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Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

a ¥ A

Inhibitory effect of sonicated extracts of T. denticola
on AlLPase expression in mouse calvarial cells. - - - - - -
Inhibitory effect of heat—treated extracts of 7. denticola
on AlLPase expression in mouse calvarial cells. - - - - - -

The effect of indomethacin on inhibition of ALPase
expression induced by sonicated extracts of 7.

denticola in mouse calvarial cells. - < - - = = « = « - - -
The effect of sonicated extracts of T. denticola on
viability of mouse calvarial cells, =« = = = « « = = « « - =«
The effect of sonicated extracts of T. denticola on

osteoclast formation in co-culture system. =+« -« - = = = - -
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o] FxAd ETAstE ZIZAE oug FIFE VA=AE FotE il volrt
=E 71 e] gt gk 7]EA RsE AFstaa A E T
denticola &3 ¥o] =FME L Az oo = e FEsAH =
TAE BAATE g FAFAEAN 2ZAE B3 7] FdAAQ
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Porphyromonas gingivalis, Actinobacillus actinomycetemcomitans's® 27|14 @
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Armitage 5, 1982; Greenstein 5, 1985; Loesche, 1988).
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interleukin-1, 1 @ ,25-dihydroxy vitamin Ds ¢} 22 v /| 1A} & o] ZF A o #-&35}
o g E 32 AR} (Osteoclast differentiation factor, ODF)¢] 848 fEght},
H ODF+= g5 A2 9] 48 A=61A Ho] A 287 2559 73

TEE 9 FEAE7 st A4S 24T 5 U (Suda 5, 1995) old
2AE AZAA A B QA AR =, LA FE A T o] MM A

S o] YNAOE WobEelAn glom, ol A5 Futalt Lol Wi

et A 2o Bae} old mE &9 P IS HIAva
i

= =

EAE wel v ot B Y (Loomer 5, 1998). shA v A2 <13t X e & 7]
o] Zo] FHE AAGANA oW A4S =X d A= weol it
Hol ot Altse] 484 B EME AL VN etE ZEAlEd] o9A dFE
)X =7k get A= guldo® By vyt A, B A FAse] 2 Yol
T. denticola?t ZZA|Fol| oW g F3ks m A= A= &z vt gl

whEbA, 2 A= HS AFAEe] F8 ddder AAAE T
denticola®] Yol =ZMAE 2 dFAEe Eslo] ojust JF& HA=AE
eofi ar, o] FFIF HUNE FHAACAM o Adeg sh=A] digh 72 2}
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Z] ¢l alpha minimum essential medium (¢ -MEM), 344
bovine serum (FBS)< Gibco BRL (NY, USA)olA 48 2™, ascorbic acid,
B-glycerophosphate, indomethacin, AlPase kit (AIP-10), TRAP-staining kitx Sigma
(St. Louis, USA)AIA Fgstsith FASFAEE Eestr] fste] AMgste a9l
collagenase®} dispase= Wako (Japan)ol A T3t AF&3EA

ot
=
=k
2
ofo
&
T
v
=R

2. lz];]juq'j

7F At 2 gt} A

B Adglo) AR w2l T denticola (ATCC 33521)% OMIZ-Pat A ulj =] o]
Al @71 o R wFste]l AREEATE (Wyss &, 1996). OMIZ-Pat A wj=#] (50

mhol A dFI7E vjgFet w SRS 4 T, 5000 < goll A 1087 A EE] st Bl A
2 AAS e d& #AZ 50 mle phosphate buffer saline (PBS)oll A 33] A
Aot AlAEe 5 1 ml PBSol @8 A7)13 25-3417] (Branson model 250
sonifier, Fisher scientific)& A&l AEE EH s 3 4 T, 5000xgolA 10
T AT Yt AEds Fste] dden Argsiglon, T A Fi
Bradford methods® Bio-rad protein assay kit (Biorad, CA, USA)E o]-&3}
SRR TR dHE] AFEE 80THAA 3087 He & Ab&s.
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AT 149 ICR vF$-2 1078l & g S99 @7 JAAZ & FEe
Fadow AH=st3, 10 e §489 (02 % collagenase 2 0.1 % dispase”}

