International Journal of Oral Biology, March 2004. p. 27~37
Copyright (€} 2004. The Korean Academy of Oral Biology

International
Journal of
Oral Biology

P. gingivalis and A. actinomycetemcomitans LPS Differentially Regulate
the Expression of Inflammatory Cytokines and Chemokines in Gingival
Fibroblast and Periodontal Ligament Fibroblast

Sin Young Park, Yong Hee Kim, Ji Hae Jun, Gwan-Shik Kim, Byung-Moo Min' and Jeong-Hwa Baek
Department of Pharmacology and Dental Therapeutics, ' Department of Oral Biochemistry, College of Dentistry,

Seoul National University

(Received January 24, 2004 ; Accepted February 18, 2004)

Lipopolysaccharide (LPS) from Actinobacillus actino-
mycetemcomitans (A. a) and Porphyromonas gingivalis (P. g)
plays a role as a virulent factor in periodontal diseases.
Although the inflammatory cells are the major
immunomodulatory cells, fibroblasts also secrete a variety of
inflammatory cytokines and chemokines. In this study, we
compared the effects of A. @ and P. g LPS on the expression
of inflammatory cytokines, chemokines and osteoclastogenesis
regulatory factors in human gingival fibroblasts (GF) and
periodontal ligament fibroblasts (PDL). GF and PDL were
cultured in the presence of LPS from A. a (1 pg/ml) or P. g
(1 pg/ml) for 0, 4, 8, 24, 48 h and the expression were
analyzed by reverse transcription-polymerase chain
reactions. Although Toll-like receptor (TLR)2 and TLR4
were constitutively expressed both in GF and in PDL, their
expression levels were more prominent in PDL. LPS
increased the expression of interleukin(IL)-13, IL-6, and
tumor necrosis factor-o¢, TL-8, and RANTES. The
expression of transforming growth factor-$, monocyte
chemoattractant protein-1, stromal cell-derived factor 1,
macrophage-colony stimu-lating factor, and osteoprotegerin
was not significantly altered by LPS in both cells. LPS
slightly increased the expression of receptor activator of
nuclear factor-xB ligand (RANKL). PDL showed more
responsiveness to LPS than GF did, being consistent with
TLR expression levels. Moreover, the cytokine/chemokine
stimulatory activity of P g LPS was less compared with that
of A. a LPS, providing P. g with the efficiency to evade innate
host defense mechanism. These results showed that both GF
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and PDL could act as immunomodulatory cells in response
to periodontopathic bacteria and LPSs from different
bacteria differentially regulated those immuno-regulatory
cells.
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Alfetelle B8 Alite] EAht o] F A5 iz
ARAeR A Aoz oAl AT vlwd A
oled  Porphyromonas gingivalis (P )%} Actinobacillus
actinomycetemcomitans (A. a)*} 722 =28 L4 7Hge
2 Al AFd I Aoz deix et (Socransky
9} Haffajee, 1993). Lipopolysaccharide (LPS)E i
=4 Al EHel ¥Eclxtz deiA Qo 2 ¢
449l Toll-like receptor (TLRYS Edfod A4 wied
15 fFeskal 9F5uhs-S fshs Aoz geA 9
o} (Heumann?} Roger, 2002). &x17k<] <2z TLR &
TLR47} H249] LPSY] #8472 g5l TLR2:= o
- 28 kA9 peptidoglycan, lipoteichoic acid,
lipoprotein®] 142} tlEo] P g 2 U¥ = 4
Aol LPSE <lAshe +8AlZ 28ele Aoz »va
e} (Takeda -, 2003).
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2Fd T3 Ao ¥ J)AdE Agsh] 98 A5
= Ao LPS7| % B3 Al 3ol vjH= 9%
o tigt A7t Bol Ald=e] ghvt. 53] w44
Z5 vdez 3 A+ Az LPS A ¥ inter-
leukin(IL)-18, IL-6, tumor necrosis factor-o¢ (TNF-¢)
-2 G354 cytokine?}t IL-8, monocyte chemoattractant
protein-1 (MCP-1)3 72 chemokine?] W&do| A F
7}go] ¥y EQlth (Zhong §, 1993; Agarwal %,
1995; Jiang &, 1996). =3 AFedo] Ad) Fql F-9
of APl HFzAof o|z{d 3FA cytokine,
chemokine®] ko] F7hgo| 2= Ut} (Masada 5,
1990; Offenbacher 5, 1993; Gamonal 5, 2000; Kaba-
shima %5, 2002). °]8l 934 cytokine} chemokine
357, ST, HET 59 GFAEE 2EEE o
Folew FAIA]FIY collagenase 22 714 ) T4
o} g &3 IHTAE YL A 59 F
45 53 AFHelA AF2A e Fed JTL
Hsle Aoz dHA Yok (Grave, 1999). dH AT
Ad Aol FE FHole] Bl AT 4£Ao] F93)
ATgE el Az XSk Az Fgo
2 F7t A gEA e Tl £3)s]o] A
AslE deld Zoln o] Fatel &S - HAH
AL dedsle AL #2e e

