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The correlation among practical training components
in preclinical training of complete denture prosthodontics

Yoshifumi TOYOSHITA, Katsuya KAWANISHI, Satoshi NUKA, Hideki AITA, Yasuhiro IKEDA,
Hisashi KOSHINO

Division of Occlusion and Removable Prosthodontics, Department of Oral Rehabilitation, School of Dentistry,

Health Sciences University of Hokkaido.

Abstract

In a program for preclinical training of complete den-
ture prosthodontics for dental students, only a limited
number of topics including the clinical procedures can
be taught within the insufficient practice hours avail-
able. It is necessary for those planning such programs
to analyze each topic and training component in detail,
yet there are few reports relevant to this process. We
designed a questionnaire to assess student achievement
to utilize the responses for improvements to our pro-
gram. Seventy-nine fourth-year students who had fin-
ished the pre-clinical training in complete denture
prosthodontics were asked whether they thought they
would be able to conduct the following 6 training com-
ponents by themselves without help from the instruc-

tor : “preliminary impression taking”, “precise impres-
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sion taking”, “maxillomandibular registration

9

arch tracing”,

gothic
wax denture trials”, and “denture inser-
tion”. Answers were scored on a Visual Analogue
Scale. The results showed strong positive correlations,
indicated by correlation coefficients greater than 0.70,
[were observed] between “preliminary impression tak-
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ing” and “precise impression taking”, “maxillomandibu-

CLINNT3

lar registration” and “gothic arch tracing”, “wax denture
trials” and ‘“denture insertion”, as well as between
“maxillomandibular registration” and “denture inser-
tion”. It is worth noting that each of these pairs display
similarities in procedures or theory. The results will be
useful in improving the efficiency of our training pro-

grams.

Key words : preclinical practice, undergraduated prosthodontic education, simulation

Introduction

With advances in dental medicine, the quantity and
diversity of the knowledge and skills that dental stu-
dents are required to acquire are increasing rapidly ; ac-
cordingly, an extensive assortment of dental school
courses is now offered, ranging from the Structure of
Dental Materials to Molecular Biology. Upon graduation
from dental school, dentists are expected to possess all
of the knowledge and skills that are necessary to pro-
vide dental care. Therefore a thorough and intense un-
dergraduate education is needed. There remain several

unresolved questions regarding how to teach prostho-

dontics, including how to secure sufficient faculty to
take change of the instruction (Nimmo et al., 2007 ;
Nimmo et al., 2008) and the provision of suitable self-
instructional materials for on-demand video-based dem-
onstrations (Ingebrigtsen et al., 2008) and suggestions
for decreasing the duration of training in specific com-
ponents (Graser, 1990). The complete denture prostho-
dontics curriculum is traditionally taught during the
lower grades of dental education, and a strong emphasis
is placed on the laboratory component (Petropolous &
Rashedi, 2005 ; Rashedi & Petropolous, 2003 ; Wein-
traub & Weintraub, 1997 ; Haug et al., 1993). The prac-

tical nature of the undergraduate clinical training pro-
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gram is considered important in Japan because it allows
students to actively participate in dental care after com-
pleting the preclinical practice programs. Preclinical
practice programs in prosthodontics education have been
improved through the education system using the mani-
kin simulation : accordingly, the goal of pre-clinical
training in complete denture prosthodontics has changed
from the mere fabrication of dentures to the acquisition
of basic clinical skills through the complete denture fab-
rication.

The typical curriculum for removable denture pros-
thetics education in a Japanese dental school is as fol-
lows. Fourth-year students attend lectures and receive
basic training in complete denture prosthetics for half
the year and partial denture prosthetics for the remain-
ing half. In the fifth year, students go through clinical
training in an outpatient department for about one year,
to give students extensive practical experience through
the treatment of outpatients. This makes it essential that
students acquire the basic knowledge and skills in the
fourth year to be able to participate in treatment with a
practicing dentist in the fifth year ; here there is a steady
increase in the amount of information they must absorb
in the fourth year, making it necessary to explore meth-
ods of educating students efficiently in the limited time
period available.

A basic requirement here is that students must learn
the preclinical practice course material thoroughly be-
fore beginning clinical practice. In planning a program
for basic training including clinical practice in remov-
able denture prosthetics, educators must analyze all
training components in detail to establish the optimal
number of topics and hours to invest in the training.
Few reports have analyzed the education practice in re-
movable denture prosthetics (Ueno et al., 2007). In this
report we have analyzed responses to a questionnaire to
assess student achievement and investigated the correla-
tions among various practical training components
taught in preclinical complete denture prosthodontics
training, in order to be able to conduct the program

more effectively.

Materials and Methods

The complete denture prosthodontics curriculum in-

(2)

cludes a simulated case which the students follow from
diagnosis to the installation of a complete set of den-
tures. The case is simulated using a mannequin with a
double-hinge axis allowing a range of mandibular bor-
der movements similar to the biomechanical range de-
picted in Posselt’s figure. A complete series of denture
treatments is performed on the mannequin, starting with
a medical exam and continuing with preliminary impres-
sion taking, precise impression taking, maxillomandibu-
lar registration, gothic arch tracing, wax denture trials,
and finally the installation of the new complete denture
fabricated by the student.

The curriculum includes one lecture and three practice
sessions per week for 14 weeks, i.e., 14 lectures and 42
practice sessions in a year. Each lecture and practice
session is 80 minutes long. At the beginning of a prac-
tice session, the teaching staff demonstrates the proce-
dures to be studied that day. The staff-to-student ratio is
1:13.

The subjects of the present questionnaire study were
79 fourth-year students (57 male and 22 female) who
had finished the preclinical training in complete denture
prosthodontics. Students who participated in the practi-
cal training without attending the lectures were excluded
from the subjects for analysis of questionnaire re-
sponses. There was no statistically significant difference
in the attendance rates between any pair of the practical
training components. The pre-test associated with the
basic parts of the practical training showed no statisti-
cally significant differences in the level of understanding
of the students before the practical training. The ques-
tionnaire asked for a score of confidence in the ability
to treat the following 6 training components on their
own without direct guidance by a dentist, using a Visual
Analogue Scale (VAS) : “preliminary impression tak-
ing”, “precise impression taking”, “maxillomandibular

ELINT3

registration”, “gothic arch tracing” “wax denture trials”
and “denture insertion”.

The VAS scale is a horizontal line, 100mm in length,
anchored by the word descriptors “treat perfectly” at the
right end and “not treat at all” at the left end. The par-
ticipants marked the line at the point representing the
degree of perceived confidence. The VAS score was re-
corded as the measurement in millimeters from the left-

hand end of the line to the point that a subject had
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marked.

The average VAS score and standard deviation were
calculated for each training component. In addition, the
VAS range was divided into quarters, as follows : VAS
score=25, 25<VAS score=50, 50<VAS score=75, 75
<VAS score. The proportion of scores in each quarter
was calculated for each of the six training components
surveyed. The values were analyzed by one-way analy-
sis of variance. Correlation coefficients between the
VAS scores of the various training components were

also calculated.

Results

Table 1 shows the average VAS scores and standard
deviations for all the training components. There were
statistically-significant difference between the average
VAS scores of “preliminary impression taking” and
“gothic arch tracing”, “wax denture trials” and “gothic
arch tracing”, and between “denture insertion” and
“gothic arch tracing”. There were no statistically signifi-

cant differences among the 6 training components. The

students had the least confidence in performing *“gothic
arch tracing” on their own. On the other hand, “denture
insertion” was relatively easy. The “gothic arch tracing”
score was statistically significantly different from the
“preliminary impression taking”, “wax denture trial”,
and “denture insertion”. The average VAS score for all
six training components was 46.0+23.9.

Table 2 shows the proportion of scores that fell into
each of the four ranges detailed above. The score distri-
bution for “preliminary impression taking” was not sta-
tistically different from that of “precise impression tak-
ing”, that for “maxillomandibular registration” was not
statistically different from that of “gothic arch tracing”,
and that for “wax denture trials” was not statistically
different from that of “denture insertion”.

Table 3 shows the correlation coefficients between
each pair of training components. Strong positive corre-
lations, indicated by correlation coefficients above 0.70,
were observed between “preliminary impression taking”
and “precise impression taking”, between “maxilloman-
dibular registration” and “gothic arch tracing”, between

“wax denture trial” and “denture insertion”, and between

Table 1. Average VAS scores for practical training components
There were statistically significant difference between average scour of

“preliminary impression taking” and “gothic arch tracing

LLINNTS

, “wax denture trial”

and “gothic arch tracing”, and “denture insertion” and “gothic arch tracing”.

Training components

Average Score

preliminary impression taking
precise impression taking
maxillomandibular registration
gothic arch tracing

wax denture trial

denture insertion

*49.0+24.3
46.0%24.4
46.6+23.4
37.5%21.7

*49.4%23.5

*51.2+23.3

*p<0.05 denotes statistically significant difference to average score for “gothic arch tracing”.

Table 2. Distribution of VAS scores among quarter—ranges

The score distribution for “preliminary impression taking” was similar to

that of “precise impression taking”, that

for “maxillomandibular registration”

was similar to that of “gothic arch tracing”, and that for “wax denture trial”

was similar to that of “denture insertion”.

>75 75=,>50  50=, >25 25=
preliminary impression taking 16.5 34.2 31.6 17.7
precise impression taking 13.9 30. 4 36.7 19.0
maxillomandibular registration 13.5 24.7 3L.5 30.3
gothic arch tracing 6.3 22.8 40.5 30. 4
wax denture trial 11.4 39.2 32.9 16.5
denture insertion 16.5 40.5 26.6 16.5
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Table 3. Correlation coefficients between practical training components
There were strong positive correlations, indicated by correlation coefficients greater than 0.70, between “Preliminary

impression taking” and “precise impression taking”, between “maxillomandibular registration” and “gothic arch trac-

ing”, between “wax denture trial” and “denture insertion”, and between “maxillomandibular registration” and “denture

insertion”.
preliminary precise R . gothic wax
. . . . maxillomandibular denture
impression impression L arch denture . .
. . registration . . insertion
taking taking tracing trial
preliminary impression taking -
precise impression taking 0.76 -
maxillomandibular registration 0.51 0.57 -
gothic arch tracing 0.48 0. 56 0.77 -
wax denture trial 0. 56 0.57 0.63 0.61 -
denture insertion 0.57 0.57 0.70 0.63 0.71 -

“maxillomandibular registration” and “denture inser-
tion”. The regression equation for “preliminary impres-
sion taking” and “precise impression taking” was y=0.76
x+8.54, that for “maxillomandibular registration” and
“gothic arch tracing” [was] y=0.71x+4.23, and that for
“wax denture trials” and “denture insertion” y=0.71+
16.19.

Discussion

Some studies have reported on materials or methods
that are useful in preclinical prosthodontics training
(Demirjian & David, 1995 ; LaVere et al., 1996 ; Kawai
et al., 2007), but we were unable to locate report of
relative difficulty of preclinical complete prosthodontics
training components or on correlations between these
training components. The results of the VAS question-
naire responses show that students consider gothic arch
tracing to be the most difficult training component and
installing the fabricated dentures to be the easiest.
Gothic arch tracing involves complicated mandibular
movement and is considered to depict the path of actual
mandibular movement in a comprehensive manner, so
performing this training component is difficult for stu-
dents who do not yet completely understand the under-
lying principles and mechanisms for analysis of mandi-
bular movement with gothic arch tracing equipment. In-
stalling fabricated dentures, on the other hand, is easy to
understand and accomplish because denture installation
is similar to the wax denture trials conducted during the
point-of-fit check and occlusal adjustment following the
denture fitting.

In this study, the data were obtained from student self

-assessments. Related to this, it has been reported that

(4)

there is no statistically significant differences between
assessments of instructors and student self-assessments
about clinical training (Ono, 2010), and in this study
that results are reliable. The correlation analysis clearly
showed strong statistical correlations between *prelimi-
nary impression taking” and “precise impression tak-
ing”, between “maxillomandibular registration” and
“gothic arch tracing”, and between “wax denture trials”
and “denture insertion”, though these correlations. It is
worth noting that, in each of these three pairs, the
paired training components involve similar elements in
procedures and theory. Both “preliminary impression
taking” and “precise impression taking” are required to
understand the relationship between intraoral movement
and the shape of the borders, and both involve the use
of an impression tray, though one is custom made and
the other is ready-made. Maxillomandibular registration
and gothic arch tracing both require dental students to
understand the mechanism of mandibular movement and
specifically that of the temporomandibular joint. The
wax denture trials and denture insertion both involve
checking for proper shape and function, including
proper denture flange shapes and occlusal relationships.
If instructors were to stress these similarities and differ-
ences when planning lectures and training, student per-
ceived abilities in the practice component could improve
considerably. Once the similarities and differences of
each pair of elements are thoroughly understood, stu-
dents who have learned and performed one training
component in a pair would be able to better understand
and perform the related training component that follows
in that pair shortly afterward. As the amount of time

available for instruction is limited, as is the amount of
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effort that instructors can expend, a teaching method
based on similarities and differences could also benefit
instructors.

In complete denture prosthodontics education, making
time available in the curriculum would be particularly
helpful because it would free up time for dental students
to view procedures as they are actually performed, on
video. As it has been reported that humans take in most
input information visually (Zimmerman, 1989), watch-
ing videos of dental procedures would be effectively
equivalent to engaging in practice. Multimedia teaching
materials on the practice of complete denture prostho-
dontics are used at our institution, and the questionnaire
respondens had access to these materials. Multimedia in-
structional materials should be updated to emphasize the
similarities established in this study between the various
training components that make up the complete denture
prosthodontics skill set.

Simplified technical procedures, such as the abbrevi-
ated impression technique that has been developed for
use in complete denture prosthodontics, represent one
solution to the problem of limited practice time (Duncan
& Taylor, 2001), though of course simplifying all train-
ing components is not possible and may not always re-
sult in the best possible educational experience. Before
introducing a simplified version of any procedure, the
instructor must consider the nature of the procedure.
Structuring the curriculum for greater efficiency by em-
phasizing similarities in theory and technique is also an
effective means of simplifying instruction.

This study reports dental student perceptions of their
ability to practice complete denture prosthodontics as a
means of gathering information that will help in the cur-
riculum design of complete denture prosthodontics edu-
cation to convey the maximum impact in the limited
available time. If a significant correlation is found, it
may be useful as an index to decide the volume of
training required for students. That is, students who are
well-acquainted with a preceding component can more
simply understand the following component in the prac-
tical training. Meanwhile, students with poor knowledge
of a preceding component will need extensive follow up
training in both components. But, at present there is no
agreed standard for when to conduct the intervention

follow-up study to investigate whether the strategy to

focus clearly on the analogy of the strongly correlated
components is effective for our training programs. How-
ever, this study may give particular attention to the re-

sults of simulated clinical practice.
Conclusions

Dental students asked how well they believe they
would be able to perform 6 aspects of complete denture
prosthodontics, and statistically positive correlations
were established between the VAS responses for “pre-

113

liminary impression taking” and ‘precise impression
taking”, between ‘“maxillomandibular registration” and
“gothic arch tracing”, between “wax denture trials” and
“denture insertion”, and between “maxillomandibular
registration” and “denture insertion”. These results will
be useful in improving the efficiency of training pro-

grams that we conduct.
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Effects of FGF-2 and BMP-2 on the tissue regeneration
using PDL derived cells

Tomohide UEYONAHARA, Tatsuhiro HIDAKA, Kaname SHIRAI, Takashi KADO, Toshiyuki NAGASAWA,
Yasushi FURUICHI

Division of Periodontology and Endodontology, Department of Oral Rehabilitation, School of Dentistry,

Health Sciences University of Hokkaido

Abstract

Recently, cytokines such as fibroblast growth factors
(FGF-2) and bone morphogenetic protein-2 (BMP-2)
have attracted attention due to its efficacy in periodon-
tal tissue regeneration. Animal studies have reported
that FGF-2 and BMP-2 promote proliferation and dif-
ferentiation of periodontal ligament (PDL) cells, and
subsequently enhance periodontal tissue regeneration.
However, there have been few studies of the interaction
between FGF-2 and BMP-2 on PDL derived cells in
vivo. The purpose of the present study was to use an
animal model to determine whether FGF-2 and/or BMP
-2 influence tissue regeneration using PDL derived
cells.

Implanted materials included human PDL (HPDL)
derived cells (collected from 3 human extracted teeth)
and implants without PDL cells, human demineralized
dentin matrix (DDM ; provided as crushed dentin parti-
cles of extracted teeth), and growth factors (1 : none, 2 :
FGF-2, 3 : BMP-2, 4 : FGF-2+BMP-2). The materials

Key words : & iR BEAIIHE, FGF-2, BMP-2

were implanted into the subcutaneous tissues of nude
mice. Four weeks after the implantation, the mice were
sacrificed, implanted tissue collected, and the tissue
prepared for histological analyses. The rates of new
bone formation and the number of blood vessels in the
implanted tissue were measured, and the expression of
human GAPDH mRNA were verified with RT-PCR.

The histological analyses established that the number
of blood vessels was significantly increased in the im-
planted tissue with FGF-2, the new bone formation ra-
tio was significantly increased with BMP-2, and new
bone formation ratio and number of blood vessels were
increased with a combination of FGF-2+BMP-2, result-
ing in new bone formation with internal newly formed
vessels.

The study suggests that implantation of HPDL de-
rived cells in combination with FGF-2 and BMP-2

would be useful for periodontal tissue regeneration.

A CP24EI0H 120 =B P54 3 H21H



&

WD &, AL A, A v NE, RS S
7z % VR L R 703 B ) TR 2 JELIR & 9 B 1B AELIC K D)
WIRENDIRETH ), WAV Z KT 2 LR &
AR TH L. — G Z 2T Kb E RO R
ARBIZB ST WS (Melcher, 1976). IL4E, A fARHLHK
Tz TR b7 AR & #2432 PR AR AN
HE3NTwa, BRI TACBCT, ke, Bmnr
&R SRR AL E R ZRKFTH S (Langer &
Vacanti, 1993). BFHEFOHTH, HFICHEIPERRAESF
HMHE S FE K T (fibroblast growth factor ; FGF-2) X5
% % >~ 732 (bone morphogenetic protein ; BMP-2) 7 &
DA b A A 2R ERE IS B W TER ST
W5, FGF-2I3 52§, IMAE, &, BELESTII4M
I B S- T ZHIERERFO—2TH b, T &
FEICHBRORIG R, MEHFLEZRTIETH), M
MESFAMIIE, A P BAIE, ROERBERANE 2 & oMl
ByEARAEAE ] 70 Ehf 2 RS2 B LT b (Gospo-
darowicz et al., 1986 ; Ledoux et al., 1992 ; Tsutsumi et al.,
2001). BRI B WTIE, BUEREMEEAN OHBRO
HSMAHE CTHEATEY, FGF-20 ki E MLk~ TS H
A IS & D Sz e P ERRRRO A IS RN T
HAHITENPRENTEY (Kitamura et al., 2008), 5%
RISHPHGE SN T B, b AL v THDH. Lol
BEIZBWTIE 2 B 3BEE DB RIEZ R E L TH
0 1 BEMERCACPEE RIEL EORE L RIENDIGHIC
FEEEDORMATE S TV D, b B R 5 R A
# (HPDLAIEHE) %3 2 FGF-2D/EHIZD W Tid
B4 G238 0, FICHE N EHIE R R 0L R
faotgg L bzt L, MEH Lz RESE D Ll S
nTwis (Nugent & Tlozzo, 2000 ; Takayama et al.,
1997). %7z, FGF-213 AR IR H ok R S0 b ) 32 R AL
HE R B 2 7 & O RIS g ek U TRl
IR 2 WM 3 5% &£ 2 51 Tw b (Debiais et al.,
1998 ; Takayama et al., 1997). —J, BMP-213%, k&
DFEEMFRHTRCE G L TBY, TSNS ER R
EIEEAFELTVWDL Y YNV ETH A, FOEEITE
WCRIMEOEFERTH L WG SN TBY, KoLH
FORAINE - HIE S A 5 & 3~ D 7L R E 3
DM EZRE S 2L |EEN TS (Campbell &
Kaplan, 1992 ; Ripamonti & Reddi, 1994 ; Urist, 1965). B
FHEIUC BT, thBMP2EWIUET 5 — 47 > AR >
TH )T EOMAEDLENBNTHAETRI N TS
D, FAFAVT FRA VT TV OO DOFEHRITG

il

FHEIREFE 4 FGF-2JL UBMP-275 & b B BUBGHIIZ IR 12 5 TR IC - 2 5 8

HENTwab, BMP-2IZHPDLAIRETE (5%t L €& 3F il
NOGEB L OB O ERAET 2R %4 L, ALPE
Wax LA SE2 2 LpHE SN TS (Kobayashi et al.,
1999). Z M F TlilShirai b, BALL7z7 & BB Ik
3R\ CFGF-2 % O'BMP-2735- 2. % 3B % et L,
7" 5 BRI FH R [ 3 R I BMP- 2RSS X D AR L)
ZKT 5720 Tld %, FGE2ORITIC & ) 45 Epkf
WERME L 722 L, FGR2IIBMP-2DFHE S 2 1K1t
O ZETH L, SO ICBMP-213FGF-2 0 #3E § % Pk
B O 2 L 72 2 & 2 & LT\ 5% (Shirai et
al., 2009). In vivo |23} % FGF-2 + BMP-2DH H.AE 12
B3 23t E LT, & b ik m R e

(hBMMSCs), FGF-2+BMP-2% Bt 5 2 & THERE
BER L2 ENHEENTWS (Akita et al., 2004).
L7 L, HPDLAMIMHE 6§ % FGF-2 Jt O'BMP-2D Al H.
PERNCES 23 2. ST T, AR
WCHWHNTE B L LTIE, BRGD ALV TH
HAYRH L. HREFEERPUIB T 2RE, FHRINED
MR % EOBEAFR S NCTB Y, FHiEANIEIERINE T
BB ENE L, RN TRAIIRAE LIERIRIZ R D 9
52 L EWET HRMATRS TV D, £ 2 TERO
JETIE, MR D v H AR SRR TH D, FIH
ENDZERLIFETOHN TS MEERG T EOHEH
MICEBL, AL LTCDDM%E H\W7z. 72, Shiraib
Din vitro DWFFEE RIS &, HPDLAL T 2% L C
FGF-2 . ' BMP-2% D9 % & I35 i 2 R0 5 B 2L 23 e
T 5L ORFE T, KL APDLAIALEE 2 & 70 % HLAH
hEHEL, # ZIZFGE-2, BMP2B X N2 O ff ] % %
MU R — F< AW FICBAT % 2 212X - THIKK
A, BRI HRIE B E BRI & X 9 2
B AT 02 HET L7z

¥ EFE

1. FEB#EY L EE

FEREIW L 4 B OHEE X — F~ 7 2 (BALB / ¢ Slc-
nufkiE 20 ) F LEBOBENMZ B &, EBRICH
M L7z, SiF524°C, HRF12KEHE O & & TRIE A
BHekE HHICH 2 THE L7z, AREFseiddbimE Rz K
FEWEBRO KR ORBF S 1 H0145) 2173 TT-
7z.

2. HPDLAMNHE DRI

HPDLAM A (3 AL il & R A AN R ) = v 7 %
T LIZBEIIBWT, B R L T L I LIk
L7z 3 ADEEHED 3 KOO kil EHLRE 2> © outgrowth
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BTG S & (Nagatomo et al., 2006), 3 HfZHE 2 %
WL, #hZhHPDL1, HPDL2, HPDL3 & L7z.
MUBALAR IENo. 11 2 A % Fl W C KB o it pge 1
SMHEML, IMag—rra— 71 vk
T10% ™7 VIR (FBS, Valley Biomedical), 2 mM
L-Z V% 3 » (Invitrogen), 200 ug/ml?» F+<A4 ¥~
(Sigma-Aldrich), 100 ug/miX=31) ¥ «- A hL 7 b=
4 ¥~ (Sigma-Aldrich), 5ug/ml7 A&7V ¥ VB
(Sigma-Aldrich) &4 DMEM;H#  (Sigma-Aldrich) % bi-
opsy medium& L THW24IEHEEE L 7. ToHRBELN
7-HPDLAM @ # 1X, growth medium & L T10%FBS, 2
mM L-Z7 V% X ¥, 200 ug/ml# <4 ¥ ¥ &4 DMEM
Btz o C 5 AURRURE 1%, BB RS T
5PLAP-1, periostin®F&H] % i 58 L CHAHSEBRIZ A L
7o, BTORFIIZTC, 5 %CODEMT Tlr-o 7z
3. & ORGSO B O B R
b ARSI BUR G H O BRIEE, ATH S D3I
Wito 7z (G, 2003). $74bb, 1B - #hiEW,
MRS R Al O v e NIk E 2 RIS Pk
(NS-101, FHETHT) THRAZRGHTISTHREL,
SEABKI2IER (2 %HNOs, pH2.0), PEiF60% (7
ROK), SRSEZRE 2 120 ATV, SRR IBEX G 08
%7 (Demineralized Dentin Matrix : DDM) & L CTH W
7z. ZDtk, DDMIIHFE0. 4~0.8 mm¥ A R DI 2
TR L 72,

4. BENT

EERTELT, Vary¥+ v bk FBMP2 (R&D
Systems), V) I ¥+ ¥ b+t FFGF-2 (FROF#LdE) %4l
M L7z, #®iEE LCTPBSZ M\, Shirai > Dt (Shirai
et al., 2009) % £# |2 L CFGF-2iA1E 2 pg/site, BMP-2
W 5 pgssiteE 70 B X O IR L 72,

5. HRERO T
MREARIZ1E, 04K E LCDDM (20 mg/site) % FW,
M3 AMfeE LCHPDL1, HPDL2, HPDL3 ®ZHh
Zhz v, B &E Lz WERT o512
&, OMEFMBE, @FGF-2#, GBMP-2#, @FGF-2+
BMP2OFBED 4 23w L7z, HRifkE LT,
DDM& 3 D OHPDLANEHE 3 & OMEMIRERED S % % 4 B
AR ORENF 25952 812X o T, 165040
HREAR 2 FREE U7z, BURIAR 0 0 3 L SR 1 i

-4

241 o 72,

(9)

6. HREARO FZ T AR

BETHAE, NHLOHTECHE T o772 (FH
5, 2003). T&bb, WRENHKTIORARL 72
Pentobarbital sodium (NENBUTAL®, K H Ak #8E)
Z8u/glhE T — K< ZADOBIENICHYS L, &8k
Mzito7z. 2ok, HHmWMWIZThZzhl 2§,
712 A PCHI10 mmD B T YIB 2 M A T, B Tl Gk
ZEIICHEEL TR v bERL, 1&M4H20D 40
FrCRE320C64 4 Fr iR AR & SR U 7. SRR IS B)BR AT
PRI D LX) WA S 10 2 & o Tt
RL, BIEBIEFA T kT2~38HEG L, PuEHRE

(7ru<xA4 3% RB—5770<) &AL

F£1  HRROSEMN

i FGE-2
HPDL 1

BMP-2

o HPDL 2
BUBAVIIEAS

HPDL 3
AR
HPDL 1

HPDL 2

FGF-27
HPDL 3

A
HPDL 1

HPDL 2

BMP-2#
HPDL 3

sk
HPDL 1

FGF-2
+BMP-2
F FEE

HPDL 2

HPDL 3
Bz lkS

1 5MEH7-0 4 /71, DDM (20 mg/site) 1 EETICETNS.
HPDLANEHE : 1 x 10744 /site
FGF-2 : 2 pg/site BMP-2 : 5 ug/site

7. YR OER

BUAE 4 IS — T VIR AN X BRI TR L,
BRI 2 JE PHAS Gk & & DIC—JE LTHEE L, 10%
PR RV~ ) I 24K R RE E L2, 10%
EDTABHH TR L 72k, 8T 74 WML, JEE3
umDEIFr 2R L 72,
8. Reverse transcription - polymerase chain reaction (RT-
PCR)

M L 7-HPDLMII 2545 L TV 2 2 i § 5 7290
|2, HPDL1, HPDL 2, HPDL 3 & X UL O 1K K
FHRIMEED S 72 W HHE 2 H v, LT OFEBRZ 1T
7z, 5 L 7-HIfk ZISOGEN (Nippon gene) (ZiZiH, 7
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EVFA AL, BERNAZHM 7T b a— L iZhEv il
L 72#%, cDNA% cDNA reverse transcription kit (Applied
Biosystems) % IV THA M L72. PCRIZTaq PCR2 7 ¥
v b (Qiagen) % M\WT60TC 25 cyclesliZ THT o7z, &
MiEfnT-& LTk bglyceraldehyde- 3 -phosphatedehydro-
genase (GAPDH) #% H] \»forward/reverse 7 7 4 < —

(5 ~ -CGACCACTTTGTCAAGCTCA-3 “ /5 ~ -AGG
GGTCTACATGGCAACTG- 3 ~ : NM002046) % fE#L L
7z. PCRIUGFEMIZ1.5% (w/v) 7771 —2A (Sigma-
Aldrich) IZEXKEIR, =F Yy a70< 4 FTHM
L, Light Capture (Atto) % H\WCHEIZL7-.

9. HE L 7SR O RIER IO BIEE & AR - Bk
B E G D5

ERL-EYUHFIIAT bR Y -2 TV
(Hematoxylin-Eosin : H-E) ¢z jifi L, JorBifss Tl
MBI E, 1 &7 BIEAIC 5 BB (F53£100
) ZBO 1 BB Y72 ) ODDMBE IS 5 ER %
GUEEREEZINEE L2OBEFILZ. /2, [
BRI T Setbd 72 0 AER IS 5 I 28 O 1 14720
DDMJAPHIZAFAES % Hi /L O 3 & O'DDM O [fiff %
Image J (NIH) (2 Cabll#&, #HEgREE s Brddo
IR/ DDMOTEIE) 255 L7z

10. BEaEHEHT

AR R PIMHE £ BEHER 2 TFIR L, Steel-Dwassi:
B X U'Wilcoxon D AN FIARE &2 FIv: TH BAKHEZ0. 0512
THAMT L 72,

SHOFERHET #, R 72T EEEL, EETH
Wr2irb v 2 & T E R AR - Rty
MMM ERZOREZG RBZMNES 81
7).

i R

1. fi L2 R ARICB I 2 e MO @ e
N GAPDH mRNAD 53

it L 724 s CHPDLA A R HI sk 0 & O D FAET 5
WA 5 729128 N GAPDH mRNADISH % il
~N7z%E%:, HPDL 1, HPDL 2, HPDL 3 O %N 14
T2 S L 22 #kk» 4 T2 5, & FGAPDH mRNA
DB ASLN: (HM1A~C). L2>LDDMDOAN S
7 HMEABEETIX, © N GAPDH mRNADIEHIZA S
Lol (M1D).

