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Periodontal disease, a form of chronic inflammatory
bacterial infectious disease, is known to be a risk factor for
cardiovascular disease (CVD). Porphyromonas gingivalis
has been implicated in periodontal disease and widely
studied for its role in the pathogenesis of CVD. A previous
study demonstrating that periodontopathic P gingivalis is
involved in CVD showed that invasion of endothelial cells by
the bacterium is accompanied by an increase in cytokine
production, which may result in vascular atherosclerotic
changes. The present study was performed in order to
further elucidate the role of P. gingivalis in the process of
atherosclerosis and CVD. For this purpose, invasion of
human aortic smooth muscle cells ( HASMC) by P. gingivalis
381 and its isogenic mutants of KDP150 (fimA4’), CW120
(ppk) and KS7 (relA) was assessed using a metronidazole
protection assay. Wild type P. gingivalis invaded HASMCs
with an efficiency of 0.12 %. In contrast, KDP150 failed to
demonstrate any invasive ability. CW120 and KS7 showed
relatively higher invasion efficiencies, but results for these
variants were still negligible when compared to the wild
type invasiveness. These results suggest that fimbriae are
required for invasion and that energy metabolism in
association with regulatory genes involved in stress and
stringent response may also be important for this process.
ELISA assays revealed that the invasive P. gingivalis 381
increased production of the proinflammatory cytokine
interleukin (IL)-1B, and the chemotactic cytokines
(chemokine) IL (interleukin)-8 and monocyte chemotactic
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(MCP) protein-1 during the 30-90 min incubation periods
(P<0.05). Expression of RANTES (regulation upon
activation, normal T cell expressed and secreted) and Toll-
like receptor (TLR)-4, a pattern recognition receptor
(PRR), was increased in HASMCs infected with P. gingivalis
381 by RT-PCR analysis. P. gingivalis infection did not alter
interferon-y-inducible protein-10 expression in HASMCs.
HASMC nonspecific necrosis and apoptotic cell death were
measured by lactate dehydrogenase (LDH) and caspase
activity assays, respectively. LDH release from HASMCs
and HAMC caspase activity were significantly higher after
a 90 min incubation with P. gingivalis 381. Taken together, P
gingivalis invasion of HASMCs induces inflammatory
cytokine production, apoptotic cell death, and expression of
TLR-4, a PRR which may react with the bacterial molecules
and induce the expression of the chemokines IL-8, MCP-1
and RANTES. Overall, these results suggest that invasive P
gingivalis may participate in the pathogenesis of
atherosclerosis, leading to CVD.
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a9

|5]+= cytokine, chemokine 5~ Hz] ®Holx 9l ¢}
 AAFSY] 2R Zoll= JFFE wXHA Ao
oFgt AAA Age i & ot 22 B o
T=2 53] AAASL, A5, AAFu|sol FAL,
@y, fruteled w5 22 HAASY] T3
Ale g ARgghrka ¥ wslar Qlot (Gaffar er al., 2004).
5 A)A3SE (Coronary heart diseasey> A1Z1=-e] A}
nkelal 1$9]o|t} (Streblow ef al., 2001). webs] =kA<
s e e AAIAESE FollA AE Al
FAS} A=A 7P e WS B o

f

AT s d3se e AR JAso]
7AstE]a dxle] PR o 2N of7|=aL (Burke e al.,
2007) o]l& olsl AAEHFoE FusHe Akt 53]
of 3|4 AAvpu]rt vebd 4 et HE Fo] Y
733k mkAdsAstolglar olA=] AL Ut (Stoll er al.,
2004). 5735t Has oAz} Ay A
3ol 713l|Al= A=l tiet H=gt AFA AreAlks
of o3 FAHrt dH AEZEE ATl TS =

o Qe dRE, F e AR fEeEIAE
= ¥, 28k 2 FEzEE, 53 Az 3
ol EAsk= Akt low density lipoprotein (LDL) 5