Receptor activator of nuclear factor-xB ligand (RANKL)
T TEAFY T HE7 Sl W= sz AT
Az 3ol 4849 RANKo| Zdsle] A ze] &
sto} FAEE frsh, AlEI el wiokA] A
X Ao Fe3 = t}E <Al macrophage-colony
stimulating factor (M-CSF)2} RANKLS o] ojFm
e 7R AR Aol deiElet (Lacey &, 1998;
Quinn 5, 1998; Yasuda 5, 1998a). T3} osteoprotegerin
(OPGy2 EFEAHZ FollAl £u]== RANKLe] ZA3s
RANKL-RANK7} A%E dJAgezs st3Az F3iet
A4S Azl AR delA 9ot (Simonet -, 1997,
Yasuda 5, 1998b). ¥|¥ RANKL¥} OPG7} sl=AlZ &
3t 2o d4d qgE sl sy IL-1, TNF-a
59 A5A cytokines IFAEZ H3}, FAslo Fxl=t
4% sl AeoE ¥y Ho AFF AYPA| AL AT
4 cytokine 5% AE¥T HIol g FAeE AHD
Ut} (Grave, 1999; Kobayashi 5, 2000).

£,

= LPS WE 7|A9 Ao AFAHEE o] &F AT
wo] o]Fojzxlont XFRe) A AFE I Al
TAFESo] A2AFEAZ Y XSl 2ol v]H]
ol i3l A= T =] St olF ATEL A
23 AFeldle] F23 FAMZE AFE A4 A
T, ATAEES AAH AEHH AFA cytokine 2

(e}

orr X
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THlsle] AFzAeY HY2A]SE Uehlied F2
g ATE ddd oz oA Pk (McCullochs}
Bordin, 1991; Agarwal 5, 1998; Okada®} Murakami,
1998). A AT A2AFEAZY 2FInjA Zofl A
F9 3= Al LPSE A=e 7 IL-18, 1IL-6, IL-8
o UEs FVMAE B udlgdrl (Takada %, 1991;
Tamura %, 1992; Yamaji &, 1995). 3k# U A%
< A7 AlZoll wel Al =+ LPSoll ek 4k3-<]
T 7=l Aeo)rt 9l8-& ®Buski 9)ow(Kokast
Reinhardt, 1997; Jiang?} Graves, 1999; Hatakeyama -5,
2003), Al FHol wet o4 FE2¥ LPSol gt
o]l Mz ohgs R usldtl (Agarwal 5, 1995;
Yamaji 5, 1995; Hirschfeld 5, 2001).

TLR4Y g AxE 3913 & F8 AF f¢ Al
22 g2 A a%t P g9 LPSE AHzsl] 23 =l
cytokine® 2 IL-if, IL-6, TNF-, transforming growth
factor-B (TGF-B)& #&$, chemokine®-2 IL-8, MCP-
1, regulated on activation normal T cell expressed
and secreted (RANTES), stromal cell-derived factor 1
(SDE-1)9] w&<, 23 vpA=tog sig4dz 73 9
4 =HlALZ RANKL, OPG, M-CSF 3o n
A JFE FAHE PAsle] Az Fiok LPS
ZFoll W zbo|7t deAF AHseA st

AENE H gy

AYAd s

Dulbecco's modified essential medium (DMEM), fetal
bovine serum (FBS), trypsin-EDTA, penicillin-strepto-
mycin, SUPERSCRIPT™ First-Strand Synthesis System
%> Gibco BRL (Gaithersburg, MD, ©|Z)l|4], easy-
BLUE™E iNtRON (A%, sHatl=)old 74latgict.
Reverse transcription-polymerase chain reaction (RT-
PCR)oll A+2% primer®t TaKaRa Taq - TaKaRa
(Otsu, Y¥1llA, Escherichia coli (E. c) 026:B6 LPS
£ Sigma (St. Louis, MO, =% )pllA 743t P g
o} A a®l LPSt Agdista Adadqa F5-23el 9
sl P g 3813 A a 33384 TFolA LPS
Extraction Kit (iNt(RON)YE o]&3le] E2|3 AL o}
A AHgsteiet.
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Table 1. Primer sequences and PCR condition

