30,
B B\ 2 DIEBNIR L CAEEM % /MBI z, th
PO RELKBH TS LD 2#YRMEO N2 HET S
FTIREE> TR\,

2. BIESIICB A REFREE

ORI BV THULE 2 E &2 5 T 5 DI ER
JBids & ORI AFAE T 2RI TH D, HOBE)
WAL RS &) AT AT § % AR O —E D
HEARBIBIC L > TRED I 5N Tw b (Pavlin et al.,
1974 ; King et al., 1991 ; Proffit and Field, 1991). HoOR
B2 HEREIC A D &, BICHER L7203 kAL I 2
DR HETFEIE, T abbEaME#=5 Mz 4 T
. JEEMTIE, (1) SRBENICHET 2 M ol
WX ke, R, i, (2) s oM
B oo &M (BEFHENE), (3) ~2u7 72—
12 & B MR DU & B A ML IS X % skl DRI
BLO (4) EHRBEHIROFHEE & W) —HED 2D A
515 (Pavlin et al., 1974 ; King et al., 1991 ; Proffit and
Field, 1991 ; Brudvik and Rygh, 1993 ; 1994 ; Terai et al.,
1999 ; Niklas et al., 2013). —#FIMTI&, (1) MR
JERRAE DL & 2 IR & & Z @0t (2) &
DR L BIRE DM, B X (3) HREERHE
DKL & FFEEHHA S5 (Pavlin et al., 1974 ; King et

al., 1991 ; Proffit and Field, 1991 ; Brudvik and Rygh,
1993 ; 1994 ; Terai et al., 1999 ; Niklas et al., 2013). Z ®
D BEFIEROREL, #EHERO —HEDOZE L % b
IV AW FBETH Y, O LITHOBED))
FHIAT 2 WEEIC T 2 ZERNO—2 L E R bND. FFITE
B TRRD SN DA, OB HEE & %HHI1Z
BIE LT, #EALFEIEINC &) A FARZEMEAIRHIC
MH T 2L, HOBBIE—RHHIZHFLIEHT

(Kohno et al., 2002).

OB D)) AT 2 WIS 2o ZER & LT,
W5 B R B IR O NER 2 o 5 &5 B RIZ AR
JEEHFEM 7 2 L DR AR HIR 2 S B B B
IWHOERWBIEINETHL I LVRETLND
(Badawi et al., 2009). T 5 DM % kT 5 Hii &
LT, BN A 2 A REESR RTS8 2 b
B, A IREERIEAT 3B 2 TR 2 A § 2 08 %
BEALTRE 2 /NER 2 08 B 2 & TR 028 & 4
WTES. TOEENIL, 19564 Turner 5 DSEITEEE (Stiff-
ness method) ZHEZRL, MZEBHOZFHIIGH L2 L
225X U F 5 (Turner et al., 1956). BIffa v Ea—%
P DFERIZ LY S BIZERRRIIAMRICH 5N TE
) (Andersen et al., 1991 ; Tominaga et al., 2009), &1
FrOBEBINZ BT HFIEIH T 2 B OB B R
(Tanne et al., 1993 ; 1998 ; Kojima & Fukui, 2006 ; Poiate
et al., 2009 ; Viecilli et al., 2008 ; Reimann et al., 2007 ;
Tominaga et al., 2009), FIEHT7 v H—A 27 ) 2 —DJ5
J1534i5 (Holberg et al., 2014) 7 & OFFHTIZIL < FIH S
NTETW5.

R OBEZ S 2 A RERBNT 2 H 0% <
(&, AT E TV 2 BT 2 B S AR O K &
HA 2ok (B L B OMIERE) & L THoTw
HL0O0FEAETH A (Tanne et al., 1993 ; Kojima &
Fukui, 2006 ; Poiate et al., 2009 ; Viecilli et al., 2008 ; Rei-
mann et al., 2007). L72*L, BHREIL 3T — 7 2k,
TaTF ) A VEOETT = W Vs B XU
PERRHE 7 & DS PR MIIBAME R D SHE S M B AN — 72
HEETH Y, FEEHZRT I LAY L1ITITY
% (Miihlemann, 1954 ; Géllner et al., 2010). BRI Tl
Mgl oBE L W) I ne sz 57
Fanwv, 200, FFIEBEOLKESZ IR
B DOBENIOWTHNIT 5 Z & IZL 7.

3. B E £ 7L
HARFFL D B 7 IACIZ M BB TR & L2 2 4%
iy 2R L, M EONEZ T 7 WELHA

(101)
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ST AN T D B, D TIEE MR T
H HHBUIL, MOEEERD N EE T B 2 72 O BLIKTIZFIH
WHETEHTE 27— 2 3%\, AT, iz
FiE & MDA OIEBAEMER T O ZHEFRE L, FM
Moz R L LTOT AT AN F—HEBBZ A
AR, JERHEYE D % R RIS IR T TV
EIRAL B D e AN

4. JERAHEERE 53 DORE R

PR O JERETE O, MR A, MITA AR
RMBLAE A S D 7 VIR E TdH % (Lindhe, 1989 ;
Ramfjord et al., 1984 ; Kronka, 2001). ZOERA 5, i
DAL & FARCIEEME DS O BHE 2 A5
B EWRET D, 72720, IR ORI I M
OMEZEME LTO5EL ORT Y Ik 52568, B
TP T HR U CEBEOM X ) bl KEFH§ 2
Oy Ry 7HEEFIERITIEIMOENTWS (Li
and Cescotto, 1997 ; Rong and Lu, 2001). Z DR IE
ZEEEL, X DWEOECINT AT 72012, siBEIE
FRAEPER 2 iE N —~ Y EHEZ M L7z (Herrmann,
1965 ; Shariff, 1997 ; Ladeveze, 1992) (1 ).

5. BARMEL DML E DRREE

b O E 2 R PR O RIZEN & Bi5 L 7BEgE T
X, IEREEE RS 2 EAME SN TS (Mihle-
mann, 1954 ; Picton, 1963 ; Gollner, 2010). Z 5 OHF%E
k2L, BB EICHTAERENRNE L, bl
BMRZ RS EME—ME, WEIZHT % HOLN &L
A IS R DI E A LBMORED SN W HE D
T 5. REHREOLEMMATAS L, KPAME T T24
um 3z, 500g/ H R D 247 & (X KA 8 T 37um, 3R
HEI L2 D T OB IR ] — 287 s 1 Bl 2 28 il miE
WA E T TLE - 25pum e, 500gf 5 IR D2 1 -
BumTdH o7 LTV 5.

ARRFFENZ BT 2 AN O & — 26 i, fEe)
I 33 v T BRI RRAE 0 Dl TRAF 3 L k2 RT3 B KR 72 2247
wERT (M4 oaflll) H—MAROLNz 25
(2, BAREERRAE ORI AERE T B & AT E AT L T b 4
BRI ERELEMNZIR S RWEZMFRD SN
AT E (2B 1T 52 MR R500g i ERF O IR Z 1T &,
BEOFLERRBEN R L. L L, #EDHmLD
W L 72T Cdh - 722 &, LEHR R D900gmf
EROEMNEZIBuUmTH > 7283 bim X (BRI,
1967) 52 &, BILUTLIZ L > THED k4 TH
5 2 ERERICAN, KRBIRICBT 50 E - 26

MR oWy CEARFHN) oJE#HIE2E) (Mihlemann,
1954 ; Picton, 1963 ; Gollner, 2010) L ElL TWw5 & #
AbNhb.

72, BB O E - 2R B BIfR 2 R L
FERIIAT OFi B — 5L AR D2 S — A DAL & —3K
L7z, JERUIAT O fif B — A7 AR 1350g & 0 K & 74
T B HE D IR ) A B E S 5 A% (X 4 ObiH
W), SROWFED X 5 XM EAS0gDWH, MM &
T OEMEDOZEZFITEALRDLENE VT L1C
%% (K5). TOZ ks, KRWIZRICTHGE L 72502
I X AN OB L CTix, SN2 v
bREREBVIIRVWEEZ LN,

LL, OREREMNEZME) Y Ialb—va i
TESEATIZTAT ) Y (B0gLL Lo d) 12, HIEMAT
DGR L IR OEMEDOFERITKE L EDAD
N, ZHIMEIKREL NI LRI ETOEITKEL
o TWh., ZOFRRIY, SRREICBIT 2857072
FThEBOROBE L HRTHENIKREL 25T
REMEAVRIE Sz, CoZ 2l 2, 4#13100gM E
(heavy force) (ZBIFBHOBENIDOWTHRAET 2 &
BEhRbbHEEZ LN

6. VETY IR
1) BIEETVOYETY ¥ FFEHTIZHBT 5 von Mises
Ny

8 IIBIT Bstepl60T, ZOHIEME L D DISTIAMK
Mol UL, EWOBFERIKEL LI EIEST
TAX =777y b RRCHICHERLE L7277 7 v
b)) WRERIBDIPFEAEL, EOHWICHEET 2808
Bl hofzbEzoNA, T, KIallBWT, i
7Ty b OEEIICEAE LIS IS TWw
7z.

2) HEAREHIT— 5 L oIbig

BUE, FEIEINIHT 2 BN RO BEIZ O W T O
A2 EARFHI T — Y 3FEE L 2. e b ERZE L
P wARGHIT— 5 X0, RoBE) % Ao Ik
HEE LMEEZ P T20 LAY 7Y v 7L 8
WM D72 TR L 2@ XL & 2% 12 L7z (Hayashi et
al., 2007).

HEARFHI T — 712X 5 &, light forcell & 22213
B & AT 7R (8 R 16 L CHEBZREImE R L
7z (Hayashi et al., 2007). AWFED ) €7 ¥ ZHHTIC
BWTH, light force D BB RAT AT T HFH 2 B0 %2 R
L, EMZkoBEkHEIENT 2223 ca7 (X
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7).