A]
¥ o -MEMADC] F7A171 3 37 CollA 10&7F wgbg}, o] % s
o]

2000 X gl Al 5&7F A4l ste] mhe-x FAEAZEE AATH

B33} A ZE 24 well Hoa) 7]
o 8x10°/7} HEE EFste] 2FAE W YA (10 % FBS7 B9 ¢ -MEM
A A v kst o, Al ke dEd AFEE AEE 10 ecm B¥AE

7)ol AEZEAE 2X 107 7F HE S BEste] AT Ao wjat

T AE T 2FAE Foss o

24 well gamjgriold 2AGATe] Gd WA vk FohEAEE wigE F
WA E A ABFA, ascorbic acid (50 pgg/ml) ¢+ B -glycerophosphate (10 mM), 7.
denticola ¥ <9 (0.25, 25 pg/ml), @A s TH %= indomethacine] TH %
Al &= wghekgith. 3d o] WA A S wEstaA 1097 ASa)ds At
MR E AAS & 2 welld T4EN (02 % collagenase, 0.1 % dispase)
100 W& A7bshar, 37 CoAA 2087 §h&A7 5 A3EE 15 ml Al@ o] &7
A, EEoM AED wdds ZYAAY. dAdEYste] ZFdE vea Ax

7

e 22 F PBSE 29 AlFS 2 d AlxE A&l '@ HlolA e &1

o

< 100 w2 1 % triton X-100 (Sigma, St. Louis, USA)&9-& H7lste] 3027 +
UM, AZEEE St A 5000< gl A 1087 A FEEste] dEdE Rot
ALPase assaydl AF&stvl 30 ColA 20 @] AMxEdes 1 mée] ALP-10
(Sigma, St. Louis, USA)& 3 T35l zb2b 30%, 233 9H&A17 & A

+ p-nitrophenol®] %¥-& 405 nm FF=olA SA 35S



g AxsAds 54
T denticola Y 93t AZE5ATLS MTT HHS o] &35t =AHsAr}. 24
well BRI E7])e] welld 8X10°719] np$-22 Tl A

37 2 WYl BATLF AW WA ARt

H
i

gk 3 A o A
50 pg/ml ascorbic acid,
10 mM B -glycerophosphate, T. denticola T o] 3hH% wA = u3HsH

_ﬁ
ol

WAE 3 1Y ugetglon, 1047t A5

F MIT Hgos Aes

- O =z =]
B%e 249

AT 4FHE Ae ICR w929 A&7 dEZF23YH dx4s AAd &
=8 B e Adsiiv FAF vhe (25 gauge)2 o -MEMMWIA| S S5 4WE <)
sto] A ES Hobdl & 2000X gl A 57 AAREEE st dEdE A

0 mee) A4 &8-8% (10 mM Tris - Cl, 0.83 % ammonium chloride)

Arkehe] 587k WG A A BFAZZYY 487 AAA,

o

FEAE D EFFAEE 48 well AEAE7| welld AESF7F 22 1x10*
= x4dsto] WA (10 % FBS7)F 7% o -MEM®IA]) 400 wf
oA 397t wjeksld). 343 HiXE A AL, 25 pwe/mle] T denticola TH-&

AW AR WBE T 4Q7 A%l ATAL JHL FEseh

JFIAE FAFE S FAIAEY EAEAQ tartrate AT AHAMEIHEL
(tartrate resistant acid phosphatase, TRAP)E t}S-3 & wWylon Asho]
oAl ot gduME TS HUetd

wjeke AZEE 3189 (25 md citrate solution, 65 mé acetone, 8 mé 37 % formaldehyde)



o7 g st 3027 nAAZ T FHFFE AHSYY. TRAP assay kit
(Sigma, StLouis, USA)E o|-&3ate] Axd s sk Ao Aelste] Wo| &
o 7HAl = FostA 37 T F2FxodA 1A ESE dA8a SFTE
AA gt & AR Aol A ol 377013 TRAP 44 AlFe] F5 Ao nlu
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1. T. denticola ¥ N9 ko WE ZFAE 394
a5y

