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Abstract

The aim of this study was to investigate mineral induction on a dentin bonding agent in vitro. The composition and

properties of calcium phosphate deposited on a dentin bonding agent after immersion in electrolyte solution were

investigated. Through X-ray diffraction, infrared spectrometry, electron probe microanalysis, and scanning electron

microscopy, the main component of the calcium phosphate was determined to be carbonate-containing hydroxyapatite.

Dentin bonding agents containing phosphate ester methacrylate have a possibility to induce calcium phosphate formation in

Vivo.

Introduction

Nowadays, dentin bonding agents are widely used for
dental clinics. Most dentin bonding agents contain
carboxylic acid or phosphoric acid ester monomers for
improving their adhesiveness to tooth substrate. The
polymers with phosphate groups will be expected to bind

calcium ions under physiologic conditions. It has been.

reported that polymeric materials modified by surface graft
polymerization of a phosphate-containing monomer
produce a calcium phosphate layer that is firmly bonded
with the material upon immersion in simulated physiologic
solution.? The polymer surface grafted with methacrylate
phosphate monomer could first induce calcium ions and
then form calcium phosphate layers onto the substrate
under a physiologic condition.

The phosphate groups of phosphoric ester monomers in
dentin bonding agents will be exposed on the surface after
the curing of dentin bonding agents. On the basis of the
above reports, it is expected that dentin bonding agents
containing phosphoric acid ester will induce a calcium
phosphate layer on the cured bonding agents by immersion
in a simulated physiologic solution. If polymers with
phosphate groups will form a calcium phosphate layer on
the materials in vivo, they will be applicable as
remineralization induction materials in dental clinics, for
example, as a new type of direct pulp-capping material.
The aim of this study was to investigate mineral induction
' using a mineralization inductive solution on a dentin
bonding agent in vitro. The composition and properiies of

the calcium phosphate deposited on the dentin bonding
agent after immersion in electrolyte solution were
investigated.

Materials and Methods

As a dentin bonding agent, Clearfil Photobond (Kuraray,
Osaka, Japan) was used. Clearfil Photobond contains
methacryloyloxydecyl dihydrogen phosphate (MDP).> Tape
with a hole measuring 8 mm in diameter and 1 mm in
thickness was placed on a Teflon mold. After mixing the
universal and catalyst liquids of Clearfil Photobond, the
mixture was applied inside the hole of the tape. The
bonding agent was cured by 60-second photo irradiation
using « -Light II (J. Morita, Tokyo) and heat cured at 50C
for 2 hours, then at 100°C for 30 minutes. The surface of
the cured bonding agent was polished using No. 1,500
waterproof paper under running water in order to remove
the residual monomers on the surface of the bonding agent.
The cured Photobond disks were then immersed in 30 mL
of electrolyte solution with pH = 7.4 at 37C for 1, 3, 5, 7,
14, and 28 days in sealed polystyrene bottles. The
electrolyte solution was Hanks balanced solution (HBSS)
without organic species, which was proposed by Hanawa
and Ota.* The ion concentrations of HBSS (mmol/L)
without organic species are as follows: Na*: 142, K*: 5.81,
Mg?: 0.811, Ca*: 1.26, Cl: 145, HPO: 0.778, SO,*:
0.811, and HCO;: 4.17. The solutions and bottle were
exchanged every day to expose the specimens to fresh
solution. Immediately after immersion, the specimens were
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again washed by deionized water to remove electrolytes
that they did not take up. The specimens were then
immediately dried in a desiccator.

The products of the reaction experiment were analyzed by
means of thin-film X-ray diffraction (XRD; thin-film
attachment, Rigaku RINT 2000, Tokyo), Fourier transformed
infrared spectrometer (FT-IR; Horiba FT-210, Tokyo),
electron probe microanalysis (EPMA; Hitachi X-8010,
Tokyo), and field-emission scanning electron microscope
(SEM; Jeol JSM-6340F, Tokyo) observation.

Results

The formation of white precipitates was observed on the
cured Photobond disk. The white precipitates became
visible after 3 days of immersion in HBSS. After 7 days of
immersion, the surface of the cured Photobond disk was
almost covered with white substance layers.

XRD spectrum analysis after 7 days of immersion showed
calcium phosphate formation on the cured Photobond disk.
Major peaks could be assigned as 002, 210, 211, 112, 202,
310, 113, 222, and 213 of hydroxyapatite. XRD revealed
that hydroxyapatite was deposited on the cured Photobond
disk.

FT-IR spectrum after 7 days of immersion in HBSS
showed two clusters of peaks at 569 and 602 cm™ derived
form P-O bending modes, and at 1,039 cm™ derived from
P-O (phosphate-oxygen) stretching mode. These peaks were
attributed to the P-O bonds of calcium phosphate materials.
The peaks derived from carbonate groups were also
observed around 870 and 1,420 cm™, indicating that these
carbonate groups were incorporated in the apatite structure.
EPMA revealed that the components of the white
precipitate were Ca, P, and O. After 1 day of immersion, a
small amount of calcium-containing substances was
observed on the Photobond disk. After 3 days of
immersion, the amount of calcium increased to almost 10
times that of 1 day of immersion. The Ca:P ratio of the
white substance was 1.41 after 3 days of immersion, 1.43
after 5 days of immersion, and 1.37 after 7 days of
immersion.

SEM observation revealed that there was no precipitate
formation on the Photobond surface after 1 day of
immersion. After 3 days of immersion, the formation of
precipitated globules was observed. The globules were
scattered on the Photobond surface. After 7 days of
immersion, the Photobond surface was completely covered
with calcium phosphate globules. A large number of
globules were fused together. Each globule was composed
of a group of numerous thin, film-form flakes uniting

and/or clustering together. The size of flakes was between
100 and 200 nm. This type of crystal agglomeration was
referred to as a card-house structure.

Discussion

This study revealed that calcium phosphate was formed on
the cured Photobond disk after immersion in HBSS.
Clearfil Photobond contains MDP, which is a phosphate
methacrylate.®> Some phosphate groups exposed on the
surface have a possibility to interact with calcium ions of
HBSS. Afterward, phosphate ions are adsorbed on the
calcium preadsorbed surface. The calcium phosphate layer
is probably formed by repetition of this process.

The calcium phosphate formed on the Photobond disk was
carbonate-containing hydroxyapatite according to the
results of FT-IR, XRD, and EPMA. Hanawa and Ota*
found that calcium phosphate was deposited on titanium
after immersion in HBSS and reported that the calcium
phosphate was carbonate-containing hydroxyapatite. This
result corresponds with our result. However, the other
authors reported that carbonate-containing hydroxyapatite
was obtained on a titanium surface after 60 days of
immersion. In this study, we observed hydroxyapatite
formation on the cured Photobond disk after 3 days of
HBSS immersion macro- and microscopically. This was
due to the difference of the surface chemistry of titanium
and the Photobond disk, namely with or without a
phosphate group.

It was concluded that calcium phosphate was formed on
the cured Photobond after immersion in HBSS, and that the
main component of the calcium phosphate was carbonate-
containing hydroxyapatite. The results obtained in this
study suggest that dentin bonding agents containing
phosphate ester methacrylate have a possibility to induce
calcium phosphate formation in vivo. The formation of
calcium phosphate in vitro should be further investigated.
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tis) ICKBIE N B D, —BICHARIERENEA
HEICBR LT b07T, HEKIHERO AL
SO dEAMBICERT 5, WITh bEARN
OB & » THRIELEITTARIBETH b, I
FEEETIIEHOENL, mE CEEELMN
RIS LT 5, B RGO KE S OME L
HU, OMERIATSR7zomind 2GRN
BHENRREL > TR 3, —HEELE, &
EERICE > THMT 2 EOMBENFRR & -
TRIET HBPIETH D EEZ 6N T B, 8K
WARITEE KO ORI T, KIGEOE T

BETAEHARCNBEEELSNTHER, L
L, BEACOWARIE, —atE 3Rk T
HOMEITHTIRT NI &0, EARALL SHELIC
T TE2DETL—ETHE EbhoTHE
eV B THEARED, HEOHMEIIL - THBI 3
BRYFE &L WD B D—FHR L - TR,

WAL, RBATOIREEE Q2K O EREB YT
LRI DX ILHEHEN, ThEhicFERE
EZONARENHMEAPZEZ TSN TS, Lk
U, SRR ORIEDLHEITTO A /1 = X LI KREEM
T, YIVLSBOERBYRT O EPEHOHM
EOSEE L TWAIEENSAIFLEENZ L, HE
AR, o 2 BE M O v PR PRI
X AR RGUABEAEMBESEEL, IgG 2Hl &
U EENTTbN B, L L, KA it
&, 49U SEAMBOTUAEARE L
TS, b POWEKIZA SN A REMEDOZ

" Kuniyasu Ochiai  B#E K828 O AR a8 BE SR
" Tomoko Kurita-Ochiai HAKRFIAF WFEMMEFHE 0
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K1 HERROKREEETRREEE

ol FEREE
IRV A 2% Prevotella intermedia
BRI Prevotella intermedia

SYEEIEHERE R A 2 (ANUG)

Prevotella intermedia

Treponema denticola

B 8 ) ¢

Porphyromonas gingivalis
Actinobacillus actinomycetemcomitans
Eikenella corrodens

Campylobacter rectus

Prevotella intermedia

Bacteroides forsythus

Fusobacterium nucleatum

Treponema denticola

Actinobacillus actinomycetemcomitans

Capnocytophaga B TE

<iE, BfIlERTE D OUREMENS N, Z0
EEE, HAKOEEECHALTED, BED
BRI TR T B ENASNTN S, &
7o, WRERIOEEMBOBRESINE S WEAR
RBEIWELLD, Iho0Ehs, BEMEsE
B#oBBCEHAELTHWS EHETEA T
%,

MR MoEMaPEET 2 RES 0T v
i, IgG BERMIZZ L, ROTIgA® IgM T
HBIEBRESNT NS, ZOWICIZNTT
MR L, BHfEOREIES LI THELEE
LTWBZEERBELTWSY, 1gG BEATEE M
ko ERES, THRZROREHREGITLD
blosnEREEZ OGNS, ORI, B
FOMBKEEETRHEAhTHWE XD a B THIE
iy s THIRNZHE S T35, £/ b
HRMEGCEET A2 THIEE, FRT LS
g —ORENVIIN ELREShTEY, 28
HED L DO THESES LT 2]k
DdH 5o BICHEKIEMHERALO CD4+ /CD8 * Tl
fatbid, REHRAREO TN ERITDEL (K
TLTWa L0 #%EEHBY, NEREIRE
OEEWESERRES CRAL, EWTIAREL

DPETHON TR OA[REEEZ RS RB LT 5, %
fo, BRABESEEAREIC BT, THifRE
YA bAA VEEZORELEALAONS LN
IMENSHH D, TNODEEMS BEEKD
FAE EERICIE, REBAEYO A2 5THEEDOR
EIRE, FICTHENES DD H > T3 C
EFHEENR D,

I swERREEEOEEY SERE
Epigizd

E£EHSTHERARORE LREBOERITE, R/
TORFEICEDRE, v A MA VEEDT
YRNG UANEERMETH L EOEADS,
R R A B D SR IR B S BT TR B IC D0 TR
HEIT->T& ™Y, F£, Actinobacillus actino-
mycetemcomitans X Capnocytophaga ochracea 13 &
—EBOEAEBIEE U, B ONELR &%
Bl in@ishTtunsd, 20FED1-&
LT, SEmGlmENECE-> T0a SHEHL
oo CNODWENS Y o8y 2 XSG ETHH
FEUHYE ORI AT, ToHREHS ML
/AR

ULinl, mbBERBORNEALRRKO TS
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Medium

P.gingivalis W83

P.gingivalis ATCC33277

P.loescheii ATCC 15930

P.intermedia ATCC 25261

P.intermedia ATCC 25611

F.uncleatum JMC 8532

F.uncleatum ATCC 23726

A.actinomycetemcomitans Y4

C.ochracea ATCC 33596

kk

20

40
DNA B {bE

60

80 (%)

B

HEBEMEMECL > THEEINSBHETRIN—2X

HERESHEEREOEE LB EROTHANALBHBY R b~ XH58, EkoEE FEL2BARE R,
100mL Z8m U, 21 BpfREsE, INEMEO DNA KA 1k%s DPA (dual photon absorptionetry) assay CHlE,
M : =7 2B lymphoma #ifEtk WEHI 231

t#RE P < 0.01

®2 HRERREEOELT S ELERMEHE

EANEEES (mM)

B bE [3ivs Tabtd v | A &R 1AVERER | HER
B 0.8 =+ ND * ND ND ND ND
P, gingivalis (1)° 0.1 55+04 4.2 =% 23.6 £ 103 = 1.0 ND
(1 14.4 41+0.2 0.3 2.1 7.7+03 | 04=*
P. loescheii 1.2 19.1 £ 2.0 25+ 21.0 £ 10.0 £ 0.5 0.1
P. intermedia 13.2 £ ND 0.2 1.8 34£03 | 03=x
E nucleatum (1) 1.3 46 0.3 47 =% 13.3 £ ND 0.1
(1 10.8 = 3.3%0.2 0.4 1.1 ND ND
A. actinomycetemcomitans 1.0 ND 0.4 =% 0.1 =% ND 0.1+
C. ochracea 12.8 =+ 0601 0.1 0.1 021 +0.1 0.1

B ¢ a) MBI 2 B o R ICEA S BBBA T R 7 o< v 75 7 4 —Hkic L D AIE,
b) ND : i &hd, o FHEKSE . P gingivalis (1) FD381, (1) W83, E nucleatum (1) ATCC33568,

(1) ATCC23726

FHRE & S 2R B Porphyromonas
gingivalis 15 & OBEAED 513, S MGEIHE 38 H
Shiidh -7, £ 2T, THBICESE

2 RIETY

B> THEELEBELEDHER
%, BESPER (R 1) O BTk THEAIC

THIfEOBEFE A L, 0 b VEEAL
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%3 HEABRENEOEET HFRMEEHEICEL S mitogen SEHEIHIER

HR LF ConA (0.5 ug) (%) LPS (1.0 ug) (%)
i 0 0
{3173 20.8 14.7
3 99.7"" 99.7*"
A BEER 420" 445"
VA=R -Vl 86.9°" 83.0""
EHEB 75.3°" 68.7 "
AV EER 89.5"" 72.9*F

MFIRIE, C3H/HeN MM & v TR U BMIE%4#E L, 10mM OERMIRITBREET T
48 BRI I O BTER A CH- F I D VO AL BEREL, HEL,

SBBIcg B tHE DT P <001, "P<0.05

ERIETHENFERETH I EMNHHA LI, Thik
etk oEKsF <, THROAE 59 BMEO
LPS (lipopolysaccharide) ® mitogen /& & S8
WHIEI L7222 (1), 25 0WE I DT
R ET -2 & 25, HRRREBSHERO %
BrAsED T, NREOER LT 2 EFMEIER
(Volatile fatty acids : VFA) Th » 7o, FFICEETR
WCZOIERMRL, UT7oExr v, (VER
BTH-70(F2), HAKBEOHREABAICE T
ZRENHBOEHEEIEL, 4~ 2mM EBERE S
hTuna, EkH 5 EIRBOE(LICHY, b
RT5IEMNMONTVS, Th 5 OIRITERIZ,

5 ~ 10mM ¥ T ConA(concanavalin A) % LPS
12k B THIME - BH#IFEOD mitogen {EHEZHNHI L 72
(E3), HICHBIInMEMT, ThEh
40%, 70%, X 2mMEMTHTHOHEIES
85%IT L MBI Lz, T/, <7 AOBBTHaD
YA MAA VEECRIZTRELRT LCER,

IL (interleukin)-4, IL-5, 1L-6 ®EEAITIZITFHE
IR S N7 IL-2 & 2 mM RINT 20%6F2BE IS IR
BU, smMEBMTIEERECHHESh, h
SOERMN S, B TKBED VFA BWEERE
ISR L, RIoREInEREL
CEALT B 2 EMHERIS Mo VEABRINC & D Al
Bz ED & HEAN G5 EN B PBEEMA
PR R, WP OMIMEIZE LT B AR T R
f—yzenRoiani (B2),

Il VFAICKZTRI—2AFE
< v AR R VI ERD S, BRERANINC X

(%)

60 -

Jurkat
50

S
o

DNA BTS{ER
3

N
(=)

O 1 L 1
0 1 2 3

[

6
(mM)

M2 MBICK>THEINITHETRE-22R
HER btk & & B O BB T T 21 BefRE3E, DNA
OWF-At% DPA assay #:1C & 0 lE,

t B TP <0.01, *TP <0.05
AN < v R Blg e (@), FEELEE T Mk (O,
Jurkat & I lymphoma flEk (A), PBMC (D

DA NHA VEERICEADE U S, THiE
DEEL ) FPTVI &SN/, £ITw
v Z g g & T Mila s S EEFEE L, Bick
kT lymphoma #ifE Jurkat &BERZ AL, VA
FNFTS =N VT2V F IV VT LR
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(a) *HREE

(b) EFERASINRE

3 BEFETRb—X

Jurkat OB 5 mM, 21 FERIALEICR 578 b — ¥ %,

MM 7R b — o EEME, FIR T # > Jurkat #f2 > I T @18 > PBMC O i<, PBMC i VFA © 7

R b= FHERI L2 R R U T,

BRIE (MTTERIC & © A D AL 2 ~T-, &
72, DPA RIGB L7 H o — REKKBEIZLD
BBROW RO 21T 5 72, R Lz0Tho
MIICB N TS, BEBAICL D EFEROE LW
ETEZV 00, DNAKMAILEDRIED S,
BRI IRE B L CYEARERMREFER IO T ho T
FRICE TRV 2 EFETIEENE SN
(B2). ZOMEMMRAT, BNt
U 1.25mM, 6EFETRBICT R bM—y 25258
U7co KE§Y »738k (PBMC), Mg Tkt Lo
Jurkat Tid, 2.5mM TH 16 B E/EHAEIC 7 R
F=YZADFHEINT, BREHOEL Jurkat ©
BEICBNTS, BEEE S mM, 21 B4 2 -
EICKOBOTEER 7 o~ F VIR OBE L,
DNAZ =B ET7TRM—V ZERAD SN
(B 3), oo 7R b— v 2 &Sk, Mk
T H#ika > Jurkat fAE > B T A2 > PBMC O JE
T, PBMC iE VFA ©7 R b— ¥ Z5HEFRICH L
PREIUEER U2, UL, ERflas Lo
MEFHBIIBEBEIC L D 7R b — v 2mTHE I n 2
CERUEI-T(EL), Zhid, BEKIIBHTH
EYORFEIET 557 & OB Iz /g 2 miao
WHEELUTHEHREMEREEbN S, §bBRSH
DEh- IR THIEE O, = 7EB XU
UE— XA LT CD4 * T HIlE, CD8 * T #ifia %

Sk UBRER D RBA R L, £ DR, CD4* T
MIREICR S TR b— v AMFHBE I o s, CDS
THRZEEASEEEL I FEhokOw (K
5) SRS A M A UEEEFEROREER L5
U, FICTh2 24 7O THIKEIWZT AN 2h
FEINBISDEEZ NI, LU LOEEMS,
R REELTDOCDL™T /CD8* THDOZE L i»
KFE &I, VFA I X 2 EMBBO 7 A F— v =
FEPEE L OB AREDSRB E N B, Tz,
MRIEMIEROH 294 b A A > IL-4 DFEA
i, 7o lRIER R O BERRS, HIC LPSIc kB
DUR IR R 7S PR B A D IR 75 & DS HE SR 1 1
AU, EWETERRIUREEIGENEDL R
5HDEEZ LMD,

vV 7Rb—2 AEERETFORNR

Fasid, TNF/NGF (tumor necrosis factor /neural
growth factor) 7 » 3V —IZBT 5 45kD O
lagEs v, HENET R =y 20y s
FTNEGET L ENMOENTN S, £ D Fas
YAV R, 2817 2 ) B 5583TkDDE S
YRJBETINF 773U —iZBLTW3, AT
REREBET IV IR TH 5 gld w7 X T, Fas
VAV FEETIZEENEDONBE I &0,
Fas-Fas U v FIZk 37 R b=y 20 THED
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80 80
SRR T 4052 Jurkat e
[— [ 1 :
E ] mm
601 peps B 08 RAJI WEHI231
— 1 | [ |
8
T 40
=
<C
zZ
[
20
T -
n 0 .
T #BEE2R B iiE®

80 80 801

60 60+ 60
o U937
s [
2 40 L929 Gin-1
ir | r |
=
<
zZ
[m]

20

.
0

BIR - V007 P—IR

LR

R BRER

H4 HREICLDZTHRN— RESH
RN K O M R RIC L D TR b — Y ANTHEE NS & L - oo

FIECBESE L T0WA EEZ SN TWD, —7 bel-
2EMETE, b MEREEY oNECES T 2 EE
B UTHRRINIESY VBT, FiILI b
ay RU 7, S, BES/NNEERICEELTNWS,
Z D bel-2 AR ERT 5 N7 ERZHIEE
SN, bel2 773 —ELTIN—7LENTH
5, ZITEEOSE, ThoDT7T RNV XHHE
F o EDEHBFETHRET R b=y 22 ED
EIELHLVH T EhEZEE ) 7ao—F
VLR A AW TS L, PBMC B & T8 Jurkat
% 5 mM BEER & IR, RFIITHIE A BREL

<
~

L, FITC(fluorescein isothiocyanate) £kt Fas
BLUP bel-2 fiAZEH S ZDR/EE 7 v —
YA MA—F—TEHILT, Tz, HiFas VT v
FORMORE L MTT HE T U, € DRER,
Fas B IE B B J OBRBRRMEF TEIRAD
SN T, PiFas VA Y NORMIE, 5mM
OBBFET R b=V RITBFIF LA EHFENAD
LN - T,

bel-2 OFEHARI, Jurkat 128 TREEWHA(6
RS OO BSERIRINEE T 9.0% EEMITIET Ui,
T/, B (16 D k0T, FHEMN
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g -

fofR + BBER

CD4™ T B8R

CD4™ T #BR2 + BRES

cos™ T B2 'i

CD8™ T 42 + B3ES

40 60
DNA B

80 (%)

5 TH#HREYTEy 7R RICRIZTTREBORE
v ABBTHEL VBEE—XRicL o THRY 72y MERE, £ 7&y b
% 5 mM OERBRIEIE T T 21 BRRI5E381% DNA Ol H (k% DPA assay #IC & D lE,
CD4* THIMIZH 7R F— v ABFEBE S hichs, CDS THIMIBIELAEEEL D

Wi oo, tHE " P <0.01

KT L7, PBMC @ 21 BfREBIZE VTS, #
EREED bel-2 OFBULHREO 1/5 U TITET L
T,

IS ERXOFEMICHET S 2D,
Western blot I 2 W42 OLBTREL
Jurkat fifE % AR UEKKEI®R, BEEEL, it
bcl-2, Bax, Fas 88X U Fas V4 v FHLiAE/ER
IRAERKICEDEDO Y I FIVERE LIz, %
DFER, bel-2 1 5 mM BEERIRIN 16 BEfICZ D
FREMMET Uiz & 51T bel-2 U VER LA K
LT, ZhUNOWE TREMANRED o
MDotee ULORERNS, BERET R b— v 2
FIBIETF bel-2 DEBET Oy 7 T52LICKD
TRMVZEZTTE0EEbNED, TR
b — ¥ ZAEEBIEF Bax OFBITH LTRSS O
WIREH bR B oo, F72, BBERFET K
F— ZITBNTIE, Fas-Fas Y47 v FROBE
VBN EEDN S,

V p53 /v o7 D hERWCENR

p53 ik b MR S IRFICB D - T A5
HEIRTO 1 >TH B, MOBIHERRT LR
D, EREEO pb3 THEIICHRTERTHY,

Mg T 28N EB LTV 5, ERHMER
SHEOALFEIEFI T B & pb3 ¥ oV HED
—@EIC ML, #MlEsEBMO G o SHA
OETHEEE N B, ps3 BIEFREMETIEC
DEIBHRBHBERLLOT, MEEHETOWN
FlET7R b=y 230N E pdd N UIIEEH
OBtk s Z 2 ohb, UL, Zovaai
FaAAL RELZELBT7TRM=Y XD XD p53 &4
SO PRI IEER TR -V RO FEET SO
T, PS3EIEFRE~ T X E2BHOBEKRFLE Y R
b= ZORBETF O ZIT - 72, T D B,
P53 BFRE<Y 2 L0 ik X OMET M
AR URBEOERETT » 7o, TORBR, BRI
pS3BIZFRE< Y AN SRB L 20T h o
XU T HBERFHNB LUCRENICT R b=
AuxFHB LI, TOREBERFER <Y ZICHEKL
PRLBZ 00, MEOMICIERLERRADS
N -7z,

I 2O FIVREICEY S

TRV ZITIE, FOFHE, REBIUET
DI DODBEMNEZ ONTIND, FOREBRET
B2 DODOBBNEREELZRILLTHE, €01
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(%)

w
(@)

DNA Hf 5 {bR
S

-
o

B %

(mM)

(%)

DNA BT IR
N w N [ox]
[w) O (en) (@)

-
o
T

X948 BEBE LPS(100) ILPS(?)

