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Interface of physical chemistry and dental materials science

Takashi NEZU

Division of Biomaterials and Bioengineering, Department of Oral Rehabilitation, School of Dentistry,
Health Sciences University of Hokkaido

Abstract

This article introduces physico-chemical methods
which may be useful in the dental materials science re-
search. Polymer photophysics has enabled distinguish-
ing different conformations of poly (acrylic acid)
(PAA) in solution by fluorescent “distance” probes at-
tached to the polymers. Analysis of the interaction be-
tween pyrene-labeled PAA and type | collagen suggests
a direct chemical attachment of the ionomer component
in glassionomer cements to the dentinal collagen in the
bonding. Thermal stability analysis of collagen with a
number of organic substances suggests that the adhesive
monomer components of resin cements effectively per-
meate through the collagen bundles or molecules in hy-
drophobic environments, as indicated by the denatura-
tion temperature changes. Polymer thermodynamics has

iU &I

PR ARSI OMgE - BHE A, RSO F v
V7 #FOBENL . MATHK A DOTM S A ED 5 H
- #E T, EEPSIBHETLLIICELZDT, W
RHL T2 7R B T 1T X 2 W OFFENAEICBE TH 5
ZEHBLLGWV. AT, Ao LHiZ [aaf - R
ALY ] S O%E, WRPWEE V) L) bHKR
ThbI b, MEOME LB THEITIYICED S
LB, ZD72D, ERIITHENR— X THRRALS
NTVLHBHE THOM DO ATIIZED Y ZTHLH

shown a potentially useful approach to impart fine and
ordered structures in the nano scale to some biopoly-
mers in solution, achieved via a specific mode of phase
separation : spinodal decomposition. The quartz crystal
microbalance with dissipation monitoring (QCM-D) is a
powerful tool to investigate the adsorption properties at
the biointerface because it can measure both the adsorp-
tion process and the viscoelasticity of the adsorbed sub-
stances (adsorbate). The extremely high sensitivity
makes it possible to apply QCM-D with adsorbates of
various sizes : from small molecular dimensions to
large cellular or microbial dimensions. The author
strongly encourages the widespread propagation of
these physico-chemical approaches to assist in dental
research.

5. LAl MhEis ] 2 &I EHsEOMIFors L
bWz b, F7, REAHFEZRY LT 2 H MBS
MO WA ATk, WEHEI F 312k
Il - P OFE THERE NTHOREETH Y, Hrc &
KT “interface” I(CEOGEHWIEL TV,

ZIZT, BELLINFETHATIEHEDIEASNT
W72 20 o 7B 2 WEFE T 2 SRR R AR ZR LS
L7220 0B % LTSNS TnzZ & 72w,

ZAF  P264E11H26 H

(61)
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monomer l :
A

Fluorescence Intensity
(arbitrary units)

500

A em / NM
X1 setm#FE (KL, Py) 29837 L 7zmonomeriRAE®D X
X7 MV (L) &, Py[-EANEHE: L CTA U ZzexcimerIRiE
DARYZ MV (BhEEle)
WS TPYEERL2RY 727 )V (PAA-PY) TlX,
PEpH T REEL T W5 & BT TH TR 51205
T OPYyI H AT L 72 K7 Tmonomer A X 7 b L %
L, fREEAHIH SN BIpHT I V87 MCEET S 0T
P DPy[E L A5 H; L Cexcimer A2 bV %25 4. (Nezu et
al., 20007 5 &%)

600

HADPXEFEEZFRALAEESFIA 74X -2 3
SRR — T SATAF /T — AL MRS E
A5 -4 OMEER

WEOHBETII S IATA L /Y=L XV bOESG
TR DREDT 85 4 M ReaF—47 v EAEAER L
TEAEDVHILL TV D L W) SRS LI LIEHNSh
TWh., ThZOWT, EBEIZTFIATA L /3 —1 X
YIORY) AIVEVEHPEET 88 A M DCall b
WAETAHILERRT T — WM& & (Yoshida et al.,
2000), ZDt XA Y FOWHEBEELEOWRBDO—DI127% 5
Twh, Ihepls, RUAINVKYBISRSEa S —
FUER L THEBICFGS L TwE I L2 RIET 57—
%3 3% (Nezu and Winnik, 2000). Z DL Tix, K
V77U AEREEE T -7 O L Y TERL, KU T
7 ) VRO AR DOEALE YL DHOLRIEA RS b
W BHEET 5 &) FE (Winnik, 1993 ; Anghel et al.,
1998) ZFJHILCTwa. T&bbH, K727 VRITK
pHCII MR HERE MK <, AT SIS 3B & L BRUK B4R
TS 5. TOME, KV 77V VR EOEL VAL
WEHE L CexcimerZ 21K L (Birks, 1975), Jihited% 345
nMTIE AL T B FHIBEA RS PV FH%480 nm
fHEicBing (¥1). —h, ToCMEEL Tws ik
pHTIZ TN O R R L OB K X "o T8
WAMELZHEELZY, CLYyALEPHERSE 2D

monomeriKfE &L 22 0, ZAUTHILST L HEHEANRST PN

(62)
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2 PAA-Py @ eximer & monomer ® 4% 3t i & L 1e/ 1w D pH

(@) Z721dpH 3T I 5 — 7 Y PAALLR (O) A7t (Nezu
et al., 20027 5 %)
PAAD R EEASTIH] & T B B MEpH TIZPAAD TERE 13 #E 4
R (excimer:le) 2MEZTH 575, Wl (pH 3) THPAA
BT =7 IR TH L VERTIZMEIRE (monomer :
) PMEHTH 5.

v F2%380~400 nmiZBN 5 (X1). #Z T, monomer
WA T %28 2 R OBREELACHR L TexcimerlZAH 3 % 8
Y ROBELDWINE LD LT, RYT 7 ) IIVES
IAARTBICH 2 P RIRBICH 20 L), BBIZD
AT F A= arEHATLIENTESL, YL VR
L72R) 7 27 ) VBROENFCANRT FVh 6L, B
PHTH->TH a5 =5 v ORETTIEX, H72h bk
pHE AR L7z 2 & 2 2 AR asn (X

2). TOLrEIAS—HFUOERELEAMERIVELYZ
JTwhw, ZoZEns, FI9ATAF/ v—tRX Y

ML OMpHERBE T T, & A ¥ N OBEG T
GHREAE T — 7 v OIEEM % PRI L OOMEIRET
WAL, BATE-37 -7 AR NEEICERET S
CETEED—mEH) TENERZOND.

—Ji, ¥LYRFTIFAVTI VL) B Tu—7
WERBEOBURYEBUKMEDE W E L TE D HEIEA N
7 NVDEALT B720, BUKBUKER 0 —T7 L LT
bAMTHL. CORMEEZFMTZE, "ot
£ (2 X 2BERM OBUKFHBOTER) &2RTI LT
%% (Maeda H et al., 1988).

50T O AR & R CEMIE S A %A, 8
) A el oS (e, *TF
FiEGEAT Y Y37 H) 1ZowTid, Mtk
(circular dichroism, CD) &\ G212 A fIH © &
% (Berovaetal. ed., 2000). % ¥ X7 Z &Pl E b &,
anNY v 7 ARBY — b X ) H4FE OB R G T
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(A, B : Maeda et al., 1988 ; C : Nezu et al., 2010)
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(63)

X, RTF FREGORRTFE— X ¥ MBI 2 22 [ AL
% & % (Cantor and Schimmel, 1985). Z D IFIZA5 FI R
e (ChozLAabELDOD, XML
NSRRI E 72 %) 1SS 57 F FEOWIIERD %
APk E L T2 oWIPEERFIICEN S (Berova et
al. ed., 2000) (12 3).

L2LARY 727 ) VD XS ICEHICTHOH Z 2%
WEGFTIEIOHENFHTE R, F72, fEoR
hy N BOREGMTE, MOy v BT L
WS ZBETAZILIETERY. ZOX) REAI,
EDFED TS DARERT LT 0 — 7P, —
FEEERD & FEAE R RSB £ TIRIA W 70 AR o
EEHCSHTE 2 b0 L ifrsh 5.

REEEREBAET L RERBAEICLSAZ T
COBEREMTME—EEM 71 v —Ka &
a5 —4>OEEER

LI VAV MCXBRFETEAETITIAI VT
IBGFEas5—r oLy vRENNENLIHETH D
LEN, TIAX—=WAOHEMAIZ L Y 35 =7 2 B
W9 22 & E2RTETFHEBEED?S S TORNEIFRD 5
NTwa. —J, HEMAZ&® 7 Va2 — VEIERILE Y
DIKEMWADTEEARAFINC T T =7 OEWERE LT S
2% 2 EADSCHlED HREN TS (Gekko and
Koga, 1983 ; Bachinger HP and Morris NP, 1990. ; Fukuda
etal, 2000) (K 4). ThiZas—"rvOZESEARM
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BYLRIEOFIMRIEKGEOWNARE [25Eli] &5
#3 5. COMPFIECKECIERMWEIRTT =7 Y O%
FALICH S5 5. FRCIE, BYERIECEET 2 0 RIET
Db OTIH% WL L TELT 2FEHREEZ, WL
Dfth Y RS e Cilbies - () kL
BLTWA (7R, [ECAECEELELT 2] £
TR RS 2 7200). RS, ERAMEALANIE E%
PR ALT 84 2 HIAARD 51D,

BWELZEN LTV KGO Ebh/-ZLilkbbnk
SN TWwWD  (Veis and Anesey, 1959 ; Harrington and
von Hippel, 1961). HEMALAMZ S, 7 3/ BREIO#HE
PERMEE /<~ — SIREIKAE L Ta T — 7 > O MERIE
AT X222 W2 Sz (Nishiyama, et al.,
1995 ; Nezu et al., 2005). S 5D X H 2, AEWED
WIS & o TEMREMKT 3 2318003, BEOFES
KT (B L) PEELCTWD I ARSI NS (Ad-
amson, 1990 ; Fukuda et al., 2000 ; Nezu et al., 2007) (X
5). =), EMas—r v (¥5FRE) CldEk
L BE DHEMANR FERAFIEIZRED S g, REEL D %
HREDI T -7 ¥ THEMAD WG RN L H > 72
(Morikawa et al., 2006) Z £ 2*5, HEMADEHIZ 2
T Y DEELFAREDOREEICHEGTHEEZD

(64)
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wRscE ($8) <ondaiifi k. 2L

ERICEETHAHDIE, HHZ ANV — O DD/
BIv 22 SCRE RO SMIT, F T L — ) Bk &
(S8 < o moiiamic s ORI D 5. RIS
WC, HiRTIHOREr SRS (70 F) LZRETD
IREEDSAZEEFHIRIC D A S (Mo xED) 13 [EEARK - K
) BT, BRI DA MG (EIO < H) (& [A Y
)= 5 WA BRI 5.

N5, HEMAIREEIZZ K DRFE T 74 ~— i Tid
LC30%METH D, Z OWE TR EHEABREI R D
FL o Twa &EDOHAE (Suzuki and Nakai, 1993) %3
LIl iffe, a5 =7 Y ~OHEMADTEHIZLLTF O &
INZEREEND., BFEREOKPTIIIT—F U HTE
BOK SIS 2 WEIC B AAA LR ZE ST AMEZ LD,

DBIREEERNEAINY v 7 ZARERE DL ELICEF S LT
b, LIAD, BERED TS —7 VAR E A
P9 % & BREEHARDOBUKYEA L
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&L CHER
K (EFEFRE) CREONTWBUKREEIZL S

RGN RD R DI, RERIEVEREE DM T 5 5 3
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% FRRMRREDAES Bl

BHAEE O HEREEDHIR

L FIREE A & O E AL DO IRED B F I AL E e (3B RIR R T, BRERYFIZIEAE /) —
TV CHD AR E B A%, I M MIRBRF L 0L 2%,

TRV Y VG OREEN EORERETH Y, BRI
RSO SRR EEZ 5. BURESMET L2 (i
DEEMEIPMET L) 35— Y 3EF AT R
NEVIBFDORNE D, FETLILENDS.

ARWEOBMPANC, ZlieEEzRmmssZe T
bag—7 v OBELEENET S LAVRENTSE
» (Komsa-Penkova R et al., 1996 ; B, 2000), 75
A —ICEENLFCLO & ) R EBIEIT OB & D—
DL LTHEHENS.

=2 FOEDBEE FIR U 7= 38 R 0 185E O
— S FRREETFHRICELDF/NE2—-2D

. oA
b=/

W23 — IR 2 R 2 HEE & v, HE
PO, F 72RO E R 13— REE R TT
M2 T 5 (Hill, 1986). HEM W E OFR 72T
T, BOMRE, RESLCTMYEICL - TbEDL L.
B & OCHSHECET 287N R E 81T, MRS
WTREBMEORE (72& 23T Lo X 9 2t
DFEY) THETH 72205, BHTLEELHEPOMNZ

(65)

il

| &y

B i1
b 1A T

8 HKYZFLyZYa—-¥IF - KK 3 ksi

DO HETHE UKD (d) o7y FRE (AT) A7

™ (Nezu and Maeda, 1991)

d AT OXREBFREA L, HRIRMEENIAYE  — & V4RI

BRI AHEEZLN.