T. denticola &3 Ho] F=AEY 35 A=A #&s7] Yt v~

ZEANEE 025 pug/ml B 25 pg/mle T denticola HHHo] a5 ujx oA

o #aldAanE #Zr] $4

ZEAlE 3 27]2EAAS] ALPase @458 SASAH. A2 At &4
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e,
=
re
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=
og
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i
N
off
H
=2
k=)
i
BX
ikl
>,
bt

el st SVl wEh 2EAE A1 ALPase FA45 ol st

2. A 23 T. denticola ¥ Nl 2 =ZAE #3519
A & ¥}
T. denticola F3 o] A EZ F3AAd #Aoqste =49 & AALES
7198kl 80 T XA 305¢t @3l 25 pg/ml T. denticola w319 =
= dA8E FALLe 25 pg/ml T, denticola E-HHo] A x| or n}-¢-

fe

FAZALE 1097 A% Fetel, AAD @ & el 93 22AL ¥3
A TG sk AWAY FAE AL A9 viwste] dxYF

o Aol ALPase €452 #kelE RolA st (Fig. 2).

3. T. denticola ¥ Mol olst =T AE 7319 AA|
indomethacin®] V] X &= o3k
ZHFAEZ B3l Ae PGE, 7} #ZHest=xE 27|98l ah$2x FAEFAEES

25 pg/mlel T, denticola £33} prostaglandin &2 IA 3= indomethacing



A Aelste] T. denticoladl 98 2=ZA|lFe] 237 JAH=A B8t

A3 T. denticola o] g wix]o]X ALPase A5l #HAa3stsond,

o O
ole} WP Sw ZF sXxe indomethacino]

A7tE A= AlPase 459
& Aol YEA] @kt (Fig. 3).

4. T. denticola w3 o] Z=ZAxZe T4

B E2
BEe AR Ash, Ad Badlel ¥IHA @e A9d Wuage o, T
denticola’t ZFALY) FHo) 4Fe MAA 223 ¢ 5 AU (Fig. )
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0.30 4

0.25 +

0.20

0.14

0.10 A ‘|’

AlLPase activity(U/mg protein)

0.05 .
0.00
GP/AA + + +
Extracts of - 0.25 2.5
T denticola
(ug/ml)

Figure 1. Inhibitory effect of sonicated extracts of 7. denticola on
Al Pase expression in mouse calvarial cells. Mouse calvarial cells were
cultured to confluent, and then were treated with 10 mM A-glycerdhospate’ 50
pg/ml ascorbic acid (GP/AA) in the abscence or presence of soricated extracts of
T. denticola for 10 days. ALPase activity was estimated by measuring
the amount of p—nitrophenol with spectrophotometer. The results are
expressed as means £ SD of 3 cultures.

* significantly different from GP/AA treated group.

#* significantly different from 0.25 1 g/ml extracts—treated group.

_10_



0.3+

=
0.1 - T

Al Pase activity(U/mg protein)

T
0.0

GP/AA + + +

Extracts of

T dentionla - + + ( Heat treated extracts)

2.5 (ug/miy

Figure 2. Inhibitory effect of heat—treated extracts of 7. denticola
on ALPase expression in mouse calvarial cells. Mouse calvarial cells were
cultured to confluent, and then treated with heat-treated extracts of 7. denticola
for 10 days. ALPase activity was estimated by measuring the amount of
p—nitrophenol with spectrophotometer. The results are expressed as means
* SD of 3 cultures.

* significantly different from GP/AA treated group.