LPS (10) LPS(100)
]
+ B8R

6 BEEBFEMTRN—RICET S LPS OREMRE
(A) & MEHILE O Y U BRESHEL, FREORKEERBE Y RS LPS) BB 57 R b~ AFHEOE

1t.% DPA assay iZ & DI, LPS & (@)

(B) HEHEEEOLPSHEMOT R M— v AFE Iz B LiFT
BRER I ISR A R T & FARMIM PBMC O 7 R b — ¥ XA 8054 5 2 & AHBR L7z,

LPS %3,
tHE TP < 0.05

213, Caspase IZ &5 HEB LU T1AL Caspase D
MESRETH B, TO/MEE, WENO Y~
N7E%ﬁ%?%'&f7%b—?x%%ﬁ?é
BRIIBOWTIEELREHEZHE > T 3,

Caspase &, ZERFEEICIOKREL IBEICH
BIhThY, KRB TIE 3 HEROMRFE
T® % Caspase 1, 3, 62T, ps3W/HZEFRK
BB JCHAI <Y 2 ORIET flaz o TR
%ﬁoko%@#%pﬁﬁﬁ%kﬁﬁ&wﬁéﬂ
< U A O T HifE Tl Caspase-1 fEH: 3380

N3 7» - 72, Caspase-3 8 LU 6 OFEM:I, p53 &
IEFRIEEB X UBAER < 2T E W0 TREBRME

BRI BN 50, $FIC Caspase-3 13HER
RN 16 B LIREELE TH D BEEE NN E D

shitz, Ei, Caspase 6 bilivy & LR 16
IR DL THEI SR S hic,

Ui U, BERZHWER TR, PBMCO7T
R b= 2, Caspase l BLU 3 WWTFhoE
FOBELZITLD - 2D, Jurkat M 3
Caspase 3PLER I X 0 4 0912 [1E L 72,
PBMC O EsEEFHEE 7 R b — ¥ 258 Caspase 3 D
EHALZES I b b 59, H Caspase FHEFH]

DEEL D TR OCDHLAHTH 55, Caspase 3

b=

%

FHSEH DS EZ @ PE 5T 0 & P IEE #ilz PBMC
& lymphoma Jurkat HifE TIRERSZHICENH 5
D HHINIT U,

I LPSIC& THIFIDESELSRE
TR b= RIEEER

TITEEE 5 OWFFEIC & O LPS 28, B&ER 1 iy
\IHEAE R T £ MR PBMC O 7 R k— 2
EMERRT A LML P(E6), LPSIZ TS
LY O MIBREE IZ BTE LS { O WM EE %
BTa0, 77 LEHERIMECBNTRGE
BRRFTH D, RKFIT, EHEYSMEERIL
o2 OGEINE ZRAE L, i Bz s 5
ko< r 07y —YOFHIIC EEH L &E LR
LT3, LML, LPS @ THIfICKIETHEIR
HEOHISN TN, —HOFEM S, LS
FEPBMC DO 7 & b— ¥ i3, LPS OiRfMIC & b i
BEERFNCREI N 2 EBEME SN, 2L T,
LPSHMTE 7R N Y REFESNTHRED
FHEEVLEET S &, CD3 " PBMC- THIfIC &
FLicFFE SN, CD4 B LU CD8 * Tl o &z
WENZ EMHBA Lz, IhonfEEE, BEB
AT B W0 CH ER R PR B O HTE I S 5
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BRI & LPS 2VRREMIC THIIRZ B U, thJERRT
DRBIGENEMES T EEBITRLTD
%o

M BbHYIC

R L L T S0 B P RS P IS BER A B D AR e
EWUCHEET 5, [TEE EO#EICERT S
AL v Y ERBESBRE P LNIEL ORKETH 5
CLERIAROEETH B, [HRIBE D RYAE - 1
JERE | A old, MARKB O OREWE EARN
KBAL, BIEY v ERPPUEN LTI RS 5
CERHATH B, HE, RO KD BEFIKE
DILNEEFRETHO D L - 1,

OERRBEFICIBRSEENERICR SN,
WRERDS T 7 o — LB IRIEE OERICERS
BEERL TG B9,

QUEROEBEICITRBRAEENSRET
B 510,

QOHEEMCEFEOHBABIIBAL TV B K
Wiy, KAEREHETZY X788,

@HEERMIEES N TV AEIRKEERE TN
REOa Y bo—VSEZTH BN, RIGEOE
HGEREETHEY, ChORBERLARFL L —
Va vOBERTCEDSE B, HERE
HAHARREL VEESBER LD, HAR
T D HAEBEYE N FITHEERIEL TS T
LA XO—BHREICLTW 3, HERRIEEDSE
ORI MRIEE B L oh, HiaEKToO
WRRE B L UKEMEORBEIRE RS 2 £ T
&5, B, —#OERREEOEET SR ML
ZEEBE T ARG S e bosn (HSP60
77 IY=) KRXKIGT 5 EMD, HER
HORERBLZT &R TalaEtEsd 3 20, &
NODANZ XL END Z LTk, EE
HiE, BENE, £28FEEPA ML R ENE
BERRFTH B EEZ SN TRILER OGRS
BEIZBNT, HEARSERE 2L H
bo WRERAETH - thET AL, BHoMITL
KOMOBERELEENEBETHT A ETH
D, FROLDH#EALBEERIIDEMN > TS
bDLEEZoN5,

D
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Case report of using Mineral Trioxide Aggregate on
root canal perforation

TSUJIMOTO Yasuhisa and YAMAZAKI Muneyoshi

Department of Endodontics, Nihon University School of Dentistry at Matsudo

Abstract : Mineral Trioxide Aggregate (MTA) was developed in 1993. Many clinicians have been used

MTA to perforation part, root-end filling, root canal filling, etc. Previously, amalgam, glassionomer cement,

or super EBA cement were used to perforation part for healing of patient part. In this case report, the patient

feels the pain after infected root canal treatment, because the patient tooth has perforation. Then, patient

tooth was treated by laser irradiation or Ca(OH) , agent ; however, spontaneous pain did not disappear. The
patient visited us for the treatment of the patient tooth. We checked the patient tooth, and MTA was applied

to the perforation part, after obtaining the patient’s consent. The patient tooth healed, and the prognosis is

good. It is suggested that MTA is good material for repair of a perforation of the pulp floor.

Key words : perforation, MTA
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Standardization of ICD-DA Based Diagnostic Terminology for
Dentistry in Japan
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Abstract: In order to develop a standard disease master for dentistry based on the ICD-DA
classification, we categorized and organized master lists of dental-disease names used at various
dental institutions, and then linked the information according to the ICD-DA. We experimentally
encoded 530 clinical dental-disease names, and found that 70% of the clinical dental-disease names
corresponded to a disease name specified in ICD-DA as well as a synonymous disease name.
However, 23% of the clinical dental disease names could not be associated with an ICD-DA. code,
because several disease names were considered for the same condition. Further, 7% of the clinical
dental-disease names did not correspond to any code, because the disease state expression was not
specified in the ICD-DA.

Keywords: ICD-DA, Dentistry, Terminology, Standardization, MEDIS
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Abstract: In the field of medicine, a standard disease master with an electronic medical record system
based on the ICD-10 is available for use, however, in the field of dentistry, no such master is
available. In order to develop a standard disease master for dentistry based on the ICD-DA, we
categorized and organized master lists of dental-disease names used at various dental institutions,
and then linked the information according to the ICD-DA. The present report summarizes this
developmental process and discusses the standardization of terminology and codes in the field of

dentistry.
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I. 3U®IC

?EDE HREROBREERNRAEICHET 2 U A7 L5 M &
, FACINERREER A7 4 & LTIRZ, THEZTHRHK

@&ﬁ,%DWGW ANDHRL 5 TEE L EFOKE
1280 B PIRMAETEE) & b 5 & L - AR AE ST
ETHY, FOMLIEERE L O I P IERERES I
BT B FEORE ’f% EDFMICHERTH 5.
BHOEROREESEEII L 0L I RKMEE»SDOT
AT ~5§‘§'%%@%E’~35}f7’%k LTid, EEYVEH
TERAEEENTED BN b. Huangb ?' i,
T OREEAMNRREIZ & o T—REEEEEE, IHMEE
RERNEIRET (RUSHAELD) O 4 S ) XA THE
FRFREINLEIEEFMELTWA. T/, F4E Martin
53 E—REEEHE, WHBY, FHEMBOEKEN
BUNRISC L ) AAMSEERICINA, TAFRSA
BIlaHmEL TS

EHIZ, REVNVICBITHIEME, WT, MEEOHE -
FEBICEE T 5 MIEEESHRII oW T L MR S AT
ZaINTWAS, &I, Martin 53 (ZIHMG W TEHO
WREERORFLITY, HBCHETLI -0 DS
CHPETICHEET A LE2HMEL, FhYaoh? I3HE
HEOMWEEHORF TV, HRIHETLIZ D=
-0 YPEOMBEEEFICHEET LI LAREL T
5.

Iz T, BEYVERWAEOEROBREESEE
Bt b B E A DT E %%mef,Un%
VAR ETOWEIC L ZHBIZEES ) X L EE
FEE e O NI - T @(ﬁ?fﬁf%ﬁt WEREHREL, F
72, Yamamura® ® (3B EEB)EF O ENC L 2 MGG
HoER L ZOMMOE - EFHOHEEICE LVWERY
WEL TS, E51Z, Nartab 7 8 IZIHEG, B THO
HHEIDS, HRERER 2 O NIIEMER T~ D% EI & 118
LMZELRD, WEBZ S ICHEETORE, JXIrvhk
MHMEERN D %IT & Z O DGR - EWIEE, WETHES S
EEBETLIEEREL TS

b b O TEEEE) R HIE B T A R SRR
(f-MRI) BFZE® 12X Y, TEED tapping B, clenching B
DTS —REEEHE, N, HEEDHTOEE
HEAFEEICHEIL, tapping B iZIZ X SICHIEEFERD
ﬁﬁﬁu%ﬁ%&%Mﬁﬁént.:@ﬂwum%u
£ o T/RE N7z tapping B D RIFEIAT 1L Huang 5 2%
VORBERMANFIEC B TR L) X ATEES %

FRETHMERE L C—FK L5, F/, Hamdy5 O
e POBETIZETAIERICBWT, IThbDOREEIC
BERFSHEZRELTV5

HISE,BRTEA Z AR DR c%#é% T, FE
BMOBEIZL - THER, HE, WTICET 28850
(anterior operculum syndrome or Marie-Foix-Chavany syn-
drome) 18 PEE SN TWA
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fxi /&= B D SRR BERUET IR

AIRERICES
BEEMTIE (1 x8%L)

MEG EEG

A T
BERTOEMNH
WMROEL HWENOER
BREOBSMZEL

T-MR1

HR~DE

HIRSEBITES
MFEDEAL (2 xmzik)

NIRS  PE

b1

EFRNFD

AR EA D

Bit/BRATIDELD mifEE &
BELTIE fEsnEl
| |
1
HESOmFENLEIL

1 FIFRBERIFHAES R R &5 2 BIHBIHRAE

BlEo &Iz, BAOBARDEEERREICEI T 525
BI% b ICERIREYERE 2 6 b, FEOEERESROKE
EEME R R R LT AL OBERIREIVW D LEER
5.

I. REBZEIFREERYICETRIT 121

BiEE) O JEFBEEAFHANE L, BMIEETE (BEG: elec-
troencephalography), %% &t (MEG: magnetoen-
cephalography), K ILMEREEEFA (f-MRI: functional
magnetic resonance imaging), PET {ll5## (PET: positron
emission tomography) 7% &b UNIZH bR 7T 7 4 — (NIRS:
near infrared spectroscopy) D3ZI T H N5,

LIk M OREE) 2 SFREMICEHIT 2 HEL TR
F. BRIEEHRE IR ENIC M D BRI B R £ O
MHEmE LTEHIL, BEELTOEMNSH LT 5.
T/, PEEEEHRII AR O ) BRI EL e R D
b LTRR B, —7, #EEEIH D BATMILE O
Eibx, &L/ BEANESOE Y OBRER{LE L
TRZBDH £MRI, NIRSTH 5. {-MRI IZETNES
OErORERTICE A NMR (nuclear magnetic reso-
nance) DESFH AT MIEES & LCRIAIL, T 7o,

NIRS EEHL/BITAE /0 » OBEE(L* TR
DRYLBAD LR D b M= & ERIICEH S 2, £ 72,
PETIEMEN O MK MEE L KB oL LT
Z, LRI POV EHHLTHEL T ERE
(Mc, ¥F, POk k) TERSNZ ML —H—DEERN
BEr EBMNICHETT 5.
EWIERFETIE, BMRT T 74— 4 o CIZNEISET
WZOWTEH L, SHIINTTOMERKRELT D L1
FACERRERD Y A7 LFHHIC DWW T OBEEINZ 5.

M. X+RTTT7 1 —ICLBEEOEEICH LD BREE
LR gl

EEOEWVERINGIIEERHEEELZBLR T,
HENOKRWEEE TIHETE L. 7o, ERIEIR
WML BATABIIAE /O Y IZE VRSN 2 &
o, FOREREFET S I L THREBNOANE T
U DBEEERNLIENTES. 7, BLATE
FOY v EBTENEZOE VIEENFNRIUEES RS
BIEDS, B{EAE/ OV Y EBTEAT/OE Y D
FEEAEHITTRE L 72 5.

KERTT 748 (B AT 43, ETG-100, &
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g2 Y hRTT 7 4 —2E (ETG-100) @
S8R

2) 1780 nm & 830 nm® 2 K% 1 Hz— 10 Hz D& H
TERERSE/-DL, SKOBHANXT 74 N2 Hw
THEBREOHEE B L. T/, KRBT,
BERZ EOBRE - s EEEEEAS30 mmBEE L L N B LEDS
HY, TOLDBEAET 7 ANEBREAET 7 1 /303
30 mmE R CIEABFIRICAEEICEE & ¥, &k24 CH
DEHlZ T REE LTV 5.

SRS T 7 4 — B L AR b b
MFEDFHEY kTS, —KBREEHTFOBENLaE
TABEE,LGABEICIBLAFMEERIC -7 (B
B — R H30mm, 24CH) % 3% L7, #EERICI,
MG, WET 2o i Ens0fEiexr By, FREgj v
BE L7 WihoER) b T O %10 BT H
&, ThESEHRYERLA (K3)., 77 omEng
WEBIRT, 2108 A RE0UE L EFHIONH ISR L
LTiro7. 615, 3RFTEMNRST 7 4 —EEFRY
AT L& DEHI T — 7 % EREE 4 O R R SRR
(MR W{§) FiCiEE L, KBMEEICB 5 EEEEO
EExIT> 7.

M2 & PIHET s TAES ey OFELREAL
(F3) WERT7I LIRS, HEB L UHET IS

movement onset

Hb (mMmm) l aﬁ;set oxy-Hb
0.2 £
slope of o
0.1 P
0.0 ks o]
Flcpe of deoxy~Hﬁ>’ ‘
-0.1

0.0 10.0 200 300 400 500
Time (sec)

X3 T B O RRRF RO AN M i 22 1L
T BRI BT A {L~NESOE »
BIUe~Truv yORER L
SNNIBEAEZOY Y OBFELRET
R

[ 4 MRE & L OWETIC L 5 i i 21L
IR SR O R E R B FH IS B
W AEBMLNES O Y OBFEL A%
RY

P Rmm (b R EEIL, FREESICLoTELS
ALEE S GO »ICER D, LM B L. X
52, TNHED MRS T L% MR B E~NEE Lz
A, WINOMEHTR b FLEID o o KRR ES)
o cRES N (K4). F/, #nsoEghE
WL o THREBICEE L MNRELSREN
PEoZ ban, GRS TICEET I 5 KR
BOWEEHEIEE I RIS 74 =12k o TEEBWICEHAT
&, SOHIKEKBVHEN, FHEHOMERS L OMA
ARBETHIENDL, SEMILKAETEES LD
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5 MEG System (CTF Systems Inc., Canada)
DIVER

AOBEEEIEEICET A VAT AFMATREEELDS
nr.

V. TEREBOREEENECEET 5 RS HT

BRZE355 | HB IR EIREE 12 BT B Josephson ZhEZFIH L
72 SQUID (Superconducting Quantum Interference Device,
BLEETTHET) Lo TEHEN L, M5IEE
BAEMTIERT IR E O S FT 2% E (CTF Systems Inc.,
Canada) DM RT.

EEYIZBE T B RS ENE (MEG) 12BWTid,
BEEHORBH 1 BHr ORI LHMRAOER LR,
EEN R B OWEMRLR (readiness fields), EBIF IR
2B BEENRLR (motor fields), & 5 IZIdEBIRIEEIC
B SEFEERD feedback & RMET 2 EEZ LN T
W5 EFN R (movement evoked fields) 25$i& ST
w5,

MEG WBEE I3 L CRT 2GR 288 L, #E
EHFO L) amL, »ofET 5 L) RIGEHS H

MEGTEFHAIF =]

MEG TEHEIA]

BRIz L CRTAES)
BaEATES

6  MEGTEHUT e 2 BB B 5 D8
MEGEHENZ B TIEBERE 28T LT EST
RIREIR SR S D

BVILEHEET BT 2RI L CRELZFBNS &
ElRETHIEEEE s s (6).

TELEE) DR EIREEIC BT A RS IET ICB W Tik
B WEREIE Y — L FERNOBRENEROBTICEY,
F 5 —MO~— AT, B, TEHHES, %
5O RIBIEEES O F 2 100 BERAT L 7-.
RS EHNZ64F v » RV ETEMENN Y A5 L % v,
7)) v 7250 Hzl D THT - 7z

—REHHFOFEH LT RO TEERII BV TLH
BIR s (B7, 8). i, MHEHICBNT
W ALESEF OTEEME B Em 2 R L. — 75, A
FigER), & IAIER R EFCB VT, wHEE
2R EREMEICEEG LR L, 8510, THEH R
5N FIREB O EBRR O ER IR T 1L — K BB EF T
HEEh (M9) .

UEDZ Ers, —REBTIR SN EREROM
B HEFEIRIE T ELESIR I B 2 SR EE O MAE R I
WIET A2 EBEESE L BRI ND.

NI THOTEERICHET AMBEN O T, &
BRI LR ENOBEE L EZEPRE SN TS,
Yoshida ' &, THEEIFEEIC & b % ) ERNEME
ARES), HOEHOBMIZLERTEEIZREVWI L
FHELTWAS,

EENCRE T 2 B ORIICIE, MEESERE, &

i
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BiaiEr, #EEHEH 2 COWHENrIDY, £ IH
SREEH ORI ESOBEMS, BL S TICON
THENT LI EDNREIN TS, S50, RO T
SEENC A h o B MESSEN T, EEFEEIC L A RE
B DR r — BB RO T,

Pz s, THEAFBEENI LW TR NER
MEMOEZ RIS I HEERTFOEHMEINE <
bbb DEHEINS.

9  TEHEHEMEFOEEHEE
TELES b B EHETII—RE
BB OGEEMEE L THEE SN

V. E =2

FOERERIC AP Mz HET A LI2LD,
FECIEARRE L BIEBI O & b D BRI S 1, 9
REEOME RO KR BB B3 5 TIEHY 2 FF M ATERR
BICTTREL % B Z & 2 BARET 5.

RIS CERFE PRIBEEFM 7074 TH
HHEIIBWTiTbh.
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2. MRI OEE, 45
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£ 1319464 Bloch & Purcell iz k- TRREN
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S5 T15RFA, T2 MFARE LUME» S EEH
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MRI (3 O REESRBICE S KW, WiEERET
B2, WHEROEBE QEMNITEED DB E L
TEET L E, TOEMEOUIENASIN L EERE
(T—F777 M) #ELS, NEANOEBEDZ, &
EMNEPE/ 5 U LMEOIEMERIIEEREEEL
EDHY, Dy LT SRy M EOEEEAIE R B
EREFENEU S, BERBHAREESS 220
5o

IS ORERNOREERO EBHFPIEEDEN D
TR L, EEHEEREOUIBI N —BE i & B RETEADY,
ERISEAT S I Tk EEREEELEY, DF
DEENEEANOEEOBZEOEGEBINICEEL5Z 5

BB 5o
5. SEORESEIEA DRI

1) ZEEAENEEAD MRI OiFH

SARASE D EERZ W MRI OICHIC X h &k
FRICPEskI3, BAEIMIRO M ER
WIS R A AT U7 AU SERAERIE O 22 W 0
HTHo7o LHLEDXNS MRIOHERIZKD, #E
MWL, K DIER §m~£%@®W%@§#T PR A

& bf\-o 1_.

HUIEIRTH B .

b, SERAERER AT AEHINIERIC
£, BEERICENT, MRI BEIZSEMEED

A EIL D DDOH B, FHCHAMEIAE 3B ERE S HEE
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BT NI HEMNE L, £O MRI #BEDK X 438D
—DOTHBHMEBWBRNL NI LG RELRETH
5o

RAEI MR A BRI TS 5 MRI (£, OMEHRD
L&, FERE, BhRE, @Joint effusion (BAFIEANODIE
) oFE, OTHEOEHESDOERYE LBE/IZD
WCREITAIENTES (F4)e ULHLENSH
B> MRI 2873k U THEETIER L, MR
BEPELOBMDOREETH 570 EREEZFMUTH
BBWICEE L TS S,

2) SEEEHEEREND MRI OIGH

TEAB S HERAECEEDO NS EREEE L,
BN D iEHE 12 E 8% & intertrabecular space
Z2LDOBRDOFR Y VT~ ThHD, EBHEOEERKIT
REBDIED D, MRFDHIIVY T LADKRAL X
F =V RCEBERERERC LTV, BEEELE
FLRBMICROEE 2T 2REEH SIEMEEIcE
BRUALBBOEBEEZETIEHBEWMICIFG TSNS, HE
FFICTHE IS ET T 5 REERTH 5000 &

®4 EFEOEEE MRI ZREHE
(FADOE)

Mg CRED MEE S8
Bgahs

D HETHED S FHES, TEAR AR EHEMICERLT
WE20RLL ETIRIZ LA CEBEICH S 70 MRI T
BIEOES &5, 2% DI SEEN/-BHIZE
RIFELThB EEZ SNTINVS,
BHERBOREFEAMET 570121, MRI B0
TRBPEBEHOERIC IS EHEEHMOSHEMS
ZENIMETH B, MRIWCE B THEEHOIESEE
DOECIEH25RE LT H FNICTHBICHRBERNE
ETAEEENNEY , BHERIINEED X2l
BHHEEED  ENBh oo dy, BHEEBEA A — D
VITES MRIDEAICLY, EHREDBIHE
PERMAICEOTIEREABORY SESICHH AR
o7 (&5, 6)

3) SHBEE, ERMEEEANDICH

MRI ICTHERD XBBWNICTHIIDLHEETDH -
7o, SHE O EEEOERNTRE LT - /o, T
F AV EE BRSNS MRIFFRA®E L, fhoih
HRE L DEFINEZIITONSE LD I -1, Fi
WRHEERO 5 b EEEACEIRIIANT RO B
B|IZK D T2 BRMEEEGEME L MRI D{EBIRENE
B, MOEBEDEHNEE LM -7,

4) DOPESEIEEREREBRAN DG
@ 0B, ErE ER, INERRRE
OESHREIIBIRO BT LR ICHbNTE D,
Z OB T I/ NERENBE TH S, BRIIZIZ
T O SHE UENBRZE PEEES B L OVNER
BRIRZS, MEMREDPBREESENZ L, MRIICT
EHEE T1HRAGRTHR X VIEES, T2 mHAG
TEEBIEFH L D PPEOCEEEEZZEL, WEICEE
45 EBEICHEEHOEENE(NT 5, BEE~D
BREE, HEBEOBOEMAIO—FHOEEENSE
HMLTOL O #ETHSE (ET)e EREINSHE
BNEEL, HEEHIEENET LI LI LHTX
BAICTHRHI N, WHhW 5 E#EY R KRR
=295,

575 A I BRSAERAEIE S AR D BRSAHR A © TR R
2T, MBSO SSHBENERB L, WhWwsh
BVIRFTRIZEBOXE X 12hdhb o FEED X
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R5, 6 48w &

THEAUEEEH% (THEA
fE—KEAEIRERE) /Y 5<
X#HEE (®5), MRIT1i&#
% (E6),

HRFEEE S TR T
RS2 XBBICTEERA SN
A AN

UL S, MRI (KBRS HT
B T T SERHE D S AR ES
BIUOTERIZNTT, BERIC
IO THBOBMIIKESEEL
T3 (KD, XBEETIIKR
HTEREh - THEEHOKIE
% MRI RBEHIckETELZ &
NaIn%

F—UMN T4 SN, SHEEEIHEBOMELIGEL
BIFNIERE 5780 & - THEICERE LclAE,
LENMIEBORE S G, BEOHFEAHPTHIC
KREMFEAEEZ 5720, MRI REELEZKRE
EML - Tinhb,

RO R HIZEN S MRI TdH 548, [R5
DEBAERET L EAREE MRIICTHET A &

MEES Z 0% L, HRROHEE L EHARED
e O BAIT A IEFEIC R 9 2 12 13T S h ot
WLETHHH,

IR R ZS T T1 A BRTH AR L O PPIEE
5, T2RAGTEHXLOPPEOEBESEZELE
BEYRENLONDE (K8), EHDHETTII/NER
ISR DR HHEEIX MRIASCT LD ENS, LA L
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B7 56K% Bk
HROESE SO THEE~NEBE L
R, MRI T15%34%,

MRI T1 BRI THAENT
SHEICEEL, BEKTTHEDE
BENEESEE LTS (K,
RO THERHIIEELRES
ZELTWS (ERED

E8 38 HBiE
AFICRAE U IREREERRE, MRI T2
SRR

MRI FAIRBTEIZ T O EERIT /N E I 15
HEDBBEEREIC L AEEENED S
N5 (K. BRERODERICEE
L, BEIELTHA

RS, INEEIRIEE O BEMEOEIZESTRED
ERMRICTIEETH O, FAFBRAREREDSE
FRPBBEDOEND—DI1278 5, /INERIEED S
DN THERERSERSRE 13 L O 0B eI 4 2 U 5 4l

REMIEHICEZL I ENS, OFBIZELS S
DIFENEFEOWRBMEOLENNELNL S,

@ ERE
HEERBEEICTEET 2RSSO WEHEERERIL,
MEEPY VEEED BHRERCRFELEENS
Vo FIE UBF LEREIE T1 MG TEES,
T2 HMABTEESEAE L, ERICTHRIERIC
EEHBRENS OGNS, THhODHEBOERIHHO T
DPHBEOHILOSTIHEBOHEDLPEHROZ
12, CT, MRI BER&E WS L O BEFATOERIE
BETOHM—DBRELE > THBREFTRROTHA
Do BHTERE LY LGB E RIS NS
EBERAETE S MR BRER, BAES L OKRROSE
BOEEEED Yo b a—ILizXh T3,

® NEHEOKRE
HEEFHEEICCME T 2 NEHGHOKERELT
IO RIEPHE B EOREDOHE XL, M
EEL SO BHEBNHENE O, WD KT
MRIZ CHIGH BBRICREIC X A EBSOEENR
LNEONUFHMTH D, BENBREDORB O
RKESITEDHBBOEEPYHIBLOZEIC
MRI® CT EEHTH 5,
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O e Rk ik AR A D B MBS S R B E T b8
LHEEHDOEOVERTH %, WH, BB LU/
S < XS BTl MEED NER AR O R IRAH
MHEINAET ENH B, L LUIENSHKILDHER
1330~40%FREDHE TH DIRE DTN LAE
STHHD, WEOCEHBADORZWIIREETH - 72,
MRI M2 TREED BN TRE & 78 - 7ok
BOUEDTH B, MEED MR 2 T1 &G
TE~BES, T2HRHABTLII~BEEELEL,
EEBRNRAS SN, TOMRT—IIVORES, B
{b, HPMmifEE Iz L b MRI OESO&EEME
WEATE (B9,

BEECTHB T 2DIRIMTIED B, BELBHH
1L ZEEIREI R ERAIC T1, T2 MAGIcE
BEERET BT UICMENEEIND I LU
Thb. OENOMEERETIERTES ES32
NI LeNAE S TH B 0%, REOEREREIIREL
LIZIENZ EXNE L, FHROKE IOHEPMERE