o] # =iz I} (Cohen et al., 1998). o5 Aol
o5 dNsA 2zt A4S whemlA  growth factor,
cytokine, chemokine &°] ¥|o] whIAAAEZ, HA4
gho] ARSI R mol A Hot A ZE XA o] FH =
A foam cell2 HskL T celld} HE23} A =4t
= (fatty streakys JAget. o] F9le dHoz W
Aok dabet HLZA| T} o] Ho R o]Fd] 91 o
=245 tloksl growth factor, cytokine, chemokine®]
H]Elo] dite] 7Asteiate] AlstE]law A= A3t (fibrous
plaque)2 2 A=} (Streblow et al., 2001). L2} o]
= Ay AEelAmte g = Ae ARk e A,
st 5A5= AWl offth (Pooling Project
Research Group, 1978). o|Z 9lsl &= o2 =il
A=91”l wAE Fede] Aedse Aol WEl At Al
2=19a, AFAS Chlamydia pneumoniae (Thom et
al., 1992), Ble]zix (Vercellotti et al., 1995), Helico-
bacter pylori (Morgando et al., 1995) 7 m|A&E<]
Zrodo] ] AASkL dbge] Slrka v Aot
o]& A3} Zof4] 1989y Mattila 52 X|o}zl7te] +
A ARSI Aol Uvka HEE H¥sholct
(Mattila et al., 1989). o]F F74A3l Folxx =i
T ikle AFASbe] A AlAFke] fFAE
Al o8t Zlo] Has7] AlFeRsiet (Cohen er dl.,
1998 ; Mattila et al., 1993). X5 3=b= 2571 4
Al Aot g A S o]y Eo] 25% & AL
2 A, e AAZRE A5 SRl s £}

A = 5 ge LS Fol shiz ddsT Yot
(DeStefano et al., 1993; Genco et al., 1998; Umino
et al., 1993). IdFd3te] Qe ARE XFde] o
Zla F2pAAL (attachment loss)= ©] A4J8lcl (Nonnen-
macher et al., 2007). webA 2FA3Ee] Ao} Al
TE TSR qldl Wlshs w4 AZRASE
ak opdel 22 #3kd3l HEFe A f¥=E St

& 4 9l (Genco et al., 2002).
AF50] e Aol WAL Yoke A AT
[eZ]

/

rlo
ol

A TS FUdt olF Al e AldAlES ¥
Froll i & 559l dat AR dksgheEx
F7ste] Aol Algo] HAFT 4 vk (Ford er
al., 2006). AA] 73-52] U743} plaques polymerase
chain reaction (PCR) “Wo 2 3asi9s o] X543t
Aold=e] EA7F #l=a ik (Haraszthy er al.,
2000).

P gingivalis + *IFA3e] Al Foll shteln] A
FAslo] AYPLD4E P gingivalis )33 #|-2351H
g Al T Agol Tk & ATAES 7P o3t
Aol = Aoz ¥ Ut (Boutaga er al., 2006;
Nonnenmacher et al., 2005). 34, 58733} plaquecl A
T WAxlo 24 (Haraszthy et al., 2000; Ford et al.,
2006; Pucar et al., 2007) P. gingivalisc 53733}l u}
< A3 AT Folete e ol Y

Algto] ZAof| Fabsl= A2 Aldgedziae] 3 WA
HAleA] vehe dadeln] ZHdaty S b AAH <l
thAlo]t} (Gibbons et al., 1989). 2o H-2gk Al
Foll A= =7 HE ATk dl oA w59 =Y
AAE Fske ol &=l Hzko|iL (Falkow et al.,
1991), wpeba] 2 AlgFe] H{dA 7lofsl= F83t al
o]t} (Socransky et al., 1991). HxZsfed] oz 3}
2t A 22 ol X543 At P gingivalis®] &
A= Aol WAR|SL}. o= P gingivalis’} A3]AIEL
WEHe B3 AYdrke As AAkEE (Saglie er al.,
1988). A+ A3} P gingivalise 7742l -z 4
glom], ool X249 A|EZ (Belton ef al., 1999; Lamont
et al., 1992; Weinberg et al., 1997), AAAI AL (Pa-
papanou et al., 1994), X|5¢ A= A2 (Sandros et al.,
1994yl A5 4 glem olF AxE Folx FAskL
AEH o7 ZAT F v AR WA (Lamont e
al., 1995; Madianos et al., 1996).