LR R IRAMERE  34(2) SFR2T4E 31

stepO step20 step40 steph0 step160
K8 MBIEETFNICE LY ETY ¥ AN Dvon Misesit /)
S50efif DY BT ¥ ZETIN. ETIVORIRKZBMAH SBICH L KMEIZ T T 7 b LIS E0 1)
FTwa.
(HHhTIiz7 o7y MEBEIZEBENTNS.)
JEITEBRSHIBICR & S AL T A, Step 0 2> Hstepd0F TLEIF—EDILTIAFEA L T 7z, Stepl60T i g ie 73
MR L TV B 28, BRITE OABE L Tz F72, stepl60TIERIERE & D IS IAMEL oo Tz,

step0 stepb0 step160
9 NI stepD T A Y —DlzbA &, T4 ¥ —IZ4 L %von Miseshts JJ
(a) 50gffFEIZ & B DOBEOILARIB, (b) S0gMEIC L 2 ROBEOBMABL. FNEN/id Sstep
0, stepd0, , stepl60.
Step 0 TIXITIZIBIPEAL TELT, stepdl0TIETAXY—LTI7 v FOELTWBEERGE T A
X — OHGTIIF IS I DTRD S 72, Stepl60TILE DMEFBEN N> TT A XY —20572b AR, WL
TIHEML TV 5.

3) HHT T L BIEE T VI BIT DR R
HAE T B X OEIEE TV O IZITITHEI 2880
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32 [ AR 4% Light forcelZ & 2 f1ESA M DFZE) D = RITCIHI A BRI LT

ZRL7:. T2, HHEF VKB —EoBmE R LT
WDIZH L, BIEETFTVIZDW Tstep D Binicon
TEMBESRRWA L (M6, 7). TNIF, steph®
ELIZONTHOBERDPKREL R AT Y PET A Y —
DML EICX D ROENESEP L7z EZ LN
5. HALETFTNVIZBIT 2 EMEIZ4 2mm, EFA X
13.8 TdH o 7z (stepl60). * LT, EIEETIVTIL,
AR C2. 4mm, HEFHEIET7.6° & 572 (stepl60).

BEOWEIIBIT B EEEHN T — 7 Tld, wEHRIL
72 8 MM CTANM 3 Imm, BFMIZ7.0°TH -7

(Hayashi et al., 2007). HALE 7NV & D#lL, ZmT
+1. Imm, HFHHT+6.8TH5. 72, BIEET WV
EDOAEFIENMNET-0.7mm, GEHMAT+0.6°Tho
7. DLEoRER KD, HAMET VXD SEEET IV OM
MRS AN &, B A I EARFHI T — 2 12E b L
7o. T, EiNOSEFOFM (surface) D HFRNRKA
Lawew) et zie Lz eIk - T, A5G
WF—F OFMLEP LD EEZLNS.

o Ei]

RFFEDOMERL VRO Z EDRHL N E o7,
(1) PR 2 ZE L0 BE O BREZ AT IC
B BIEHIEE TV O E - 2RI E S oG (4
PREHAD DIEIEEE) &AL T
(2) PRI % SOEMNT C17 o 723G, b
B A EOBEINIRE S, MOTENT R D 22N 5 A IERU T
MR E DD RELEDO LN, L L, 50gfifEIZB W
TIREMEICIZEALEEIBD N o 7.
(3) PROBENIAE) RBEE S ONELZEET L2 L
W2EoT, REIMAZROBEOY I 2L —3 3 Y251k
Loz,
(4) VETY ¥ FFICOWT, BIEEE oM % %
B L7EIEE T VAHMET VL) & ERWE T — 2 1238
BLTBY, X BIENRBEHDITREE %o 72,
DXy, WREEROEAZHIBIET S 2 LI
Lo, HUEEIC X S HNE ORKENIZEZILE ZR L
EMMZROBEIY I 2L —3 g Y OERMEIRIE S
N7z, 727201, light forcell B1F % IEHILA R ZE R AT
DA NVEIARIFTE TR TE o 72,
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FARHEDTRIINIH T B I0E

AL, T =7 VHIBHEDTATICE D F - 720k
B M T, AU A R D40~50% % 5 % (Eley et
al., 2010). ZOHPERIIH 1 GPaT, R & hitlE % i

ST AE X 2 S TWE, EASEE R TEINE D
DI, BHEARICD L RBREORAVLETH Y,
FRAE T EAMREBCHRRBEELZEL TS (U
R, 2014) (K 4). AEfZETIE, MEMEDORE AL, EH

G & AR #7274 NG54 %L, $9sER o
BB AR OO I AT 4 v 754D O LR
& (UMK, 2014) LT, F98MERo 1 ooz DL
TOXHITEER L.

Az bOMMMEO RBT ORI 2L, KOk %
L, fhEgoORIZLEL (KM4), %&AHEOMBIHILE

AN % Aw = L/Ly,
&, BOMUizA
b GBS

B ToMr2A=L/L k5
=Li/L =Mk 2 B0 5, RIHHEDO X

e =In(A)= ln<;u> In(A)—In(Aw)=c—cuw

TEINDG., TITeldAHITOE, e lZiEA DN
WCLEREEZRT. BAORVEEICIE, Bloidxt$
FellHlT2LEZONL20, WkEH L L LT
o=k WY ND. L7zH > T, HADDLYLEDIEN
- ERFRIX

o=k (E_Ew)

THIND., T/, BHIBHEDORAIIZDH B FEEDN
TVENHLEZZONDL. BHERISHBMEIH L 2o
TR ENL 720D, eo DMEREEIAEE (LT, #%
HOMBE) )T 5L, BHEROIGT - ERLR
&

o=k 5(e—x)f(x)dx

0

THEINDL., 22T, MBMEOEADPUTOLS 0
VAT 4 v I OAR

WHRED DD EIRET D L, RO 1 Rockuiix
o=k {s-ln[ﬁi’lf}—

EEEND. T TrIZUT AT 4 v 25O E
FA—=% s iRE‘f“?X—ﬁf‘, A=exp(pls) Th
5.

WIZ, EMHMED 3 KT ZDTO X H I
7z.

In(A)
A+1

HmL

if,éwwﬁ%ktf,%M#%ﬁ@:m#‘uﬁ
HiZxt, LD %Lb W) Wil a2, BT AR SR
B [ 2 %%%ﬁk?%?ﬁwbﬁﬁ%%&

& (M4b) L, ﬁ%ﬁ% (i) ByE e, FEiox!,
FHIANOGEA LS 2 Mme, WU x s
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011 = 0 COS? 0 cos? @

02 = 0n C0S* 0 sin® ¢

033 = 0n SIN* @

012 = 0 COS* 0 sin ¢ cos @
02 = 0w Sin @ cos @ sin ¢

031 = 0w Sin @ cos d cos g

LEENL, T TolIr FINOERTT, kol
ok & D

1
on ="k S'ln{A—i_/ls }_ln(/l)

TH5.

KIS, WAL XU AOMEREEEE (LT, 7
SAEE) 2XNENAO)BLUL(e)TETE, M
MeD 3 KITHEMKII LT & %2 5.

0, =V [[7.0.fi(0)F:(9) h;dbde
72720,

hi =cos? 0 cos’ ¢

N2 =cos® 0 sin® ¢

hs =sin® 0

his =cos? 0 sing cos ¢
N2z =sin @ cos @ sin ¢

hz =sin @ cos @ cos ¢

Z ZTVATHMBIC T A FRMEOARER T, b T
V= 05TH 5. KWL TIX, AO)BLTLABZENE
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Effect of active form of vitamin Ds; in the differentiation
of rat dental epithelial cell line
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Abstract

The active form of vitamin D (1,25-dihydroxyvita-
min D; ; VD3) regulates growth and differentiation in
many cell types, through the activation of the VD3 re-
ceptor (VDR) which is a nuclear receptor that is known
to change various genetic expressions. In the present
study, we examined the effect of VD3 in the differen-
tiation of ameloblasts using a rat dental epithelial cell
line, SF2 cells. The VD3 inhibited the proliferation of
the SF2 cells in a concentration—dependent manner, and
the cell number was reduced to approximately 50% of
the control by 100 nM VD3 at 3 days of cell culture.

The VD3 had enhanced the expression of ameloblastin

*

Y% I UDRRENLE Y I v 0—2T, MNEroDnAh
W AR OREE, B g A S D A v 2 A PRI
FhBIMAFNO TV 7 ARHRELR &I X T, I
VT AOEEEMRICEHS L TE), ¥¥ I DO
RRIZE ST, B0, FRILENIFIERI SN Z
EDRHLA OO NTWS. E ¥ 3 VDAY X
N7z EClEb, IFEToOKEIIZE 25— Fo
FIUEF I VD [25(0H)D:] &40, SHICHEOE
WRME CORBILIZE > Tla, 25-YeFrFo ¥
73D, MM Y % I VD, VD3) &7 5.

il

and connexin 43 at 24 hours after incubation, implying
that VD3 promotes the differentiation of SF2 cells ; SF
2 cells were also cultured in osteogenic media for 10
days, and the effects of VD3 on the calcification and
the differentiation of the SF2 cells were examined with
Alizarin red S staining and alkaline phosphatase activ-
ity. The VD3 promoted the formation of calcium nod-
ules in the presence of 1.0-2.0 mM CaCl.. In addition,
ALP activity increased 6—fold in the presence of 100
nM VD3. Overall, these results indicate that VD3 in-
duced differentiation of SF2 cells.

VD 3 3ENZHERTH HVD 3 24K (VDR) IZHA

T, B4 Ml OBIZ TR EZZLSE D T EHHD
NTwab., BEEICBITAVD3IOEME LT, VD3
HHFMILDOVDR % 43 % Wnt/B — catenin D FE Bl [ 5712
EoT, BEKEFET L LW ENTYS (Lar-
riba, et al., 2013). T 7z, (FomBEOS ML TIX, VD
3 ENochfBEHBHH L CTH AT R Y F >V DL %25

BL, BOVET) ¥ 7 &2lTo T LRI HE S
T\ % (Shen & Christakos, 2005).

—Ji, TF ANVEEAI BT VD 3 O 2 1E
oW TiE & 5D > T\, Molar—Incisor Hy-
[ESURG= e w AL M N 7=

pomineralization (MIH)
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ENTVWEHE—KREEE RO L7z XA VEEK
AETHY, MEFRO25(OH)DIEENETIZL HES
% Z EHHE SNz (Kuhnisch, et al., 2015). F72, ¥
5 I YDA F AV E R EHERAE O 5 I B S35 T
REMED R ST 5D (IUA, etal, 2007). THHD
ZEnHESY I UDIE, TS A VFMBOSLR KL
WCHBRT A EEZ 5NN, FEIEIAHTH 5.