Gene (product size) Primer sequence PCR condition
TLR2 (347 b 5-GCCAAAGTCTTGATTGATTGG-3' 95°C. 30" . 50°C. 30" : 72°C. I’
P) 5-TTGAAGTTCTCCAGCTCCTG-3' 40 cycles
- Al A-3 °C. 30" 1 50°C. 30" 72°C. 1" 40
TLR4 (495 bp) 5-TCCCTCCAGGTTCTTGATTA-3 95°C. 30" . 50°C,30" 72

5'-GTAGTGAAGGCAGAGCTGAAA-3' cycles

IL-15 (248 bp)

5'-GACACATGGGATAACGAGGC-3'

95°C.30":60°C.30": 72°C. I

5'-ACGCAGGACAGGTACAGATT-3 35 cycles
L6 (546 bo 5-ATGAACTCCTTCTCCACAAG-3' 95°C. 30" : 60°C. 30" : 72°C. I’
-6 (546 bp) 5-GTGCCTGCAGCTTCGTCAGCA-3' 35 cycles
TNE-¢ (361 b 5-TCAGATCATCTTCTCGAACC-3' 95°C. 30" ; 60°C. 30" : 72°C. I'
-0 (361 bp) 5-CAGATAGATGGGCTCATACC-3' 38 cycles
TGF-B (226 b 5-TAGACCCTTTCTCCTCCAGGAGACG-3' 95°C. 30" : 60°C. 30" : 72°C. 1"
’ P) 5-GCTGGGGGTCTCCCGGCAAAAGGT-3' 32 cycles
5-GTTTCCCATAAAGTGAGTCTGT-3' 95°C. 30" : 55°C. 30" : 72°C. 1’
RANKL (404 bp) 5-TTAAAAGCCCCAAAGTATGTT-3' 38 cycles
OPG (406 b 5-GGGGACCACAATGAACAAGTTG-3' 95°C. 30" : 60°C. 30" : 72°C. 1’
P) 5-AGTTTGCACCACTCCAAATCC-3' 28 cycles
5-CAGTTGTCAAGGACAGCAC-3’ 95°C. 30" : 58°C.30" . 72°C. I’
M-CSF (670 bp) 5-GCTGGAGGATCCCTCGGACTG-3' 32 cycles
K 2 o, "o, 0 no, ,)n f
MCP-1 (265 bp) 5‘ TCCACATGAAAGTCTCGC-3 ' 95°C.30 .575 C.30":72C.1
5-TGGAATCCTGAACCCACTTC-3 32 cycles
1L-8 (289 bp) 5-ATGACTTCCAAGCTGGCCGTGGCT-3' 95°C, 30" : 50°C. 30" : 72°C. I’
P S-TCTCAGCCCTCTTCAAAAACTTCTC-3' 32 cycles
5-GCTGTCATCCTCATTGCTAC-3' 95°C. 30" :55°C. 30" : 72°C. I’
RANTES (258 bp) 5-TCCATCCTAGCTCATCTCCA-3' 38 cycles
SDF-1 (309 bp) 5'-ATGAACGCCAAGGTCGTGGTC-3' 95°C. 30" : 57°C. 30" : 72°C. I"
P S-GGTCTGTTGTGCTTACTTGTTT-3' 37 cycles
Bractin (712 bp) 5-CGGGAAATCGTGCGTGACAT-3' 95°C. 30" : 60°C. 30™: 72°C. I’
P 5-GAACTTTGGGGGATGCTCGC-3' 23 cycles
Azt AFARAZE A7) s £7AE FAASL G P
8 DMEMel 33 AA3 F xezzls wdz woly
I mm’ Wele] 272 A2, AFelds ALY F
U3 2318 S} AL 5 AZABAA P 4 TLR2 347bp
2A 27} Aehterg 20% FBS7h @ DMEMel
/H wlokslgict Az o] BAE 3 xﬁ]i—— 22 5o
10% FBS7} 345 DMEMOoZ mA|slod Alchulers A TLR4
Alstgdon] 33 Aol & Aol AREsksl
LPS 32| B-actin 712bp