(10)
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2. G U 7 BREAR O MUK T R

HPDL 1 % & & HURARILAL 4 385 O H-BHLER (S T3,
MERIEEZ BV CEgink (x100) TDDMD LI HIE @
MR AR TE (M2A), MILK (x400) T
DDMJE PRI (XML ASECHI L SR c it b s
Tw7: (X 2B). FGE-2#:Tl¥, DDMJEPHICILER % &
CEREE NS HA SN (M2CD). L L#Filzk
FOWIMIITEAERD LN A>Tz, BMP-2# TldHy
LR TDDMZE M H AT 2R MEICER STV 5D
AAHR oM (K2E), WMILKTIEEMEZEZ &LHESD
Blges /s (M2F). FGF-2+BMP-24f B TIZE59L K
TDDME NI H AT ARMEIR ST, MKz &
AP D M ICBIZ SN (KM2G6). 7/, M
PR TIIMERZ & OB EL & ) P & 5 S As
DEASH BN (M 2H). HPDL 2 % & Lok T
¥, HPDL 1 O & FEDOFr AR b7z, Thabbik
IINEE TR IMER % & T RG2S D 72 As, B
XA LNEA -7z (K 3AB). FGF2HTIL, Z£H oI
HKeaUERENEEZALZENTEZ (K3CD).
BMP-2# TlZDDMZ MNP S HT BB DT A A S
N7z (X 3EF). FGE-2+BMP-20FHEETIE, MEk% &
CERERRLEZ & ) T X5 AT ORI AR b

(I 3GH). HPDL 3 % &t Al CHHPDL 1, HPDL
2 LIZIZFRBR BT A A SNz (4 A~F). LaL,
FGF-2 + BMP-2 Bt I BELZ B\ CHILER % & &0 45 e Rk 3 1%
AONTD, FEFORRIEIALN L7 (M4
GH). MEANMBYEREMR I, MARINHECILER % & T ek
WEAAONDH, FEFEAON P72 (K5
AB). FGF-2HETI, DDMJE PR NFBIC IMER 2 & €048 JE
HEELA SNz (K5CD). BMP2#Tid, DDM#E
TR B E T OIEE A /2 (X5 EF). FGF-
2+ BMP-2BF FIHEIC B CHLEk % &5 &4 PERRIE 5 13 A
N7=h, HAEFOWEITA LN L7 (M5GH).

3. M B X OH AT OSHTBIS
G S 7z ML o S R & B AR ] 2 H-E S
Y ECHGMATIC I D ER L (M6, 7).

1) 14 O5HrElgE

HPDLAMi 7 2 & & MR AR T, 1 #% (F53100
%) 4720 ODDMEPIICAEAE T 5 & HUE, FGF-2#ET
1316. 01 + 8. 301 /#1¥F T, FGF-2 + BMP-2 0 I # Tl
15.28 9. 0518 /BLEFTH D, 1o WjRE & M5 AE
(6. 28 = 4. 551l /%) I X UO'BMP-2# (6. 68 5. 721l /
) & OMICHEMFEN A EEZRDL (p<0.05,
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A B C D

X1 RT-PCR:
A:HPDL1 B :HPDL2 C :HPDL3 D :#iiazL

HPDLANABEE % & SRR 2 JAE L 7258k 72> 5 13 & FGAPDHOFEHI A A &, HPDLMIKHE 2 & % 70 VAR 2 A U 724

51kt NGAPDHODOZEBIAS A SNk o 72,

X2 HPDL1 % &t

A
B

T oTmEmgOo

DEEZINEE, §9PLK (X100, bar : 100 um). DDM (%) OGF-HIE ORMIHIATA SN 5.

DA, BRILK (X400, bar @ 25 um). DDMREPHICITHIIEOES]. K OHOBMER ClE/Ih s 2 ehiabh
5.

: FGE-2%, 595Kk (%100, bar : 100 um). DDMJE PAICIMER 2 & LA AR E DL BA BN D,

: FGE-2B, BRyik (%400, bar : 25 um). DDMJEPHICMER % & G ERREE2SA S 5.

: BMP-2T, 599Kk (%100, bar : 100 um). DDMZEMICH AT ISRMMEICER S TWw 5.

D BMP-2f, yEA (%400, bar: 25 um). FHEE SLHAETHTALNS.

: FGF-2+ BMP-20f Hi&E, 894K (%100, bar : 100 um). DDMZEHNZH A HNRMPEICEE ST 5.

: FGE-2 + BMP-20f I #E, diik (x400, bar: 25 um). IMERZ &HEMEMAMEEZ L DT X ) CHETORENA LS.

(11)



12 FHIREETE 4 FGE-2J O'BMP-2%t b BiARIBLHINEEE 12 5\ CHIRRTIZE 125 2 5 5%

3 HPDL 2 % & T LRI 4 385 OH-EMLE S -

A BERINEE, §9PEK (X100, bar : 100 um). DDM (%) OGFHIAE ORI ATA SN 5.

B @ ERINEE, BEPLK (X400, bar : 25 um). DDMJAPHICIZHIEORS]. KOOSR CHREftshTwb 2 Labh
5.

D FGE-2%, 59Kk (%100, bar : 100 um). DDMJE PAICIMER 2 & LA AR E DL BA BN D,

D FGE-2B, B3k (%400, bar : 25 um). DDMJEPHIC Bk % & G HERREE 2SR S 5.

: BMP-2T, 599K (%100, bar : 100 um). DDMZEMICH A 2SRMMEICEE STV 5.

D BMP-2, 3k (%400, bar 25 um). ML E SLHATHRALNS.

: FGE-2 + BMP-20f I, 534K (X100, bar : 100 um). DDMZE I H AE 2SR IE ISR S Tw 5.

: FGE-2 + BMP-20f I #E, fiik (x400, bar: 25 um). IMERZ &EEMEMRMEEZ L DT X ) CHETORENASLNS.

ToTmEmHgOO

X6). —hT, EEMMMERACTIE, MEBIIFGF2H  BECHEIFENICEEICRE R MEEZR L.
T22.85=7. 43MH /Bl CTH Y, MAMAE (5. 65+ 3. 704H

/HREF) B X OBMP-28E (5. 95 =4, 641/ HEF) L DRI 2) HAEBOGHBIE

Ml P A EEZRDL (p<0.05). Z 512, FGF-2 HPDLAMI B 2 & &AL AT, 185 (R53100
+BMP-20F I #ETI115. 75 £9. 36/l /HEFTH V), MR 5 %720 ODDMEAPICAHAET 2 H TR E G,
T, BMP2W & OMICHEIFM i BEZ RO (p<  BMP2IETIX0.036+0.069CTH D, T OfHILMEE & Ik
0.05). F7z, FGF-2fIIHPDLAMEE % & T L ) M4 LCHBEICE»-> 72 (p<0.05). % 72FGF-2+BMP-2¢

(12)
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B4 HPDL 3 # & &MU ARHERE 4 386 O H-EALIRZ :

A AR, 599K (X100, bar 1 100 um). DDM (%) OGIFMIE OMERITHATH SN 5.
B MvnEE, 3Lk (<400, bar : 25 um). DDMREPHIZIZMIBORE]. ROEOHHEERE THEILENTWE I EBHALN

%

T oTmEmHgOo

HIHETIX0.009+0.029CTH V), ZAUTBIRIAE L L
THEBEICEWEZ R L7z (p<0.05, M 7). —KT, #
MRaEECIE, 1B (F531006%) 47z ) ODDMREPALC
AT DT R E A I EBMP-2BE CRVETTICH - 72
A, ERNBE, FGE-2HE B X UO'FGF-2 + BMP-20F I i &
ORI EELRAZZRBDO LD o7, 72, BMP2#E T
HPDLAMAE 2 & Lot (S AT AE & 0 D fEt S mICH =

: FGE-2%, 59Kk (%100, bar : 100 um). DDMJE PAICIMER 2 & LA AR E DL BA BN D,

: FGE-2%, B3k (%400, bar : 25 um). DDMJEPHICMER % &t HERREE2SA S 5.

: BMP-2T, 594Kk (%100, bar : 100 um). DDMEMICH AT ISRIMMEICEE SN TV 5.

D BMP-2f, 3k (%400, bar 25 um). ML E SLHATHRARLNS.

: FGF-2 + BMP-2BE I, 5995k (<100, bar : 100 um). DDMJHPRICIER % & & R E AT A SN D,

: FGF-2 + BMP-2B I #E, B4k (<400, bar : 25 um). IMiER% & & HEARREIE 2SR C & 2 250 A8 OTERUZ A B LR,

WCRE iz R L7 (p<0.05).

Z e

SN E CHlEMLER ARV ST & B
X, BREHL2WIE) VEBEAIVI T LRETI v oL
D WAMNLEA A ETH S (Block & Kent, 1985). HEK
BT, BRIUCB T 2R~ ORE, BFORH
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!"’,

5 HPDLAMIEAEZ & 7 WELRLRS 4 8% OH-EMERE
CIEASINEE, 599K (<100, bar : 100 um). DDM (%) OGIFMIE ORBITATH SN 5.
DRI, SRILA (<400, bar 25 pm). DDMAEPHIZISMILORS]. R OEOGHHEER CHAL SR TWE Z A bh

A
B
%

T oTmEmHgOo

AR EIES, FHRIE TR OHIBR 7% & o #E
BRENTWD (Block & Kent, 1985). ¥ 7= MM A4 14
MERCIZFCNA FaF o788 4 S Ak EATE & 5
EEEEZ AT LI O EHMEME LTS HWSLNRT
Wb (BHS, 1989 : /M &, 2000). LA L&D
5, ZTNOOFMEMIIIERIETH 5720, EERNT
RANEAF LIRS 2 ) 9 5 2 &%, BFHEREz A S

(14)
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: FGE-2%, 59Kk (%100, bar : 100 um). DDMJE PAR NERICMLER % & e HERREE 25A S 5.

: FGE-2%, B3k (%400, bar : 25 um). DDMJEPHICMER % &t HERREE2SA S 5.

: BMP-2T, 594Kk (%100, bar : 100 um). DDMEMICH AT ISRIMMEICEE SN TV 5.

D BMP-2f, 3k (%400, bar 25 um). ML E SLHATHRARLNS.

: FGF-2 + BMP-2BE I, 5995k (<100, bar : 100 um). DDMJHPRICIER % & & R E AT A SN D,

: FGF-2 + BMP-2B I #E, B4k (<400, bar : 25 um). IMiER% & & HEARREIE 2SR C & 2 250 A8 OTERUZ A B LR,

iz, RHOEEEIIED S, BE O &ATHE
LI )RV, EITHHINLG L ECETONT
Wbt MEERESEOBAMICER L, AWFZE T3l
fik& LCDDM%Z i\ 7z,

SR OFZE T, 1AL HPDLAEE A 5 7 2 HUAR R
ZWAEL, & ZIZFGF-2, BMP-2B X " Z 0B 2 3N
L= R ABERETICBM L. BBE T gk



s AR B A

(D)

35 4

,
HPDL + - + - + - + -
FGF-2 - -+ 4+ - - + +
BMP2 - - - - + + + +
: Il _y' L 1 I‘
i
M6 ik

TEME LTI + EEHERE (n=4) TERLTVA.
¥ HPDLAMMaHE & &t U MEHa ke
FOORRELT7IVT 77Xy MICHKIFNAESEZED S

(Steel-Dwassi%: : p<0.05).

A FAKHED. 5L T2 b > THEAD HEMZ/RT (Wil
coxonD AL FIARSE) .

BB 55 B M b vz, AR R AR O
WMPIZEDBDEEZ LI ENTESL. S HOWMIETIX
BARICBI 294 M7 A4 Y OMEERET 2720127
FREE TR FEBR 2 4T o 72,

AHFFETIERA L 7-HPDLAINE 2SR IS A LT b
P EME L7, RT-PCRO# R, HPDL 1, HPDL 2,
HPDL 3 O F K K7 HEA AR IS & 2 AR A S, v b
GAPDH mRNADFEBI R S N7z (B 1 A~C) 75,
SHE R BE23 M T1X GAPDH mRNA D ZEIHATFRD & 7z
holz (K1D). ZoZlkkl, X—=Fvy AEHE
TR HE L 7-HPDLANETE 2524 25 L ALARIE IS B 5- L 72
ZENEZSND. GAPDH mRNADFEHIZ BV CTHlll
HERNCBREG DS D - 722 &2 s, il LMk fE L 72
HPDLABHEORIZENH D Z L 3bh b, —J, &F
MR E I oz, O EHS, ML Z2HPDLA
HaBE 135 DAL ORI O TR b B G- L7 T REMEDSE 2 5
n5.

A L A TR N & HPDLANBLRY: % & & S48 I <L,
EHITHEFTRIASNTIMERS ARETH-72. 20
s, FErPEICHPDLANE: 2 B f L < b MmEHr A4
REFEZIREL R NE V) T ENEZOND. FIE

(15)
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0.12 4
0.10 4
0.08 4

0.06 -

0.04 -

0.02 A

BB A R & 7= 0 ODDMEFE

0.00

HPDL
FGF-2
BMP-2

7 HAEETEEEE

WA P £ B (= 4) TERLTWA.

1 HPDLAIRaM 2 & &l AR

W) BI AR R LT VT 7Ny bEICHREF A E
#h R D (Steel-Dwassik: : p<0.05).

A FAKHED. BLL T2 b > THEAD HRMZ/RT (Wil
coxonDNENFIME) .

TICDDM L A A L C 4 BBICH g AR sk
L) HHE (Murata et al., 2010) b & 5 A%, 32 R 52
LCHEFEIIFEOON o7 (EHES, 2002), &
%W 3EM OB CoOFHETOREEITNT D
ERKEDP o7 (ke et al., 1998) & b IHES LT
5. RRICBVTLINLDOEE —3T 5 & 9 ICIE
TINBECTIEH AT A S N ) - /2. DDMHERIZ
BUILHEGERICEL TS SRR ELE BEb
n5.

HEMIRBTE IS B W TR T % &, FGF-2MF LRI,
BMP-2# 5 & O'FGF-2+ BMP2BFHEE L D b K DV £ <L @
MEFAA SN, X512, FGF-2+BMP-20f I # TlL 7R
TEEEBMP2HE L D % L IEAA S 7z, HPDLANN
B % & & FGE-21, FGFE-2 + BMP-21fF I B 13 # h 2 L i
WINEE, BMP-2JF & L CHEICS C OME A BN
72. FGF-213 AR JEL R ] 3550 L2k L CAs e iR
HEAEM A3 1) (Shirai et al., 2009), FGE-21 A5 i35
FICBWTEBICH LB 2 RET 28 X 5H %
(Tsuboi et al., 1990) &#WEFSINTWE. ZHZLhbH
AHFZE TIEFGF-2% & LA D) & 12 X ) hostHIE,
donor H KA H12x L CIMME O K 2R3 2 & 12 X
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DM BOBICEYS Lz2 L2 oN5. IMAHE
AR A ICEECTH 5 720, FGE-212 X A Mo B
I MRk EE A ThLrEELZLND. T2,
FGF-2% (2 5\ CHPDLA O AE & & T fF & WA N #F = Lt
By 5 &, MR LIERICS MEDR A SN
KF2HM%M%%C%LTW%T%JD%X-FV
A EREE T D35 OGN X AT 7277 3R R A
&i%%?é;k#%thé.mwaﬁfummwm
NaREDA D & T MEBIZFBEETH Y, BRI
LI L COAEETRO R o7z, EHREICOWT
FGF-2 + BMP-2#f & FGF-2# & % lL# 3 % &, FGF-2&
BMP-2% i L7234 D& X P X 5 I8 97 41
FGF2HMMTIHRML 72 HEa X VP L Tnwab,. ZoZ
1XShirai & OFER L FBETDH Y, BMP-2AFGE-2D 45 Hi
o zfl L%z o5, —J, HPDLAIRAE
% & T FGF-2 + BMP-2 i H # T (I HPDL M Ja #F 2 & &
FGF-28 & Wi L ClEBIIWMP L o7z, 202 &
13 HPDLAN N B % & £ FGE-2 + BMP-20f HI B T3 #i E45
MEE SN, S5IZK2GH, 3GHIZALNS &) il
MR A ESE L LItk b eEZ LN
B, BFEAERE S TS AR 2 2 LA s h
Twa (5, 2001) Zeh»s, AlHEEOMEETED
% MR AL ZE OHOMMRE AT & > TEELRAD A
Ty T ThHbLEEZOLND.
FHEIOWTATAL L, EHlAMH T, BMP-2E
FHOFPITHATORR 2RO, HIRINEE, FGF-2
#E3B X U'FGF-2 + BMP-2fE I & ORICH EEIZA DN
oz, 72, FGE2+BMP2BEHTECTHIF & A EH
EEOEE A SN Rh o7z, —T5, HPDLMINEHE % &
L ATEDH H, BMP2EFIIMHEE & L L THEISE W
EEEEEGER L. T/, FGE-2+BMP-2FHEEIC
B BHAEFRE G IRMA L L THREICE W
iz " L7245, BMP2H#E X ) A BTV Z R L 72,
Debiais 5> DFFEIC & % &, FGE-213 & b Uz HRAIL IS
TER S5 &, RoALRIRRE TR RgE 2 st Lot
ZINHIS 275, ALDSHE A 72 RHE T oA 8 i 2 5 SR
X oz DMENH S (Debiais et al., 1998). T D
ZEND, SROWZETIEBMP-2IEHPDLANNLEE 277
165 % ARG S RAE & & MR LCER La 5
t#Z 4R L7225, FGF-2+ BMP-20 I #E TIAFGF-2725 4
SHALHEERMNE I LTER L, BMP20 & 3~ D
LB L OEREEREERZHH L2t E 26N
%. FGF-2#£TiE, HPDLANAHED A MBI H & 3754
FRIFEAEALN LD o7z BMP2BETIE, #EEE
A LB X 0 L HPDLANNABE 2 & & B CHiEHE

EIRIEEAT % FGF-2 )L O'BMP-225t b BRI e 12

(16)

B THIREHEICS 2 2 8

BICHBEICEWMEZR L2, X— F< Y 20O TIC

RO W 2 OBMP-212 X A &ML~ D 45
LB L BREORER DN S 20> 7225, HPDLANE
REHICIE A S R 3 12 0 L 9 2 RILIHZER
Ml Efs izt SNTED (Seo et al.,
2004 ; Hidaka et al., 2012), BMP-21Z & % 5 7 LR XD
RVBEL o TWB L2 E 2 51 5. FGF-2 + BMP-24f
H#ECTIE, HPDLMIRARE 2 & Lo RESEHIIARE X D S
EEEREHAGOENZ R L., SREEHLZZ) v e
F ¥ FBMP272%t PR THZ Z LITREAL TS0
LNz,

BUE, BREREWICBWTITbNE 77y TFRICL S
JE R B 256 T, e IR WA - 7 o AL L i &
3 EIIWMEETH 525, EMMROFAIZIZE AL
HLILIETE RV, 22T, MMk (GTRE)
1982) T A K7 4 YO8 (Heijl,
1997) HBAFE SN, TN FE TORKBRIFEIILR, #
RO HAECBOWT—EOREE HIFT VWD (Mur-
phy & Gunsolley, 2003 ; Tonetti et al., 2002). L 2L,
GTRER T A N7 A4 ‘/"Eéﬁiiiai%ﬁﬁ%%l?\]®ﬁ'eﬂiﬁac:f§ﬂb\fﬁ
A BN T WS 7212, TR P 2 B R AR R R IC BT
(L AHLR A +\&ﬁ%@ﬁ£@%h#@#f&é Z
DIz, TS O EFRET AR TSR HAEL
PHFFCE RN LA D, ﬁfﬂfﬁ‘l‘ﬁ%ﬂfb‘%@ﬁ‘fﬁ
RTH B, T2, I TICHEHBRIAE DRI T B
XBREEHR O FHRICKE SRR L TE D 3BT KA

(Nyman et al.,

VAL RE S <, 1 BEYE R 2 BEVE 45 RAH IS ML
FEREAMR N L i ST 5 (Kim CS et al, 2004). €

T, OB TEE W FRICER E T
0, $R2H A b A A VEECP 2RI RE W, Ly
L3S, 0HAELICA WEEZEZ 5N S 1 BEER 2 BE
PEEKRIE, S SIEARPEERIBISY A b A A k%
7 FZEI 3D CTH . Saito H 1EE— 7 VKO B JH
FLRRC BT B ACEEE KIECR L TBMP-2% W CTH I
AR L7z 5 L TWw5b (Saito et al., 2003).
75, Kinoshita 5 1312/ED ¥ — 7 )L RAZAK B RIEE A
THI/ERL, thBMP2%&#5-L72& 24, Mk
FADPRED oNTzs, FOFERITTFIH0. 68mmTH -
72 HE L CHB Y (Kinoshita et al., 1997), MfFSh/:
LV BORAERIDRL, BO5NEHELIBMPOE
AL 200G ks KHETHZ EBbhs.
Murakami & @ 2% (Murakami et al., 1999 ; ¥ Fet al.,
2000) I2BWTDH, FEEMICIER S N7z E 7 IV ILFGE-2
EHOR S TOHBNTAPELRTVWEEZLNS 3
BEPEDHRIBTH -7z, TS OFEERREED S ok H A%
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A, BRERT oML FMERICE KR E R L
FIFLTWAIDEEZ LN, 0T &) HEMRkEE
e TR BLEMEEIEDIEL TR bDEERZ S, £
CCAMIZETIE, X BHETKRE Rk MR KB O AL
ZHMWE LIEF EICEERFGF2L B8z A3 5
BMP2OPEHICTEH L7z, ShFE Tl b HZEREHI

(hMSCs) % M\ CFGF-2+ BMP2% i § 5 &,
hMSCs® &, hMSCs+FGF-22 % \»1ZhMSCs+BMP-2 & [t
B LA I ALPR PERII BAs i i L 72 & ety S hvdw
% (Akita et al., 2004). 2512, invivoCEX—FF v b
D KIBE 7V & H W TEGF-2 + BMP-2D fif: F %) 5
EHET L2 25, A2 E TR OB OMEE S 1,
PBS% I\ 7-T#, hMSCsH & L L CHEICH R &L
BimL7- 2@ snTw b (Akita et al., 2004). F 7z,
%7 F O FHER E I 7 F OBMMSCs, FGF-2 + BMP-2
PS5 L, BMMSCsO A L HHE L CTH EISH VK
¥ %% L, BMMSCs+FGF-2, BMMSCs+BMP-2 & [t
LTHZORDFICHNMEAM DD B Z LAREINTVD
(Minamide et al., 2007).

Llal OWFZETIX, HAD A & i L CHPDLAEE %
& UFGF-2 L O'BMP-2D B REIC B 1T 2 A, Hrikd
ORI ASH S N7z, & 5 IZHPDLMINEH: % & T FGF-
2 OBMP-2BF T CUd, MERIR IS B v CTNFRICH A i
BEEUCEIENEEMICAONT. DUEOoZ Eh b
HPDLAN L # % & £ FGF-2 J 0'BMP-2D i I\ & % B A
AT AEICE R TH A REEAVR S L7z,

]

FGF-2, BMP-28 & " Z O H ASHPDLANA#E 12 B v
TS HLRR T R BRRLRR I B T S22 st L,
UToMRExE 157,

=a
=1

1. HPDLAIAGH % & LMK Z SR 5 & i L 724
W72 5 ¥ FGAPDH mRNADFE B # B, BH L 72
HPDLAINIEE A LT\ 5B & E AR TE 7.

2. HPDLAUIAHE DA M b & FGF-28E T MR
ff, BMP-2AE LI L THEILE DI A L7z
THEFIRIIA SN ah o7z, & HIZFGE2HETld,
MRS B THPDLANARE 2 S 0B L ) DA EICE L omeE
MBI N

3. HPDLAMINERE % & & BMP-21E Tl s N #E, FGF-2
3B L O'FGF-2 + BMP-20F I #F & Ih# L T BT A4
IR EIESHBIM L 72, & 512, HPDLMINAEE %2 &t BMP

(17)

17

2T, IHIEBMP-2TE & B U T B E B
HEDBIML TV, MEBICEEZRBO Lo 7.

4. HPDLAINA#E % &t FGF-2 + BMP-20F I # T, IfL
BRI EINEERLBMP-2#E & Il L CAH RIS L 72,
F7-FGF2fF L LB L CHRBEOMERK THo72. —
F, AROGEMEIIB T, FrEERRE G IEBMP-2ME &
Wi L CAHBEIZKRD L7zb 0o, HPDLANEE % & & i
TRINEE & L4 5 & A28 L 7. HPDL 1, HPDL
2 # %L FGF-2 + BMP-20F HAE TIIMAE 2 Y PlEs & 9
AT DI STz,

DL EoHh BRI L D v b A R (2 FGR-2
EBMP2& BRI % &, RO AL IR L TIlE B
L OERE BN &, WEICH NS 2 & &gk
R ESND 2 EATRE NIz 28N 7218 B X O
TE I e b s R B\ R T B W R AR IS S h
7z, ABFZFEOHIR % FIRB B Y & T, siAUBAT
T OBAL L FGF-2 K U BMP-23 Il A% B J AL P A2 A2 ] 1T
FTRRIZOVTMEEITTo TV FETH 5.
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Effects of substance P on basal blood flow regulation
in rat masseter muscle

Takeharu NIIOKA" and Hisayoshi ISHIT”

1) School of Pharmaceutical Sciences/Center for Development in Higher Education, Health Sciences University of Hokkaido, Japan
2) Division of Physiology, Department of Oral Biology, School of Dentistry, Health Sciences University of Hokkaido, Japan

Abstract

The present study investigated the suppressive effect
of the selective substance P-receptor antagonist, span-
tide I, on the resting blood flow in the rat masseter
muscle with the aid of a laser speckle imaging flowme-
ter to confirm the presence of dilator tone at the resting
state. The effects of inhibition of the resting blood flow
by application of spantide I on vasodilatation evoked
by activation of the parasympathetic vasodilator fiber
and intravenous administration of acetylcholine were
also investigated.

The resting blood flow in the masseter muscle was
significantly reduced by the application of spantide I in

a dose-dependent manner. The blood flow was recov-

ered 60 min after washing with spantide I. After appli-
cation of spantide I, the blood flow increases evoked by
activation of the parasympathetic vasodilator fiber and
administration of acetylcholine were significantly inhib-
ited when compared with those of the non-treated con-
trol.

These results suggest that substance P induces dila-
tory tone via its receptor in the vessels of the rat mas-
seter muscle at the resting state. If the dilator tone de-
creases, vascular beds may constrict excessively by
their own elasticity and/or contractile tone, and a subse-

quent vasodilatory responses may be suppressed.

Key words : Rat, Masseter muscle, Basal blood flow, Substance P

i

WA VNG, W 35 X OV 2 & OBUHE 2 SR B 2B
LEWHTH Y, ARG - OB TRES LIS
L Wiz O % > (van Steenberghe et al., 1978; Jow
& Clark, 1989). C DR G QBB P 571213, MR
F, RAEFCACH W) 0 R0 2R & 3 D ILTE O BB
HHAZ b > T b (Guyton & Hall, 2006).

FrlxonFc, WKHOMBEENELE 2 oMy %3

®

LT 5 HW TR A T 98 % 47 > T & 72 (Ishii et al.,
2005, 2007, 2009a, b, 2010, 2011; Ishii & Izumi, 2012).
F 7RI, SRR O M ENE % —RIC ORI 72
WRT — & Z LIRS 5 Z EBMRER L —F— ARy
INVA A= Y TR R W2 FEBIC LD, R
KN BV 2 B HARBOIBEMA D554 &, SR
72 & O B AR TR AR V2 A A3 DG - Bt SO % 7R L 7z
L EOIMTHEZEAL % #id L7z (Niioka et al., 2009b).
COWEOHT, FEBEMTE R A 2 WERALTLE LA i

ZAF PIR254E 3 H2TH 2B P54 4 H30H

(21)
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DL WERAIZHART X ) K& R IR N BUL A7 5
n, F—h7T, BEMREISVEAATIE, L) KE
MR BOBATTRD H sz, T s OFEFIL, WHHI
B OWLHE - TRESUS I, IR E 3 7% b b HIRE
BT L IMERED b — VRSB KT L%
AL TV, FAEOHR - RRIE A T OLVRIMRICD
WTHHEINTWAD (Karita & Izumi, 1995).

LIS B IMAE OFEBEMGE I, SCREARENE M
ISR ARARE O 1E B L OV ITAREE 2 U tE b — > A i A3
BTHDHIEDVILLERENTWSDY (Barcroft et al.,
1943), ZHUIH LTAMEZAT) H T, #7285 AP
ZRARO BRI ESE T DH % spantide 1% FIE PS5
5L, WHERE % BT A IMELHE T O % wHIREICB
5 BEEMTESMPTEIE 2 RV L. ZoME
X, WP OMERL, 7T A8 v APZEREN LT
AAZALIZE ST, EHERETH IR b —
BT TWBREZRIET L. 3 7% b FHE TR 12
&, DGEE b — CERESITMA T, JRERME b — AR
HFIETZ2HENEZONL. LYLAEMVS, MEREOHLR
P b — RIS B I 4 Rt— L 7z A3 I
W,

AWEFETIE, W M4 1SR 9 2 LR b — iR
FHEAZW S22 5 HIWT, spantide IORAFEMGE I3
LIPEEE 2 3R, & SR M A5 & L7z IR g
B, AR HEMIC X o TIEFE S A M LR BUR IS
T B RN Fer OEEOHE (Niioka et al.,
2009b) TR SN HRIC, WHFRIGIC BT 2 M5 &
—E Tz, B, BRI 2 e L Tw b
MAEERAL (B BIIR R B B R DMk Ti&, EHIR
BTHHIC— M LoMmiEdrZBo bhs L, WHms
BT —EM EoIiifi 2R3 b hix, &b
D TRCIMFEEZ R TS H 5. 2 OIS k2% Mk
G & TR 9 2N O ML B RE & = K < B - TS
BlOIIAMETHMBWEIC L —F— ARy 7V A
A=Yy 7MET R L, BB AsE v e m Bk
& FEBE ML PEAR AMER 3 I SRk % ff AT & 47 o 72,

7 po

1. ZEBEY

AWFgel, AR FE W EBRE IO, dt
MEERKFEYER L v 7 —EIHEE R XOB
WICFREORREZHTIT o 72, EBRIZIX, Wistarz D
etk v b (325~485 g) ZHWw7z. T v ME, TA
Y—r—VICAN, BRI2KEHY A 7 VOREET, K&
FEIE NI RERE G- 2 72 IR CTRE L7z, =— 7 vV Ciksk

(22)

P L %7y MG OXREBEMTERASICT 5T A5 AP OIEH

L7, 7L % (1gkg Sigma) %SHWIIHET
ST % Z & CRRERE 200 72, KEREYIR & KBRERIR LS A
—a—LEHAL, FhEhroIENE &Y O
HEAZRAT-7, MFEEX, EFNT VAT 2—%— (AP-
601G, HANR®E) #2AhLTBEONZEELLZ L a—
% — (NR-500/NR-TH08, ¥—T ¥ R) Trifkl 7.
347y s (0.6 mglkg, YAAY T AL R
2 —) OFMRIEAS &) Ftie S 7ok, Mz AL
IR (BB%50%, Z2550%) CTHEEREAT- 72, EMIE
DRZEEYIB - BB L, WBHTIE R © O LML % 5%
s, MR 2RSS0 X )1, RHERrICIE
WHME ST 7 4~ (FDGMEE) 2T S8/, FEEiE
T, VoA Ry Fv GRS o#fERS (100
mg/kgll 1) 12X 0 Ty baREIR I

AR, IR, Ot BROFIC X B RIER A
BN L )RR & DRk & 2l & 2 HISZH L
ZIS UAERIEZIT>Twh. 2F D, BEICIE
EHRETDH D LTS VHEWDS, KfETR, w1y
B L7259 v MBIk U7z ) W % 17w, AR
T CHERE L72IREE T, BRI 22 SR AU & 47 -
TWhWIREL [EERE] ERBL7:.