BRI TH 2 il IE, e R Bk oo gk s 1 B2
ffa L MRSR AR O M ZEMI 2 SR Eh s, Zhbo bk
B — IR AR &8 U<, BHIE LR o B8 R4l
fafe®), —EoMiighg s Masit, & oISHIEDH
Hiddrbh, ROBBERAETT S, ZOBBEIZBEW
T, N F ANV EEP SR SN DRI A VM
A, TAOY =, 7Au7 53 AFY (AMBN), T
FRY LV EVSTZIF AN ) v T AT 8T T4k
5 IF ANVFMBICHMET 5. T F ANVEIE, Thb
DF X7 B ORI RERIY - Z2ROPEIC XIS
NHEEZLNTVAS.

SF 2 Ml IEwi = F X VIFMlatk & LTl DA X A
ZALDOMRIAVSENRT WD, FICAMBNEZEHAL D
SF2 #filTd % SF 2 — 24#ilu7%, ~ 7 A HikipSHlila %
TIF A VMBI EFE T 2 2 L%, it R
FEYTa) vy o8y BEBMRAGLHET 5 2 &
ARG SN TS (Arakaki, et al., 2012). LA L, SF2
ML D = 2OV SRR D LA D W T 5 212
ENTWniwn,

Z 2T, ARWFgE TR > 2 VIR 5Eic BT 5
VD3 DM EW S 22T 572012, SF2MleE HWwT
IF AVEMBOGILIZB T HVD 3 OIVEM % Mgt L
7.

MHtE LV E

1. Mk
7 v b R M (SF2 Milfg) 13mdb KA

BIZL G Sz FiEEIZ1310% fetal bovine serum

(FBS, HyClone, Buckinghamshire, England) % 4 Dul-
becco’s Modified Eagle Medium : Nutrient Mixture F — 12
Ham (DMEM/F12, Gibco, MA, U.S.A) %ML 7-.
FIRALFERR T ORI 2 mM L-Glutamine (Gibco),
50 pg/ml L (+) — Ascorbic Acid (Kanto Chemical, To-
kyo, Japan), 10mM B — Glycerophosphate disodium salt
hydrate (Sigma, MO, U.S.A), 10% FBS A7 MINIMUM
ESSENTIAL MEDIUM EAGLE (Sigma) % ffif L 7-.

2. W

1 o, 25— Dihydoroxyvitamin D; (VD 3, Sigma) %
Dimethyl Sulfoxide (DMSO, Wako Pure Chemical Indus-
tries) (2CI00 uM & 72 % X HICFEE L, FEERICH W L 1
123, 10, 30BLTU100 nM&E 725 & ) ITHREL 7.

3. HHNaLEFHEE O W E

VD 3 WM & % #ll o 84 5k ig D 22 4L 2 fERE 3 % 729
12, RERFNZILE VD 3 MEIC X 28 LA Bl L7:. #%
WAL DfFFTTld, SF2MifL% 1x10° cells/ml THEE
L., #ileEstk (24KH %), VD 3 % 100nM A
L, 1, 3, 5, 7BXUI0HKEEOMILE % mERET
BBISTH Y > F L7z, REEC X 2 2L T,
SF2 MiBE % 1 x10° cells/ml CHEFE L, MINLEER (248F
M), VD3 % 3, 10, 308 X U100 nM#AM L T 3 H
R R OME 2 MERFHERICTA Y > b LAz avr
kT —)VIZI3VD 3 DEBEDODMSOZ IR L 72.

4. FIEEOGHMRIL St

SF 2 #ifa % 1 x10° cells/mI"CNunc™ Lab-Tek™ I Cham-
ber Slide (Thermo Scientific, Yokohama, Japan) 2 3&HH
L. 24K #12VD 3 2100 nMiEM L 72, VD 3 4
24WE £ B X U721 [ 2 ICPBSTHEM L, 2045 [ A &

(TEry x5 —==1:1) L7z BE@L7z¥>
TNV EPBSTHEH LT, 4%AFAH3I)NVT T305HT
Oy ¥y 7 &f{iolz. ZO®PBSTHRIFL, —RkPifke
L TRabbit polyclonal¥L7 A @ 7 5 A F ¥ Hifk (Santa—
Cruz,Texas, U.S.A) BXUPia A F T 43 (CX43) ¥t
f& (Invitorogen, Yokohama, Japan) % 1 %BSA % 47PBS
T20005 A4 ML, 4 CIlZTover night TS SH72. ZD
&, 0.1%BSATHPBS TkH#%, —RIAEL L TAlexa
Fluor 488 goat anti—rabbit IgG (Invitorogen) % 1 %BSA
EAPBST200M AL, Zikic T 1 Kpf SOS S €7z,
Ve %, #% % Dapi Fluoromount—G (Dapi, Southern-
Biotech, AL, U.S.A) % i\ CHett L, HEkE AHIIC T
H A%, x40 L X (NA=1.30) Z#ED fFi)72
L L — W —BMEE (Nikon EZ-C 1) & v CHlge
ZiTo 7.

5. FAIRALEEERE O T

1) 7UHY Ly FSHAn

SF2 flilfia % 1 x10° cells/mI C#&FE L, DMEM/F12T24
BRI 381, VD 3 B X UFCaCLZ I 2 7240 K AL S2 85 35
B TIOHMRE L. ZOEBRTHIF L72VD 312100
nMT, CaClhizOmM, 1mMdLIFZ2mMEML,
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CaCLO#EH%Z1. 8 mM, 2.8 mMB L U3.8 mME& L7,
R#RGOMILET0% T ¥ ) — LV CHHIEE, ksl 7
¥ 2Ly S (Sigma) T5 70 WGt 7.
2) TVHV T AT 75 —¥T7 v+tA (ALP assay)
TUYFEY YLy FSYafpo 7L — b & pHT7. 0l 3%
L 7zCetylpyridinium chloride (Sigma) THifa %7\, 5
A7 v+ A™ ALP (Wako Pure Chemical Industries) (2T
ALP assay % {7 o7z, #Mfkzp-=tu7z=)VY) Y iR%
BURERP T EER S, Bkt T7T VA 7 4+
A7 7 —=HIZEp-—=turgz= VY YEELp-=
P72/ —=ne) VERISMBREIND SUSIZE D, BIK
MOT VA T H AT 7 I —EWtEEE Lz Bk L
Zop—=FB7 /) —)VIEBIO-RAD model 680 micro
plate reader C405 nm® WHEREE % 2 LR 72,

6. Al

— R IE BT Z AT 72D B, Tukeyid:, Scheffe
I, FisheriilCTHREZ TV, AEEMEZIT-72. %
B, HEKEP<0.05THEED & L7

= R

1. SF2 MBIz 3 % VD 3 DIEH

VD 3 DRFHEEN DB AR5 729012, VD 3 DAFAE
T8 X O T TSF2 MlaoRi# 21T, Miskz
W L7z, X 112100 nMOVD 3 f£7EF 3 X OFEAFFE T
T, 1, 3, 5, 7TBXVI0HBEORFEEOMIBEE
ELTARTH S, VDIFEMIZE-T, HEIHE
5SE 2 M o BsE PG A58 Sz (K1), SF2 #ifa
123, 10, 3038 £ UF100 nMOVD 3 Z 3 L 72 3 H 5%
EBHBEOMIBEIE, T o — VEETIER80x10° cells/ml
O LT, VD3 RINH#ETIEF60x10°, 55x10°, 50x
10°% X U840x10° cells/ml & VD 3 #EEEVARASE L 7= BBl BP ]
RO S, M IEEEOHIETH 5100 nMOVD 3
X > THS0% IR T2 2 Loz (1M2).

2. VD32 & 2 AMBNXB L OCXA3FEHA D2

VD 3 I ORI O AL EE 2 Bl 3 5 72012,
AMBN & CX43D 5 8l % SR st MR L P g« e TRIS L
72, TF X VIR O 5L~ — B — TdH 5 AMBNIZVD
3 (100 nM) RINFET, VD 3 IRMEZ24KER], 7280 &
bica vy bu— it (DMSOFRMEE) & ik L CHifsy
TOFRBOMRATRD SN (K3). VD3 FIEETIE
241145 5 AMBNOZEBIATRD Hi, 720 T3
AR SN2, FRICH LTIy hu— VTl
2414 TIZAMBNO BRI IZAD ST, 720

x10° cells/ml
1000

—&— control
—e— VD3 (100 nM)

1 1 1 1 1 | 1 1 ]

-1 0 1 3 5 7 10 days
*P<0.05
R1. 5 MgEMEERZMIRICEB T VD 3 RN & % 1l
REDREREYZAL

VD 3 OHIHFEND B Z A 72012, vD3 (100 nM)
OFEHETBLOIHEATTSE2MBZEZ 1, 3, 5, 7B
I0H IR L, Mzt L7z, 2> ba—)LiZidvD 3
DVEBEETH ZDMSOZ WM L 7=, MR VD 3 ¢
SHEZSHH SNz, X 4 ~16[HOFEERD -5 + fEi
MR IRT.

x10° cells/ml

100

80

60

40

20

D VD3

(100 nM)

control VD3 VD3 VD3
(3nM) (10 nM) (30 nM)

* P<0.05

2. 5 v MEEMEFZAIBIZEBI AVD 3 RIS X B B
2L

SF2MIBICVD 3 % 3, 10, 308 £ Uf100 nMiRIML, 3 H
MoR#BOMEEEZLE L. 2> ba—1IZiZvD3 ®
BIECTH H5DMSO% RN L 7.

ML BATE I VD 3 I EEA10, 308 X UF100 nM D & & P &
nr:.

M1 4 MO FEERD V- + BEHEFRE 2 /R,

THRBITRD SN
Fyov TV xrriaroflsy v ThHCX
4313VD 3 RINBET, TRINE240 ] CRBL O R R D
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VD3 (100 nM)

control

245

— 50 pm — 50 pm

T2H5FE

— 50 pm

— 50 pm

3. Ty MM R BT AVD 3WRMICE 57 2
077 AF v OREB L RAEDOEL

MWD ALAREE 2 BlE 3 572012, VD3 (100 nM) &N
WKEBZF AN MY 9 T AT N7 (TARBTFAF
AMBN) D% % ot b2 e cBigE L 7. AMBN
3%k, BiidDapi (35) THA L7z, AMBNIZVD 3 iiN#24
Wi Ee, T2MERR L HiCay ru— LR REEL THRE TO

SEHAME XN, 2 PO —LICIZVD 3 OB TH 5
DMSO% ML 7.
SN7z. T2EERICIE Ty hu— U, VD3 IRIMEELE D

WHEBATRD LAY, VDI @MEECciday be—
LB LT, MRENORESHEE THo7. £/, 2
¥ b E =)V OCXA3H MBI AR — 1254 T 5 DI
L, VD3 RMEETIIBROMVWEDLE LCTBlgsh
72 (B4).