9 138k, &S
EREHOMERE (Intramuscle heman-
gioma), & MRI T1 8%,
AENOBRBICCTIERED/NSZEETH -
7223, &R MRI FTERRT I TR &
MEE (RED THEI EIGMSD

EENERIRETIE & DRI MRI BIEEICERITSH
5o

@ FETBRZE

HE AR CHlNELE LT 5 EFRICH T
ERERH B, ZNODIRBD S LEEMIMEE S5
%, FATERRBOMRE O EGREIITERD S BRI
BEEDEREIL LT, U L7Ahs o g AR EE
DOEZEZEIE DWW B “Ball-in hand appear-
ance” EWhvbn A LD ICBEELEHEMETSE LD
T3, ZTIRIISEFRRIBIGEERL, HR-oE
BRIEEANT BRI D TH -7,

UL LEEASS CT  MRI O HIRIC L D BEOMK
HBEZESMIM LU, BEOKREHEBIZOEAA
BEOERPEBEFICE T, —REREBIZT
MBS D 7o HMER IR & ITIE & A SBITI N
(M iz, —F, WRBEEZIEEOHBICTEN
DR EEETHH, AFE BEOHL TR

B10 48s%, &
Sjdgren AEEEL. BHEMEERAIC LS OB
MBS IR A EERICSREE L7z,
MR-Sialography (MRI 12 & % /K% 58H
U MRIRER IR L7cf8) IS THTRICE
ROFEENA S50, LWhbWH apple—tree
appearance 2L T3 (XKED

2435



MR—Sialography (MRI IZ & % 7K 2 5&Ef L /-
WARE T L) (100 oHBRicky, H
TIRERIIED D O EHFIN T3,
KERIRD 5 LE FIRISIEH O EF Nk es
78728 XAR CT 12T 5 B PI kA & O KB
STHY, WMEREBEOMHIIBRETH S, —HH
TRIZEFOEE N PREN /DB X CT T
HASHREIRERIAN S , B CT IS THEABHA &
T2 SRR DERITWERNEET . L L
NSk NS X MIZEN S MRIIZEE TR
ETHREOHRBRERFAEROELCHES L
7§57, MRICTH TR L T1 @& THAE
AP TIE L DIRES, T2dmBAGRcRABSA
PHTRAELVEES 2L, Gd-DTPA &E#IC
THEEHENA SN B (1),
PRENIRRR DR ERINC X D BRI AR B
o, MY I X MCENS MRI ZEETIERE
DEBEBENICH W TELD & 5 SRR AT

B11 528k, o
RTINS RE L BT HIRE,
MRI T2 i&381%,

MRI T2 i&F G aIERN %12 TH WS
TREBICENE OB R WL BES IS
5h5 (&RED

5 EEEE, CTEDEBNTHETHEASS,
WE IR IR D AR A8 & B AR ISR PR Tl B A i
EIREBOF TERICE D, EHIE MRI T
T1, T2 @FABHLICEET L LU TEEINS, 71
IV RPEBEEOHEL T L O FREBLT AR AL, A
B T1aA G CABHACHE TIRE L 0 IEES,
T2 BAGTRIESEZ 2T 5D, Bi(idsicon
AL ED & T2 sAE THEITEESIL L TL
B MELADPLEPH FIRO KRB & O FiliF s
MBI B0 MRIIC K D EGZMTZEEIMAE L
85,

6. HRIEME LTOBELESBOD
SHER U > /AR (D E BRI &
P

50 oS00 IZEH b, TD S BHI300
fENE SNBSS TEE S 5 (B12), DI O B
TEE DR IZOBEEEHOMREE®Y o/ EHiEd
MAITEB N ETH 5D, £ oD > bE N RS
DEMERNL, VL YEEZBUTOEEY o R
DIEMNIEFICE . CT % MRI OREMH{EICTHEHR
1. 0em® Y 7 SEC IR 10EE O BN EET 3
Enbh, THoBHE) U MEHOEBICLDED X
TI UL BFEMAHPEED S FEFEROFH
FRESERT B, U/ EEROBEIZIEEIC
BETHD,

CNSEEERY i OBEIT X CT ANHE Y 56
ARSI K BIRIETH - 7ohs, CT  MRI O HIER
ICE D IS DEE Y v/ E OB GIRE D IRAE TR
EM 572, CT ® MRIICTY /MDA, K&
X, JERE, SRR, NEEEIECHINREESIC TER
U o SERDE RS R o A 5 & OV BRI
SDY oRRIEA N AT LM ST T Y
SREE AR UCEESEY oSO & EE (FASAENE
B ERFID ERZESR ) oD I E D T HICHN
T Ko &Ko TY W EHEER ORI IS BEFELLII
ICINSEEEEY Vo EiEE L URIMEY LB E T
NESFTRE LTI S0,

YU RE X XY UEOER, ERESHE
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EZBENT - LTEL LW, L 0mbl EokE S
DEDEMBTF 2w I TEIENEELL, EBY
NEOREITEERO A RY, BREAET S 01
EFEBORREHIB W EIN TS, THidY v
238 U TSR RNAL Z &0 S U v A AR
RSO, ZoERIZRIHLTHE (E
13)e BEB Y L/ IR R ME O A PR AR T
ZEDB N, ERANC XS EEMELRET SN
FRH D, HHT CT 2 MRI ONEREIEORREIE Y &~
NREORE I IO STEE Y VoML Eh
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OEERZOIEER Y o/ i, MRI T1 %A
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LIV, A bHAY

2. MIRFEEICHIFS TNF & lymphotoxin D2

HAKER T WA e R sE s 1UARIE

key words TNF, lymphotoxin, Peyer’s patch, GALT, NALT

B M\

RN 0 L RGP iR O 8 — 2 o Tw
5. & PDOFEPEIFDNETF 2 — TIROME
Wb Wiz z0EEETHE I L 2% 2T,
[AZ25] L LTHRICEL TV S, T
Weds, EREER % & OPNBERMAYE IR DRI
SHENTVDEILERPIEBTE D, MR
BREENOORALTELBEMEMER Y 4 LA
H5HVITEWHROTEIC X 2 BB L, 4
BICLoTHELRDDEBIRWICHR LTV A,
S F ST R AR SRE OIS LT
WA, TOHRLERRE TR L TH D045
WHRIgAPUE L ZOFED -0 OREERE Y
N TH A,

TEDTFAEMFEORBHRERIZLY 5~

N F DBEF & RIE S BETRIB Y X
DVEBDSITREE 2 0, ThE THREEMISRENT
WioF =5y bR FO L OB R EENICEE T
EBEIThol. —HT, ThETHSATY
Glroly =7y NyT O BESER S
LHIENFLIELESHD. INFTTEEETA M
A4 & LTHSRN T tumor necrosis factor
(TNF) < lymphotoxin (LT) ®#E{EFXRKE< Y
xw%ﬁuib,:ﬂ%m%%bﬁ%yﬁ%%@

Y OB E B DR VB OTERIC K

SLHEEL TR EPRENT. KBTI
TNF R LT AR Y VSl O TR, HhhE
RIESEOFELHIHIZ DL S REEE RS L
TSP DWTIHHREZ A TAI,

A FERGBEISED A HH Z R L

HEHIZEAD L EHE SNBSS 2
WM IgAVERIEE 2 FERL S HIIHT--
T, common mucosal immune system (CMIS)
& LIIN B EBRIRERBEIFIET 5. CMISIE#
DEENZ XY, FEMAR & EHEBICT TN .
FEA I PUR & 305k - LB L, BAE SR 24
TAAEEAL S NBEM CTH D, FOMBRIETHED
BA - BESREBENORE (3DICHEENE. T
Wge % TR LIHBERBE ) vk nasal-associ-
ated lymphoreticular tissue (NALT) R0 22R
) VoM bronchus-associated lymphoretic-
ular tissue (BALT), THALE ClXBpE R >3
#H#& gut-associated lymphoreticular tissue (GALT)
E XN B KERE ) oS TH B Y. GALT
eBCE B, BALLHEIZ Peyer IIZHLY A
FND. Peyer D F— AEIKICIE MBI & &
I B HUERLD AR EHF OME R dendritic cell
(DC), ®7u 77—V EORBERTRAE?SF
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5. F—20TFHIITERIEER S, Bl
fasass & D JEBIC CD4Y T Mille=e CD8* T #llfig
5% A THIBEIROETE L [gA BURREA I
TS HREsE T TnE. L2 o T,
HLEREZ AL TRALTEHEIEEZICF
1E9 5 CD4+ T HIRES IgA BT BE BAHIZ 22 & D iz
MM A EEALT 5. EPEAL S U7 S
B33 Peyer % BN, BBRERLY /38, WEZ N
LCHiicA Y, ERHETH 2I5E OREEAR
BIZFEELTCELERDIgAZEETHLEEZD
NTw3Y, BEOSURIgA R EIZBIT S
Peyer RO EEME L, 1970 £ IBE I I E REIE E
BB D IgA FEAMBLA Peyer # 0D 7 B B H >k
TH Y, Peyer IROPUFEIFER IgA FiERBAALD
B R E A B IgA BEAMBI L5 LI
Lo TRBENA2Y, Tz, BOGRELLZSY
Z D Peyer i & ) CD4+ THiIfE % 8L, F—Ht
BECHBET 5 & BEE R MBHEEEES L O A
ML VEENRED SN, Lo T, B
BIZBT APBER RN IgA PURIEE O SR
ZGALT CTHAZERRIEBLTWAS

B. TNF&LT

TNF, LTa, LTRIZTNF X —/3—=7T 7 3

— BT BYA MLV THBH. TNF A —8—
77 ) —IE oM, CD30Y A K (L),
CD40L, FasL, TRAILZ &EXEEh 567,
TNF & LT« (& homotrimor THB & 5. TNF
B EE RS &8 cell-bound form & WY se-
creted form O 2 THELET 55%, LT a3 ld 5l
MCHEAETSH. TNF & LT-a31355kD @ TNF L
+ 7% — (TNFR55) 8 XU°75kD ® TNF L&
7% — (TNFR75) IZ8&3 5. —F, LTRIZLT-
ab BEERERL (LT-e1p2), HMRESEEH
ELTHEAETAH™ (1), 72, LT-a1 213 LT-8
Lt 74— (LTBAR) X#EET 5. LT pROMIE
KA A4 2id TNFRS5 F 7243 TNFR75 O HIFa A
K44 ¥ &®homology & < 78, LT BR % 4t
T 57 F VA TNFRS5, TNFR75 %43 5 ¥

TFIVERLSIEEEFETLTHA ) T LI
BB TES. 72, 4, Herpes simplex
virus (HSV) 2851& AL T RIS RGeS 5 BRIH &
4 5% herpesvirus entry mediator (HVEM) (2,
LT-a3&H LWTNF 7 7 ') —T& 5 homolo-
gous to lymphotoxins, exhibits inducible ex-
pression, and competes with HSV glycoprotein
D for HVEM, a receptor expressed by T
lymphocytes (LIGHT) 25&3 5 Z L& S
729, LIGHT iZ29kD @ type II transmem-

C

L
] ]

Hﬂ

TNF
(E%%‘u 51)
TNF LT-as
(4ik2Y)

‘ \

TNFR5&5

| [

LIGHT LT-a132

| T

TNFR75

HVEM LTAR

i i

| |

1 TNF, LTOUAHRELETH2—DOFRF
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brane protein T, {HHALTHI L Y EAE S K,
HVEM E LT RRICHATAZ L HE S TW
%9 (K1).

C. TNF, LT &RV >/ a1

TNF, LTH5WwWdZho oL 7% —RiE~
T ADENTRAT 0 I FER, IHEDH AL Mh A
BRI VSR OTRIC BV TER L RE 5 52
ZZLTwaZEMREN (RD. LT-« R~
VA, LT-pREXTAH 5 WIZLTBR KB~
ANEKAE DY) Y OSEDTE R & e hr o 721013
—7J, TNFR55 K3~ A, TNFR75 /KB~
AEREY) Y FHOEBITIIER Tdh o 721418,
51T, B MNIgCIAY T ADFcLET Y — ki
& L yolk sac % @@ A2 M EEHME LT, HIEP
DEF <7 ZIZLTAR & & b IgGl & @ fusion
protein (LTARIg) #&5+r2Li2xb, &
HHIOLTBRE AT H YT F Ve Ty 7 L.
- XORER, TNhHODin utero LTARIgHkG5 <™
ANIHREY YR PR EN o 7218, —TF5,
Fe A BAD LT a R~ 7 AH LT RIUK & 2 5
LULTCLTARIZZREM ZIERILT 5L, K ~
NEIDSTER EN71D . L7zdio T, KD v 3
HOBBIT I IEEMIZ B 5 LTel1p2 & LTAR

BN LY TP IRENEE R BRE 2 R LCn
AT EERREEN (K2).

R U SEIRIB= Y ZI2HB T H PO
BROOLN/, LA LedS, LT- KB X,
LT-pRE< T A, LTRR-KIBTY X 5\ it
TNERSS RIE~ T 2 2B 2 IO & I3 L
CELNTH Y, THIMRSEE, BMHKEES M
TEHEINTWhhodz, X512, BH.L germi-
nal center, EMEBIKHMAL follicular dendrit-
iccellsD/ 525 —DERLITDLNLH o
7z 101518) - —75 in utero LT BR-Ig#k5-< = A D
B OMEIEE TH Y, JBEMO LT o/pl5E
D70y 7 3B OMEHE L v L8
RENTIO (1), EBREWE LIZ6BRD< Y
AV TNFR55-1g %5 L CTL & Lid 2 h o 7=
25, LTARIg %53 2% LRtk &
OB ZENPELLY, DEOERLY,
LT a/pY 7 VAR ERE ST B2, 0t
%%ﬁ%?étbﬁi%&&%%%tLTwéc)
EATREN, FEAEIO TNF/LT 5 5% B 13 i
DHEEICEERE 25 2 AR E NI, B
U Y SEIZ BT B L OGNV — T #i
FEDFEEITHKFELTBY, ~—THIIC X
o TEPEAL S N7 PUR RS 2 A9 B MBS IE — g~
EREL, 2REBREERTS. 2KERIZES

F1 FEYIRCHT DU D NEBORRK

A PR OIS KA >S5 BRI Vo8 Peyer i ILF NALT
LT« K18 - - - - - +
LTp R4 - - + - ND +
LTp RR3E - - - - ND +
TNF R - + + + ND +
TNFR55 %18 - + + + ND +
LT3 /TNF & - - + - ND ND
LT B /TNFR55 %R - - - - ND ND
in utero LT R-Ig L3 - - + - + +
IL-7R K48 + + + - + +
1d2 K48 + - - - ND -

ND: not determined
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8!
CD3CD4* Coscpa e
inducer inducer /IL-7R
@4 B7 P LTal 8 S LTalf8
MAdJCAM-1 00 LOLTAR  MAdCAM-1.0 LALTAR
PP organizer
LN PP

K2 R /VEEBE Peyer ROFTRICH TS LT
DEE

AR RIS FE LR OB S B . JEHD
TEPUERERNBMEO KRS HERAER
somatic hypermutation R FHIER L affinity mat-
uration 25 Z 5. JERET IR IR OIS F
T =7 %R L, EEMEBMREOERSP X
Y —BHIBBOERICB W CEEL2ZRE L2821 C
WAHIZEDRBENTWS, LA oT, ko
BIEFRIB~ 7 2R LT fRIgMHE < 7 2 O i
W2 A 5N BHEEOELAUT A RIZICE IS
zRZTL, THIPREAFEEB RIS 2 U
B DE L WIIHID A S 7z 111819

D. GALTICE W S TNF & LT O1%E

LR o> X5 W REIETENIC B0 B PR R A 5w A
[GAPURIDEDOFEICHE L Cit, BESCRIEEL
EORSBERE Y ¥R EE R E A R LT
Wh, BERE) o E LTRENZ DO
Peyerti TH 5. LT-a BIETRIE~ T X, LT-p
KBTI R, LTARRIEY Y AH BV IELTER
RERB O T TH { NIK (NF-«B-inducing
kinase) 4B~ A ZMOAM Y Vo5 L R,
Peyer DA A & N7 s o 72 1013200 F 7=,
in utero LT ARIg# 5 & 5 W B IL-TR Hifkix 5
<7 A b Peyer MAYVKIE L TWwWiz162D, “h o
R Peyer ROEKICB W THAEMIZLT AR

BLUPILTRENTEY 7 FUPREERKRE 2R
L TWAZEERELTAS, T/, BEOH
T, IL-7R* CD3- fifg 2 Peyer LD 4 ¥ F 2 —
=l ERZON, IL7TE2MALIT 7 FMICED
LT-a1B82% AL TLTAR* VCAM-1* ICAM-1*
BRI 2 S L L, &ML S - ZERMNG
IIBCL, ECLZED X Eh A4 v o EETLHI L
IZ& o TCXCR5, CCR7ZHI| T AHIL-7R*
CD3~#ifa DKL FET 529, L) Peyer
WO BT %) 73Rl & HEERMAR L o
MRBHMEERRE I N (K2).

LT-g X~ X, in utero LT pR-Ig#5 <
A TIAMDRI Y ¥ 73R KIE LT 7 235 IR
) roSEi & GERY) CSEINERD i, KERESRIEIC
535 YOI LT pRIZERBICK
FLRWI EAUREN/12160, BERENWT &2
eEM O~ 7 A2 TNFR55-Ig & LT R-Ig DA
ZRE5THILICLY, BHEEY ¥ SEILRE S
Nho7z1D0 UEORENS, KRGS
5450 Y HOBBEICERER BT S
TNFR55 & LTBRDOWH D ¥ 7 F WARZERERH
M5 LTwas ZehmmaEni, 85612, LTp
& TNFR55 DA% RIB LIz AITBWTiX
JERE Y ¥tz & L2 TORMY ¥ EH O
RO LN WA, TNFELTRDOY Y X TidlE
MRS VSHIDSTFEELTHH 2, BEBREY 8
DRI BT B TNFRSS mEREK 1213 TNF L
HOV T FOFET B I EATRBEI N

<7 AGE I Peyer IROMIZHEEL D) v/
MAHE SN TS, BEHERAERBIZZY T b
7%y F cryptopatch & XI5 ) V7 UNEIOSELE
THW, 7YT MRy FiFckitt IL-7TRY DY
NERPRAEL, MRSEERAFRE B MEE ) ~
7%k intraepithelial lymphocytes (IEL) 239t
TAHZEDWRBENTHE2, 7y Tty T
BLUIELIE LT« RIE~ 7 A, ILTRKIBET T A
BWTHIEETHY, 70T b3y FOERIC
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LTRAFEDOHERIIEES L CuhnwZ LR SR
722 BEICE Y S by FOMIZIRT ) >
2N/NEfT isolated lymphoid follicles (ILF) 2STEFE
§ 5220, ILF i3 Peyer (R & $ML L 7-HEs5 % 4 L,
MR LS T 2. F72, ILF ISR SR,
AR I EAMMUNICHIRTHRA SRS LI 10h
A, ILFWEFEEIT/NE L, ZOHED BEEE
HRBANICEESNTEY, Peyerthio k9 ([CfBi B
WCREMT LI RBEEZ LD L IE RV, 20
BZIFERICZ L, Mt RBOWmFIZRD N
% %20 LT-a RIEY 7 A Tid Peyer 4 & FAEIC
ILFIERBL TV, LA LEgAS, ILF il
D Peyer WAARE L TWBIL-TRKRIB~Y Y A, in
utero LT ARIgHE G 7 2BV THD LN T
BY, BEOAS =X L9 Peyer & 138725 2
EDNRENRTV A (K1), vy 2DKBIZIE
EbIZ, au=v 7,3y F colonic patch HSHTE
9 5%, in utero LT BRIg#k 5~ > A Citan
=V 7Ny TFHPREEEN T 2w Ehs, 0
LI LT ARIZERBEALETH 5 2 & SR
ENnin2,

E. IBEDIgAELICB T B LTo/fEER
BOHE

BB LD A O TNF/LT % 5\ i3 LTo/
BARERERR 3 Peyer (R I ) » B D TR S
WS LT, LHALEAS, in utero LT
BRIgMF = 7 21 BT B GEHEEAE O IgA
GHEMREIEER CH o722, —F, LTe K48
YU AHBHWVIELTARKIBE Y v 2 3 M B
BB EETHDI20 2 0b 6T, BEEREA
JEOBMILEIZE L CBAP LTz, o
AHR3HEID LTARIg#HES Lizwy 21280
THRDH LN/, 512, LTe KIBY Y AIZ
EE 7 AOBHMBABALI2E 25, Peyer
W HIE ) > NE O A & e o 7228,

BENEEARICB T2 BMEOREIEE L
7230, Lo T, BEHERERBICBT2B
HIHE D BAEITE Peyer LB IR ) » 38ize &>
B ) SR ETIE R L, EHOLTAR
CERBVEETHLI EBRENS. F /o,
LT«REY T A0 ERMILE LT R KIB< 7
KBALTH IgA EAICEIZA SN2 v,
RAG-I R Y ZAIZBAT 2 L IBED IgA Bk
MBI L7z, S 5ICRAGIXRBY Y A0
NGB & LT o KB~y 2 ICBIET 2 L, B
BlBUDIgADEEDNEBEL-ZE2D, B
EOIgAEEIBERERAEOME R
135 LTAREEREICEE L T 5 & A5
WIS, 22T, BEOHEKERENIgA
HIGEIZBIUT 2 Peyer MR E 2 MBI+ 2720
(2, in utero LTBR1g#* 512 X % Peyer /K48
TR AT, BOGREICL 2 BEREOHE
RHENIgARKISEEZMIT L. Z08E, in
utero LT AR Ig#x 5~ 7 X TII W& kI 12 i
DR ENIgAPREADED SN2, 2512
W) V88 L Y CDA* T HIRE % 58k LHLE T
FREAE L 7AER, BB MIMEME X U4 by
A VEEDPED LN, L2 T, Peyerik
DREL TV BIRRETH PURSF R CD4 T il
WRHEESN, BEREEICS T 5 50WE IgA H
REEZT R THZEIRENT.

F. NALTHRICEHIT S TNF & LT DRSS

BIEICIENALT 257 FE 3 5. Peyer 4% & 1
DiEZHL, HREEICLYIUEHFEYIgA
PURISE % BRI FET 5 2 L &
D, IPRFBRICBUT S IgA FEHEBTHL L
DVRBEINT WS LHLids, NALT
BED AN Z AN E Peyer MO ZF N L 13E L B
D, LT-aX#E~vv A, TNFXRE<Y X, in
utero LT pR-Ig#& 5~ 7 X 7% & Peyer /% K48
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LTWABTZRILBWTH NALTHED O
723435 L7:H%o T, NALT OIERIC TNF, LT
FEESELTCwZWZ ERRENRT. 72,
TRANCE/RANK #2#, IL-7R#EEICHKFFL T
WAoo 723439, & 512 CD3 - CD4* e % K <
RORy KIBIZBWTH NALT OFEVTE SN
TWb 2834, e OFREOMEAE TR
CD3-CD4*fifg# R { Id2 RIE~ 7 X T
NALT OB FED bk o723, kD 5
B Id2 R~ 212 CD3 - CD4A* Ml = B AT
HZLIZED, NALT OBEI DD b /z3%
(R1). ZORKEILCD3 - CD4* MR LT /B
PR IRRAFEIC NALT OB ICERE 2k F 2 R
723 AR LT WA,

LIT

HEIEREE ) » RO BT, TNF/LT
B, LTa/pREBIIIFECEELREEHL R
T EMRENS. F, REORETH I
FE X N2 ILF ° NALT i3 Peyer (R & 13 8% o
EEOBRBEDLOI L D bh o TE . HhEE
WY N D A H = X N, T2, HEGRE
ISEHED AN AL ERFT A 2 Lk, KEmE
R RG 2 IgA RIS E S FETHHIET 7 5
YORRBREN T VVE—, WE, KEWEERE
7 EOREMRRIC R AT HRWOERE LT
BImOIIOKEBEETHY, SHOMNFTIHRFT
5.
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BUBIT

BIETREYTADREICELD
=2y N FOR DR ER
MICFEATED XD IR
—FHTIEFES Lo ZHEEN
BRI ND I ENLITLIE
& . Tumor necrosis factor (TNF)
Slymphotoxin (LT) 1365 Hl4H
IZBNWTHEL OEREET Y1
FHAELTHSLSNTWSAR,
TNF®RLT, £/, ThoDlk
Ty —DEETFRIBT T DM
2L, ZN5DOYA MhA N
KD 2RO IR E <B
BEUTWBZEWRENZ. AT
TRINEDYA M Ak
BIEL Y >\ ORI ED XS
BREERELTWBON, bh
DNOHREZATHNEZMAT
BIZUN.

L. U NHEHEECBIT
TNF, LTOMS

TNFELTIE, &EBHICTNFA—
N—=T73IU—ILBT23E8HKT
BRENZYA b HATHB.
TNFiXhomotrimor THEEL & 11,
AR E#E &% (cell-bound form)
& WAL (secreted form) @ 2 B
HERTA. —H, LTiR ot s
BHEHOMAEHEIZL ST, Mg
MRS (LT-a1B2) &M
(LT-a3) IZH8EE N ALY, TNF
ELT-asld, 55kDOTNFL &7 %
— (TNFR55) 3L U75kDDTNF

*TF271-8587 M THHENT 2—870—1

Lt 7% — (TNFR75) & T
B, LT-aiBLT-BL T ¥ —
(LTBR) IZ#E&d 5 (BB 1).
IN6OYA M BLUL
TSy —RETTADY GRS
BRI LU R, LT-alfzT R
#H, LT-Bx4E, LTARKREY TR
WSRO U D INEINERR S ik
o8N, Fi, MIEBETIZTHE
fEER, BAIEELR S WX
NTH 57, KEH.L (germinal
center ; GC), MBI (folli-
cular dendritic cells ; FDC) ®
FIAF—-BERINZMNoTZ. T
N5OU )N B AR
IR REREICDELNE
EEml, THREEFEESY XD
RREOBEIC L BHED, 71Y
AT IAAA vy FidBEIN
oz, —J, TNFRIBY ™D
A, TNFRS5RIEY T ATIEY
NEXEETH DN, MEOGC,
FDCRBRESNTH ST, HiE
BEMRERBCBITS2 5 X
A4 v FNEE TN
7258 ZRickt U CTTINFR75R 8
TURFETOU BN ER
KHELTWED., LEORKRL
0D, LTBRENT BT T F VLK
WU D INEIORSEICEE %% %
E-LUTHBY, TNFRS5ZMT 3
T FIVIZIE O REERR B 5
LTWa I EMRENE (FI).
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* BARFIF IEHR & DREY
WA IES,

2. TNF, LTI & 3 BEHE
U RS ORI

AR L & B R O &V ISE
L7t x a7 5. MEmIC
PUER RN RIgAPRIGE 258
BRI E ' B DD, common muco-
sal immune system (CMIS) &g
ENAERBERETHY, BE
BHE U > NHHE (GALT), S0HEE
BEEY) XA (NALT), &EX
BHEL Y >N EL (BALT) 72E D
KRB U > % ##k (MALT) i
LDHHINTNSBY. GALTD
BEIZBITATNF, LTOZES
R LR, LT-aldETFRIE,
LT-BR48, LTBRRIES D 21N
A TIVERMRIBL TR 4910,
F, WERMOBEH<TY 21T,
LTARIgdH B WITHIL-TRpUAE 2
5452 L2k 081 TIOVIRREE
IIUAPELNELY, 5]
BRI, N1 D)VROBEIZTR
EINCLTARB L VILTRE N T 5
ST FINVRNBEEREEERELT
WABIERRELTNS (F1).