2L GmA 2o} FANAZE 60 mm Al 2 A]of
510744 BFstar 24417 wieksleich o 5 E ¢
Gugml). P g (1ug/ml), A a (1ugmlpels Heixl
LPS9} 10% FBS7} 35 DMEMOZ. uljokel-S ]
3t T 4. 8. 24. 48417} wlokEl3 easy-BLUE™Z o
£3lo] total RNAS 22519

RT-PCR ¥4
SUPERSCRIPT™ First-Strand Synthesis System2 ©]-&

Fig. 1. Expression of TLR2 and TLR4 in gingival fibroblasts (G)
and periodontal ligament fibroblasts (P). To examine the mRNA
expression of TLR2 and TLR4. RT-PCRs were performed and
PCR products were analyzed by 1.2% agarose gel running as
described in Materials and Methods.

3lod total RNA 1 pgo2H-El complementary DNAZ-
A5k TaKaRa Taq'™ polymerases- ©]-&3ked Table
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(A)
E. coli A. actinomycetemcomitans P. gingivalis
0 4 8 24 48h 0482448h 0 4 8 24 48h
TGF-B “ T
(B)
E. coli A. actinomycetemcomitans P. gingivalis
0 4 8 24 48h 0 4 8 24 48h 0 4 8 24 48h
TGF-B —— s —— e 226bp

Fig. 2. Effect of LPS on the expression of inflammatory cytokines in gingival fibroblasts (A) and periodontal ligament fibroblasts (B). Cells
were treated with LPSs from E. coli (5 pg/ml), A. actinomycetemcomitans (1 ug/ml), or P. gingivalis (1 pg/ml) for indicated times and RT-

PCRs were performed as described in Materials and Methods.

1o) A= primer?} PCR =7ol4 TLR2, TLR4, IL- P g LPS® A a LPS7} AH&A-fuAlzel X
18, IL-6, TNF-a, TGF-f, RANKL, OPG, M-CSF, ZollA dZFH cytokine W&ol vlAE kS

MCP-1, IL-8, RANTES, SDF-1, B-actine] @3 PCRS Aot (Fig. 24, 2B). A4 29} 25+
A18agich, PCR A2 1.2% agarose geloll A7|%35 LPSE AF3lA] &2 %ol ol ¥ "‘7‘«] IL-13
313l ethidium bromide® 343slo] FAFsigich. o} TNF-o% #dstgod}, IL-69F TGF-f= LPS A=

o] 040]1: /k

‘%1‘ A F0 7 \:ﬂ-ao] 3]041;} okxﬁ;ﬂx:ﬁ-o
2 A28 E ¢ LPSi A3 7S F S AE BF

SRk o4l IL-1B%F TNF-a:8) Wle] 270 37hsle] 4412

Hig ZylElgorn] 1 oo]F whgoe| AR ZhAsY
Wz X eAeu Azl XZFQIgA ZolA] LPSe] 484 IL-18] ®18) TNF-a® o] Fo] whzA zhisis

2 9+#ix TLR2, TLR4¢] &g RT-PCRE 2RIgh A 733k B ot IL-69 %%oﬂi E. ¢ LPS Azl 23]
I 22AFEAEL Bl AFeIA ZellA] F 524 = A7 el FE9) Z7} AxE IL-18¢} TNEF-
o W] Eo] A Jeldtt (Fig. 1). o 2ohe AA Z7)s M_cq AR ZINA = A5}

£ FA=T. TGE-p 72-felE E ¢ LPS Aol
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(4) E. coli

A. actinomycetemcomitans

P. gingivalis

0 4 8 24 48h

0 4 8 24 48h

0 4 8 24 48h

A. actinomycetemcomitans

P. gingivalis

0 4 8 24 48h

0 4 8 24 48h

712bp

Fig. 3. Effect of LPS on the expression of chemokines in gingival fibroblasts (A) and periodontal ligament fibroblasts (B). Cells were treated
with LPSs from E. coli (5 pg/ml), A. actinomycetemconmutans (1 pg/ml). or P. gingivalis (1 pg/ml) for indicated times and RT-PCRs were per-

formed as described in Materials and Methods.