3. VD32 X B AR~ DEE

VD 3 |2 & % SF 2 Mifa D HIRALFE ERE % BlgE 3 5 720
I, TUHFD YLy PSPl ALP assayx B I 7% o
7. TUHY Ly FSHATIE, VD 3N TCaCl,
IEH2. 8 mMELED L & (CaCl, 1.0 mMEL_EZINEF)
WCHE R AL OWLAE R BZ A2 ehmshiz (K
5). 512, ALP assayll & - CTVD 32 & 2 kAL
He A EREICHENT L. ERShp-=buaTx
J = VIZVD 3 RINEETIX0. 7~0.8 mM7Z& D123 L T,
I b= VEETIER0.1~0.2 mMTH Y, ALPIGE
X, VD3RIMBEICBWCa vy ba— ik bkl T3
~ S EOBEFE RIS RO SNz, T2, T OALPIE
DOHEIME, HREANDCaCLOBIM % LB E Lo
7. TNHDOZ LMD, VD3IIZ X SSF 2 Ml ALP
PED IS D CaCLOF M DB % Z 1 v
ENHSNE R ST (H6).

VD3 (100 nM)

control

2458

— 20 pm

o — () M

7285

—— 0 pm — 20 pm

4. 5y FEBEMEERMEICBITAVD3IRMICL S
Xy IO 23 aryoynNroRABXORIEDOE

AN D ALAREE 2 BlIE 3 572912, VD3 (100 nM) &N
WCEAFEY vy TV vrryay (AxxFT43:CX43) O
B % SuE HOEKRAL et TRIZE L 72, CX43134k, B
Dapi (75) THefn L7, CX4313VD 3 iRIN#2 2415 ] T Hi kg
BRASER D St T2 TIET Y b a—)v, VD 3
EHICREEO LN, VD3RI ra -k
W L CREADRAEDSEE TH o7z, 2 ba—)LidvD 3
DEWTH HZDMSO% I L 72,

CaCl, ¥k 18 2.8 3.8 M
(RN ©.0 .0 ©.0 (mAD

VD3 ()

VD3 (+)
(100nM)

5. v MREMEERZAMBICBIAVDIHBEMCL ST Y
¥ ULy RSPt nZEql

VD 312 X 2K LFFERE 2 B3 5 72012, fAIKILH O
WAEZTUF) YLy FSPEETHE L. AIRIEWois

VD 3 & 1.0 mMPL_E D CaCLAINEE THIFIZRD Sz,

Z =

ARIFFETIESF2 Mifa 2 VD 3 fFE F TR 35 &, #
fasdge oW, FIRALEEDIUHE, T F A VD5
It~ =% —T&H5HAMBNRCX43DFEH LA R Z$ =
EDH LRI R 5T,

VD3 #iRINd % &, SF2MileoiiEssdintg 3 HH
POIEIEND Z L, AMBNOZH ST bu—ViEE
HBELTRWEB» OB SN2 L, CX43DE~D
RAEFRIICROONE Z 05, VD3 IZ5bx fo
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*
12
1.0
= 08
|
3
o
g
<=
[=%
2 06
z
_
0.4
0.2
0
VD3 (100 nM) - - - + + +
CaCl, 0 1 2 0 1 2 (mM)

* P<0.05
6. Jv MEIEMEERBHBLICEBIT S VD 3ERMIC X 5 ALP
iEPEDZEAL
VD 312 & A AIKILFERE A BISE T 572012, ALPTEHED
PAL & BIEE L7z, ALPIGTEIZ VD 3 R IN#E CHERS 2 B nAsER
O BNz, X120 O FEEROFIGfE = B AR T

SYERNH 5 Z LR E N7z, AMBNIZSMEH O )
ANVHEHTHRBETAZF AV PN 9 T A V87T
» ) (Fincham, et al., 1999), 2o = F 2 V3
TELpwsh, =F A VFEHoBmEME L <, 4
WO F ANVFMILD L2 MRS 28 & 2o T
5 EEZ 5N T w5 (Sonoda, et al., 2009). T F X VE
TEHAZ BV TAMBNIZLEART R 7 VX7 B TH D,
AMBNKIEY W A TIRIZF XA VEBEAE»EL L &
G ENTWS  (Fukumoto, et al., 2004).

CXBEF Xy 7FIVX 7 varyzlissEERY
YSZHETHY, 6mKICRLI Ik Ak U E
iR 5. BT AMB0 3 %2 v VAL NERET 5
LT, FrAVERERID Xy v TV Y v Y a VAT
WENE. ¥y T TVxrrarid, 5F=I20000T
D FEEHIELEETH), ThOEPEHERFLT
HIROF v v THEZEKL, YA FAvr Ty —
DT EHB A IRIZED T TP NS, VD 3 DAFAE T
THE LM T, RICCX430 BB/ s /272
FThRL, BROGAMPEETH-/2Z LB, VD3
EF Yy TREEGOREERET S EELONE. a4 F
T UREOMIN L ED SN, FAERLHLEEANDOH
N SN THE. SOCKA3DORIBIZE DB AR
WIRRIEEE TR, TF ANVEBEALEZ BT L8
WMEENTHBY (Jamsheer, et al., 2014), CX43KIEH~

A TIFAMBNOEAMK T35 2 A ME I LT D
(Haku, et al., 2011, Toth, et al., 2010). TN S5O & Hh 5
VD 3 1%, SF2 i = F AV IEMBL~D 5L % i
L, TFAVEEICEDS Y v B IS8z L
EZOLND.

SF 2 MifaiZx 9 5 VD 3 o5 LikEREX, 7V W)~
L v RSHft 3 X FALP assayll K o> CHHERR S Nz, T
V) Ly FSEALZ X AT ClE, VD3 IZX A AKX
LD ILHEE 1 mMUL_E RIS O CaCLAFE F TR O b
7. TORENS, SF2ANESHIKILIEE b o 7oA
~NEGEL, R ORAERE 572 EBH LML
o7z, —J7, ALP assayll & % A IKALHE D & = W fEAT
TiX, VD3HEIIZ X AALPIEME O LA I~
CaCLORIMIHEB L oz, TNHOZ LR
JEDMIBAL V¥ 7 2IZALP O FF I IZ A E T 2 W
B, AR OLF IV ETHEEEZHND. ALP
b O T F A VRO T F A OVIERIBIL AL B 5
JEOMBL T BIT L L vwbhTEBY, =F A VED
ARKABICEEZBHEE2b>Tw2
2002). F7z, TFAVEMBELEZSA T Y
Ta rEEE L TERISENT 5. ZoMBHIcswm S
NZEBEOTF AN N) vy 7 A5 587 LMY
Ca" DRI L o THIKAEPEZ 2 L DWMETDH %
(Hubbard, 2000). 7 V%Y ¥ L v FSEAm CTHRIH S
ARALM DAL, oL el e KL -b0L%E
ZAHN5.

VD 3 DAETEI & DAL T 2 BN > 7 F VAR E#E
BIZIERE 4 D ODREE TS (Gocek & Studzin-
ski, 2009). VD 377 ~ ML o HigH % ¥l 5 5 L vwbih
ThEY, flzid~o ARG, BaA 0 OREHRUE A
JiE T iXHedgehog#E B DIHALIC L D, ML EZFFHET 5
Z & CHB AN T 5 & OB S (Larriba, et al.,
2014, Uhmann, et al., 2011). f{b AL TIZVDR & B
—cateninSAHAAEHIC & D Bl & b ZHIE L T 5 &
OHEHH S (Hu, et al,, 2014). F 72Wnt/B — catenin®
FEBL LS X 2B INFH LR (Larriba, et al., 2013),
Noch# g & DEFIZ L 25D €T ¥ I ~OM5 D
HEME D it ST (Shen & Christakos, 2005).

ARWFFE T VD 3 A% 2 VML T % SF 2
oD bz B L, TF AN M) I RY V0 %%
AT AN ZbSE5 L bz, AKILEFHE
TEEHZ DI EPMASL NI Ro72. 5, VDI AT
WAL T 2862 o v 7 F VRO S B, L ORI
LTV DMV LETH 5.

(Kawano, et al.,
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i

VD 3 idAr =+ A VFHEHMNTH 5 SF 2 MificBir 5

AMBNRCX43D%H B X AR LEEZ FH &8, fiT

F AV A S T F X VRO AL S5 5 2
EAURIEE N7

B

a4t B

KW ATH ZH 72D, AT+ AV 2R L T
728 o 2L RN RHE A B EEZ & 2 B 5
LB, AFiE#RZDICHAY, HBE, HHIEVw
7272 & F L7 E R L AL 2 R SR AR 5 B O Rl
AL X DL L BIFET.

F 72, ARWIZEIE, AiEE R A R A AR AL B
RET70Y =7 bOBKEO—FOFIH S

X (73
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Abstract

Longevity places Japan among the leading nations in
the world, and worldwide the number of the elderly is
expected to increase both in developed and developing
countries ; with an aging population comes increases in
the incidence of diseases associated with old age, and
here pneumonia is one of the most common causes of
death in the elderly. In an effort to reduce the incidence
of pneumonia, we conducted an interventional study
with elderly residents of a nursing home in Yubari and
compared the incidence of pneumonia with a similar
nursing home in a neighboring town between 2009 and

2010. We provided a combination of oral care and

Introduction

According to the World Health Organization (WHO), Ja-
pan was leading the world in longevity in 2015. The average
global life span is 68 years for males and 73 years for fe-
males, while in Japan the average life span is 80 years for
males and 87 years for females (http : /www.who.int/gho/

publications/world _health _statistics/2015/en/, Nov. 2015).

The percentage of Japanese citizens over 65 years of age
was estimated as 26.0% in 2014, the highest in the world. In
the future, the percentage of the elderly is likely to increase
both in developed and developing countries.

Many previous reports have shown that administration of
pneumococcal vaccine (against Streptococcus pneumoniae)
is effective as a prophylaxis for pneumococcal pneumonia.

Pneumococcal vaccination has been associated with a 44.8

pneumococcal plus influenza vaccinations in the inter-
vention group. The incidence of pneumonia was 2.0%
in the intervention group while it was 22.3% in the non
—intervention group. The death rate from pneumonia
was 1.0% in the intervention group and 8.5% in the
non—intervention group. The incidence of pneumonia
and the death rate due to pneumonia were all signifi-
cantly lower in the intervention group (p<0.05). It is
concluded that appropriate oral care combined with
pneumococcal and influenza vaccination can be ex-
pected to result in a significant reduction in pneumonia

in nursing homes.