R DEWET, N1 TIVIROKE
EIZBIT DR A T AL DR
Wiz adniz. BEHOTTZAD
5% 1= B lymphocyte chemoattrac-
tant (BCL) Lt 7¥—TH 5
CXCHrEh1VvEvTH—5
(CXCR5) ZHBIL TWAILTR"
CD3~ Y U NNEBRDENZ. X
51z, IL-7RTCD3-#ifald, IL-7R
ENTHRBICEL O LTaBZEESE




LB, —FNA ZIVIROFRE
IIBCLE PEAE T B LTBRYVCAM-
IFICAM-1F 23R (mesenchimal)
HMRENEELE. £2, Zhb0
HIRZIZLTAR I, & 5 WIFHIL-7TR
Pk Zin uteroTHRETHZ LT
KOHELED. D EORKRLD,
QIL72H LI TFNICED,
IL-7R*CD3- ML TaRZREAEL,
LTARtVCAM-1TICAM-1* HZEE R
MR EEELT 5, QOEELEEN
FHERAIIBCLZ ED Sy Eh
A UEREEATHIEICE- TIL
TRFCD3- MO EEEFES
B, EWVINA TIVIRFERIC BT
B U 2 NRHE & EEE R AR
BERAWNR®B AN, —J, HEk
BN & 1Tin utero LTARIgik 5
NA ZIVIRRIBR D AW, & 2N
PHBEEZY VAN 0L 5%
RELBIROBETDIZ&ITEK
0, PRREEBEIGATURIEE
MEHEINEW, 25 ORI,
INA IV E OPURRF RIS
EINECBNT, HADIgATE
HETIIIRNWI EERBLTINS,

T AMGEITIIA TIVIR Ol
IZHRSE Y > X/ (isolated lym-
phoid follicles ; ILF) NFEET 5.
ILFIE A TR & - RGE 2 A
U, GCHHEETS. £, LT-a
RIBR A TN TIVIR & A%
WILFIZREL TWED, LML
M5, ILFIEO 81 TIVERN
RIELTWBIL-TRREBT T Z,
in utero LTARIgi% 57 Ai2H

C 1 1 #BRAAE
TNF LT-o¢1 B2
TNF LT-as
[ 1 $pARE
TNFR55 TNFR75 LTBR
1 TNF, LTEL 9 —~DHEER
K1 TUOXOKEY /N EBOBE
E4rFS U NET /N TIVR ILF O NALT ik
LT-a 38 - - - +/- 3,4, 15,18, 19)
LT-BRiE +/- - ND +/— 9,19)
LTBR&IE - - ND ND 10)
TNFRIB + +/= ND + 5,18)
TNFR55&18 + +/- ND + 6,18)
TNFR75R18 + + ND ND 7)
LTBR-Igini2 +/- - + + 11,19)
IL-7TRR48 + - + + 7,15,18,19)

ND : not determined
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ZHLEMNIT S I EIISEBOME
Th5.

3. NALTHHED A1 =KX A

XU ADONALTI SR BT I fL
BL, £ bOIVYA TIVEER
CHETAEEZSNTNS. NN
A IVIREBRGEZRZEL, &
R XD HiER RIGIgATURR
Bow B MO RS HE T
216,10 BEIBREEN C ST F DHEE
DA Z AL TIVRDEN
ERESRED, LT-akigwy
A, TNFREZT T A, ILTRRIA
TR, in utero LTARIgk 5 <
TARE, XA ITIREREBLT
WBITZARBWTHBRHENE
&E1). ULhLans, LTakiE
YU ATIH, NALTIZR D 5
N300, ZOBEIENTA
721819 Pl E ORI, TNFR,
LTBRZE 95 7 FIVMNALT
MDorganogenesisiZB5 L TWin
WA, EREOHERFICIIBIE L T
HTEERBLTNS. IBIT,
ONONOFREDOHMATIE, 1d2
RIB D A TNALTO RIBNRD
5NTHE D, CD3-CD4tCD45+%
gAY, NALT®organogenesisiZ
BEREHERZTIENRE S
nrkz.

BHOIC

TNF, LTZE#H»M0IZL T,
MALTHED A = X LB R AT
SN > TEE. MALTO A
AZALEBRTH &1L, I
T F > ORFERREMEBRERD
BFHEEL TS ET, BBWC
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=S VR N

EMIMREZA LT, 505 OREEIE
RIVANVAREDRBHRELHEL T, HE
DRBEEESBREGHOE—H T HoTWn5,
Z DS IEE D202 8 LU, 10ME D D%
SRS T AY. BERCIRETIST,
FRETE, R R SRR IS D B I
5 LTway, 20000 REETRELLTY
B DNHEIRBEEY) VR TH B, FEERE )
2 NHRRILTE £ OFE DR~ DBRARK D S
REC2OUIHEENS, HLBRZNLTE
A LT PRI T 2 B ERE ) & 7 Sk (gut-
associated lymphoreticular tissue : GALT) &, %
22RO RMEGERE ) > #k (nasopharyn-
geal-associated lymphoreticular tissue : NALT)
b LIERELMEEY) > Sk (bronchus-asso-
ciated lymphoreticular tissue : BALT) T3 5V
FERRE % A L CTEA L BRI R ERg ) %
MARICI AT N, FIIHEIET ACDATHIR,
IgAE £ RTER B MRS 2 & & L4k % 15
B35, FUERIBEE R T2 00 ORER Y
fais C oM@ e EEn, mEY ¥ 58, WEE
LT MicAh, HEREFRICHEL(SE
HDIgAZ 53T 5. T OPUEERIIgATURRE
HIZRE T 5 REH LY OBERIFERRE
common mucosal Immune system (CMIS) & X A
TV (1),

EDBEFRIBY Y A E BB LD

TINF773IV—DYHYF, LTy —%4L
2V T  IVAREDHRESE ) O SRR SEIC
EAESLTWAZ LARENT. RIS TIXTNF,
LTASHEREREE ) » S OBEIC ED L ) ¥
BERIZLTWEDH, 77, HEGEEHLED
FEIZBITHTINF, LTO%REICOWThbhi
DHIR %R Z TR EINZ THhizw,

TNF, LTE LT 42— £ DIEE#HRK

TNFELTIZEBDIZINF7 7 3 — LT A=
ERTERINDY A M I 4 v THD., TNFiR
homotrimor TR S 1, HREERS &5 (cell-bound
form) & 53, % (secreted form) ® 2 B2 H 4
5. —7%, LTI o $8Dhomotrimer (LT os) THE
BEN, JUWBEITHEETL DL, afis P
DG HE (LT-ouPe) THERE S 1, MBEEREE
BITHIET 5D DHH 529, TNF & LT-0s1355kDa
DINF L+t 7% — (TNFR55) B & U'75kDa?>TNF
L+t 7% — (INFR75) I2#563 5 2%, LT-oufetd
LTBL 7% — (LTBR) 12#E4ET 5 (M 2). LTBR
DHIRAA F X 4 ZIZTNFR55 F 72 13 TNFR75D
FBW N 2 A > &£ Dhomology i3 <{, LTBR%# /¢
% v 7 F IIVHYINFRS5, TNFR75 % /v 5 & 7 F
VERGSTREERBTATHA ) T LIEIE
PR TE S, F/2, i4E, Herpes simplex vi-
rus (HSV) 25E AL T MBI gy 3 2 BRICHE AT
% herpesvirus entry mediator (HVEM) 12, LT-os
EFH LWINF7 7 3 1) — T3 %homologous to
Lymphotoxins, exhibits Inducible expression, and

* Role of TNF family in the mucosa-associated lymphoreticular tissue organogenesis.
#* Masafumi YAMAMOTO, D.D.S., Ph.D.: HA KSRt Z A S T EES 3R ($271-8587 FF 1 5 BT 752-870-
1) ; Department of Oral Medicine, Nihon University School of Dentistry at Matsudo, Matsudo 27 1-8587, JAPAN

2450



FaRERSE Y oo \HEEE
(IgAZEEHRRE)

S, RE, LREX, HItE
RAR, ERAR, TR

(IgAZE ZhHERL)
== ==
SEIgA o=

@ A—3 Y
1 HEREEIBICL D REGREDMIL
R 1 T T L S R e e L r e Ty B E At e Fu TR Yo b b T memi kb b b ba b
TNF LIGHT )
(AR LT-oife
TNF LT'aa
(5risEY) l\
\A A AV AV
TNFR55 TNFR75 HVEM LTBR
L R e P R e A | R R LR R

M2 TNF, LTOUHC N, Le72—8EFR

competes with HSV Glycoprotein D for HVEM, a
receptor expressed by T lymphocytes (LIGHT) %
BAETAHZ EPmEENY. LIGHTIZ29kDam
type II transmembrane proteinC, &AL T
fak pEE SN, HVEMELTBRICKEAET A L
MRENTWS (F2).

KA 2/ HERIBEEIC BT D
TNF, LTOE]

TNFRLT, $72, L& 7% —DEEFRE~T
Y ADMEHIZL VINE7 7 3 ) —2%KR ) »o8
MBOBEIIKRE(HEELTWAZ LRSI
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£1 BEYYAIHTB U L /NEBOEE
<R % YUk oS4 TOUHE ILF NALT Rk

LTa/R 38 - - - - - +/=¢ 5),6),18),21),22)

LTBR$& - - +/- — ND  +/-c 9), 22)

LTBRX 18 - - - - ND ND 14)

TNF/X 38 - - + +/—0 ND + 7),21)
TNFRS5K3E  — - + + /-0 ND + 8),21)
L’fé’RﬁZﬁf_ﬂz - /) —~ + + 11), 22)

IL-7R% 48 ND ND + - + + 17), 21), 22)

ar BRI Y COSEEDTERE, b A X0HID, o MEREEOBIE, ND : not determined

7z. LT-oa&fZFRIB< Y A8 L UOLTPRAIE< Y
AAVLFRAG ) Vo SEIDTER S N2 o 7290, —7,
TNFXIE< 7 A, TNFRS5KIE~ 7 AD1) ¥ /8
DB EETHo7279, DLEOKRELYD, Y
VSER ORI BT ALT-ouf DEEEAITR S L
2. L L7%d6, LTBRET T A, in utero
LTBRIgH G-~ 7 A TIIMOFRE ) > 7 &K
LTS BRI Y v SEidsiRe b 91,
ZOMERIIIGREEY v E OO K Y
VOSET L B ), LIGHT® & 5 7 LT-oup At
VY FOREET AR R L T b (3R 1).
BEOBEICBNTD, INFBLULTIHEER
g% B2 LT b, TNFRIEY 7 X, TNFR55
KIE~T A, LT-aRBv YA, LT-PRIET VA,
LTBRKIE~ 7 A3 T MifasEss, B MDA
FEIZOEES N TE 5T, AL (germinal center :
GC), ER#IKMPL (follicular dendritic cells :
FDC)4 v b7 —27 bW EN 2007979 (F1).
T AV —#IBa I & D EAL S U R RS
B MR —RIEREFR L, R\ TIRIERIC
BATLCGCR T 5. GCIIERRPURRFEN
BHRGHOBAHTTH Y, %I THEENZHE
V SRR T O R B 4 B 22 IR A & (somatic
hypermutation) % EANERFL (affinity maturation)
WL B, F7o, —JElE, TREAEE B IZFDC
HBHEEL, SRR EETA LN BflllanE
REBBICBWTHLHREEZRI2T I LR
BeENTWAEY, EE, EROBEFREYY A
DEBIEEIZ BT 5 GC, FDCOHE SR IR
BILEICOELVWERE LR, THREKFEEE
HILE DRI L AHUEREMIEDOT AV ¥
AT TAAL v FIEFEEINL o 7209,

UEDFHE LD, TNFB L ULTIEY) »RgD
TR, BEEOHEEIZECES L, WK
HRFELEDFEICEERFE TR LTWS
ZEDIRENT.

TNF, LTIC & 3 HIRREE
) 2 I NHER O FIE

LR X5, HERERITEERREL I3
L RERERAR L, MEEICBIT IR
B EIgATURINE OFEIZRE L TiE, GALT
RNALTZ: & OFEERE Y o SRR AT E B 2 1 5]
R LTWA(R). Lizho T, HEERME
) VSOOI BT ATNF, LTO%&E],
7z, FEPERGE ) MoK T TOHRRERDY
[GAPURICE DA SRS B 2 R 5 &
TEELRFID?Y L b, GALTOBHEICBITS
TNF, LTO 2B % i L -8R, LTuRfZFX
HY v A, LT-RIE~ T A, LTBRKIE~ Y A i
234 TOVAHRIE L TN 7=0098) - F 7= iy ytero
LTRRIgtz5-& 5 W ISHIUL-TRYUES 5~ 7 A b /¥
A TS KRB L TOWB (R, Zhbokk
b3 TOARDTRUEEAIAICLTER S & UIL-7R
NS AV TTNVDNEEREE 2 RIZLTVS
CERREL TN, T, BREOHET, M
D~ 7 2 D5 1B lymphocyte chemoatt-
ractant(BCL) D L+ 7% —T& 5 CXC chemokine
receptor 5(CXCR5) # 53 L T\ AIL-7R*CD3"~
) USERDSEED bz, 512, IL-7RTCD3
FEIL-7TRZ A4 B HIBIC & ) LT-ouPe% EEAE
L72®, =75, 734 DVIROFEFEITIZBCLE EE
3 A5LTBR*VCAM-1*ICAM-1+[# % & (mesenc-
himal) HIRAASFEE L7z, T2, Thoofilaid
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T2 TNFR55, LTBRENT 2L JFILDTOY IICELD
BEREY L/ MBBOBE E B REICE

[l A

INA TIVAR

Kl sa s
v A T/B #ika T/B #iHa by
. GC FDC i GC FDC %

TN tgs  PH L T
| S RE ORI R+
TNFR55-Ig#5°> BB + ELes + + +
LTPRIgHS® ©oAUM  + +/—  BE  + /- +

Ty AOEE4BE & 17THBICkS.

bl REHE RIS

LTBR-Igd 5 W IHIL-TRIUA % in utero T 5§
HZEIIZEDHEELE®, DEOKRIY,
OIL-7R*CD3 MR IL- 72 N L7237 F s &
b LT-ouPe% BE2E L CLTPR*VCAM-1+ICAM-1*
R EELT 5, OB n/-HER
MAIEBCLR EDr £ A A VR EETHI EIC
& o TCXCR5 % EIR ¥ AIL-TR*CD3 - fifa D EAL
WEFET D, L) ZVROERICBLY
A1) o3RI & EERMR & oM EAEEE
HAEBR SN, 22T, bhbIBEEoH
B EMIgATURILEIC BT 531 TIOVARDEE]
%NS B 72012, in utero LTBRIgIZ 512 & 5
NA ZOWVARRIE T A% FAWT, ROGEICE
% M E R IE DY U AR R AT ATTAICE % fifT L7z
ZDRERE, in utero LTPRIgk 5~ 7 A CIEGE
R | SR R R R WIgATURE A ADTRRD b7z,
EHITHEREY Y NE X ) CDATTHIR % 558 L
PR THRELCHER, HEEMRMEL LU
FA PAAVEENRDLNI®, Lz o T,
INA ISR IB L T BIRETLIBEEY) ~
INECHUR R EACDA THIFA S E s, 59k
HIgAPUAREAZ Y R— b T5 2 LATRENT.
RIZ, EF%GALTHEAL TOIgATRILE FHE
FRICBITBTINFELTO B T 572012,
EE~ Y ADKOGRELRM A ICLTRRIgH 5 i
TNFR55-Ig% #%5 L, LTBR& %\ ITNFR-55%
MBI TFVveETOY 7 Uiz, FOER, LTBR-
[gh &5 TH I LICLVBHER) v S HiOEED
—ERHEN, FURIFERMIgAPURITE DOSEE 23]
HARRO bz (FT2)D, D EOKERLD, BHE
DIURFFEMIGATMFICE B LT, O%1 v

WIZVEDOFEMGETE 2V, QBREY)
VOSEIOREENEETH AH I EATRIEENT.

B DHE T, <7 ABEICII N, ZIVIRD
L ZPRSL ) > 2 /)NEf (isolated lymphoid follicles :
ILF) SFET 5 Z EAVREN7z. ILFId S v
WEMAEEERL, GCOFEAETA. T/, LT
RIE= 7 AT TR & FARIZILFIZRIE L
TW2®, LA L%DS, IR/ S TR
MRIBLTCWBILTRRIEY Y A, in utero LTPR-Ig
BEYIAIBVWTROLNTBY, FEOA
HZRLDISA TIIREZE LR B Z EDPREN
Tw5h (Zﬂg 1)18).

IR 28 A A MR L ENALT ST 5. /234
IR EBLZ-EE A L, BEREICL VIR
R IgATURIDE & S E 0t D R AR S 758
FTHIEL LD, MRERICBIT HIgAFEMET
BHHZENRBINT B0 L Lehs,
NALTHEEED A 1 = X 2384 TURDF &I
Fo/K R, LTokE~Y 7 X, TNFRIE~
o A, ILTRRIE< 7 A, in utero LTPRIgk5-<
TABRENRAZNVIREREBLTWAEY Y AILE
WTHNALTIERZD bz, L72A5-> T, NALT
DFBAZTINFE, LTS L T WnwZ EA7R &
iz, L2 L2556, LT-aRE~ Y A TIENALT
WBEROLNLELDDFDT AL XiF/NE L, Hik
BEER TV Z L, LTI EOHE
BICESLTWwAZ IR EN(R2). &
7z, bbNOEEDHR TIEI2RE<Y Y AT
NALTO/RIEAERD N7z, & 512CD3-CD4+
CD45HIfa # IA2RIE~ T AICBAT A Z LIk
D, NALTRROBEEYFBEEE I, Lo
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R LI D, CD3-CD4*CDASHIISNALT ORESL
WEERRE 2B T LR ENT.

B bH I

FEIERAE ) > 7 SHERIB SR 12 B v TTNF, LT2S
EDL ) BEERL L TVBENIIOWTEE
EMA Tz, BPFEDITE A LIIHETZA LT
BALTL WEBBMEDICL > TUERT &
n, EEHEICBIT A EREREOREDE
ESFRBREINTETN S, HEREE) 34
BREEDOA D=, $7:, HERELESHE
DRAH =X L ERPT AT LL, HEmICSE
R IgAURICE £ SFE T AR Y 7 5 OR%
REYTVIVF—, WE, KEEBEREZLED
MR IR AT 2 RROBEETELT S/
DICOREEETHY, 4B ETETHHROE
BEHFLW,
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Elucidation of Mechanisms for the Biostimulatory Effect of Low Level
Laser Irradiation on Osteoblasts by Subtractive Gene Cloning

Yoshimitsu ABIKO

Department of Biochemistry and Oral Science Research Institute,
Nihon University School of Dentistry at Matsudo
(Chief : Prof. Yoshimitsu ABIKO)

(Accepted for Publication : July 15, 2002)

Abstract : Various biostimulatory effects of low-energy laser irradiation (LLLI) have been reported that
involve the acceleration of bone regeneration. We reported that LLLI stimulated cellular proliferation, bone
nodule formation, alkaline phosphatase activity, and osteocalcin expression. However, the molecular basis of
the mechanisms leading to these findings has not been elucidated. To accomplish this, we constructed the
cDNA library of MC3T3-El, a clonal osteoblastic cell line, which enhanced gene expressions by LLLI using a
subtracted gene cloning procedure. In the present study, we further characterized gene library by DNA
nucleotide sequence and homology-search with a DNA database. Among 88 subtractive genes, several clones
exhibited high homology with mitochondrial protein genes, signal transduction-related genes, and EST genes.
These findings may help to elucidate the molecular-based mechanisms for the biostimulatory effect of LLLI on

osteoblasts.
(J. Jpn. Soc. Laser Dent. 13:79~88, 2002 Reprint requests to Dr. ABIKO)
Key words=Low-energy laser irradiation, Osteoblast, Gene expression

Fo— F=EHAL —¥—, BFEH, BETRE

EH T L —H— BN X B EWERRD ROV AR IR

#
R L — 4 — BRAT DRI 5 2 B IE T I B 0D NTwb,

il

BLERSNTUR, REMH, EERY, BHAILE E#]“ﬂli?%ﬁifzjzc:Mﬁ#ﬂ@&rﬁ)ﬂﬁ“ﬁ;ﬁ?—*ﬁéh’cmé7273»“6‘
% CILERRRRSRE SN TS, LAL%DIS, L—H—EERT SO IHE, BRSEL201213, A

T271-8587 FHERARFHRATFE 2-870-1 TEL 047-360-9332, FAX 047-360-9329
2-870-1 Sakaecho-nishi, Matsudo City, Chiba 271-8587, Japan TEL +81-47-360-9332, FAX +81-47-360-9329

2456

HEAE . & LETF LNV T OERRHE R 2 R R



HAL —F—-E¥EREE 13 79-88, 2002

DEWL—F—BEORE, BHEELHEETLIELDI,
HEM AR 7 EIREICHEE L T LERH B LB
bbb,

ERDOSTF LNV TOWIET 70 —Fi, EEEEYWE
DRBBEBIEF 7 O — = ¥ 7SR — 5 VN7
H—REEDBHIITONTEZ, L, b O3
FETIE, T§TRI MO TS ERGEHNESD 5\ it
FE, BEICEG LT ULMRAAZEETERY, H
WRhst, BRET 2EMBERICED L RMOBEFIID
WTIEIZET 5 2 LA EETH B,

WAE, &7 LA T AFROREN L ERICHEY, ¢
FEREGEAOEROT ) LAFTEFED ONT VDY, F
)BT = R=ADFTEIE- T, HIEANTEET S ER
FOLNF VAT )T b= AL, EGRRCHEET L
LIZE L OFERE G ZB/H LHFINA TS,

BEFRAOEH WAL THEE LT, BEFNNV I %
ER L, NEED mRNA CELBIEXTHY T T ar
BEFI/O—=V ZEFSBEINTNEY, L —F -4
L7-#fEA 5 mRNA %48 L T cDNA #EzF NV 7 %
B, L —F—EEHIO mRNA % HVCTHER—D&
EFEZELIw (E4E) R) ORMEFEHIEE, L-—¥—
NI & o CEIEFREAISEALREF LV IR
Bo COEMMLBETFIA 7T — %KL, BoNi#&
FEFru— v OBEERFEZHBRRELTT /) LT —FXRX—2D
BEFRIE ATV -BETLIILICLoTHET 5E
EFEREL, ZOBEEFOBREFEWORELFS I
TAHAIEDNTREE R D,

REFFETIE, B3FMICEE D L — ¥ —BE L TESME
BEFIATT) —kBEL THIE/-8EETFII—
VZOWTIRERS A EH L, KEH L —F—HREt0EY
S50 F OVE B O & A7z,

RBHE

1. #EERIEE

FIFEMIL LT, XY AFEFOEZEE,OMILEN,
BRI EEEY AT 5 MC3T3-E1V% F\v iz, MR,
10% ZfglRmmE, 100pxg/ml =1 > G, 50pug/ml7
VEIRAY U RIRML 72 o -MEM B #C, 95% air-
5% CO,, 37C O&fAt, COAf v FaN—F —THEL
7ro BEFEF 4 2 (T5em?) (ZEEETE 10ml OREEE % N
ZTCHERITo72,

2. L—¥-&E

B L —F—BBEHEEIR, Ga-Al-As FEKL — ¥ —
%¥1& (&5 )V Panalas-1000, &£ 830nm, & A H 7 500
mW; MTES) 2BV, MARE»S 5cm DHEHEIC

BB % B E L, 500mW T T 4 ¥ 2 Toem’ 12K L T
0B Lz, COREEHT, ZFINVF-FEILT6
J/em? 127 B o BEBEOFAET B LUSFEFEEMLTL - —
S 24To TR EZ A, MEHTOIANVF—RIZE
BED LN Dol TOIEHOEERTOREYEIC
LB L # 2 S, FRETEICEERE A HLY BrAd
EEEITo72, T, TOBRSEGHTRERDIREDELL
CEBZERD LNV,

3. ¢DNA 514751 —DOfEK

ARERTIE, MBEE~NOEELRFR DI,

 MC3T3-El#ifast3iary 7y PETHEEL, L—

B, 1, 6, 12, 24 R ICHIIE 2 54 RNA = [
L7, #RNA ZEA& LT, mRNA ZH# L, cDNA
SAT5) —2EH LT, b ug DR ARNAZT V7
L—MZLT, 16pug NotIH 4 M%bDoligo dT % 7
SAT—IZ, AFMETAF T X7 VAT Fe Tl
EEEFE (Superscript II) KISIZ & o T cDNA &R L7,
AEEED> S RNA % RNase H # W THY) w721k,
Bglll-Smal 7% 7% —%M[MLTNRI ¥ —-TFAI FIZ
—FETHATESL L IIZ L7, 300bp LLF D4y DNA
TG A NEAE VI TATRE, X5y —-FFAIF
pAPneo [ZHAL, T4 Y H—ETHFRXTFTIAI F&E
BL72® (K1),

4. EHMbEEFIA-=27

F A5 TS5 A3 FEFEME Escherichia coli DHS ¢ F
NMQIzTl s baf—L—a VETHERER L, R408
77—V EERE S TR L TER L2, RNT, b—
F —JEE ST MC3T3-E1 225 EIX, ¥E L7z mRNA # ¥4
FUREH L, —ARBEIFATTIAIN FATTY L
NATNFALAREE, EHICAPLTFTEY VaEES

LT, BT E mRNARAF AT TSIAINE T2/ —

WETHREL, BoltxATTIAIFN, §4bbl—9—
FBETT mRNA LAY ERLCBETZFOXAT TS
23 FEERLZ, ZOBREEr ZERYELZ, Z0F
A5 75 A3 FIZBcaBEST DNA R X F—¥EHWnT
TR DNA TF A3 FIZL”E, E. coli MC1061A 122
B | CEMULBRFIU—Y A7) —2ERL
729 (F2),