Deshpande 5- (Deshpande et al., 1998y ==& P
gingivalis7} 3N A xoll AFsl= Ze WAt
2 AAME P gingivalis7} s A 2ol A5
s o]& <lal] WedEE dlvhs £AsE T Al
Fepsp e s Ae WSl (Lee er al., 2000).
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P gingivalis’} F3A| Lol A5
¥ukge] =d F e AR
skl ot lEFe] s 7§—?— —é
&k (vascular collapse), #H<91gt d W 3, &
%+ (vascular leak syndrome)o] -sHF=]= ] o]
AL ATl o3t ez &4 B 7]5A
ake} clzbo] Qlt} (Stoll er al., 2004). o]E AL &
s Sush duEe webd TgedARe P
gingivalis7} A zol SRS} AlFdFoE I 01]
FUHH A= Aole g 7“74“} NP5 e} vl
APE R 5 Yok S A AAT + Uk A
P gingivalisoll 7F3%l ApoE(+/-) miced] s, 7t
2 A= P gingivalis®] Ake] WA=, o5
3+ W74t S7 (Li et al, 2002) =
2743513k (atherosclerotic plaque)e] 43|13} A& A3
s 4 ok (Genco et al., 2002). ¥4, P gingivalisZ
modo] & micew= P gingivalisoll 23t SW7SHE ot
3 4 9l (Li et al., 2002).
S A zo} ukeshe Aol P gingivalise 354k
= =3t} (Darveau et al., 1995). P gingivalis®]
A% ol 9l platelet-aggregation-associated protein
IS A= 9SSk (Herzberg et al.,
1994; Sharma et al., 2000), d43ke] S3-& Az o
Z s 2 FHEAS el (Roth et al., 2006;
Steinhubl et al., 2005; Weber et al., 2005). P. gingivalis
= N IAIEZL apoptosisE =3k (Roth ef al.)
o] apoptosisi= FA7 Y] 7 d A (plaque erosion)2}
HAL gk 2 oy (McCarthy er al, 2000). 5
73} A4 -\/}X%ﬂ t}oksl cytokine, chemokine,
growth factor & HAZHEHEo] JUYH} (Ross et
, 1993). P gingivalis= LDL2 ARFA|7]aL, A5
(ﬁbrous cap)s 33l matrix metalloproteinase-9
(MMP-9)=- #ulsted SA73skke- 91dA171et (Kuramitsu
et al., 2001). o|AL A o7 AlPNAIS o}shA]7Ic},
P gzngzvalzsA AP AZ ZFolli= fimbriaeZ} o
3lch (Deshpande et al., 1998). P gingivalis®] fimbriae
= Iz E sleig Tl ez FAs F
+ intercellular adhesion molecule 1 (ICAM-1), vascular
cell adhesion molecule 1 (VCAM-1), CDI11b, P-
selectin % E—selectin°] WS ZoAA wE Ty} o=
392 05T 4 Yt moFo s FUs] sl
gk}, Fimbriaet® ﬂwxﬂiA TLR, CD14, CD11b/CD18
7 kg3l 3ke4E3  (chemokine)?l interleukin-8
(IL-8y#v]5 fr=3lc} (Hajishengalis et al., 2004). P
gingivalis®] ~ fimbriae2}  lipopolysaccharide (LPS)&
pathogen-associated molecular patterns (PAMP)o]™]
(Hajishengalis et al., 2002; Hajishengalis er al., 2004;
Yumoto et al., 2005) |5 PAMPE: @3hf|wjA| o =

