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(RANKL)E= ZZA|®7F 8lshk= cytokineo|™
RANKL I2AIRE Z7413Ee] RANKe Agsio]
spAlEe] #812 Fud?. sEATEss 4w
3= oRF==+=  interleukin-1(IL-1),
necrosis factor(TNF) 2 1a,25 dihydroxy-
vitamin Ds(la, 25 (OH):D;) S°] 9o ol
A RANKLS] 23S S71A171eH.
2159 (periodontitis) X|Ef] Alstol <fgh
A Agkom Ao} AAZRAR] Ax= FT7t
ofu} opdale] FE ele] Hx gtk xF
FAte] AFd A, = ASASHAEE v o=
P v WWaFe] 7d2v] 23 Ek(spirochete) 7+
25 AltEe] 50% olde ApAsh, 2923
ERe] 7= 27k AFaAellA Aol wAaE
W) ehbe Fed wele . ) &
v|28ER= Treponema ol &3 wlehd X+
& Wl AN Treponema®l F874°] ZEH
ek FHToll HejAlFo®E HE 16S ribosomal
RNAGRNA) axR2ds Alxsio] #Ag A
& AFASARTE AT wjFo] HA| gk
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2 3 BxH getdtol A T denticolas E3Fh
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A7AT} BEHPem? gl Aol 2F
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denticola®Tt BX Y @o] AEEE A9E 9
o olelgt dskzAl A3k T Jecithinoly-
ticume) AFAH WHE Aol S 7FsdE Al
AVt T Jecithinolyticum®) ¥l gt &
T ZIIHAIRA o] Alte] eudite] MMP-2
= ZsgI® | eludhlde] intercellular
adhesion molecule-1(ICAM-1), IL-6 % IL-8
o IS FTTMIA HERESe fkol Helshs
Aoz s FF Qo 1 Al
o] AEAEREES T F deol Bal

e WY ojm o] ofd 7)Mo st}

0?2 e

wo] A STk

e ¥ aAgelM= 70 ecithinolyticum®
BE LPSE E83 & 70 Jeithinolyticum LPS
7} ZxAAEAN MMP-9 2 SDF-12] 2&oj]
A= dgks w7kl o] Alltel] o3 Ax= 5t
Y7)ds qiEskaat shad
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I. 9 "

T lecithinolyticme ATCC(700332) - &<
wokxow mhe-s FAlEAIE 9 Al ICR B
$2=(Bio Korea Co. Seoul, Korea)= ¥ 2]
slo] ARBSIIT). S-Ejolal A (fetal bovine serum)
9 @-minimal essential medium(a-MEM)
GIBCO BRL(Grand Island, NY, USA)°lA,
LPS Extraction Kit¥ Intron Biotechnology
(Sungnam, Korea)oll4], Sliver staining kit
Amersham Pharmacia (Uppsala, Sweden)©l4]
Tato] AREBIITE. Trizole Life Technologies
(Grand Island, NY)oll#l #Jsidtt. MMP-9
ELISA kit= R&D systems(Minneapolis, MN,
USA)ellA T3t

2. A4

1) 7. lecithinolyticum ¥ 2 LPS &g

T lecithinolyticums OMIZ-Pat <4A]uj=]""
oM 547 7Moo wiksisivt. wikls Al
sl #AlE 22 F LPS e kit(Intron
Biotechnology, Sungnam, Korea)E ©]-&35}]
LPSE #2lsidtt. WA A5 1 ml lysis buffer
o F-f-A171 2 200 b chloroform= A7}ske] 20
b EREITh Aol 5EgE WREAIZl $
12000 x g, 4ColA 1083 YR8l A
S Bkt Aollo] 800 x4l purification buffer
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£ 7sle] &5t 5 20Tl 1087t WISk
T} 12000 x g, 4Col|A] 1553t Yalie]so] e
HAES 1 ml 70% ethanolZ AlA8kaL 2ol
AT Bold LPS HAES 70 wie] 10mM
Tris-HCI buffer(pH 8.0)ol] =] 1+ &<t %<
T sAZsle] A ARESITE. SDS-PAGES
F38le] silver 44 (Amersham Pharmacia,
Uppsala, Sweden) % Coomassie Brilliant
blue S4H(Bio-Red, Hercules, CA, USA)2&
LPSe| 7] ¥ whilzlo] A o RE SRIsISiTt