2. TR S

W 15 D B A AR R A PRI PO, = SCAiE (G
) OBERMPN X B HEE (Tzumi & Karita, 1992,
1993; Ishii et al., 2005, 2009b; Niioka et al., 2009a) T
FESETz TR, R &2 B L 729 2 Tk o
A I THRRPE IR L 72, S0 R AR e i
(SEN-7103, HAOU®E) &MV, 2 msH gD MM I
T, WRE20 V, JHWEE20 Hz TR BRI L 72, Z o
Wt Cid, RRMOMENRIS»FEINL Z L%
W LT (Tshii et al., 2005).

3. WML O E
3-1. @R

v MERERHOMGEE, L—HF—ARy 74 X —
¥ v 7 Er (OMEGAZONE OZ-01, Omegawave) % Ji
WTBIGE L7z, Bl S IE % CcCDA A 5
THIEL, 8bitA7r —VDE ) Z OHEBJE ARy 7 )b
Wiz 2 MR T, 1 2o0FEBRYY 455 MEalekL 7.
ANy 7 OVEE OB R f#ENT I, Image J (National In-
stitutes of Health) % F\»TAT\, (EREICHRE L7 B2 #
B (ZNZhoESI) & TN 4 OBEIRT
ML DAE D39 % M fiE & L7z,
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3—2. EHIREE DM MLHE 2% 3 5 spantide TDR)H

JiREE - NPT CHERE L 729 v b Wegis i i b e 56
2, ARFRAK ORIFEEE) 7 5 UNlspantide T (1,
3,10, 30, 100 uM, ~ 7 F EWFRFT) # #& 5
(20 uL, im) L7z, A4 29T o 12 FARERIZB W T,
spantide TIZAATZE TR 72 EE 2 KBREIR IR A L 72
Za— LU HEIRMICEAL TORIRE RS Lo 7.
T v MERWIALOHRE TS, spantide 1% RN LT
IZHWT W v (Zochodne & Ho, 1991; Anderson et al.,
2006). AWFZETIX, spantide 1% fiRNHS- L7z, it
RUERIE, ZEPRAKB X KR Ospantide 1% 455 L 72
1055 547> 72, Spantide T (100 uM) +%5-#% DIl
WE 2T o 721212, AFRAIRIK Tspantide T2 EE L, <
D605 12D TR RLER 2 AT > 72, AFLAEAKIZ L
VEiFE, 277 — ¥ OVEFE & HIEIC L ORI,
MG %2 EE S B RRICHIA L 72k, StosumasilEgic
RELRELTHERL, BIZ 1mLoERAEKE
HEA RS E5ZETITo7z. Zo#EE, ERiREE
DREBEMG R 6 NS, MBI G2 X - T
FEEN D MG BB EZE L 72 22> 72, Spantide 10
Peh7e 6 ONCPREHE, DUFICRE T EBR T MO
TIT o 72

3-3. T RE Y APIZL o THFH SN DO ML
INBOE & 2 U233 % spantide IO FIHITEH

iR - N LI CTHEFEL 729 v MCARFRAIEKZ: &
KW HTAS AP (0.1, 0.3, 1, 3ugke, <TF
FHFZERT) Z45 L7z, AREEK RS TR ~
AP, IMHEDFFRBAMGE30F B I KIRFFIRICIFA L7z A
—a—L2bE5 L7z F72, spantide I (100 uM) O
FH51050%ICb 7T A% VAP (3ugkg) 25 L,

Z oo bz sk L7z,
3—4. RIS RANREE MAE PR UG IZX 3%, spantide 10
R

BRI « NTIPIR T CREFEL 72T v b DIRFHIEF 2,
HFR MK 7 & N spantide T(1, 3, 10, 30, 100 uM)
2G5 L7, BISCIEARRE T AT IRk OIS 2 755 S &
7o, BZSIEANHRE MAE PEIRMAME 2 G AL S 5 720 O T il
FORWIE,  MiRECERFIR30R 21217 5 7. F 7zspantide T
VEE6073 1212 B Bl S REANRE R M A IRIR POG % 7558 S &,
MaRZEAt % iisk L 7.

3-5. TEFNa) I X BHMIEBMIG & 2 ZI2xg
% spantide 10 522

e

(23)

23

AR K 2 & Oispantide T (100 uM) =% 5- L 72
Iy MEZLTTEFIVay » (100 ng/kg, Sigma)
ERBERICGHA L2 =2 — L2 bS5 L, €00
M2 bzitsk Lz, 7 F ) &, Miaiskb ik
30 RICHG L7z, Mmiicskid, EBAHEKZ S O
spantide % $%5- L 721053 0> 517 - 7.

4. FEaEHEAT

ETOTF—7I1%, PHHEEEFECOR L. P
DEOHEL, 2HHOLETIE « BUEZ 1T\, iR
DIETIL, F LD EITv, HAEENED S
N-BICIE, FO%IDunnett’s7 A b 24772, fali®
B35 %A & % HAERPEONTBRICHE RS D S L
Wi L7z, #EEM#ATICIE, SPSS Statics20 (HARIBM) %
)i NAYAS

] £

1. 7y MEHEROEBRE Ay 7 VEITE

7 v MEARHRE OB THONIERE ARy ¥
VEREZK 1R L7, B (1A TREND T
v b DL % Bl5E L 7B IR IE, e R
I % AT 5 BT A © ISR Sz, E
BTl WG % AT % BN R A 5 M T
BN LT (K1B), Ay 7 VE{§EHTik
BRI > CHAEAT S 2 AR SR AR L4 705 o M BE C B 5%
ENT FTICBERRER LT 2R EIIRS
BRI B R D WAL 7 & U2 & O 43I I A Mg ¢
IR s (M10).

2. EFEREOIEBEMIT I3 5 spantide 10D R H

Spantide TO¥¢5- (1, 3, 10, 30, 100 uM) 1%,
FEARAFI IS 31T 2 8 W IR O A i &2 2 R T &
72 EHINEOMGMIE, WK T30 uMELE,
FNEH IR TIX100 uMDFE GRS, Saline® & & #25- L
7zControl & B L TH BRI Z /R L7 (K2B). ¥
IR IC BV TIE, 100 uM®spantide TH% 5-12 & -
T, ANy 7 )VERHICED 5 N5 IME OB KT 5
LAV E TR T ARD Hi7z (K2 A). Spantide T
DG L VAT L 2B, spantide THEE #2605
\Z1Zcontrol L X)L CHIAE L 7.

3. BT RY AP OHRNEG L o> THERSINDIL
7 D IMLGEIE I B & spantide T2 X % Z O]

YFT Ry AP OEHIRNIZGIZ & o TRESE S I 5 i
BB ORFEZR 3R L. TR 5 » X P O#EFIR
W5 (0.1, 0.3, 1, 3pugkg) &, MR % ELT
T AIME, %O RO E I L ClEREN
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EREE
Y,

5 MR OERE AN s L
A. Iy MEHOBNXX B. v MHEBEOESR. C. Ty FMHRBO ARy 7 )Vl A7 —)Vix1cem.

7 MR POS 2 3558 L7z, 2 O MU BOS O it 2E

X 1

L&, 1ugkg EOH 7 2% 2 ZAPH5HT, Saline®
FH a5 L7zControl E LB L THEICK E 2fliz /R L
72 (F3C). 7v FoTFHIMEE, EHEIRETIEI48.0
+8.0 mmHg CHEFF SN T W72 (n=5). KiEEDOHT
Ay v AP OFRMNEEG L, 5 EED? LB X E2080H
Vo TEDCIME 2R T S8 2 @A s niz (CF
MEDZEALR @ Saline, 11.6*2.62 mmHg; 0.1 pg/kg,
20.98 +3.36 mmHg; 0.3 ug/kg, 20.63 = 3.27 mmHg;
1 ugkg, 21.47+2.64 mmHg; 3 ugkg, 23.92+1.61 mmHg).
BWIEOF T A5 ¥ 2 PG PIgIiE 02 LIS
YT AL 2 AP OREMRFEZEED S b o7z, Tz,
Saline® & & ¥%5- L 7zcontrol & K L THE 2 7% b iR
b7 H -7z, Spantide IOF G- (100 uM) &, ¥+ 7 &
% AP (3ugkg) DEGITL > THERE SN S MG
MBS 2 FRCHEH L2z (K30).
4. WEHH O ML HE N PO SRS 2 AR I ] o 52 %8¢

SRR (RS ORI X o TRIHEICHET
S MBS O EI A FEAN AR L PR SUG I, spantide 10D
2502 & B i BEARAT 1Y 70 BB I 58 DA T LA - T
Bz (M4). WRHEINIRTIE30 pMPL L@ spantide 1%
Beh- L7zWES, MY Tld10 pM@spantide 1% % 5-
L CHBREIMGE 2 AR T S & 72 R LA 2 2 M B SUs o #
flABo b7 (K4B).

¥ 7zSpantide I (100 uM) O$5-CTIMIMIT 2 KT X
HRETIE, TEF ) v (100 ng/kg) DEHIRMN
WG o TREFRE SN A MM UG b A B IZHH S
72 (M5).

R
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Z S

AWFFETI, W MAE 1SR9 2 PR b — iR o
HiEL ZZ Il DY TAY VAP OEEZWS 2T
LZHMT, 725 AP ZHEKBERWHEELTH S
spantide TDZEFEMFNI T3 A IPHIVEH RN, S 5125
BEMLHE AN S 72 IRTEAS, AR R W & - THh
RSN D IMAEPER S T H B2 a7

TR R OMEBIEE, L—F =2y 7 A
A =T v MR E vz BoN ARy 7OVl
TILIMGE DS B 7 57 7 © CNTTEHATK & W ERAL AT
FETRILEND 720, BBk R BRI B IR D Wi F & 2
NoOMP B ES F CTHIICHINT 22 L25TE
72 (K1), FMIEERCIE, IR o SR 2 i B e
PRZLET ORI TE (K2, 3). H
—IME Tl <, BRTZE ORI 0 554 < I Bh g
DRERBNEZBRETLOIL, L—HF—2ARy 7L A4
A=Yy 7MmEHE, RO EY VD 1OTHhHL L
W2 5.

ERIRIE O ILBEMPE R 21X, EHOmBF /AT S
S REANHE ML A A ARAE 2B 58 5 2 L YA KRBk S T
BY, B O M 1B\ T b A RN LA U B A
i, HEMC—ELNVO/SV ZA%FELTWT, #EK
POWBHESINL VT FLFY Y a2 L TR L
TIGHPES b= Vi 217> T A Z E PRI T
% (Barcroft et al., 1943; Laverty, 1962; Hagbarth &
Vallbo, 1968). 7z B M O MAE R, 2 Ak
PETRARAE DL HL D MR S LT 5 2% (Bulbring & Burn,
1935; Joyner & Dietz, 2003), ZRIEMFRD HIEM 727V
ANIFH EDWHETE b — 2 AHENC G5 2 VRIS



s AR B A

Saline (Control)

P E254F 25

32(1)

3 uM 10 uM

Fek 60 7

B
150
5
E
S 1007
5 *
§ *
@ 50- * %k
S
=
O T T
1 10 100

Spantide | ;J2E (uM)

X2 Spantide 1iC & % FABE ML o #]

A, ABAHKAR S5 O Spantide T (1, 3,

TR 60 73

10, 30, 100 uM) ZEIZHL- L7100 D A<y 7 VIEg, 7 & Olspantide 1

PEFC0T D ANy Z VIR, €7 %o WMIRBO ML, HIES X ORHBINR O 73 351 2 M5 E O E #2785
A —Vid Tem. B. WEIHEHTIZ & o TH S NZEFEIRO 5 ORE), %25 CIZHEHIE (K 7 i) omiffiz X Lo

72757, 7570 (i) &,

control ZZER O FEFEMFEAE DI T A EHF TR L. BT 4.

*B LU * %

X, FNENERBREP<0.057% 5 NIZP<0. 001 Teontrol D MLFEEIC X L THEENHF S Z & #RT.

TWw5 (Hagbarth & Vallbo, 1968; Delius et al., 1972).

AT, T RS VAP ZEEKORINMEETH
% spantide 12K IZH 595 &, ¥ 5-5B07 L D ML A
spantide IORPEIAKAE L CHEICHHI SN L Z L &2RL
72 (M2). /% 7TAF VAPILE- THRESNBIE
5 ML O B4 BSOS B spantide TS & ) A7 B ASHIHI S 7z
(K3). THODMEEDS, BFOMEREIIY T A5

(25)

VAPSZBMEBHELEL, TOZHEEREA L CME LR
WO 2T 5 2 L, FRCERIRETD MBI 3
% TAY ¥ AP & LI YLREMERAAEIES 2 Feas
R ENTz, BT AS 2 AP ORIUGBEIRIC X 5 A6
MO, T v b OAFMFEREME (Zochodne
& Ho, 1991, 1993) 7 = L v b OHWIME (Berggreen
& Heyeraas, 1999, 2000) THE SN TWEH72H, Ih



26 L %5y MR OEBEMFRENICN S AT A5 ¥ X P OIE

& R Saline (Control) 0.1 pg/kg 0.3 pg/kg
__ g 20 '
& 150 :
%21001; i AAI"A"I'A bkl .
E & 50 ! T
g ! €
Ez o £
2 =
S ] H
5 I T T r T T b T T |, T T o F
s o 100 200 0 100 200 0 100 200 0 100 200
- B (7)) B (®) B (#) BSRS (7))
@ 1 ug/kg 3 ug/kg 3 pg/kg + Spantide | 100 uM
& 2 \
;\3 ;S 150 |
= |
‘:ﬂ g 100
RE 1 )
g ".g | z
= €
B2 ' £
S H
E I T T I T r r r o g
& 0 100 200 0 100 200 0 100 200
= B5R (7)) B (7)) BERE (7))

150 sec

10 sec
C
1000 ~ +
— 1
o
€
(o]
(&)
k]
& +
|]]||]]H *%
A
=
I
DS
=|
0 — i
0.1 1 Substancg P 3 ug/kg

Substance P ;B (ug/kg) Spantide | 100 uM

K3 Y7 A%FAPIZLBIMFEEINS

A BHAEKZSRICYTA AP (0.1, 0.3, 1, 3ugke) ZHRPIERL L7zE &, 7% 5 Ospantide T (100 uM) #
H#BIZHTAY VAP (3ugkg) 45 L-& EOKRMHOMMKE RFHBRO I ; F50 & fEHIEs  ARkn) &iEZqt
OMBIF], T A5 ¥ AP &5 L2zW s 2 SRR Lz, M2 Lot R Mmiit) 1, controlFER D Bt 2~ & 108 [
2B BB MFTEOFIEIIR T B ESRT/R UL B, 725 AP (3ugks) %25 L72BICHED 5N 5 MKEZELD
RERFZEALI SR (AR 7 VIR) . R 5 ONSHF Lo SHIE, RS X ORATBIIR 0 505 12 31 2 I i oo 058 #iPH 2 7R3

A= ik lem. C. WH{EENTIC X o TR ONZHEIRO 5 (), 75 TP GRty) ofims ez £ &9
7275 7. i (M2 bE) 1%, control EERD30~50F M BT MM EL RIS T A HASR TR LA, BIEIE6. *BX
D% %13, ZNZNEHREP<0.05% 5 NIZP<0. 001 Teontrol EERD M ZAL K L THEEDIE 5 2 L 2T, T3k
P<0.001 CHEAEDAH S Z L ERT.

LOHE DA D E LT 5. MO RO —R = 2 — 1 ¥ OMEDSELET S =R

HTAY VAP, EHIASHFET HROME—K= MEHTOEELRY T A Y X PRIERTEISHHER S
22— (ASKRMEZ & ICCRME) IS atiTh T & NTw5 (Champlin et al., 1991). T74bbL, KHOE
M 8N Tw b (Bevan & Brayden, 1987). [AfIZIK FIRBIZB ZIENmMAE b — YS9 5T R

(26)
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B +Saline (Control) + Spantide | 1 uM + Spantide | 3 uM + Spantide | 10 uM
= 200
e g 150
1‘% 3 100
g% 0 C,
= €
B3 ° £
% H
s o 100 200 0 100 200 0 100 200 &
= B (7)) B (7)) B (7))
+ Spantide | 30 uM + Spantide | 100 uM Hogtk 60

N
(=3
]

8
M (mmHg)

[=1=

100 200 0 100 200 100 200
B (B B (B B5R (#)

A LS (%)
(Control ERMTHEITH T BHAE)
o-

100

0 ! LA L | LI A L 2 |

1 10 100 %k 609

Spantide | ;2E (uM)

4 Spantide IO HILHLAS, 175 O Bl A A A A PR SO I M T3 552
A, AEFAHIK 7 & ONCSpantide T (1, 3, 10, 30, 100 uM) % #5-L72105#, 7 & WNZspantide 1% PEI% L 726054 12 FIZE
TR LA B R 2 TG L X7 & 2 OO Mt ZE L (WHEIIR D 0% 5 FH & st 5 Rfa) &2 bo fiy
B, A AEORE (HIXIAERD 13, control BB 5 0B HIC 351F 2 MBI O FI MK 2 H AR TR LI
Bl RN MAS LR 1, ZoCRE GEAES) 2 SROMEICESAIM (2msOMIEME, 20 V, 20 Hz, 20MM) 352 & T
FHEICEE L S ¢ 72 BRI T %2 7L — OB TR Lz, B BRI X o TE LB ERO 50 (Ff), 25002
WIEH LSS ORf) o2 bEs o757, Htlh (KA Ibs) 1, controlZEEED30~50F B2 BT 5 LA b= 12
WEBESRTRLE. BIEIE6. *BIU* %3, ThENEREP<0.05% 5 UIZP<0. 001 Tcontrol F2ER O ML 281k & 12 %
LTABEEVPEDZ L Z/RT.
5 U APIRROME— K= — 0 VICHET B 1990, 2004; Ralevic et al., 1990). AEAKTIXIME M % 12
WZEZONA. AERITEI - RKND S OR A ZRIEICE RN T A 720, MEICRR T 2l X -
RXLI3NTVwERD, RKiE—R=a—0 Y IEEITR THEMBE» S T A5 AP AB—EL N Tl &
ALHPDIERZEELTCVLEEZONSL., LIz o M, PRERME N — VREIICES T A EBRIEI NS, K
T, JADPERLZVEREDED T, A RWEHROPHK HE okl b — RIS 350725 Y APD
WAZZ ONBEEDA V2V 25 & S (Loaiza et al., HEZHSIIZT DI, SHEOBEL LMV LEE &
2002) 2Pt TRHFADMFRRIIE SR, RELLlE 5.
MEENH T A S 2 PAYLEMEME b — VI D TR Ospantide T1E, WIS O FEFEMFE 2, L —
S TWBLIZEDRBEEING. F-REARE VT P—2ARYy 7 NVA XA =T VMg T 52 &N T
T, BIROMBENEZMILIZS YT A v XA PIBELE IRVLARVETRIEWCHHEI L (K2)., 2%
L, REEOWERIC I 2N RRAAIEICE > TED &, spantide WX o TH T A %¥ ¥ AP %4 L dEsRM L
WEEAITHE SN D Z LB I N TS (Milner et al.,, & F— YIS L2722, MEBEAH S ORiM:=

MAEZE(LE (% of Control)

27)
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A

560 + Saline (Control) + Spantide | 100 umM

150

100
50

N
o
o

S
MME (mmHg)

HENRT ISFRAE (%)
(Control DEBRMFHEICH T HEIE)

- 100 200 o 100 200
B (B B (B

=
o
=
c
o
O
[TV
o
O\O
S
1]
A8
\,—
&
H

100 A

wv

o
1

*

* %

BRERR  BEHBR
X5 Spantide IORTALELAS, WD 7 £ F v 2 V) ¥ FH MM IER UG B F§ w2
A, AR S Cspantide T (100 uM) % $%5- L 72105127 & F v a ) » (100 ngke) x &R S- L7z & & O
DIMFHEZEL (EHIIR O  Fab L OKE EHERIE . RaB LY v 7)) LImFEZIbo WG] k28 k o e
(XL FEAE) 1%, control EERD BHIAA S 10F IS B % R M T OFEIMEICH T A2 EHR TR L. THFva) v &L
L7z Wi & S CR L7z, B, WERAENTIC & » TS N BIIR O 4l (AR 5% 5 F, spantide 5% 5 K
1), 7S OIHE YRl (ARG R, spantide G515 : ¥ v o) OMBELE2 T D275 7. Hilh
(MFZEALRE) &, controlFERD30~5085 1 B1F B M ZEAL BT 2 EH SR TR L. BEIE5. *BLO0x %3, #hz
NERFEP<0. 057 5 NIZP<0. 001 Tcontrol ZERDIMFE AL =3 L CEBENE D Z & &BRT.
PGREE & — Y NS & > TIRAEFWN 2 L)V F THELC V&, BRI e (3 SR R I A DA A L & B U 1
Ui U755, MY 7 F VDI T E Rl o2l & =B TRV APENLIZIELE = DNT
ERET S, AR RSEMAT T, R IREO BT VAL o THEIENTWS ERE L. o F 0 Faki
X, SRR A UM RRAE 1S X 2 IUHTE - — i &, TR D R WEAIXIAEYE b — > OB R & { MAERE
HTAY VAP RN LIRS = Vo 2D AL DG LIRS H D, 2 DUMAE AR BOS IZS U
TeHERE RN, D LIERME b — & BRERAKIR IS B = SR, 50 AU LT W72 L 72 SEaR BOG A
N2 & MAEREDS BN L, MBI ) RIRR A % 5] Z5&#Ez7:. T Tspantide ICHTAY VAP EAL
JRIFTZEIRBEEINS. ToPEaRME b — CEREI A PIHI L,  MAERE A U S X
o3 Llay, &R HFEREOMKEELZ L —F—ZAX W2, TR ESHRIEIC X o TREHEICAE U 2 I8 A
I WVA A=Y YR E AW THA L2 20T, £ SBUHNEIREKS (K4) 25072 F v a) Yo
HOIRRE O BN 5 A3 T W ERAL TR SRR I 3 = 5% MRAIFE G2 & - THE U AMEIRKOS (X5) A3Eim S
AL & I LT, RIS E M LR ORI X D K & NLONPEHFHRT. ZOkEFspantide TIZ X - THERE I
RIMGEBE IS RO 5N 5 2 & 28 L7z (Niioka et I S 7IRRE LY, BRI R ISR RS B X
al., 2000b). AREFZEIZBWTHTZAF VAP (M3) R 7 FNay) VERTNELRERISO WIS R %
TeFva)ry (K5) 285 LR, @WIRED Pz 272 (K4, 5). FRICEBIMMRMEA KX &2
FERE MG A58 VIR, (B BIAR D 43l 5R) 12 es LT B (SR EIIR O 4 I5E) O g % #0722, $i
FEREM IR A T WAL (B ged) TR & Rl SR Lz, £ 0 RE ZRMEEIMISA 0 5
MBS ASFED 5NT WA, D F 0 FLBE I 2 oo F 7 tRiE A2 & RWFEL 7228, MymydhnBOe (3 JLat i i 2 23 %
WS, MAEVRUNMEEE R 5.2 2HIRIBE I NS, FA WERAL b D 72 W ERAL B AR I HPH] S 7z,

{l

(28)



s AR B A

FT ALY VAP L B MAEIRMSIZIE, NBHITE A
LR - EEESNANODB ST 5 Z LG ShTw
% (Wallace, 1997; Hsu et al., 2003). ¥/27kF a1
YT MAE IR BOS D NORAEMETH 5 (Loke et
al., 1994a, b). MA T, WHHIZB T 2 B S EA RN
PLERPUS TR 4 25 & S L72FERTH D (Ishii et
al., 2005, 2009a, b; f1H, Fl4, 2010a, b), & ZIZE5
T HHURBMLEYEOEFIIRTZEWL LI > TR W
B, FIWXAVF =T IR AN ALNHEET LI L
i L C\w5b (Ishii et al., 2005; Niioka et al., 2009a) .
NOWk, Flmfileo sy 7=vy 79— ICEEEM
L, cGMPOEAE AR T & CMAEIRICER 2 #H %
WL THBY (Moncada et al., 1991; Sausbier et al.,
2000), EAEOHE TS, FEHMBO 7T = VviRY 7
7 —EDNOIH L THWIEZMEZ RS Z &%, NOOHE
AR L CTIUE RO RBRDO SN L Z b, M
b — Y ERETSN S ANODHEM AR E N TV % (Held
& Dostmann, 2012). Spantide 1, Y7 A% » XA P %%
HRafEL, NEMED S ONOMELE - ik % k) L 72
72O M ANGH L, &5 IREE O ZEE M = AN L7z 2
LSz B A, F Jzspantide ETE FClE, RIZRIEARRE
MAEPL R L S E2) 72T va) Y251 C
WEHIL ONOPEARDTCHE S NTH, EHIREONOH
Hispantide IOVEHIC & o THRA L T 5720, il
FCAER T A2NOD T e BICESH T, MLE LR SUG 2
WIS N2 EPEZ NS, BHIZBT 5 IMEILRKX
JBENOE DBHIZOWTIE, 4 HROME TNOD E R
LIREMT % ERTVHLNIIL T PETH 5.

BRHIZ BT 5 BHINEOFEBEMFTIL, 7 A% VAP
SRR BIRWAEIEIC L > THEZICHHI SN $7-

FEREMGE AT UZ2IRRECIE, B3 AR P a4 91 I
IR LT EF L) Y OFGIZE > THEE SN AL
ERSDHIH SN, SRS OREED S, I
T, BT A5 VAP REDOZEHERE S L CHLRE b —
VHEIICEG L TWA I EAVRIEE NI, T A
Y AP X BHERNE b — > O#EREAIH S B L IE A
WG L, € O%OMAE LRSI L CTHilic
W L EHPRBEIS N

e

AR, IR 224F BE AL i 8 PR AR A ok 2 X AR 72
& (WHFET —~<% 0 T v M O PRRRIE HLBRE L o7 ik 5 12

bbb T Ay v AP DOZREDMREH) OB T THE

(29)
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Jiti L7z,

®

X

Anderson LC, Martin DJ, Phillips DL, Killpack KJ, Bone
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Abstract

The periodontal ligament (PDL) is a specialized fi-
brous connective tissue that functions as a splinting and
supporting tissue for teeth and as a shock-absorber for
forces exerting strain on the teeth. The purpose of the
present study is to clarify the response of extracellular
matrix molecules of the PDL to mechanical stress ex-
erted by occlusal forces. Human periodontal ligament
fibroblasts (HPLF) were used and mechanical stress
(monoaxial stretching) was applied for 7 days, and
HPLF cultured without stretching were used for con-
trols. The mRNA expression and localization of fibrillin
-1 and versican in the HPLF were examined by quanti-
tative RT-PCR and immunohistochemically, respec-

tively. The expression of fibrillin-1 and versican mRNA

BRARE, e ST,

Key words : fibrillin-1, versican,
& B
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BEEDICHZ TIRENTH Y, BB oBE, HoH
E - XHEE Y LT LT b  (Edwards, 1968 ; Full-

increased 3.6 and 6.8 times, respectively in the stretch
group over those of the control group. Especially, the
mRNA expression of the V1 isoform, lacking the GAG
-o. domain, was considerably increased in the stretch
group. Immunohistochemical staining for fibrillin-1 in-
dicated that HPLF under stretching showed a mesh-like
staining, which increased the stained area and intensity
and converged perpendicular to the stretching direction.
Staining of versican was observed to be very similar to
fibrillin-1, and the staining was more intense than that
of the control group. These results indicate that me-
chanical stress may be involved in remodeling and
maintaining PDL via regulation of the expression and

assembly of fibrillin-1 and versican.
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Ik,

bloom et al.,

i, FZFE 7% &Rk 4 e RHRIZIA < 504 L (Rosen-
1993), ZNTHOMBEIZHNE & LWL % 5
ZTw5 (Isogai et al.,, 2002). HERMAMEIZIT T X F >
L3707 4 7Y VOMMEARRIZLY, X258

7 vRME, 7y = VAL RIS S
(Bock & Stockinger, 1984 ; Mecham & Davis, 1994), th
BEICIEI 2074 Z7IVVOARPLRLEETF VS T U
HEDETET A (Bock & Stockinger, 1984). I 707 4 7
Y VIZIZMAGP (microfibril-associated glycoprotein) &
fibrillin-1 28%& F 71U (Sakai et al., 1986 ; Kumaratilake et
al.,1989), fibrillin-1% EZ MWL LT 2D (Tsu-
ruga et al., 2002). Fibrillin-11Z PR #HEIC BT 5 versi-
canD VA M LTHhEZLNTW A
mann et al., 1994).