ofal] o] wskE|A] dodrt. A a LPSt P g LPSE
Aegt 7fole E ¢ LPSE A3t 7f-xHrc}t uhsol
oFsHA] vebtovt 73R wlssiodct. 9] AeAlE
Azt XFRIHAZ Zhol = vk 27]o] zpel7} fehyt
=tl] TLR & zholet nls=siA] X3 ZelA A a
LPSet P g LPSell ot ukge] £of =A et} =
3 Z7ke] AZolA A a LPS® P g LPSY HLO &
gk 23 A a LPSel|l oigh wkge| P g LPSel d
qbgETt 24 veht ALAREAZoME P g
LPS A2 $olx IL-18% TNF-a #d Z7} Az}
olekstolet. w3l AFQIvjA Zoll = A g LPSS P g
LPSell 2J3k IL-6 W3 Fvpbrb 8A7bAxal A sl
A A FEA EAAME K7 FokE e ez B
=3l

o e

Chemokine ¥&-S-

rg
nP"

gl 73k SDF-13 MCP-1% LPS

2ol glolx 7 AlZ BEFolM oj: Ax wEE]e
= LPS Aelol] & wdA=st 2A wslslx] ook

i} IL-87F RANTES®] -2 LPS A o] ofs) o
o] F7ls= S Bt (Fig. 3A. 3B). E. ¢ LPS
2 A3 A AFUHA ZN 4] IL-87F RANTESY] &
d Z7F A=t o FEiEk fAEglen 47 So1
slo} 48AZAIE Al =A fA=E A a LPSE
Aegt 74 T T AZ BTl 1189 wHe] 44]
T 3A SRkl 82 Amakx] fRl" T FA4 ¢
o] ZhaERdth P g LPSE A2lgh 7$ F A% =
FollA IL-89] W& F7b AxsF A g LPS A& 1
o} <A Vet RANTESY 749 A a LPSS} P g
LPSol thgt 8k2o] =4 Jeldeh. A g LPS HzlA

T Az =% p]70HF-E RANTES ®Hlo] 2A =7t
=olAlgk, P g LPSE A3l 9ol F Az =5 24
A7 Aut whdo] okrl Zr)x i), wixule & IlEFA)Z
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A. actinomycetemcomitans

P. gingivalis

0 4 8 24 48h

A. actinomycetemcomitans

0 4 8 24 48h

P. gingivalis

0 4 8 24 48h

0 4 8 24 48h

404bp

406bp

670bp

712bp

Fig. 4. Effect of LPS on the expression of osteoclastogenesis regulatory factors in gingival fibroblasts (A} and periodontal ligament fibro-
blasts (B). Cells were treated with LPSs from E. coli (5 pg/ml), A. actinomycetemcomitans (1 pg/ml), or P. gingivalis (1 pg/ml) for indicated
times and RT-PCRs were performed as described in Materials and Methods.

A4 2ol AEd UAFES] Wl w|Xv g
A3lgel (Fig. 4A, 4B). XA FEAIE} AFelo)A|
25 LPS AFo] glojl= OPGY M-CSFE Zo| w3
}M#v% LPS #2] Fol|= o] £ B“ﬁﬂioﬂ 3

= WA goke}. ey RANKLS] 739 A5 Jﬂﬂxﬂ
ioﬂ/q LPS A= glolx 4=k ukaislgjr). LPS Az &
Aol zlol= &9121*# T AZ 2T Al 7} LPS
of 23 RANKLY #ao] 2% Fris|giony mix 44]
W F7 B AAaE F 24~48X7 olxkEom
o] F7E .

¢

PH e

i?LrﬁL

N7as) Aol 12 4 AFSel B 54 P g
o} A at AFAY AJRF Aol gkt (Socransky
9} Haffajee, 1993; Wang &, 1999; Wang@ Ohura,
2002). o]l 2= §4 AlFEEel AFdels FAshd
Al kel LPS7h A2 A RAlZ SollA] IL-15,
IL-6, TNF-a¢ 72+ 954 cytokined] A F714]7]

_/

w o] 55 53l dFe] AlskEln xF2Ae ) A
yu g LPS7F A5 A Fa3t HE4LE 283}
ki 223 Qlt (Grave, 1999; Wang®} Ohura, 2002).
] 2 Aol P g®F A a LPSE o]&sdtd A
Fslgaet. WA Ko guA e} XFhAZolA TLR2
9} TLR4 mRNAY 43S At Ax F Az 25l
A ko] gelEgiAlul A FelthA ZollA] We] Frd

A Jehdrh ole FHT A2AfFRAIEZL} ATt
Fol4 TLR 2L uw|msle] TLR2E AFQIthAl ZofA]
dkgo] o] Hu} TLR4E= F AlZoA ws=g Ax=
Hlﬁiﬂr/}-‘ BT (Hatakeyama 5, 2003)9} F-EHo=