2) IS AIE B ZAES] A

2 FEERE ZEAEE Tt 2ol &
et B 1-2 4 A7 ICR wH-2E 3]
ABAZ F lEs A oR AEsigivk 10719
uRe-2 TS 10 mee] 0.2% collagenase(Wa-
ko pure chemicals, Osaka, Japan) % 0.1%
dispase(GIBCO BRL, Grand Island, NY,
USA)E &gt a-MEMuAe] F-FrAIZl £ 37T
oA 2087t wRksle] FrhERNE £EAEES B
At o] S F 53] WD 0w 2-53] whEst
o] Aojzl MIEF-FHE- 2000 x gollA 5 3 A
el ZEAIEE et gk AEE 10
cm FIAZHG7]] 2 x 10° 77} HwE 2Fa)
o] 10% FBSE &-13F a-MEMul|of|A] 27 ul
&3 5 Aol o]-85i3l

ICR "F-=(5-8F) 9] a3 tEE=5Y dx
S AAS & dd H91E dusisich. Ak
(25 gauge) = o-MEM HIAIE F74U= T4
afo] ZAIEE Hol W F 2000 x golA 5kt
AR s AAT = 10 mee] A
Tg3(10 mM HCI, 0.83% ammonium chlo-
ride)S #7kete] 5EZE WHEAIA FAIEENE
HEFE A ste] Aol vl ARS-SIS)

T lecithinolyticum 1.PS2] MMP-9 ¥ SDF-1
friees AR B A AFAES 2ol vl
Fohe SIS olgsie] Hrkeisivh mhe

FASAE B SBAE AT EAehe 244

X5 10% FBSE $Hgt a-MEM#EIA] 400 03 Al
F7} 27 1x10° 7] 2 1x10° 7} Hes Bhst
T 48 well A7) 2} welld 400 04 £
sto] 37 vt 3§ wiAE AASIAL T
lecithinolyticum LPS, PGE2(SIGMA, St. Lou-
is, MO, USA) H= PGE; AAAIAIRI NS398
(SIGMA, St. Louis, MO, USA)S g3t ]
A5 H7¥ste] T2A17F st vieket $ A
23S (reverse transcriptase-polymerase
chain reaction, RT-PCR) H& SAWSISAY
(enzyme linked immunosorbent assay, ELI-
SA)S o83l MMP-9, SDF-1, 11-18 ¥ TNF-

0] WH =g Brlele

3) R FaAdANESH

Trizol- &8 A3l 70 Jecithinolyticum
LPS, PGE; & NS398= A2lgt AHEz=iE
RNAE #elale] Saadsvh-g o= MMP-9,
SDF-1, IL-18 ¥ TNF-a mRNA¢] &S 3715}
Aok 2k RNA(1 pg/pl)E 3 (template) 2
= RT kit(Bioneer, Daejeon, Korea)E A-8-3}
o] ¢cDNAZE $Md313Itt cDNA(4 nb)+= 1 x PCR
buffer, 200 uM deoxynucleoside triphosphate,
200 pM forward primer, 200 pM reverse
primer @ 1 U Taq DNA polymerase(Bio-
neer, Daejeon, Korea)E 3t 50 ut vH3-8-<f
o] DNA thermal cycler(Biometra, Gottin-
gen, Germany)E AR&Ste] SFAIZTE - 303
SEAFIem gl 83 primer ¥ annealing
temperatures= Table 1%} 2t} PCR=E 553t
DNAT= 1% agarose gelolA] 71953+ & ethi-
dium bromide @& st ERlsI3ATh

4) MMP-9 &%= =4

7. lecithinolyticum 1.PS, PGE, H== NS398
2 Agsk Mxe] wiek o) MMP-9¢] »EE
MMP-9 A& o8¢k ELISA kitE o83t =
et
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Table 1. The primer sequence of MMP-9, SDF-1, IL-1B, TNF-a and B-actin