[ K] 1

BER3TIENMoN, FHIILELLATR)Y— T
A L LTRbND L) ITho7z. EHIC, B2
CROTFHEMRICDBANFNEENWR SN TEL
(Scott, 1949 ; Tompa, 1949).
i BE AL D ARTEDS BT AL Al (K
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HAMEROLGE, RfRdid 7 —) BEoMBEMELY» Sd =k/LE LTER SRS, 72 LkiZEgo

Ar—=\VT7775—.

6), 7YY LRBAEREZOE—IT X B M HEEI D
i (B — B nucleation and growth, NG) 752
C RIS S (7). I —#ICA
LNHLMBEEDTEETHL (7)) TV =X, T7=1,
1987). —J, ImBEZEALHE ORI B T A\ HELR 2E 72
FoEcid (K6), WM o 72k
JEREYASIEAE - FEE L, iR PEEIRIE A — € i 2 8 R 72 RS
ZDZREMINY — 2 EBYIHTHENRET S (RE ) —
& )V 43f# 5 spinodal decomposition, SD) (X 7). J4:4 5%
REEIRB DO W Fehn (£ U 2 M B O REA A X) &
WEY Y ¥ 7 (72 FHEE) ATIZE 5 Thw =27l
|34 x Lcik 5 (Can, 1065). 2L 5 M
A ZDFii - 723k F 7213 K S O — kR M ARG <, Jhl
#t (bicontinuous) HiEa & % 2 & d %\ (Ougizawa et
al., 1985 ; Ougizawa and Inoue, 1986 ; Okada et al., 1990).
AR RS AT F v ERYZFL VY
I—VOMEETIE, TNENOKFRITEIRTIEE—
R RE T dH % DMK TH I BED A U 5. MHDBETA L
72T TR ORES R ), MrHiRO €T
FVRENE VL AL L CTHEEHS LT 5729 (i
zomoto, 1984), HUREEIRETHELZBIS T L2 &N
T&%. YUTALy FTRMBLZZIT—=T Y 2HNT
BEMEEBISE T 5 L HAWUSE WERIRIRA A U2, 203
WPRAEDS 7 L2 FRSICEMEAF T 52 s (K

(66)

8), TORTBEINTMBPMENAY ) — & Vi3I
XA EDPREENS (Nezu and Maeda H, 1991). 4
U7:ME5&E D A4 AV HGHTH 2 HH121E, %
DWRD 7 — ) T S PR G A X2 KD B

ZrIPLEZONL (M9). ZONHETRDIH
B, [ U R THREOR - I2OW TEBISE 2 EHRE

WL FHEE ENETH S (BEAS, 2005).
CORETH ML Tz RET 5 &, #H—
BRYA XD IRILE T F UREBKRDR L Z L2 5.
DFEEFHT 5 Z & T A XofiliE S =2 4L1%ko
o5 F MBI RRT I WRICRLEEZON
5. (1) A —=F Vo THgESEo b2 L,
(2) MBI S 0T (Kl Eaz il
BAEL) TEOMEEEETE LI L, ©2 AT
HiE, MEEMbLROT, UHEOE WSRO T
BCThHBH. F72, MUMETH - TH R ORHIHEE LS
Lo THUK - BUKKIHZ/ED 717 55728 (Onda et
al., 1996 ; Hosono et al., 2005 ; Ishii et al., 2010), #ilz 3
DOTWE O 2 WS 2 RIMSCEABMIN D% h 5 &
ZZbN5b.

-
—
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{
E10 ASBETF~<A 20T o2 (QCM) Ol 5 a

a

W OQCME. KEEFEIRT- D W IRED o 2%, WEHOWFIZL VKT T S JH¥EK 7 b

Af=f-f,<0). WHEICLLZEEHMZAMNETHE, Af =-Am/IC L %5 (CIZEBEERT
TAXERIRE). WS, RS 7 bAoA I L2 EREE(LERE L ROONS. 1272

L.
N5,

C OIFEIWAEWEAKSIEIRT & BT~ L T a5a (RIS (2o Al

QCM-Dik. EWFEARINE TIIWE f, RIEAZFHI L7212, SRR 1R 2. FEdRI3IE

B ORGP & 0 BAERITTA = A, eV sin(2aft+¢) & L CIRERE T2 (g3
N). FLERLTVECTHAET L% L, WAEWEIBE 52T 5P K E VT &
Wil B, D =Unft TERESNBZEIZZANF W EIFITh, BAERED [HhS59HE]

DI/EEE 2 5.

C OFBEREHN & FEREOH A4 7V EBED RS LI K o TRFFNIZAS

EAD ZFHIT 2 )7 :05QCM-DiETH 5. FERIMADWA B DA ICH L TV 5.

pH Z1t &
_ -

i% Ol\“ 0

0 0 0 0

& o 0
B fF = E T ¥ RS E (FFEE#RkICED

HEEDHEE)

Bt HEREOY V' F— 2 OBERH

BALMERE OB VF— 2 (IF) W5 OBEIWAED, RS OEE 2B
AR B, WHFTTHo THRIMEICE s THESHEEINDL Z L2 5, W DEKS)
NEFHEHMEENTHLEEZOND. ZOEMIWHERNZDOT, pHELE 2L v

FET BN VF—AOREKM ) F =T -

QCM-DZEHWERE O+ X EREBFLHEMED
FEFFBIT—RmBMEEREADZ >NV E, iE
MEDRE & WMEIREDEHER

—EDE W TT D IREY T B K FEIR T R A
% L CEREDHNT 5 & ZDFWEIMET 5 2315 % F)
HLT, B0 EWAE % et 2 HErKaHERT
~A4 7 1sNF v A (quartz crystal microbalance, QCM) i
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The Beginning of Application of Quorum Quenching
for Replacing Traditional Antibiotics

Izumi MASHIMA, Futoshi NAKAZAWA

Department of Oral Microbiology, School of Dentistry, Health Sciences University of Hokkaido
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Abstract

Communication among bacteria is achieved via the
production, detection and response to chemical signal-
ing molecules, such as N-acyl homoserine lactones
(AHLSs) known as autoinducers (Al). Detected Als lead
to quorum sensing (QS) gene regulation, when a thresh-
old concentration of them is reached. It is known that
the QS with Als regulates bacterial virulence factors,

antibiotic production and biofilm formation. Recently,

Quorum Sensing and Autoinducer

It has been cleared that bacterial cell can communicate
with each other and respond to a changing environment. The
cell-cell communication system known as quorum sensing
(QS) plays essential roles in regulating gene expression and
functional adjustment among bacterial communities as
shown in Figure 1. The QS bacteria release, detect and re-
spond to accumulation of small signal molecules in a cell
density-dependent manner for regulating the expression of
target genes. Several signals for bacterial cell-cell communi-
cation have been identified previously, such as acyl ho-
moserine lactone (AHL), cyclic thiolactone, hydroxyl-
palmitic acid methyl ester, furanosylborate and methy dode-
cenoic acid.

Among these signals, AHLs called as autoinducer-1 (Al-
1) are the best-characterized cell-cell communication signals.
And more than a dozen AHL derivatives have been identi-
fied in range of Gram-negative bacterial species, which vary
in length or substitution at the acyl side chain. And, it has

been reported that these AHL signals are involved in the

the AHL-degradation enzymes and QS-inhibitors have
been identified in a range of living bacteria and plants.
Interfering with the QS system, quorum quenching
(QQ), has been suggested as a potential strategy for
control of infectious disease. In this review, we discuss
the function of QQ enzymes and QS-inhibitors for host
diseases and their application in resistance against mi-
crobial diseases.

regulation of important biological functions, antibiotic pro-
duction, motility, production of virulence factors and biofilm
formation. Still there are many bacterial species known to
produce AHL signals, but the corresponding biological func-
tions remain to be un-cleared.

Also, autoinducer-2 (Al-2) has been determined as mem-
ber of extracellular signaling molecules used in QS. Al-2 is
a furanosyl borate diester derived from the recycling of S-
adenosyl-homocystein. Al-2, originally discovered in the QS
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Figure 1 : Quorum sensing system of AHL type.
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bacterium Vibrio harveyi, is made by many species of Gram
-negative and Gram-positive bacteria. In every case, produc-
tion of Al-2 is dependent on the LuxS autoinducer synthase.
Also, Al-2 is a species-nonspecific signal used by both
Gram-negative and Gram-positive bacteria. And, it is re-
ported that Al-2 has been found to influence biofilm forma-
tion in a mixed-species biofilm between Streptococcus gor-
donii and Porphyromonas gingivalis.

Dental plaque has been known to be three-dimensional
oral biofilm. And it is reported that oral Veillonella species
as the early colonizers play important roles at the early stage
of oral biofilm formation with Streptococcus species as the
initial colonizers. Recently, it is confirmed that Veillonella
tobetsuensis, established in our laboratory in 2013, produce
Al-1 and Al-2 in the culture supernatant, and these Als may
regulate biofilm formation with Streptococcus gordonii.

Quorum Quenching Enzyme

Over the past decade, a range of quorum quenching (QQ)
enzymes and inhibitors have been identified from different
sources, including prokaryotic and eukaryotic organisms as
shown in Figure 2.

It is known partially that these QQ enzymes attenuate the
effectiveness of the QS signal molecule, render the QS
molecule incapable of binding to target regulator, affect the
specificity and recognition of the AHL signal, or disturb the
activation of the QS-mediated genes regulated by AHLs.

These enzymes and inhibitors are the key molecules for
establishing the concept of QQ, anti-pathogenic and signal
interference. But, a limited number of QQ enzymes that in-
terfere with bacterial QS molecules are known, although the
mechanisms of the QS system are well understood.

The QQ enzyme for AHLs may be grouped into three
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Figure 2 : The effects of Quorum quenching (QQ) enzymes and
inhibitors.

types based on degradation pattern of AHLs. (1) Lactonase
cleaves the molecule AHLs to open the homoserine lactone
ring as shown in Figure 3(1). These lactonases, such as AiiA
(Riaz et al., 2008) and AttM (Uroz et al., 2008), are Zn*-
dependent lactonases that produced in the genera Bacillus
and Agrobacterium. (2) Acylase hydrolyzes the amide link-
age between homoserine moiety and acyl chain, and releases
homoserine lactone and fatty acid as shown in Figure 3(2).
Previously, various acylases have been reported including
AiiD in Ralstonia, AhIM in Streptomyces and AiiC in An-
abaena (Dong et al., 2001). (3) Oxidoreductase catalyzes
modification of the chemical structure of the acyl side chain
but not degradation as shown in Figure 3(3). It is reported
that Bacillus (Chowdhary et al., 2007), Pseudomonas (Bi-
jtenhoorn et al., 2011) and Rhodococcus (Uroz et al., 2005)
produce these kind of oxidoreductases.

Recently, the interfering with microbial QS system by QQ
has been suggested as a novel strategy for control of infec-
tious disease because QQ aims to shut down the virulence
expression in pathogenic bacteria rather than restrict cell
growth. Although the roles of QQ enzymes in native envi-
ronments are not always certain, their ability and availability
in potential therapeutic applications are prospective, consid-
erably.

Quorum Sensing Inhibitor from Natural Plants

Although there are some chemically synthesized QS in-
hibitors, many inhibitors have been discovered in natural
plants extracts. Because plants are constantly exposed to
bacterial infections like humans and animals, it makes sense
to expect that plants have developed good chemical and/or
physiological mechanisms to combat pathogenic bacteria.
Furthermore, since the plants, such as vegetables, can be
consumed by humans, the compounds having QS inhibitory
activity from the natural plant products may be deemed as
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Figure 3 : Basic structure of AHL and patterns of degradation by
QQ enzyme
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safe may not cause toxicity against human cells. Of course
toxicity studies on the components are indispensable before
use.

One of the most extensively studied natural products is
Australian seaweed as known Delisea pulchra (Manefield et
al., 1999). This seaweed appears to be able to inhibit bacte-
rial colonization by interfering with the AHL system. Halo-
genated furanones from D. pulchra inhibit the QS regulated
reactions by competitively bind to the LuxRs that are recep-
tor proteins for AHLs. It is also demonstrated that the fura-
nones are strong inhibitors for both Al-1 and Al-2-mediated
QS systems and the inhibition is partially relieved according
to increase of AHL concentration (Manefield et al., 2002).

Recently, it is reported that a non-competitive compound,
malabaricone C, which is extracted from nutmeg (Myristica
cinnamomea) and is not similar to AHL in structure, inhibit
the QS system in Pseudomonas aeruginosa (Ganin et al.,
2013). Also, vegetables including carrot, chamomile, water
lily and pepper have been proven to have anti-QS activity.

Application of Quorum Quenching for Bacterial
Infection

Due to the extensive emergence of antibiotic-resistant
strains of bacteria, the exploitable drugs to treat bacterial in-
fections have become circumscribed considerably. Therefore,
the search for novel antibacterial therapy is important and
has received greater attention.