% reduction in the incidence of pneumonia in a nursing
home (Maruyama et al., 2010) and has also reduced the inci-
dence of pneumonia by 70% in high—risk patients (Shapiro
& Clemens, 1984 ; Cornu et al., 2001). Pneumococcal vac-
cination in the time of year with high risks of influenza has
been associated with a 27% reduction in the incidence of
hospitalizations for pneumonia and a 34% reduction in the
rate of death (Nichol, 1999). Further, combined pneumococ-
cal and influenza vaccinations have been reported to result
in a 50—-60% reduction in the incidence of hospitalizations
for pneumonia and a 81% reduction in the rate of death
(Nichol, 1999 ; Chiba et al., 2004 ;
2001 ; Christenson et al., 2004).

Christenson et al.,

Oral bacteria may be aspirated into the respiratory tract,
facilitating initiation and progression of systemic infectious

diseases, such as pneumonia (Scannapieco, 1999 ; Scan-
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napieco et al., 2001), and adequate oral hygiene has been re-
ported to be associated with a reduction in the incidence of
respiratory infections in the elderly (Yoneyama et al., 1996).
Yoneyama et al. also reported that oral care was associated
with a decrease in the incidence of pneumonia in the elderly
(Yoneyama et al., 1999). These studies suggest that oral hy-
giene may be expected to play an important role in the care
of the elderly in hospitals and nursing homes.

Yubari is a small city in Northern Japan with a population
of 9900. It has the highest proportion of persons over 65
years of age in Japan, estimated as 46.5% in 2013. To
evaluate the effects of combined oral care and pneumococcal
plus influenza vaccinations, the present study was conducted
as a prospective and interventional study, non—randomized
and non-blinded, comparing elderly residents in a nursing
home in Yubari with residents of a similar nursing home in
the neighboring similar—sized town, Hobetsu, using the rate
of incidence and survival rate from pneumonia to compare

the two groups (residents of homes for elderly persons).

Materials and Methods

Study design

During a 1-year period from November 1, 2009, we con-
ducted a prospective and interventional study comparing eld-
erly residents of a nursing home residing here for the whole
year, in Yubari (105 residents) and in a similar nursing
home (98 residents) in a neighboring town 30 km away.

The entry criteria were obtained with the consent of the
residents or a legal representative in each nursing home. Ex-
clusion criteria were when vaccination of a resident was not
advisable, like with suspicion of allergy to components of

the vaccine.

Intervention

The intervention group in Yubari was provided with oral
care and was inoculated with both pneumococcal vaccine
0.5ml (MSD) and influenza vaccine 0.5ml (Mitsubishi Tan-
abe Pharm). The non—intervention group was given only the
influenza vaccine 0.5ml (Mitsubishi Tanabe Pharm).

In the intervention group, one dentist and two dental hy-
gienists visited the nursing home once a week. After the
residents agreed to be subjected to oral care, the dentist or
dental hygienist spent 15 minutes brushing the teeth of the
resident, performed scaling, oral wiping, and assisted with

gargling and cleaning of removable prosthesis. The aim of

the intervention was to reduce dental plaque (mainly
biofilms of oral bacteria) mechanically by cleaning utensils,
including toothbrushes, interdental brushes, dental scalers,
tongue, and sponge brushes. This took place at the wash-
stand in the private room occupied by the resident. Resi-
dents and nursing care workers were also shown methods of
administering responsible oral care and how to dye to iden-
tify dental plaque by using plaque disclosing compounds.
Longer time was spent on the oral care of un—communica-
tive residents. To improve daily oral care skills, a lecture on
oral care for nursing care workers was given at the start of
the study and at 6 months after the start of the trial. In the
weekly visits during the six months, the nursing care work-
ers and residents were instructed in the basics of daily
mouth care and the importance of routine performance of
such care. The nursing care workers cleaned the mouths of
the residents using cleaning utensils after each meal every
day. We evaluated the oral care with evaluation indices
commonly used by dentists — the Oral Hygiene Index (OHI-
S) (Greene & Vermillion, 1964), and the Community Peri-
odontal Index of Treatment needs (CPITN) (Ainamo et al.,
1982). In the non—intervention group, the nursing care work-
ers cleaned the mouths of the residents using cleaning uten-
sils after each meal, every day. In this group the residents
did not receive oral care by the dentists and dental hygien-
ists. Here the study was conducted in secret, to ensure that
care staff did not change procedures or awareness of the
value of oral care. Primary care physicians visited both fa-
cilities to determine the clinical state of the residents once a

week.

Outcome measure

The primary endpoint was pneumonia diagnosis. The sec-
ondary endpoint was death from pneumonia. We diagnosed
pneumonia on the basis of the Japanese Respiratory Society

guidelines by the primary care physicians at both facilities.

Ethics

The study was approved by the Japan Medical Associa-
tion Centre for Clinical Trials (ref. no. JIMA-ITA00066) and
the Clinical Trial gov. (ref. no. NCT01403805). The study
was also declared ethically justified and approved by the
Yubari Kibounomori, Yubari Medical Centre Review Board.
All participating residents fulfilled the criteria of safety re-

quired for the vaccination.
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Statistical analysis

The mean + standard deviation (SD) and numbers (fre-
quencies) are reported as the relevant measures throughout
the manuscript. Differences between the two nursing homes
were compared using Fisher’s exact test or the chi—square
test for categorical variables and unpaired t test or Mann—
Whitney test, as appropriate, for continuous variables ac-
cording to the data distributions. Differences between the
two subject groups with and without pneumonia were also
compared. Survival plots were constructed using the Kaplan
—Meier method with comparisons between plots based on
the log—rank test. Univariate and multivariate regression
analyses using the Cox proportional hazards model for pri-
mary pneumonia occurrence were also performed. Variables
adjusted for in the multivariate analysis were vaccine inocu-
lation, age, gender, care level, smoking, and presence of dia-
betes, congestive heart failure, cerebrovascular disease, and
history of pneumonia. Age, a continuous variable, was di-
vided into two categories in the univariate analysis (=90
years old or others), and was categorized for every 10 years
of age in the multivariate analysis. Relative risk ratios (RR)
and the 95% confidential intervals (95% CI) before and after
adjustment with variables were computed to measure the
strength of the association. Log (events) — log (time) graph-
ics on significant variables in the Cox proportional regres-
sion model were used to confirm the proportional hazard

model. A p value of <0.05 was considered statistically sig-

nificant. The IBM SPSS Statistics ver. 19 software was used

for all computations.

Results

Residents

Seven (6.6%) of the 105 eligible participants in the inter-
vention group were excluded : 2 residents left the nursing
home during the period of the study, 3 could not be vacci-
nated, 1 rejected oral care, and 1 died before the start of the
oral care intervention, and so 98 residents comprised the in-
tervention group (Fig. 1). In the non—intervention group, no
one was excluded out of the 94 participants. None of the
participants showed notable side effects after the vaccina-
tion. Table 1 shows the baseline characteristics of the resi-
dents of the 2 nursing homes (the participants of the two
groups). There were no statistically significant differences in
gender, age, Japanese care score, or incidence of diabetes
mellitus. In the intervention group, the rate of heart failure,
cerebrovascular disease, history of pneumonia, dentulous,
and removable prosthesis use, are significantly higher than

those of the non—intervention group.

Comparison of the incidence of pneumonia

The incidence of pneumonia in the intervention group was
2% (2 participants) and in the non-intervention group
22.3% (34 participants) (Table 2). The death rate from pneu-
monia was 1.0% in the intervention group and 8.5% in the

non—intervention group. The death rate from all causes, in-

n=2(2.0%)

Died
n=1(1.0%)

Intervention group Non-intervention group
n=105 n=94
Withdrawn Withdrawn
n=7 n=0
Completed trial Completed trial
n=98 n=94
Pneumonia Pneumonia

n=21(22.3%)

Died
n=8(8.5%)

Figure 1 Flow diagram of enrolment and outcomes.
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Intervention group Non-intervention group
P values
(n=98) (n=94)

Age, years old 86.4 +17.5 85075 0.202"
Gender male / female, number (%) 24 /74 (24.5/75.5) 28 / 66 (29.8/70.2) 0.4227
Care level 1 /2 /3 /4 /5, number (%) 2/11/32/33/20 5/6/26/32/25 03427
*(Japanese care score : level 1-5) (2/11/33/34/20) (5/6/28/34/27) -
Smoker, number (%) 0 (0.0) 6 (6.3) 0.013?
Diabetes Mellitus, number (%) 14 (14.3) 19 (20.2) 0.340>
Congestive Heart Failure, number (%) 21 (21.4) 5(5.3) 0.001?
Cerebrovascular Disease, number (%) 61 (62.2) 23 (24.5) <0.001?
History of pneumonia, number (%) 15 (15.3) 5(5.4) 0.0327
Dentulous, number (%) 46 (46.9) 28 (29.8) 0.018>
Removable Prosthesis use, number (%) 57 (58.1) 40 (42.6) 0.043”

Continuous variables are expressed as means + standard deviation. " Unpaired t test,  Fisher’s exact test, ¥ Mann

—Whitney test

*Japanese care score (level 1 — 5: level 5 is very serious) is assessed by the level of ADL, dementia, swallowing

disorders, malnutrition, physical impairment.

Table 2 Clinical Outcomes One Year after the Start of the Study in the Two Groups

. X . P values of
Intervention group Non-intervention group

(n=98) (n=94) between

differences
Primary Pneumonia (No. %) 2 (2.0) 21 (22.3) <0.001"
Deaths caused by Pneumonia (No. %) 1(1.0) 8 (8.5) 0.017"
All deaths (No. %) 10 (10.2) 19 (20.2) 0.053”
Total No. of Pneumonia (No. residents) 2(2) 34 (21) <0.001”

" Fisher’s exact test, » Chi-square test, ” Mann—Whitney test

cluding pneumonia, was 10.2% in the intervention group
and 20.2% in the non—intervention group. The incidence of
pneumonia, death rate from pneumonia, and the number of
pneumonia recurrences in the intervention group were statis-
tically significantly lower than those in the non—intervention
group (p<0.05). The risk ratios for pneumonia before and af-
ter the adjustments with variables as determined using a Cox
proportional hazards model are shown in Tables 3 and 4.
Additionally, the Log (event) — log (time) graphics for two
variables, both vaccine inoculations and care score = level 4
(Japanese standard), show approximately parallel survival
curves, confirming the adequacy of the study based on the

proportional hazard model (Table 4).