—Ji, MSEE CH L Turt ) hvizarsyy
NI BEZNITH T %88 (glycosaminoglycan :
GAG) 75 7% Y, a7y Yy EDOT I BES O
& [ FE B 2> 5 modular proteoglycan & small leucine rich
proteoglycan 247 S 1% (Tozzo and Murdoch, 1996).
Modular proteoglycan® 1 2 |Zversican23HI HNTHB D,

WZHRAHEZF AR X > TR S5 (Zimmermann and
Ruoslahti, 1989). W, KER, B
¥, M7 Ok 4 BRIKEICILS < 404 L (Yamagata et al.,
1994), ﬁ%@?“%% il
L EORREICRC L5
Zlalternative RNA splic-

(Zimmer-

Versican (&, ¥,

1993 ; Zimmermann et al.,
vEm, AR E AR, M
(Wight, 2002). %7z,
inglZ £V, GAG-0 domain & I"'GAG-B domain% & &
V0, GAG-o. domain® KA1 L 72V1, GAG-B domainA¥K
mL7zv2, BXUMdomain2SKAIL72V3D 4 D Diso-
form»SFAE$ % (Shinomura et al.,

al., 1994 ; Ito et al., 1995 ; Zako et al.,

versican

1993 ; Zimmermann et
1995).

ALAE,  versicandti £ #HISIZ BH 4 % FBN 1 (fibrillin-10
BART) OEEIMarfanfEfEff O EERZ 72632 L
LIEXINTHBY (Putnam et al., 1996), HEAHHME &
versican D W R BRANEH S Twb. L Lad
5, FEIERFHAERCIHNE 22 EORREIIIC & o THMREELC
AMINLAH=ANVA LA (HRERIE) (2835
fibrillin-1 & versican D BIFEZALIZOWTIIAHTH 4.

AWFFETIE, b SRS L R 2 L S0 P e
WA AM L, 32789747 VOERSTD 5fibril-
lin-1 & versican {2 D W CHIZMAAL AN TEICEL D & &~
X7 A DIRTE%, Real-Time quantitative PCR{EIZ X %
mRNAFEH DL 2 et L7z,
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1. b oA R 2l o> HiBE & R SR 0T
SE

PR BEALRR XA AR - WAL ) = v 7 SFIE R Tk
BERALIE S, EBRNFICHELZREE I DK
FL7/MHl 555Nz BRI O/ A2 7T 2
F v 7Ty — L RICHEE L, 10% T 2R 00 % 7@
L 72 minimum essential medium3% %&£ # (MEM, Invitro-
gen : XR=3Y »100units/ml, A b L7 =4 ¥ 100ug
fml, L-Z V%3 Y&4) HT37C, 5% COBREETIC
THiFEL, b bR RAAESSAE (HPLF) % HUgE
L7z, HiEEL 72HPLFZ MRACRE e #, EBRISH W, &
B, AWFZEE A B R 250 - W ZER} i P22

ﬁ®$ﬁ(%5%ﬁ$ﬁ)%ﬁfﬁof

51T, PMRE TIEPLAP-1 & periostin2SHF S 1912 563
TLZEDBHMOLNTWSZ LA 5 (Yamada et al., 2001,
2006, 2007 ; 1999), BLui o (kK
5, 2012) EFARIC, SGRHV7zHME (HPLF) 25k b
BRI R OGS M L L TOBBEEZRFEFLTwE 2
& ZRT-PCREEIC & ) sl LA L 7.

AP

Horiuchi et al.,

2. JEIIR RS

STB-140 STREXcell stretch system (Strex Co.) % f\»
CTHPLFICMHERIB &MLz, Mas—Frrxa—7
AT LT AT Ay - y)ay - Fx =L
1 X 10°cells/ml O M fa % B CHEAE L 7=, 7 H [ 5 28
%, 80% W Ty 7Ny MIREERREZL, g
4%, BB 1M 1AEEO 7T 7T L 5E THIEH
WaAML, 37C, 5% CODMERETIZTT HN
R % 52 72

3. Real-Time quantitative PCR{%1Z & % fibrillin-1,
cand & Uversican isoform®mRNAZEH]

Re#2 7 Hk, *FHRHE & PR O HPLF2® & RNeasy
Mini Kit (Qiagen) % Jl\>TCtotal RNAZ i L7z, Jliih
L 7ztotal RNAIZ%} L Omniscript reverse transcriptase proto-
col (Qiagen) % Hl\»CRTJIS % 1T - 7=. Fibrillin-1,
versican3 & Mversican isoform 33 & Uinternal standard & L
T D GAPDHIZ & § 4 primer & TagMan probe % #% 51 L 7=

(#1, %£2).

HPLF ® cDNA % ¥ 7 )V {22\ T GeenAmp 5700 Se-

versi-

quence Detection System (Applied Biosystems) % i\
T, TagMan probell & % Real-Time quantitative PCR{%

X o Tfibrillin-1, versican, B X Nversican isoform ®
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mRNAFEHDZALIZOWTHRE L7z, B 5o RiE
H#Ct (threthold cycle) %12 & ) A Y IZE & L*ﬁnj L
7. CHEIE, THTHHEOGIREED0. 1DORFDH 1 7 L E
ELTHILZ Oact=%—7 v MEIETFCt— NEREE
HERIZTCL @AACt=FY ¥ TN ACt—F v ) TL—
¥ TN ACL, QXY T NVEF ) T L—FHF v
TNhD2 XY, HlER L eI
Student’s t-testZ H\ 7z,

%P, primer$ X (N TagMan probeld, Primer Express
software (version 2.0, Applied Biosystems) % FJ\>T#t5
L7z

4. RIEHOLGEIC X BRI EIER
B3 7 H#%, HPLFZ 2% /35 K VATIVFE KT5H

~10%- [ % L7z. PBS (Phosphate-buffered saline, pH
7.4) TWH L, —&kPifk [goat anti-human fibrillin-1

polyclonal antibody (1 : 100, Santa Cruz), rabbit anti-
mouse versican ( GAG-o. domain ) polyclonal antibody
(1 : 100, Millipore), rabbit anti-mouse versican (GAG-B
domain) po]yclonal antibody (1 : 100, Millipore)] T%#
NZNE I TO0s7 M S S &7z, PBSTHHE L7212
_(ﬁt?n,'ﬁi <‘: L CAlexa Fluor® 488 donkey anti-goat IgG (H
+L), Alexa Fluor® 568 goat anti-rabbit IgG (H+L) (Invi-
trogen) % N ENERICTL05 M S S €72, PBSTE

@&I@m%%ﬁﬁV~%—ﬁ%ﬁLfﬁ$Lt

% 1. Fibrillin-13 X UversicanDprimerd & FTagMan probe

Yl

human-fibrillin-1

forward : 5’-GCATCATGCGTCGAGG-3’

reverse : 5’-GGACGCTAAAAGCACGGTAA-3’
TagMan : 5-CGTCTGCTGGAGATCGCCCT-3’
forward : 5’~-ACGTGCAAGAAAGGAACAGTTG-3’
reverse : 5’-TCCAAAGGTCTTGGCATTTTCTA-3’
TaqMan : 5’-TTGCGGCCAGCCCCCTGTT-3’

forward : 5’-GCGGATCCCTCTGCTCCTCCTGTTCGAC-3
reverse : 5’-GGAATTCTGACAAAGTGGTCGTTGAGG-3’
TagMan : 5’-CTCCTCCTGTTCGACAGTCAGCCGC-3’

human-versican

human-GAPDH

% 2. Versican isoform®primer3 & U"TagMan probe ® Bl
forward : 5>-GCACAAAATTTCACCCTGACATT-3’
reverse : 5-GATGACCAATTACACTCAAATCACTCA-3’
TagMan : 5’-ATTGAGGTCAGAGAAAATAAGACAGGTCGA-3
forward : 5’-GGCTTCCCTCCCCCTGATA-3’

reverse : 5’-GATGACCAATTACACTCAAATCACTCA-3’
TagMan : 5’-CAGATTTGATGCCTACTGCTTTAAACGTCGA-3’
forward : 5’-GCACAAAATTTCACCCTGACATT-3"
reverse : 5’-GGCACGGGTTCATTTTGC-3’

TaqgMan : 5*-TCAGAGAAAATAAGACAGGACCTGATCGC-3
forward : 5’-CCTCCCCCTGATAGCAGATTT-3’
reverse : 5’-GGCACGGGTTCATTTTGC-3’

h-VO

h-V1

h-V2

h-V3
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1. Real-Time quantitative PCR{% 12 X 4 fibrillin-1,
cand & Uversican isoform®mRNAZEH]

HPLELZ JE I 0 A i % B L 721K O fibrillin-1 & ver-
sican®mRNAZEH X, fibrillin-lmRNA X IR & HLEg L
T3.6f% (n=8, p<0.005) ZHIML7 (K1a).
73, versican mRNA (3 J R HC & O 0 BEBE ISR L C
6.8f% (n=8, p<0.005) Z¥WmL7 (K1b).

JE AR RIS X D versican @ mRNA %S 3L & 2555 1
THZEVPHBIC R 72728, ZDisoformTdH 5 V0,
V1, V2, V3OmRNAFEBIZOW T A L7z (X
2) . BEMERBIC LD, VOTIER BRI LT
17.8f% (M 2a, n=5, p<0.005) OmRNAFEH A
A L7z, FARI, VIZ9.6f5 (K2b, n=5, p<
0.01) 12, V3iZ11.6fF (M2c, n=5, p<0.005) |
PR L7z, v2ida v ba— T3k Akfﬁtﬂéh@”
RS2 & DT PICmMRNAFBIDER S DS, WMaET
HolzlOMMNERTE h o7z, VO, VI, V3D
mRNAZEHL SR TR 12 B A L7z

versi-

2. Fibrillin-1 & versican (GAG-0. domain, GAG-B do-
main) DRIEMFEICFIRTES X ORILOZAL

R R T L 7 2o 7B 28 2 B oM IRR I H0E
SaIE Yt 2 47\, fibrillin-1 & versican® ¥ ~ 25 7 B D J5
OV THGES L7z (K3). fibrillin-1idfk st % b
o THPLFOMI Y — b FICHIICBIgg s h, WME %25
L7-EATES 2R L7z (M 3a, d). —F, HROELET
R EN B versicanld, fibrillin-1 D FEFTICIH D £ 9 ICFE®
BNFZAHS, fibrillin- 112 M U CERMIZEG 3G EE O Gy
fmaRL7z (W3, f). 72, ThoOEEMm G %@
A LTHGET L7245 58, versican® GAG-o. domain & GAG-B
domain®% < (& fibrillin- NI HRAE L7228, MREOEE RS
ERAL LIALC b R 81 % WF O 72 versican O S AE K o B 1)
AT SN (M3b, o). T/, T L72FE
GAG-o. domain & GAG-B domain& @ HIZ1E 2R % b 7%
Noiz.

—J5, 7 HHMER;2E L 7ZZHPLFO fuE Je g <,
fibrillin-1 Ok 0 HOE 5 B (30t BAE OHPLFIC B1F 5 Jeft
MRERELEREZBD L7 (Kda, d, g j).
LAaL, MEREERNE I, Radtcrinsd
fibrillin-1 DO HARFEE2IRE S 2 W L CRO O, )R
FHENCEAT L THRR L TBIE SN, 612, fiot
TR SN Afibrillin-1 DRI L 72, 72, ki
WL TR &5 GAG-oe domain x5 BEHE & [Al 4 1 fibrillin-
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a.fibrillin-1 b.versican *
10 10 I,
8 8 T
*
6 ,I 6
4 T 4
2 2
oL N 0 | :
control stretching control stretching

1. IR B AR |2 X A HPLE®fibrillin- 138 X Uversican® mRNAFSH D592 1{L
JHIARG MR X D, fibrillin-1 OmRNAZEBLIZAY3. 665 (n=8) IZHBR L (a), versican®mRNAZEBLIZ 6. 8% (n=8)
IR SN TWwa (b). *p<0.005

k k

a.Vvo | b.V1

20 20
k

15 15 II
10 10

5 5

[ | 0 I .

control stretching control stretching

c.V3
20
15 * %k
10

5

[ E—— |

control stretching

2. R AR e L X A HPLE® versican isoforms® mRNAJSBL O A% B2 1L
FE R MREREVO (), VI (b)., V3 (¢) DFRFRIZBWT, 17.8% (n=5), 9.6/ (h=5), 8.7H (a=5)
mRNAZEH #8584 5. *p<0.01, * *%p<0.005

i > TR L TW/eAs, BLSIS 5 GAG-o domain®ily  HMEEATA—ARICBIZ Sz (K 4b, h). —J5, filfl
FEEREEDSH S ZHML Tz (Rde, ). 2, WFEERHREIC BT 5 fibrillin-1 & versican® £ JR 7E T, #
GAG-B domain® I EIZ B W T H FARICBIZE SN SO IZIZe Tt s 2 LM Bg s h/:
(M4i, V. 513, @ LEGROBIZ T, i (M4e k.

DI A T N7z versican® GAG-o0. domainB £ "GAG

-B domain& b 12, (T (Zfibrillin-11Z3 > TRTE L 72 Ak s =

FEATHSR BT DS, versicanDNERL I JRTE T % ¥t D HPLEAEAE T 2 FE e 7 a7 4 7 ) J1 ¥ idversican,

(36)



fibrillin-1

fibrillin-1

merge

32(1) Pu254F 37

versican ( & -domain )

versican ( 3 -domain )

BT 1 o ) g 2 £ A LTV‘&M‘HPLFC Bl )‘nylbrlllm 1 & versican D 5% fﬂ%ﬁﬂﬁ%ﬂﬁﬁﬁ:

i ﬁ 2 A% OHPLFTIZ, fibrillin-1

i HRAHEIRDEITT B BIZE S NS, Scale bars : 100pm.

decorin,heparan sulphate proteoglycan (HSPG) & KA D
versican
I¥hT
450

91kDa® chondroitin sulphate proteogrycan T V),
RWTEEICHFLET 5 2 LD 5
W5 (Larjava et al., 1992). 2561 i,
isoformAS{7#£ L (Shinomura et al., 1993 ; Zimmermann et
al., 1994 ; Ito et al., 1995 ; Zako et al., 1995), #risoform®
BT L > TR AL S (Cattaruzza et al.,
2002). PCRIZ & % 7% BB O AT IC BT, B
& B O F 2 2 versican isoformiEV1ITH 5 2 &S 5 2
IENTWw% (Okahata et al., 2011). ABFFETH W 72in
Vltro@HPLF@ﬁverswan isoform®mRNAZEHLIZ DV T A
Thb L, HEBCH:TldFisoform®mRNAFEH O & i
IEFEICIERO B 2 ENTE VA, ACHETHE T %
&, WHEHTRVIORERR I ER L E L, VoL VIDZEI):
K<, V2ORBUZIZLA RO ONEh o7z, O
RlL, A8 TH\72HPLF2%n vivolZ#L L 7z versican
isoformZ ZEH L TWAH I LEZRLTWA
MR 9 K versican lsoform@*ﬁﬂﬂgﬁiﬁbui&i
VO isoformC17. 8%, V1T9.6f%, V3TIL6f5L, Vox
% < isoform CmRNAD FEHLD WA ANPHZE T - 7.

(¥ decorinl

{ZvesicanZ

%
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(a, d) IR FOLE S > THIlE Y — + RicBlgsh, #H 2R L72ETRZ/R L Tw
Z) Versican®o. domain (¢) & B domain (f) (EWEA R OKE, fibrillin-1\23FET S (b,

e). LoL, —#iIFtiotz

#, MR X > TVIOMRNARBIFICHE K % 5
DPIEH ST RS, VI E Ml Disoform & DY
7 24 < GAG$H (chondroitin sul-
phate) D TH 5. b bversicanTHA S &, VO isoform
T16, VI isoform™T12, V2 isoform™T 4, V3 isoform™T 0
2T D GAGHHAE S W REEBAL Z B > (Zimmermann et al.,
1994). L72%%5C, MBI X > TR domaink A9
% versican® V1 isoformD FE LAY 1A% Z & 1L versican D
A3 5 GAGH AT D X = AV A+ L R ’kﬁ”%
POBTEIZ BN T 5 0% 24 L TWwh Z L 2RIk

Tw%t%x%h%.ﬁﬁﬁ%%%ﬁn#B,7?%%
MBS 5 £ % GAGH 1L,
phate, chondroitin-6-sulphate33 & (Ydermatan sulphate T &

L\ [T core protein 12

chondroitin - 4 - sul-

% (Smalley et al., 1984 ; Matsukawa, 1994 ; Kagayama et
al., 1996). HPLFD X /1 = )V A b L A2 X 5 GAGHH
DZALIZB S A 07813, KA DALY 73,
DEBRRIIB VT, MHIEHOAMIZ X 5 Tchondroitin-6
-sulphate 2S5 2 &, FRENREFEBRIZL T
71 chondroitin sulphate 23943 % Z & 23 ST w
1996 ; Kaneko et al., 2002). F 7z,

in vivo

% (Kagayama et al.,
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control

stretching

fRRAM
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control

stretching

+—>
fREAE

4. PRI RIBER L 7-HPLE

&I OWFSE Tldversican & L O BEAR N 58 % & o> B 14
MBI SN TW b, Theocharis > (2001) 1%, & MEjAR
BT OVO isoform DA A3 ML BE DR HE & B ek %
KT, BROBELZEET LS L2MEL TV,

¥ 72, Hinek® (2004) X, V3 isoform% w4 FEH X &

W2 BT A fibrillin-138 & Uversicand 0%
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& v b SRR SRR D X B = H VA b L A2 & Bfibrillin-13 X Oversican® F&H & SR TEDZAL

merge

versican( & -domain)

merge

1

JE I R FIB0C X A fibrillin-1 0 B OGRS R IRAE & AR 2D b e (akd, gkj). —J, versican® o domain& B do-
maindHICHEEER B L CALND (ckf, i&l). AREEICB W Tz 07 MESIHBIC A S, MIERIE D versican % 3
WY AHZEERLTWS (bke, h&k). Scale bars : 100um.

AL

% L, elastin-binding protein® &3 3B L OV PERLHE D A
ARSI NS Z & 2 E L, Z1IZIEV3 isoform D3
MZHE D GAGH DAL L Tnwad 2 L 2Rl
72, NS OMITRIE, BAREERIER I BT S versican Diso-
form D FEBLE LA GAGO BT 35 & UTHHMERHE R 2 4 L
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T PRI G O B B 12 B 5 L T 2 W] RE I & /R
LTWw3.

x} HEHE & JEBRTE C Ofibrillin-1, GAG-o domain$ & O
GAG-B domain®D fE Gt DFE A6, MBERITIC L -
T3 DD F IS INIEATS IR HEMZ R L
7. 2RI, #BEOHZET Ofibrillin-1 & fibrillin-20
RERLOFER (Tsuruga et al., 2009) & b —F L Tw
BB, ARIFZETidversican D JFTEIZ DWW T b FEL O R
DTNz MHESFAIIG & 2 W 1A PN B A LS — s il
T oMERIEA Db % &, Milgs L WA 7 7 7
YA MVRATZ 7 A= MRS L CHRE IR §
LHZEDNMSLNTEY (Wei et al., 2008 ; Hsu et al.,
2009), ABFFEIZ BT D AR DML DL A3 A 5 1
72. TOZEEANZHNVA L REW) EHRASHITLA
WfZEL, ZNSHLTCT 7 F YA PLAT 74 3=28
fER2RMET 272 0DIEEZ L7z L 2RRLTY
5%, versicanZz E DB OBRHIHMNBND T 27 F > D
BN LI BOS RO, 525 WIEEEZ Db DDORIE
BOME, TOWFLELELAYTH L.

GAG-0, domain & GAG-B domain® #.3% e 12D W T
% &, 2O0Odomain®JREIZ I3 R, BRI L SR E
LAERIIED LN ol LA L, WMREOREGMD
ALE R & BRI T 5 &, MURITHIC X 5 Tibril-
lin- 112 LT 2 D DGAG domain Gt i PH & HOt IR
FEAHRIIICHEM L Tz, ERtiddh ETH Y~
NIYMDRIER A DSDTHY, & ¥ 87 BIEHDER
INEETIXD 2725, Z OFRERIIAWIEIZ BT 2 fibrillin-1
& versican-total ® mRNAFE BL O & (fibrillin-1 T 3. 6 £
B4, versican-total T6. 8f51) 2Lk o THLFINS.

F 72, ARWPZETH W72 2 I O versicanfi ik i Z 2
1lrabbit anti-mouse versican (GAG-o. domain) PLIRIZVO
L V2®Disoform%, rabbit anti-mouse versican (GAG-B do-
main) HUAKIZVOL VIDisoform% k3 5. VO, VI, V
2 isoformDJFEZR HTH D L, D7 LBV, VIEV2
@ 3 D Oversican isoformifibrillin-112{F> THEET 5 2
ERHLNE RSz 51T, BB MR O BRI
X 1 versican ® GAG-o. domain & GAG-B domain O 4 5
FEATE HITHRL-Z &2z, BEHEEIRT X )
37074 7V IVORHRIEEO RIS B 5 WHEOERIES
A7z L, MR A fbrillin-1 £ Y b versi-
canDFEHAWMRSELILEZRBTLIDOTHY, %
¥ fibrillin-1 & versican ® mRNAZS Bl 2 [b 4 5 &, ffijg
M versican DmRNAZEH 2 % L {HIIRL, VO, VI,
V3 isoformiZ BT HFH L WHRA A b7z, $3. 645
FEEERS IR & N7z fibrillin-1 O mRNA R I L S iR et 1C
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N o 7. RIZERTHI L 72 J5 0 e ol 5 s
fibrillin-1 & ¥ & versican® mRNAJSIH # B L 72 2 & >
5, HPLFIZMUEHIFEIZH L CTversican®mRNAZE I % 4
LTREL72boEEZONS. fiE> T, fibrillin-1&
versican | Z BRI DMK AV H L, 5 1 o R A HE % R
59 A THWO TEEZBRICH Y, MR X %
AH = A NVA L ZITH L CHPLF I fibrillin-1 & versican
DOFBZHR L, ZOBH 05 ARSI EIT 5
BEICZBAE L7z, SO XA, AH=HIVA ML R IERE
& W % F ) BRI A ORERE & HERE T 2 20 IC B
ThbILHIRBINT,

]

E b ARSI, A=AV A P LA (R
FIH) & L Tibrillin-1 & versican D 5§ H 2 g L, ¥
YN BEDREDOERMELET B LWL R T
IOZEE, AHZHNVA ML AT B AR O
WGBTS Z EDREB SN,

X (73

®

Bock P & Stockinger L. Light and electron microscopic
identification of elastic, elaunin and oxytalan fibers in hu-
man tracheal and bronchial mucosa. Anat Embryol 170 :
145-153, 1984.

Cattaruzza S, Schiappacassi M, Ljungberg-Rose A, Spes-
sotto P, Perissinotto D, Morgelin M, Mucignat MT, Co-
lombatti A & Perris R. Distribution of PG-M/versican
variants in human tissues and de novo expression of iso-
form V3 upon endothelial cell activation, migration, and
neoangiogenesis in vitro. J Biol Chem 277 : 47626-47635,
2002.

Edwards JG. A study of the periodontium during orthodon-
tic rotation of teeth. Am J Orthod 54 : 441-61, 1968.

Fujii T & Hirabayashi Y. Histochemical studies of gly-
cosaminoglycans in developing periodontal ligaments of
ICR mice. Anat Rec 254 : 465-73, 1999.

Fullmer HM, Sheetz JH & Narkates AJ. Oxytalan connec-
tive tissue fibers : a review. J Oral Pathol 3 : 291-316,
1974.

Hinek A, Braun KR, Liu K, Wang Y & Wight TN.
Retrovirally mediated overexpression of versican v3 re-
verses impaired elastogenesis and heightened proliferation
exhibited by fibroblasts from Costello syndrome and
Hurler disease patients. Am J Pathol 164 : 119-131, 2004.

Horiuchi K, Amizuka N, Takeshita S, Takamatsu H, Kat-



40

suura M, Oazwa H, Toyama Y, Bonewald LF & Kudo A.
Identification and characterization of a novel protein, pe-
riostin, with restricted expression to periosteum and peri-
odontal ligament and increased expression by transform-
ing growth factor. J Bone Miner Res 14 : 1239-1249,
1999.

Hsu HJ, Lee CF & Kaunas R. A dynamic stochastic model
of frequency-dependent stress fiber alignment induced by
cyclic stretch. PLoS One 4 : e4853, 2009.

Isogai Z, Aspberg A, Keene DR, Ono RN, Reinhardt DP &
Sakai LY. Versican interacts with fibrillin-1 and links ex-
tracellular microfibrils to other connective tissue networks.
J Biol Chem 277 : 4565-4572, 2002.

Ito K, Shinomura T, Zako M, Ujita M & Kimata K. Multi-
ple forms of mouse PG-M, a large chondroitin sulfate
proteoglycan generated by alternative splicing. J Biol
Chem 270 : 958-965, 1995.

Kagayama M, Sasano Y, Mizoguchi I, Kamo N, Takahashi
I & Mitani H. Localization of glycosaminoglycans in peri-
odontal ligament during physiological and experimental
tooth movement. J Period Res 31 : 229-234, 1996.

Kaneko S, Ohashi K, Soma K & Yanagishita M. Occlusal
hypofunction causes changes of proteoglycan content in
the rat periodontal ligament. J Periodontal Res 36 : 9-17,
2001.

Larjava H, Hékkinen L & Rahemtulla F. A biochemical
analysis of human periodontal tissue proteoglycans. Bio-
chem J 284 : 267-274, 1992.

LeBaron RG, Zimmermann DR & Ruoslahti E. Hyaluro-
nate binding properties of versican. J Biol Chem 267 :
10003-10010, 1992.

Mecham RP & Davis EC. Elastic fiber structure and as-
sembly. In : Yurchenco PD, Birk DE, Mecham RP, eds.
Extracellular matrix assembly and structure. New York :
Academic Press Inc. 281-314, 1994.

Okahata S, Yamamoto R, Yamakoshi Y & Fukae M. A
large chondroitin sulfate proteoglycan, versican, in porcine
predentin. J Oral Biosci 3 : 72-81, 2011.

Putnam EA, Cho M, Zinn AB, Towbin JA, Byers PH &
Milewicz DM. Delineation of the Marfan phenotype asso-
ciated with mutations in exons 23-32 of the FBN1 gene.
Am J Med Genet 29 : 233-42, 1996.

Rosenbloom J, Abrams WR & Engvall E. Extracellular ma-
trix 4 : The elastic fiber. FASEB Journal 7 : 1208-1218,
1993.

(40)

Naoko TORIYA et al./Changes in expression and localization of fibrillin-1 and versicanin human periodontal ligament fibroblast (HPLF) s induced by mechanical stimulation

Sakai LY, Keene DR & Engvall E. Fibrillin, a new 350-kD
glycoprotein, is a component of extracellular microfibrils.
J Cell Biol 103 : 2499-2509, 1986.

Shinomura T, Nishida Y, Ito K & Kimata K. cDNA clon-
ing of PG-M, a large chondroitin sulfate proteoglycan ex-
pressed during chondrogenesis in chick limb buds. Alter-
native spliced multiforms of PG-M and their relationships
to versican. J Biol Chem 268 : 14461-14469, 1993.

Smalley JW, Shuttleworth CA & Grant ME. Synthesis and
secretion of sulphated glycosaminoglycans by bovine peri-
dontal ligament fibroblast cultures. Arch Oral Biol 29 :
107-16, 1984.

Theocharis AD, Tsolakis I, Hjerpe A & Karamanos NK.
Human abdominal aortic aneurysm is characterized by de-
creased versican concentration and specific downregula-
tion of versican isoform V(0). Atherosclerosis 154 : 367-
376, 2001.

Tsuruga E, Irie K, Sakakura Y & Yajima T. Expression of
fibrillins and tropoelastin by human gingival and peri-
odontal ligament fibroblasts in vitro. J Periodontal Res
37 :23-28, 2002.

Tsuruga E, Nakashima K, Ishikawa H, Yajima T & Sawa
Y. Stretching modulates oxytalan fibers in human peri-
odontal ligament cells. J Periodontal Res 44 : 170-4, 2009.

Wei Z, Deshpande VS, McMeeking RM & Evans AG.
Analysis and interpretation of stress fiber organization in
cells subject to cyclic stretch. J Biomech Eng 130 :
031009, 2008.

Wight TN, Heinegard D & Hascall V. Proteoglycans :
structure and function. In Cell Biology of Extracellular
Matrix. Edited by Hay E. Plenum Press, New York.,
USA, pp39-50, 1991.

Wight TN. Versican : a versatile extracellular matrix pro-
teoglycan in cell biology. Curr Opin Cell Biol 14 : 617-
623, 2002.

Yamada S, Murakami S, Matoba R, Ozawa Y, Yokokoji T,
Nakahira Y, lkezawa K, Takayama S, Matsubara K &
Okada H. Expression profile of active genes in human
periodontal ligament and isolation of PLAP-1, a novel
SLRP family gene. Gene 275 : 279-286, 2001.

Yamada S, Ozawa Y, Tonoeda M, Matoba R, Matsubara K
& Murakami S. Regulation of PLAP-1 expression in peri-
odontal ligament cells. J Dent Res 85 : 447-451, 2006.

Yamada S, Tomoeda M, Ozawa Y, Yoneda S, Terashima

Y, Ikezawa K, Ikegawa S, Saito M, Toyosawa S & Mu-



JLHE AR MRS 32(1)  ~H254F 41

rakami S. PLAP-1/asporin, a novel negatine regulator of
periodontal ligament mineralization. J Biol Chem 282 :
23070-23080, 2007.

Yamagata M, Saga S, Kato M, Bernfield M & Kimata K.
Selective distributions of proteoglycans and their ligands
in pericellular matrix of cultured fibroblasts. Implications
for their roles in cell-substratum adhesion. J Cell Sci 106 :
55-65, 1993.

Zako M, Shinomura T, Ujita M, Ito K & Kimata K. Ex-
pression of PG-M(V3), an alternatively spliced form of
PG-M without a chondroitin sulfate attachment in region
in mouse and human tissues. J Biol Chem 270 : 3914-
3918, 1995.

Zimmermann DR, Dours-Zimmermann MT, Schubert M &
Bruckner-Tuderman L. Versican is expressed in the prolif-
erating zone in the epidermis and in association with the
elastic network of the dermis. J Cell Biol 124 : 817-825,
1994,

Zimmermann DR & Ruoslahti E. Multiple domains of the
large fibroblast proteoglycan, versican. EMBO J8 : 2975-
2981, 1989.

KM W, BAART, BCEIER, BURHER @
F. e bR R RHESF AL 35 U5 & fibrillin-1 D %€
B ASversican®mRNA L ¥ V8 7 HFEHB L UMY
YR HDRIENRAETTRE. JLE R 31 81-
87, 2012.