fl

2

o
N
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23lo] Toll-like receptor 4 (TLR-4)2] &S F71A]7]
3. (Gibson et al., 2004) PAMPE 7ZA|s}= pattern
recognition receptor (PRR)Z4] TLR-4+= fimbriae2} =k
53kl (Hajishengalis er al., 2002; Yumoto et al.,
2005) IL-8%} monocyte chemotactic protein 1 (MCP-
1) #4]E =3t} (Chou et al., 2005; Hirose et al.,
2000; Kang et al., 2002). Fimbrie2} LPS+= = 3o
PRPS] CD-14 (Hajishengalis et al., 2002; Hajishengalis
et al., 2004)°t= W35l H3hH @A 2e] [L-8, MCP-
18] BeE 72 4 Utk (Mao et al., 2002) =3}
P gingivalis®] LPSE WAAIEZE foam cellZ A3HA]7]
<dl= Fed3le}t (Kuramitsu e al., 2004; Kuramitsu et
al., 2001). P gingivalis 7¥33-2 WA 2] 1L-6 A=
<7171tk (Chou et al., 2005). P gingivalis fimbriae
= A2 IL-6 015 S/ 4 Slt} (Hajishen-
galis et al., 2004). ©] 1L-62] Aol 2Jsf 7HAEE C-
reactive protein (CRP)YE 0|3k, o] Zz} whalA| ¥z}
Altah dA3h A2rh vbgehe AR T BWol Holi,
cytokine w¥|7} S7lsHE & FU7dske] Aol 7]
ofgkct (Khuseyinova et al., 2006). CRP= A5+ Al
A3, HEFE oSk IAEHEA %—ﬁﬂ 1]
(Khuseyinova et al., 2006) 52 3lo] S o HA
CRP= =76l #5A43%LS x5 73_%01] CRP7} 7
43t} (Offenbacher et al., 2005).

oleloll=. P gingivalise 3|42} HESSId tumor
necrosis factor-o. (TNF-o) 285 F7FA]7]aL (Lee et
al., 2000; Wu et al., 2007), 3/~ A| £} HFS-5}o]
IL-1b9} TNF-a5 $7K|7I™ (Hajishengalis et al., 2004;
Sugano et al., 2004), +v]%l ©]& proinflammatory
cytokine® 573}, Ald@A o] 7]oIgtct (Ross er
al., 1993).

FNA3tol glofr] HhIA|ZaE ozl A
¥x vy T8kt BE2AEY SAF diklnte
9] o]F e AP S F4A I AFIE 2
wlroll FH7 st Aol Qlo] AAA<Ql whAlelw Az
o2 d3E A7 (Ross et al., 1993; Streblow et
al, 2001) ATAAZ 2 A5 A5 S chokal

Al o AR A HE2A ]i.:- 4]
olAES AFE WE 4 9w, ol s FuAs B
Aol 7]o3gkcl. Cytomegalovirus (CMV)yell 735 s
W HIZAE= AL 3Rt @ o]F3sl platelet-
derived growth factor (PDGF) PB-receptor®] w&o] 3
7}8kaL (Zhou et al., 1999), chemokineql RANTES
(regulation upon activation, normal T cell expressed

of

and secreted; CCL5)2} interferon-y-inducible protein 10
(IP-10)¢] WA= F713kc}h (Grave et al., 2005). A
W HYTALE WAz} AT LPSol B olRls)
Al wkgsto] A=t CD149] o] F7glet (Stoll er
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al., 2004). Hl=E|g|o} F40] #8715 Wlshe A
3 mice® HlZE|P]o} AR APl W HFIZA| L
apoptosis”t Wehta, 2 A3} AREAE ghotAa, 7
A3} collageno] A=, AlEvlsio] Z2|=w I3y
ol ARk 95e] vepdrt (Clarke er al., 2006). ©] o
ol FNAS} oln] A= 9l 7F HEEA
apoptosise 547332k 21 (atherosclerotic  plaque
ruptureys Zeska, S (EA), A5, A3Istet e
A7t FHupz7] wlio| (Clarke er al., 2006) FH3
o} TF (aneurysm)9} > s A¥E 2T
< Slt} (Clarke et al., 2006). =3} apoptosis7} Lot
HETA A A= IL-17F 212, IL-83 MCP-19] &
vz F7}skcl (Clarke et al., 2006).