1x)Ehgdel, lte] LPSE TLR4e| ZAdtsie] Alzu
oﬂ AFTE Adshs Aoz 43 9lovh, P g LPSw
TLR4%} TLR2 F o= Zol ZAgsl=xlo] Hslixe A
2 AhE B 35o] glojgith, TLR4® E<i#eo]|Z LPS
Hl2-Ao] Wolx]= C3H/MHel AF 2 rAAZY 224

SR ZE o837}, A}2F TLR2, TLR4 +AAE Al
FFo| AT AFELS P g LPS7F TLR2E 53
Z-ggicka B wslg et (Ogawa 5, 1994; Tanamoto
%, 1997; Hirschfeld 5, 2001; Yoshimura %, 2002), A}
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AFEAZE o] 87 o7} I+ P ¢ LPSE TLR4
3 A&ty ¥asled (Wang 5, 2000, Wangt
Ohura, 2002) 2 2ol P g LPS9 =-2o] TLR29}
TLR4 5 ol #8415 7A-fslerls sk astet
IL-13} TNF-av F83 954 cytokinee® AHAHo
2 S=d AFAoA o5 AL Adsll AFAE
g3 AxF F47F QAL (Assuma 5. 1998), A
Fodo] AFY Fol AF3A 7 X2dpeellx] IL-1, TNF-
a, IL-6 5 954 cytokine®] o] Erim 3Fled
(Graves, 1999: Wang 5. 2003), P g2} A. a LPS7} ©]
o wHel wixl oddks AT wioks AlXol
E ¢ LPST A& ol P g A a LPS¥r} do] °
o]Atk= B 17t 9ol (Agarwal . 1995: Yamaji &
1995) ekt zFo2 83 E ¢ LPSY ¥ %5 5ug
ml. P g8 A a LPSE 1ug/mie A28kt E ¢
LPS #2]A] IL-18. TNF-a. IL-69] w&o] ZFrislglo
o F AZ Zhollz yhgol & AelE Holx] i L
e} A a9t P g LPSE A3 7-fole o= ¢4
37F Axs Ay xEA70% ke TLR4 28 A=
off sleflste] LPSel 97 cytokine AAte] F7hHh= 2
I (Wang 5. 2001)F wls=shA] £ Adoq= TLR2.
TLR4®] weo] £o] E9kdd FlhAdlzo4] A a9}
P g LPSoll w3l ukge] of ZA delddrt, =3 + A
5ol A a LPSel| w3t ukgel P g LPSe] of
qhg-Rch of 3A Jeltedl ojw LPSe) 72 Ao
= &4 Folol] wE Zow AZEG T AYAFE
lipid A7} LPSe| A2 F2 ZHsh] cone =
9] lipid A7} cylinder 2okl B} o] o] =i,
A. a LPS & Enterobacteriaceae typeS- & cone 5.9k
77 P g LPSE cylinder &ofl of 7p7ks- +2%
7Ex 5L Qlo] Wl E4a FAde] ofslrha Mg uf 9

(Masoud 5, 1991; Ogawa, 1994: Jiang®} Graves,
1999: Netea 5. 2002). & <ol IL-69} TGF-f+
LPS A== skl ok F AlFolM 25 2@HY=
ol ol 717t AFERACM g ATl ZoA =
IL-6%} TGF-B7} ¥&==] LPSHz] Fol= TGF-B< 2
Holl M3} glrlE Yamaji 5(1995)2] B.1o} dx5tg
o TGF-f+ 74402 wrsg A4 g5 1=
AFAxe] olF o 43S ATt nhEFolM A
= FAI= sixint FAstE T H=45 A5k
modolq) 2g-S vehlrx gk} (Wahl 5, 1987. 1988.
1993: Chens} Wahl. 2003). LPS Az] i<l A glo]
TGF-B2] w&o] fxl¥ 2 ZAs= TGF-f7} w95
Hael XFGollA LPSell ofgt dFukgolls ¥ eio)