Under this severe condition, QQ may be used to control
infectious disease in a QS system by triggering the patho-
genic pattern. Since the QQ strategy does not intend to Kkill
the pathogen or reduce bacterial cell, but to shut down the
expression of pathogenic genes, the intercept with the QS
system by QQ enzyme or QS inhibitor is a potential strategy
instead of conventional antibiotics. That is to say, the subsis-
tent of QQ enzyme or QS inhibitor in QS system can turn
down their QS, leading to blocking disadvantageous gene
expression.

Up to now, two strategies have been reported as novel
therapeutic tools for controlling infectious disease. (1) In a
co-culture of QS-dependent pathogens, the QQ enzymes pro-
duced by QQ microbes and/or QS inhibitors extracted from
plants could limit the accumulation of QS signal molecules,
resulting in a significant reduction in QS-mediated infection.
(2) When QQ enzymes and/or QS inhibitors were challenged
with QS-mediated pathogen, the enzymes and/or inhibitors

(75)
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showed an elevated tolerance to the pathogen.

Dental plaque is a typical natural biofilm causing oral in-
fectious disease, such as dental caries and periodontal dis-
ease. Biofilm infection is difficult to exterminate because of
its protection against antibiotics and macrophages compared
with planktonic cells. The QS signal molecule has been
shown to mediate biofilm formation to protect against antibi-
otics.

Since it was also shown previously that acylase I, one of
QQ enzyme, reduced significantly the biofilm formation by
environmental strains of bacteria, it may be possible to con-
trol oral biofilm formation at an early stage using QQ en-
zymes or QQ inhibitors, leading to establish a novel preven-
tative method for dental caries and periodontal diseases. Ac-
tually, grapefruit extract contains bioactive compounds such
as furocoumarins, limonoids and coumarin that have antibac-
terial activity. Also, the furocoumarins were shown to have
strong inhibition against Al-1 and Al-2 activities, as well as
hinder the formation of biofilm. In addition to that,
obacunone, contained in many plants as one of limonoids,
has been proven to have strong activity as QS inhibitor
against both AHL and Al-2 systems and biofilm formation.

In the future, the external addition of the QQ enzymes or
QS inhibitors may represent a novel general antibacterial
therapy, especially against antibiotic-resistant strains of bac-
teria, and highlights the potential value of QQ enzymes and
QS inhibitors to protect against bacterial infection.
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Biological activation of the zirconia surface
by chemical modification method using IGF-1

Daisuke ITO

Division of Periodontology and Endodontology, Department of Rehabilitation, School of Dentistry,
Health Sciences University of Hokkaido

Key words : Y Vva =7, IGF-1, b MR RN

donii (S.gordonii) Z Fv: CHE A A5 IS D W TRRET 3 %
= ZrrlL7.

[WEf > 75 > Mifiid, 74 7 ZAF v =L 787 b .
AT VROMBBHEHINGE L)Xk THh 4 &
5, KIMRICBIT 2 HEHRERA TV a v LTLAL (1) &KFE BRI DT
ERTDICESTWD, AL V75 v M2 BHICH F % FE A BT 22Y-TZPEARE (915 3mm) % 3
oo THREX R 2 7-0121%, 7%y M A Y FOEEIZ L viu—k L7, FEEREL LT, WHELAY-TZPRE
FAVRBE A S L, EPEEHIEST 20828 H L. L % 1% p-Vinylbenzoic acid (pVBA) I ICE LT 2 ¥
L, 4177 MEEES LETIE, RBWofta Lk MEREL, Z0#%, IGF-1% FKMAE RIS X > TY-
EHELT, WHIBLEREB X ONI FRAE Y — A58  TZPibRH RIS e b L7z slpt & v 7z,
BICRELTBY, 475 b EREa R oy Y-TZPARA LR IC B 5 pVBADFEA1E 7 — ) T45 3
T A IEIRE T EWMEEINTYD RGN E DR, £72, pVBALIGF-1D [

(lkeda H et al., 2002). 2 Z CAMZETIE, AR  @ftid, XEOLE T3 (XPS) & Hw TRz
YR TNy A Y PRENALAEA S &, 15 & iRfE (2) HGEC O Haad &5 14 5Tl
B ST EICEST, A1V 7T MEBZEDY A ZY-TZPIHE RN BT 2 Milu# 41k, HGEC%E H
7RI A2 LR HIE Lz, BARIICIZ, F4 Y WA SR E O 5 35 X OSN35 ik oWl &,
L0 B EEREVEATES  HEMICENTA v M) TRENL SEMESLES L — W —BAMEE & oMl o TR RE B SR
EHE YV a=T Rk (Y-TZP) 278y P X > b WX 0ATo 7. WA B OFHING, &Y-TZPilE
AMEE LT L, LEMEOlaminin-50 %3l %5 i L THGEC%R 3R L, 4 L TWwir WHGEC
W, TOMNE MR LSS ZEHEIRTY ZPBSTUEH: - AL, 4 L72HGECIE M) 7' I
A4 A UHBERT 1 (IGF-1) ZY-TZPilB &  CTRBEL, MEREHRE I TR EMREEZEH L 72,
WCHEEAEL, & MR M (HGEC) o)A 5# MINEEEAE RE OFFAM X, 45 Y-TZPilkH21H . THGEC %
fu%k, MladAEdE, MIRERES X VintegrinB4m-RNAB JWEMH, T2REMIRGEE L, BRaEfR, 45 L TV WHGEC
X Claminin-5m-RNAD BB 2 X7z, £72, IGF- ZPBSTUEY - b L, bW LThY) T >
1% EEAL L 72Y-TZPE 2 T, 7 Y87 HICHEG 2 —@REBEH S8 TR L72HGECO — &k % #I#E L,
T2 LSBT T — 7 I DStreptococcus gor-  FHE L 7214 b K Y-TZPRE R IR AF L 72 HGEC & i

il
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M OHEL7ZHGECOHOLIMEX ThThMllEL, Thb
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B, "I AF—¥ U FEET L L TGAPDH%E fiv 7.

(3) IGF-1 % Bk L 72 Y-TZPi R 0§ 2 M ) 75
i3

IGF-1% [l @At U 72 % Y-TZPHURL 22 i (2 53 2 il 141 £+t
% VEFEAM &, Bk Wk & L C Streptococcus  gordonii
ATCC10558 (S.gordonii) % M7z, #B 2 & (1 x10°
cfu/ml) T2 KRR ERE, 0.1% 27 ) A ¥ VNS F
Ly bets, =8 ) — VREKRO0DwZMET 52 &
(&0 IR A A 2 AP L 7z

BRELVEE

pVBAZ & &7z Y-TZPiA K K Tid, pVBAIZH
KT HAFL VI NUVEUVBRBIUALKRE VIV
LW -2 25, FT-IR-RASIC X W BigEs iz, F
72XPS%E W CTREHERIH ON 1s 2 X7 ML &l L 724G
R, arruo—ne LTHCZ-ERTEY-TZPRUR K
POIRBREOY — 27 LA bN R 7225 pVBA
TG SEY-TZPRE K2 513, BEREEHRICS
WTHpVBAG TICHIET AN 1sARY PV DY — 27 28
400. 2 eVICHABRIZA B Lz, F 7z, IGF-1% RHIH A
XEREMTIEZ, NISARZ MVOY—ZRENE L L
Bl ol TNLORENS, IGF-1A5Y-TZPAEE
HIZpVBAIZ L > TGS I, FBE(LENTWnDE Z &Rt
D SN,

HGEC D £ Y-TZP#KH N K 5 2 #HIA) 75 M 55 %
L2 A, T ha— IV EIGF-1% E e b L2
BOMTHE L7-MBBCEELZEZIRD LN LD o

(94)

Bk Kl IGF-1% WAL 2B i & 5 V)V a = 7 Kl O ARG

7z.

SEMPB X UM ILE f L — W — B 2 JH W THGECD
AR, B3R TIEa Y b e —)V EIGF-
12 B EL L2 TR ORI e 22 13 A b e
Mofz. UL, BEREHETIE, a>to—ilt
L CIGF-1% [ &AL L 72 38 1 CIEHGEC 2 A B
ELTWDS I D bhore (p<0.05).

)7 V% A4 APCREE W CHGECO Ein 153 % 71
R7zEZh, WBEDRREEFZBICBWTIGR-1% B et L7z
WETIZa Y Pa— L EHIEL T, integrinB4 mRNA &
laminin-5 MRNAD FEH23H B2 LA L Twiz (p<
0.05).

MR BEBR OKE R, B M ETIEa Y br—
B & IGF-17% [E L L 723 B o [T, FMNIIHRAE L 72
HGECORUCH B LA EIA DN -7z, L L, KifE
T2RERIRICB VT MY 7Y VLB ER S FRAE T 2 ML
&, v b= e L CTIGF-1% M@ b L 7zilk T
&, WLEZ W LS SN (p<0.05).

INSDOREDS, IGF-10 [FE E L IZHGEC O 4 1 4l
Hafd #5 o528 3 W2 12 BT 2 Ml O T RE 2 & OIS Hi
HAERIEEII LTS LS, BETR2RMBZICB VT
Mg 2 e L, Mg 5 OmRNAKBIRE % L
A SEDLRRATR S N

IGF-1% [ 5EAL L 72 % Y-TZPaURH 21 (2 0k -3 & #l 3
HEMEWRIZE A, IGF1ZBEL L3, a2~ b
a— ViR N ENR oM T, 13 L 72S.gordonii ® (2

BhRETEDON Lo T2,

&

PVBAZ BUEHI & LCTHWT, Y-TZPilK 1 IZIGF-1
X ZOWBEE R T & HIEICREEITE 2 2 LA
Lhkole IGF-1ZEEM L LY Fr—
AR T, WA LA D Nl hr o 728,
BR 2R %ICB VT, (1) HGECOfE S X U4k
HREMPILHET S5 2 L, (2) integrinB4 mRNAB L O
laminin-5 MRNADFEH S H IS LA 25 2 L] 5
ol F72, IGF-1% @A L72Y-TZPelE & 3 >~
b E— VR L DR T L 72S.gordonii O & 12 AN 2%
WIZEPHL N E 5T,

REFFEDAER DS, IGF-1% Y-TZPIXE# T /N v T 2
Y NOEMMIZEELT S LT, B2 REIA
S RERRMMEEEL, BGD) A7 &AL T
& B REMEAVRIE S 7z,

B
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HAANKNBERBEZED Y 7 274 F MR
— B R TR TR D 7= D DL ik 78 —

[N i N
AL R R A TR AR RS - FRR R IRIRE D

A genome-wide association study of periodontitis in a Japanese population
—Multicenter Research for periodontitis susceptibility gene—

Shintaro SHIMIZU

Division of Periodontology and Endodontology, Department of Rehabilitation, School of Dentistry,
Health Sciences University of Hokkaido

Key words : Periodontitis, Gene, SNP

2OV TIIGWASD A /KHE (P=<5.0x107°) 27z L
= PR MERIZ T 25 SN TW 5B 25, CPIZBWTIX
WKL, WL ODOEZERIZ TR, BREERNOE  GWASHEKMEZ . LKl iz T30 Shtwn
BElRE UGHEHERZMD S 2 ETRET 2ZHT v, 72, ThETICT V7 ADEFTOGWASIZAT
BEBRThHHEEZOLNTWS (Stabholz et al., 2010). B bRTWi .
9, BAOWOIERDO FERFEHE LT, EIHOE ARG TIEHAANDREH IOV T ORZEIE T %
WCHEEREEEZRIZL TV 5. FETHILAHMWE LT, HAANOKEZOBERHEIC
HARATIE, 18ME% (Chronic Periodontitis : CP) X LGWAS# 1T - 7=.
DREBANIH48%, WML JE % (Aggressive Periodon- .
titis : AgP) OFEEFRIIN0.5%THHLEZLNTWVS 5 A
(Okamoto et al., 1988 : Albandar et al., 2002). BiJ& % Wi BEH © GWASTIZ, BioBank Japan® i & 45 o Bl bk
&, MRENZ FERERE L, £ ORETEERA  F1L59B3AZMH L7z, w4%% & L TBioBank Japan® 7
BICX ) ME x5 (Berezow et al., 2011 : Darveau, JUETJA KA ) == 77 —47 980 N%fiH L 7.
2010). BHE DI & HEATIZ, BREERTH LM FBENIZE (Replication study) TlddbiEERE Y (n

il

(Tomar et al., 2000) FI2 X VB2 5. A THE =141), HEERHEKS (n=35), K U'BioBank Ja-
FHERTH L 4EH, MY (Shiau et al., 2010) 12X D pan (n=991) OFROPEREL, 167 N2 HH L7z, %
WEEZT5. %% & L CBioBank Japan® 7/ A7 A4 KA Z ) —= ¥

CHE CHBERISH S 2 B8R FIIETIE, BER 77— 27 18N L7z, AWiseix, BALAFsERT
B, A AL VICKDIHERS % EICBET B8R BEEETT, iR, R OO ER R A D
WCEAPYTONTE ., LA LRE-B LR R WEEEZAKICTREIRTE ) &EToRE» 5 2

LNTVLEMETIEFRD LN TR (Laine et al.,, ODFEDLDOLEICLLL VT r—2Fartey bz
2012). EAETIX, 7/ 274 FREMEHT (Genome A TW 5.
Wide Association Study : GWAS) 25 EH s TEBY), H BeIRE DL OHEEALOFH & LT, HapMap phase

EFE TR ADAGPE CPAEXTR & L 72GWASTh IOF—FR=ZAPL/LNTZAHTE O@BETHO
T\w5% (Divaris et al., 2013 ; Schaefer et al., 2010). AgP F—F BRAE S, BRI LT 7.
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=y

S (Quality Controls : QC) & LT, i) BEHL
xf I ¢ 3% 12 Single nucleotide polymorphism (SNP) @
Call rate=99%, ii) HHFEDON—F 1 7 4 ¥RV 7oA
(Hardy-Weinberg Equilibrium : HWE) 75P >1.0x 10,
i) BHENRE TIIRHE T LIVEEE (Minor Al-
lele Frequency : MAF) =0.01, iv) IE#l# OBk K
A4, v) b F100SNPIZD W THIFMRIC X 5 AT 0
MEWNF =y 7, 2i7To7:.