The Kaplan—Meier method was used to calculate the sur-
vival plots. There was a significant difference in the Kaplan
—Meier survival plots for primary pneumonia occurrence be-
tween the 2 groups (2 residents in the intervention group vs.
21 residents in the non—intervention group) (Fig. 2—A). The
mean follow—up periods in the intervention group and the
non—intervention group were 11.4 + 1.9 and 102 = 3.5
months, respectively. There were no significant differences
in the Kaplan—Meier survival plots for all-causes of death
between the 2 groups (10 residents in the intervention group
vs. 19 residents in the non—intervention group) (Fig. 2-B).
The mean follow—up periods in the intervention and non—in-

tervention groups were 11.4 + 1.9 and 10.8 + 3.1 months,
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Table 3 Details of Baseline Characteristics of the Two Groups with and without Pneumonia vaccination

Pneumonia (+) Pneumonia (-) P val
values
(n=23) (n=169)

Two vaccines and oral care, number (%) 2 (8.7 96 (56.8) <0.001"
Age, years old 86.2 + 6.0 85.6 +7.7 0.737 >
Male gender, number (%) 8 (34.8) 44 (26.0) 0.453"
Care level 1 /2/3/4 /5, number (%) 0/1/6/6/10 7/16/52/59/35 0.034°
*(Japanese care score : level 1-5) (0/4/26/26/44) (4/9/31/35/21) !
Smoker, number (%) 1(4.3) 5 (3.0 0.540"
Diabetes mellitus, number (%) 6 (26.1) 27 (16.0) 0.242"
Congestive heart failure, number (%) 14.3) 25 (14.8) 0.325"
Cerebrovascular disease, number (%) 6 (26.1) 78 (46.2) 0.077"
History of pneumonia, number (%) 3 (13.0) 17 (10.1) 0.714"
Dentulous, number (%) 4 (17.4) 70 (41.4) 0.038"
Removable Prosthesis use, number (%) 11 (47.8) 86 (50.9) 0.827"

Continuous variables are expressed as means + standard deviation. " Fisher’s exact test, ” Unpaired t test, ” Mann—Whitney

test

*Japanese care score (level 1 — 5: level 5 is very serious) is assessed by the level of ADL, dementia, swallowing disorders,

malnutrition, physical impairment.

Table 4 Relative Risk Ratios for Pneumonia before and after Adjustment with Variables

Univariate analysis

Multivariate Analysis

Variables
RR (95%CI) P values RR (95%CI) P values

Two vaccines and oral care 0.07 (0.02 - 0.32) 0.001 0.08 (0.01 - 0.41) 0.003
A 2 ars 1 n

ge =90 years old . 1.06 (0.62 - 1.81) 0.844 1.20 (0.62 - 2.32) 0.586
Categorized by every 10 years?”
Male gender 1.52 (0.60 - 3.82) 0.378 2.45 (0.72 - 8.33) 0.153
Care level = level 4
-are fevel = feve 1.69 (1.04 - 2.74) 0.034 1.90 (1.02 - 3.54) 0.045
*(Japanese care score : level 1-5)
Smoker 1.49 (0.17 - 13.36) 0.721 1.24 (0.10 - 15.37) 0.865
Diabetes mellitus 1.86 (0.67 - 5.14) 0.234 1.96 (0.59 - 6.49) 0.271
Congestive heart failure 0.26 (0.03 - 2.03) 0.200 0.25 (0.02 - 2.92) 0.274
Cerebrovascular disease 0.41 (0.16 - 1.10) 0.076 0.88 (0.27 - 2.90) 0.837
History of pneumonia 1.34 (0.36 - 4.99) 0.661 3.01 (0.59 - 15.34) 0.185
Dentulous 0.30 (0.10 - 0.91) 0.034 0.47 (0.12 - 1.80) 0.269
Removable Prosthesis use 0.89 (0.37 - 2.12) 0.783 1.31 (0.41 - 4.20) 0.651

" used in univariate analysis, ” used in multivariate analysis RR indicates relative risk ratios ; CI, confidential interval.

*Japanese care score (level 1 — 5 : level 5 is very serious) is assessed by the level of ADL, dementia, swallowing disorders,

malnutrition, physical impairment.
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Figure 2 Kaplan—Meier survival plots of primary pneumonia occur-
rence (A) and all deaths (B)

Kaplan—Meier survival plots of primary pneumonia occurrence (A)
and all deaths (B). There was a significant difference in the Kaplan—
Meier survival rates for primary pneumonia occurrence in the inter-
vention group and in the non—intervention group (A). There was no
significant difference in the Kaplan—Meier survival rates for all—
causes of death of the intervention group and the non-—intervention
group (B).

Table 5 Change of the OHI-S Mean Score and CPITN Mean Score of Every 6
Month after the Start of the Study in the Intervention Group

0 Mouth 6 Mouths 1 year

(n=51) (n=45) (n=38)
OHI-S Score, mean(SD) 2.45 (1.14) 2.02 (1.42) 1.26 (1.13)
CPITN Score, mean(SD) 2.16 (1.37) 2.2 (1.39) 1.5 (1.33)

Lower numbers indicate better conditions

respectively.

Evaluation of oral care

In the intervention group, the Hygiene Index (OHI-S)
score results at the start of the study was 2.45 + 1.14, after
6 months 2.02 + 1.42, and after 1 year it was 1.26 = 1.13.
The Community Periodontal Index of Treatment needs

(CPITN) score results at the start of the study was 2.16 =

1.37, after 6 months 2.2 + 1.39, and after 1 year it was 1.5
+ 1.33 (Table 5). In both these measures lower numbers

show “better” states.

Discussion

We examined the effects of a combination of oral care
and pneumococcal plus influenza vaccinations on the pneu-

monia occurrence of elderly nursing home residents at a
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small area in Japan. The results of the study showed that the
combination of oral care and these vaccinations statistically
significantly reduced the rate of pneumonia and reduced the
death rate from pneumonia in these nursing home residents.
To the best of our knowledge, this study is the first trial
showing the benefits of combined oral care and pneumococ-
cal plus influenza vaccinations. In previous studies, either of
the vaccination or oral care has been shown to prevent pneu-
monia in the elderly (Maruyama et al., 2010 ; Shapiro and
Clemens, 1984 ; Cornu et al., 2001 ; Nichol, 1999 ; Chiba
et al., 2004 ; Christenson et al., 2001 ; Christenson et al.,
2004 ; Scannapieco, 1999 ; Scannapieco et al., 2001 ;
Yoneyama et al., 1996 ; Yoneyama et al., 1999). Pneumo-
coccal vaccination and influenza vaccination decrease the
rate of pneumonia in the elderly by 50-60% (Nichol, 1999 ;
Chiba et al., 2004 ; Christenson et al., 2001 ; Christenson et
al., 2004). Oral care alone is reported to have decreased
pneumonia incidence in nursing homes by about 40% (2009
Ministry of Health). We originally hypothesized that both
oral care and vaccinations would reduce pneumonia and
death from pneumonia more effectively than oral care or
vaccination alone. The results of the study here show that
with both oral care and vaccinations the incidence of pneu-
monia and the death rate from pneumonia reduced signifi-
cantly. This would allow the conclusion that the combina-
tion of oral care with both vaccinations is a highly effective
method for the prevention of pneumonia in the elderly. This
points to the benefits of cooperation between physicians,
dentists, para—medical staff, and the residents themselves as
necessary for an optimal health care provision. The impor-
tant factor in this study (the “Yubari Study”) was the coop-
eration of all staff involved in the caring for the elderly, in-
cluding physicians, dentists, nurses, care staff, and family. In
many instances it may be very difficult for the elderly to ac-
cess dental services and receive oral care in other countries
including Denmark, Germany, Norway, Sweden, United
Kingdom, and the United States, because dental health serv-
ices are not fully covered by national insurance and as the
costs are very high (Holm-—Pedersen et al., 2005). The
Yubari Study here suggests a solution to this without sub-
stantially increasing costs. The procedure in the study here is
that a dentist gives a lecture on oral care to the care staff,
the care stuff performs the daily oral care of the elderly and
a dentist or dental hygienist periodically checks the quality

of the oral care. As a result, the score on the Hygiene Index

(OHI-S) and Community Periodontal Index of Treatment
needs (CPITN) improved. The only costs incurred would be
the limited expense for regular dentist and dental hygienist
visits. In this way, it would become possible to decrease the
incidence of pneumonia as well as the cost of oral care
without having to introduce significantly changes the present
health care arrangements.

Among the elderly in Japan, the rate of pneumonia is
20% and death from pneumonia is 10% (Ministry of Health,
2014, http : //www.mhlw.go.jp/toukei/saikin/hw/jinkou/suii04
/, Nov. 2015 ; Morimoto K et al., 2015), and treatment of
pneumonia costs $4,200 per patient ($ 4,200 at Nov. 2015
exchange rates) in Japan (All Japan Hospital Association,
http : //www.ajha.or.jp/guide/1.html#p8, Nov. 2015). In the
intervention group, there were only 2 pneumonia cases com-
pared with the 34 in the non—intervention group. Therefore,
in just this modestly—sized study, we succeeded in reducing
medical costs by about $135,000 ($135,000 at Nov. 2015
exchange rates). Then, as the number of the elderly in nurs-
ing homes in Japan is 840,000 (Ministry of Health, 2015),
such treatment may be able to prevent pneumonia in about
270,000 residents. Using these numbers, it seems possible
that with administration of oral care and vaccinations to all
elderly Japanese in nursing homes, medical costs could be
reduced by a total of $1.1 billion($1.1 billion at Nov. 2015
exchange rates). In summary, we suggest that the combina-
tion of oral care and vaccinations for pneumonia prevention
will have a positive impact on morbidity, mortality, and the
costs associated with health care in the elderly.