2743 Aldadgiate] AR ATy SlEiA
= AFAI ddd, 53 s Feg ddl .
gingivalis7} HEZA| Lol nlA= s IS A2
- T8k}, P gingivalise B3AXE A5s= A
o2 BuE3 9k (Dorn et al., 1999). L Kol
upe} HELAFollA FU7dske} AEAsA] ofd wkge]
dojute Aol el ofx7kA] Basl wpr} gl &
-+ 33l Porphyromonas endodontalis?} W2 A
o} HETA ol AT Aol WA= A} (Do er
al., 2002). P. endodontalis= P. gingivalis®t 7V Ak
gk Algtol”| wiitell P gingivalis= PIEPIA| 2 324
Fol| AFT 4 lom o] A FollA FHAIE U
AV Zds= o] 523 cytokine, chemokine=¢]
ol HFIZA| A F7H Aolele 7MY sle] £ A
7= A3k

>
o

TEEET

AT wjf=2

> gingivalis 381, P gingivalis 3813} fx%o=z 7+
& ¢l P gingivalis ATCC33277¢] 3= 5ddql
fimbriae A=} (fimd)-74o] Edo] KDP150, 3819
A2} 52L&l polyphosphate kinase -3 2Hppk)-74 ]
ZolHe] CW120, 22]a. 3819 f4lAF 543l RelA
AR (reld)-7e] Ed¥e] KST& AZTT=E AREs)
Art. o]F AYTT+= yeast extract (5 mg/ml), hemin
(5 pg/ml), vitamin K1 (0.2 pg/ml)e] 7} half-
strength (18.5 mg/ml) brain heart infusion broth (BHI
oAl #]; Difco, pH 7.4), == Tryptic Soy (TS) x|
(Difcoyll 1.5% agar, 5% #HETE 718t TS &
AefAlell HE F @714 wik7] (85% N,, 10% H,,
5% CO,pllA 37°CE wloFslsirt.

YRR EIAE
AdS 8l Ageld feiE e BE2AE
(fibroblast)®]  primary cell lined]l  CRL-1999%

American Type Culture Collection (ATCC; Manassas,
VA, US.A)lA 78iste] ARgstgint. o] &A=
CRL-1999¢] SA42k AHS 918 ATCCE| AAel whe}
Ham's F12K medium (F12K)& Kaighno] 245 w3}
Al1ZL wiAlE ARESEleE. & F-12K #iAle]l 2mM L-
glutamine, 1.5 g/ sodium bicarbonate”} %7}l 7]|2nl
A (F-12K Plain Medium)°ll 10 % fetal bovine serum,
0.01 mg/ml insulin, 0.01 mg/ml transferrin, 10 ng/ml
sodium selenite, 0.03 mg/ml Endothelial Cell Growth
Supplement, 0.05 mg/ml ascorbic acid, 10 mM HEPES,
10 mM TESE #7I3F vllx]3]l ATCC Complete Growth
Mediums AH8-31Aet. Algol]l A8-31E vl CRL-1999%
10 population doublingss d#] %=5 AGISIAL, 5%
CO, slollA 37°CE wiekalsiet.

HIZAZ Y AT AFAE

AgF7F CLR-1999 3 &2A| 2ol HFsle 2+ 3
Z517] 918l antibiotic protection assays A|3E}3ict. o]
< 98l CLR-1999%5- 24-well plate]] F%3k2. Complete
Growth Medium 1 ml&- #7}, vjoksle] A2~} confluent
A =S Wl Plain Medium®-& A|A3F oF& 7} well
of Plain Medium 900 u/¥ ¥3tgch, A5 A
7}sl7]1o] b4 BHI brothell A A4ele7] 2 vt 7+
T5% F-12K Plain Medium®.& ARt #5=5 &
Fw R 0.3 (600 nm)e-E 2Tk F 100 W (AT
4 152 X 10)% CRL-19997} 2= 7+ wello] 23
9027 wieokst & 7+ well?] CRL-1999%5 Plain
Medium©.2 A& th& metronidazoles 100 pg A7}
g Plain Medium 1 mP B33k 1X]7F 37k2 wiok
o 24 CRL-1999 FHlol| £oi3le APTTE AFEA|
Zich. PBS (pH 7.2)% CRL-1999% A1A3 3 7+ well
of HisrE 1 mK 53k 30% ¥ ZH"sle] CRL-
19995 &allA1Z et &8l (lysateys 1:10 2HA| 3] A 5) A
TS ulx]ol] 100 p A3}et ohg f7|HoE 3~4%
ZF 37°Col A wloFsisict. vioy & veld P gingivalis
T2 AE Ao A 3, CRL-199%1 73t
Agte] 45 ARk