GWASTHEAHE & 0t 54125 L THuman Omni Express
BeadChip (OmniExpress, £ )V I F#k&Hh) ML
597, 434SNP D ##{n T % [d] & L 72. Replication study T
I~ VFT Ly 7 ARY AT — UG (Polymerase
PCR) PF JHl @ Invader % % il \» T,
GWASD# AT B VTP <5.0x 107" % 77 3 250SNP % 3%
RU, #BFRZEELZ.

W HAFAT (X Cochran—ArmitageR 2 % i Jl L 72. GWAS
TIZP=5.0x10"* Replication study TIZP <0.05% 5l
AT EKIEL LTz, #EinTREMEIER (Pin-
traction) DAL BEARIZ X /ZSNP %, PR JE 28 & %t
G % BT RECRE R LT 217 5 72, F 7B R
7= SNPI B R Y i ) 9% & I LY i ) 9 02 g ) LT %
11> 72. Pintraction<0.05% ftat A RAKEL L TED
72. GWAS & Replication study®fEH 2DV Cid,
variance % IZ CTH A MEAT (Combined analysis) % 47 -
7z. Combined analysis®D# #12 T, P<5.0x10"°% 7/
AT A FREFRTOATEAKESL L2, $72, Replication
study{Z TP <0. 05, GWAS & Replication study ¢—3 L 7=
i), M U'Replication study!Z TP <1.0x107°%& R
D% BHHEORIZINDHSNPE L7z

] £

TR & D RSO BIERE (X — R HARAND 2
FAY—E—H LTIz, F72, BREIIBTLHUET
BFED L7 —%, HEHIOMELEITERS 2 S5O
WHEVEIIR S, BETFREEZIT) L THEZWZ &8
RISz,

GWAS & Replication study O % #:2SNP 1%, Replication
study{Z TP <0. 05, GWAS & Replication study T—3 L 7=
f#[, K U°Combined analysisic TP <1.0x107°% 7% L B4
AR S N7z, Lo LT/ A7 4 NG O K
# (P<5.0x107°) %7z SNPIZFRD SNLho 7.

BEHR DO GWASIZ B W TAGPRRCP & Bl H 5 & i &
NTVBEIETIX, RGWASTIIAE LM% RO %
o7z

F 7 EMEE T RIS B W TAS $ TICH & & Bi)s

Chain Reaction :

Inverse

(98)

WK KRS, HARNMRREE DT 7 27 4 NIRRT — i &SRR R O 720 O Z JiRkhizE —

B EMESINTVLBEETFERIIOVTHE L-E Z
2, HERMEERDLh o7z,

B 2SR S 472 2SNP & BRI JEE C 0 Jig B FAT O F
J, BLJEJE &SNP & DO RICH BAEH % 7280 72,

F 72 B ATRIE S N 722SNPIE D W TR T Jg Bl i
WiZATWVORZ IR L7z 25, I LSNP & DRI
RO 7.

Z =

AWFZEIEX, HARANOEEREZ 2SR L LMD TD
7 AT 4 FEERITCTH 5. RIFFETIIRIE DRI X
N5 BRI E LT 2 SNP& [ L 7-.

AWFFEE 7V 30 RE DS R R DS o 18 ERF (3
Ve BERR) RBIEAF (BUEREER) 24 <KALTWD
ZEnn, BEETRD LN EEER DAL O 1S
FRT, RERNTICE2D0THHREEMEL, #Z
PWHER27:DICI3HYRETVTHSL LEZ LN

BEH D GWASIZ 3\ TDivaris 5 1 FRK N T B ] 4%
D) 5T A N BT TR O RIR S N B BR T & i
1L, Schaefer 51N ADRBEEERH KD 7 ) 274
FREENT T A7 A4 FEENT Of BAKEZ G723
B FEZHE LTS, LA Le2S, KRR TIEE
RKEINHEETOMICHBEZEEZ RO Lh o7z,
NOBIRTFIL, KD, BWOENIZ L) BHEZ D
Lo 2Rtk FRRCRA L O AFMZEIZL D
WEBD LN Lo b ifmfTiTons.

BER DBl 8 A5 I FeRs R H B s 98 & B3 B &
WE SN TV ABEETEIMIIOVWTRE LSS, A
BLEEERO R, o 7. INOEMEET IR A
TA RLNVTHEEZED L7220 b, wEED
BIEREZFHHT2HEL LTRERVWbOEEZLNS.
LA LWRZIEZ N THRETH D 2 L2 b EMEETO
VAT VUVNVEBEEETHZ LT, WEROEBEREEZS
DL EZOND.

AT, BIMEARIE S 72 SNPIZK 3 % BLEIE D
WM LIz, F 2 BEARIE S NLZSNPIZ D W TR
BRI C ORI OTR S 2 fENT L7z, BRI 1B )R 70 o ] 4
LD BIRNBIKH R TR o722 L 0D, BIZTD
BG5S 2 IR SR AL BT A R AT E 2 b
7z.

INHORERIE, WL ODOREERIIEMEER & H
HAEH 255, SNPEBREZENOBE N 2 AT, HiH
RANDSNPOBHEZ WIHEIZ T 572D ICBETHDH EER
L7z, B 9D AR TR A T TR R BB T A 0
ZUICHEEG T 2RSS 5. Lo THRERO K

-
—
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T ORED DI, MEHERSPREENZZE L7
WAK % FH w7z ,’ﬁ?/a\ﬂﬁ BRI DL ETH LHIRIEEIN
7z.
&
KWL TIIHARNTHIOWEED 7 7 27 4 LR
BrEATV, B MEIE T O RN D S 5 2 2 FE L
7o AR TELNBRICOVWTE SICHBME O
2479 2 LI L o THRAEDTHNIZOWTOHER, Hi7:
7 PR R iR O BTSN B W REMEAURIR S 7z,

®
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K AHRRE

R R TR A E S A E U E A R C A e R ey

SFR2IAE 3 H AbE PR S 2

SFH264E 3 H AbiEE PR S A

FH264F 4 H LB RRER AR R RIS 1R - PSR
R NGRS B

TR LRSS e e e e e e e e e e e el e e e e e e et e

§

IR R R R R e VR e Ve G e

B A
WFFERHEEEAE 5T

nH- UH-
EF EF

2
52
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BRHHIE T B IO I A RF & N 2 i HLRRAE T e 3

HEEE W

e R R A

PR DB HERIE G IE, AR A KR — MK (DL
T, BPEA]), AN b= EF, HHAME S I VDR
s Tdh - 7. BPEFNZ, B W Ak M2
WoAEh, BEMEOTRN =Y 2%2FET L LIS
Lo THEWINZ JIHl$ 5. 20 720BPEANX 18 H 1
R A by 7385, Fio, ESEOIEHLE RIS
HEBET B E AR AR — N RIEH B I AR
Sh, ZOMAICIIEEEZET L. Avy b=y #HIE
HHERE & 3 VDBANE AV ATREIAILVE S TH S
IV = RIBHLZZDOTHS. Ay b= VIEH
W2 S5 s, BEiii boa vy b= v 2HEIC
Ria L, B OBEE & PR O KL OFEIZ X ) &I
AR 5. vy b= EENE VR TE IR
AU LS BEALET L. (X512, PR m < &
FIIHT 2B IE S 5 7200, HHEEICHE S FIE
DEFHELE LT AL TWDS,) ¥F I VDIIES
RIS X o> THECHR S Nz, FF, BT
ah, EMEAENC AR L. WEMERIE S 3 UDUEE BT S
BN AN EAEHET B, F G EMIICER L C
RANKL % 538 Ul B Ml C X 28N 2 e 22 5.
WEHR Y 5 3 YDA, BEP SOV YT AW E
RHETHIEICESTHI—2DA VT ARFIRVE
YTHBH/NT PIVEY (DUF, PTH) DA H5 W % #0i
L, EWIEMET 5. PTHIZ ER/ME (RIHIRER) <
A FWENBRLVEST, BHEMBIZBT S
RANKLZEH 0 5538 & i Ml s AL #0 I -F- (OPG) @
PECE I TR IR DR & G LR R 5 2 L1 &
S TEWINZMRESES. — T TReeveH 12X - TPTH
DKL G L B F5 DML EH G S, G, #Hl
W HLEE R & L CPTHRF 2SR IGH S hTw
5. 20024F KRBT, 20104FICIZHATH RSN T
5. PTHIZBMEAD 7 I VN O AT F R TH 5,
PTHEANIZPTH/PTHIPZ BRI K L THEMIE A S 5N
KD 1-3407 I VI S % b, FEEY % H V7210
ZETIE, Kim S 2SPTHEHF O R ¥ 5:12 & - TH Ml %
FHFEMBICELSELRESH S I EE2HE LT

B IS - ReieR

A ML

5. FPTHEAZ 1 HICKEERG LG L 2 HICL
WP U7z % ik 2 L PTHE A % 1 H &b 5 L
7 ED T BT EARAET 5 2 EE SN TS,
BRF IR T b PTHEGH O [ R $5 5- 12 & 2 5 T ISR HE R SR
HHE SN TV A, Almagro S IIZIIEFH 7 ¥ F o K5
WCLEA > 75 v MER AR, PTHEHI OB XY %
1w, A v 79 v MERF OS82 P58 & iRt
L7z, ZoOHKE, PTHRARGHD A 7T v MEFEH
OFEPHEZIHIML 22 L 2WELTB Y, SHERE
BBV THPTHREAIOB R G2 L > TH 4 A
YTTV—a Y OBEEPWRETH L I L ERR L.
F 72, Kuroshima®lx o v b OFH 2%, PTHREHA
% R ¥ G- L IR 85 O 0 I8 A 2 PTHERLHI I3 57 & T
MR U7z, PTHELAI R B3 G- CHR S o & 2
T EPARICHINLZEEZHREL TS, 20
9, FHBRERBEL L THESNZPTHRAITH
B0, WHRthOBRERIIEAL 77 v MRS, 5%
WG PRSI AS 5 W REVEDSHIFE S B

2 3R

Almagro MI. Clin. Oral Impl. Res. 24 : 1027-1034, 2013.
Kim SW. J Bone Miner Res. 27 : 2075-84, 2012.
Kuroshima S. J Dent Res. 92 : 553-559, 2013.

Reeve J. BMJ. 7 : 1340-1344, 1980.
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FIH I A FCTHERRO A - IGHIZWRED ?