Primer Annealing Product size
mers sequences
4 temperature(C) (bp)
forward 5'-CTGTCCAGACCAAGGGTACAGCCT-3
MMP-9 ] ) 60 263
reverse 5'-GTGGTATAGTGGGACACATAGTGG-3
forward 5'-CTGCATCAGTGACGGTAAACC-3’
SDF-1 ) ) 60 142
reverse 5 "“-CAGCCGTGCAACAATCTGAAG-3
118 forward 5'-ATGGCAACTGTTCCTGAACTCAAGT-3’ 50 63
reverse 5'-CAGGACAGGTATAGATCTTTCCTTT-3"
N forward 5 -TTCTGTCTACTGAACTTCGGGGTGATCGGTCC-3 60 468
—-a
reverse 5'-GTATGAGATAGCAAATCGGCTGACGGTGTGGG-3
forward 5'-GGACTCCTATGGTGGGTGACGAGG-3
B-actin i . ’ 64 366
reverse 5" -GGGAGAGCATAGCCCTCGTAGAT-3
om Atk Ro¥(ladder form) 2] band HE|S K
. T lecithinolyticum®! LPSolM= 14.4
1. 7. lecithinolyticum LPS ¥3% kDa¥} 21.5 kDaAe] 2 21.5 kDa¥} 31 kDa A}

olol] band7} vEREOH Ahdte] Beke] band FE

T lecithinolyticum®25€ ¥2]3+ LPSE = HolA ety T Jecithinolyticum 1PSE
SDS-PAGE=® #7198 % silver F4& 3fod SDS- PAGEZ #17]9&¢t ¥ Coomassie Bril-
T, lecithinolyticum LPS2] band SElE £ coli liant blue® FMate] E2]$k LPSel| Thdo] ¢l
LPS?] band®t wwalitkFigure 1). £ coli &< slsigich
LPSeIA:= 14.4 kDa ©lsolA] = band7} VFeRst

A B
1 2 3 1 v 3

97.4 — | 2;-;‘ =
66.3 — v —
s — 55.4
36.5 — 36.5 —

31— 31 —
21.5 — 21.5 —
14.4 — 14.4 —

i

Figure 1. SDS-PAGE of LPS from 7. /lecithinolyticum.
Lane 1, protein standards; Lane 2, LPS of £ colf ;
Lane 3, LPS of 7. /lecithinolyticum. The 14% poly—
acrylamide gel was stained using the silver staining kit
(A) and Coomassie Brilliant blue (B).
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2. T. lecithinolyticum LPS ¢ 3 MMP—
9 ¥ SDF-19 23§

con TL100 B

40

£ 0 :
== i

B -actin o T
E 10
0
con TL100
<

MMP-9
B -actin

Figure 2. Effect of LPS from 7. lecithinolyticum on MMP-9
and SDF-1 expression in coculture of mouse bone marrow
cells and calvaria—derived osteoblasts. Mouse bone marrow
cells and calvaria—derived osteoblasts were cocultured to
confluence and treated with 7. lecithinolyticurn LPS(100 ug/ml)
or polymyxin B(40 wg/ml) for additional 3 days. The RNA was
isolated from the cultured cells and the levels of MMP-9,
SDF-1, and B-actin mRNA were analyzed by RT-PCR (A, C).
Representative result of three experiments that yielded similar
results is shown. The concentration of MMP-9 was de—
termined by ELISA Kit(C). The data are the means + standard
errors for three experiments.

o)} 4=

— ==

A1 polymyxm BE

Itk Figure 2B). LPS9} LPS«]
Aol At 7

T lecithinolyticum 1LPSel <3 MMP-9 %
SDF-1 &S 7kel] flate]
= 7' Jecithinolyticum LPS(100 pg/mt) S Shr
s HHXMW 37k ket & MMP-9 % SDF-19]
WS RT-PCR o= HrsldthFigure
2A). LPSZ AHsl] &2 Aol MMP-9 2
SDF-1 mRNA7} 2so] Siolem 7. Jeci-
thinolyticum LPSE= MMP-9 mRNA9 3l
71721 SDF-1 mRNAS] o= daks
24 ket LPSE Agjgh Alare] wield=dd
MMP-99] 5%E ELISA WHo= =43 2

5 o o9 Hwsle] T AT =)

Z_TLA]:T_ =] :L/kkﬂ

E&g_

il

o2 AEek 491t MMP-9 mRNAA ulE]
o] A&lwAcH Figure 2C).