A
P AE AN

o

o2 rlo I8 ok

Chemokine® 354 cytokine®] dFoz E3| o=
A Fol F-Hz B2 wEt 258 oleA7e 34

32 7)=d] Hedshe QRFEE 47 cysteine FE P
3t F25 352 sKKe} (Graves, 1999: D'Ambrosio
%, 2003). A& 270 cysteine A7 FAdoll wel ZA
4 2Fo 2 pHo] x|} 53 CXC9 CC chemokine®]
2 oF# A glth. CC chemokineolli= MCPs. macrophage
inflammatory protein-let, -15, RANTES §o| Z3g=]v
CXC chemokinedl+ IL-8, SDF-1 5o} =35t}
Chemokine®] #+go redundancy’} l7|= 3=zt
chemokineo| whet o= Az So|4g rIXoE =Ad
SlelA W ElE chemokined] oFAtel] whe} dFHbge
A ol o] kg uhg Ao ® o AR} XFA F
Sloll ZF, g, g2 o] to] Agse] glor
71733 AFzAel] vls B2 o] IL-8. RANTES. MCP-
1o] AAkEe] d#x 9lo= 2 (Graves 1999; Gamonal
5. 2000, 2001; Kabashima §. 2002: Fokkema 5.
2003), ¥ dFol4 ©]F chemokine®! &g A5
o}, IL-8%F RANTESE LPS #=5°] glols wWadA=s}
vlu]slg ot LPS Aol ofs] wde] Friske e
B3ch E ¢ LPSE A2jgh 79<lw IL-89f 2
A F7RIL 48AT AR Al B 150

ot A a8t P g LPSE Aigh 7ASoles Weol
Rovt 487kl o|n] HET 4o ZRAEr), ®
gk IL-18, TNF-a 3k} v|ssHd] P g 25 A a LPS
off gk ukgel o ZA vehsteh. I8 3%

5 o,

AZoA IL-89] W Frhe A5 fbAdlel dig
Z7) "ololl F23t YL Hddd oz A7kt
RANTES+T A. a LPS HAoli= 48277175 o]
Z7tdo]l fAlEg ot P g LPS HEAlolE 2441744
ab o] ok FrlElo] T Azl AolE veRAS]
o}, o]2lgt ZAabe wiiJAlZe| E ¢ LPS9F P g LPSE
Agjshd A7), A Sob o 4 Zoh Ax A
o|7} 7Z+7+e] cytokine, chemokine ol we} thoksict
= Hirschfeld 5 (2001)2] .19} G453t Axtz Azt
Hrlh. RANTEST =Hl, 3AMfol= 345 Hox|ut
53] Th2 Zpol= Hasgle] Thl 2z a4
ol #8482 Bol (Siveke®t Hamann, 1998) 343=4
T H=Z7¢ A4 T 2277 #8¢ =dss a3}
Us Aoz Az B3] A9 sl yx v)aAg)
Aol F-9lEet AFdol dAslE] Hoje] -2l
4] RANTES~} o] ZAgvh= Gamonal 5 (2000)
o] ¥ olefdl 58 HYHSE Aow AziEc)

o

HaT STl F9% 48 st MCP-1L A
_] & [e]

,Qz;dg] uo_ﬂ'oéxill/{] 7
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H=lw] ol Afd oA F2 EeHa 25
g Foll= Wy ol

(Graves 1999; Kabashima -g, 2002; Fokkema 5, 2003).
LPS A= Aofli= MCP-12 79 8l3slx ¢ov} LPS
A= Folle thake] MCP-12 Akl mhalfol= o
2] LA GuAze} AFelidZo = LPS Aol ¢
o|= o]t A= MCP-1& 23l LPS Aol <al
dA5t 2A Weelr] e B A¥AzE Bol 9%
o] FElaln] ¢ A ezAdw EA sl £50] ol
o] olFoll= olF AFRAES} o= Ax =ALLE
vebd 4 glovt A5 AP LPS7} o5 Af-mA)
o] MCP-1 #F¢d-S B <&+ 2A§-E 2251 =
42 olofsle, AFAERES F71E MCP-12 FE ©
o] AfH whalqolMe] Hu] Fole w2 Aoz Azt
kel

SDF-12- o2 chomokinesh+ 2] 454Hg 248
<= B cell lympopoiesis, myelopoiesis, > WAF
neuronal guidance 5ol Z83 Atz F= deiziow
B Ao wEdc)t (Nagasawa, 2000; Lapidote}
Kollet. 2002; Lazarini &, 2003). 3= SDEF-1°] tissue
remodeling®] 44 XA E ALF Flojgle B
7b Q3 (Fedyk &, 2001), A-2Af=A29} 23<ld)
Az 2F2A9 integrity 2o 23 9T o}
k22 SDF-19] s Asjagich F AZ 254
SDF-1¢] i&lo] #as[gl ot LPS Aol o) 24
BebA] oo}, FHAFEA T LPS HelA| 48, 7247}
Follof SDF-1¢] Hhde] of7t Zhasbrh= ¥ (Fedyk
S, 20019t w5z A3E 7= %]