HER M5
b HE R IR R A o A e A Wy 22 R AR AL 2R 0 B
1. FAVvF 724 FEZ T4 K%, VF‘J’?}I/#%;}‘E:—‘BZ\%E:{MM'}\
20094F O Naturei&'ls, HARAWIZEZE OESR L /- O VICELTH#ETSLE, TIT— T B AV

R EREEIS RS .
LReifao3As, FEICKERE (707 ) KoZgEz i
FLBNG, M) FIVOFT 3 RITHIZEEHHE 2 HilT
5. ZOMBRIE, VEoOwME2» S BE I N DTH
B, INGAAET B 5 O PR E & TR ZTB
0, Lit/w‘:“%%’a“two“cotw%w) (FWVHFI4F) T
Hotz. 5HFHOMNM & 1) W EE D ORI L5
MilE, 2) iz 5 Mtéﬁmm 3) VVF—L%D
h%%ﬁ%ﬁw?énm—bmw 4) WHALE RV E >
ST B EN WM, ELT5) /M RS
T%é.%%&%%%bt%%ﬁ%ﬁiwmiét,:
DOEHIZLgr5 & IEN A WntY 7 F IV RICES A 7 Il
R EEM OZ /AR E B L TH Y, Rspondinl (Lgrs
D7 IT=A ), EGF, Noggin (BMPORHEST) & w
9300 =y FRNTT ERHRNL AR T, I
HOMAHERD 2 LIS, REREABMK L2~ M) i
HUAF NIZIRREC, ARELH 7% H OB L L bhE % s
THEWS. FEEOUWRIEF, SdHENTVDS

RTYDE) BT LIz

2. W& oA VI 2 4 K

W 2B EORIIC LY, FVH 4 PO
BREWINILD 572, FNVHT 24 FIFERAKE»S 32K
LN, T bOFIVT A4 FNEH#ELR, BHER~D
IS b RA SN TWDY i), WIRBEHROBRE TH
2 JPIE R s O 2 U 7z ds C ik, Mg zidiz e A L
RN, Lors5BiBtk o @A I35 2o 5z v,
L L, BEgsaEsing &Lkt oMiah s L
EIHOANT A4 R S iz, WAL & %R
(CCL) THIESNAIFHTIZ, TR TS L5 o
BB, B ENF VT 4 Rk, 7TV7 3
VERE e PR HE A ORRE AR BBLL, < R
ENT=A NV A4 P E UTHlREL 2% FERIC
RIS X D BESNER T, SO —5R L5
Pt ovsii 2SI L, AV ) 4 RO I N %
B ESNEF VT 4 Fid, EBERMLE 4 >~
AV Y, TVhITY, VRMVAZFUEERT HEMA
SrwMIia~E AL L7225 MR TR L 224 v

Mﬁ%tTW%/%\M?éWﬁMﬂ%NWZﬁﬁﬁw
/\'ﬂfj\)‘ ﬁ‘m(y) 57zt

3. WEEIRERAING & MR IR A VA A R

AR R SR B L MR O B B M A 98 LS54 R
Nahs% s &) FEBIE, IV E %, kLR
EWERIR S AT S 2 e s, Bl & Wk, B R
NV Lors i Pt D ERfIE AT B W RETEIZ . BURR AT
TlUE, Lgrs&salivary gland® ¥ —7 — KTk v b % M
LThey Tt vy, MEERO&EHI %
SN, BEEIRA VA A FRmRESNEDL, RO
BTHHH. FNT A FERET M0 G i
ERESRSNT, BALL T ESHI R iPSHI T RE
BT T P=<OEBIIRVE VDR TS, MR
BN S NT 7 A4 K930 b, Bl - FAGEREN
ERET DT ERMfELW.

SCHK

1. Single Lgr5 stem cells build crypt-villus structures in
vitro without a mesenchymal niche. Sato T, Vries RG, et al.
Nature 459 : 262-265, 2009

2. B ERcwmAlE. R At 85 ¢ 743-
748, 2013

3. BE LEEME Z2o=y 5. (BN RS
32 1 2562-2566, 2014

4. In vitro expansion of single Lgr5" liver stem cells in-
duced by Wnt-driven regeneration. Huch M, Dorrell C, Boj
SF, van Es JH, Li VSW, van de Wetering M, Sato T, et al.
Nature 494 : 247-249, 2013

5. Unlimited in vitro expansion of adult bi-potent pancreas
progenitors through the Lgr5/R-spondin axis. Huch M, Bon-
fanti P, Boj SF, Sato T, et al. EMBO J 32 : 2708-2721,
2013

6. Colony-forming cells in the adult mouse pancreas are
expandable in Matrigel and form endocrine/acinar colonies
in laminin hydrogel. Jina L, Fenga T, et al. PNAS 110 ;
3907-3912, 2013
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BRI IDRIC B 285 WA 1 F Tk

A A

i PR R At 2 TR A AR R - TR

PAE, ORI TIE, BE RS IRE 2 s
WA FTETORLEIRER R KRR 7 T v 7 H3k
AT bR TWD., ZOH) LEEEFTA FTME7a
vy 7, BT e Y 7S REBUEREL, K TH
REONLE, HEE Y 7V 5 4 L THER L 2085 RPTRTE
WEEAT HEAMNT, #HMEET Ty 7 FRHEEHITL
7ol ENDY. GERD, REOKEEDOE D S MEENT
TO—F957 2 P =7 EESHENEHTH - 7298

TWAA P T, StofiE, EROIAY % EHEH
B L TR E PR TRIRE 23 5. CT& 5. 2027
Oy 7 QR FEFEMAT L AT, REDK
BRI TR W S N5 BIRMRET 71 v 7 2B,

BHEAA FTEERBRAT 5.

SIRMRERTZ, T IAREE O —, B AR & R
HEL72bDTHL. B 70y 7 13lE, hE
REIASEHE T HCeMER LT, a3 —=hX v 7O
vy 7 L LTHiATT 5. BERED T ¥ F~— 27 B CIUERR
BHIHITCEB 70y 7L 8RTW5DS, MEICX
SIBHZER 7 B TIEA & Vo 2 EE 2 A PHED W RENE
AH Y, KIEEEFREIC X 2 EF IS EESLETH
%. COMiZSEHT M2 IXPHEM & HEMAET L, K&
PR 2 S ZHERA & RS (HEwTSE) R, 2®)
IRE§ O BT % 4TS 5. ALRAREENE, B P L
HERTBE T W O RFH NI R PTREEE 2 %5352 L TT
Oy 7 E3Nb, EBROFHTIE, C6 LIV THIRRE
WSHBNROBIC 70— 7 &M LS Tl & 24 EPEL
(K1a) KEFETTOy 7it2 D, SHEDHERMEZ E
Wik A TRFTMFESE 25325 (X 1b). BRInlhiE
GHERTRE DTN B 5 7200, B OF$A: [l b WiFF ¢ &
5.

BIRARES 70y 2 3@HF O =7 71— 7 TlEhfr
AEELW. ZhE T e =T A AR E VO HIRR &
MEHBIROEHEA LT Wz TH D, D7z, ik
OPECHOENE 5 ~8HzOD<Y A 70 Ry 7 R
R7a— 72 S Twa278, YBEETHAERET 5
bOTRAY r—A7 4 v 7)) =770 —7 Ok

STREHRRNER 250

PEWICHW, Ay Fr—A74 v 78)=77u—-7
&, NRO SRR T T v 2 O3 A, FHF I
TOMHZHREFICHESNZbDOTHY, IMITHL S
&5 BRI & SBIIR 2 HEBR L 97w, 72, 15Hz
EERAWETH DRI O MR SRR ICENR TV A,
A 7uarNy 7 ZAROEBRE Ry r—AF 4 v 78
DENEIET 5L, BEHEERHIRICHEE LIEm S L
RLWHEID S, BEOHVPEARL BT, P
O EBERERELLT VI LATREN TV DY,
BWAA FTFEICL > TRETHELMETT v -7
RMABELERDREE 2 1), BE DS (SRR 5
BTHEBRITETIHEHEIND EER L.

1) Koschielniak-Nielsen ZJ. Ultrasound-guided peripheral
nerve blocks : What are the benefits? Acta Anaesthesiol

Scand 52(6) : 727-737, 2008.

2) Shibata Y, Fujisawa Y & Komatsu T. A new approach

of ultrasound-guided stellate ganglion block. Anesth Analg
105 : 550-551, 2007.

3) HEHEAS. kv r—A74 v rBTu—T%Hn
TREW AT A RIS TR T 2 o—Bl. KR 62
(10) : 1210-1213, 2013.

1

%5 6 Gl L~V TORE IR
CA : WSABNR, TH : HUIRB, TP : A§ze#e, LC : HEM, PF : Hini
LA : JRPTREEE
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T A v EQX - 314% i L 7R FEA T 3R 8 W 1
— i D F 2 N9 2 B 7= 7 Jy e bk R oD ] REDE: —

At AR

i R R

BARFSE R B TH W S LA R REESE (3212
U RHA V) 1L, MO Y)Y AL F U F v RV
ZHET S & THRER GEBIEM) Dfzb b %]
T5., LALARDAS, 5 ORISR o
WZEFNLEE), R OB & TR 5
720, JRFTIREEZ 728 SRR 12 B 1 B IS R0 )
EEEOEELZ LIZLIEELL 2 EPMEHR I TY
5.

SEAE, SRR SRR RIS L TV B TRP (tran-
sient receptor potential) 7 v &)V (TRPV1Z) O 7 Fu
TTHBENTHA T EEFICEENDFERES) &
BB RV A4 YFHEAKRTDH HQX-314 [N-
(2, 6-Dimethylphenylcarbamoylmethyl) triethylammonium
chloride] ZPEH$ 2 2 & T, WA MR O HAHED
AW T A HENPR B SN TS (Binshtok et al.,
Nature 449 : 607-610, 2007). Z @ )i, QX-314H &
VAN 2 %58 L 70\ 72 DA E BT E I 2 78 & 2 W s,
HIFT B H THA Y VDBTRPVIZEREZRLL, 22
P HQX-B3LUUNMMBNIZHA TSI ETHIMNI T AL F
UF xRV E FLE L TR0 B & IS 2 B IC 3o
WwTws (K1).

WL, ZONTHA Y EQX-314D Bf R ERD: % B
BHEICIOH L2285 £ ST ) (Badral et al.,
JDMR%% 1005-1010, 2013), 7 L ¥ VKT O Z

BT BB R O R S BUR T A O = 2 — 1 v
ﬁﬁl@%—m@%&ﬁ%@%ﬁ)ﬁ,C®ﬁ@&ti
DAEBECHHI SN Z LG I Tws (K2). %
7o, OEN (BER) SRS 22 EHI8CAE U 5 B S
WhHTHA Tk QX- 3141#%%7:@’”?131‘%% (] S
N, ZOMEET) Fh A 2 ERVZEEIZIER L TR
B ZRIERBAHE LTS &#Téhfwé(ISX
L7235 C, &S (i, JE5L) & EBEEELHL DT

KREIEER (AR ICHEREZ 52 hVEED LS
2 R TR AR IS S5 H w00 Al

Wy,

[HZ2DHoT, HEHT] 20) T ebENH L,
A DFZEWE ZIFAOBHN W B & v ) Ozl
R SRR 5. R, BFZEEVIETIZEE DD
FFABIKENT VB S, RKKIZ) =X F TV RkER
E0d, TR FTNEERICEENREIN TS
CENL VO L AN, WLMTES T, RO IHEEL
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SR LI 2 A B )

H % OWFZEICH) filte 2 EA3FES LR E D #E#E %
BLHLLTNDLDIELFE L2,

R1] A7H4 2> QX -314% P L 72 B EVERCPERHE O T O
AH =KL

2] #7430k
QX-3144F R (+
QX cocktail) 237 L %
VIMEETICBIFS T v b
Otk (2 REEE) o
fikiE O Fosit 71 F BLIC
5.2 %8
A O Fositi (1D
R, + QX cock-
tail (7% 4T EQX
3140F K EE) . + Caps
(DTHFAL T YDOR), +
QX-314 (QX-314D&).
B : Fos %% by T4l 4%
DFHME, #p<0.05.

[®3] vV kaAy (A)
EHATHA Y EQX-
3140k HEREEE (B) 2
B A~ O TSR TR
ENBHEAM (FHH
i) W& (dEMG) 12
52 B
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FIED 9ERE PR R & DNA X F V1L

EE B

JLHEERRS A RRRRGE - NSRRI BLAE S B

IV¥YxtT 127 A (Epigenetics) &1, [TE (epi)
=R, TYx2x7 41427 A (genetics) =#Efn] &
W) 2ODFHEEZHMAEGDLEZDLDOTHL. ZOHER
X, BIRFOEEEYOZERZ DT, DNAX F VL
R A b MEHi R &AL BN X 0 BT REEDS
ZALT 5 2 & T, BeABREMBRICHEG LTS LD
NTWw5. $4bb, B O0BEERZT TR, B
HEBROATGEEEZ 12X 2B RN LA MBS, BIET
DOFEBIFICEH DL L) bDTH L. BUE, =¥V <
AT 47 RIEHOME L FREP RIS TY
%, HEBEMEHEOSWIIESERTH 5. 2 2104
TOIET 24T 4 7 AZHD L5 EOBMN S #HE T
HY, HFRTOEEDIET > TETV S, WO
HTh, HPESARHIREINA % & THJEA5E A, DNA
AFOUALR A N MBS X B DS AIHE R T O3 BUK
THAELTVLOEFLILHAONTVS. KIEMHEELT
b, —BMICKIENTEREX S L, IL-2, INF-y, IL-10, IL-
6, TNF-oRr&EDH A b4 12, ¥V AT 4 V7
REAAETIZSREITEVWDR TV, iz AL
RIS Twwn, 22T, WEMEIE T O SRR
WKCBFAIEY 23T 4 7 AMEDORLED Ny 7 X%
IS 5.

AL DOMFFE T, B I B W TTLR2 R E-
cadherin, COX-272 &, RIEVEY A b A A v EEA IR
T HBIZTIE A FMLD AL N7z 8 0 JHiEAT D
P ENTWD. F7, wiZEIZ B v TE-cadherin®
DNA 2 F VLS L CBIZFORIUK T 25 R S h T
Wb, INLOIEY AT 4 v 7B, R
DRIEMIRBETORETVE LD LN SRS,
ROFRBEB A LN L FERETIE, BEFHAICK
DT 24T 4 7 AZHES B 5 237 EDNMTsD
BHPHEML TV Z L2, BHEMICDNAX F VL
WWEEERRECTEEZONTEY, CHFRY A VAR
EB™ A VA, HPV, H.Pylorixe, 7~ A AHOKC
XL BEELRDNAX F VAL Z ICH Y5 & w
bILT Wb, Hiak D JERE 5 T A & 1 % E-cadherin R

) N

COX-2D A FMLIZB$ 2 WA IIRIEA SNV, [
JPE 7% A, T 1Z E-cadherin R COX-2 D DNA A F VAL IZ X % %
HETHERAESNRTWAEZ ERS, Zh5DDNAXF
MU, T FEBOHRTH SN BRI G350
REMEDS % .