B RmRT

B B B2 TS - BB ST M RHG 22 0 %

RIS AL A 2 ‘

ER64E3 1 AR BRI b N DR S T

PRSI 4 LR HAE 02 ERCTREHERS - BT MG I 75 0 ,
BF

TR0 4 FI LR 072 TR THERERS - BT R MR I 55 B i
By §

(41)






The Dental Journal of Health Sciences University of Hokkaido 32(1) (43—51) 2013

(Original)

43

The characteristics of Prevotella oris hemolysin and its interaction
with the erythrocyte membrane
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Abstract

Prevotella oris produces a proteinous hemolysin,
which is observed as a 16-kDa band on a sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) gel. In this study, we analyzed the N-terminal
amino acid sequence of P. oris hemolysin. We identi-
fied 7 N-terminal amino acids, and it was deduced that
P. oris hemolysin has a short peptide sequence. The
amino acid sequence of hemolysin did not share any se-
quence similarity with any the other known bacterial
protein or peptide.

It was also clarified that P. oris hemolysin binds to

erythrocytes in a temperature-dependent manner before

hemolysis. This hemolytic activity was inhibited when
the erythrocytes treated with trypsin or glycosidase
were used. Cholesterol did not affect the activity. Fur-
thermore, a 46-kDa glycoprotein band disappeared from
the profiles of the erythrocyte membranes treated with
trypsin when run on a SDS-PAGE gel. This result sug-
gests that the 46-kDa erythrocyte membrane glycopro-
tein may be a binding site for the hemolysin. This is
the first report describing the N-terminal amino acid se-
quence of P. oris hemolysin and its binding site on the

erythrocyte membrane.

Key words : Prevotella oris, hemolysin, N-terminal amino acid sequence, hemolysin-binding site, glycoprotein

Introduction

Prevotella oris, a nonpigmented, gram-negative, rod-
shaped anaerobic bacterium, is assumed to be one of the
pathogenic bacteria involved in suppurative inflamma-
tion of the oral and head regions. Previous studies,
showed that P. oris is frequently isolated not only from
the lesions of several oral infections such as periodontal
disease (Yousefimashouf et al., 1993), endodontic infec-
tion (Brito et al., 2007), dentoalveolar abscess (Dymock
et al., 1996), and spreading odontogenic infection (Rig-
gio et al., 2007) but also from the lesions of systemic
infections such as empyema (Civen et al., 1995) and
meningitis (Frat et al.,2004). Furthermore, P. oris pro-
duces immunoglobulin A protease (Frandsen et al.,
1986), hyaluronidase (Grenier & Michaud, 1993), B-
lactamase (Iwahara et al., 2006), hemolysin (Sato et al.,

2012), and coaggregates with Porphyromonas gingivalis

(Sato and Nakazawa, 2012), suggesting that these fac-
tors may contribute to the pathogenic potential of the
organism.

In our previous study, it was demonstrated that P.
oris produces a proteinous hemolysin, determined as a
16-kDa  band
polyacrylamide gel electrophoresis (SDS-PAGE) gel

on a sodium dodecyl sulfate-
(Sato et al., 2012). The characteristics of hemolysin pro-
duced by oral bacteria such as Porphyromonas gin-
givalis (Deshpande & Khan,1999), Prevotella interme-
dia (Takada et al., 2003), Aggregatibacter actinomy-
cetemcomitans (Kimizuka et al., 1996), and Treponema
denticola (Chu & Holt, 1994), have been reported.
These hemolysins were reported to be proteinous sub-
stances, because such activities are inactivated by heat
or trypsin treatment. However, there is no report de-
scribing the function domains of hemolysin from oral

bacteria. In this study, we analyzed the N-terminal

A P25 4 H 2 B 2B PIi254F 5 1 10H
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amino acid sequence of P. oris hemolysin, and exam-
ined its sequence similarity with any the other known
bacterial proteins and peptides.

The hemolysin of P. oris, P. intermedia, and A.
actinomycetemcomitans has been reported to be acti-
vated by thiol compounds (Sato et al., 2012 ; Takada et
al., 2003 ; Kimizuka et al., 1996). Streptolysin O, pro-
duced by Streptococcus pyogenes, is a member of the
thiol-activated cytolysins. It binds to cholesterol in the
erythrocyte cell membrane and causes hemolysis by oli-
gomerization on the cell membrane (Bhakdi et al.,
1996). Previously, perfringolysin O, listeriolysin O, and
cereolysin O were identified as thiol-activated
cholesterol-binding cytolysins (Palmer, 2001). However,
the binding site of the thiol-activated hemolysin pro-
duced by oral gram-negative bacteria remains unknown.
In this study, we investigated the interaction between
hemolysin from P. oris and erythrocyte cell membranes

to determine the hemolysin-binding site.
Materials and methods

Bacterial strain and culture conditions

We used a clinical strain of P. oris WK1 exhibiting
strong hemolytic activity. The WK1 was isolated from
the subgingival sites of patients with chronic periodonti-
tis, and it was already confirmed as a P. oris species by
16S rRNA sequence analysis (Sato et al., 2012). P. oris
was subcultured on TYHM blood agar (tryptic soy broth
[BD, Difco] supplemented with 0.5% yeast extract [BD,
Difco], 1.5% agar [BD, Difco], 5% v/v sheep blood, 5
wg/mL hemin [Wako], and 1pg/mL menadione [Wako]).
To purify hemolysin, TYHM broth (tryptic soy broth
[BD, Difco] supplemented with 0.5% yeast extract [BD,
Difco], Sug/mL hemin, and 1pg/mL menadione) was

used.

Purification of hemolysin and N-terminal amino acid
sequence analysis

P. oris hemolysin was purified, in the methods as de-
scribed previously (Sato et al., 2012). Briefly, the hemo-
lysin produced in the culture supernatant was subjected
to ion-exchange and gel-filtration chromatography ;
hemolysin fractions were then, subjected to HPLC. The
purified hemolysin was desalinized using an amicon

Ultra-0.5 centrifugal filter device ( 10 K ; Millipore,
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Toshiya SATO et al. /The characteristics of Prevotella oris hemolysin and its interaction with the erythrocyte membrane

Billerica, MA, USA).

The N-terminal amino acid sequence of the purified
hemolysin was determined by Edman degradation with
an automatic protein sequencer (Procise 491 ; Applied
Biosystems, Tokyo, Japan). Furthermore, the sequence
similarity with any the other known bacterial protein
and peptide was analyzed using the protein homology
search data base system, BLAST (basic local alignment

search tool).

Hemolysin-binding studies

Horse erythrocytes were washed 3 times with PBS
and resuspended. Then, 2ml of 1% erythrocyte suspen-
sion (v/v) with lunit P. oris hemolysin was incubated at
37°C, 27°C, or 4° C for 1h. Thereafter, the erythrocytes
were separated by centrifugation (1,500xg for Smin) and
washed three times with PBS. Subsequently, the eryth-
rocytes were resuspended with PBS, and the pre-
incubated supernatant (PiS) was added to untreated
erythrocytes. After incubation at 37° C for 5h, the hemo-
Iytic activity in both samples was measured as described

previously (Sato et al., 2012).

Effect of various treatments on hemolytic activity

The effect of cholesterol on hemolytic activity was
evaluated after incubation with lunit P. oris hemolysin
at 37°C for 1h. The hemolysin pretreated with 10ug/mL
or 50ug/mL cholesterol and horse erythrocytes were
then incubated at 37° C for 5h and the activity was
measured as described previously (Sato et al., 2012).
Untreated hemolysin was used as the control, with an
assumed hemolytic activity of 100%.

Horse erythrocytes were treated with 2mg/ml trypsin
at 37° C for 2h, or 15,000 U N-glycosidase, 2,000,000
U O-glycosidase and 2,000 U neuraminidase at 37° C
for 18h. After treatment, the erythrocytes were washed 3
times with PBS, and then, 2ml of 1% erythrocyte sus-
pension (v/v) with lunit hemolysin of P. oris was incu-
bated at 37° C for 5h. After incubation, hemolytic activ-
ity was measured as described previously (Sato et al.,
2012).

Effect of trypsin treatment on SDS-PAGE profiles of
erythrocyte membrane proteins

To identify the hemolysin-binding site, the cell mem-
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branes of horse erythrocytes treated with trypsin were
subjected to SDS-PAGE. The erythrocytes were washed
3times with PBS, and then 2ml of the 1% erythrocyte
suspension (v/v) was incubated at 37° C with 2mg/ml
trypsin for 18h. In order to clarify the difference of
band intensity on SDS-PAGE gel, the erythrocytes were
treated for long time. The treated erythrocytes were
washed 3times with PBS containing 6mg/ml trypsin in-
hibitor from soybean (Wako, Japan) and then lysed with
a hypotonic buffer solution (10mM Tris-HCI, pH7.4).
The erythrocytes membranes were collected by centrifu-
gation (15,000 x g for 5min), washed 3times with a hy-
potonic buffer solution, and subjected to SDS-PAGE.
The SDS-PAGE gel was then visualized by CBB stain-
ing or PAS staining.

Results

The N-terminal amino acids sequence of the purified
hemolysin was identified as 'Asp-Tyr-Glu-Pro-Phe-Glu-
Pro’. In this study, the amino acid peaks on the auto-
matic protein sequencer rapidly decreased after each cy-
cle, although the peak for 'Asp was significantly higher.
Finally, after identification of Pro’, the N-terminal
amino acids sequence could no longer be identified
(data not shown). In the protein homology search by
BLAST, the N-terminal amino acid sequence similarity
with any the other known bacterial protein and peptide
could not be detected.

The results of the hemolysin binding studies are
shown in Fig.1. The erythrocytes pre-incubated with
hemolysin at 37° C were hemolyzed, and only a weak
hemolytic activity was detected in PiS. However, the
erythrocytes pre-incubated at 27° C showed moderate ac-
tivity, whereas those pre-incubated at 4° C did not un-
dergo hemolysis. The activity was maintained in PiS es-
pecially almost of all the activity was in PiS in case of
pre-incubation at 4° C. Therefore, in this study, it was
demonstrated that hemolysin bound to erythrocytes in a
temperature-dependent manner.

In order to identify the hemolysin-binding site, the af-
finity between hemolysin and cholesterol was examined
(Fig.2). The hemolytic activity was weakly inhibited by
cholesterol treatment. However, there was no statisti-
cally significant difference between the results obtained

using 10ug/ml and 50pug/ml cholesterol treatment.
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To determine whether other membrane constituents
other than cholesterol might provide a hemolysin-
binding site, erythrocyte surface proteins and sugar
chains were enzymatically removed. As a result, the
binding activity for the erythrocytes treated with trypsin
(Fig.3) and glycosidase (Fig.4) was significantly inhib-
ited. The percent hemolysis inhibition by cholesterol
treatment, trypsin treatment and glycosidase treatment
was calculated 24.3% , 46.6% ,
(Fig.5). The inhibitory effect of treatment with trypsin

73.6% respectively

or glycosidase was higher than that observed with cho-
lesterol treatment.
Furthermore, the SDS-PAGE profiles of the erythro-

cyte membrane proteins with or without trypsin treat-
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Fig.1. Hemolysin binding test
The existence of hemolysin was determined by measuring the ac-

37°C

tivity in erythrocytes and reaction buffer. ll : Erythrocyte activity
when pre-incubated with hemolysin at 37°C, 27°C, or 4°C for 1
h. M : Activity of the pre-incubated supernatant [] : Activity
without pre-incubation. The relationship between the different
treatments indicates a statistically significant difference (P <
0.05) ; Kruskall-Wallis test.
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Fig.2. Effect of cholesterol on hemolytic activity

To examine the sensitivity of hemolysin for cholesterol, the activ-
ity of hemolysin treated with cholesterol was measured. Il : Ac-
tivity without treatment. [] : Activity of hemolysin treated with
10ug/mL, 50ug/mL cholesterol. Mann-Whitney U test, *P <0.05

vs. control, **P<0.01 vs. control
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Fig.3. Hemolytic activity on erythrocytes treated with trypsin
The activity on erythrocytes treated with 2mg/ml trypsin was
measured for treated cells (). Erythrocytes not treated with
trypsin were used as control cells ([]). Mann-Whitney U test,
* P<0.05 vs. control
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|
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Fig.4. Hemolytic activity on erythrocytes treated with glycosi-
dase

The activity on erythrocytes treated with 15,000 U N-
glycosidase, 2,000,000 U O -glycosidase, and 2,000 U neuramini-
dase was measured for treated cells (). Erythrocytes not treated
with trypsin were used as control cells ([]). Mann-Whitney U
test, *P <0.05 vs. control

ment were examined (Fig.6). When the erythrocytes
were treated with trypsin, a 46-kDa and 42-kDa band
disappeared from the SDS-PAGE gel following CBB
staining. However, a 31-kDa band was determined, al-
though it was not detected in the case of the erythro-
cytes not treated with trypsin. Furthermore, the intensity
of the 23-kDa band was higher in the erythrocytes
treated with trypsin. On the SDS-PAGE gel stained with
PAS, a 46-kDa band also disappeared. Although several
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Fig.5. Percent hemolysis inhibition by various treatments

The percent hemolysis inhibition by 50ug/mL cholesterol treat-

ment, trypsin treatment and glycosidase treatment were calculated

treatment

as follows ; { (hemolytic activity of control group-hemolytic ac-
tivity of test group)/hemolytic activity of control group}x100=%
hemolysis inhibition

The Statistical significance was calculated using Mann-Whitney
U test. *P<0.05 vs. cholesterol treatment
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Fig.6. SDS-PAGE profiles of erythrocyte membrane proteins
Erythrocytes treated with/without trypsin were hemolyzed, and
then cell membranes were collected by centrifugation. Erythro-
cyte membranes not treated with trypsin were loaded onto lanel.
Erythrocyte membranes treated with trypsin were loaded onto
lane2. The gel, A, was visualized by CBB staining ; the gel, B
was visualized by PAS staining.

major bands were determined by PAS staining, there
was no difference between the results in the presence

and absence of trypsin except for the 46-kDa band.
Discussion

Previously, we had purified a16-kDa proteinous
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hemolysin produced by P. oris by using gel-filtration
and ion-exchange chromatography (Sato et al., 2012). In
this study, the 7N-terminal amino acids of P. oris
hemolysin were identified by Edman degradation. The
amino acid peaks in the automatic protein sequencer
rapidly decreased from cycle to cycle. In light of this
phenomenon, two possibilities were suggested. One sug-
gestion was that the amount of hemolysin is too low.
However, because the peak of 'Asp was sufficiently
high, it was assumed that the amount of hemolysin was
sufficient. The other possibility is that the protein part
of hemolysin is a short peptide. In our previous study,
the 16-kDa band was not observed by CBB staining, al-
though the much clearer band was identified with silver
staining. Furthermore, on the SDS-PAGE gel loaded
with the partially purified hemolysin, the hemolysin
band was stained by sudan black staining (data not
shown). These phenomena support the possibility that P.
oris hemolysin may be composed of a lipid and a short
peptide.

Additionally, N-terminal amino acid sequencing re-
vealed that the hemolysin of P. oris includes only Try
and Phe, two aromatic amino acids, which have an af-
finity to CBB. Thus, it is assumed that P. oris hemo-
lysin is not easily stained by CBB because of its amino
acid composition. Furthermore, we demonstrated that
purified hemolysin is not decomposed by trypsin treat-
ment, based on SDS-PAGE analysis (Sato et al., 2012).
This phenomenon supports the result of the N-terminal
amino acid sequence in this study, as this hemolysin
does not include Arg and Lys, which are recognized by
trypsin.

In the homology search using BLAST, the N-terminal
amino acids of P. oris hemolysin did not show any
similarity to any the other known protein or peptide pro-
duced by bacteria. Although the internal amino acids se-
quence of crude P. gingivalis hemolysin has been deter-
mined (Deshpande & Khan, 1999), there is no report
describing the N-terminal amino acids sequence of
hemolysin from oral bacteria.

Previously, there has been no report describing sugar/
lipid modification of hemolysin. Thus, wheather hemo-
lysin from oral bacteria is a lipoprotein remains un-
known. Recently, bacterial lipo-proteins have been well

studied in gram-negative bacteria such as E. coli
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(Okuda & Tokuda, 2011) and spirochete (Haake, 2000),
gram-positive bacteria (Sutcliffe & Russell, 1995), and
Mpycoplasma (Rezwan et al., 2007), indicating that many
microorganisms have lipo-proteins. Furthermore, using
gene analyses, the number of lipoprotein gene has been
identified in pathogenic bacteria such as Helicobacter
pylori, Borrelia burgdorferi and Mycobacterium tuber-
culosis (3Rl et al., 2000). Bacterial lipo-proteins ex-
hibit a number of biological activities such as the acti-
vation of immunocytes and the induction of apoptosis
(Kovacs-Simon et al., 2011). However, the cytotoxic ac-
tivity of lipo-proteins has not yet been reported.

In this study, we clarified that P. oris hemolysin
bound to erythrocytes in a temperature-dependent man-
ner (Fig.1). The level of hemolysin binding was stronger
after pre-incubation at 37° C than after pre-incubation at
27° C or 4° C. Thus, the environmental conditions in the
oral cavity are appropriate for the hemolytic activities of
P. oris. Similarly, the hemolysis rate of P. intermedia
hemolysin is temperature-dependent (Beem et al., 1998).
In contrast, Fusobacterium necrophorum hemolysin has
been reported to bind to erythrocytes in a temperature-
independent manner (Amoako et al., 1997). These phe-
nomena may imply that the hemolysis mechanism is ba-
sically different among oral gram-negative bacterium,
but details remain unknown.

Previously, we reported that the hemolysin of P. oris
was activated by pre-treatment with thiols such as L-
cysteine, DTT, and 2-mercaptoethanol (Sato et al.,
2012). These phenomena are similar to the properties of
streptolysin O, a product of S. pyogenes. The activity of
streptolysin O is strongly inhibited by cholesterol, be-
cause the cholesterol on the erythrocyte membrane is a
target for streptolysin O (Prigent et al., 1976 ; Bhakdi et
al., 1985). However, the activity of P. oris hemolysin
was not inhibited by cholesterol pre-treatment (Fig.2).
Thus, the major binding site of P. oris hemolysin is not
likely to be a cholesterol on the erythrocyte membrane.
In contrast, the activity of the erythrocytes treated with
trypsin or glycosidase was inhibited, suggesting that the
binding site of this hemolysin may be a glycoprotein
(Fig.3, 4).

To identify the hemolysin-binding site, the SDS-
PAGE profiles of erythrocyte membranes were exam-

ined (Fig.6). When the erythrocytes were treated with
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trypsin, a 46-kDa glycoprotein band disappeared from
the SDS-PAGE gel when visualized with CBB and PAS
staining. Furthermore, a 42-kDa protein band also disap-
peared. However, it is considered that the 42-kDa pro-
tein may be a scaffold protein as a part of the erythro-
cyte membrane, because this protein was not visualized
by PAS staining. Additionally, a 31-kDa band was de-
tected following trypsin treatment. It is being investi-
gated whether this protein is a product from the 46-kDa
protein. The intensity of the 23-kDa band was higher in
the erythrocyte membrane treated with trypsin. It is as-
sumed that the recovery of the erythrocytes membrane
proteins was affected by trypsin treatment. Therefore,
the 46-kDa glycoprotein is most likely to behave as a
binding site for P. oris hemolysin. Further investigations
are in progress to identify the 46-kDa glycoprotein.

Previously, glycophorin, one of the main proteins on
the erythrocyte surface, was identified as a receptor for
E. coli a-hemolysin (Aitziber et al., 2001) and Vibrio
cholera El Tor hemolysin (Zhang et al.,1999). Further-
more, it has been shown that the receptor for
Aeromonas sobria hemolysin is a glycoprotein on the
intestine cell (Wang et al., 1999). In the case of oral
bacteria, there are only few reports describing the hemo-
lysin receptor, although it has been proposed that the
erythrocyte receptor for Fusobacterium necrophorum
hemolysin is phosphatidylcholine (Amoako et al., 1998).

Because the erythrocytes treated with glycosidase had
not undergone hemolysis by P. oris hemolysin, the
sugar chain of the 46-kDa protein may be involved in
hemolysin binding. However, the saccharides compris-
ing the cell surface sugar chain (glucose, galactose,
mannose, arabinose, xylose, fucose, N -acetylglucosamine,
N -acetylgalactosamine and N -acetylneuraminic acid) did
not affect the hemolytic activity (data not shown). Thus,
there is the possibility that P. oris hemolysin does not
have an affinity against the monosaccharide but instead
against the conformation of the sugar chain.

Previously, we reported the release of GAPDH from
erythrocyte membranes following treatment of the cell
with P. oris hemolysin (Sato et al., 2012). GAPDH is a
glycolytic enzyme that catalyzes the conversion of
glyceraldehyde-3-phosphate to 1, 3-diphosphoglycerate.
Furthermore, recent studies demonstrated that GAPDH

has many other important roles including the cellular re-
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sponse to oxidative stress (Hara et al., 2006), apoptosis
(Huang et al., 2009), transcriptional (Zheng et al., 2003)
and posttranscriptional gene regulation (Backlund et al.,
2009), chromatin structure (Demarse et al., 2009), main-
tenance of DNA integrity (Azam et al., 2008), vesicular
transport (Tisdale, 2001), and receptor-mediated cell sig-
naling (Raje et al., 2007). The glycolytic activity of
GAPDH is inhibited upon binding to the polyanionic N-
terminus of anion exchanger/Band 3, and activated when
it is released from Band 3 to the cytosol (Tsai et al.,
1982 ; Mallozzi et al., 1995). Therefore, a significant re-
lease of free GAPDH into the cytosol may alter cellular
homeostasis, and thereby lead to hemolysis. However,
we consider that there is not direct interaction between
P. oris hemolysin and GAPDH, because cell membrane
GAPDH is one of a scaffold protein as a part of the
erythrocyte membrane. After the hemolysin binding to
46-kDa erythrocytes glycoprotein, GAPDH may be re-
leased from cell membrane through some intracellular
reactions. Further studies are in progress to understand
the detailed mechanism of hemolysin-driven cell dam-
age due to P. oris.

In this study, we examined the N-terminal amino ac-
ids sequence of P. oris hemolysin and its interaction
with erythrocytes. Our findings are useful for better un-
the mechanisms oris

derstanding underlying  P.

hemolysin-driven cell damage.
Conclusion

It was suggested that h P. oris hemolysin may have a
short peptide. This hemolysin binds to erythrocytes
membrane in a temperature-dependent manner before
hemolysis. Further, there is the possibility that the
hemolysin- binding site is a 46-kDa glycoprotein on the

erythrocytes membranes.
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Alteration of masticatory performance caused by diet change induces
oxidative stress in Wistar rats

Hirohito SUZUKI

Division of Oral Rehabilitation, Department of Occlusion and Removable Prosthodontics,
Health Sciences University of Hokkaido School of Dentistry

Abstract

Mastication is essential for homeostasis maintenance. 158%, respectively, compared to basal levels. Superox-
Mastication disturbance induces physical and psycho- ide production was higher in rats fed a liquid diet than
logical stress. The levels of free radicals, such as super- in rats fed a solid diet. Furthermore, serum superoxide
oxide, have been shown to increase following physical dismutase (SOD) activity was lower in rats fed a liquid
and psychological stress and lead to various disorders, diet. Decreased serum SOD activity was observed from
including cancer and gastrointestinal ulcers. In this day 21 to day 84 after the diet was changed from solid
study, we investigated whether masticatory dysfunction to liquid. In rats fed a liquid diet, serum SOD activity
causes oxidative stress by changing the feeding style returned to normal levels 7 days after the liquid diet
from solid to liquid in a rat model. Seven days after the was changed back to solid diet. These results show that
diet was changed from solid to liquid, serum adrenaline oxidative stress continues when mastication is dis-
and noradrenaline concentrations increased 205% and turbed.

Key words : mastication, oxidative stress, superoxide dismutase, animal feed, occlusion
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TN, Pk 8 I O 8 I X T2 R HNISHER:
SNTWIREBREE T OARFEMFERL > 7 —IZTHE L

(54)

SR W T Y MCBUT L IHMGEIREOZLIHE D LA b L RAFHEICE T A%t

A
0 12 (GE)
B EE | L,
B B
RIKERH B & >
% T ik
fRREE
B
0 4 (3E)
[E 72 87 #H AR A B I l >
& R B
RIS A B : >
s T;m$ T@%
FREE fFHER
c
0 4 (38)
pof:ickic l | >
EbiA
REE LR

7

—>
B T

2 RS
1
A IR AR TR & ARG B O T 4
B AKEE 2 S B EE SRS L2 8 S
C : a2z L L I I o i 4
21X b AR ALk 0 B L SR R 0l A R T
7z.
2) PREYE
FEFELEEE L ARRT, 12280 <, FERARHE
B EBAMBSERO S v FoKENEEZ, WTH
A% WEIAT o 72,
3) M AFaI—N7 3 ViEEDHE
FIRZEER 1 EBRT, Y FVZ—F VT, &
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RN RBER & D $RIL L g2 L7z, 7 FL ) >,
JNVT FLFY Yy, F=33 ViREOWEIX BRILF
Tt 24 B # ik 2 v~ b 79 7 4 — (High Perform-
ance Liquid Chromatography-Electrochemical Detector
HPLC-ECD) Z MW T 7 VI FlEHEICL YT
7z. 1.5M Tris buffer (pH8.6) 1ml, 0.1M EDTA - 2
NalOOul, L7 )V 3 F30ug, WIERIEEHEYZHE LTA Y
717 L/ — ) (Isoproterenol - HCl) 2, IiL%E % i
Z, SOPMHRE SR, TIUIFICRESE. Tk
TN FRAKEL, mOSEERXT 4 AR =% TV ERSHE
% (Ultrafree-MC, MILLIPORE#L %) (28 L ¥ 2,
4C, 2000rpm<T 547, #OaMELZ. TV IFI
2 % lEEE % DUL S, d % 28 #2000rpm T 5 43+,
o HEL, AWAHPLC-ECDIZIEA L7z, HIEITIE,
AL AN ZFECD-300 (=4 2 24E8, 3#), &7
2 (EICOMPAK SC-5 ODS ¢3. 0mm X 150mm), 7L %
5 2 (PREPAK ¢4.0mm x5.0mm), %K > 7 (EP-
300), % 7 AMEEM (ATC-300), BA%E#E (DG-
300), 7 — WAL (EPC-500) (2& > TR ST
W2 HPLC-ECDZ il L 72. B #h#lix, EDTA - 2 Na
(5mgN), 1-4A27% Y ANEYEHF MY 7 2A (100mg/
D, B2/ —n (17%), &40 IM7 T~ FR-KE
e NV AREME (pH3.5) &AWV 7z, SfRiE, i
(0.5ml/min), YEHEM (WE-3G, # A7 v bGS-
25), HUMABEE (+750mV vs Ag/AgCl), &% &
(25C) L7, 7FLVFY Y, JVTRLFY Y, B
TR —RI VB, 270700 -7 sk
0 NEEHEE 2 F W T L7 (Hamaue et al., 1999).
4) GFHERO, AR EEDO W E
O, AEIHEIE, TIREGEERE (5562, H SZHAET
HE) ZHWTY b7 abe (Cyte) #ITHEIT L D RE
L7z, YZFNVI—FTVREETIZBNWT, 5% ¥~
(FGHisEst3) A (in0. 9%saline) 100ml/kgs %, €
WEPNH: G- U165 B 2 2 FR ER % 5 o B PN R83 11T 72 U
L, 2000rpm, 57%°f, 4CTHELNHEEZIT-72. ZD
%, FTROMIEZ0.1%NaClE# (KE) &£ 1.7%
NaClAW (F5iR) (ST S &, U v BRI Tk
WL, WHEkEEEEER L7 (Mege et al., 1986 ;
Laurent et al., 1991). ffFiERE & AGFROMEIX, HEY
MERA 7 > % — (Nucleo counter, #RIZFT LT X T
7)Y AT AR W IR ERIRE R R
2T 2 HoMauiEasE (ks s X577
S VAT A AME) 2R, HOLG M S A
ET D HBMER S v vy — T ENE L. H
R ICFEMIN 2L Ml L AR (il - sefiie) %

-,

-

(55)
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Kb, WFRERBESE L. 1 X107 cells/mUZFAE L 72
EFrPERIEE S, Cyte (1 mg/ml) (Sigmath#) Z @0
L, WHHETONR—=ZF 4 ¥ Zidgk L7z i ERORE
BTHAINVE—IVI2- I AF VER13 - BEMRIE
(PMA) (Sigmaft#l) % 25ug/mIDFEEET, U hERIEE
WA THEEL, Cytck OEILKILE BIG S, 550nm
DWICEEDOTEM (Cyt cFICHEE) % 105 FH L 72,
ZME I < FRIERH K DOSOD (10pg/ml) (Sigmath #2)
ZMA, Cytck Oy DEITIEHFIT 5 Z & 2R L
7z, Wb BRO. EKHE  (nmol/min, 107 cells) 1%, #H5X

[&M5E T & 7z UGS HIR O B RE R O & + Cyt
cOWIEEEFRE,19.1x1000&, 1 X107 cells/ml X 0. 2ml

(WP ERRE ORI E) ] XD, 107 cells2i 7z ) TH M
L, TOY %KD 7= (Hattori et al., 2005).

5) IfiLii SODIH D AT

VIFNVI—FIOVREET, B X DRI Z T, I

ZEYL L7z, WEIEET A Y VB3 (Electron Spin
HARBE R 2/ L 7.
0. #41E, hypoxanthine (v :RK¥+ 5, HX, At
MiEALEB) & xanthine oxidase (F¥ > F 4 F T ¥ —
¥, XOD, Rochett#), 0.,” ®HHHANZIZCYPMPO (5
- (2, 2-dimethyl-1, 3-propoxy cyclophosphoryl) - 5 -methyl-
7 V) —F 4 (Kotake et
al., 2006), ZEHIZIEIDTPA (Diethylene Triamine Pen-
taacetic Acid, Sigmatl#) # HHWEF A Y v LI
(ESR)- AE Y } 7 v ¥ ¥ ZEIZTO, DEEREZWE L
7z (Hujii et al., 2006 ; Kohno, 2010). ESR# i Ol & 5
1%, Sweep width= 5mT, Sweep Time = 2 min, Gain
=6.3 X 100, Modulation Width =1.0 X 0. 1mT, Time
constant = 0. 1sec, Center Field = 335.5mT, Power =10
mW, Frequency =9.43GHzC, @ IZ=HETIro7%. =
A7aFa—712, V) YBEE#® (100mM), CYPMPO

(200mM), DTPA (10mM), HX (10mM), B XU, 10
Wi & 101D X0D (0. 2U/ml) % il 2 30T T 5 451
FHE S 72, OB Z THAE ISR L, 3081 & ) ESRE
EIZTCYPMPO- A== F L F-ZAE YT ¥ 7 |
DY T FVREERRT. ZOMHTIE, ) ¥ EREERIC X
HESRANRZ NI hmu 2y ba—LD100% & L, i
HDESRANZ b7 nik%, §H5EA gD A —/3—F
¥ ¥ NI E A = control- sample/sample ; control () ¥
MR i), sample (ML) ] 72> SIPHIES 2 KO THT o
720 BONTRBEROMRES %2, 7 < ARIMERHER O
#SOD (Sigmath#) TIERK L 7-Mmita Ve, Il
SODIH % fi# T L 72 (Naito et al., 1994 ; Owada, 2005).