The study here suffers from a number of limitations. First,
our results were obtained with a very small number of pa-
tients in only two Japanese nursing homes. It is not certain
that it is possible to generalize the results to other settings.
To follow up on the results here it will be necessary to col-
lect more data to establish more details of the effects of the
combination of oral care and vaccinations. Second, the long
—term benefits of the intervention are unknown as the follow
—up period was for only one year. We next plan to examine
the longer—term (>1 year) effects of oral care and vaccines
in other nursing homes in other parts of Japan. Third, our
study did not involve true randomization and a next project
including randomization in the study is necessary. Fourth, in
present study, we cannot determine if the effects are due to
oral care vs. pneumococcal vaccination. Finally, it is unclear

whether differences in the skills of the staff of the two nurs-
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ing homes are relevant. There is currently no accepted
method to assess individual staff objectively in Japan, how-
ever, generally similar—sized nursing homes in Japan have a
similar number of staff, including nurses, certified care
workers and certified helpers. Further, the intervention at the
nursing home was discontinued after one year and after the
discontinuation of the intervention the number of pneumonia
cases in that nursing home increased about six times in the
intervention period (data not shown). This result suggests
that the quality of the care is similar in the two nursing
homes.

Yubari City was declared bankrupt in 2007, and much of
the publicly employed workforce was laid off. Medical care
was scaled down from providing a large general hospital
with 171 beds, to clinics with 19 beds, and residents had to
be treated with fewer medical resources. As a result, the ar-
rangements for providing support to the residents changed,
now involving a smaller team of physicians, dentists, nurses,
and medical stuff. This team has focused on preventing dis-
eases, especially chronic diseases. The combination of vacci-
nations and oral care is one of the primary care arrange-
ments for the prevention of diseases. Recently, Landers has
suggested that the health care would be going to home ow-
ing to the rapidly rising medical expenses for the increasing
incidence of chronic diseases, advances in technology, and
healthcare consumerism (Landers, 2010). By 2025, the
population of the world will exceed 8 billion, and we need
to take measures to deal with the aging society worldwide.
The Yubari Study may aid in resolving some problems in
the aging of society.

In Yubari 46.5% of the population are over 65 years of
age. Yubari area is one of the areas with the highest fraction
of elderly population in the world, and in some respects may
represent a future state of the world, especially in developed
countries. It is very important to consider the problem of ag-
ing. In an aging society, the prevalence of chronic diseases
and disability is higher. Therefore, to maintain the Activities
of Daily Livings and Quality Of Life, it will be necessary to
change medical treatment strategies from speciality —based,
to arrangements involving cooperation among physicians,
dentists, nurses, and para—medical staff, who engage in
medicine and care. We suggest that the Yubari Study could
be a model case to support the health in the elderly and be-
lieve that the study can be a guide for considering the global

problems of the aging population.

Conclusions

This study shows that a combination of oral care and vac-
cinations dramatically reduced the incidence of pneumonia
in the elderly participants here. Our results, the Yubari
Study, suggest that the creation of a comprehensive commu-
nity health care system would be beneficial to improve the
Activities of Daily Livings and Quality Of Life of the eld-
erly as well as it would reduce medical expenses. In the pre-
sent day aging society, the elderly should be cared for with
an integrated, cooperative system involving all levels of

community health resources.
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Abstract

This article reports a case of a clear cell variant of
the mucoepidermoid carcinoma of the palate.

The patient was referred to our hospital with the
chief complaint of a swelling on the left palate. After
various examinations, removal of the tumor was carried
out by resection of the maxilla under general anesthe-
sia. Histopathologically, the tumor tissue revealed an

image comprised of mucous cells, epidermoid cells and

*
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il

intermediate cells, and were composed the enhancement
—related increase of the kind of epidermic cells in the
cancerous alveolar. In addition, this was recognized a
lot of clear cells. From the above results, clear cell
variants of the Mucoepidermoid carcinoma was diag-
nosed. After the operation, there has been no sign of

recurrence during a 2 year 9 month follow—up period.
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WzAs, JHICE DA —AF A4 Mg T s A b
JEIZERE L 722 LSRR S 7z,

B 5121%, ANLMERH TR S WS A+ 7T AHDK
DAEIKALYW DSEMIG E Z DTy 7 AR A7 b L
ZIRT. NA KT ANE AN TMER H TL-TCP, DCPD,
OCPBLUNA FuF I TR A VEDY VAN
LADFIKALI H TR T B & & A 5 Bk O LIKIPH] < T A K
LRAEDKEEZ IEN TR T 2 2 L ABIRTE 5.

DEo X512, =y 7 ZREngig, e oSG
T 272D HEFICHH RN TETH 5.
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Wz, FiE 1EAY

1) AtiEs e A TR LR - ARRESETT 2R/ N L B R 22 0

2) AeHRBRREN

B RIBEICHV SN DS T A XA v O FEREG X
TARBY 2= THY, Zofizrxry >y, 7Aa7
TARFV, FIT) R ENPHTONDD, TAOY <
SV OEHENEENICE L, BERICER R E %
RAL T2 EHEMSNG, Sl TRFERBIC, VI vy
EFryh7ruyzovyonyseriayc= vk
BHRTF FEHWZERDBEIN TV 5.

TAOY = i, TFAVIDMI T AT U TED
FELZRSTHY, TF A NVEBEREICKREIIHW S
n, TFANVEOAIKILE IZHH - BrEEnb. 20
R N A A BOKRPE BRI, £ 7ok vl K Pk
Wz b b ARMICIZBUKED VWL EZ LTWwd., )
ANVEOBHIIBWTIE, 7TAuY =V TOERL
e F ) AT 4 TIREPEETH Y, FRICCEMMATLZL
RUARTHAHEVDNTWS, FT7 iz VI,
FRENTOURVWEEREDT A XTI F A VML S
TWEN, FOHEMMP-20%t) 7 u T T —EIZXD
2 kA 2RI T ThoDpHES
NI2TFGT AL ID, TFANVEDORERCMEBEICEER
HEE R T EEZ LN TN,

AR, TAOY 2= ST F AVEIER DA% S
N DOFFERL AL D ¥ 7 F Vo5 & L TOVERAH & A1
ENTWwAh. Mitanibld, &R0V ary¥+rr 720
VxR TR R IN 2 BERE & el L
<7 AGFEMBAETH AMCITIE-LICX T 27 VA1) 7
+ A7 7 ¥ =Lk LA, gFMRo sty — A —
Td HRunx2, BSP, OPNFEDOREBNOEEL/RL T
52 F/zKatoblt, 7 A0z vIilEITNAT I
EECS) (WYQNMIR) 7%, b b BB Hh R Ml <
& % periodontal ligament stem cells (PDLSCs) 2% L C
TNAN T+ AT 7y —EiEERL ML LA SIS
CLEWREL, XHICIORTF FIZL > THORBKIC
B 5.9 % osteocalcin B & UNosteonectin @ mRNA O J§ 3
S, WA OMEE, 7 L C iR T A o e &
HT5ILEIRBINTNEY, ZoMicd, 720
VI VDATIGA T IN)T VDO EDTH A

RIEERY e S

leucine rich amelogenin peptide (LRAP) % i\ 7zHllig ®
SALHEDSHE SN TE ), Lo ERH SR TY
5.

Gth, VavEF T AUT vy N R
Wb 2 & THERERO TR A B L 72 kk 4 R I BRas st e
THIENHIREING.

ZE SR

1) Yamakoshi Y. Porcine Amelogenin : Alternative Splic-
ing, Proteolytic Processing, Protein — Protein Interac-
tions, and Possible Functions. J Oral Biosci 53 : 275—
283, 2011.

2 ) Mitani K, Haruyama N, Hatakeyama J, Igarashi K.
Amelogenin splice isoforms stimulate chondrogenic dif-
ferentiation of ATDCS5 cells. Oral Dis 19 : 169-179,
2013.

3) Kato H, Katayama N, Taguchi Y, Tominaga K, Umeda
M, Tanaka A. A synthetic oligopeptide derived from
enamel matrix derivative promotes the differentiation of
human periodontal ligament stem cells into osteoblast—
like cells with increased mineralization. J Periodontol
84 : 1476-1483, 2013.
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7 W X B ) A FBIERE LS RTEY, 7y
LW &A sER (1, 000ppm L T) R 7 v ALMy i 1 e A
(9, 000ppm) AVRFIEH & LTHATITFbA TV S
X ORI L LT, ROkBE T 7 v b —=
v anks7 v ALWORIIEHAL  BE LTV

7 AN — = v ¥ 2 X ECKR R T 19604 fU B R W
S S AL, 19804 I IXE I S M2 X Ik o7
T oAt EREATETH L. T ot N—=r v 21
59%DNaF (22, 600ppm) & ERED 7 v KEx GATH
D, AT B 72 CHERRICHIEAEY, LT
v EEREROIGT 5. — RIS, 7t s—=y ¥
2dTT Y Yy IEICEY 1 HIBECRMET 2 L Eb
NTHY, EMRRRADNLEE SRTVS, TIENIC

WA SN2 T vt N —= v ¥ 2 FER & % T 5
W, EORFE L2 7 oAt N—= v ¥ 2 DEEHEHIZON

THMEENTBY, FEAEKRNIIHY AT RN
LB s TwaY, :@7/$N—:/>;i7x
U HRREEIFESOAR R ST, T A A/RNBEES,S
b FRiAMEE LT, HEDZTRVEE» ST v
LW N—=y ¥ 2 OBADHERINT D, EFIZZO
== V2 ORREMEFT L5720, 7t N—=v
91%@ﬁLtEFﬁf%%ﬁwaWWm931

L= a YR 2 AR 21T, BRI R
% Transverse Micro Radiography (TMR) (2 THHTr %47 -

oo WAEEDO I AT NVEALTE 7 vt —=v v 2
HCTRBEORANA LD SN, BUKHIHIRIRIMRE S
72 (K1).

BIZ, BUKIHIVER 235580 & 723l BHT D W Tl 32
J@~D7 v FDBRFERGH LTz 7 v ROGHITIEHA
- TR ZE B SRR = I 1S AR ZE AT A A~ B SHEE
JE 7% (Takasaki Ion Accelerators for Advanced Radiation
Application : TIARA) IZEEINTWELEY Y ZF VTV
L X BBt ¥ — & OGS & 47\ 72 . —PIGE/PIXEf#
Mriiz vz, 2ol FE o g coxH
Gt L LCTIIAR S IZ & » THI%E & 72 In—aire PIXE/
PIGE (In-air micro—beam Particle Induced X—ray/ Gamma
—ray Emission) MWEHETH Y, HHIIRTEBY, b
TR ZET 5 2 & TIHAET HEFEXRE L Oyt
ZRET LI LKD), RENDANLVYILBIT7 Y
FKOA B L ORI 2 JEBIEN D ORI E =T 5 2
k#f%%.%@ﬁ%,ﬁg?ﬁ@?E#Bmmif®
HREI22,000ppmEh D7 v FRFEL TSI LWL

Neh oz,

INLDRERNPS 7 vAtYNN—=v 2 212X DT v
FORHE & ZIUTHE D BURBIHIRD R AT & 2 & 7 o 72
SHBITTENPHY I 2 L — ¥ 3 v # & & In-aire PIXE/
PIGES D 2 oDl & L T, é%&%ﬁﬁﬁ&%m
W5 ZEIZEDRIRN RS T RER, NIRRT
Y=g Ve FHET LI BB O c@%tfw<t
EZOND.