3. T. lecithinolyticum LPS9| ¢& MMP—
9 43 PGE, #EA

IL-18, TNF-a 2 PGE.7} 70 lecithinoly-
ticum LPSell 23 MMP-92dol| #ofsh=x] ¥
7Vt ZmAlEet FAIEE LPSE 397 A
28k = [[-13 % TNF-a mRNA9] #dS RT-
PCR® 7}3l%itHFigure 3). LPSE ZZAE
2 A EA [L-18 2 TNF-a mRNA e
Z7P71A egkeh. PGEL(107, 10° 2 10° M) =
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con TL100

IL-1p

TNF-a

B -actin

Figure 3. Effect of 7. /lecithinolyticum LPS on induction of IL—=18 and TNF—-a mRNA in
coculture of mouse bone marrow cells and calvaria—derived osteoblasts. Mouse bone
marrow cells and calvaria—derived osteoblasts were cocultured to confluence and treated
with 7. flecithinolyticun LPS(100 pg/ml) for additional 3 days. The RNA was isolated from
the cultured cells and the levels of each cytokine and B—actin mRNA were analyzed by
RT-PCR. Representative result of two experiments that yielded similar results is shown.

Z2AE D FFAEES 3903 AP T MMP-9
o] ¥&S RT-PCR ¥ ELISAZ #H7lslitt
(Figure 4A, B). PGE= 10'M oellA MMP-
99] WS F7MAFLE LPS9 PGE, AAdAI]

g ¥ MMP-99] s 7ksiltk(Figure 40).
LPS9} NS398E &Alell Al2jgk 4% LPS wso
2 A2 Feun g MMP-99] =
7F A8k

211 NS398= Al Bl ZAIEE 397 #g]

A PGE, M) B
0 105 106 107 %‘100
5 80
— MMP9 £ g
g a0
= e E 20
0
0 109 106
c _ PGE, (M)
E 40
230
? 20
X sl
= 0
Eal (] Qy Col
&) & B
i «\;\ ‘\é? ééb
&
N
P4

Figure 4. Involvement of PGE; in MMP-9 expression in coculture
of mouse bone marrow cells and calvaria—derived osteoblasts
induced by 7. /lecithinolyticum LPS. Mouse bone marrow cells
and calvaria—derived osteoblasts were cocultured to confluence
and treated with PGE2(10-7, 10-6, and 10-5 M) (A, B) or in
combination with 7. fecithinolyticum LPS(100 xg/ml) and NS398
(1 uM) for additional 3 days (C). The RNA was isolated from
the cultured cells, and the level of MMP-9 and B-actin mRBNA
were analyzed by RT-PCR. Representative result of three experi—
ments that yielded similar results is shown. The concentration of
MMP-9 was determined by ELISA Kit. The data are the means
+ standard errors for three experiments.
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Effect of Treponema lecithinolyticum lipopolysaccharide
on matrix metalloproteinase—9 expression
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Bone resorption involves sequential stages of osteoclast precursor migration and differen-
tiation of osteoclast precursors into multinucleated osteoclasts. Stromal cell derived factor
(SDF)-1 is a chemotactic factor for osteoclast precursor migration. Matrix metalloproteinase
(MMP)-9 is involved in migration of osteoclast precursors and activation of interleukin(IL)-18.
Alveolar bone destruction is a characteristic feature of periodontal disease. 7reponema
lecithinolyticum is a oral spirochete isolated from the periodontal lesions. The effect of
lipopolysaccharide(LPS) from 7. lecithinolyticum on expression of SDF-1 and MMP-9 was
examined in cocultures of bone marrow cells and osteblasts derived from mouse calvariae.

T lecithinolyticum LPS increased expression of MMP-9 in the coculture. Polymyxin B, an
inhibitor of LPS, abolished the increase of MMP-9 mRNA expression by LPS. LPS did not
increase the expression of SDF-1, IL-1B and tumor necrosis factor(TNF)-a mRNA in
cocultures. Prostaglandin Es(PGE:;) up-—regulated the expression of MMP-9 and NS398, an
inhibitor of PGE; synthesis, down-regulated the induction of MMP-9 expression by 7.
lecithinolyticm LPS.

These results suggest that 7" lecithinolytium LPS increases MMP-9 expression in bone cells
via PGE; and that the induction of MMP-9 expression by 7. lecithinolyticum LPS is involved
in alveolar bone destruction of periodontitis patients by the increase of osteoclast precursor

migration and the activation of bone resorption-inducing cytokine.

Key words : 7reponema lecithinolyticum, lipopolysaccharide, MMP-9
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