-~
~

Resonance spectrometer,

1 -pyrrolineN-oxide,
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6) A% RO LT SODIEVE O ff T
VIFNI—F VKT, T v b EEAES (6 1H
B, 582 FBk, 583 FIR) mifl e BB ST
PRIIALEE 2 s L 721, sRRPHEEEMEL VY (A—28—FK
RSB U AT 4 AV SHE) 28 1 mmoREFEIC
THREL 2A éi%TW?/F(W R HAER
L7z (Yoshihara et al., 2001). W&ZE E#E & lE O RIE
ﬁ]ﬂ'fﬁ]ﬁ L?”ﬁﬁnﬁ%*’“ml, fHERB LY 1 A
43 H FCHRENE &R L Y RILZ AT, L 2 [\
1{1 L, IM{ESODIHMEZ fifbT L 7-.
7) wEEHLEL
FBRE R, TSR B R & AR SRS E RO 2 B
f"ﬂ'(“ -394l % Student ¢ test’%ﬁib"(ﬁ%‘l‘l}fﬁ’i’ﬁo
. AEUREEIE S %ICREL, WAl 7 - SPsS%
7z,
B, ABIRICBT LT XCoEYERL, JbiER
WRFEBEYER S, HLIRER R FEBREYER 2D
HKBEAFTAT o 72

3. % X

1) HEZAL

REWEE, MEALENZ M L, fRAERE
1208 H F Tl Lz, BREEERE & AR EDRH i E i
OB TORELILIE, AREXROL2-72 (K
2). F72, BERMEEERLBAARFATEICBY
T, M GRIERE, FmERE, me#k, ~x s
U b, CPERINERERE, CPERIMERINER, PRI
R FWEE), B L O bFmeE By o7, 7
V73, IR MR ISR R o 7.

2) FJED SN OFFIEE 2L A7 73—
TIVikEEY LRSS

600 r

400

RE (g)

200

B2 S RN OEREREDOZILDS, A bL v =L
%Y HBDD, APLAR—H—DI/ETH A H T
I—)V7T I VREZHPLCEICTHE L 72, T FL
F ) VB (pg/ml) (&, WARSTEHEERECTIE827. 1+

320.1 (1:#H), 86.1+330.1 (2:H), 692.1+
400.1 (3#8H), 854.5+189.4 (4H), [EIEAE¥

HHTIX378.1+218.1 (1H), 278.1+142.8 (23#
H), 214.1+95.6 (3:@H), 316.3+126.2 (4HH),

BIO, A/ v7 FLF) VBE (pg/ml) &, WK
B F BEC13610.1+47.6 (13HH), 625.4+114.1
(2:8H), 614.6+115.5 (338H), 784.9+339.9 (4
W OH ), AR E B T13331.7£69.7 (138
H), 440.1+106.4 (238H), 332.1+118.6 (3
H), 463.3=107.2 (4:HH) TH Y, fARLHEHEZ
1, 2, 3, 4 HIZBWT, mMHFET7TFLFY &L
7 FL G VRS FIE SR E R, R R
HRHTIIAZCEML w2z (p<0.05) (KM3). —F

M = 33 VREE, WS HERELTTH D,

WERRETH > 72,

3) B S WO R RE D ZAL I U P ER DO, R
J5hE % TUHE T %

B2 & AR D RHEE D ZALDS, &F o ERO, ARk
RIS E L 52 5Dh, Cyt ciiciEI THET L 7.
TSk B R & AR SR B R O AP R ER O ARSI
9%%LLETH 572, 0. A AE (nmol/min 107 cells)

W, AR AERETI34.53+0.34 (18H), 4.80+
1.76 (2:HH), 5.55+1.66 (3MH), 4.77+1.79 (4

HEH), FEHFSERETIE2.60+0.23 (1HH), 2.51
+0.26 (2;HH), 3.43+1.50 (3:@H), 3.57+1.75
(48H) THby, ELERKL, 2, 3HFHIIBW
T, WASRHEE R CIIREMARHER L IR, AR
—— Ef
- &K

0 L 1 L L L
0 1 2 3 4 5 6

2 [ETRERL R & AR SR LS

8 9 10 11 12 (&)

B 5 HREEEOKRE
R A% T — N—"TCT/RT. MHHETORELIC

BHEEZRDO RN 7.
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A FRLFUY
* *
[ 1
1200 ] i‘ *
oE#2
miRIK
* p<0.05
_ 800
€
N
&
400
0
0 1 2 3 4 (8)
B JILFRLFYY .
1200 -
o E R
miRIK
* *
_ 800 * P * p<0.05
1S
N
: P
400
0
0 1 2 3 4 (&)

X3 REUEEEEENES QA ETREOHPLCEIC X 1M T FL+Y ¥ (A) &7 VT FLF U ¥ (B) wORERNEILE
WAL L7 —N—"TRT. * : WIEFEEER & RRFREERE S ORI THEE LD (p<0.05).

WZtHE L Tz (p<0.05). fRERR 4 M EIZB W T A O ENT L7z IS SODIRME R, SR AR, 1, 2HH
bMFICAHEEI L P 72b 00, WHREFIEEERETIX IZBWT, WEEMICAEEZRORro72. LiL, 3

RFRERO, A E D TLHEAS A Bz (K 4). HHLIRE, 1208 H F CHRASRETERE, FESEEE
4) FEEH BEANOFEEEOZLIZMmESODIEEE  BEE B L C, MiESODIETED A B AKX T 2580 S/
KFs€5 (p<0.05) (1 6).

ESRAXZ b5 41d, CYPMPO T L 720, (2455 S HIT, WAREEEE 2 S EEFEREENL, fHFH

W AFEHOE =7 N L7z, MO0, OHER FIEEZICIR L RO MIEFSODIH 2 MEt L7z, 108
(%) 1%, WARS RS ERETIE, 52.7+6.6 (1  ECTHEEEELZITV, FEIRHEEERE & ARG S i
H), 49.5+5.8 (2H), 42.7+8.7 (3#H), 39.8 D2 ERE L. SHFHFLER 4 BEHIC, AR
+7.5 (48H), BERHAEFHEFHCTIE56.34.6 (18 fEF 2 FEIRHAEA LR UIMTESODIE M 2 bt L7-. fild
H), 55.5+5.6 (2:H), 54.6+4.7 (33H), 54.8  fkZFEEAEEHETNERE LA 5B BT, BERER
£6.5 (48H) Thotz. FRHFFRFERICHA, @ fF L 7o & FAREE £ Tl SODIEEIZH & 202 |

IREIR BB CTIXESRANRY b5 2D =27 3L, AL, WMAFRICBVWTHELRZEIROON R ko
O, HERDI TSRO SNz (5). ks (XM5) (7).

(57)



58 g W7y MBS IHBEEOEIIE ) BRALA b L AEEICE S 578

10 -
_*
. OBl
L % .
* . R
[
?, * p<0.05
~ 6 r
o
<
£
€
~
g 4
C
| H
0 1
2 3 4 (E)

E4  FEOREREERE RAFRRERICB T 20 HERA ==+ F 2 F (0) LIRREDORERINZAL
FRERAE 2 L7 — N —"TR$. o BREREH I & AR TR & oM THEEZ RO (p<0.05).

el I\ 1
| \ \ \ J‘\\ /ﬂ‘ A
/ \( mj \ | AL
ol \ /» ) f \ «w \ /W’ l \‘
Lﬁ \ | \ ';r JM
I \
[E i AAH AR B B
ﬁ RN f f\\ 0
v ‘ A ‘ /| ‘ \‘ i
\" N‘W'/J Y NJM’ ', M&'M” ‘u \ fww M /uw”“/ \1 fmwf/H
M WU L,J ! / W
B
35 r
Tg: 3 - O {8#S0D
r‘/: é ® sample

0 0.25 05 0.75 1 1.25 15 1.75 2
SOD(U/ml)

5
At EEETRHE TR & ARSI EHE T OESR  (Electron Spin Resonance) A% b J A
EERISHUR SRR, TBIIETEFA G HEOESRANRY 7 ARIRT.
ESRANRZ 7 A, CYPMPOTCHi#E L 720 ICH R W L/ S4B O Y — 7 2T L7z, BIEEDRMEE RS, kDR
FHHTIIARY P DY =7 0%5E <, O THEROE T AR b/,
B : SODifitk O

(58)
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100
* * *
. T
80 | T_ {7 * * OB
T F u ik
T * 0.05
€ 60 - _ a
N
-]
40 -
20 -
0 L1
0 1 2 3 4 6 8 10 12 [CED)

X6 [FETREIEE TR & ARSI E TR IS BT S T SODIGYE D KR A2t

R A% T F — )N —T/RT.

* ¢ BRI E R A BT O THEEZRD 2 (p<0.05).

100
*
*
80 | O @
m &K
* p<0.05
= 60
~
=)
40 r
20 -
0 I 1
0 1 2 3 4 5 6 (&)

X7

R 7 2 [ T A B 7 B

ARG R 7 O TR & Sk 2 5 L 72 o MLl SODIG 1k

B A2 L7 — /N —T/R$. o BRI & AR TN E oM THEEZ ROz (p<0.05).
UL, SEAEZEEAEETENER L5 EH DT, BT Lt o8 & AR £ Tl SoDIE a5 2 b

AL, MEHMICBVWTHERIRED LN R ko

5) A% FIZMESODIGT Z KT &5

WA EDALA b LA ZH LT L00ED, MG
SODIf k& Miead L7z, ARENEIL, SFEME»S 48H
FCUEL, WBAEZE R L RO MR C AR %2 RO
Lotz T, WEELZIT-o7- 1HABLUKT, KE
Z5 PAEE, IRAE L R L IESODIG O A B KT &
7z (p<0.05) (M8).

(59)

4. ¥

Wty - IS OBRERE E A TFa— L7 I VI 53
BEFZEIE, v MRV EEREE, BXO, H
WOREYBRRIREE FEFVICE YV RE STV S
(Takigami, 2002 ; Ichihashi et al., 2008). Mts & & A3E
Thb7 v MEWKRERTHET S L, MANOMRRE
BROREEICL ) FE) X208t E, AN

L At & & L T HPA ( Hypothalamic-Pituitary-
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* * O EREE
mEE LR
* p<0.05

3 4 GA)

BRERAR L7 —N—TRY. * IREZH L FRE L Of TEEEZ ROz (p<0.05).

Adrenocortical) RANEWALT A Z L FEFI N TS
(FHH 52001, ). 25T, KETHASAM  (Sympathetic
nervous-Adrenal Medullary) %3 X O"HPAR O iH M L %
g &, o tioTwb (Sasaki, 2002). AHF
ZECIE, R 2 AR CAE R, 1HEE S 4B F
T, M7 FLF) v V7 FLF ik EEeE
BHEHERICHAT, ARCHENL TV, 7y OIS
fEiEi 7 K L) »300~500pg/ml, / VT KL F1)
~100~300pg/ml, K —7%3 ¥ 10pg/mlLL F TH %
(Eldrup et al., 2000). AR FEEHE ST KL+
»827.1+320. lpgml (FFAH# 18H), V7 FL
F1) »610. 1+£47. 6pg/ml (FARZEEEL 1HE) &IEFEME
X o¥EmamRL, HRERROZ LT v MIXLTA L
Lyt —,745 2 0E 20Nk ARSI H
IR DR AN L2 RIAZ L, EDIEHRAKINRE H L
AR OHIRTIHIEZDL D, SAMARAEERAE L 7272
DIZT FLFY Y BEIO/ VT FLFY &L 72
CHEM S NS, 7z, M F—r83 VIEER NI VT
FLF) IR SN 5720, P TIHIRRETH D,
ARETITMETE o/l EZ DN,

FEALA b L A OFHlilZ, DNA, JRERH % & ok
1t, DB LRIERER B X OB b 1 & b Afbse,
FIEFMATbN TS0, HNZE)RIEEM - & v b
FTI7MHORERELSOMELH LTS (FEH
5, 2007 ; Matsumoto et al., 2008). AW Tix, »EA
VU EENAR G- U CREE S 72U ER & Cyt e T
BAZXD, EHEBREEARE L TO EHREEZIEL
7o, WRRIERE ST ERIE, RRS A S BRI 5 O 95—

(60)

B Thsb, LarL, EHRETIZZOEINEFEIMR N7
OIZ, WEPEPNCEEE L 720 sk 72 (Mathison et
al., 2006). Cyt ci#ciEZME HiLEofifez L, 35
WCEERF L OB AP N2 L 50, O FE R
MIEIZ@E LT 5 (Kusakabe et al., 2008).

0, FEATTHEE, / V7 FLJ 1) Y2 X DNADPHA ¥
VY —EPWEMALTHIETHEL S (Xiong et al.,
2012). F7z, WA DL RAMKFICLDMAFD 7 32—
VT IvReavFaqd Fo ERA, IL-1, IL-2, IL-6,
TNF-o0% EOJIEET A M A4 Y EZBMEE 5 (Lan,
1995 ; Kopprasch et al., 1997 ; Pedersen et al., 2003). AR
ANOFFEEL, MFhFa—L7 I vEZENSE
I ERONADPHA ¥ ¥ ' — ¥ &G L Lo, FEED A U
TmLEZOND.

=75, WEHRFEHZROME I, ML 507 HE
BEx BT AYE VI (BESR)-AE Y bT v ¥y 7k
T, IMiESODIEMEDIAMT % M7z, SODIZ0. DI
FT, ZOWEEOWMEIIZCyt ¢z, =t TIV— - F
rZV) 7 A (NBT) i, HAREREE % & 05670 )5
R, PURPURRS % FIH L 72RIAEE, EIA#: 2 EAVH W
LBNTWSD., LaL%25s, JlekE, Wik R
P, 2R MBS X OBRIEDRHET D 5 7 Ehk 4 2 [N
MRdHAbH. ESR- AE Y bT v ¥y 7k, Bk
MR, b, AMERTZV =9V ANVE T v TH
LR EE 720, BELIZAE YT 7 MORESE
TN T % HETH 5 (FIl, 2002). AAFZEIE, bR
FHUFrEXFHUFUAF IS —ERTATINICO,
EAZIE, T v THlE L TCYPMPO Z H »



El*(3EIR) PN

CYPMPO-O,” AE¥ T ¥ 27 M L, ESREEE I THi{%
b L#ES L 72, Kamibayashi (2010) #ASBA%& L 72CYP-
MPOWX, B Fa¥xv 5 Y40 (OH) &0, DIXBIA A
N7 MTLAOWHKLVIRET, 0. 7% 7 + oo
Rk, 361, BIMTOREWNE NI &2 EORE %
HLTW5S.

SODIZ, Cu, Zn-SOD (Ml E M), Mn-SOD (3 =
> FY7W), EC-SOD (MiffustsrminBl) o 3fED T
A VA LB 5. Cu, Zn-SODRMn-SOD L N I A7
L TW52% Markland® (1996) (2 & U IMHIZAETES
%HEC-SOD72S%FL 3 7z, EC-SODIE, IMAEFREIIA/8T
UHREBEEALTHALTWS, LA LAeAS, IiEhT
X, CRWm7Ta T T —E¥aah, kA GBAI%EE S o
725 W% A3 HEC-SODD AT H EEZLNT WD
(Adachi T et al., 1996). JIEHE H R 1 ML - FF 2= HERFI2 0,
1%, HHhERDS %5 I12EA L (Roberto, 1989), ML
AR 2 5.2 5. ARG RHEEIC X 5 P ERO,
AERRED TLAE X RS % 1 E H DU, SODIEEOIRTT
ERE TR 3E H R ICA Uz, Z ofIIENE D%
L, B SAER SN L0 ASRERICEM L 72 2
EIZE Y, mAENEMIEAEN % 1), EC-SODIFED
BFLzEEZONS.

fH R & R S AN 2 LT, FEsET
i UG 728 & [MFLRE F C i SODIE Pk As M L 7.
T, fRPEREZ TSR 2 L TP EROIERALATH)
flSh, HEREOEAREHERDNT ¥ ZAH3FATIR
BEREL, EARPZTTOZBIEA ML 22 SRS
o7z THDHETFHEND., ARITIEGEIEDZAIZIE
IBg 52 L m L, ERTHE LGNS ENS L)1
%hE, BINZA ML AAMPER I NG Z LR S
nr.

F 7, FHOPEROBRERE 235 2 1%, MHERE)
BOZLICREST, KELERT LI LENEETD
. WBEAE P X AT ERICS 2 58 8E, B
WMETNDOARLELTL FOWIETE L HEESNTVDLH
(Ibaraki, 1992), MILA P L A L OBHEIEZH S MICE N
T, KRBT, AT HANIESODIE M % KT
KEHIET, BILA DL AZFEL TV B HEMEAVR
S hi.

5. f&

AEFZETIE, WURERHE I C & 2 ILBERE D2 LI
I HEAANDFEE, Ty FeHWEWEF VT, B
A MU ARIEEEIC, EMERRSAR GEAR) LB

G (HER) OmiA» SHE L7z, ARBFFE O R KA

=a
af

(61)

MRS

3201) SEM254 61
5, Iv bOFEIBEOETIC X ZIHBEESA MLy
P—bh, ERICBIEA L RAFFEST LI EAURIE
BNz BEOHFY - M Eo-o12d, #EIERKRE - 1
IBFERE DR LEART K TH Y, QOLDFHER T %
BB 72012, HBHEZE» S0 7 7u—F b HETH
LEEZOLND.
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Study of variation in salivary flow rate, pH, buffer capacity, and inorganic
ion concentrations obtained from 3, 4 and 5 year-old children

Atsushi FUKUDA, Mina HIROSE, Yukie MURATA, Shoko YAHATA,
Kai SHUDOH, Yuki KONDOH, Masato SAITOH

Division of Pediatric dentistry, Oral Growth and Development, School of Dentistry, Health Sciences University of Hokkaido.

Abstract

The aim of this study was to determine the variation
in salivary flow rates, pH levels, buffer capacity and
ion concentration in children from 3 consecutive age
groups. Whole unstimulated saliva samples were col-
lected from 152 healthy children from 3 age groups ; 3
year-old, 4 year-old and 5 year-old children. The saliva
was collected into a pre-weighed sampling tube over a
predetermined period of 5 minutes. After collecting the
saliva, we measured flow rates (ml/min). Salivary pH
levels and buffer capacity were determined using

Checkbuff”. The inorganic ion concentrations were ana-

Key words : saliva, children, variation with age
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WL TTEN & R ISR D Tl TEETH ), W
W E, pH, #EMEng, Wi (HEREA 4 ViREE, & 28
7, W#), MRz EORTFEINTLHIEICLD,
e h) 227 %BWT AL TETHS. L
L, MERSE, MERCWE RTRI ORI S,
Wi, &I, e, MR, WAL EICX ) EEEZTS

(Mandel, 1974 ; Hay, 1995) 7%, MEHE & 5 fik& @
BIERPEIC D W TIZHRETIZ R W AZ . FLE R W47k
ABODTF A VEIL, L7z X VE & IR THIK
LRTWRHE, 14y ZH)AARRTWEHEHELTW

il

lyzed using an ion chromatography. The highest sali-
vary flow rates were found in the samples taken from
the 5 year-old age groups (p<0.01). No differences in
pH levels or buffer capacity were found among the 3
groups. The inorganic ion concentrations of sodium and
phosphate were variable, and were significantly differ-
ent between the 4 year-old and the 5 year-old age
groups (p<0.01). Based on the results of this study, it
became clear that some salivary factors in children

changed with age.

LT EnD, MERA T VIRERIIEL LY A7 %
WrZ/NRICBWTHRO TEENH D LV b, WA+
YEIRREL L)) A7 Bk R LT 5 720121,
FPREMEE ST 2LENH L. L, HEERA 4
VIBEICHT AMEDOIZ L ALIIRAEZHRE LD D
ThHY, MNezg e L-HmEidAd % v, Gutman and
Ben-Aryeh (1974) (&, LHFRFMER DR, WA A+ >
R (Na,, K, Mg, Ca®') Z/hNRI7Vv—7 (6-12
), EEHZNV—T (15-215%), a7 Vv—7 (60-
76i%) THEZL, W#E 7V —71INa", K, Mg A
L, MENRIL Ao eMBELTVSE. T2
Ben-Aryeh et al., (1990) &, ZHFIMER O & /X7,

ZAF PIN254E4 H11H 2B SP254E 5 H29H
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IgA, 737 —¥, WA 4+ ViRE (Na, K') 238
Fv—7 (7-11»H), HWRI7V—7 (2-35%), BRE
IV—"7 (6-81%), HEIV—T (12-145%), WAZ
V—7 (25-63i%) TIEL, & v /87 DAMIRRFEWE
AR LN E@mELTwE. IROI/NBIZEBIT 5 IE
WRF (Wi, pH, Mg, MAERA A4 P iREE) % MiE
55 L CTRIEMZEREREEZZR L T 575, FRdtE
LAWEEEFR— V=T L Twh. NRIZBIT K
RIGEIZFZFE LW D5, BIENEILZRHRS11E, B
ERHICHE T A LEXRH S L EBDbNS. £2T, 4N
ANRIZ BT BRI T 248 E L7z Bh) 2 7 Wik
WL T B LTHEERLERET - O—d%k {52
TAHIEEHMEL, 3R, 4KE, SmEENGL
L 72 K- DREAE 2RI D W TG L 72,
7 ik

i G ALE T N O L HEFEl A~ L Tz e o 9
L, PREE D DARBISENOIRF L R R 2 H 517z 3%k
3044, 4mkNE54%, 5EIBEKDDRIZATH 5.

WEEIREUC H72 0, SIER 1R RS L Tnwab
L RRER L 72, FRTLOREA 511305 OIS T, AT
WZEHR L72R) 7o ¥ LV BEEE (IWAKD) % B
TOMMEIC TR % 5 /0 PRI L7z, $RELL 72
LRHRFMERIEEN R L, it (ml/min) Z5RD7-. M
WOpHE RBEREIL T = v 273 7% (BY #) ITTHEEEIR
eVl L7z RS 2006). 58D OMEEIZI VAT
~A 7 uaF2—7% (0.45um, IV KRT) IZA, 5000
g, 4°C, 307 MELHRIER, WHE L 72 2 8K 12
T2HAML DR TV E L, EHEA & VRIE
(Na®, Mg*", Ca’', K, NH,", F, SO/, CI, PO/,
NO; ) Zm#if+>y2a< b7 574 (SCL-10Asp,
B ICTHE L7z, odeth e £ LIRS, WAk A 4+
VUREER A L 7 M2 F T - 20°C Tl PR AT
L7228%, s 2 EMENREICZRLLvwbhTwn3
Ca®" (Tenovuo, 1998) &, HIHME L 7.

FRTFIIAATIE, RN 712 B0 % 4R R O Heic
DWW Kruskal-Wallis testZ 17\, B EADRO b7z
K+ 122\ TIiL E 5 ICMann-Whitney U-test with Bonfer-
roni correctionlZ T4 HILIRIE & 1T - 7=

%8B, pHIZDWTIZI0 ™M HBIRE 21T - 72

i R

RSB MR, pH, R, MEEA v
EEOMEHRZ R 11Z”F. Kruskal-Wallis testiZ 3BT,
M PR 1 % THEENRD ON, 5lid

~

g

i, pH,
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DEID o7z, pHIIMET A RAEVRD bk h o7z
S, AR T OB &R L7z, R D HEh A &
FEDSRRD NI Hr o 72h5, FRAEW LA OB %R L.
MEREA 4 VIEEIZOWTIE, Na' lcBW a5 % T
BExEwRD, $72POS ICBWTHEBEL %ICTHE
HaRBDT. TOMOEREA F VI EN A BT R
Doz

Z T, WMEMFNA B EDRD S N7z M R,
Na’, PO/ 128 2 E kB D LERIZ D W T H LB E
EiTo7z. ZORER, MERREICBWTIE, 3MIEL5
R e DR, 4mIBE SIBLOMICERETL %, 3K
WL ARBLOMICHERES % THEADRD LN
(K1), Na'lzBWwTiE, 4®BE 5B E OMICfEkk
K] B THEENBEO LN (K2). F/2POSICBW
TH 4B L 5mil e OMIZERRE 1 % THEZENED
iz (KM3).

% =
1. MERE, pH, FEEREICOWVWT
W O AT A B AR, Smir kb %
, 3MBAmBLhhol., ZoOFBE LT, MEERE

DMEFENEZEZON, MEL EHIIHWEDE RS
T2 L #E 2 17z, Crossner (1984) &, MEIRIE 155
F T adgEL &, SWEb A & IZIFFSICR
5L L Tw5. #BFEOWIETIE, Gutman et al. (1974)

N (6 ~12i%) B A4 (15~215%) #, S (60
~T65%) REIZ BT B L R M B O AHE L D VTR
el h, MEBEPRLZ L, BiREESRb D R»o7z
EHE L TwA. F72Anderson et al. (2001) 13/hE (6
~12i%) LR (19~44i) 12B1) 2 KR HE I R 12
FREERZROGholzEWELTWA. E56IT, Wuet
al. (2008) 1&/NRIZHB U B MEITE % 3 ~ 5k, 6~
11 HE, 12~ 14 BEIC 0T TR R, 3~ 5%
Rt 6 ~ 1Lkt L OMISHEH A EEZ RO, 6~11
RHED S D072 LB WELTWE. Th b O
Mo b, MEEHTEISEFEYE T TRAEMICEN T % L
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FR2 AEWHINC B ZMERTE, pH, MEEEE, ML CRE
3% (n=30) 470 (n=54) 5% (n=68) Kruskal-Wallis test
flow rate (mi/min) 0.32£0.18 0.45%0. 26 0.63+0. 28 P<0.01
pH 7.73%0.43 7.60=0.27 7.59+0.27 NS
buffer capacity (pH) 5.48+0. 61 5.64+0.76 5.77+0. 66 NS
Na* (ppm) 121.89+101. 21 96. 81 £60. 81 118.30+56. 21 P<0.05
Mg”" (ppm) 2.056+1.65 1.52+0.61 1.54+0.70 NS
Ca*" (ppm) 35.89+22.74 35.21+13.00 35.65+12.33 NS
K (ppm) 870. 36 =263. 76 779.54=201. 80 809.10+173. 83 NS
NH." (ppm) 143.03+91. 71 129.28 £104. 03 136. 73+89. 92 NS
F (ppm) 0.08%0.15 0.08%0.13 0.05+0.12 NS
SO/~ (ppm) 23.81*13.60 23.56%9.38 22.56%10.07 NS
Cl™ (ppm) 3518.42+1915. 11 2791.58+715. 14 2757.50+822. 25 NS
PO/" (ppm) 515.93+230. 13 421.51+129. 22 500. 10+ 155. 76 P<0.01
NO;~ (ppm) 3.27+3.21 3.17+4.96 2.75+4.55 NS
mean+SD
RPN B B MR F- DALY, MR, Na', PO/ ICBW TN ABEL RO 7.
ml/min * ppm 250 -
200 - ol
0.8 + ‘
150 +
0.6 -
100 |
0.4 -
50+
0.2
0
0 3k i 4% 5k e
3 4R 5l

Mann-Whitney

U-test with *x:P<0.01
Bonferroni  *:P<0. 05
correction

1 SRR 35U 2 WU it o LR
RPN 30T B MER TR 3 e & 5 IE, 4R L bR
OBk AR (p<0.01) %7®, 3L 4%
R DHICREHAAER (p<0.05) ZED7.

g

pH &R FEIC D W CIIMET WA EEZ RO LD >
7ohs, BRABREIC BV TUIREMICRE K 2 2 EH[A2S AR b
72 (p=0.08). Thbb, MEEHKEISHMNT 5IIOM0,
KRR B AT A ISR b, — Rk, MEpH
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Mann-Whitney

U-test with *x:P<0.01
Bonferroni

correction

2 AEWARINC BT BNat D L
AERVBNC BT A Na TR 4 502 & 58 & o FNISHER41
HEX (p<0.01) Z#HD7.

& ) B T R (X MRS B VT ARAE U, 0B A
W E R pHIZ & < 7% 4 (Lilienthal, 1955) & Wbt Tw
5. L7z3>T, BERE L & b ITHER W& A H
L, RRMREDIRA ICHINT 2 b0 LRI,
2. MEHEEREA 4 VIREEICDOWT

TAITHEEITRN CPIIER23. 6%) 1B 2 2Rk
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3 4L

3 ﬁﬁ%?Uﬁ:Bb)‘éPOﬁ@khﬁj
AR BT APOS I 4% IB L 5% IE & ORIk EE
A E2 (p<0.01) %37

WESE D MRE A+ VBB IZOWTIHRRT WS, TR E
ks se, NEOFDBENMEZ R LZZDIEF (0.02
£0.04), SO/ (15.53+4.93), NO;~ (2.27+4.64) T
Hot: (FEHS,2011). A4 OFERERLHEDHELS,
WA A VIREIINEERATIIEZE RSB LEZ DN, K
RIGEDE LWRBISH LT, A SR HERE SR <
MET LTV ZEAEEL TV D LRI NS.
SRR A B &, I 3 iR OMATE WEINIC H
-7z, Ben-Aryen et al. (1990) &, “Z&7HIReME R HNa* 5
ErARINV—T (7T-112H), R7V—TF (2-3
), WEZV—7 (6-8i%), HEZFV—7 (12-14
%), AT V=T (25-63m) THIEKLAZEZA, YR
FNV—=TTRARI V=T L0 b —HEK iz "3, 2
W NV—TIZTIEEAICET S EHELTVwD. A D
KRICBWWT, Na B 3IBL D D 4Bl IK
A /RL722%, 5B TRALTEY, Ben-Aryen et
al. OFRERLITIF—H L7z S BIOFEETIENa DI
PO/ IZB W T DM AW ISR OBImZ /R L7z 2 & h
5, INO OREHRFMER R A 4 R IIFLES 25
SIMEFE TId hAMEM Z /R 2%, OB EZRL
7ok, WE RSB AR T LR SN,

PO/ ICHT 2k o Tix, FLIBICBI 5 Ry
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WX, FERFRIEIE O H B 2 EBRINT VD

(Ben-Aryen et al., 1984). L 2*L, Mazengo et al.
(1994) &, /MR (12m%) FEEIRA (35-44i%) B, &

(65-747%) BRI 3513 2 RIBIFIER T O PO IR BEIZ 7 13
Lo/l EZHRELTWS. E72Wu et al. (2008)
1, 3-50EHE, 6 -11ERE, 12-14REE I BT 5 LRI
M HHPOS IRIE R TR 2 A, FEENBRD LN
Mol i WE L TWwb. PO/ IIEHRIIC L 2B
B ERTwDS (Wuetal, 2008) 75, Fx DffRS
Ben-Aryen et alD¥E0 5, POSII/NE ORI EDOH
FETEALT A LAVRIBE L.