2 3CHk

1) Milgrom, P., Taves, D. M., Kim, A. S., Watson, G. E.
and Horst, J. A., Pediatrics : e870-874, 2014.

2) Matsuda, Y., Komatsu, H., Murata, Y., Tanaka, T. and
Sano, H., Dent Mater J : 280-285, 2006.

3 ) Komatsu, H., Yamamoto, H., Nomachi, M., Yasuda,
K., Matsuda, Y., Murata, Y., Kijimura, T., Sano, H., Sakai,
T. and Kamiya, T., Nuclear Instruments and Methods in
Physics Research Section B : Beam Interactions with Materi-
als and Atoms : 201-206, 2007.

arvka—)L  ZvieN—=yia
pHY A1 2L

-
bl

- - -

®1 : TMROBILE
T AL N— = ¥ 2 BT, pHY A 7 VERIZBUKEIH S L CERE DK
HL TV EFEDENG.

PIXE/PIGE system Ic &% C a,FRIESE
b5+ - . Z9FEDOAE

Il..l.'u!za
HIL D LODBIE
TR s

2 :In-airgPIXE/PIGEIZ & 5 7 v, BIX ANV T 2 OMEN
ORI 2R
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A b THEEPECa™ WA K B F X OV E B E R - O FE Bl i

MHEERE, WA WSS, PR IEAY, A4

EU%%Z)

1) AtiEs e A TR LR - ARRESETT 2R/ N L B R 22 0

2) AeHRBRREN

IFANVEZETHDIZF AN N 9 2 A IRy
Wik7 Ay =r (AMELX), 7X0Q7 5 AF
(AMBN), TF %Y > (ENAM) 2°hY), Zhbwa—
P 28IETOERIZE o TZF A NVEREA LD 2
LIEDBHMOENTWS, TF ANVHEOEKICIE, Zhbd
Dy 23T B OB RN - ZHEN BB SLE
ZEZONTW5, BRTARMNT TORAIL RSTIM 1 &
Vo 7z MBS OC TRAMRICHEG 3565 V0K
- F32RETOERIZL ST, TF ANVHEEEA
BIEDFIET A EWIE SN2 s, HILHNC v 7
FIIC L B F AVERROHREEMEAEH S Tw
BV

ORAI1 & STIM 1 1%, FEEEHEMIIE O EE 2 Ca™ A
BHETH B A N TEEIMEA VY 7 LA (SOCE) D
Wi CTdhb. SOCEIXIPZEMARR) 7/ Vv 2Hilka
frL7zCa" A b7 UMEAR) 5 DC iIZ & o Tl
AL SN D Ca AR CTH 5. Ca¥ UHIZ X B/ afk
Ca” DK IZ & o TSTIM 1 25 Hl B 5 e £ (2 B 46 L,
Ca""F ¥ AV THHORAIL ZiEMILT 5. SOCER /T
LHIRNCE ¥ v, EETHE, Miasz, M
Lo i 4 iR O T A Y F Ay Y
Y=, LT ZERMOENT WS,

AR, T A VEIEER R KOS BT B Ml Ca™
PTFNVOBEIAT AT L VAP RSN TS,
Nurbaeva S 1&< 7 A K T F X IV IEHINBRAINL TH 5
LS 8 Mgtk F 72 Bx T, SOCENSTF ANE v I3
DBIZTHRBIZMHTHI L2 MO TRL. LSS
i3 1% Swiss—Webster-2 < ™7 A 2 b 458t S 7z e i — 5
A VIFMIFOREMINL T, AMELX, AMBN, ENAM, < b
VyrzAAza7asr7—+£20 (MMP20) &\Wwo7zT
FRANY 8T T A TH S, 2 OMINLE /A
fatk /Nafk A v LATPT —+ (SERCA) D HE
#1C & % thapsigargin (ThG) THLHE T % &, AMELX
AMBN, ENAMOmRNAFH FFIZMZ T, 2hsox
FANY Ny OTULy YIS AMMP20D
mRNAFEHD LAT LI EFEL NI R -7, T DThG
WX B @5 RHBIE, SOCEMEH]ITH 52-APBIZ & -
TR ENT-Z NS, T FRANVY V7 DB

RIEERY e S

SOCEZ 41 L72Ca i A & » CTHIfI S B 2 & AR
Eh/z Rk~ 2T F A VEE (EO) MM T B ThG
OB LY ZF AV ¥ ¥ 787 ODmRNAFS BN ASBi%E
EN7z. v FNEOMINE % fli 5 72 EER TIXAMBN® ¥
N BB T A T Ay T4 YT THRER SR
T, & 5IZHRG K T&h %HCCAAT/enhancer—binding
protein alpha (C/EBPa) 1XSOCEMKAFI 72 mRNAFEBLHE AN
BMAZR L7, TFALVY U7 HOBETHBBZ D
C/EBPa®DEMEAL % A3 % 0 &) A O BT
Hb. ZOMLIZL 5T, SOCENZF ANE VIS8T D
HIETRBZ2HAET 52 WO TH SIS,
Z DEERTIZSOCED {HHALIZThGIZ X 2 ML NCa* X
k7 OREE WD FESPHOLRTWS, LaL, EEB
OHMLRHRE T DO X ) RIRBIZ RS Z LI13E 27
B, SRIIZEREEZNT D, X0 AR TR
DIERDBZ 2R UEND 5.

I ANVEEICIE, TFAVFEMBO~ A 7L —T 3
VIS E BB OIE LSRR, B ISEA BAEH Ok
RER EDVPVEZEEZ BNL. F4ld, SOCEDHE
HITdH HLaCLOTMNC & O Mg o EEVEDRT § 5 &
WO KR ATV S, MR, Ml <4 7L —
T a v ilBIFHCT Y F NV OEENEZDIEA S IR &
NTX7z. LaL, Fura-2% &% 725 TldRReH
DCa* 4 A=V v T %47 T L IZWETH - 7. L4E,
Yellow Cameleon, G-GECO, G-CaMP7%: & ® i fr 1T
I— F&NACa® ¥ — (genetically encoded calcium
indicators : GECI) 2 & o TREEMOA 2= ¥ 7%
VLRV OOH L. 4, TNILOGECIZfE- 7
Ca™" A A — T v 7 LA RER B {n T 56 3 o W] IKE AT 12
X oT, MIBNCY Y 7 FNMIZE DT F AVEBEOH
bR IS BT AP gEoME I S I S 5.

2 SR

1) Feske S. Immunodeficiency due to defects in store—op-
erated calcium entry. Ann N Y Acad Sci 1238 : 74-90, 2011
2 ) Nurbaeva MK, Eckstein M, Snead ML, Feske S & La-
cruz RS. Store—operated Ca’* entry modulates the expres-
sion of enamel genes. J Dent Res 94 : 1471-1477, 2015

(139)



68 b IR R AR

[BEDME Y 7 X]

34(2) SPR274E
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NOFEHDEE - B AEO TN ZIAEH B DN A
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TR IAIENT X BN A 7 1V LT OM TR D LEFEDH]
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72X B E O EYE (Davey & Hexley, 2011)
HESINTED, HMTOHWTIIZRL, wio2hD)
LR L72FHESZE L S5,

A £ TIZCell culture insert # i \» 72 Pseudomonas
aeruginosa D /N A 77 4 v KB % FEBEOFHZ E
ERT LY ERD: (Shigeta et al., 1997) ASHLE
NTW5A, BEERLIIANY FAX—=ZFEMH~A 7 o
i (HS-SPME) % (Osada et al., 2013) %G L7274 A
rua=x 777 4 —HESH % T Streptococeus
mutans DEEINA 7 4 )V A HIZHERRICRE - RE L 72
KM T VR TV a— Vi gy 5 EBR%E
ML L7z, ZOfRPS, BiE - RET VR TV a—
W ENA T T 4 IV ANOPRARIZ BT 2 IEOME %
oML, BRIOBREEICK A5 47 4 )V APIRERD
BEEIELTWE (W), ZoHEFY Y FIVhofEsg
PEVE i - R L TR T 5700, FEBRIINA 7
ANV EHITFRR L7 O RS 5 2 EHTE LRIk
HICHH TS .

Ltk T OALEGAT I & AR E P AN & OF 5
BHIET, N4 FT74IVAICBTLRENL S CICHE
WREFIELLEHET 2 2 DR 2D, S5HRONA F
T A NVA RN E Ly 7 8 OB EIC b JkT
VRNOR LSy (W
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200 107
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Wash with PBS 28 150 07 g
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K. NAFT4NVAICERE - FRE LT VR T Va—-VvoER Sk
(A) O ZoREREPHMEOHE (B)

EEB'E N

Davey HM, Hexley P. Red but not dead? Membranes of
stressed Saccharomyces cerevisiaeare permeable to propid-
ium iodide. Environ Microbiol 13 : 163—-171, 2011.

Osada K, Kurihara K, Izumi H, Kashiwayanagi M. Pyrazine
analogues are active components of wolf urine that induce
avoidance and freezing behaviours in mice. PLoS One. 24 :
8(4), 2013

Shigeta M, Tanaka G, Komatsuzawa H, Sugai M, Suginaka
H, Usui T. Permeation of antimicrobial agents through Pseu-
domonas aeruginosa biofilms : a simple method. Chemo-
therapy 43(5) : 340-345, 1997
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FHE, FHIE LTIEEREZED, ARRBIZRS.

(HREE & B3R <)

2. ASREADER

1) ERIZER, "V Y FESOERICZS2D0
T ERR R D &4HE - R bet e r B 22
BROKGHZRIZODET S,

2) N\o#EzTFHrzatsE61%, %0 [ b7
L - EIRF AT ZE ORI 5 X OVFEHIZ R $ 4 fii
HER] (CKOX, [ b A - BT AT
FAICET HMHELALEER] OFEEZNTHEED
SRR VAR YR pN

3) By gEERAL, [ b B BRSO A B W FE BR ML AR
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