5. BEESIDME

B—an=Z—0DE coi@fZFru—r%9 ¥ AICH
W%, HE) 7S A 3 FRE#EE (Kurabo, PI-100) T
SAIFEEN, BRLAL, EFATTIAIFOEHA
DNA WH OIER£EY| DO 1L, dideoxy chain termina-
tion BV TIT o 72, MEEF OMEFILEGEE DNA 2 —
# ¥ — (LiCor, Epicenter Technolgy ft), =GR
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002 9 ERFER EFCRET S 0—= 7k B EFAAOEES L — 5 — B O LM R OB
MC3T3E-1 NOH—TSRI R

+ AFIV{k—d CTP, dATP, dGTP, dTTP
R EER

RNase H, DNA R A S5 —+ | +NTP
DNA R U %5 —+

Y
T4 DNARY A5 —¥

| T4DNAUH—+

IbsbaR—-L— 3>

A

BEFSATS

1 b —%—BEHIEE TN 7 R OB
HIREEE ) Vv — MO IRIZL o T cDNA R OBAFRE—EL 2 Y, EMMLT 2BOFEL — ¥ — B
W mRNA IINTB5T7 U FL VAP TS5 A3 FDNA O—FEFEL L THES,

j—
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L—Y—MBEMC3T3E-1 L —4—JEREEMC3T3ET

cDNAS A TS5 1) — mRNA
R4087 7 —<

{ eATomm

e @ 8 2 &8 B B
& BB

U .. . N BB BB

i : < ) S N
¢ ZFLTRTES AR *
7z /=08

* R B

@

LiEES ;’i‘ﬁ'@ﬁ

(L—Y—-BHTEERELE (XETIEGEFIO—)
BEFo/O—)

BcaBEST DNARY A5 —+7
© ZAEH{E

EMEBEFSATSY—

BERIESR, REOS—BRE
H 2 Z25GEETFS A 75 ) —VER O
TIAINBEFNY7O—REA SN DNA ICEFF VERELFEL —F - HEHR
mRNA 7%EE8T 5, EFF VAP LT P TES VSEA LT IAIFE 72/ — VILET
WY dbhsd, LEEGIEZ7I A3 FDNA # - ASICEL CTARBEBEICHEEE L
TEMBETIATI)—%155,
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DNA 79 4~ —, Sequi therm Long-Read cycle se-
quencing kit (LiCor, Epicenter Technolgy #t) % B\
TIro72, ‘

6. F—a~N-2fEFE

National Center for Biotechnology Information
(NCBI) @ BLAST (Basic Local Alignment Search Tool)
FHALT, BEREFOFET Y —#HE (Nucleotide
BLAST ; blastn) #4772, # 520bp DIFEFEF| D K £
0y —RBEOFRCHIETT L —BOMHREAENR S
bD% Known gene 70—, 7/ 7 —Yaryhhwn
EST (Expression Sequence Tag) gene & DFRET Y — 3
Ronsbo% EST 7 u—>, 30bp BLEMEEAR S R
VD% Unknown gene 70— & L7z,

S

EMLBRETFIA4 750 =26 75 X3 FDNA i,
FEELUBIRREER CHIT L ¢ 7 e — A VESIKEIF 1TV,
AR &2 ARz, MBI ZED—HERT,

300bp LLEDHARTA % b b, 2ORIRBEEEL/ $s —
YR D BT O -V EED, 7723 FDNA
RRER L, ZNENOEA DNA KA OEEERFIZ DO WT
520bp MEFE L 72 BOHNIEEETEIH % NCBI O
BLAST 70 79 A CHEERFOFED Y —1RER 1T o720
4%, No. 1-178 70— % —fl& LTRLZ DT,
B 4A HMEFHES], K 4B ATDNA F— & R— A L Dk E
Oy —REBETHRAEOH > LBETEDTSA A MR
7=, H4CFEUY —HRTHEAREOBD THW b v
TABIEFOT7T /) —F - a IERTH B, FLT,
4D i&, No. 1-178 DIEHEF] (Query) & NM02553.1 &
f&F (Sbjct) @ DNAEHIEF| A0 Y —BREZERTH
b, HEEOE» -7 4 BETOT /) —F—arvid, »
THNEIXTADIPIVY NI TDYRS L5 V0 H
L1l TH -7,

BBEEFI/7O—IZOWVWTOFRETY —MBEOKEL
FUIF LD, 22 70— P Known BIEF, 38 7 1 —
YHEST 70—, 30 7 17— »»% Unknown BIEFTH -
Foo Fho, F2122 70— OBMEEZEFICOVTOT
S T—=va YERERL,

£ =

BEHA L — 5 - OEYFIRRL LT, RAEMH,
ERRL, BBHRREE, BINAREELR EPRESNT
Who LALRAS, —HTEL - —BEOREIZON
TLEM LTI B R —FRPKRE LT HERN R AL
HLBEEAPRIILIZODTHLET2ERLH S,

ZHRFES  ZOUREFI 0—= 2 7L 2 EFMBEAORBN L —F— B O A Y2850 R OB 2 5

S

S

3 EHbEFro—roxr)—=vy
EOALBIEFIA 7T —ORBHE 7 0 — 2R,
#HE%, 7I9AINFDNA*SET S, HIREE
Notl, BglI THIMTL, 7H I — ABREXE 1T o
300bp L EDIEA DNA # 207 0—» 2 %IRT 2,
S, WA XA¥ ¥ —FDNA; V, "y &% —F5 23
F DNA Wik

ZDE)ERDOENT, WEHEE~NOBREIL —F—D
FRBE 2O % & O IZHEE, B SE 572013 ETER
B 7% FETIER X = X L% I 5 Bl LETH
LLEZOLNS,

bbb, L—F—BREOBEREEX H =X L% H
B9 57:0121n vitro EBRRZRE LR 2 ITo TV 5,
7 v MEFOEZEED SIREL 22 B3I R L — -
BE 2TV, BREEESEHSEICA L TEAL, TUh
VRAT 75— Vi, 29— VEEMEEINRSLZ L
ERVWZLTWRY, 510, BERHOL —F — a2
LBV ERRIRENREET LI L2 MmE L TV B,
ZDFERIZ, -V —BREFRSMEEERME OB &
FEANDOMEERET B2 L 2RBT 5,

AR, 7/ ARERERE T OMEEMIERL, ¥
LAERETRTCERTEY /4070327 NORBEEZD
TSR & o TRENRIEITb TS, Ml - ik
SmRNA LT, Fv¥Fars54A<v—%BnT
mRNA OBEEFHEEETo CEEFRELAVOEEZH
ETBETTI7LYI XN FARAT LA EREEF /N 2
AR L CH RO mRNA TELBIK Y7 bS5 22 2 Vi
BFru—=orrER EPEESNTVWE, LT, &5
N7-BIEFOEERYNIERE T/ LT — I RN—ALBET
5 LT, ZOEGHRRIIME T 5 BETFRE R#EE
FLEDTRETAHI ENTRTH S,
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A EEES
TACATCATGTCCAAGCTAAGCCGGGCCACTCGGACCCTCAAGAAGCCCGAGGCCGGCGGCGTGATCCGGTCCATCG
TGCGAGCAGGCCAAGCTATTCCTGGGCCTCCACTAGGTCCCATCTTGGGTCAGCGAGGTGTCTCTATCAACCAGTT
CTGCAAAGAGTTCAACGAGAAGACAAAGGACATCAAAGAAGGCATTCCCCTGCCTACAAAAATTTTTATAAAGCCC
GACAGGACATTTGAGCTCAAGATTGGGCAGCCCACTGTTTCTTACTTTTTGAAGGCAGCTGCTGGGATCGAGAAGG
GGGCCCGGCATACAGGGAAAGAGGTGGCAGGCCTGGTGAGTTTGAAGCACGTATATGAGATTGCCTGTGTCAAAGC
TAAGGATGATGCTTTTACCATGCAAGATGTGCCCCTGTCTTCTGTGGTCCGTTCCATCATTGGCTCTGCCCGTTCC
CTGGGCATTCGAGTGGTGAAGGACCTCAGTGCAGAAGAACTGGAGGCTTTCCAGAAGGAACGAG

B REQS—RETEY FLEBET

Color Key for Alignment Scores
Wy d0-h0

126503

M
(2)
(3)
(4)

C RERS—DEWVWAEEFDT7/ T—ay
D) giI13384979IreFINM_®25553.1l

Mus musculus mitochondrial ribosomal protein L11 Identities = 519/520 (99%)
(2) gil128456901dbj|AK010329.11AK010329

Mus musculus ES cells, mitochondrial ribosomal protein L11 Identities = 519/52@ (99%)
(3) ¢il128330441dbj|AKQ02797.11AK002797

Mus musculus kidney, mitochondrial ribosomalprotein L11 Identities = 519/520 (99%)
(4) ¢il135593681dbj|1AB049639.11AB049639

Mus musculus MRPL11, mitochondrial ribosomal protein L11 Identities = 519/520 (99%)
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D BEEINOKREDDS—

"

(1) gil133849791ref|NM_025553.1

Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:

Sbjct:

1
74
61

134

121

194

181

254

241

314

301

374

361

434

421

494

481

554

tacatcatgtccaagctaagecgggecactcggaccctcaagaageccgaggecggegge
RRRRERR RN RN R R RN RN RN R ERNE R RRRNNRRREE
tacatcatgtccaagctaagecgggecactcggaccctcaagaageccgaggecggegge

gtgatccggtccatcgtgegagecaggecaagetattectgggectecactaggteccate
RERRRRR RN RN AR R R RN RN R RN RN R RN R RRERRR
gtgatccggtccatcgtgcgagcaggecaagetattectgggectecactaggteccatce

ttgggtcagcgaggtgtctctatcaaccagttctgcaaagagttcaacgagaagacaaag
REERRE R RN RN R R RN RN RN RN R RN RN RN RN RR RN
ttgggtcagcgaggtgtctctatcaaccagttctgcaaagagttcaacgagaagacaaag

gacatcaaagaaggcattcccctgectacaaaaatttttataaagcccgacaggacattt
ARERRE RN R RN RN RN R R R RN R RS RN R R RN RRR R RN RRER Y
gacatcaaagaaggcattcccctgcctacaaaaatttttataaageccgacaggacattt

gagctcaagattgggcagcccactgtttcttactttttgaaggeagetgetgggatcgag
ARERRE RN AR R R RN RN R R RN RN RN R RN RN RRER N
gagctcaagattgggcagcccactgtttcttactttttgaaggeagetgetgggategag

aagggggceccggeatacagggaaagaggtggeaggectggtgagtttgaageacgtatat
AERRERE RN R RN RN R R RN RN R R AR RN AR R RN RN AR AR
aagggggcccggeatacagggaaagaggtggeaggectggtgagtttgaageacgtatat

gagattgcctgtgtcaaagctaaggatgatgcttttaccatgcaagatgtgeccctgtcet
PEOEECLEET T et et e b e Lo et
gagattgcctgtgtcaaagctaaggatgatgettttgecatgeaagatgtgccectgtet

tctgtggtccgttecatcattggetetgecegttecctgggeattcgagtggtgaaggac
RERR RN RN R R RN RN RN R RN RN A R RN R R R RN RN
tctgtggtccgttcecatcattggetcetgeccgttccctgggeattcgagtggtgaaggac

ctcagtgcagaagaactggaggctttccagaaggaacgag 520
RN RN R RN RN A RN RN R RN RN AR
ctcagtgcagaagaactggaggctttccagaaggaacgag 593

B4 EHLEET /- VOREOY—REO—F
1-178 & &ftiF 725 bEETF 7 0 — » O FHET % NCBI O BLAST %—F %{To 7248, w79 ADI ba v FY
FTOUVRY =55 7B LI BETFEEBECHEEEIBEO Nz, A, No. 1-178 7 0 — » O EE S| 5k

133

120

193

180

253

240

313

360

373

360

433

420

493

480

553

Aia

% B,

BLAST i LB ROFREU Y — %3 DBIEFOT 54 4 MR C, HIRAEDOBO TEW vy T4 BEFOT /) —
F—3a VERD, EEEREFOSTD Y —EH
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# 1 BBEEFI/O—rOFRET T —REZR

Unknown EST Known
1-87 1-79 332/332 (100%) 1-81 /32kDa
1-93 1-83 129/130 (99%) 1-84 /Thirod reductase
1-97 1-102  35/37 (94%) 1-85 /Myosin
1-100 1-112 . 291/306 (9%5%)  1-95 /TF
1-109 1-114  30/31 (96%) 1-104 /ESNRA
1-113 1-116  71/76 (93%) 1-122 /Msx Zn finger
1-121 1-125  239/254 (94%)  1-126 /sn RNA
1-143 1-127  54/54 (100%) 1-133 /galactin
1-149 1-128  297/300 (99%)  1-155 /c-jun
1-152 1-131  509/512 (99%)  1-164 /hydrolase
1-160 1-132 431/442 (97%) 1-167 /Centromere
1-163 1-136  199/218 (91%)  1-174 /Annexin I
1-165 1-147  233/251 (92%)  1-178 /Mt rRNA protein
1-168 1-150 237/240 (98%)  1-191 /hydrolase
1-169 1-151  494/516 (95%)  1-198 /EST./MHC
1-171 1-157  181/192 (94%)  1-199 /G protein
1-172 1-161 507/521 (97%)  2p-12 /phosphatase
1-173 1-162  156/171 (91%)  2p-16 /GDP.disof.
1-180 1-176 518/518 (100%) 2b-59 /Tyr-phosphatase
1-182 1-177  487/494 (98%)  2b-46 /silence Med-EST
1-183 1-194  519/520 (99%)
1-187 1-195  473/473 (100%)
1-192 1-197  413/420 (98%)
2b-45 2b-51  82/82 (100%)
2b-47 2b-52  418/466 (89%)
2b-50 2b-54  520/520 (100%)
2b-55 2b-56  83/85 (97%)
2b-57 2b-58  410/453 (90%)
2b-58 2p-1 516/518 (99%)
2p-20 2p-2 517/517 (100%)
2p-6 517/518 (99%)
2p-T 182/191 (95%)
2p-8 516/517 (99%)
2p-10  127/134 (94%)
2p-11  509/516 (98%)
2p-13  418/425 (98%)
2p-18  301/304 (99%)
2p-19  515/515 (100%)
30 clones 38 clones 20 clones
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THRTENX EHUBEFIO-=V7I285F

FHIBAN DS L —H — BE O EY F A% R O EH

% 2 22-Known 7 U — Y QBB ETOT /57— a v I&EH

Gene ID No. Description Identities
AB049639 Mus musculus MRPL 11 mRNA for mitochondrial ribosomal protein L1l 515/516 (99%)
AA285552 Mus musculus GDP-dissociation inhibitor 513/518 (99%)
AJ001633 Mus musculus mRNA for annexin II 513/517 (99%)
AT006497 Human protein phosphatase PP2A, 65kD regulatory subunit 511/518 (98%)
AF039567 Mus musculus Msx-interacting-zinc finger protein 1 (Miz1) 492/494 (99%)
AF112439 Mus musculus Fanconi anemia group G protein 465/472 (98% )
A A856395 Mus musculus Hypotical 32.8kD pritein in PDEI-CSE] interigenic region 363/375 (96%)
BF714528 Mus musculus SnRNA activating protein 50kD subunit 352/408 (86%)
AF116187 Mus musculus inner centromere protein 278/296 (93%)
AF218069 Mus musculus galectin-8 267/270 (98%)
BE334277 Mus musculus c-jun protein oncogene 259/263 (98% )
AF230356 Mus musculus U2 small nuclear ribonucleoprotein A 240/258 (93%)
U28807 Mus musculus lymphoid-specific transcription factor NFATc3 239/244 (97%)
AF110520 Mus musculus major histocompatibility complex NG27, 28, RPS28 190/194 (97%)
BF730197 Human Ubiquitin carboxyl-terminal hydrolase 16 158/170 (92%)
AF013490 Mus musculus protein-tyrosine phosphatase 128/133 (96%)
BC006075 Mus musculus Myosin, heavy polypeptide 9 121/134 (90%)
AA166294 Mus musculus Silencing mediator of retinoid & thyroid action 71/ 72 (98%)
AAB11370 Mus musculus Bleomycin hydrolase 60/ 61 (98%)
AWT743450 Mus musculus Thioredoxin-dependent peroxide reductase 46/ 49 (93%)

bbbz + i, BBV - -BELi~vT A EHE
R 2 & BIR TN 7 BB L, L ——JEERATM
a6 EILL 72 mRNA 2 & S THYKRE, L—¥F—
S L o TRIBE L NS0 @Bz F 70— v 2B L
T\wh, DNA FEOV—RROHERD S, MEAHO
A2 ARFY 2 ATP 4% O FOF1-ATPase™7%2 &0
BETFEEETAI LIZHII LTV 5,

KEFFRTIX, FH72o L — 5 —BBE MC3T3E-1 =451t
88 AT 7 0 — VIZDOWTIHRERI Z M L2, €O
R, HioAETu Y —2Ed o 2BiEETF & LT, mito-
chondria ribosomal protein L11, GDP-dissociation
inhibitor, annexin Il , protein phosphatase, MSX-
interacting-zinc finger protein, Fraconi anemia group
G protein 2 EDSEE S NIz, F2, FET T —-2HED T
B\ EST 7 u— U iE R E S e,

ribosomal protein L11i%, EF-G O¥sEIC 545 =
EMEESNTEBY, ¥V EERBARTEELRE X &
TBHEEZLNTWAY, GDP-dissociation inhibitor,
protein phosphatase, G protein X\ & IEHMIEER
WCBWTEELREEZ R LTS, Annxin Ik, TF
ANVEMBRRTFEMEICRNZEINTBY, HEy v
Y LAOREICES T EvbILTW A Y, MSX-2 i3,
HHEEORTICESTAILIHMOLNT VD 2P, MSX-

interacting-zinc finger protein {%, MSX-2 OIG&M.T L
A2 P DNANDOREGICEESTAHERBEIN TV EY, &
%, RT-PCR&ESR/ —¥r7uy FEIZE > T mRNA L
NUVBLERELTCHE05HREL, ZNSHEEFOEEDR
ED, EDLHICEFMBBOKE, FLICEE B O
REEDDLLEDND 5,

F72, BEST 70— @%n»ilit, ROV =P BDOT
BWESTHIZFPECFESNT WD, YTADY J L
TuT s MPERLTEY, FHICESE S AR
THRRETOBRNE T — I RN—RAZBF I T T Ed
b, RETV—MFEHEITEI LILE o THHAEZFOR
Ry CE 5,

1%

FIF ML MC3T3E-1 12 Ga-Al-As 8K L —F— (£
7 Panalas-1000, & 830nm) MBS L, FEREHFHAEO
mRNA ZHWTEMLBETIA4 770 — 2B L7z,
Bzl 8 EETF 70— DIEREF % %5 L, DNA 7—
FNR—ALKREOY —RREFT o7z, TORERE, 1HHEE
R, TR EHRARLR EWCHET LEETFVRE SN,
INODERNS, EBHH L —F-REHE, ZhoBET
DEEREIZLD, BEFMBEosE, sMbicls L Tws
W EEEATRIE X 7z,

1S
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Abstract

Although the biostimulatory effects of low-level laser irradiation (LLLI) have been reported, the
molecular basis of the mechanisms are not fully elucidated. To elucidate the mechanism of bone
regeneration by low-level laser irradiation (LLLI), gene expressions altered in osteoblast by LLLI
were identified using the subtractive gene cloning and cDNA microarray technologies. Many gene
expressions in osteoblast were altered by LLLI. Many genes whose expression levels were altered by
LLLI were shown, including ATP synthesis, DNA replication, signal transduction, enzymes,
structural proteins, ESTs and other unknown function genes. These findings suggest that LLLI may
demonstrate biostimulatory effects through the expression of many genes, and genome science-based
gene expression monitoring will provide unprecedented access to elucidate the mechanism of bone
regeneration stimulated by LLLIL
© 2002 Elsevier Science B.V. All rights reserved.

Keywords: LLLI; Osteoblast; Gene expression

1. Introduction

The biostimulatory effects of low-level laser irradiation (LLLI), such as wound
healing, cell proliferation, antiinflammation [1,2] and bone formation [3,4], have been
reported. However, the molecular basis of the mechanisms are not fully elucidated.

* Corresponding author. Tel.: +81-47-360-9332; fax: +81-47-360-9329.
E-mail address: yabiko@mascat.nihon-u.ac.jp (Y. Abiko).

0531-5131/02 © 2002 Elsevier Science B.V. All rights reserved.
doi:10.1016/S0531-5131(02)01321-3
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Advances in the technology for assaying transcription levels, in a highly parallel fashion
coupled with the completion of genome projects, make possible a complete description of
gene regulatory systems. In this study, we focused on the characterization of genes altered
in osteoblasts by LLLI, and attempted to eclucidate the mechanism of biostimulatory
effects using the subtractive gene cloning and cDNA microarray-based expression
monitoring system.

2. Materials and methods

MC3T3-E1 cell, a clonal osteoblast-like cell [5], was cultured and irradiated with a
Ga—Al-As diode laser device (Model Panalas® 1000; wave length: 830 nm; output
power: 100—-700 mW variable, Matsushita Industrial Equipment). Laser irradiation
was performed at continuous wave at 500 mW output powers for 20 min (7.64 J/
cm?). Subtractive cDNA library, subtracting LLLI cells ¢cDNA from non-LLLI cells
mRNA, was constructed using a stepwise procedure [6]. Nucleotide sequencing of

Signal intensity ratio
(log scale)

10

0.7 &

0.01

2 4 8 12
After irradiation time (hr)

Fig. 1. Gene expression profiles of 3800 genes in osetoblast by LLLL
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Table 1

Gene list

Genebank 1D Description Ratio
Increased

NM_008319 adhesion molecule 5, telencephalin 21
NM_016882 Squamous cell carcinoma antigen 17
NM_013619 Olfactory receptor 67 2.6
NM_012040 CaM kinase 24
NM_010216 C-fos-induced growth factor 2.1
NM_008850 Phosphatidylinositol transfer protein 2
Decreased

NM_007435 ATP-binding cassette, subfamily D 4.5
NM_009139 Small inducible cytokine A6 2.8
NM_009175 Sialyltransferase 1 2.1
NM_007824 Cytochrome P450, 7al 2

each gene clone was carried out and assessed by BLASTN homology search in NCBI
databases.

To monitor transcriptional profiling, the gene expression cDNA microarray (Atlas™
Glass Mouse 3.8. Clonetech) was used. Total mRNAs were isolated with and without
LLLI cells and synthesized to cDNAs, and then labeled with fluorescence dyes cy3 and
cyS, respectively. Signals of fluorescense were followed by computer analysis to derive
relative changes in expression level of the genes.

3. Results

The homology searches of the subtractive gene library total 126 clones were carried
out, and 31 known, 45 EST and 50 unknown genes were found. Among known genes,
annexin IIII, ribosomal protein, membrane protein, G protein, and GDP dissociation
inhibitor coding genes were identified (data not shown). Fig. 1 shows the expression
profiles of 3800 genes from cDNA microarray analysis. After normalization and data
mining, genes altered those transcription levels after 8 h of LLLI; these are listed in
Table 1.

4. Conclusion

Many gene expression levels in osteoblast by LLLI were capable of being identified by
subtractive gene cloning and cDNA microarray technologies. The genes that were altered
by LLLI include ATP synthesis, DNA replication, signal transduction, enzymes, structural
proteins and other unknown function genes including ESTs. These findings suggest that
LLLI may demonstrate biostimulatory effects through a variety of gene expressions, and
genome science-based gene expression monitoring will provide unprecedented access to
elucidate the mechanism of bone regeneration stimulated by LLLIL
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Abstract

Immediate effects of linear polarized light near-infrared irradiation (LPLI), such as anti-
inflammation and pain relief from temporomandibular joint (TMJ) disorders, have been reported.
However, the molecular-based mechanisms are not yet elucidated. Synovial cells are believed to play
pathological roles in the development and continuation of inflammation. Chemokines, such as
interleukin (IL)-8 and monocyte chemoattractant protein (MCP)-1, have been found in synovial fluid
from patients with TMJ synovitis as well as IL-18. The purpose of this study was to examine the
effect of LPLI on chemokines production stimulated in human synovial (HTS) cells treated with IL-
1B. The cells were isolated from TMJ synovial tissues and cultured using an outgrowth method. The
confluent-stage cells were treated with IL-1p and LPLI was applied. The amounts of chemokines in
conditioned medium were measured by ELISA kit. LPLI significantly reduced the production of IL-
8 and MCP-1. These findings suggest that LPLI may have an anti-inflammatory effect on TMJ
disorders through the reduction of chemokine production.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Treatment with linear polarized light near-infrared irradiation (LPLI) has been known to
relieve pain and improve local blood flow, and it is used during physical therapy for
relieving pain in cases of temporomandibular arthritis [1]. However, the mechanism of
action remains largely unknown.

It has been known that the level of interleukin (IL)-1p is elevated in the synovial ﬂUId
of patients with temporomandibular osteoarthritis. We have reported that the production of
IL-8 and monocyte chemoattractant protein (MCP)-1 is elevated when IL-1p was
interacted with human synovial (HTS) cells [2]. These chemokines are considered to
induce inflammation and tissue breakdown when produced in excess.

For the purpose of examining the effectiveness of LPLI on the improvement of
temporomandibular arthritis symptoms, IL-8 and MCP-1 production levels from HTS
cells were determined after exposure to IL-1p and LPLIL

2. Material and methods

Human synovial tissues were obtained from the patient with a condylar process fracture
of the temporomandibular joint (TMJ). The tissue was cultured under coverslip in Ham’s
F12 with supplements. When the growth from the explants had reached the confluent
stage, the cells were detached and subcultured.

HTS cells were placed in a 24-well multiple plate. After confirming confluence, they
were treated with 1.0 U/ml of IL-1@. The device for LPLI was Super Lizer HA2200 LE2
(Tokyo-lken, Tokyo) with a wavelength of 645—1050 nm. Pulsed irradiation at 1 Hz was
performed at an energy density of 3.84 J/em?. The culture supernatants were collected at 2,
4, and 6 h after LPLI IL-8 and MCP-1 levels in conditioned media were measured using
ELISA Kkits.

3. Results

After HTS cells were exposed to IL-1B, the production of IL-8 and MCP-1 was
elevated, although the amounts of increase were reduced at 2 h after irradiation as
compared to without irradiation (Figs. I and 2).

4. Conclusion

IL-8 and MCP-1 are chemokines that migrate and are activated by the action of
neutrophilic leukocytes and macrophages. These immunocompetent cells are important for
the maintenance of homeostasis, however, they cause tissue breakdown by producing
various kinds of enzymes and active oxygen. Moreover, it has been suggested that they
cause a sequencing of elevated chemokine output, as they stimulate HTS cells by
producing large amounts of IL-1@. Therefore, it is suggested that an anti-inflammatory
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Fig. 1. Effects of LPLI on IL-8 production in HTS cells. Results are expressed as mean + S.D. Asterisk indicates
significance of p<0.05.
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Fig. 2. Effects of LPLI on MCP-1 production in HTS cells. Results are expressed as mean + S.D. Asterisk
indicates significance of p<0.05.
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effect and inhibition of substrate destruction may be attained by inhibiting such sequenc-
ing by reducing the production of IL-8§ and MCP-1.