Mg?', Ca*', K, F, SO, CI, NO; (Z4E#iC £ %
WM FNARBETRO L o7z, BEOHEITBNT,
Mg EREEMEAL % /R S e h > 72 (Ben-Aryen et al. ,
1984 1 A 51999) S epS, SHOMREE—FH L7,
Ca® ' lZDOWTUI/NE N B B BAFWNEALR o 72

(Ben-Aryen et al., 1984 ; - 51999 ; Wu et al., 2008)
L DIEDD B H, NRE A OMER I Ca® R % HE
T5E, MADOTBAEEIZEH -7 (Anderson et al.,
2001) LOHELHL. LichoT, ARMIIIBIT S
Ca®" DFRAEMZALIZHEIC BV TERBO b w I &
MRS N7,

K ECZowTid, ARIZBU 2 RAENE L R
FTEHMENAONS. Wuetal (2008) 1&, K'IZBWT
R L FEREE OMICHBEAZ RO, FEMICEML
TPEHMELTBY, 20X RENEILE, REICH
) RNVE Y OFEE - BALE T S LB RTW2S (Sip-
pell et al., 1980). 4mNE 372, 48, 5EIEEZHS
WZHERS L7t R, BRI A DN b o 7288, 4R
LEBDIIEL LD EVDNTVALIERND, FHELIC
MET2LENHSHLEDISL. Ben-Aryen et al.
(1984) 1, ClUIZBWTHAR»SHIRITHIT T, &
I L TWwD 2 L2 LTwa. SR,
ClIERAEDBALONL 5720 DD, FFEMITHAE
Mz/RrLTHEY (p=0.06), #BEOHE L FEROMHEN 2
mL7z.
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The fifth HOPE meeting with Nobel laureates

Izumi MASHIMA

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

Abstract

HOPE Meeting is a special program offered by Japan
Society for the Promotion of Science for excellent doc-
toral students and young researchers in the Asia-Pacific
region. During the Meetings, the participants share a
living space with Nobel Laureates and attend a variety

of programs. The aim of this meeting is to inspire and

What are the HOPE Meetings with Nobel Laureates?

HOPE Meetings give opportunities to excellent doc-
toral students and young researchers selected from the
Asia-Pacific region to participate in interdisciplinary dis-
cussions with Nobel Laureates and other distinguished
scientists working at the frontiers of knowledge. It is
hoped that the experience of the students gained at the
meeting will inspire and motivate them to become ex-
cellent scientists and enable them to take on the mantle
of contributing to the future of science and technology

in the region (JSPS Home Page).

Outline of the Sth HOPE Meeting

The 5th HOPE Meeting was held between February
26 and March 2, 2013, at the Grand Prince Hotel New
Takanawa (Tokyo, Japan). This was the first time the
HOPE Meetings had selected “Life Sciences (and re-
lated fields)” as the Subjected Field. The organizer of
the 5th HOPE Meeting was Japan Society for the Pro-
motion of Science (JSPS)and it was held under the aus-
pices of the Yomiuri Shimbun (newspaper). The official
language of the meeting was English.

The participants were 104 doctoral students and post-
doctoral researchers from the following countries/areas
in the Asia-Pacific region including Australia, Bangla-
desh, China, Egypt, India, Indonesia, Israel, Japan, Ko-
rea, Malaysia, New Zealand, Philippines, Singapore,

motivate the participants to be excellent scientists.

It was a very valuable experience for me to spend
five days at the 5th HOPE Meeting, interacting closely
with many young investigators and Nobel Laureates.
My experiences at the HOPE Meeting greatly inspired

my research.

South Africa, Taiwan, Thailand, and Vietnam. The ratio
of participants’ nationality is shown in Figure 1. During
the Meeting, hotel rooms were shared by two or three
participants who came from different countries. The re-
search fields of participants were diverse. Only I was
chosen from the dental field. The most common partici-
pants were doctoral students or young researchers in the
Life Sciences. The number of Japanese participants was
25. The institutions of the Japanese participants are
shown in Figure 2. In this Meeting, many Japanese who
are studying abroad attended as participants. The male-
female ratio of participants is shown in Figure 3. Com-
pared with the previous data of HOPE Meetings (JSPS
Home Page), the number of female participants was
higher in this Meeting. The Subjected Fields of the 1" to

Participants' nationalities

= Australian

= Bangladeshi

= Chinese

m Egyptian

® Indonesian

m Israeli

mIndian

m Japanese

" Korean

= Malaysian

= New Zealander

= Filipino
Singaporean
Thai
Taiwanese

= Vietnamese
South African

Figure 1. Participants’ nationalities (percentages) in the 5th
HOPE Meeting.
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Number of Japanese participants

Universitit Bonn  m—
Harvard University

New York University

Massachusetts Institute of Technology
Emory University

UT Southwestern Medical Center
‘Waseda University

Nihon University

Chuo University/RIKEN

Health Sciences University of Hokkaido
University of Shizuoka

University of Tsukuba

Osaka University

Kyoto University

‘Nagoya University

Tokyo Gakugei University

Tokyo Institute of Technology

‘Tokyo Medical and Dental University
The University of Tokyo

= Number of participants

Hokkaido University

2 3

4 5 (Person)

Figure 2. Institutions of Japanese participants in the 5th

HOPE Meeting.

Gender of participants

mMale mFemale

Figure 3. Gender of participants (percentages) in the 5th

HOPE Meeting.
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4" HOPE Meetings were Nanoscience and Nanotechnol-
ogy (1lst), Chemistry (2nd, 4th), and Physics (and re-
lated fields, 3rd), and there were few female researchers
in the other Subject Fields. Since many female research-
ers are playing important roles in the Life Sciences, the
selection of the Life Sciences as the Subject Field of the
5" HOPE Meeting provided the opportunity to attend for
many women from the Life Sciences arena as well as
myself from the Dental area.

The 5th HOPE Meeting was attended by the follow-
ing lecturers : Prof. Susumu TONEGAWA (Nobel Lau-
reate in Physiology or Medicine 1987), Prof. Mario Re-
nato CAPECCHI (Nobel Laureate in Physiology or
Medicine 2007), Prof. Hideki SHIRAKAWA (Nobel
Laureate in Chemistry 2000), Prof. Ryoji NOYORI (No-
bel Laureate in Chemistry 2001), Prof. Aharon Jehuda
CIECHANOVER (Nobel Laureate in Chemistry 2004),
Prof. Leo ESAKI (Nobel Laureate in Physics 1973),
Prof. Makoto KOBAYASHI (Nobel Laureate in Physics
2008), Prof. Gunnar QUIST (Former Secretary General,
The Royal Swedish Academy of Sciences), and Dr. Su-
zanne SHALE (Senior Researcher/Fellow of Harris

Manchester College, University of Oxford).

Program
The program for the Fifth HOPE Meeting with Nobel

Program for the Fifth HOPE Meeting with Nobel Laureates

February 27 wed)

February 25 o February 26 (ru) February 28 ) March 1 () March 2 (sa
00 -
EEDN Team Presentations
@Temoyo
ICKID Opening Geremony | 30t 1. GPH New Takanava
oL | - -
e G Keynote | | 6D Lecture D Lecure D Lecture |
Prof. Tone | Prof. Noyori | Dr. Shale Prof. Ciechanover
aTempyo
an. { 3rd 1., GPH New 3nd 1., GPH New Takanawa | 3rd 1., GPH New
1ALl (K Photo Session |{EET) Coffee Break / Ice Breaking | GED mparaﬂun forTeam | |@EDCoffec Break
| sentations | e
i 5 | sl GED Lecture .
11, GPH New | S, GPH N 3Conterence o, 20 1., The Price Saura Tows | . CEED Closi
| IR Lecture ) | Lecture {EED Lunch e Kioshg Conomony,
1200 Prof. Capecchi | Prof. Oquist [ . % 1, GPH New Takanawa| | 3.
@Tempyo| | @&EBDLunch
wa 3rd 1, GPH New Takanawa @D Lunch
s @D Lunch | |{EED Research Facility Visit ik
3 2011, The Pring i [EED Excursion
1| . (Cultural Visit)
EEXD Group Discussion 1 Group Discussion2 | | [EEZI Group Discussion 3
1400 @Conference Fioo| @Conference Floor @Caneronce Fo| g
20d L., The Prince Sakura Toner| 2nd 1, The Prince Sakura Tower 20, The Prince Sakura Tower| L0
(Side Event)
; i HOPE ooty .
| |
e [ | SN RS | | Prof. Shirakawa
Coffee Break (KD Coffee Break Preparation for Team @Mational Museum |
BHieian Presentations of Emerging Science
‘ 3rd fl., GPH New 3rd fl., GPH New na| i @Conference Floor | and Innovation |
1 ! - 2nd 1. The Prince Sakura Tower | (Miraikan)
LD Flash Talks on Cultural Program 16:00] 3
Paster Abstracts | @rempyossiunel | (Side Event)
@Tempyol s, 694 New Takarav| | HOPE Dialogue
31d ., GPH New Takanava @Conference Floor |
17:00 2011, The Prince ‘
Sakara Tower
80| @ orientation | ({HD Break EE Dinner (D Dinner (IED Farewell Dinner
for Participants el | @0oedo Onsen Monogatari
" ° |E3ED Reception (XD Dinner | 6PH N
1900 binner . ;
EEXD Concert |
20:00 | | .
-

Figure 4. Program for the 5th HOPE Meeting.
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Figure 5. Flash Talks on Poster Abstracts.

Laureates is shown in Figure 4. We had a tight schedule
during this Meeting.

To enable interactions with the Nobel Laureates,
seven Lectures and three Group Discussions were sched-
uled. Each lecture lasted an hour including a Q&A pe-
riod and each group discussion lasted 90 minutes. Dis-
cussion groups of about 20 members each were set up
based on the participants’ registration information. I at-
tended three group discussions with Prof. Leo ESAKTI’s,
Dr. Suzanne SHALE’s, and Prof. Makoto KOBAY-
ASHI. The lectures of Nobel Laureates and group dis-
cussions with them were wonderful opportunities for
me, and I have great memories of them. Especially, I
could ask my questions directly to Nobel Laureates and
in English which greatly strengthened my confidence in
using English in the group discussions.

In Flash Talks on Poster Abstracts, one-minute oral
presentations on poster abstracts were delivered by all
the participants individually (Figure 5). Each participant
talked about their abstract clearly and plainly using flu-
ent English. At first, I was very nervous about discuss-
ing my poster abstracts in English in front of these ex-
cellent participants and Nobel Laureates from all over
the world. But, I was filled with a feeling of accom-
plishment after my presentation.

On the final day of this Meeting, the participants gave
their team presentations in the 5th HOPE Meeting, and
it was the most impressive accomplishment. On the final
day of this Meeting, the participants gave their team
presentations. All the participants were divided into 12
groups from Team A to Team L by the Secretariat be-
fore the Meeting. I belonged to Team I. Each team

member was requested to contact the other members of

(73)
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Team | Presentation
“What is Creative Research???”

Xudong Munawar Takeshi

”Thlnklng Local Acting Global”

Figure 6. A part of a power point slide from Team I's pres-
entation.

. The 5th HOPE Meetlng @“‘
=R

February 2 26-March 2, ED'I 3 Tukyo Japan

Figure 7. The finale of Team I's presentation.

their team and discuss the topic, style, and method of
team presentation before and during the HOPE Meeting.
Life Science in Global Future was given as a main
theme of the presentation. Also, each team had to select
Key Terms from following categories : new discoveries,
creative research, researchers’ roles within society, fu-
sion and linkage with other fields, frontiers of human
knowledge, global environment, energy issues, life eth-
ics, and biodiversity. I belonged to Team I, and our
team selected “creative research” as the key term and
Role Play with Power Point Slide as the presentation
style (Figure 6). We discussed and practiced the con-
tents of the presentation until late every night. Some-
times we got into conflicts with each other. However,
through discussion and practice with our team members,
we developed strong and trusting relations with each
other. I am sure that this connection will continue in the
future. We are keeping in touch with each other using

Facebook and e-mail now (Figure 7).
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After the 5th HOPE Meeting

I learnt many things through the course of the Sth
HOPE Meeting. I learnt many things. First, I discovered
that one must be aggressive to be a good global re-
searcher. If the participants in the 5th HOPE Meeting
were not aggressive, we could not attend this kind of
Meeting, nor make the valiant relationship in this Meet-
ing. I think many Japanese are not good at being ag-
gressive as compared to foreign people. It may be our
national character : we even have a concept in Japan
called “the virtue of modesty.” However, five days of
the Meeting has made me firmly believe that we should
state our intent clearly to be a good researcher, scientist,
and professional.

Second, I found that my ideas and indeed my life
changed by interacting with great people. Third, I real-
ized that we have to understand the world to be a good
researcher, and we have to meet many highly motivated
researchers from a variety of fields. I was very happy to
meet many highly motivated young investigators from
many countries including Japan, and I was inspired by
them in the Meeting.

I spent five full and intense days in close association
with many young investigators (who are now my good
friends) and Nobel Laureates. If I had not attended this
HOPE Meeting, I would not have had these inspiring
and life-changing experiences. I deeply appreciate hav-
ing had this opportunity to attend the Fifth HOPE Meet-
ing. And I would like to contribute to making these
HOPE Meetings even better in the future. Also, I
strongly recommend students in the Postgraduate School
of the Health Sciences University of Hokkaido to grab
the chance to apply for this program. Through it, I be-
lieve you will have valuable and inspiring experiences

that you will remember forever.
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Property and clinaical application of DLC coating bracket

Takeshi MUGURUMA, Masahiro IIJIMA and Itaru MIZOGUCHI

Division of Orthodontics and Dentofacial Orthopedics, Department of Oral Growth and Development,
School of Dentistry, Health Sciences University of Hokkaido

1. DLCERICDWT

BIERRICHVEINVF T Iy VEBIZT I v b
ZHIICHAE L, BEM7 A Y =20 L TR %k
OBEZAT)KETH L. BEMTIAXY =T 77 v b
RS 54 4IZIENL, Ti, Mo, Zr, Fe, Cr, Co% &
NEFNTED (BES, 2004), FIEENOMER R ik
DT LERECTHAET LI LICEVERA T V05
THIENEZONL., FLBERFETE, HERA7A
Y—=R7 77 v VMEORMEESTIENICIFET S &
No, ANNZy JERVPELDLZEPEZ LN, HIE
HIAX=RT 77 v NORFD S HREOEEA + >~
MWEMT 2R D 5. BINERA 4 ¥ h 5 V37 Y
EREE LI E o 723G, BURBURBOSIZ L ) )8 7
LVF—DERE 2, 95, HNE, IR FEE
W, FRBEER 25 SEZTWREYXD 2 (Jo-
hansson et al., 1986).

DLC (Diamond-like carbon) [Bi%, Aisenberg & Chabot
(197D WX VM SNy A Y E Y FEFPL72kE
ROWMETH V), BN BB ER W RN & 8 2
ZEND, THEFHIZBWTILASHwWLNRTWS (RT)
NS, 2005). DLCBEIE, AMEBAIEIC BN S 2 &2
FERH S LT % (Lappalainen et al., 1998 ; Santavirta et
al., 1999). THIZ XY, BEEREF, HFICEIESEL K
TIF AP (Kawalec et al., 1998 ; Cook et al., 1999)
IS SN, EBRESR T, MEE G A & 16 A
L ATLEFE (Gott et al., 2003), & 512 AT R A
7~ b (Gutensohn et al., 2000 ; Schaefer et al., 2004) 2

IBHENTWwW5. wEEE TR, Sy vf vy 7S5 b
AL (Kim et al., 2005) AMFENTW5B.

2. DLCEOBERTZ5 vy b/ T4¥—~D
Jroy::|

INFTEAE, BEAIAY=LTF 7y MZow
TT 7 A=A 4 Yl (PEKURIS-HI, S H#AET)
12X DDLCKIE % ik, & DEEEIFMEIC D W T~z
(Muguruma et al., 2011 ; Muguruma et al., 2013). Zi15
B 28R 2 LTSRN T 5. X 1 IZI3DLCHUE
DBEMTIAXY =TT v FOSEMEERT. 74
T —KEIZIZH0.5 umDDLCEAY, 757 v s OFKIE
WCIEH 1 umDODLCEF O b b, T HDODLCEIS
DWTF I A Y FrF—a vkBEire, R
AR (1, 2). #ARFHIEE L 7-DLCKE O &

%
(a) NiITiG&74Y—, (b) SSTA¥—, (c) 794 v b
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A R A DLCHET 7 7 v T+ O & RIS

K1 TAY—KEORM X X3 3HHEOTI7 v MIBIT L EEERE
S— AL DLCE BT (gf)
Wire AHAIIH P value R Ay — -
. . JL.
Mean SD  Mean SD fis A7 HALpg DLCHE P value
HUAAZES (m) 157.4 6.2 146.8 5.0 0.001 Mean SD  Mean  SD
SS  M x (GPa) 11.6 1.0 17.6 1.7 0.000 . 016" 546 141 3L6 58 0.001
SRR (GPa) 277.4 16,3 1944 9.1 0.000 Damon Q 018" 189.2 40.7 110.9 15.9 0.063
FLUAAES (m) 2531 13.2 2153 4.4 0.000 0197x.025"  298.0 45.8 254.4 37.2 0.019
NiTi f (GPa) 47 06 9.1 0.5 0000 016" 4.3 1.8 260 3.6 0.000
WHEH (GPa) 829 62 749 28  0.002 In-Ovation 018 117.5 43.6 88.2 11.4 0.063
019" %.025" 2350 41.8 187.9 22.1 0.002
x£2 797 v OIArIEEHEAT Y PNEHOM S .016" 191.5 30.2 114.0 14.5 0.000
. I AL DLCHK Victory 018 2111 29.6 182.8 22.5 0.043
HBAL GIRIUBERE| P value
Mean SD  Mean  SD 019" %.025"  353.8 68.6 336.0 43.0 0.739
HUAAZES (m) 3029 121 199.9 6.6  0.000 016" IENITI& 4, 018" . 019" X. 025" (3 A F ¥ LA X F— b
Ay
ww T (GP) 5.0 0.4 189 10 0.000 %4 DLCKIET T4 v N ERLBOT S 47 v b OREERT)
BPERE (GPa) 229.7 135 155.7 19.3 0.000 & BRI O Heig
FILARES (m) 4275 10.6 3546 15.8 0.000 ) (gf)
Aty b D A X — . e
N JH
. [0 (GPa) 2.4 0.1 6.7 0.6 0.000 T F A7 HRALEHE DLCHE P value
AR AL (GPa) 158.6 6.4 45.0 4.5 0.000 Mean  SD  Mean  SD
. 018" 118.0 16.0 1129 9.3 0.763
2 — ey L. N R g%
fiElx, 94 XY=, 757 v O % b3 R m 017 %.025" 1525 12,9 168.0 20.4 0.082
OB LR, ARICEHWVEESZ/R L. B om bk - 018" 1586 9.5 109.2 4.2 0.000
B
kDT FVETAX—DONAL VT4 v TRERED 017" %.025"  160.6 12.6 114.8 15.5 0.000

i A Nl 323 /N 1 o S i 31 |3 (B
i, VR, RUE OGN HDLCHUE R T
FIRNEZ R L7z, ZHISDLOE DS 5 FEEE DTS
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FEAEE % N5 72012, DLCHUE % fi L7277 4 Y —
ERWHDOTA XY —=FHNT, 7TI7 Y MIICCDT ¥
Fal—arklzrzl EOMBEEIZFHILZ (&
3). RUHEDT A ¥ —IZHARDLCEIE T 1 ¥ — T
BRI R L7203, — B CMat A B W A%l
Lol F72, DLCEEZL27 57 v M &k
WEDTF v b & TR L 8IS % R 7
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ATIEINIRE LTHIOERZ LTwE T (Fig.2). Zh
VA2 S, moonlighting protein® BEHE DY) V) B 2 O H¥k
LT, F—HMaNTOEERMOE, RS 2l
DR DE N, cofactorDFG A DA M, oligomerization D
454, complex formation? 4 £, multiple binding site
FISEDFEG-35HZ L MEINTHET.

SR L 7-CIi OGDHIZ, WARNTHREST 2K L
LTHOLNTWE L2A, DAl S WAy b LBl
THZEPHEINTWE LA LaL, ik, wHEst
IZHEL, Mz LTwarelbhrhnwEETliz. 4
m, bxok LB 5, 2 ®GDHIEmoonlighting
protein& LT T EAVRIRINE L7z, 4k, MK
moonlighting proteinlZ DWW T & 5% DT L HHH L »
WKabdbotEbhEd.

AR D ATH & Fusobacterium nucleatum subsp. poly-
morphum, BW I\ Propionibacterium acnes, CWi L Porphy-
romonas gingivalis® Z & T .

(B)

Channel formation ?  Detachment?

N PA

i?‘

Fig. 1 AW EBRIC X 2 L5 L CH O FIHIC X 2 EBEOMEE (A) L ZoOBRIVMESNE T
& biofilm BB AR 12 B 5 detachment & channel formation™~® 5 0% (B)

()

Fig. 2 Moonlighting protein®##EY) ) £ 2 » 1 1
1. MIREPICAEAES B (AN © phosphoglucose isomerase)
2. MRAMCAEES AR (WK @ neuroleukin)
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P25

HLO A D IR & e 5 2

NG

b PR R IR LR - BB TR M08

L& (centrosome) 13 2 il @ HLy/MAE  (centriole)
EZNEIY PO /MRIE B (pericentriolar ma-
trix, PCM) %5 7 2N/ E T, Bl o 1%
7 P/ 2 K WLy (‘microtubule  organizing  center,
MOC) & LC&, Mllgns, Mizo®s), mikitz
EEEDIIFEIL CDBRICHG L TWa. HRITED
FR 2 HOBAIASTE 5 &, Gl L & b ITHOED
WA B S B 28, HlvMEZ & ORI
A2 2 TR (G~GHl) 1B T hbh,
DNADBENIIARAE L 22 v Wb IO /AME DS AR
THZEILLVERENEDT, ZOHIEHL/MEOKE
WEHET 2 LICLITH ST L. HREIPBZ S
R & AF7E L 72 W0 /MK % mother centriole, ## #%H
H 57212 T & F2HuL/IME & daughter centriole & W\, ]
Jasr BT T &7z 2 D DIEMNIZZ 2 1l D mother
centriole & 1 M daughter centriole % 521 F #k A%, — A%
Z Tk Cmother centrioleld b 9 —HSZITH S EN LD
He (K1), 22o0MBIERZ 0K T4bb,
& Y 1t v mother centriole % ¥ 2 mother centrosome7®, #r
L \»mother centriole % % ¥ daughter centrosome® & % &
PERZITHSZELE RS, 2HOPLIMMED S B,
mother centrioleld — IR ETIK DB EI/IMEE 2 D,
ZOXRMGH P SMENIMMP L. —KMTEIZNLODD Y
FINaZ b= LTEHZLEPHLNTWS
B, EBZEOMMIZ BT, mother centrosome & 5217 fk
W DT ) S Il —RBEEZ K L,
mother centriole® 15 & (age) 12X Y Shhod ¥ 7 F IV Ik
THBRRL L ERHEIN TS, Mg T
H U722 OO, 2Tk ED#
WIZE D EPEINAWRNEDGH D L) LI b.

WAL O ZUIIERIFRNTH D, HEICIDEL2
DOMMBO—F DAL, b)) —HIEilao
Thb, SFIFLHMBOSEIZB T, mother cen-
trosome>daughter centrosome?® &% 5 22— % 5z 1T kv
ZZHIIE 72 SR T H D el 5 2 LA SR TW
B BlzIEY aw Y a s N oo LR Tl

(80)

mother centriole (X # IZEFHIfZ IS Z Tk, RL Y a>
Y a 7N T b MO A FHAIN R YR phHE R O #AMIE T
mother centriole # Z I} kW 7213 5 OB AL 551Ld 5
TENMBENTWS, EHSoHRMEDS BV %
MEFFT 272003, COXHICEBLEBLTH A0S, ZFHAS
N HMED ZRDIEFRI MM 2 H G L Tw 5
T EATBBRIE .

L/ MEZ LY P PCMIZI00FELL oo 7 v o8 % &
LEEZOLNTVWEY, FOTRTVBHMLENTWDLIRT
B, MHENTVwBMEA Y Y7 DFENZOWTEH F
PE—EHG Y IEDIEN ) TH B, ROk L #%
ME% D CHMIEED S HOMEREL, ML Lo IR L
TLYVRERVIEREZ -5 LT NbreBEbhs.

1.
asynchronous primary cilium growth in mammalian cells.
Curr Biol. 2009 Sep 15; 19(17) : 1498-502.

2.
metry and inheritance during animal development. Curr

Opin Cell Biol. 24(4) : 541-6.

Anderson CT, Stearns T (2009) Centriole age underlies

Pelletier L, Yamashita YM (2012) Centrosome asym-

IV 0T E ——
centriole ™
daughter
centriole
é daughter
: centriole
—_— —_—
subdistal
appendage
mother i
centriole distal mother
appendage centriole @
| G, [ s [ 6 ] M >
4 A T £

1. KR & Mo B,

/MR 3 IEDING 9 AR5 7 B HIROREFEY T, 28 )5
MIZALY)$ 5. mother centriolelddaughter centriole & 1 % 23 5L
70 FEFRIC 2 Mo )E Y (distal appendage & subdistal append-
age) DMV TWB, HHEIZ X 5 THE U7 2 5 Dmother centri-
ole® 9 Hmother centrioleIFHTOMILH Y TH L K oL bz
H D% DT, mother centiiole@D X9 25D L Y v,
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1. AILXZ7 L7 —+¥TALEN
WIZTKO~ Y ADVERIE, [HIFMEEZ | &) Esk
AW TIIMD TENIIILPRI S 2 WHHRIEKA LT
L7280, EEZEMEM E 2 XEEREE, A TR
R A2LEE TS5, Lo, s, HE#HRZ 2 0E5E
Law [ALXZ L7 —¥] 12X 25T SR
e, WRWAESIC, IhE CHEENEEEE ShT&
7o~ A DAL o B R 5 AR ML O AR T KO 2S FE it v g
L o7z, MWL Y HIF SHTALEN ( Transcription
Activator-Like Effector Nuclease) &, ¥4~ bEF 28
DOREDRIEVER R 23, AN O BA TR Bl 2 #El 5 5
72OIWZHWATALEY ¥ 8278 (DNAKG KA A V) &
HIBRE% FE Forkl (DNAYJKT KX 4 >) Z@iA L7z AT X
JLVT7—¥Thb. KIIRT L9 ICTALENDODNAKE &
FAA & [EROMKE | ISP724 0 & LigEZ o,
ZAREINE3AT IV BERENSRY, T012%H L 13%FH
DT I/ BRIIDNAD A WO E BB LESTT A
[R] of#Ezidzd. flziE 7A85FY (N), 4
vaf4dy () O (NI) 7 75=r 2@ Las
5. 2O [FROKE] 2EEOMEETEL IV E
22— —HIHODNAGK TRy MEIBEICEE L TH
D, HWOBEMLETZKOT S [ALX 7 LT —EFRHAN
78— 1 OBHGHS, B - FFREHENR—ZATIHTE > TV 5.

2. siRNA7Z* STALEN"

F41ZINF T, HeLaflifZIIH 4 22 SNARESY > /%7
B OsiRNAZEA L, MRS UWIZB1T 5SNARES ~
N EDOBE ERRTE 7205, SNAP23D M -3 %
% HH L CHREHRMTWITEL HESINE D72

(1,2). & Z AP, SNAP23DEET-KO ™7 AHE
A3 5HH (RN ISR T L2 LMo e o
72 (3). BIZFKOMEAZELON TV ARV, FEE
DT W ORI L 5D DA, HEMREIBIT S hTw

(81)

2\, siRNAFEERO B GE{nTFF8BL % 100% #0ifi] < &
) L EEFKOYT Y AR LI IE W T
% L BEREMANT SR B, F 7 MRAT ASREAHE) O & D
H7e )i LT, A IETALENIC X 2L X)L T
DEIETKOERICHEH L, BIESHESNARE# {5 T KO
JATALENZ /E8 i Cd 5. 5 FATALENTE O )i il 70 38 A
12X D, SiRNAFEBROBEIR 25 RAY, #InTKOIK X5
)T =RkwmANEER SN T 2 EABBEEI NS
(4).