*x gignificantly different from extracts—treated group.
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040~

0.05 - =cH

AlLPaze activity{lU/mg protein}

I_'I'_ =
oo
GPMas, + + t +
Extracts of
Tdenficole 2 5{ugiml) - + + +
Indormethacin Tuld - . +
Indormeathacin Subl - - L +

Figure 3. The effect of indomethacin on the inhihition of ALPase expression
induced by sonicated extracts of 7. denticola in mouse calvarial cells.
Mouse calvarial cells were cultured to confluent, and then were
treated of with sonicated extracts of 7. denticola (2.5 pg/ml)
in the presence or abscence of indomethacin (1, 5 M) for 10 days.

ALPase activity was estimated by measuring the amount p-nitrophenol
with spectrophotometer. The results are expressed as means £ SD of 5
cultures.

* significantly different from GP/AA-treated group.

*% not significantly different from extracts—treated group.
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E
c
o
I‘m-- 0.3 o
®
O
O 52

0.1 4

0.0
GPALA + + +
Extracts of
T denticola - 0.25 2.5
(ugf/mil)

Figure 4. The effect of sonicated extracts of T. denticola on viability
of mouse calvarial cells. Mouse calvarial cells were cultured for 10
days with sonicated extracts of T. denticola. The viability of cells
were estimated by MTT assay, and data was represented as optical
density(OD) at 530 nm. The results are expressed as means = SD of 3

cultures.
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50 <

2004

150

100 =

A0 =

MNumber of TRAP-positive
rmultinucleated cells {cellsfwell)

0 25

Concentration of sonicated extracts of T.denticoln (ug/ml)

Figure 5. The effect of sonicated extracts of 71. denticola on
osteoclast formation in co—culture system. Mouse bone marrow cells and
calvarial osteoblastic cells were co—cultured for 3 days. After change of
the medium, cells were treated with sonicated extracts of T. denticola (2.5
rg/ml). Then, cells were fixed and stained for TRAP. TRAP-positive
multinucleated cells were counted as osteoclast. The results are expressed
as means T SD of 2 cultures.

* significantly different from non-treated group.
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)

kol EF T denticola w3l ¢l AlLPase @d/d%5°] #Zaste A&
oF 4= AT} (Fig. 1). o= T denticola?} FZFANE ] H3lo] Bojsle] FAAAS
AA et 7)Ao FeFE HEH 5 ASE A

AFAgl g ZFFE FEEE AGAA MY AU FRES] #
oA He=dl, T, denticola ©]21¢] thE AFHATEL AH oz Hjko] &9
sto] o5 Ao ofwl Aol ZFAEA ok FUjAte] TS ATE vl A ol
g A Avt. P ogingivalis®] 74-%-, LPS (Lipopolysaccharide)H 42 E w7z
sto] Tl doukgol o8 2EAES 35 JAlste 28-S A= A
s (Wilson, 1995, Kadono 5, 1999), A actinomyctemcomittans®] 74 -%-ol =
At Azt dodste] zzAFo] dis] HIAE A FAE fFEste Jom B
vl At} (Yamamoto 5, 1999; Morimoto =, 1999). 2 2324 i}s}

e}

Q

Fr

P. gingivalis, A. actinomycetemcomitans, P. intermedia®t 2 X523k
o] Af-el= Alxte]l LPsel o8l w2 FrEAFEAA ALPase ©dlo] A]1¥ 5L,
Zg, F719019 A WA FAgdo] gadE 5 2IEAEY HIEs dAdE
B3t 9 (Meghi &, 1992; Loomer %, 1995; Loomer 5, 1998).