apz|eto 2 AFd AYA) A2EFF47) iksEleg LPS
7b A SARFRA T} AFUARALE B8] AT =
AolalEe] WS 2ANEAE Aungith 2&A4f5
Az9} AFdAE 25 OPGSH M-CSFE o] Wl
St LPSell ofslf wWado] wW3lEA] 23kor} RANKL
o] 739 LPSel| o3l wao] o7k Frksksdct. 24
Az} 2] AFQItH Tl LPS Ao glol=
RANKLe| &8 W= o] Adehee] maol o
A3}t (Kanzaki 5, 2001; Nagasawa &, 2002). L
v} LPSo &3 OPG AJ4ke] F71¥lth+= Nagasawa 5
(2002)0] ZAtel= =] £ AdoAE OPG Hd F7t
7b =] kch LPSel| 9|3 RANKL #3377t
AR e 2 F AR v o] Jeldded] 244]7F o Fof]
571l RANKL®S LPS #=of] 9Js] 2218 IL-18, TNF-
a, IL-650 93l ojxpH oz Wde] FxH Aoz A
ZHdch, LPS7} SEAlE B-3lo) vlxe gkl k]
o8] AFEL LPS7} FuAEY T =Tl =Hg3le]
RANKL®] AJAkE FHA7|3 olof| ule} ghaAlze) &

3H FASAY (Teng 5, 2000; Kikuchis, 2001;
Jiang &, 2002), A 2] E3p7} o= Ax AYPH
A E AFAZ] A ALste] 232 2Adca
soict (Suda &, 2002; Zou®t Bar-Shavit, 2002; Ito
&, 2003). I SR AAE wiokel LPSE Az
s 9313 sz zel H3l5 Aalsta 954 cytokine
o] AAE FA3, 9954 cytokine?] IL-13+ TNF-a+=
RANKLo| 53{#ogw slzAz 235 7 348 2z
b B 52 (Kobayashi %5, 2000; Takami 5, 2002;
Zou¢} Bar-Shavit, 2002; Ito %, 2003) X|F2"o|| dA=
APA| a7t AgE 2ol Aol that W] =}
|o] fAIshY utd= oz A A4Sy T Y=t
o2 A5 RANKLY 2-go] $Aljsted gialzr} o3&
AZE F3tE]o] AZRF FE o3he AAlehs Ao
E A7 A4 Xz2EE50 A9 9 399 §o}
% zAo)4 RANKL#Y OPG w3 @33t Az A7kl
ZAo] v]3] RANKL F71sk OPG -2 7430
] RANKL ¥&A| 2= F2 e} dqilAZo|, OPG
WA ZE F2 A zeEE Croti S (2003)9)
RaE o2t A ARk Azl A= =31 A
SAFEA I el Zell4 Bo] WEElE OPGE
2478 AFzAeY A2ITESFE AAEe aHE
ERlu, 2o Aoz AEH 9FAZolx RANKL
o] tjgk AAlsjo] RANKL-OPGS 7o slzAdlz &
siEx Zo® 7] ohE AF5A cytokined] M3} o
ol AT F71 oPE Aoz Yz

AR FEepd F83F AT FuAdlEe A
ast P g9 LPSE gSAZ & ohigl A-24¢2AE

8, RANTES®] W% FAlsiglen ole AF229 7
o

$ T 9L B BT 4 gt A =9
P g LPSE A. a LPSs| W8] oleidt Zaztgo] ol
4

=i

JeFstodedl, oleidt Axf= 3559 P g LPS+ TLR2
3 IL-19] H#d-L F7R71Y TLR4o el A
ToA= ofE LPSY ZhE-S A= Yoshimura
(2002)8] a9} tlEo], P g7} AFHY AP
oA Z7Jo] mlednbs-& A Fiskx] oA Fo] &
Ashe o2 2EeA Aol 9 HHuRg-g AR o
AslFozs AFd WAl Ao Fegh 88 ot
T 4§ ALE ARG B Tl AeAdFEAE
Hop AFeldAdlZolA LPSe Fhge] T ZA veht
= ZAoE s o), A2AFEAZA] LPSel 9
3l IL-8% Aj4ke] v] Hrhe Hatakeyama 5 (2003)9]
B 1} X2AdfrA oA TLR4Y 3 Axrt Aleh
up2} ohefsithe Wang 5 (2001)%) Rore} wjmsl &
o) % o} g AlEe didez i A7t g A

ol

ol
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