IEI AT v 4 7 RALENBHNIL, BT ORRE
FLiLEy, MHNAREITH L. RETE LY
Hi 2 RWT 5 LI X o T, HhREEOM
R, BRELRBHMirMRTLI L2y -y PE LT
Fi - HEEOBISICIIFENE T 5. T CTIKERHEET
&, BRSO —fTd 5 EMIEIEBUE R (MDS)
W2x6F LT, DNABE X F VAL B E 3258 L v ik e
ELTHRE, HSNTEY, HEHIET TS, ¥
BHEBICBWTYH, T¥Y 22T 1 7 ZAIBEO RS A
fFEhs.

K. DNA X FVALIZ X % (5T Ol 5l
ik 1 X ez, 508)

ZE LR

1. Abiko Y, et al., Epigenetics of oral infection and in-
flammatory diseases - DNA methylation changes in infec-
tions and inflammation diseases., J Oral Biosci (2014)
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F — & 7z A RRB D11

REE =

(R) HEfZ 7 A sRHEBE

v bOMITHEMEICE D T -EOREEREL, %h%
NOWEIFE O TVDEH, FICZOKE SRIEREL
WERELTIENDH D, W%_ﬁﬁ%ibtmi,%
¥, Ly NFUERE, GIREEAR, SR AR
L) ORBIEOBGE T T & 72, AR, %%ﬁ?%
707+ —HAXBCTICE DIKER 2T LT L1
D IR R BIGESTE D X H 2% D, itﬁf%
N7=T— % % 3WICHESET 5 2 LI X ) ik 2 iz
HHrZedbufgL o7 (K1) V2.

HERIFEEN~A 207 1 —h AXBCTTHIE L 72
EREWHO 3KILT— % % 3D7 ) » % — (Stratasystl:
B uPrint) ICHD L CHRABRRIZERIL7: (M2). 2
DFEEIL, 300C TABSHEHEZ 2L, Mwv/ b
LML, MELTw L, [BEmHEEX] EiFiEh
LHETEREZT). —HOT) v — L AEOEET
P A ZOWKSHAETH L. WEHEEDOHIHATTE 2
DNHETH HH, 5, 3D V¥ =S 5ITH#AL
FTIIEEICR L THA .

FoN K, 20134F 2 FICAT b7z — e i il
DBNPT, 3DFY VI —=IZERL, 30o0EEENT
ZALH B CREEICENEZ Y TLHE2RL, T2
VAR [H LR BERORA ] 12225 X ) @RI
HLTRELTWA. [k, MiropHT3DTY) ¥
F—MEHEND 2 EPTHENL. ERAEAGRE 7 5
MmbAENTVWEDT, RPVRT—RIZ1HBEIPNSHDIKL
LD0b LNz,

SCHR

1) Hirose T. A case of the lower first premolar having a
four-rooted tendency. Jpn J Oral Diag/ Oral Med. 26. 248-
251. 2013

2) IR, KELH, AR8EF 4707+
AXBECT & H\ W 7286 @ 3 RITIEIRE 7V DEIK — Vol-
Rugle & f \» 7= Wi & fig A1 & 7 — & o JLHAL. Wi 5
K. 18, 23-27. 2007

1 EEH~AZ7u7+—7 XXf%CT‘Tﬁ"/T\ ¥ O 3 RITHESEWR
(4 BHLMEIN 2 2 U722 FRE A —/NE )

R

(a) (b)

(c)

2 3D7V ¥ =X )l s N
(a: SEBROH, b SR, ¢ SRR
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[BEDME Y 7 X]

WBEH E o7 THRRMEIERT Y A —A 2 2—] 1220V

HhiE

Il AR R A B R MR

SNVFT Iy hEE (Ty VA REE) X, An-
gle E. H. 12X - TI19284F 1238 £ S, Wt & & b I2Hr
LR WG HEAMT OBIFE I X D IO RS EE O 1 & %)
FADBH SN, BUEOBEBRICBVW TR ZEDTE
BVWEED—D LR oTWA, Ty VT4 R%EEL W
TREBRCERHEOVRICB VT, b EE R T
EROT Y Ma—)v, TbBNBREETH 5. N5
FEIZTDOWVTIE, 1940412 Tweed 12 & 0 3218 S L7z 5
Thb (1) FWeHENEE (FYADF—VT 1 ¥
Fr—F5%), (2) MW ZzEEEE (FETs) BX
O (3) FoMEE (N BXT) PHEOBIEEHKICE
WCTHWHRTEZ, ChbolhERwThbEEAL
MW REETH ), BEMEPEEDI Y T I T
VAR EoTEAEINAZ L, TBBEOMPESN
THHHLBEOMEROTAZEL D L Vo 72 EDH
7.

AR, AT NVE VT YA Ly VA REERE LT
HEHSN, BARIZBWTO P44 7 IS [TAHEIE
TUA—Ar ) a—| L UCHRFKBEN, T P26
HE4 AP, BRZEICBOTHHIHSTREE 2D,
SHROBIEHRICBW TR A BELEEZHS 2 L2
ZAOND. WAHBIEHT v — A2 ) 2 — 382 E
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B, WEMEIEIT > 5 — 2 7 1) 2 — RS0 LIPS

ST
H

- BROEFE B AR R I 2200 B

BERWHINEZETH Y, BEOIVTIA4T v AEA
SN VTPHAED SO ENTRE L % o 7z
2PN, EROBEHETIEWNEETH > 72D
BEDRRWIATA D L) ko,

WEHEIEH T v A=A 2 1) 2 —ORIFICH LT,
RS ERAL O IR,  AE oO J22E, WIEREY. MV 7 &
DIET Y AIERSNTETVS. L2L, ol
Ta—I2X B ERIRE LTHIIRIIRT%HI B TH Y, =
DEIEE LY EEELZ ERETH 5.

BRHZBWTH DI S WFHEGIEH T > 7 — 227 )
2—XEROY =V E LTHWTWS A, o ERBE
AEN/Z LX), FERIEEZ~OMEHTHE L 7
D, L EMEMLRMEIBIEGREZT) S S REE ko
7z
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Fh)—HAf R

L135

FLAR FH Q22 S0 e B T 2 JE R 36 ) e i A i R B2 T

MMEre ] 13, kiR e L ORESHRAT R
T35 THY, ZoORTHEEN - REFKIEFOMTE
&, [MEFRERFHS] OMEICHBN RS & LTHEH &
N, H LM ORI & & 12 HARORE A O
WERESE L 725 T\ B, HABFEMRIZBWTY, Pk
2440 [T RHEE R 25 - PR S E T 3 v
(http : //www.jads jp) % 5K L, FFAEEEHR B S5 % 1%

U &#r LB BHE Fe b & O B 38 R BT EL O B F6 052 &
nTnwsb

BER DRI BT HAFZEIEHT L WS DRI & S8R I
LXBEITH Y, ZO720OMNa% 72 I 5= B R
WX BB ETH Y, AN TREMESPREIND
Fgehsm il S 5. BEIEmMPERELS 2 HET 25

B, MR R T O F FERICIZISH T X
I, HTRERR B S O (s 7 M PR A % 6 C AR SR
WCHEFSN, KREIND. Z L TKRED BRI ARD
L ZEVEDOHERARD SN, L L L& OR
R EERR T OIS B VT, S A% L C
w&mtb % OB EFNHERL SN, HARIZKR

WCERMZESLIE04 /) R=2a VEELET
b\%%lﬁ o TWwAHELTHEICZ> TS, TOK
REAT TOMRBEIIBNT, TOYRZEXRLT 4 v b
EaX bR - FRL, WEOREKEITY, REERE
DA FENE & IEXIRRIE O T CRHE 2 Y & AL IE
UEEROTCEERET LI L% [EFL X 25 M) —
AL LEV, EEIOBEEEDEH S AT
%. (K1)

ARDEFEDOFEIZIEA ) X= 3 Y OHEMAESATT R
ThY, 41/ X=a yOf#EIIE [EHFLF2T
V—H A LR OFRFELBILVPLETHL. LF¥aT
F)—=H AT RFA I RX=3 3 VHEERFICLEE 2D
ﬁ%%ﬁé@tb@ﬁﬁ@%ﬁt&éﬂ?féh,ﬁﬁ
VHEBRUT - R R R SR A Al T A 720
BT VAL=Ya P V) = FREEREES, L ¥
FR)—H AL RZIEDL VAT LA EYE T H T LD
VETH L. THARMTHL5EHD, 0L W

LWEEZERLERHL. LrLIoLFag by —
AT A, FLOBEDOY) 27 R2XRET 4y MKt
T % aHM & AL B S S R E 2 BHE BRI o
TS 572012, ARRBEE AR 28T %
FERMSEBTH ), FREREMHE LS TH R,
BHESICBWTIE, G4, FAERHRIC BT 280 E B
DFRFERH L WEM 2RI L 7B R o Bl s AT /A
nNThy, WEERFEICBILLEF 2T M) —H A
A AEAIN TS, 5%, RFHERIC B 2 HHdb
DOHFIHE, Zo [EFL X225 )= V2]
DEAIL, LETHILILEEZOND.

WA TIRBERZ & BRI RSE, SR EH T
HEHFLF 2T M) —H A4 T AIHE L AM 2R
T 572012, DHPETHD THFETRERLHEL, A
MO EZIT> T 5.

<ERFRISALAIL>

L¥aSh)—H(IVR }

PR RORRLR >"‘Iﬁﬁlﬂ)}n>> Bk ‘cs§> Fi&t

. AL— LyH—
<HELALS ﬁ rSURL—Lav L) —F

> §6%¥5ﬁ>> m;s§> BB ERIG AR 1=

EEBITTELL
1 JEREIFSE A 5 WAL X TolAE
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R 7 = = )VE A PR O DR B~ OIS

T

PR RRAB T - PSR

HEIEBERORIE L BRILA LA L DBSAH] 5 A1
H 51200, PURIEERY 7 = ) — VERWEM K
i, JEREES, LB EOERICBVTE VL E £
O, RV 7z /= VHAHHBCBIFLIEELEF—T—F&
ToTwh, BEEHAEZAZZHARTIE, BHRERHE
WEFTHT B DM R B B3 % B B B W Id iR
1ZiE, TNFEFTULICHEWZENEIRODOLN TS,

FIEN O BEERE, FRAFROIREE, JROAEL LICX
DEAZED KE VDS, FFICHOBENFROMTEHE I w
AR - 42722 ) mild - AR ICBWTRHER
CIPEIRREICHA D o3, F 72, DIENMIRE, ARt
L9 filt - pRE 7 & O[T B 72T Tk 2 < GRMEVE
% DRSO GNEELZ DTSRI 52 L2
SNTWE. 2 TH, MRIHAADRTER DL 4
THh, MERTHETSADN%IZTHHULE, &5
12, 90 ECIRSET K @ 2 (Z AN A5 1AS Y, IR
WAIHIC & 2RO G M s T 5. BElths
LA HELDDEICB T, EETFHO—BE LTS
TIXQOLDI |k, FAMBE X &g WEE T O#lN
POEEHINTWE, OEr 72179 2 L1, Ea#
B EEE I 2 S BB 5 PRICRIRIY T
brLEZOLNL.

RELH H SR B 70 % T 72 IR 3R & B\ I3 5 AR 38
&, BEMIBITLZ2RFEDOERIHY, K) 72/ —)
EAREY M % TR IV 2 e b2 TE T
Wh. RIS, BIRICEEIND S T X VIS L O T
b, WEAZEDLORMIZEIN TS, AT F
E, PUSMRE, BUA, BUEW, B4 VR PURALAD
REELZRT D> TEY, WRHEIETIE, $1) il
TERS, DRFHRIR, 79— 7580, R - o
JE G AEAT MDA 5 0, LIRE NI A L3 2 PO A AL
AT HIENHMOEN TS,

AWFRETIE, I AROWWTHL [H725D] 25
MW L7zFy~<w 2 F A% H\, P.gingivalisiZxf$ %
PURAIR &, Gingipaini&E#IHIER 26356 2 L 2B 5
ML, BEEO TR D LR AR L7,

T, Al R

EERMEIIC BT 5 5 KEBICH T 2 M, HF I
FOEHBBIERLZDDOTH L. 4%1F, Zettomn
R R 55 % TUEN D A2 & TR H~ORED 5T
RRBRICHE T & 2 ®Wah PR E L2 & b O R
A, DRENREREOHER: & S REOREIIO D), &
LI, FEEERE 20 &35 EREHIRA~O—B) &
bhblEzoNb.