SCHR
1.
HeLa cells. Okayama M, Arakawa T, Mizoguchi I, Tajima
Y, Takuma T. FEBS Lett. 581(24) : 4583-4588, 2007

2. SNARE proteins are not excessive for the formation of

SNAP-23 is not essential for constitutive exocytosis in

post-Golgi SNARE complexes in HeLa cells. Okayama M,
Shitara A, Arakawa T, Tajima Y, Mizoguchi I, Takuma T.
Mol Cell Biochem. 366 : 159-168, 2012

3. Deletion of SNAP23 results in pre-implantation embry-
onic lethality in mice. Suh YH, et. al. PLoS One 6(3) : e
18444, 2011

4. A library of TAL effector nucleases spanning the hu-
man genome. Kim Y, et. al. Nature biotech. doi : 10. 1038/
nbt. 2517, 2013
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tEEERAFREFREINEENKS

FrnlzEE

[ P2 % 60 & L 72 MER DRI R o0 AT ~ 3 72 2% IR - 2 SR oo T~ |

JaAEMI BT, MEERR, B, EFIR, AR &R
FAX LA S L (0h%) RARDRT I EICED
TR &N B, SHIERETEMIE =R TCH 7 AR S 2 A5
LIEIERICE s TEELZBALRTH Y, EFELTOE
L7oWZEIZ & o THOHEHZERSEEN TS, 205
FIER O\ B T, BRI AL — MR 5
SR — Mg b~ M) oy 7 AFEEANE BT L I LI X
D, 7L 7k~ BUTH) 2 ENLZ RSN T
505, EOFHMR G TRREIIH S M E N Tni vy,

A ATE IR O AT R ORI A U 5 Bk o -
L7 MCEH L WEREErS L ——< 70
A7 a2 T, 7L 7 MM E 7 L7 b LA OERL
ORFEEI B L, FNENIHEBT 5 @8 EF %2 T7-
SAGE: CHIZEMICFE L2, 2 L7 b5 RE L 72#
fa4t< 1) v 7 AFibronectin & #55- [ +Btbd7 (cleftin)

tHEEEXZRFREINEENAS

KBERE: KBEbRTR

fith

ARG R EHE B

B I 15

X, MEEREB L O OFEARHTICR SR L, LR
L RETZ K % Hil 48 L CT\272. Btbd7 (& Snail D 33 % &
®, E-cadherin®FEH 2 W4 Z &2 &0, Hillw -
faEg~lEL, FEMBOEELEYSOLZ LIZX
N, SRR EFHFLEL Cwb. F72, Fibronectinit 7 L
T MPERICHEE ST 575, Btbd7 ® 3 Bl I Fi-
bronectinll & - TFHE I N7z, KRIFZEICL D, ZEK
D) FE 12 B 1T % Fibronectin-Btbd 7-E-cadherin ¢ B jif
PSS 27 5 72,

FWIFgEE - FETHHB LR T VI ) ICEIEZ X 2
L, bR TWREHEZ LTI FETHL. &5
12, THENBHESEBEITRICH 223N, KBkE T 2D 7
THIBLZY, KL 22, EOXHIZL THIgEAE
AT TR B2 DN T H il TAA,

— iR R

1. EREMIABBEREDEED—IRE L CRRMITEIEEE1T > /- 1 fiEHI

Offiegems= >, KRR FHEed
HlgFELSE™ *, PURFEAf-, JI R s T3,
B N o i R SIS PN S ] e E R N R EE A
AORER AR, LB RN BE R OB,

B[S NG sk At G A Y
bR E PR B A R - AR

[BM] EiiE, — AR i G E ST
HIZHED S TEOFANFRT 2B TH D, FEIEM
FEIZEANDOD 1 ~5 %I EF TESE VDL (Lopez et
al., 2009), ENIEREZFHRZ A DD L L CIIFEAM

BEOBCIRETH 5. RS E LTI D%, W%
B, ATHAT Y, o) Kk CHEBER EAFFDIT

& 72 (Zakrzewska et al., 2005). M4[E TIXIRLE, HWIAE
AOLHEED: & L CRRAATEEE: (LUFCBT) & EUD A
NTW5. CBTIEANREDS LT 2 720h,  FATFEHRLE < i
FRAOHELIZXE > TIThN TV AD, HRIESE CIEER
ERFIC & ACBTASE E L\, SRlbivbiud, &R
FICHPHERAICBT 2 ATy, SEIRDFEEAI I & AL 72 FE B
BHREER L 2O THET S,

[FEFI] 30t B IEXAE S BI2H DO & % R
L. X6 Al2YbihR— A=Y % A THGOIERDIE
FIE & BV YR 2 SR EE L7z #IRsHE, IPENAT RIS CRE
WRE =T A2EBNRIEASNT, MW, LHET A

(82)

BT, MR

Bk, Rk
=2 ,

BEER

e RO A R A B ST R R R AT A 0 B

N, EFEEIR &AM L CHRAE L ZRT L 72, )
DI O 7 S X TEETF OV LEREZEE Lz, X
AE 7 B RBERE, ERIREEN TH 5 72 (VASI0—
3) A, EEATRWIFANASLNDL Z EAH -7 (VAS
7). BEOFEIZL YO 79X T T Ve kL

CBT#iTH 2 & & L7z, X4ESHA LY AR LED D
&, CBTOHMETH LR OCELEOMSE2ELTH
CBTIZ X 2B BtG L7, CBTO 7075 LZHEW,

OFEFEOKEE, BIEICOWTHHE, @QUF7t—3
a U (ERRLAEE:) oMY - £ OKZE5LO
E - Ei, ORAMOBIE FTEER) oE - EEL
WO EFETH - 72, X4EILA 70 275 A TH:, HigE
L (VASI0—0), BRWIFADNALNL Z & HiTL
AL 7>72 (VAS1).

[EE] SWERE OERICRIITEIRENE TH 5
C DO THERR I Nz, F 2R AAT B L R i
12 & B ERIEDEEDFIRL L %05 2 L AURIE S L7z,
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pu
Oty HRB%E, AR W, BARRT, HO 5
TCHEB B RS BRI - BERESH SRR IE 5

(B8] a4, FHPAENAE B H OB & 2 O e A
R THE L o T 505, FHBAETRE O ZSREIZBI 5
LIEMELREF EIAHLZEETH L. FAMEIE DRI
Hex Th DD, D% ATFHEBE TR ORI
HT 2 b DA%\, FHEETIM I collagen & proteoglycan
e EOMEANY M) v 7 A HRERL S 1L, collagenifiAfE
FEGNI T 5 IPIEZ 7R L, proteoglycan i Z 4L 1T 4%
G BURIREH 2/ L COYMr < I/ | O3 A 3Bk 2 R 5
ZENRH SN TV A, Proteoglycan® H T % modular pro-
teoglycan|ZJ& 3 A versicanld, =T ¥ N U A F > i lE il $5
b DO RE Dproteoglycan TH V), NAIHHIZ & 71 >~
il G #8467 (HABR), H1[HIZ 2 - @ glycosaminoglycan

(GAG) $fi &I, CRIGMIZEGFH, L 7 F v ik
BIAEHT L. AWIRTIE, BTN 3 2 R
FROBISEEZHO2ICTH 22 HIE LT, KEW
7 v b OYIREBE A% L' T IV VT, sEBIET AU
B % versican®mRNAZEB &, GAGDJER, DNADE
w5 L OFHBIE IR D IE £ D284k 2 51l L 7z

(BB LUHE] £k 7 BoOWistarRIEET v b x

T LY Y B GR A 25 L, YUkiKaEET V%
EBLL 72, EBRMIRIX 2, 4, 7, 14, 21, 28H& L
FEAREANER T v PENREEE LTHW . 555
WM AT B, BRILL 72 GE B E I 2 © total RNA,
GAG, B LUDNAZHH L7, versican® mRNAZEH I
gqPCR#:, GAGIIDMB{%:, DNAIXHoechsti: % Fl T %
nEER L. F, #BEICHEVES 7 umo
MR Z1ES L, Lei Sun® (2009) D FEIZHE-> T,
FHBSET IR DR 2 FHIl L 72,

[(BRBLVCEE] Uk a% L2170 72 FEBRIET
IZ, mRNA%EH, GAGE, BLXUDNAEZLNZTNIZE
W, BB RN RO Sz, T2, FHEE RO
EFICBWTIIR IR & i L, EBECEZEON
RO bz

(#E5R] M7 v MBS 3517 2 mRNAFSH,
GAGE, B IUDNA®EIL, BAEZE FITHE ) B &
O Lo TEALT 2 2 e NE e e, F 72,
FARREEIZ S SR MIAE R T S L L0 L 2
IS OB, FHBENZE U8 AT

7z,

vy, BRSO BT 2 MRS 5720, B WG DERELTWD 2 EARB I N,
3. BT 47> 2 BERICEIILI7TEEEGFHORELR
Ol sEsE* PakFsaT-* K 15, SHEGAT, EREsEs, SIEEAcr, BRIEAY, LEHR
*JUHREERRSF R e - RRESR R L R B
eHEEERERSE R RS - B E SR NEER RS

(B8] BF+ 7 x>~ (hBDs) 112 FEMIE
(roF /%48 CTHEHATLHUEENRNTTF FThH 5.
¥FIZhBD-21, SIEBRIMSr 7 F /4 Foafbik &
WCEOVEHADPEAT L. L Ladrs, BD20%H E
ADrIF A4 NOFREIZE 2 A EIZOWTIIAH
THbH. FIT, Kifzecit, 7955 /%4 bIChBD-

2 BB S BORETORBEEKRE L.
[HE] © NIEERH Y 9 F /% A b HaCaTAI L %
V>, Flp-In™ System (Invitrogen) (2 ChBD-258 58 BLA L
ZE L7z, 3> 0 —)VIZIZEmpty pcDNA/FRT-CAT
7T A3 FEEETHEALZHaCaT% v 72, 3> +u
=)V EELL T, hBD-2usEBIME A hBD-2 % 5 s Bl L
TwbZ k%, RT-PCR, TagMan-PCR, ELISA{Z: | THf
L7z, KA Stotal RNAZHIHI L, w1420 7 L
1 (Agilent Technologies) |2 CiEfn T I ZAL DR

(83)

f#MT %, Ingenuity Pathway Analysis (IPA) (Tomy Digital
Biology) (2 Ch v NI — VT iTo72. {86 N7
fZ DO ZEALIERT-PCRIZ THERE L 7-.
[(REHLVEE] v( 2707 LA Tld, hBD-25HIEH
M CTOREAT » PO — Lo 2 50 O #ET-552440
HCTHotz, ~4 2707 L ADOT—% % N/ZIPAIZ L
LAy bIT—=UETIZEY, FIF AL MBI
hBD-2D ST, LV EE THRE LANRD b /- #
ZFREE LT [TIL-17M#EERTFRE] 23 1T 517z RT-
PCRIZE 5T, IL-17ZHMEE 2O TiRBIRT O
FHAHEE SN, 1T Th 7 S FEE S NS 2
&, hBD-2OFEHAE R R OIRREICES- LT
W5 ZEATRIBE LT

[#538] hBD-20W&ZEBLL, IL-1724AMK L 7O Tz
TOFEME FHSET7-.
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4. F/ X BIRTFBREEOHEBED

(BEY] /K TFEIONR) v —FMERES L L
20, KAOREL R v = Fpotkae ORo#EE %
L) ZHlAEDOETHBKREEMEIEONS. &5
2, RFRIEZHEET L LI VMBEATOASF >0
B AHIH S, BRI T AR H L. TND
FHMEOER - HRBICHAPEZE R 5N TV 275, Hifl
T/ B O R X UM 0§ 2 82OV TIAY]

BRENZ. T, AWETIE, F R HIRICS

R BHEIZOWT, FITHREEIS 217> TR,
[F5i%]

(BE) MilICid~ 2 a7 7 — VL (RAW264.7)
B X OEFMHEME (MC3T3-E1) ZH W/, R~
— AR & L CRL 3R R L 72 3 A oKk
C ) AR R EEICAL L OBRMERY < —
B KT (Ag-NPs), QBUKMERY ~—#HF /&
T (Au-NPs), RY = v¥ny F#ES /=41
(Ag-PVPs))

(J5#:) F 7 A% VOFEEIEITEM (H-7100, Hitachi)
TEZE, G OMEIRIZEAN TR 566 EE (Ultraspec
3100 pro, GE) |2 CEEffi L7z, Ry, 10%FBSH &
D o-MEM ¥ 72 1ZD-MEM (Wako) % fEH L7z, 12-well

==Y

JBETT
ZREAE

1t

OfARIEA, FeEM, REZ=, HHA%E EZE—Z
AR R AR B S A AR T 0 B

plate (5x10%cells/well) 3 X UF96-well plate (1x10°cells/
well) DOFARICTHINE % #678 L 720 B 22, -/ FT
#10,1008 X 0°500ug/mLIZ 7% % X ) (2HHicimz, &
OIZ24BEMEERE L7z, F /A Z VKT B X Ok oMl
NJRAE % Y62 8AM$%  (TS100, Nikon), SEM/EDX (SSX
-550, Shimadzu) 3 & O'TEMIZ CTEIZE L /2.

[#ER] Au-NPsIZBWTIE, KA EE A% L
BET LBl Sz MIICEU ) A E 7
J 7 A IVRTE, AEB LY VY — A NICRET
DEENL L, MBBNTORFIZEELZD OB EHh -
oo 85I, LTS —KEEOZ Y P A =T A
(Ag-PVPs) 1) VYV — ADSEKAL L 72402 (Ag-NPs)
mELBIEI NI

[#ER] W TFoOfECHET 2R v —oEHIZL -
T, MO EBEICBNTHHLNICE® LS
EWHL N ol Stk A OGWTEERHWT,
FEHNC S A Z VKT OMITEIC T A EEAHL LT
LLEDH 5.

(B8] AWrgeiddbiE R Labe - MoEERE B L83
I ek SO L D iTVE L7z, MNP
DEEERLIT.

- >
— -

5. Effects of Dentin Phosphophoryn on Odontoblast Differentiation in vitro

OPOLAN Mohammad Ali Akbor, HANDA Keisuke, KOIKE Toshiyuki,

HAYASHI Keijiro, TANG Jia and SAITO Takashi

Division of Clinical Cariology and Endodontology, Department of Oral Rehabilitation, School of Dentistry, Health Sci-

[Porpose] The ultimate goal of vital pulp therapy is to
rapidly regenerate dentin of excellent quality by using an ex-
ternal agent that possesses novel properties such as biocom-
patibility and bioactivity. Dentin phosphophoryn (DPP), a
member of small integrin-binding ligand N-linked glycopro-
teins (SIBLING) family, is the most abundant of the non-
collagenous polyanionic proteins in dentin. The purpose of
this study was to examine the effects of DPP on differentia-
tion and mineralization of odontoblasts in vitro.

[Materials & Methods] Mouse Dental Papilla Cells-23
(MDPC-23) given by Prof. Nor in Michigan University was
used in this study. The cells were cultured with DMEM sup-
plemented with 10% FBS containing DPP at different con-
centrations (0, 0.1, 1, and 10pg/ml). The cell-morphology
and proliferation were evaluated. Furthermore, cells were
analyzed for mRNA expression of dentinogenesis-related
proteins by RT-PCR. Moreover, ALPase activity and Aliza-

(84)

ences University of Hokkaido

rin red staining were performed for confirmation of miner-
alization induced by DPP.

[Results and Discussion] The addition of DPP did not
affect on proliferation or morphology of MDPC-23. The
mRNA expressions of DSPP, ALP and Osteorix in MDPC-
23 were promoted by 1 and 10pg/ml of DPP at 3 days. The
high ALPase activity in MDPC-23 was induced by 1 and 10
ptg/ml of DPP at 5 and 7 days. The number of mineralized
nodules was higher by addition of 1 and 10ug/ml of DPP at
7 days. It was previously reported that DPP induces the dif-
ferentiation of osteoblasts via MAPK and Smad pathway. In
the present study, it is suggested that DPP promotes the dif-
ferentiation and mineralization of odontoblasts via the path-
ways likewise.

[Conclusion] These results indicate that DPP promotes
the differentiation and mineralization of odontoblasts.
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6. S. mutans & V. tobetsuensis DOREINA F T « IV LR BEDfER

OBEBW\WOR*, HRITHFE,

(B8] BRt O ZKBEETH 5 5 Stk S o 5 R0
JENAF T4 VATHY, TOREHIEHE & L TStrep-
tococcus)®&, WERZEW & L TVeillonella)g&H3 1 H LT\
H. LD T 74 VATERICKIZTTING 2R
B OMEERIERIZICHS IR o Twiawv, ThET
DT D B, Streptococcus mutans & TINE Veillonella
BB L DAL DETINA 7 4 VAR & R AT
R V. tobetsuensis & DILIEFEIF IR DL N F T
ANVARIERT H I EAHBH L7z, &2 TR TIES.
mutans % W BRIEH, V. tobetsuensis * I EAE W & L
THEAL, 74 —FE2HOTINS 2WEMD/NA F
7 4V ATERGEE R L0 FEI AT L 72,

[77_&’ BARIES. mutans ingbritt, V. tobetsuensis ATCC
BAA-2400" % fEF L 7. S, mutans % 10% A 7 ° —
A, 2 %FLERT M) 7 ZRIIBHIB AR # D A o 72505k
BICHERER, ANDMERREALE L 727 4 v — %36 A L, 3H M
BEEREAE L7 3 HT&, V. robetsuensis & 1&1E L 72553
A HEBE S, mutans DS E L7274 Y —%3AL,6
HEESEE L7, 29 HM o T, iy

ER11NL 0 S R A I N
A i B RS R S B ok SR SR
Qe RS B A B LA W R B R W 2 B

L7z, OHR, TAY—LICERISNINAF 7 4
Wz | L, DNAZHIH L7z, $723BREN D/ A
FTANAEBNEE L ah o/l (727 F=v o
MIFE) LIUXL, ZODNAZ M L7, i L 72DNA
12 & D) g Wreal-time PCREZ VT, NA 4+ 7 4 VAT
i & 2 AR ORERL I & AT L 72,

[EBRUEE] £ 9 HMDS. mutans & V. tobetsuensis
DINA F T 1)V ATEHABMNLS. mutans B TR S 1
HINAF T 4 )V LN BV, tobetsuensis & DILFEFE|T L
DI S IT2NA F 7 4 v 5 DJF ARG 2B L 7.
—F, S mutans® 77 » 7 b= 7 #MIZILS. mutans D
HMUNA 7 4OV ATERRRE AL RRBF RSB L 7278, V.
tobetsuensis & DILEAEE | IO L7z, Thus
DFERN S, V. tobetsuensis \XS. mutans & DINA T 7 4
WATEHIZ BT, TORMERT &z Rz TwD
ZEHIRIE S T,

[#55&] V. robetsuensis \XS. mutans & DINA F 7 4 )V A
AR IC BT, ZORBUIEE &S F/- L
TWALZENPHLNI R ST,

7. Effects of phosphophoryn—derived RGD peptides on the proliferation and differentiation of odontoblasts

OTANG Jia, HANDA Keisuke and SAITO Takashi

Division of Clinical Cariology and Endodontology, Department of Oral Rehabilitation, School of Dentistry,

[Purpose] Calcium hydroxide has been considered as the
gold standard in direct pulp capping currently. However, it
has some unavoidable shortcomings like high alkalinity, po-
rous reparative dentine formation and long reparation time.
To overcome these problems, new biocompatible reagents
that induce sound reparative dentine formation need to be
developed. Dentin phosphophoryn is the most abundant ex-
tracellular matrix in dentin, and is reported to be involved in
the initiation of mineralization of dentin. Previously, we
showed the ability of phosphophoryn-derived RGD short
peptides artificially synthesized for induction of differentia-
tion of human bone marrow stem cells in vitro. The purpose
of this study was to examine whether the peptides have any
effects on the proliferation and differentiation of odon-
toblasts.

[Materials and Methods] Polystyrene cell culture dishes
were coated with 200pg/ml of phosphophoryn-derived RGD
peptides (RGD-1 : SESDNNSSSRGDASYNSDES ; RGD-2 :
ANSESDNNSSSRGDA ; RGD-3 : SRGDASYNSDESKD).
Mouse Dental Papilla Cells-23 (MDPC-23), odontoblast-like
cell line given by Prof. Nor in Michigan University was cul-
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tured on the peptide-coated dishes with DMEM supple-
mented with 10% FBS. The cell-morphology and prolifera-
tion were evaluated. Furthermore, cells were analyzed for
mRNA expression of dentinogenesis-related proteins by con-
ventional RT-PCR and real-time PCR.

[Results and Discussion] These peptides did not affect
the morphology or proliferation of MDPC-23. The RGD-3
significantly promoted the DSPP, DMP-1, ALP, OCN, BSP
gene expressions at the concentration of 200ug/ml, while
RGD-1and RGD-2 showed comparatively weaker effect than
RGD-3, still it was higher than control. It was previously re-
ported that DPP promotes cell-differentiation via MAPK and
Smad signal pathway after RGD motif binds to integrin ex-
isting on the cell surface. From the results of this study, it
was speculated that peptide-conformation is important for in-
duction of differentiation of odontoblasts.

[Conclusion] This study show that 200ug/ml of RGD
peptides have positive effect on the differentiation of MDPC
-23, and that RGD-3 is the most potential in enhancing the
odontogenic gene expression among the peptides in vitro.
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[BBY] 227 »2%4k (mAChRs) OiFPELIE, i
fapca® g ([Cca®'] ) EH%4r L CHERESWE RS
. O RERGERETHLET SV E » (Pilo)
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BetlZ & 2 WEFEIR O Ca™ B E & MEE 53U & O BIAR % 5~
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[F&E] FETIEo [Ca'] Z LoflE R
KRB LT v T IR B fura2 2 B JA £
&, W X B EOCIE L E EOLREEENS THIE L 7.
WL Wi OPE - Rk T O v MY & RN S
L, 53 S & CUENLCIR A L 728 ER TRV Y
105 I EE 2 llE L7z,
[(fERHLVCEE] Pilold KA M2 51 T M IE o
[Ca®] & EH- X4, 100uMTIRAD LA %R L7
B, 2O LFIZCChT L BB AKIEDR15% Th - 7-.
¥ 72, Pilold100uM CChiZ X % [Ca*'] (157 % B EKTE

ONGEBEGL", PREEME, JRE", B
JLHREE SRR - s - B [ - AW E

BIZEIEI L, iR (300uM) TCChO1ER % #575% #1
FlL72. 2o DR, S, PiloldmAChRs D R4 1EE)
L LUTEMT A2 LT, CChlZ & 5Ca™ & % HIHl§
HZEPHBENE R 572 Pilo (3mg/kg) $°Bet (10mg
/kg) |2 & BEEGE AT, REEDERESE O N F 2 b =
7 2 (20mg/kg) TITHIH S 13, mAChRsHERIZFED 7
oy (0.1mgkg) X DM SN/ L225, Pilo
135H TR OmAChRs DG AL % A L CHEL M & 2 2§
ZEDHEPO BN S5, Pilo (3 mg/kg) & Bet
(10mg/kg) & DPEFIE, BetHjl & HA_THI22% O 55k
EAEgE sz, D EoRES,S, PiloldmAChRsH
SIVEBNEE & L CREIIR IS/ & 22 Ca™ IBE & 3775,
DISE IR+ ThH D 2 LRI SNz, R
JROC™ IBE L i & DBIfR%E S HICHRL 720, A&
7B ORERE IR OCa> BIREDHIE# KA TEB Y, ShlZ
DFERGANT 5.

[#£5&] PilolZCChD#715% & > 9 %71 D FHFR B
HTHY, NS HCILENT X DM WAER I A
T, TEMFEIFRIC X 5 Ca™ B2 R ME 45 W % 59 &
5.
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9. Black stainiC H (T 3 e BARIFEHHESE & OBEM
Ol &R, HEE», B G, BEST, AR AR, aEdEd, BEEA

b R R A 2 S A

P Y

(BEY] “PR234F o sifb BEER A IS B W T, 125K
IBRODMFTHEEIE L AR L @AEIAIZ TR L TWA. 2D
7eO/NEEE O R TIE, FHIRLER Y], OTRB LV
WOEGL EOMBKPEIML TETn5, FHICEHLT
X, OBENREORITZANICAOND BGILEY
(Black stain) 7°@ 4. Black stainld, ZiLF TIZHEA 7
e His C O ENIRE O L L O EEH D b OD,
R Rk e BRI T H B, ARFZETIE,
Black stain (2 33 1F % B JE G IS PR R 3 O B 14 3 & O
B DNt 52 LR HE L.

(] RERmbeNEwtt 222 L, RUZeicx L
THELE OHF L REOSE SN2 EZ R E L7z (il
EEBER AR ZEEER S v — MR E S 52011
-012%5). RHEIZPMA index% H\ 72 LTEN AL % 17
WV, 7T — 7 3#I2 T, Black stainld T¥F A XN— %
— I ZTERI L7z, RILL 7279 — 27 % 5DNA % L
L, Real-time PCRE I Co R AN OBl 2B L O

RETET 22 R/ R 22 0 BT,
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AL PR B A B AR W 2 R B A ) 500 B
* b R KA o B R A

MW A Em L, Black stainfrfaE & IFRAE & D ILEL
%4757z, Black stainld, T )V F—4EFI0%% H
WCERAWOTEST ATV, —Tb% LY Vg ai
L, ZEWEFEMEI gL

[#68] PMA index T, Black stainff & B L IE%E
HEIEMEEZTRO LNk h o7, 72, PMA index
A 2 7 # T DBlack stainff & 128\ T, P. nigrescens
3% B 57z, Black stainDITCESHTCTIE, B>
T ADFERTH ) WADOBTICEEBL L Tz 72, &
- BEM SR (% TIE, Black stain PS8 HH B AR 3% AYRR
OB

[E %] Black stainld, JCHEHT B & 0% 8 E 1B
WZED, AICEMLZZODTHY), MEHSES LT
5HZEHIRE ST, P nigrescensd, BEBEEILREE
SR E LTHMSNTBY, Black stain® JE [N O T 7
AR S 7z,
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THE—MRL 7 = 2 RFEPHH I N Tz, FAEEE
9, MHRIEGE 72 & DO RIENIXS T A IH 25855 BT 1SIER

<
,
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1. EEEIED 3 RITH B2

et B R A7k A B A A

(B8] FEEER A AR e L3 — 2 E—ACT
(LLFCBCT) (d2eM 0 iaeIc N, 3 RIch 2 2 it
EROBBRPEREAIZTTRETHL DS, AV TT
MiTAi L GO WENZICERTH L. —F, &
HHADOCTIZCBWT L IVF A5 4 ACT (LLFMDCT)
AT L 2SRRI BT D 3 IKICH 7 4 Wi T i
DBIZIZBWTOCBCT L AR BIZE2 W RETH L. L
ML, G F TIZZDOME OMMZ kil g KIRIC BT 52
Wrgx Il L7z RIZIIEAERENTV W, Z£2
T, ARWFZED H AL, B2 i E KIE O ZIiEEIC D W
TCBCTEMDCT & LRI L, TORMEEIZZED D 5
PrHLPIITAHIETHA.

[Hi&] $iFHHCBCT# & (CB Mercuray, (RH 7 2 7
1 a7z /0y —, Biy) KU, MDCT%{& (Aquilion
16-slice system, BHHEZ X T4 BV AT 5 X, HiK)
ZfEH L7z, CBCTHI{41Z 2\ TldFilter & FEALRLH (DL
TCBCT-H) & #AHL#& M (LLFCBCT-S) 124717,
MDCTH & & ik L 72, e 5 IEFOVAS 5 cm, 10
cm, 15ecm (LLF#NZFNFOV5, FOVIO, FOV15),
[ A%80kV, 100kV, 120kV, #EJASCBCTIL10mA, 15
mA, MDCTIZ100mA, 150mA& L72. %3, MDCTIZ
BWTIE, FOV, A7 A AEZCBCTIZ—HS¥ 579
2, BRIETRER /N CTdH HFOVI8&em A 7 A AJE0. 5
mm®DE %% FFHEL, £ DFICFOV & Bl Hipich %
5em/0. Imm, 10cm/0. 2mm, 15cm/0. Smm 2 FRERL L
TeFBWREVER L7, & MR TFEBOLET 6 @O llo
BRAEE I N TR 22§ RIEE 4 BB 0 & TR

GENIMEORRR™, ALFraltT™, Ko,
AL PR R R SR A AR RN RE A R S I 1 E S R 2 B
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SRHIZ L, AR
" [ MR A R

¥

5

D, EOWNISIERNI LE =R 7 = 2 REHHH S
T/ FABEEAMIITT 5 TRtk 58 X 235E B
0, 22fEBNI L= YRIEPFH SN E
IEEFAHEFII0ERH D, TONSEFTY v a~
4LV RIELETEY T o A REIPEHCHER I NT
(VAT = S QIOE N 1R 2E = QR i1 R 1 S
94.5% (1384ERN), ZHIFEHEIIZ4.5. % (SIEH) TH
0. ZHEMERBNIAT A TR EE RO LR VH S VI,
BEEE 7S S, A E R R L LERCE
517> CTH Y, 3IEFICMRSAD M Sz, 7272,
Z O 3EFNI AN TMRSAIZH T 2§, PIMRSA
FHMH L Tk,

[#£58] UF Tk, 4 H T 3EBICMRSADHED B
STeDART, HAERIEFICHH SR TWwEEEZ LN
7o, Ak, PUREOMHIRDUCE LT, fkbiny e it s
SRl A AT, R, AR 2 &S0 % %@ L% e
ETLHETH 5.

BEICHITAO—E—LCTETILFXT A4 ACTO L

O® #h—, R B, EBKE, ili—%, dilk=

CRRESR BB
L, KL &b TEEBORRHIOWTCTHE %
ol FoN-Mm%%, WEWELY 7 »OsiriX % H
WT 5 NDOBRHHRE 258 KIB O I % e iS4
HAZTHE Lz, & O ERH R D 5 ROCHAT % 1T 7%
VB RBOZMEEZ ROCHAE FHFE (AzfE) & LT
Ko7z, FONHEOCBCTEMDCTH D #% ) v %5
AN v 7 g CHEEERE (BMEE5%) 247, M
FHON LIRS T RIBOZIREDZEZ S 22 L7,
[ERH LUEE] OMDCT, CBCT-H, CBCT-S® 3
FEOMIZ, RO TIIAEREIIE, -7, FOVIT &
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FOVI|Z £ % # 1%, CBCT-H, CBCT-S|Z 8\ TIXZFOV
5, 10, 15OMIZHZEAEED)S, MDCTIZ BV CTFOV 5
EFOVIGOMICHEEZPRD SN/ (16> 5, P=
0.033). D loiEFs» s, OCBCTIZMDCT & [L#g L T
AR ITAEEZITFED VDS, FOVASKE L, HiH W
I3 Filter2SSoft DI WD L EHIRNCH D L EZ 5
5. @MDCTIZFHHERE{RIZB\VT, FOVR AT A A
JEE2/NSC LT ED LBMEPKRTIAEEZLND.
[#E538] A LAskifg KIEOZIEEIZ BT, CBCTE
MDCT?D MICEEMICIZAEETRO LN V. L
L, CBCTIZFOVZ KX < §2 & ZIaeME M EMICH
HDOT, PWRKE O i S O RLEIZFOVE LT 5
RETIERrWEEZOLND.
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8A (9.2%), ¥4 FUN8AK (9.2%), %A FMH36
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D, THTI.2TH -7z, EEFISQIETIX, 1 KT
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REOIETIE, 2FNFHIOE VASA ps 1 28
58.8% % HH Tz, EFFMEED ) b & Bk
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111. 85T, /NEEEHERNZEWEI 2 A Sz, ik
DT T ABEITH - /2.
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— 7 F#2 B OERKRFFE—
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ICHIAT", WE O, BRI, DB OBFT. ORHREET, e
ILHBEEARSWRAR 2 ) = 2 (KA ¥ 75 > bk
LRI A > 75 > M

[BW] A Faxs 789 4 ba—F1 74075 HIEBISLS TROEN-72. 47T MEOERZEIZ
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B, BAPSTHIE22H%, F5IE 4 0HRIC B TH8% TH - 7.
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