In cultured HTS cells, the production of IL-8 and MCP-1 was enhanced by IL-1p
stimulation, which was inhibited by LPLI in the early stage. Therefore, it is suggested that
such irradiation might be useful as treatment for inhibiting inflammatory reactions.
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—¥¥ 5., —7, EEEBHOSIC LY, Ok
NOEHZHWHEECEXT 2 MBI ER Lz b D
D, BETOFRIFCHE TEEHOEBEEILEFH 2 Z
ol O E»s, —REMEHEF = 2
—nyumﬁﬁﬁwamfb HmrEESE Y E
THEEZONLIRYIMY AH EBXEFDO THEH L
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A BESEE, —REEESHFOSEICIY, ARYORD AL L EAEHEAOBENMTH N 5 HE (1§
IBHEGEHA - FP) MEBCEE L., Lot AR TOEBBHE 2 &, TORBETIIVW5% T
WA A — R W AESEES B EIT AN B, CR 2EOYVTIT-o/z, WAEEEESTFORHER (&
B2 E) T 2 ERBTOBREL R, HEHERE (food preparatory phase : FP) DR (B),
BRAEBRTOLOWOBEBFICEBEL T AEETHIH (preswallow phase : PS) OB (C) kb
HEEEHFOLAH > TEERER L. —F, ABHTOY X3 2 VB Thh T 2 EIEH
(thythmic chewing phase: RC) OBMREELRFE 22 oo >z, Pre-cool | ¥ #AT, Cold
block : #%%ith, Post-cool : ¥#l# (Yamamura & (2002) X O &Z).

EOEHBRACESE T2 b0EF LN, BETOD
FEIRCHE TAEE ORI IXEEr 0D S LW T
ERINT,

Yamamura 5 (2002) OFETHEETNE,
— REAENEBEF O wENE, HIE/GET B O AN
L&D, HEEHORBEO L DEEEL LW
ENnSZEeThHDL, — I, KMEED S DER
EEIESOH AR, —KEBHTHD SN
TWwaH, FEHEFEESTH 2 HEEEIMT 2
FE»oDREESE—XEFHEF IR, H
6/ T BP0 & FE S5 DI EERE,

4. I X BT (ICH H H 5 — R REIFFEHE S

B OBEERF T

K E—RAEERETFIERETCETED
BHIAEL, MBI Brodmann @ 1,

2, 3EWICHEENS, ZOEAMIEFRMEL 5 AL
AN EEZ 5N T ELREBHRORMEE~DA
DOTHS., ZOWALS, FEENE &[RRI FERAL
BEL b b, EREEEE—REEREE O SEIE
WALIE T 5, — R R BT BRI SR 2 0 R B
LT, FEE - AEESOBFEEIFRILZL
73, ERHIEE & DEFIUGEWLERL A~ ORUINRIEIE
EBEDO Y XS AN TEES 2FRKT 5.

Lin & (1998) i, —XRGEMHREFERBERD
AR EIDSIHELEB NI T RE LR, Z0
SERMDOEHENT & - THIED SEET AOBITIZ )
ZEMSEESINS L BRE LR, £, BE
FowHhc & 2 HBHEE, F& THROBHRAME
Xt R EE, HE/ETE L o NCEmEHE
DWHNC LB HDEHRLT, BERLDOTH-
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Bl OISR ERE L WCES U CAMEE CORBES FHE L L 25, WSRO EERBREESO

BB T
7z (B).

— REAEESE,

7z,

DAL, HE, BT ESNICrrb 5, HIE/ T
¥, —REEEFHHB & O—REEE S Em
BOBRERMEICDWT, FCEEYIVIZBT 5
ANRISY, B—=a—o i, TLThHlcLS
AR SEER DS R & Ul RN T & fo 3, &
NoOFERPSD, ZNFNOHEE L S FICBET
WZhb b &EOREEIFERDLNS,

5. £ MCHITHERG T OREFENCOWT

T, FEREERYIC b N ORGIEEILEHEIERE &
D, HHIED 25\ I3EE TR ORIEEIEIC D W» TR
ENTENTVS,

MHISEEN I D V> T ik Momose & (1997) %= 6
UM 12 Onozuka & (2002) M4 L T v 3,

—REEREEREEE Z 5 I HSE (REITRLT: E&ﬁ&%ﬁ) KRS

Momose (1997) & H,O0'*% FH v 7z PET
(positron-emission tomography) Tz kb —
RERFEEE, HEEHTZ L TCEEREL LU/
B4, MEEOF\EEBEZEREL TS, —J7, Ono-
zuka & (2002) & f-MRI (functional magnetic
resonance imaging) & 3 fEHr 21TV, FERED
B IEEIME 2R L T 5.

% 7z, Hamdy & (1998) 7% & U'iZ Martin
(2001) &, PET 5 Wiz {-MRI Iz & 2 EE T B
e vE B O AT % 1TV, AR, - TETEEE,
HTEAAEL, RBARTRENES T2 HERL T
5.

& 512, Narita & (2000) & — R E EE 5
D & Bt %2 NIRS (Near infrared spectros-
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Recent Insights in the Mechanisms of Cerebral Cortex

Controlling Mastication and Swallowing

Noriyuki NARITAY and Kensuke YAMAMURA?
1) Department of Removable Particl Prosthodontics,
Nihon University School of Dentistry at Matsudo
2) Division of Oral Physiology,

Nugata University Graduate School of Medical and Dental Sciences

Abstract: The recent literature on the neural basis of semi-automatic movements such as
mastication and swallowing has emphasized the crucial role of brainstem pattern generators in
their genesis and regulation. While much less emphasis has been given to the role of higher brain
centers, it has been shown that rhythmic jaw movements and swallowing can be evoked in
primates by intracortical microstimulation (ICMS) as well as by electrical surface stimulation or
transcranial magnetic stimulation of the lateral part of the pericentral cortex of both hemi-
spheres, including the primary face motor cortex (face MI), the primary face somatosensory
cortex (face SI), the principal part of the cortical masticatory area (CMA)/swallow cortex, and
the deep part of CMA/swallow cortex. Furthermore, recordings of single neuronal activities and
ICMS-evoked movements and EMG activities indicate that each of these cortical regions appears
to have distinct sensory input and motor output patterns related to rhythmical jaw movements
and swallowing, and many neurons in these areas show ingestion-related firing patterns, including
activity associated with mastication and swallowing. Recent studies on the behavioral alterations
using cold block technique on CMA/swallow cortex, face MI, and face SI indicated the peculiar
effects on mastication and swallowing. Bilateral cold block of CMA/swallow cortex was associat-
ed with masticatory deficits, reflected as impaired food intake or manipulation and difficulty in
carrying out a sequence of masticatory cycles, and alterations of the food-preparatory phase and
masticatory and swallowing-related EMG patterns of jaw, tongue, and swallow muscles. Cold
block of face MI markedly affected the ability of the monkey to carry out mastication and
swallowing. The masticatory deficit was characterized by a significant elongation of the total
masticatory time, including in particular elongation of the food preparatory phase. The coordina-
tion of the jaw- -and tongue~muscle activities was severely disrupted during the food preparatory
phase. Although cold block of face MI elongated the duration of the preswallow phase, but it had
no significant effect on swallow duration or the EMG parameters during swallowing. Cold block
of face SI affected to the total masticatory time, which was due principally to an increase in the
preswallow phase time. Taking into consideration the above further evidences of effects by cold
block of the CMA/swallow cortex, face MI and face SI, these three cortical regions may be
differentially involved in the initiation and control of mastication and swallowing.

Key words: Mastication, Swallowing, Primary face somatosensory cortex, Primary face motor
cortex, Cortical masticatory area (CMA)/swallow cortex

2483



Special Lecture

MR imaging of maxillomandibular lesions

Takashi KANEDA, DDS, PhD
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This paper addresses maxillomandibular lesions including cyst, tumor and osteomyelitis in
terms of their general features and discusses the use of MR imaging techniques, interpretation of
images and their characteristic findings. MR imaging of odontogenic keratocyst improved the
visualization of a cystic pattern, regularly thin walls, weak enhancement of cyst walls and inhomo-
geneous intensity of fluid contents. However, some of them could be misdiagnosed as mixed or
solid patterns by non-contrast study alone. Ameloblastoma showed mixed solid and cystic compo-
nents, irregularly thick walls, papillary projections, and marked enhancement of the walls. In
mandibular osteomyelitis, MR imaging could give us more detailed information regarding resid-
ual activity of infection and the extent of involvement. MR findings were suggestive to differenti-

ate between tumors and cysts and characterize many cystic entities in the maxillomandibular

region.

Introduction

Diagnostic imaging of maxillomandibular
lesions has been performed by conventional
radiography including dental and occlusal films,
pantomography, conventional tomography, and
occasionally Xray computed tomography(CT) 13,
Diagnostic accuracy with these modalities
mainly depends on change of density such as
radiolucent, radiopaque, or mixed appearance,
predilection in location, relationship with teeth
(including root resorption), and other radiologi-
cal signs. Maxillomandibular lesions most fre-
quently show a uni- or multilocular radiolucent

pattern*®. However, for example, this pattern

Oral Radiol. 2003 ; 19 . 64—69

with discrete margins is not pathognomonic for
specific lesions and may indicate many differ-
ent diseases of odontogenic and nonodontogenic
entities. Especially, radiological differentiation
between odontogenic keratocyst and ameloblas-
toma is difficult although important!. It is also
critical for differential diagnosis to note the pre-
cise anatomic location of the lesion within the
jaw, its relationship to the dentition in general,
and any specific relationship to a tooth or por-
tion of a tooth. However, these findings dose
not represent specific lesions, either.

Magnetic resonance (MR) imaging is a new

modality with excellent soft tissue contrast reso-
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lution, and its increasing application has had a
dramatic impact on the diagnosis of dento-max-
illofacial lesion®.

The purposes of this article were to evalu-
ate the usefulness of MR imaging of the maxillo-
mandibular lesions and the findings of MR
imaging were compared with other radiological
modalities.

MR Imaging techniques and image inter-
pretation

Maxillomandibular lesions are frequently
small, and an effective surface coil should be
used. It is desirable that slice thickness and
interval be as thin as possible, preferably about
3 to 6 mm in thickness. High Tesla machines
can provide high-quality images of good spatial
resolution but are sometimes susceptible to
metallic artifacts and image distortion caused
by dental filling materials. Ferromagnetic den-
tal filling materials produce major image degra-
dation on MR imaging of the jawbone. Dental
bur fragments remaining in the gingiva from
previous dental treatment can also produce
metallic artifacts1®. Because the extent of
metallic artifacts in the oral cavity during MR
examinations is unpredictable, it is necessary
to consider the direction of slice selection and to
avoid the gradient echo technique, which is
associated with increased metallic artifacts.
Metallic artifacts are observed most severely
along the direction of the static magnetic field,
and this point should be considered to avoid the
overlapping of metallic artifacts with the lesion
when scan direction is chosen.

Benign odontogenic tumors are difficult to
differentiate from odontogenic cysts in clinical
practice. However, differentiation between cysts
and tumors can be achieved by contrast-
enhanced MRIS.

these lesions and the teeth can be evaluated by

The relationship between

plain radiography when the lesions are small.

When they are large, many of the benign odon-
togenic tumors become difficult to differentiate
from non-odontogenic tumors of both the benign
and malignant types.

Normal imaging anatomy of the mandible
The mandible, the only cranial bone that is
freely mobile, develops as a paired set of mem-
brane bones lateral to the Meckel cartilage. It
is a tubular structure of dense cortical bone
filled with trabecular bone and bone marrow.
At the time of birth, the newborn has only
red bone marrow in the mandible, resulting in
overall low signal intensity on MR imaging.
With increasing age, red marrow conversion to
yellow marrow begins first in the anterior
region and proceeds to the premolar/molar
region, angle, ramus, and condyle, in that
order. No red marrow is recognized in the body
of the normal mandible of individuals over 30

years of age!l,

Cyst

A cyst is pathologically characterized as an
epithelial lined cavity that usually contains
On the basis of
development, cysts have been subdivided into

fluid or semisolid material.

odontogenic and non-odontogenic types. Odonto-
genic cysts arise from tooth derivatives. Histo-
logic analysis of the epithelial layers, the pres-
ence of cyst calcification, and the -clinicial
findings allow further subdivision3.

The WHO classifies the primordial cyst as
Odon-
togenic keratocysts are thought to arise from

a synonym for odontogenic keratocyst!2.

proliferation of residue of the dental lamina
and account for 3 — 11 % of all cysts of the jaw.
Differentiating odontogenic keratocyst from
other cystic lesions in the maxillomandibular
region is important because of its high recur-
rence rate and malignant change in the epithe-

lium*4.
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Odontogenic keratocyst

Typically, plain radiography and CT showed
well-defined unilocular and multilocular cystic
radiolucency with bony sclerotic margin and
bulging of the bony cortex with no perforations.

MR imaging of odontogenic keratocysts
show a cystic pattern, regularly thin wall, weak
enhancement of cyst wall and heterogeneous
intensity of fluid contents other types of cysts
showed a cystic pattern, regularly thin wall,
weak enhancement of cyst wall after gadolinium
-injection®. Some cysts could be misdiagnosed
as mixed or solid pattern by non-contrast study
alone. T2 relaxation times of cystic components
were significantly shorter in odontogenic kera-
tocysts than in ameloblastoma, with no over-

lap?.

Tumor

Benign odontogenic tumors are character-
ized by imaging findings of expansile growth
and well-defined margins with smooth borders,
and their appearances are very similar to those
of odontogenic and non-odontogenic cysts. MR
imaging is effective in differentiating between
tumors and cysts, evaluating the infiltration of
malignant tumors in the jawbone and surround-
ing soft tissue. Combining plain radiography
with advanced imaging techniques including
CT and MR imaging can improve the accuracy

of diagnosing odontogenic tumorsSb.

Ameloblastomas

Ameloblastoma is the most common and
clinically most significant odontogenic tumor,
constituting 1% of all tumors and cysts and
approximately 11% of all tumors in the maxillo-
mandibular region3. It occurs most often dur-
ing the 3rd and 4 th decades of life but may
appear at any age and shows no sexual predilec-
tion. Ameloblastoma is classically discribed as

a multilocular, expansile radiolucency that

occurs most frequently in the madibular molar/
ramus areas. The radiologic findings of expan-
sile cortical plates with scalloped margins, soap
bubble appearance, resorption of tooth roots,
and predilection in location are key to correct
diagnosis3. However, these findings are not
pathognomonic for ameloblastoma and may
indicate odontogenic keratocyst, odontogenic
myxoma, ameloblastic fibroma, giant cell granu-
loma, or immature ossifying fibroma, making
However, MR

findings in ameloblastoma were different from

differential diagnosis difficult.

those in odontogenic keratocyst: mixed solid
and cystic components, irregularly thick walls,
papillary projections, and marked enhancement
of the walls and septa’. Especially, demonstra-
tion of papillary projections and solid compo-
nents on gadolinium-enhanced T1-weighted
images were helpful in differentiation from
other kinds of cysts (Figure 1)7.

Osteomyelitis

Osteomyelitis is one of the common inflam-
matory diseases of the jaw bones8. Most cases
of this disease in the jaws results from odonto-
genic infections. Radiologic findings show a vari-
ety of bone reactions including completely radio-
lucent areas, mixed radiolucent and radiopaque
areas, and completely radiopaque areas*. How-
ever, its radiological diagnosis is still difficult,
especially regarding early detection and progno-
sis8. The findings are often inadequate for
determining inflammatory activity.

In mandibular osteomyelitis, the use of MR
imaging is useful for detecting osteomyelitis,
identifying the extent of inflammation, and
investigating the spread of inflammation to soft
tissue, while at the same time depicting postop-
erative recurrence. The augmentation of con-
ventional T1-and T2-weighted SE imaging
with fat supressed imaging is also effective in

diagnosing mandibular osteomyelitis.
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Figure 1 Multilocular ameloblastoma in 34-year-old man
(a) Axial CT shows an expansile multilocular lesion with bulging of the bony cortex without
perforation (arrowheads). (b) Axial T1-weighted MR image reveals a lesion of homogene-
ously low signal intensity in the mandible (arrowheads). (c) Postcontrast axial MR image
shows a markedly enhanced solid lesion in the mandible (arrowheads). Solid ameloblas-
toma was mostly suspected preoperatively.

MR imaging of the mandibular osteomyeli-
tis

MR findings of cortical bony lesions showed
thickening of cortical signal void on both T1-
and T2-weighted MR images. All the lesions in
the bone marrow were shown as low or low and
intermediate signal intensity areas on TI1-
weighted MR images, and high, mixed (high
and low, high and intermediate) signal inten-
gity areas on T2-weighted MR images. After
intravenous injection, high T2-weighted signal
intensity area showed enhancement on contrast

T1-weighted MR images (Figure 2)8. Histopa-

thologically, these areas corresponded to the
sites of active infection, which were not collec-
tions of pus but predominantly granulation tis-
sue. Sequestra showed low signal intensity on
both T1- and T2-weighted signal intensities.
These lesions were surrounded by a high signal
intensity rim on both T1 and T2-weighted MR
images. These rims were identified as hemor-

rhage on histopathological examinations®.

Conclusion
Regarding cystic lesions in the maxilloman-
dibular region, MR imaging was superior to
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Figure 2 Suppurative osteomyelitis in the man-

dible in 43-year-old man

(a) Sagittal T1-weighted image shows
low intensity areas from the molar to
the ramus region (arrowheads).

(b) Postcontrast sagittal T1-weighted
image shows mixed low and high
intensities from the anterior to the
ramus region. Residue of the infected
bone marrow reveals enhancement
(arrows).

(c) Sagittal T2-weighted image shows
heterogeneous low-to-high signal in-
tensities. Positive residual inflamma-
tory bone marrow shows high inten-
sity foci (arrows).
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other radiological modalities because of its capa-
bility of the inner character of the lesions such
as cystic patterns, solid components, cyst walls
and intensity homogeneity of fluid content. In
osteomyelitis, MR imaging could give us more
detailed information regarding residual activity
of infection and the extent of involvement than
did conventional radiography, CT, and bone

scintigraphy. MR imaging a useful technique

for assessing maxillomandibular lesions.
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Abstract: Consolidation of various master lists that provide the basis for standardized medical information in the
field of dentistry. Standard dental disease names corresponding to the ICD-DA were compiled based on the
standard disease name master (MEDIS-DC), to which approximately 600 dental disease names were added.

In dental clinical practice, terms that express breakage and poor ﬁttmg prosthetic appliances, such as artificial
dentures and crowns, are frequently treated the same as disease names in medical records and receipts, however,
they are not entered as disease names in the ICD10/ICD-DA.

Therefore, terms that express breakage and poor fitting prosthetic appliances were registered as disease names

+ togive priority to daily clinical practice. For example, "3/4 crown breakage, hard resin facing cast crown breakage"
is listed as an entry under the heading of "crown breakage". A general outline of ICD-DA standard dental disease
names is presented in the present report, focusing on conditions encountered in dental clinical practice.

Keywords: ICD-DA, Dentistry, Terminology, Standardization, MEDIS-DC
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Estimation of Streptococcus mutans in the Brushing Plaque
by a Simple and Rapid Immunoassay Kit
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The Current Status of Standard Precaution Implementation for Nosocomial
Infection at University Affiliated Dental Hospitals
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Standard Dental Disease Name Master
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Hideaki Narusawa® Masatoshi Hitaka® Noriaki Morimoto® Takuya Yamada” Hiroyuki Tagai”
Dept. of Oral Medicine, Research Inst. of Oral Science, Nihon Univ, School of Dentistry at Matsudo"
Section of Dental Informatics, Tokyo Medical and Dental University Dental Hospital”
Division of Community Health Promotion, Niigata University Medical and Dental Hospital”
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Japanese Association of Healthcare Information System Industry®

Abstract: The standard dental disease name master and dental treatment name master lists have been provisionally
publicized on the web page of MEDIS-DC. Approximately 2500 disease names are covered by the standard dental
disease name master, which is open to the public under its provisional status. Of those, about 1800 disease names
were taken from the standard disease name master (MEDIS-DC) and about 700 dental disease names were newly
added. Further, approximately one third of the added dental disease names describe the condition of prosthetics
frequently used in daily dental clinical practice, for treatment of such conditions as denture breakage.

Keywords: ICD-DA, Dentistry, Terminology, Standardization
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Vital tooth whitening and acquiring acid resistance of enamel

In order to prevent dental caries, research has been conducted to increase the acid resistance of enamel by the effective treatment with fluoride.
Koulourides and colleagues treated experimental early-stage enamel caries with fluoride and their results from an acid-resistance test
showed that appeared to be a remineralized layer. In addition, contact microradiograms revealed that these fluoride-treated teeth were
more acid resistant than untreated teeth. Several recent studies have reported that a combination of fluoride treatment and laser irradiation
increases the acid resistance of enamel. These findings suggest that demineralized or purified enamel reacts favorably with fluoride.

The level of interest shown in dental esthetics has increased in recent years, and vital teeth are whitened to improve tooth discoloration. Tooth
whitening has been received favorably because it is a nonabrasive technique. However, with regard to office bleaching, some reports state
that this type of whitening does not cause structural changes in enamel, while other studies found that, due to its potent oxidative action, a
35% hydrogen peroxide solution not only decomposes organic compounds responsible for discoloration but also demineralizes inorganic compounds
that lead to an unevenness of the enamel surface. In any case, it was considered that the organic compounds on enamel surface, such as pellicle,
were eliminated immediately after whitening, and whitened teeth were therefore more susceptible to acid damage and demineralization. We
believe that as a consequence of this process, the ideal time to perform an acid-resistant treatment is after tooth whitening, and this
combination of esthetic improvement and caries prevention has important implications in clinical dentistry. To date, we have published
reports on the effects of fluoride on the acid resistance of enamel following vital tooth whitening and structural changes on the enamel
surface following vital tooth whitening combined with carbon dioxide laser irradiation. Here we present a summary of our past studies.

Key words

- Vital tooth whitening
- Fluoride

- Acid resistance

- Carbon dioxide laser
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Flexer Strain Unit

BEF4va

Fig.1 Flexer Strain Unit
Periodontal ligament cells were seeded onto the flexible-bot-
tom plates and set on the chamber, then the flexible-bottom
were subjected to cyclic tension force by air pump system
under controlled by computer system. Computer system can
controlled the elongation of flexible-bottom surface from 9 to
24 % with a good reproducibility.

5. ZZTCHABREE»ONTERTH S )AL
(lipopolysaccharide; LPS) Z 54 L, & b BRPAIHRAE S MG
DEEBREMRICTFENT 5 Z & THIEROFEERR 4R E
U7z, BRSO AL A T 2 TH 5.
I DOFEmEE A D AR AR AEE R 5 LA HIME
AR L, BEEOBINAS FARZ LTH %k T 5.
F 7z, RRME IEHE O FEE I E AR AR B R R % B A
LT RN AFE L, KIOET|IHTIEH LN
BRAFEST S & TERICRIBE TS, 22T
WM A & OBE L — Mok bR GRS B
AN % 5538 U T Flexer Strain Unit& PRI 5 258 % F
VT AR RN A SRR R 1 2 N A B Z & CHEERE D
FERRAG 2 b L 2 AHINSEERR & B E L 7=, (Fig.1)

B RO AL T UL, in vitro, in vivoD R
6 IS LIIEE T L A F R L7z, in viroZ (LI,
HeyflickD Ml L3 12 9€ - T HE LRI RE 2 & HAESF
AW EEE £ 1TV, SIS X » Tz 3HA
B2 $hbbA VI =L P2V P ERFIZT
o 7%, WRNEIEWEE M THE L 2210-128 O 4
5 MERPY, SEARMSERLR A MY LT A T, &
SITHECERE A5 72, b MRHEF RO AT RE 22 M)
¥ (50-600E]) & FREL L 72 F DEM 2 5EHE LT, R
5-ofREFE, 1825 AZ LMllg e U TRERICH L 72,
in vivo LML, Fl, T v L ORI 580K
B#EL TinvivoDEE, B#ilze UTERICHL 72,

KIZED &S BNBISEWE A RIS E LU TIET
BEPMNEETHS, 44 —a4F-18(interleukin-15;
IL-13) &, BETORE, FERZ A S UTEARK
X i, ZHEEEE (IL-15 converting enzyme; ICE) (2 & - T
WA B, IL-18 SRS 4 P4 v & UTHRIE
OMEIZEEE 5 & & 810, BrEiilaost, mE bR
FELTHE, REWEELTERMORTNWS, Tux
& 45 v Y VE, (prostaglandin E;; PGE,) id, RX &KUY
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—FAUI X > THEED ) VIBE» Sl E NS T 5
FPUBARBICEEEZE vV —Fitko
TTRART T YV VG/HBAREN, DWTPGEA
BEFERIZE > TAKE N 5. PGEIIMAE & M HE A
T UTRIEDHERIZES T2 & & 812, BaMlansy
b, HEALRTE LTEE, BEOIBEME - LEMS
nTnb, 7523 VEELETF (plasminogen activator;
PAVIE, 3R —Fudbl Y VEEETHD T T A
IVIIEMTBE ST X I V/PAK A — FOREMEERT
HB. TIAIVEG, asrF—Y¥hEDHMESN A 4o
Tu 77— ¥ EEEL L GHBBE @D, Tuh
VoL AVEFRELLTCF= ) KU F v E S
AR U THRIEAREST S, HEFREEL T3 20N
JAMRETIX 2 5 PGE,, IL-18, PAMERRIZHEIMNL T
52 &, ZHEEREROBRINIL > THPTHZ &M
WEXTRTWBZens, MllglticksInsDEE
BES Z0RMER LY —F—HEOEABIINT 55
BEFARNDIEEL L THHTHB EE L 515, (Fig2)

3. B —Y—kes

KL — 5 — O ZEAEROZI IR LT, RIEH
HAND L —F - AZRATHRBR D -7 THEDL
57T BLDEMNT ABROMEN TN T VB,
ZFOBENMIHANEL —F—OEIERT 3 D EE 2
5h3. RICEEILY —F—Tdh > TEGCa-AlZHHE T
B — P EEII L TC2-3 mmDERTTE & DB,
He-Nel —H —iZEBIZLIELEVE WS, KERT
3, BomDBE R % & DGa-Al-As ¥4 A4 — N L —4—
178 (Panalas-1000, Matsushitatl; ¥ 830 nm, HAH 11700
mW) & 7z, KR TR BT R s TH 5 Z
EPOEEET 4 v v 2 AL BBETE S X9 120.6-mmld
BOWNXT 7 4 /35— THREHE AR, EE13 cm RS
TEDLHIICTRELTHD. ZORMHTEEMIEIZI0
SRS L2 e B DT FAF =379 Jem?lZ i 5. il
BERIZZOEZHTY -V B L& 20EE 2%
L7=2%, 05CUTOMMTES FRBETH I M
BL—HF—NOEENEE L THETERLEZ TS,

4. e EERRR D INE

R SR © FABL U 722 e & SRR s TR R R
& Campylobacter rectus DLPSE WML 722, HE8WE % £R
L, BIERFOEEIZONTEN, BT,
PGE 4 BIZM M- R Z A2 EZHEY NGV,
B FEPS B 8 Campylobacter rectus LPSERIIRE Tl & LA
FEEMIIZ R TE LS PGE AR L Tz, 7
SERFVBIZATF—-FOYrutFi s —Eilont
SRR O 1A (COX1), FHEAD2T(COX2) B FIET
ZEMRMBENT WA, LPSIRINEED (LAl & & 4-lilg
R CCOX2E{EF DmRNATE & % Northern blotklZ & -
TN L Z 3, B E AR N Teox 28R
T OmRNAR AR L7z, (Fig3)
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Fig.2 Outlook of experiment system for periodontal tissue cells
concerning to their cellular functions.
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Fig.3 Effect of cellular ageing on the PGE; production by gingival
fibroblasts.