2 3k

1. Inaba H, et al. 2008 Biol Pharm Bull ; 31 : 527-530

2. Lee MJ, et al. 2004 ; Cancer Epidemol Biomarkers
Prev; 13:132-137

3. NHIEL &. 1988 ; neurosciences ; 14 : 243-245

4. Otake S, et al. 1991 Caries Res ; 25 : 438-443

5. Hirasawa M, et al. 2006 ; Caries Res ; 40 : 265-270

6. 17 AF5. 1993 5 piFEHED: 0 1993 ;12 @ 189-

7. BEFE—OL. 199 ; HEMES 5 37 1 676-684

8. HWAMEBES. 1995 ; HekEk 5 37 @ 412-421

9. WAMKIES. 1998 HRIIMER 5 24 1 21-28

10. Sakanaka S, et al. 1996 ; Biosei. Biotech. Biochem ; 60
(5) : 745-749
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SRIAMEREZHCAOAL 75 7 MEEOHHI Y I 2 L—" 3 VORI

Al B, BE spA

LB R E R AR RS - R T YTV v ¥ - A VT T v MliEES

PAE, — MR RHE B OCTEAFIZE L <L Tw
. TOMMHEEIHATH LD, HELA 752 MA
BBV TIRHFTOFERERR EOREIIHONT
Wh. 7, MWREREIT) SN Y TI b RE
DOALEIZHE AT 2003 W2fTbIL TS, LaL, i
HICYEAT B4 7T v MASHE ISR T I EN R %
FHT 5 EZWNEETH L. T2 TRGIFIZEROBE
CTF=hb, A 75 VEABROBELY 3 KRITH
BREER 2 HWC, JIEISRIE DR &1 75 Lk &
HEICRELEVWE A YT T PoBEA, kS
OBEEZNES LAY I 2b—3arydb2E8T, fif
BOV A EZERTELOTHET .

A 075 FCTHRIFHDOAT v M2 8 (K1), A
7 v MEHIEOEROBECTT =824 v T MY
I2b—3 3 Y7 Biona (FIHKESF) TELANY 7 Al
BEBEEA VTV MEEDNERREEZE L2 LT
MyIalb—varzls (M2). MAiyIzb—2
ayL727ur 50774 NVENEEEICT3IRTER
SEEANT B2 STL7 7 A MICEH] L7, 4 T F b
(TS B — R E PR A 24350 & TS A R B A 2
IR L7z, a2 S MHTIZIE, Mechanical Finder
Version 6.2 (RIEHZEMIFEL Y 5 —) #Hwi-.

Ll D E FOVEESC BT B RE NS RI300FREE T, AT
FEfIZ 5 N TH - 72, FEBOFHEOCTT— 7 &4l
MENDA VT MEE O THRERBN 2179 &
& TR EBALR A F O BIE O fa B AN & & &4l
AilCTFHTcCEEeEZONS (M3). F/z, AEFIT
IR TN AIA 2 Ao 72 72O BB 22 B A VT
7V MM ATELD, FEBNC X - T RS TR
TO5ERA >~ 77 v MERBE OIS D5 % ¥ 3
2b—=vavLT, A7y MREEF SRR, A
YT MEOH A XEEE B LU LEEEOBIEE T
5T ENVETHA.

1 CTHIEHAT > b

K2 A4>75> My 2L —3 3> (by Biona)

3  FEM-model
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PG = R
8. Tt

ABEZR LI [HFRROTFIIE ] ICBEShTwZR

WHIHIZOWTIE, MEEAES

IZBIZAT S\,

BARDOTI &, BehahlE, F2v 7 VA LDT 74

ViE, F—2x=7 (http : //www.hoku-iryo-u.ac.jp/

~dental-society/) 725 57 10— FHISRF 5

(116)



57

JeipEERER R FRRE &

tBEERXFEFSEBAFEMAS—REERTED CEAN
FEREEMAR - FRIFHFRMBELOCICHBERZRERLXT.

il
HEF© SPER274E3 A 7 HE)  FFArloRs — %58 (%)
&Y TAT 445 12K JbiEEEBERFEALRY T 7 4 M v 28R
FLBETH A YL XAt 4 55755 T H (FEFE - 011—223-0205)

EREE S L [ BILEERAIC BT 2 A & T A A OBHF Y AT 4
['Introduction of education system in school of dentistry, Taipei Medical University |
#Hl © Hsin—Chung Cheng (8 2/ Jed HitEZEKY #d%
['Introduction of education system in school of oral hygiene, Taipei Medical University |
W Hung—Huey Tsai (2% HE) Sk GAtEFKRF #iz

HE - PEFAHER

HGAAIRR @ SPFR274E 1 H1I6HG) 275

PR ERT I %ﬁo)l?fﬁfﬁﬁﬁ%%ﬁ’&éﬁﬁ( ZEw,

WEE A « %5 I (toru3150@hoku—-iryo-u.ac.jp) (235 L CTF S,
FHIE LT, [A—afE - BERA S 2T EE T LET.
FEEE GREMRES D) Z T _XTIhBEERRER AR FRREB I CEKEIZRY £
F7:, SEEOROKEMGIE (5000M1) bHH FT.

RRAZ M NREHR & ERTR

FRIRE © SFRk274E 3 A 5 HR 171

FERATA FECD-RIZIRAFE L, FRNIHEHFZSE () FTITHEHRZT W,
FHAPRH TELWVWHIIRE LR E gt L, B TREMAEL TT SV,
FEFEMY (AT A FETR) 2 0BEESNLHIEITHSTFRY BECLET.
FEFA L LHE10Gr (56K 7 40, HEELE 347] (i)

EFICIE, SWPC (OS.Wlndows7 Power Point 2010) % ffiffi L .

(117)



58

tBEEREAYEYS HWRERERER

MS-WordfiszX (A4 ¥4 X, BHEE, 12p, £BEHLETEEIOMmM) TR

. EEA

. REHERLY HEEOWICOME DT 5.

. TR BRBOFED 2 oL EOWEL, B () THEEKT 5.

LR —iEEROYE [BEW], [HE] [BRBIUBE], [HH

AR ERIBEROY S [BE], DEG), [BRBIUER] H50vid [R#Eb L EE]

O o~ W N

fTgEowfgc. - - - - - BRIz oWT
OfaHzEL, - - - - - , TEEREC, ABRRIEN
b RO A R S L e A - R AR IS RN B R BT
© e A S0 B
(Bm] - - -
(] - - -
[#5R] - - -
€57 ) IEE

* FHEMAETE 7 — N2 BRLOHTIETHST S v,

FEFR - WIS 2 BHVEDYE - HARS
AbigE B SR S B A B

PR - e TR R0
HBMAMREFTHR - I T

T061-0293 fa 4 H 24 Bl H] 4R 17577 Hh
TEL : 0133-23-1904 (A% : 3200)
FAX : 0133-23-1924
E-mail : toru3150@hoku-iryo-u.ac.jp

(118)



59

w5 ®&

il
cu

P26 (2014) FiE, RFSBOERICENFIL T, CARELESLTL &I KEIHOWEREFSRES
T, 2HBOFMARE 2 RFEFIOIEMERTEA LML, 20164E 8 H24H A2 526H T 3 HIH, ALz x> v
arbyy 2R LCTHEBESNAZENERIRELTI L, O THEDESZL YLV EELTEB) 7.
BUGOMRTIE, FROBELET, 2FMOT X/ I 7 A, LHWHEWE, BEEEREECWT 2 ERORKIEZ %
PR TENTE L7z, Baeid o EEHIESED / — NV EEZOP L E L7225, [HHLED] O T3 AD
HARADYHAEAMELE L T2 L, 2Oy 7 - 22— A%HMET, HRAMREOHEHAS I L
FEECFHMESNT WA Z E2HY) THATLA, 2[NS —VES: - BB E 2 28 L 72 I P iR8dz OiPS
MNEAS, DB AT & v ) RIS W2 BN A ORI I, Mo USHINT Lz 4% BEIBOI LR
HYPLRDHIFF S E 3. WEAE, PhZERkl Bl o R ©— il %E @f&%@&ttﬁﬁﬁhli Aﬁ%A%CT@T@
REEFE R 2T ISP BRI E W) BRIRODL L VIR ZR L £ L7z, 04T TH PRHE & fm & 12
5RAHRETL &I M

STARGOBINIE, AEME TR0 BB SIUTH S 2 WAREE M SHHERIZ 12, BRr B oMM 2 Ha T [HEL
LF LR R RO R ] LV RFEHFELTHE I Lz, FRNTREMEORIRE (RS 2 E2HFREL T
BOIET. BRETID, KgZ3FEERLOBRIDH ) TEATLZ, BAE, ATWRED» S ORI #ERE LT,
WS SR EAEN SN T Ed. TR T, HEED S FEmblROE [H#HmCH] 227 —FLET.
TOFIIGWS N2 FERLOPN S, REFHGmCH 1 e BEHmCH 2 WAlEE SN, K4 OF 1 HFI2TEE)
BHENET. A 230 b7 778 —0H BN O—REEIIKRT 20, AFEOEFHFwmLEHTAL ) H», &) A
RHMDOHNTRA ?PHERE, 3481 5o oMER L EHATHOOHINRBZRII Ny F LI, AHmERE
21, A2 T4 ALETH L SRS 2RO R OB 2 H) AN, WESBOIE~ A > N2 RS 58
AeEmEHEL B 3. (HBR &)

K (F34%E, % 175) OFITIEPH274: 6 H30H T
BARERSEE OO ) L2743 A3IHLA LB L 5. MHMTFOL, THRFEZBECL . K
FaHEIL, 20144E5033%, M2 5 DBERE TS 723w,

(119)






Spacy Articulator. (Semi-Adjustable) Wing

‘N PARTNER OF DE
6@3 Ny, A — [ SS (MHEEES <, 5
R /&}& 7\/\/&’1 IRE 2R (3R D10
SINCE 1948
With the utmost care, and the most

advanced manufacturing technology,
our innovative products are designed
and produced !

FOXWHEE
P75 ERDT

FFLAN—IT&Y, EBESOmI LABETT,

[4t4%]
THEIL—LDEAR ANELNDT. FEALPT KB 2TLET . LFHEIL—ARES  100m
¥t YDM EFBEMOLER. BABAEA~EELT 5B T, e
TF114-0014 FR#ILE Mif6-5-20 BREREHSICLTH, LESOINFAOREICIYRELTETET .
TEL03-3828-3161 FAX03-3827-8991

http:/lwww.ydm.co.jp/ 2R - BERENBATEDZIL—FBDVTET,

MEOKET—EIZI2AD/N\NVRE—RZRBE,
MEICHBEIAIZL. EBHEREWNREZ,

BESACELICBESNICEBBSEMZERT 53,
WENICEBE TRE CE 5 ZENROENFET,

———
XS04y s 12485, NV RE—RPRSE 20cm MAO _——=
LYRAYILAY NE. ZOMOBRH % BB THE. ——
3—0v /RIS ENT3060 [CEA Ui HEEEY SR S 94 70 Py o
VR N BEEESEERTI .
MELAquick 12+
EEAUHESS
A5 D12+ |
BER -FHLEERI@HE /__f"
FEERMEOA ST IV 1 2+—REAXASTL 40—t v h=¥615,000 ',J'
N ERABERANER XS v 1 2+ MEMG =
BIEEGKS RHERTBEERGKSE 225AKBZX00142000

__ competence in hygiene
~

e = A = = R = A = = R,
s MRIVSAL —2— / mewr R aft D—-2— 7 men
RRENRXAL3-2-14 ERREBRABXEEE] 76-1
DIC GYoIAYTFA—2aVv Y I =) 4a _ 218579 9:00a.m.~5:00p.m. (L#H. HREH. £E#EER) H
A triaa 2rimoons, BEHEOD BE.0120-416480 os ol o genossn~amcas, WWW.gcdental.co.jp/
¥ |5 @OFR (03)3813-5751 @Kk (06)4790-7333 E%r @1tiEE (011)729-2130 @54t (022)207-3370 @ZHE (052)757-5722 @AM (092)441-1286

HBHEODMEESET—FE. 2014F6AREDBDTY X HLERMEICITHBERBZENTOD I A REFICTEENDNDBEENHDET.) R BAEDUESLONRF ARDCDFEBLREITOIENHDERITD
T.CTRLEEVXEB IR D) BREETREDCENHDF T MR R HBBMF I EHOBRFEERHIRTI.




Re“e\Na\\ .
smily

FYE ARV —T 5 ADBBEHRD
Z-REBTAL, ESIRBORT > THERS !

GMP2-5 NP2-L

e,
-
JUyIHEY LT RR OEERZEAD KRBT r
PR - RARESTUP Lz, M Y RYNA Y b EEH o e EERA S —S— LED 5 > 70 4BeAT
II

FH4 kA2 FI-TP FHLIA /AT YO VELEY b TFw Il JLEF R LHM198
MLOF YT L, &RMOUHOKRI- S E—SRERMAL YN - ERIS, HZMOFOUVBICET1Y M3 NOZYSIFIZHERTEIXT
HRLBRET, SREKTHEPHE AYMINY FE—RREIVE— AV bHA RTSETERL WD, RETOBERE. BYN e n
0P LE L, BAKIENETS RS AT TRY BT CHMEE P 12 < Ao EABEIS S RIS 7 TA— LTHEY BT EHTESET, ;3:?:: 3 _G‘N‘Z;iﬂﬁ R oca]
va—7ayt#Ty, L#&E LA, FFooLpTEET,

A © %3, 868, 000 ~
R 5% 7T

EB%HI%%ﬂEH TEL03(3492)7651  FAX03(3492)7506 ="/~ Mmoot =t #ZOBEBUBALADD FECLIHAESRT STLMBIETOTIRITRTEN.