ojebzkol Altel uwhel TFA JAAAIE vk A& & o 9L, aPEw
T. denticola’t ZEME 35 At AR oHE A diLo] #AT
Zlolek= ZHAstel, T. denticola ENE AALT F vhe2 2@l FoA
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o IAZAM T. denticola’t &AM FEo| AHA k& 74 £ZAHE E3lsd&
A s AR o] HAA| o\ wisfAxrE Adste] A FFE A b
AR MAY = vk LPSE Aldelde] A6t el Ao oA
cytokine®] Y eicosanoid A9l & dEHF AFRARA, HIAdE ZSAEE A}
et FEafiA Rl = -1, IL-6, PGE, , nitric oxideZ #Y|8le] 25528 738}
T8 FERER dEAAY (Sean T, 1996). 1% PGE,; & ZUlAME 248k A
ol wirjelAt2 A FAFAE 7S EXAIY FAY FZEFAEY collagen THS
AAete] AL AdAFoRN FFFTE FAAYE dTE dvhal A g
A o2 Ho g s FZAF A collagen TA T DNA TS =2AH A
de FAANZ g dv Bad vyt v wEkd PGE, = =®d4de 24l
FEAER olE £HAFE T A8E sk UAde 2 glow
Azl by A Ee] 23E dASVE o, s 2 38 & Yt
i E 7 vl (Hakeda &, 1986; Kaneki ‘&, 1999).
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Lernerd] €8t (1998), YA A2l Staphyviococcus aureus, Staphylococcus
epidermis® 7 -%-o PGE, 7} v/ AQx 2 B Fo] ZFAEAA Z7]A dwlA
o] e ARt Rah lglenm o)k Adxe]l B o A¥tFql
denticola TN ol 2ZA xS T3t A= AAAAE PGE, 7F A8
F=AE AR At skt wEks o] A3l M = cyclooxygenase®] 2H8-& A3
sto] PGE, 9 348 9AlskE indomethacing o 3 gl &7 #H7tste] 2ot
8y, A dFA A= indomethacin® 7171 ALPase@d o] 93t o3-S 7
A A= &tk = indomethacin®o] 715 olx ALPase@do] AEE= AL &
F 99t} (Fig. 3). 294 o2 PGE, & #ostA] &< Aol Aza 4 gk
whEhA] wjZQ1AE 0w 8t cytokine A= o2 ] A7) Hojof & Y Aotk

~
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9 25 pg/milAE FEAFEe] A= JEFE MAA FUu (Fig. 4. kA
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B AT E HE AFASe] F dddow FHA A= T denticola’t
T.

A m A= G Breta A T denticola w3 ol o8 2ZAFE] 3}
7 JAH=AE Bokth vk 2EAFEe] EIAAREE 2] M 2EAE %
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ABSTRACT

Effect of sonicated extracts of Treponema

denticola on osteoblast and osteoclast differentiation

Seung Wook Jin

Department of Dentistry
The Graduate School, Yonsei University

(Directed by Associated Professor Yun Jung Yoo, D.D.S., Ph.D)

Treponerma(T) denticola is often considered as a predominant type of
periodontopathic bacteria. It has been also known to have various virulence
factors, but, their effect on osteoblast differentiation was not clearly elucidated.
In the present study, we investigated the effect of extracts of 7. denticola on
osteoblast and osteoclast differentiation in bone remodelling mechanism.
Osteoblast differentiation was estimated by measuring the activity of alkaline
phosphatase (ALPase) in mouse calvarial cells, and osteoclast differentiation was
analysed by measuring the formation of trap positive multinuleated cells in
co-culture system of mouse calvarial cells and bone marrow cells. Sonicated
extracts of T, denticola (0.25,25ug/ml) inhibited ALPase activity in a dose-dependent
manner (p<0.05). Inhibitory ability of AlLPase activity was not significantly
different between heat-treated extracts and non heat-treated extracts (p<0.05).
Indomethacin, an inhibitor of prostaglandin, had no effects on inhibition of
Al Pase activity induced by sonicated extracts of T. denticola (p<0.05). Sonicated
extracts of 7. denticola did not affect the viability of mouse calvarial cells.

Futhermore, in the concentration of 25 pg/ml extracts, formation of TRAP po
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sitive multinucleated cells was increased in co-culture system of mouse
calvarial cells and bone marrow cells.

These results suggest that 7. denticola could induce alveolar bone resorption by
stimulation of osteoclast and irhibition of osteoblast differentiation, and heat-stable
substance plays an important role in this process. However, PGE, signalling
pathway seems not to be involved in inhibitory activity of osteoblast

differentiation.
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