(A) PGE, production of aged gingival fibroblasts was higher
than that of young cells, but there was no difference
between aged and young cells without challenge of LPS.
CJAged cells (LPS-),H Aged cells (LPS+), OYoung
cells (LPS-),® Young cells (LPS+)

(B) Examination of mRNA levels by Northern blot analysis.
RNA was recovered from each cells and run on an
agarose gel electrophoresis, transferred onto nitrocellu-
lose filter, and then hybridized with 3?P labeled cox2,
GAPDH DNA probe, and observed by autoradiography.
1.Young cells (LPS-); 2, Young cells (LPS+); 3, Aged
cells (LPS-): 4, Aged cells (LPS+).

LPSHIFIC K BIL-18 EEAREDIE KIZERE T 5 Z & 2577
BNz, PRSI 51 A LPSOPATEMEIC S
ZBBBERENIE A, LPSIEEICIRAE L TRERD
DOPAEMIX EH L, ZOHEIZPADBEIETREROIEE
WCEET B ZENHL L 5 72Y, X bIziEELE
TFTLELTBREI VAN ERELER2ERRIZBWLT
b, BRIV ANLBIIEG U CPATBRMEAS EH L 729, kX
B2 K Din viroB LR PIRRHES Ml TIX, LPS ISID%
L Ceox2i8nFRBMERE L, 1L-18, PGE, % & iz
IR TELSEEL, HERORELZETEESZ L
REENZ, ZhoDBREBIZ, ZES v b2 Wi
vivo (LR PIRRMES MR D 2B R T & B CIEMI A A 6 h
729, 2 LT, PA &K in vitro, in vivoZ (LMD

2534



FERR TR PURMEE I RS e TS
BEAERABERL Tnizo,

BEARNE S RSB L D 2 4 v MEORNCTEAET B e
HORAMEMTH 5. HWRIEIL, Zh o Omuaiikizu
DIAENTH ARG ISR T 2 RE2FLTWwWB
12, IRADBEEIIK T B2 N L 2 AR U T
BOWELZPINTNS, La L, WHIARIE, HEEkEED
TRAFIR, WABMRAR & & OB E TRE O M 8T 2w
AERMD - 723546, IR & BT ER T2 L
ENERFEE ORI ARS, —F, HEMELE/RETIE, Z
DODRGEIBH L THABE XS Z LA TheE 5 5. 46
ESIDHEIZID - TR EE)$ % 013828k & H o -l
BICVEFTV VORI BZETHS, ThEbbHEOK
BAES b b EEMTIREOWINASEZ |, Kot
ThbBEFEITIIEDORMMPIEZ O, R, 1
THLEZLNTWS, BAOWIETIE, EEll, #5|
A TBOBESAEZ B4, JEEETI BRI O 54
L BEEOMRI AR O, Z5 MO BRI D
P & B OEESR T 3 - bt 5, BIEE
WTOROBEHICARKBERITIENELBEDOK
ERBHEICES>TWA, ZORBOBEEIEFRZ 5
INTHERWD, BF 6 BIEJIHINC & - TPGE,, IL-
18, PASDFIE A 7 4 T — & — D ERIRIEMARE CREE X h
5ZENHELEELTWALEELIGNS, FFE, x2%
F O 72 2 BREG P O R B O BRAR AR L2 IZPGE,, IL-153 285
SEHLTWBZ EMNFHEIN TS,

Flexer Strain Unit% FV TR IE S a - FEIHI RS (e
BII&3-SHEIMA % & PGE, AL EICEELE X, FEH
B J7 D58 X I2RAF U TPGELPEE A TTHE L 7228,
BAOZMAZVLOTRITEAEEE I LY, £/,
PGEEICBEE 454 3 b =3 VEES LR LT
727 X BIZEBRDEERR T, IL-18 & FEHA A {1
R OB EESTUETEZENHAL P E ko728, i
RIS A I 2 2z AR D B BB AW T S MR
{THHIEE # S5 B8 5 &, ERICsCaliilins LR L,
B L I3 OB BN A F OFESTRE S iz, 2
OB EED LS IIPGEKIHFTH B4 v F A 4
VUERRNMTSZETHEFS R, KROESTIL- 18P0k
OFRMTHEI E =720, B3 FEROBRIRETI123E
L UTPGELIL- 13 TH B EEZ 6577V (Figd) THh
5D Z &5 EE ORI EE SRS U CHRRER SR
M2 PGE,RIL-18 #FEAE L, BrE a4 &, WEitlt
T3 Z & THMEMIRAIZ & AR E OIIZBI S5 2
EABETE 3,

HRAR B R~ D R FIIC & 5 PGEAIZ BT B coxl,
cox 2B T FHEIZ DOV TRT-PCRETHRE L. Z0OHE
B, DEARE A R COX2 DM (A F R 4 BRI
TOELTH D, COXIDBETRIIIZELR DL - 72,
F72COX24 V730 OFEBEFTND 720 COX2FRIIAR
RO R I R AN A 5 £ 38, SHEIC
COX2MMEIERH M BE T I e bhr o7z, Tk
b B BRI A I - 72 RARAEHINE L cox 238 R T FIRD
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Fig.4 Effect of mechanical stress on the IL-153 production by peri-
odontal ligament cells.

(A) Mechanical tension force (TMF) stimulated IL-173 produc-
tion from periodontal ligament cells in dose and time depen-
dent manners. *p<<0.001, **p<0.01 to control in each day,
OO p<0.001, O p<0.01 to 1 day as a control, n=6.

(B) Stimulation of #Ca release from “*Ca labeled rat calvaria
in organ culture by conditioned media of periodontal liga-
ment cells with TMF. The released ¥*Ca was inhibited by
the addition of indomethasin and antibody against IL-5.
*p<0.001, **p<0.01 to control (without MTF),O p<
0.01 to control (C.M. conditioned medium), n=6.

TUHEE A U TCOX2D L &, PGEEESITTEL 72 &
Ez oM, FITHEZFIA FRMAREAOFEEKT
BT & M 72COX2R 2N EAINS-398 % i L HE
JEMAZBEREEZTI &, PGEEATTEIZ5EICHIH

ENT2728, PGEREAILCOX2DAE I L THEZ -5 T
BT ENRBENEZY, —F, IL-18 A TIEIEE MR
DIL-18 RIS AK  , IL-13EHEFR (ICE) 12 &L D
EHENC R B Z BN T WS, F 2 CHEIMIC X
BIL-15 ICE mRNA L ~JLDZEALIZ DWW TRT-PCR & in
situ hybridizationi: 12 THET L7z, Z DFER, BRI
ANOHEFIETIL- 1282 FRIFIGEEF ICITHE L 2208
ICEEIE T REIC IR - 7219,

BRSO UEICIE T T —F V23U ETEELD
8280 DAYREPBEPATHEA (tPA), v o x4 SR
(UPA) D2FBIELIFEL T I AI ) =X VT 0 FR—-4
=4 e d = (PADIZK D REMALIZE N B Z & HY0
ERNTWS, MERAMA S & PAEMEIGIEEIC ER
L, tPA, uPA, PAI-IDBERTFFIITDVTHE L 7248
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Fig.5 Effect of cellular ageing on the PA production by periodontal
ligament cells.

(A) Aged periodontal ligament cells produced more PA than
young cells, but there was no difference between aged
and young cells without challenge of MTF.

(B) Western blot analysis using antibodies against tPA and
uPA. The periodontal ligament cells produced tPA, did
not uPA. The tPA mRNA level in periodontal ligament
cells was increased by TMF.

(C) Examination of mRMA levels by RT-PCR. The PA
mRNA level was higher in aged cells 1, Young cells
(TMF-); 2, Young cells (TMF +); 3, Aged cells (TMF -):
4, Aged cells (TMF +).

BOENEIIPADEGTRIAEZILEL , uPA, PAI-
WIETRBICIRELE L o720,

T, ALl L E AR 0 A MRS &K D
PGE,, IL-18, PAFEA B % IIKMAEI L2, ZORER,
LA EMINRIZ B X TPGE,™Y, IL-18'9, PAM
FTRIZBWTEELEELTH D, Mz EER»RO
TRIEAMEIT S BT EBNRE I Nz, Z LT, WihoD
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Laser (min) 0

B 1 2 3

tPA

PAI-1

GAPDH

Fig.6 Inhibition of PA production from gingival fibroblasts by laser

irradiation.

Condition of laser irradiation;GA-AL-As diode laser, wave

length=830 nm, 7.9 J/em?.

(A) PA production stimulated by LPS from gingival fibrob-
lasts was reduced by laser irradiation.

(B) Western blot analysis using antibodies against tPA and
uPA. PA protein was reduced by laser irradiation. 1.LPS
(-); 2, LPS (+); 3,LPS (+); 4, Laser irradiation.

(C) Measurement of PA mRNA level by RT-PCR. PA
mRNA level was reduced by laser irradiation.

Y& & PGE,, IL-18, PABETFORIL N ETUHET S
ZETHER T 5 Z E A6 ATk 5 7213109 (Fig.5)
5. L—Y—BREIDERIER

HHEE &G 9 B B L U C OB & BRI
MELPS TS % KM% TPGE,, IL-18, PADIIE
AT 4 L= —EERFEI BT EENRE S
BT 2 Z e B E N Z L5, RS2 R
LIeBARREBREFLREVALD. 22T, 2Ol
BEERREIBHELT, V- —-BHOBELF N,
T OFER, LPSHTHEK L 72PGE,, IL-18, PAEEAEI
WG L= —HEEHI X THA LT 721517 (Figs)
PRIARNSEA e L= R A R YR & I 2 PGE,, IL-18, PA
PEAE R 2 B X 0 5 ERR A ORIk L —
— & 1H105SHEMAH 2K 417> 7=, SHEOL —
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Fig.7 Inhibition of PGE; and IL-3 productions from periodontal
ligament cells by laser irradiation. Laser irradiation reduced
production of PGE, and IL-# stimulated by cyclic tension
force from periodontal ligament cells by laser irradiation.
Condition of laser irradiation;GA-AL-As diode laser, wave
length=830 nm, 7.9 J/cm?.

Y-S K > TPGEEA L IZIHl 2, Z 0%
RIZMHE BRI L Tz, F2IL-181540% 0 A HIH]
S, ZOEAHNLCOX2 LIL-18 DMEIE T HEOH
HICKDABZ 5TV B Z EARE SN2, (Fig7)
KAV — 3 — B MR G E U CREUTE T+
% BRI AE D COX2RIL-15 815 T & SR I L 7=
Z &3, MRHERPHEEERL A+ EEL 725 2 TRE)
BREIFIC L — RS AT 2L ic kb, BIEBERICHE
HEIRRIRICEN TH B I L EBW®RT 2. X 5ICHBD
PARUPAIIZDWT & L — ¥ —HHEHOBE L R 5
&, HRAIEIC K DITHE U T PADEEFREIZ L
—F—IREHC K D SEFICHIH & Tz,

6. L—Y'—BEOBHHIEE
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CIBHT 57291213, R“ETHrORYREBKICKET 3
L— RS R FEICRET T A L di, 2o
RLERATAZEBMETH B,
REEMIEFEEBRRIZOWTIL, 7y MBS B0t
alkitag % & 2~ U 2 BN I MRMC3T3E1 & v
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Fig.8 Effect of laser irradiation on osteoblasts. (A) Stimulation of bone
nodule formation (Von Kossa staining); (B) Stimulation of alka-
line phosphatase (ALP) activity. (C) Stimulation of collagen
amount. Condition of laser irradiation;GA-AL-As diode laser,
wave length=830 nm, 7.9 J/cm?, once in a day for 21 days.

M3 % von kossafe iz & - CEHli L 7=, {FRRFE S &

P HAE—HENCIERARE L, EEEE2S S S —
VL U TR Ma 4 558 U, BIBRGELET TreE T
B EEEEEERT S, ZOERRERELT, BER
W5 A5 -V —HEOBEBLHEN, FORE, L—
Y—BAHC L 0B REER, RmEsEARLE 51,
BERICEELETAN )RR T 72—, 35—V D
BEAREZHMAIE WY, £7-, BREEHOL -+ —
W2 E D BOEERIGESREBE L T, ZhidL
— W — B 23 B S A (L R 3 R il oD B & B 3
AN ARET A Z LI DB I IATAS
ZEBHL 2. (Fig.s)

7. EYFHNRERBENDREES /) LRI A
BIZTFIERIE DNAD SmRNANDIEE Z LT & VI8 s
BABNERNTHL, 77 20 LT, mRNAL
NILDBEREBIBEBLCL IV Z2 )T b —24, BlETE
Yidabb s 30 BEOBRERIEL T uT A -0k
LB ZThenF—aX— 2 BRANEL THIET 5%
BARENSA A VT 5 —vF 4 7 2 (EYEHRBE) &
W, RRBEEZ T OBRER, BIETFEmMS VS0 ED

L — 4 — A, RPURRMESH e, SRARBN I o S0
K, BRIREF, AR R R T O RR 4
HHlT 22, BFHRTETLA VR T 72—+,
AT - UVOEERABEARIVELIE, FHEMILT
B2, INeD77Fa—FF, T TISEEAHBI LT
WHBIEFELD ST THNL, BT 230T, L—
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Fig.9 Search for laser irradiation responsive genes using subtrac-
tive gene cloning.

P ORIER S M TE b TR @BV, v
—F—DEWENFIRIZEG T2 A =68 F
BTHEHO®HMTH Y, RAOEGHRE D> T 5,

WEFRBEOLEBEIRL 5 HEe LT, EETNVY
AERL, SHEOMRNATELGIE T 50T 570V 3
VEBETru -y SESARE I TS, LY -l
5 U 7=l 5 mRNA % 47 ff U CcDNABIR TN 7 &
fERE L, FEL — % — BEH#E 2 5 B L 72zmRNA % H
W —EETF 23 LBIn GEAL) B O#IE T3
2, LV—F BN & - CRIZTFHRRAE KU 2EET
ru—venwdZeitkb, /ohkESLEET 7 1
75 —DEBET & 1 — v ORIEES % R LT s
LT —AR=ZDBETIIEAETY -BETEI L
LR THUEBETFAREL, BIETEMOKELHS
PIZT BT ENTAREL 5B,

Bxid, BIEMIEMCITI-ELUEH IV — =R LT
EMUBET A T — e ML, BEETsa—
12OV TSNS A& 8t U 7=, % L (National Center for
Biotechnology Information (NCBI) ®BLAST (Basic Local
Alignment Search Tool) ZFI[fi L C, RERAIOF TR Y —
$:3& (Nucleotide BLAST;blastn) % 47 - 7z. fif#t L 72520bpif
EFHN O R E 0 P —BERORER CREANEIR T & —H O
LR 5 N7z D %Known geneZ U — ¥, 7 /T —¥

3 ¥ HYEWEST (Expression Sequence Tag) genek (DR E T Y
—MRLNFZEDEESTY v — >, 30bpll EMHF D R
57761 D % Unknown gene 0 — > & L 722 (Fig9)

L —H — B 2SR D B8 A R § 5 2 & I3RS AN
ENTVARZOFHMEBFEEIARAMTSH 5. MCM
(mini-chromosome maintenance) BIET 7 7 3 V) — &Ml
D5 L i IS H CDNABEI R Z 5 Z L %
REE§ % 5 4 v ¥ ZRF CEMMEODNABERIZ HE
THBHIEHNEEMIZE 5T 5, Northern blot 234 %
TolkZ A, L—¥—HEHL - -G
i L CMCM mRNA L XL OB EED 541, DNAA
BBE & R EF X ¥ VELD AR RIC K D BT U 7R,
LY —JERR BRI U OISR s, 2D
Z L5 L — W — B A O M GE e AR F IEMCMIE R
FOERE %5 L CDNABMZEITEE 5 Z L W5
BT EDRBENSD,

L — =BT & o TATPAREERHINENATPE 3 8
KTBZEBME SN TS, L —F - X > TH
BRE U 72385 F DO —2 BATPA LSS (FoF,-ATPase) &
EHEREIME AR LU 72, Northern blot 77 DR, RO L
—F —JEHAS T CmRNA L L DM D b, &6
2L —F — BRI ATP RO R 6572,
L — = HEHHZ & > TATPA BRI R DO B2 T RE Lt
§ B Z L AT R OB O I IS ER R © DO 8
»%. (Figl0) Z7z, BIFMIa0-BERIERICBEE S 58
{£F & L TAnnexin IIT ? & MIF (macrophage migration
inhibitory factor)?® MR T2 10—V & EMEETFIA T
) —»5[EFEL, real time RT-PCR (2 & - THEEA L T
W3, Annexin IIiZ, T 7 LM R F2EMARIZ R
WEER, Mgy Y AOFEICEES T3 L nbhT
B, MIFIZ, 66k, B4 OMBcEEINSE A b A
AV TRIET O 25§25 Z L AN TN,
3G, BT A SN TH Y, BHMiaoEiERe
BUCE AT AMEA L DI LRI N TN S,

AT = RAN=2%BAL T, EEFEIOEETRR
EEITTXADNAYA 707 LA EORAKPEAT
W3, ZOHFER, BREKRDBETFDDNA, PCREE
M, AV TR VFF P ETT ARRCBEEIZZAR Y
MUTHRAZLAAL FDNA w4 707 VA BERL,
Hlg U7z ORNAY VY 7L & 2 o hey3, cySDHEGER
THH L THBADNA ¥4 207 b4 &N TY &4
ZXER, AF v F —Tey3, cySTNTHNDOENEE % E
Z4—FBZ L TmRNAL ~JL % HIRET T X 3,

4 13H93900 B TFDDNAY A 7 a7 L A4 ZIBHL
THIFMIEMCIT3-ELS K 1 L — & — B 4 47027
WIETFRBAIEHTHEETEE= 2 ) VI LET, 2
DFEE | osteoglycin mRNA L ~JLHMEHA I L — 4 — BRES
12k o THERT B Z EARM L, Real ime PCRIEIZ K -
THERR L 722, Osteoglycinid, BFRERE T & L TREME
RO TE LTRER-TaT4 2 ) %
Y CEIERIETFORE, HEEREIZEE35 2 &
ERTWBZeEN6, V- —MEIZX2EFFMIED
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Fig.10 Enhancement of gene expressions of mini-chromosomal maintenance factor
(MCM) and mitochondorial ATP synthetase (FOF1-ATPase). (A) Northern
blot analysis of MCM mRNA and the role of MCM. (B) Northern blot analysis
of FoF-ATPase mRNA and the role of FyF-ATPase. Condition of laser irradi-
ation;GA-AL-As diode laser, wave length=830 nm, 7.9 J/cm?. Irradiation was

carried out once at preconfluent stage of osteoblasts culture.

Fig.11 Gene expression monitoring in osteoblasts by laser irradiation
using ¢cDNA microarray. After laser irradiation of
osteoblasts, mRNAs were recovered at 2, 4, 8, 12, hours, and
analyzed mRNA levels using 3,900 genes cDNA microarray.

osteoglycinEE A {3 I3 EH I BED (REIZEHE L T 5 &
Zz6h5. (Fig.ll)
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Fig.12 Gene expression monitoring in osteoblasts

by laser irradiation using gene chip. After
laser irradiation of osteoblasts, mRNAs
were recovered at 18 hour and analyzed
mRNA levels using 8,500 genes Affymetrix
gene chip. (A) Scatter plot of 8,500 genes.
(B) Scatter plot of reliable genes after data
mining.
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Fig.13 Analysis of Ingenuity Pathway database. (A) Net work of wint/3-catenin signaling and PI3 K/AKT signaling pathway. (B) Signal path-

way of wint/f-catenin and altered gene expression genes.
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Abstract

The existence of carbohydrates that promote rapid fermentation as an
exogenous factor and the low buffer capacity of secreted saliva at rest
are considered to constitute the main factors that influence the rate at
which dental plaque pH declines. The present study examined the
relationship between salivary buffer capacity and DMFET (carries
experience) in order to analyze the buffer capacity of saliva at rest, an
important related to clearance capacity in the oral cavity. The results
thus obtained are reported below. The total mean®SD of buffer
capacity value was 5.091+0.87. The 50 subjects were divided at the
median value into the high-buffer capacity sub-group of 25 subjects
(5.83%£0.37) and the low-buffer capacity sub-group of 25 subjects
(4.36£0.52). The average DMFT of the high-buffer capacity sub-group
(4.40£4.74) was lower than that of the low-buffer capacity sub-group
(8.68%5.39), indicating a significant difference (p<0.01) between the

carries experience

Introduction

The phenomenon whereby acid production from
dietary carbohydrates generated by dental plaque
bacteria is accompanied by a decline in pH, followed
after a given period of time, by a recovery in pH
level has been observed both in vivo and in vitro.
Saliva, which is an oral cavity fluid, has been ver-
ified to have a significant effect on this type of
fluctuation in dental plaque pH (1-4).

The existence of carbohydrates that promote rapid
fermentation as an exogenous factor and the low
buffer capacity of secreted saliva at rest are consid-
ered to constitute the main factors that influence the
rate at which dental plaque pH declines (5).

The present study examined the relationship
between salivary buffer capacity and DMFT (carries
experience) in order to analyze the buffer capacity of
saliva at rest, an important factor related to clear-
ance capacity in the oral cavity.

two sub-groups.

Materials and Methods
Subjects and saliva sampling time

Fifty male students (average age: 21.7 years) were
selected as the test subjects. Saliva sampling from
these subjects was performed between 14:00 and
16 : 00. This study was conducted with the approval
(EC 02-029) of the Ethics Committee of the School of
Dentistry at Matsudo, Nihon University. The sub-
jects, who were provided with an adequate explana-
tion, freely agreed to participate in the study.

Measurement of buffer capacity

The salivary volume was determined based on to
the spitting method (6), and measured half anaer-
obically in a sampling cup within 30 minutes. After
mixing 1.0 ml of saliva with 5.0 m] of distilled water,
1 ml of 0.01N hydrochloric acid (Wako Pure Chemi-
cal Industries, Osaka, Japan) was added. The pH was
measured using a pH electrode, (Hanna Instruments,
Padova, Italy) and the buffer capacity was evaluated
using this pH value. In addition, a total of 6.0 ml of
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distilled water was used as the control and the buffer
capacity was measured by adding hydrochloric acid,
using the same method.

Investigation of caries experience

Using a mirror and probe under a bright light,
caries experience was determined according to the
standards of the Japan Association of School Den-
tists. The presence of decayed, missing and filled
teeth (DMFT) was calculated and recorded for each
subject.

Statistical analysis

For the statistical analysis, the t-test was used to
compare the mean values between the two sub-
groups.

Results ‘

The mean=+SD of salivary buffer capacity for all
subjects was 5.09£0.87. The 50 subjects were then
divided at the median value into a high-buffer capac-
ity sub-group of 25 subjects (5.83£0.37) and a low~
buffer capacity sub-group of 25 subjects (4.36+0.52).
The buffer capacity value of the control solution was
2.90 (Fig.1). The variances from the average buffer
capacity of the high-buffer capacity sub-group and
of the low-buffer capacity sub-group as compared to
the control solution were 2.93 and 1.46, respectively.
The average DMFT for the total 50 subjects was
6.54+5.47. The average DMFT of the high-buffer
capacity sub-group (4.40+£4.74) was lower than that

5 -
4 F
X
o
3 -
2 |-
‘l b=
0 . ;
high-buffer low-buffer control
capacity group capacity group
Fig.1. Salivary buffer capacity in high-buffer capacity group

and low-buffer capacity group, and the control solution.

DMFT
<o

low-buffer capacity group high-buffer capacity group

Fig.2. Comparison of the average DMFT in high-buffer
capacity group and low-buffer capacity group *p<0.01.

of the low-buffer capacity sub-group (8.68£5.39),
indicating a significant difference (p<<0.01) between
the two sub-groups (Fig. 2).

Discussion

There are a few methods reported for measuring
salivary buffer capacity. Some examples are as fol-
lows. Based on the method of using an ejected fluid
consisting of a modified fluoride ion dilution (7,8) to
measure buffer capacity, 5.0 ml of distilled water was
mixed with 1.0 ml of saliva in vitro and the salivary
buffer capacity at rest was measured. In order to
quantify the salivary buffer capacity, a method based
on dripping acid into a given volume of saliva and
evaluating the volume of acid required to lower the
pH level of the saliva from the initial level to pHS6,
pH5, and pH4 was employed (6). Ericsson (9) also
developed a clinical testing method whereby hydro-
chloric acid is mixed with saliva and the resulting
pH is measured.

Ueda and Dreizen et al. similarly reported a buffer
pH method whereby a given amount of acid is added
to saliva and the resulting pH is measured, developed
to simplify the buffer capacity measurement method
(6, 7, 10). This method has the merit of lending itself
to quick chair-side implementation. The present
study employed the buffer pH method for saliva
evaluation. This method is considered to be useful
for epidemiological studies involving large numbers
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of subjects. However, when performing high-accu-
racy measurement of buffer capacity for individual
subjects, it will be necessary to study buffer capacity
using the area under the curve and an integration
method (7). Thus, more detailed analysis will be
required.