S ERLORRTRLC ST IRTE.
T141-8517 R&R&m | [XPEAREHS-17-5 http: //osada groupjp/

HHLVEHZRZOH. T8 E. BUSEERR0 b A 5B 2SI | - -

HIOREBHBRLBROS FEELIC ﬁﬁﬂliﬂ.xa‘m&vmr?m:%ﬁ?éu WERET REGETRAIA WIS

. »

E IOy RUILED
Y—IhILFVTIU—h
New digitized workfloww

Smart Fusion. o Ty

SN AFTPETIZI - TOT4ANI—ZBU T, BEEFHR—AOEDDBEICADEYYa—3ay
EMELELEF I, Smart Fusionld. /—NILoUZY v, /=N FOESRFvFH—Iz=F 2
DRIBZTEEICL. CTTF—%ICLDEE. MBREERDORESTEND. AM T4y RY—ITU—FT.
I—LURITEETOEAZAZ Y R—NUE T,

#FLWERIEY T I« h nobelbiocare.co.jp gig‘ég're@

J=NI-INLATT - TvNUHREH
T108-0075 HEREBHBXBE2-16-4 @)IFS5> K> ML &T—8F TEL03-6717-6191 (ft3%)

OSADA



zn1&FT

To0ORZIZEZS
AAYFEREIN A== TRe—=ST

EEERLBTIAV—DEEBELBERLE T SA v —LEHFE,
ZN1IKTIVATY TUETEDDT,
TIZANIF—DOREVAVEXRBICEBRETEET.

é@@@

el AVRIYRL I Y /H XAEO  NERBEERO IDAIVILIYO  R—tLrD  R—tL2IIR—|b
zo1ET EEROEEy  oRREH —UX it B EALIZA] UNTEORILIER UNXTEORLER N7 ORILIEH

Drop £
J ()
™ ol 5

BRFERIADYF RN IZN—H)L TRe—2T  FREEES224AKBZX00054000 _/-
3M.ESPE. 20y F KN IE3MI £ Z DRIESH OBEIRTT

(R—LN—=ITTDODER % BN

|RavF RN 228~ | ( ﬁ%*

http://www.mmm.co.jp/hc/dental/

UEEPRARAOSHOADEE
RJ=T L AV T HREH 3M ESPE J—JLt> 22—

M
R AR ARRE t1 0120-332-329 3M ESPE
# T —RAVWHRHEHRVEGEIE. 03-6409-3157&ZFIMBLIZE,

LI =FZEN ISR+t

sandosanyo

T063-0051 HMRMEAXZEDRISF4TE16-1

(At EZE] KFKSESE (011) 661-7163  FAX (011) 661-7173
[BR R 32 |5] AKESE (03) 3518-4631  FAX (03) 3518-4633
[&)EZm] 8 58 (0144) 84-5930 FAX (0144) 68-1851




' Flaf & v > 20—k
. " =35 DiﬁEi)‘ =
Bh7-thbk « Al oipenit

DY IV =3 maathi
Bk < i A ikl
A=A b

DIA-BURS
L ®

B s 0EB1X0000E00=E010@
i —ﬁxﬂﬁ%ﬂ' IS 1 P EVRIN—
Ji*% == 17 I\—

BEEERE(EEA I=b)
RI==FSINANIN=
RosAGesR) 2,000H |-
1552 (10%A) 2 5508
1%/ wﬂlGSKWOOH

WEEEME (5FA /Y—B)
I==54YI\—=(F.G.)
3,000H

AN T 321-3231 FARFHEmEREIERBS-3

[HE%1E%] Tel:028-667-8591 /Fax:028-667-8593
URLE:http://www.mani.co.jp

7= —piatait

R s Akt :E| r ".*lﬁ**i.434-8650 KIRFFREMEKEISTE33&# 185 Tel:06-6380-2525
s Tl L ;ﬁﬁi_ﬁil T110-8513 HRHARELH2TH11E158 Tel:03-3834-6161




P3C

Technology

LIV KBRS VRT mmw

NEEZATESTIE DB

_— Ea—7+37Fvb EX ¥13,000
= [EDIN)
| E1—7137 LCA P47 )b(Dentin) 259, E21—F 137 LCRARR—X b 219,
Ea—F17a7IVRY FEX RV FA30mL E2—F47217)VRY K EX RV FB 2.5mL,

- ]
F_"" = A== RIVF Y7 (K) SHAR=— R IVF v T 5. T4 RAKRT S T74 /(E2%) SOAEVT A1 25
e 5 —EvET T ]

pres—
Ea—7a7%vhEX | ERAZORmEHEFIh §§§§§§§% 225AKBZX00149000

HEROBR ERICE TS EEIE 2 0 14F 1 BIREDIREER MR CHEBIRE)
% t*_t o741 7605-0983 &R i & ILI X 48 FR_E S #ART11-TEL(075)561-1112 %) http://www.shofu.co.jp

o34t R (03)3832-4366 o= %A 1LIR(011)232-1114/4L&(022)713-9301 /4 2(052)709-7688/ ABR(06) 6330-4182 /48 (092)472-7595

R T E N OBAETovay
FREE ARM o [FU—T—LTIFH]

L7V —7—LI
6 DY = EE,

AXJDLEDSA NS
fRE10,000/LOR

T—ROBiENDVFvF
TEHBDRE

G 2RISR

URL: http:/fwww.tokyogiken.com  e-mail: TG@tokyogiken.com

[R R & #]7158-0087 H=x# tHHEBX Fig 1-26-13
BR55a: JU—7—LTIVTH - tel: 03-3703-5581 fax: 03-3705-1760

T224-0023 ##R HHX HLA 4-42-37
tel: 045-591 41 fax: 045-591-4445 180 13485

W AR EOB. BROHE EEFRFEEETBENBIET, W ORONE LISHEEE RN BENBDET, W EGH

LSS A LS DM (1, SR AHEELIC LB L—AICRIG U RET. W KIBEHS

CTRELIL—LIE—IRBI TEEA,




HNISSIN

INVICTUS

DENTAL EDUCATION MODEL

BB PHENZIE BBLLTHELZLDL

ARG, =y h [Real | B RLTHBEFELR
INPLOWBIFEEEHEMTT.,

INVICTUS = INVICTUS
TFEI—EFN AF VT —FGETF I

|_| N E U P . [ANA3001-UL-JCP-ALM28] L i [GNR3-UL-EP-ALM28]

#INVICTUSDEEEL
DFHE= Y VHP

¥28,000

INVICTUS NWICTHSSSRRETZE B INVICTUS SPECIAL PACKAGE
AIFREFTEDKERIC ; e e

JSPECIAL PACKEGE e nesns | BRSS!

pietnts ¥120,000 ) RECUTER/ B o o ey

SPECIAL PACKAGERZ 2 # RFTHALESL.

- INVICTUSZ %> % — RGE T
(BBBITE)

- INVICTUS7# F2—EF)L

- INVICTUSSZ AT ABEE 7 )b
(B ) BB 515)

- INVICTUS:B8B#8i8i5 52>

- A || BE S E DX B MENE-
B —HR>

~U7)UNo

=
- SPECIAL PACKAGEE(E AD 7 %
: ZEH
H @J ] I % % Nishikawa Yoshiaki :(uho\a Tsut(ﬁ
BREE LR

19495 ARR&EEN 20005 HRARLRT V2104 7 ZBii GRREDSAX) i BREE
19754 ABREERIAFZR % 20124 AR ERT > 2)0F 71 ABBe 19654 mEBLEEN
19754 BIBT V2 VA T4 AEIF(RRA) 20144 QE}E{?L 19904 KRBT AFZHE

i
ot
19954 ¥R SRR BRI (FEIRER) 9| 1875 (BRER) ‘ ‘ 19934 4 R4 ik Baks (2ERT)
NG, RS LD = 2003~20074F REFSICDR &

AIEDIFADEICHEVWERIG [V ETIRAANRI VIV S IKDHIOTDFERESBLVEULETY, —w A IESSR =
AR ¥ )P+ ~URL  https://www.nissin-dental.net/jp/invictus-sp/promotion.htmi —7~

ﬁ—tA?i e TN '- BEREER T604-0847 RMHTRERBAEO K TN S SEMRAEE—EHREL)LBE  TEL075-257-7255
IV _J REFEER T110-0016 RR#HMARXARS-14-8  TEL:03-3836-3691



Thinking ahead. Focused on life.

30+

Signo

b0+

Spaceline

Quality for many Years +

BOIFEXRT, VI /#FI0EFE. AN—R 51 U #7GL0EFZ
WADTENTEXUfc, COEBDE. CXFHCEBBVLTVD
ZLDEFNDRHADOIFEZHI(C. EUFIFSOHDELZBE
UET . KDBLRTN. STEDZEREDAEN . RIS
REZHITDEY YICTH/HIEEN,

wRen®YF  KBRAH: KBRAFWRET#EKET3-33-18 T564-8650 TEL 06-6380-2525 HRRA{: RREAFX LEF2-11-16 T110-8513 TEL 03-3834-6161

MORITA

HRE EUIFREPT AT REFRSBHRREXFERI680 T612-8533 TEL 075-611-2141 X {HILT 15 REBAFA BB MEILETHEFHM 190 T613-0022 TEL 0774-43-7594

wen EUITRRRIEA  HERIZIEFRE/NET7129 T362-0806 TEL 048-723-2621

www.dental-plaza.com






% H E R E
B s e ol B OB M O#F M
LA T S N |

(74 7 %))

ALHEE AR RS HR33% 2T
L

P264E12 H31H
E(o ST i I S S
LTI S w31 - INE S

T061-0293 b & £1 47 ER 24 BINT 4R 17577 Ho
Jb i PR A=
#w O 0133-23-1211(#2563)
Ef/FAX 0133 — 23— 1345 (&)
A= VTRV A @ iryo-ds@hoku-iryo-u.ac.jp
TEEEEEEEE R EEEEE T R EEEEE T R R EEE T R EEEE T R R EEEE T R R EEEE T R R EEEEE T R R R EEE e
FIURD 18 = B ER AR A 4L
ABRHEXEOR]L 4 THIOE L 5
i 011(661)7163 (%)




Vol.33 No.2 DECEMBER 2014

Dent J Health Sci Univ Hokkal

REVIEW
1 Interface of physical chemistry and dental materials science
TakaShi NEZU ............................................................................................................... <61>

MINI REVIEW
13 The Beginning of Application of Quorum Quenching for Replacing Traditional Antibiotics
Tzumi MASHIMA, Futoshi NAKAZATWA - -eeerreeeeeeeeeeeeitti ittt <73)

COMMENTARY
17 Application manual for ethical review before beginning epidemiological or clinical new research project
(The first version)
Takanori SHIBATA, Taichi ISOBE, Takashi SAITO, Yasushi FURUICHI, Masahiro IEKO,
Yasunori SAKAKURA, Akihiko TANIMURA, Mizuho HIMEJIMA, Mari MORI -cceeveeeeeeeeenees (77)

ABSTRACT OF DOCTORAL DISSERTATION
33 Biological activation of the zirconia surface by chemical modification method using IGF-1
DAISUKE TTH) wevverrereee ettt ettt e (93)

37 A genome-wide association study of periodontitis in a Japanese population
-Multicenter Research for periodontitis susceptibility gene-
Shintaro SHIIMIZT  «eeerreenenenent ettt et ettt ettt (97)

DENTAL INFORMATION
4O RECENE TOPICS «+++++++w++resseneessseeoms e e m ettt (100)

Dent J Health Sci

Univ Hokkaido
Vol. 33, No. 2, pp. 61-120

DECEMBER 2014




	H1-4.p1
	H2-3.p1
	mokuji_00001.p1
	mokuji_00002.p1
	00001.p1
	00002.p1
	00003.p1
	00004.p1
	00005.p1
	00006.p1
	00007.p1
	00008.p1
	00009.p1
	00010.p1
	00011.p1
	00012.p1
	00013.p1
	00014.p1
	00015.p1
	00016.p1
	00017.p1
	00018.p1
	00019.p1
	00020.p1
	00021.p1
	00022.p1
	00023.p1
	00024.p1
	00025.p1
	00026.p1
	00027.p1
	00028.p1
	00029.p1
	00030.p1
	00031.p1
	00032.p1
	00033.p1
	00034.p1
	00035.p1
	00036.p1
	00037.p1
	00038.p1
	00039.p1
	00040.p1
	00041.p1
	00042.p1
	00043.p1
	00044.p1
	00045.p1
	00046.p1
	00047.p1
	00048.p1
	00049.p1
	00050.p1
	00051.p1
	00052.p1
	00053.p1
	00054.p1
	00055.p1
	00056.p1
	00057.p1
	00058.p1
	00059.p1
	00060.p1
	00061.p1
	00062.p1
	00063.p1
	00064.p1
	00065.p1
	00066.p1
	00067.p1
	00068.p1