The negative correlation between the buffer capac-
ity and caries experience has been widely reported (6,
11). In light of the negative correlation between
buffer capacity and caries experience, Ericsson (12)
inferred that the most clearly demonstrated caries
resistance factor is the buffer capacity. The report
on the survey of dental diseases (13) based on the
DMFT of male subjects 20-24 years of age showed a
value of 8.60. In this study, for the low average
DMFT (6.54) sub-group, it was thought that the
number of subjects was small and that a large num-
ber of these subjects are children of dentists who
have benefited from thorough preventive mainte-
nance of the mouth from infancy. These factors are
believed to have influenced the results. The author
measured buffer capacity for a caries—susceptible
sub-group (11 persons) and a caries—free sub-group
(12 persons) and found that the buffer capacity of the
caries—free sub-group was significantly higher than
that of the caries-susceptible sub-group (7). In the
present study, the total 50 subjects were divided into
a high-buffer capacity sub-group and a low-buffer
capacity sub-group and DMFT of these two sub-
groups were compared. A significant difference in
DMFT values between the high-buffer capacity sub-
group and the low-buffer capacity sub-group was
reported.

Until now, there has been no study on the relation-
ship between buffer capacity and DMFT through the
buffer pH method targeting resting saliva and no
comparison with distilled water, which has no buffer
effect, and the creation of criteria for clinical appli-
cation has not been attempted. We plan to study the
creation of criteria for a cleaning test through the
buffer capacity of saliva as part of the assessment of
the risk of dental caries based on the results of this
study, increasing the number of subjects and dividing
them into 3 or 4 groups, with a view to the feasibility

of clinical application to the assessment of the risk of
dental caries based on the buffer capacity of saliva.
Further, studies on the relationships among salivary
buffer capacity, residual salivary volume, salivary
clearance and dental caries are planned.
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Mini Review

Development of Useful Antibodies for Passive Immunotherapy
against Porphyromonas gingivalis Infection

Yoshimitsu Abiko

Department of Biochemistry and Molecular Biology,
Nihon University School of Dentistry at Matsudo

Porphyromonas gingivalis JEFZXE$ 2 H R 2 ZE%E AR ORI
ZH®HT H X
HAKZMFEES £ - S TFEYFEE

EE . Porphyromonas gingivalis ZHEEKEOEERFERE TH S LFEXSNTED, I TOMREKR» S
AEORERE T2 ENC Ll BB ARBEDFHCERTH 2 LB INT W5, w5 wIEHE
BOMBERES, BRCATURTHYAEBOREREETHS Z L5, KEOMNERTF I T 5 EEEIX
WO TEETH S, WA THMAOEBREMEOLEERT, ROKEERAFRIEEREERFTHE I L
BESMIZENT WS, —RHEE» 5%, HERBENEGE2ESBERERTH S I LT 2RI RIEELS &
WZEMS, REEEOERLCREEEEEEEFIETRIEZ SR 5B, ZOERICIZLEEOEVEER
EREFUAOIERSLETH 25, KRBT, BRROREREOERCMITAAA 77/ av—2GHL%R
2 DBV EITEEEATA O EREEE & Z OFFFEERRIC DWW TR T %,

*—"— K : Porhyromonas gingivalis, HERIEERPUAE, t b€/ 7 o—F ik, BIgY

Abstract : Porphyromonas gingivalis has been implicated as an important etiological agent associated
with periodontal disease, and emerging evidence suggests that immunotherapy against virulence factors of
this pathogen may provide disease protection. Bacterial adherence to periodontal tissues is a prerequisite
for colonization, and one of the important steps in the disease process, thus immunotherapy against
adherence molecules is considered to be vital. Bacterial coaggregation and hemagglutination are factors
that likely play major roles in colonization in the subgingival area. Since the public at large may be
skeptical about the seriousness of periodontal disease, any immunotherapy employed must be carried out
with absolute safety. To achieve this goal, the development of safe antibodies for use in passive immuniza-
tion is significant. Herein, we discuss recent salient advances in immunotherapy against periodontal
disease and introduce some biotechnological approaches for developing safe passive antibodies. Nihon
Shishubyo Gakkai Kaishi (J Jpn Soc Periodontol) 47 : 239—249, 2005.
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antibody, chicken IgY
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Active immunization strategies for periodontal
disease have been developed, and several reports
have described their effectiveness and potential in
experimental animals?. However, it is unlikely
that active systemic immunization against peri-
odontal disease will be utilized in humans in the
near future, as its safety for practical use has yet to
be shown. Further, It is known that disadvanta-
geous immune reactions may occur with certain
vaccines that very rarely result in sudden death,
even though they have been previously well tested
and confirmed safe.

Passively transferred immunization involves use
of a specific antibody for a particular antigen, so-
called serotherapy, and may provide immediate
protection. As for periodontal disease, since the
primary pathological site is gingival tissue, intra-
venous injections of antibodies may not be neces-
sary, as effective immunization might be achieved
with a simple mouth rinse or local application of the
specific antibody to the periodontal pocket.

However, development of passive immunization
therapy for practical use against periodontal dis-
ease has not significantly progressed, because of
difficulties associated with the establishment of
useful animal models and systems to deliver anti-
bodies to the subgingival area. Further, several
clinically relevant questions regarding which bacte-
rial species are important and the etiologic agents
involved in periodontal diseases remain. When
considering passive immunization against peri-
odontal diseases, the pathological focus has been
primarily on gingival tissues, and application of a
specific antibody that neutralizes bacterial adhesion
to gingival tissues could provide a practical and
satisfactory treatment approach. Recently, such
In the
experiment, patients with periodontitis, who harbor-
ed P. gingivalis in their subgingival plaque, were
treated with scaling, root planing and metronid-
azole to suppress any detectable P. gingivalis, then
a monoclonal antibody (MADb) against P. gingivalis
That treat-

an approach was used against P. gingrvalis.

was applied to the periodontal pocket.

ment significantly reduced the numbers of P. gin-

givalis in sites showing the most severe periodontitis
for up to 9 months after application of the MAD2.

Although passive immunization in the oral cavity
is thought to be safe, side effects can arise with use
of animal antibodies, which may stimulate un-
wanted immune reactions that induce inflammation
with further periodontal tissue destruction. Thus,
it is still necessary to develop safe neutralizing
antibodies for practical use.

In this review, recent salient advances in im-
munotherapy against periodontal disease are discus-
sed and biotechnological approaches for developing
safe passive antibodies such as recombinant single
chain variable fragment, human type monoclonal
antibodies, and chicken IgY, are introduced.

Molecular targets of immunotherapy

Adherence of bacteria to host tissues is a prereq-
uisite for colonization and an important factor in
bacterial pathogenesis. We have selected 2 coloni-
zation factors, coaggregation factor and hemag-
glutinin, as targets of passive immunotherapy®,

Coaggregation factor, which plays a role in colo-
nization through aggregation with other oral bacte-
ria. P. gingivalis is able to adhere to the surface of
several Gram-positive bacteria including Actinomy-
ces wviscosus and various streptococci®, and inter-
bacterial adherence appears to be an essential step
in the process of colonization by P. gingivalis. Itis
well known that an accumulation of bacteria on
tooth surfaces follows a sequence, beginning with
Gram-positive facultative species and later shifting
to Gram-negative facultative and anaerobic species.
Another property of the coaggregation factor is its
relationship to pathogenicity, since more abscesses
have been shown to be formed by co-aggregates of
2 strains, for example, A. viscosus and Streptococcus
mitis, than those caused by infection with a pure
suspension of each microorganism and coaggregat-
ed cells were found to be more resistant to
phagocytosis and killing by neutrophils i vitro and
in vivo®.

We previously cloned the gene for a 40-kDa outer
membrane protein (OMP) from P. gingivalis 381
and produced large amounts of recombinant pro-

tein®”. A rabbit antiserum against the purified
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recombinant protein reacted with a polypeptide of a
similar size in the outer membrane fraction and in
vesicles of P. gingivalis 381. Previous studies have
shown that monospecific rabbit polyclonal antibody
purified using recombinant 40-kDa OMP (r40 kDa-
OMP) affinity column significantly inhibited coag-
gregation of A. wviscosus cells with P. gingivalis
vesicles. These results indicated that the 40-kDa
OMP functions as a coaggregation factor of P.
gingivalis® and also found that the 40-kDa OMP is
conserved among many strains of P. gingivalis®.
Using the affinity-purified antibody against r40-
kDa OMP, we also confirmed that the antibody
contributed to the killing of P. gingivalis 381 which
was mediated by the complement system through
both classical and alternative pathways!®. Fur-
ther, we demonstrated that the antibody exhibited
an opsonic activity on human neutrophil function
leading to phagocytosis of P. gingivalis'®. More
recently, we found that 40-kDa OMP is one of
hemin-binding protein'?. These findings suggest
that 40-kDa OMP is unique and useful target of
immunotherapy.

Hemagglutinin is a second potential target for
immunotherapy. Hemagglutinins mediate adsorp-
tion and penetration of bacteria into host cells!®.
P. gingivalis hemagglutinin domains are encoded in
protease genes, which are able to degrade a broad
range of host proteins'®. The multivalent hemagg-
lutinins are also encoded by different genes, and it is
thought that the hemagglutinins and protease genes
may share similar hemagglutinin domain sequences
in a multigene family'®. These findings support
the notion that the hemagglutinins are the most
important targets for passive immunization and
that it may be of interest to develop safe antibodies
capable of neutralizing the hemagglutinating activ-
ity of P. gingivalis.

In a previous study, we established several
hybridoma clones using vesicles as the immunogen
and produced a MAb, designated mAb-Pg-vc, that
strongly inhibited activities of hemagglutination'®
and hemolysis'?, and also recognized the 43-and 49-
kDa bands in a Western-blot analysis. This im-
munoblotting profile was the same as that of the
monospecific antibody, anti-HA-Ag2, which is
known to be a hemagglutinating adhesin of P.

gingivalis'®.  Our finding indicated that mAb-Pg-
vc recognized the same epitope involved in the
functional domain of hemagglutinin. Next, we

constructed a P. gingivalis genomic library and

“successfully cloned a gene encoding a 130-kDa

hemagglutinin protein (130 kDa-Hag) using mAb-
Pg-vc. The complete nucleotide sequencing of the
4.6-kb cloned DNA fragment revealed 2 open read-
ing frames (ORFs), with the upstream ORF shown
to be the putative gene and responsible for 130 kDa-
Hag, while the downstream ORF was found to
specify the insertion sequence gene IS1126. Since
an insertion sequence (IS) has the ability to move
on a chromosome together with adjacent genes, it is
likely that this IS may help spread the gene encod-
ing the hemagglutinin domain on the P. gingivalis
chromosome'®.

Based on the results of our Western blot analysis
of nested deletion clones, we performed binding
assays of the phage-displayed peptide library using
mAb-Pg-vc and competition experiments of hemag-
glutinating activity using synthetic peptides with
purified r130 k-kDa-Hag, which identified PVQN-
LT as a functional stretch. Further analysis of the
identified short motif using NCBI databases
revealed 14 genes containing hemagglutinin as-
sociated domains. It is noteworthy that additional
homology searches with the short motif indicated a
similarity with the hemagglutinin domain HA 1 in
These findings suggest that P.

multiple sequence related
hemagglutinin-associated motifs, which encode a
number of hemagglutinins and/or proteases. This
gene structure seems ideal for growth of the bacter-
ium in periodontal pockets, as it facilitates the
availability of heme molecules as an iron source.
Since bacterial cell attachment to erythrocytes is an
important initial step for expressing hemolysis
activity, we also examined the effect of mAb-Pg-vc
on the hemolytic activity of P. gingivalis cells. The
MAb significantly inhibited hemolytic activity,
while the inhibition was reduced by the synthetic
peptide corresponding to the 130-kDa HAG func-
tional motif PVQNLT.

Together, these findings support the notion that
hemagglutinins are the most important targets for

the influenza virus.

gimmgivalis expresses

passive immunization and confirm the importance
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of developing safe antibodies that are capable of
neutralizing the hemagglutinating activity of P.
gingivalis.

Recombinant ScFv antibody

The IgG molecule consists of 2 heavy (H) and 2
light (L) chains, and the N-terminal end in both the
H and L chains contains variable (V) regions.
These V regions are known as VH and VL, and
together they form the antigen-binding site of the V
fragment (Fv) in Fab. The constant region Fc
plays important roles in complement activation via
binding of C 1 and in opsonization via binding to the
Fc receptor. When considering the effectiveness
and safety of antibodies for neutralizing virulence
factors, Fv in Fab without Fc may avoid unwanted
cellular immune responses and is a reasonable can-
didate for use as an antibody. The single chain
variable fragments (ScFv) antibody, which consists
of the Hand L chain variable fragment, is also an
attractive molecule, because its small size allows
faster delivery to tissues when compared to an
ordinary MADb'®. Further, an intact MAb may
attach non-specifically to tissues via the constant
regions.
advantageous due to its specific binding to path-
ogens.

To construct an ScFv antibody, we isolated
mRNA from mAb-Pg-vc antibody-producing hy-
bridomas, synthesized the cDNA corresponding to
the VH and VL genes, amplified the genes by
polymerase chain reaction (PCR) using immunog-

Thus, an ScFv antibody may be more

lobulin gene-specific primers or oligo dT primers,
and then amplified the VH and VL genes that were
interconnected by a short polypeptide linker, (Gly,
Ser);. The short polypeptide linker ensured the
functional expression of the VH and VL domains,
and increased stability. Further, improvement of
the vector with histidine hexamer tails attached to
the ScFv fragment allowed for rapid purification
using metal ion resin affinity chromatography.
Our ScFv from hybridoma producing mAb-Pg-vc
found to be secreted into the periplasmic space and
then purified using an anti-E tag antibody affinity
column from the periplasmic fraction. As expect-
ed, the ScFv significantly inhibited the hemagg-

lutinating activity of P. gingivalis vesicles in a dose-
Interestingly, a DNA sequence
homology search with the ScFv gene showed that
CDRs in the VH gene exhibited a high degree of
homology with those in the VH gene of the MAb
that recognized the antigenic site of the A/PR/8/34
influenza virus hemagglutinin. Compilation of

dependent manner.

these data may help clarify the stereochemistry
between antibody CDRs and antigen epitopes, which
could be critical for designing novel antibodies in
the establishment of a passive immunization sys-
tem'® (Fig. 1).

Although we succeeded in the construction of an
ScFv gapable of inhibiting hemagglutinating activ-
ity, the recovery rate and activity were not satisfac-
tory. Eukaryotic proteins expressed in the Escheri-
chia coli host often accumulate within the cells as
insoluble protein aggregates or inclusion bodies.
The recovery of structure and activity from inclu-
sion bodies is a complex process, with efficient
vivo folding of functional proteins a major bottle-
neck of high-level production in the Escherichia coli
host, and simple optimization protocols are not
To accomplish the mass production of
ScFv antibodies,
express the ScFv gene in a Bacillus brevis protein-
producing system?®.
structed from the secretions of the leader peptide of
the B. subtilis a-amylase gene and our ScFv gene,

available.
functional we attempted to

A chimera gene was con-

using a shuttle vector between E. colt and B. brevis,
which was then transformed in the B. brevis host.
As expected, the novel B. brevis transformant
produced a large amount of ScFv protein that was
secreted extracellularly, and the that protein, which
was purified from conditioned culture fluid, signifi-
cantly inhibited P. gingivalis hemagglutinating
activity®? (Fig. 2).

Our ScFv protein may be capable of inhibiting P.
gingivalis colonization onto gingival tissues as well
as Fe ion intake, and might also have a potential to
prevent periodontal diseases.

Human type monoclonal antibody
One of the major obstacles to the development of

therapeutic applications using MAbs derived from
animals for humans is their intrinsic immuno-
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genicity. The full benefits of antibody therapy can
only be properly assessed with a fully human MADb
that can be administered repeatedly. To develop a
safe regimen for passive immunization therapy,
several methods have been developed for the pro-
duction of human monoclonal antibodies (hMAbs),
including Epstein-Barr virus (EBV) immortaliza-
tion of antibody producing cells and hybridoma
production using human immunoglobulin genes
from transgenic mice.

EBYV infects human B-lymphocytes via the mem-
brane antigen CD 21 and immortalizes antibody
producing cells?®. However, B-lymphocytes that
produce efficient hMAbs are difficult to obtain,
since immunization of a human population for that
purpose is not practical.
problem, we have used severe combined im-
munodeficiency (SCID) mice®. Most implanted
human peripheral blood lymphocytes (hPBLs) are
depleted by an immune response involving cytotoxic

In order to overcome this

cells, mainly NK cells, in SCID mice. We adminis-
tered anti-asialo GM 1 to SCID mice to reduce NK
cell activity and then transferred hPBLs (Fig. 3).
We obtained hPBLs from a donor with a high
serum level of antibodies against r40 kDa-OMP,
and B cell clones were established using SCID mice
and an EBV immortalization system. EBV-B cells
that produced anti-r40 kDa-OMP antibodies were
collected by panning using r40 kDa-OMP. IgG
isotype clones, representing the IgG1 and IgG2
subclasses, were successfully isolated, and the clone
showing the highest inhibitory activity against coag-
gregation was part of the IgG 2 subclass and named
HAb-omp 1. The hMAD significantly inhibited the
coaggregation activity of P. gingivalis vesicles to A.
naeslundii cells. Next, the equilibrium binding
constant of the interaction between HAb-omp 1 and
r40 kDa-OMP was examined using a Fluorescence
Polarization System, and the Kd value of the bind-
ing was determined from the fitted curve to be 4.4
nM, which is similar to the value for mouse MAbs?®.

We highly purified recombinant 130-k HMGD

using an electro-osmotic medium pump system for

Human
lymphocytes were isolated from a donor who had a
high antibody titer against purified recombinant
130-k HMGD and immortalized with EBV, after

preparative disc gel electrophoresis®.
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\Y
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Fig. 1 Strategy for molecular cloning of VH and VL
genes and construction of ScFv

which specific antibody producing B cells were
established by panning using purified r130-k
HMGD. The constructed hMAb-HMGD 1, which
was of the IgG subclass, recognized r130 k HMDG
as well as the 43-and 49-kDa major bands in P.
gingivalis cells and vesicles, and significantly inhib-
ited the hemagglutinating activity of P. gingivalis
vesicles in a dose dependent manner. Further, the
HuMAb-HMGD 1 recognized the synthetic peptide,
EGSNEFAPVQNLTGSSVG, which contained the
functional domain of 130-k HMDG?9.

One of the most appealing approaches for con-
structing hMADs is establishment of a mouse line
engineered with human immunoglobulin genes capa-
ble of producing a large repertoire of human anti-
bodies in the absence of mouse antibodies. This
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Fig. 2 ScFv gene cloning into B. brevis host. The leader peptide gene of B. subtilis a-

amylase was joined with ScFv gene under adjusted triplet flame codon, and
inserted into a shuttle vector between E. coli and B. brevis, which was then

transformed in the B. brevis host

novel strategy involves inactivation of mouse im-
munoglobulin- genes, and then introduction of
human H and ] chain loci into the mouse germline.
Large fragments of human H and kappa L chain
loci cloned on yeast artificial chromosomes have
been introduced into mouse germlines via fusion of
yeast spheroplasts with mouse embryonic stem
(ES) cells.
tural genes for the variable, joining, diversity, and
constant domains as well as critical regulatory

These fragments, which contain struc-

elements, proved to be sufficient for the production
of a broad repertoire of human immunoglobulins
and expressed significant levels of human anti-
bodies in mice named Xenomice?*” (Fig. 4).

We also produced hMAbs capable of neutralizing
the hemagglutinin activity of P. gingivalis by using
Xenomice. Interestingly, our successfully con-
structed hMAD for IgG 1 showed inhibitory activity
against the hemagglutinating activity of P. gin-
givalis vesicles?.

Another transgenic line harboring a human Ig

gene cluster is TranChromo mice, which have 2
transmittable human chromosome fragments, one
containing the Ig heavy chain locus and the other
the kappa light chain locus. These 2 human chro-
mosome fragments were introduced into a mouse
strain whose endogenous IgH and Igkappa loci were
inactivated. In the resultant mice, a substantial
proportion of the somatic cells retained both human
chromosome fragments, and recovery from the
defect in Ig production was shown by high levels of
expression of human Ig heavy and kappa chains in
the absence of mouse heavy and kappa chains?®
(Fig. 5).

We immunized human Ig-producing TransChro-
mo mice with r 40 kDa-OMP and their spleen cells
were fused with a mouse myeloma cell line. From
that, we successfully constructed an hMAb that
promoted phagocytosis of P. gingivalis by neutro-
phils®®.  Such novel hMAbs may be useful to
develop a passive immunotherapy against peri-
odontal disease through opsonic clearance of P.
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gingivalis infection.
Chicken IgY antibody

Following immunization of hens with an antigen,
specific antibodies have been induced and transport-
ed to the egg yolk, from which antibodies (IgY) can
be purified in large quantities. Recently, the pro-
duction of a specific antibody in chickens and
extraction of IgY from egg yolks are attracting
interest from the viewpoint of passive immunother-
apy®V.
nents, thus there are no toxic side effects, and IgY
Fc has no ability to activate the complement and
As compared to IgG, a
chicken IgY production system is advantageous,
because of the higher amount of IgY produced by a
single hen in 1 year, which ranges from 20 to 40 g
IgG production. Previous
studies have shown that antibodies are actively
transported to the egg yolk of an immunized
chicken, thus the use of IgY for passive immuniza-
tion avoids the need to bleed animals for antibody
preparation.

Chicken eggs are normal dietary compo-

opsonization systems.

more than animal

Since the amount of IgY obtained
from an egg yolk is sufficient, hyper-immunized
hens may be used as a convenient and economic
method for passive immunization strategies (Fig.
6).

We immunized a highly purified r130-k HMGD to
chickens, and isolated IgY recognized r130k
HMDG as well as the 43-and 49-kDa major bands in
P. gingivalis, and significantly inhibited the hemagg-
lutinating activity. Further, the IgY recognized
the synthetic peptide, EGSNEFAPVQNLTGSSVG,
which contained the functional domain of 130-k
HMDG?®2.

Conclusions

Recently, the term periodontal medicine has come
to mean the study of the contribution of periodontal
infections toward systemic diseases such as atheros-
clerosis, myocardial infarction, stroke, diabetes,
Thus, it is
considered that prevention of periodontitis is rele-
vant for both oral and systemic health. From now,
dental researchers and practitioners must take a

low birth weight, and osteoporosis.

SCID mouse
Reducr NK cell activity

<¢—— Anti-asialo-GM 1 antibody

) /
Implantation © ©

- <¢—— Human lymphocytes

i)Y <

Booster immunization
¢—— Target antigen

Spleen

v

::e a.
e % 00
®

@

Lymphocytes' o
Immortalization {

<4— Epstein-Barr Virus

Supress T cell
<¢———— (Cyclosporine

Panning
Micro-manipulation
Limited dilution

hMAD
Fig. 3 An outline of the strategy to generate Hu-
mAb using SCID mouse and EBV immor-
talization

greater responsibility to enlighten general society
regarding the development of new treatment
methods, as well as effective strategies to prevent
periodontal disease.

Herein, we have introduced some passive im-
munotherapy strategies that utilize the development
of useful antibodies against P. gingivalis. Develop-
ment of a recombinant antibody, ScFv, now makes
it possible to mass-produce ScFv by its expression
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Fig. 4 The strategy for construction of human IgG gene transgenic mice, Xenomice
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______ [

G 418 drug
resistance gene | Trans Chromo-mouse
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Fig. 5 The strategy for construction of human entire Ig gene transgenic mice, Trans-
Chromo-mouse

and secretion in a B. brevis system. It is possible the potential for mass production for human use.

that human MAbs can be produced using a large All antibodies developed in the future must be
quantity of ScFv with the recombinant technology useful and safe, as well as show a potential for
introduced here. However, chicken IgY also has practical use in passive immunotherapy against
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periodontal disease by neutralizing P. gingivalis
colonization. Although efforts have been made to
develop effective immunotherapies against per-
iodontal disease, it is a matter of great importance
to ensure that safety is provided along with effec-
tive protection. Further, as a result of the in-
creased commercial demand for safe therapeutic
antibodies, an efficient and low cost production
It is doubtful that an active
systemic immunization method against periodontal
disease can be put into practical use in humans in

process is essential.

the near future, because of safety concerns. How-
ever, investigations must continue and the goal of
achieving a practical active immunization strategy
against periodontal diseases maintained.

It is thought that treatment of the local immune
system using mucosal immunotherapy is safer than
active systemic immunization. The mucosal im-
mune system functions to protect mucous mem-
branes against colonization and invasion by path-
ogens, thus preventing the harmful immune res-
ponses to those antigens, if they reach the body
interior. However, despite the many attractive
features of mucosal vaccination, it is often difficult
to stimulate strong secretory IgA immune responses
and protection. As for specific adjuvants, the best-
studied and most potent mucosal adjuvants in
experimental systems are cholera toxins.

We assessed the efficacy of the 40-k OMP of P.
gingivalis in a nasal vaccine. Mice were nasally
immunized with the 40~k OMP using cholera toxin
as an adjuvant and significant levels of 40-k OMP
specific serum IgG 1, IgG2h, and IgA as well as
mucosal IgA in saliva and nasal secretions were
observed. Further, the 40-k OMP-specific IgG
significantly inhibited the coaggregation activity of
P. gingivalis®. Transcutaneous immunization, a
topical vaccine method, combines the advantages of
needle-free delivery with targeting of the im-
In ani-
mal studies, this simple technique has been shown to
induce robust systemic and mucosal antibodies
The development of a
transcutaneous 40-k OMP vaccine for human use
may be a significant milestone in the quest for an
effective vaccine. In assessing the efficacy of tran-

scutaneously administered 40-k OMP, the 40-k

munologically rich milieu present in skin.

against vaccine antigens®”.

Mammalian IgG Chicken IgY

Serum

100—150 mg/one egg

200 40 m/ blood
mg/40 m’ bloo (280 eggs/1 year/4,000 mg)

Fig. 6 Comparison of mammalian IgG and
chicken IgY

OMP alone induced significant 40-k OMP-specific
IgG responses in both serum and saliva samples,
while the OMP plus cholera toxin used as an ad-
juvant further increased the levels of IgG responses
and induced 40-k OMP-specific serum IgA. Those
40-k OMP-specific IgG induced by the trans-
cutaneous administered vaccine also significantly
diminished coaggregation activity of P. gingivalis®®.
These findings indicate that mucosal and trans-
cutaneous vaccines using appropriate target anti-
gens from P. gingivalis may be feasible for human
immunization, and effective for the prevention of
periodontal diseases.

In 1991, the National Institute of Dental Research
sponsored a workshop titled “Genetically Engineer-
ed Vaccines : Prospect for Oral Disease Preven-
tion,” which focused on important topics such as,
oral diseases and host immune response, vaccines
and the mucosal immune system, optimizing
mucosal and systemic immune responses, delivery
systems, targeted antigen selection, and vaccine
development. Although 15 years have passed since
this meeting, immunotherapy against periodontal
disease remains a goal to be achieved. It is a
matter of great importance to ensure safety along
with effective protection. Further, as a result of
increased commercial demand for safe therapeutic
antibodies, there is a need for an efficient and low
cost production process. The successful develop-
ment of immunotherapy against periodontal disease
requires a concerted effort by industry, government,

and dental society.
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