Enzyme-linked immunoabsorbent assay (ELISA)

P gingivalis 3812 7¥3A17] 33 A2 CRL-1999
o4 1% % FH7ske} Akl d#A S+ cytokine
¢l IL-1b, chemokine?l IL-8¢} MCP-1, 2]z PRR<l
CD14 =i o] whgoke] W3l= A5 Immunoassay Kit
(BioSource International, Carmarillo, CA, U.S.A.)E A}
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S3fo] AzAE A4 el et Z3hge. ol
o] ARTTES AHTSIAL 9077 wiekdk CRL-1999
o] wiekllE 7F well2E T3 & 4°ColA dAlE
2]lo] AREolS- oIglr}. AREelS- 50 u/, biotin-conjugate
(biotinylated anti-IL-1b, IL-8 antibody)E 100 ul"/—‘], *
150 p/ie- BioSource 96-well plate®] 7 wellol ¥ A
2oll4 247k wioFslgirt. MCP-1¢] ELISA Jé =
d4]+=, Incubation Buffer 50 p/, Standard Dilution
BufferZ 1:4 3]43F A|& 50 u/, biotin-conjugate 50 u/
= 7t wellell @i wiokelsict. Washing Buffer (PBS-
0.05% Tween 20)Z 43] AlAskaL }A]  Streptovidin-
Horseradish Peroxidase Working Solutions 100 u/ %
slsled Aol 3048-7F wioksloict. Washing Buffer®
43] A|A3t ok Stabilized Chromogen 100 (45 =3}
g T AbRollA] g Aprkel A 3027t wieksie] A
3hdeh. 305 3 Stop Solution 100 w/ & 3d}sle] wAle
APS TEAZ oS 450 nmellA] F3=5 S5k

Reverse transcription-polymerase chain reaction (RT-
PCR)

P gingivalis 3812 7r3A17] & A CRL-1999
o4 A5 FHAS A Fod g e e
adedx] E3 Fof|4 PRRel TLR-4, chemokineq! IP-10
3} RANTES el Wi} gle 715 3sir] 98l
RT-PCR= Al3)3}3ict.

1) Total RNAH-2]

Complete Growth Mediums 10 ml +5-3 100-mm
petri dishol CRL-1999% wjekslod confluentdl Abel 2
ZA A7k, Petri disholl 4] wiokEl CRL- 1999E PBSZ
AA3E o2 Al Plain Mediume 9 ml #53}ic}. oh2,
#71H o2 wlokst P gingivalis 3815 Plain Medlum_«
2 AFsk 600 nmoﬂxi FHEE 0302 2AF &

ol 1 ml& petri dishel] 6‘1— o2 3087k 5% CO2
Slolli 37 °CE. wlioks}ict. Petn distell TRIzol (Invitrogen,
Carlsbad, CA, US.A.ys 1ml A7}l CRL-1999 Al
25 83471 o2 microcentrifuge tubeol| &7 HaiL
chloroforms 200 ml 7}ske] 15271 ¢ o2z FA7]
EAE vbEsted zERE F 20 °CollAl 2027 AA AR
ok AA T 4°ColA 12,000 rpmeZ tubeE 5E7F A
Altelsle] 2 AZNS A tubeol] A3 ©] tube
ol &2l isopropanoks HiL -20 °CollA 1417} A A4
ZJD}. ohe 4°CollA] 12,000 rpme-E tubed 5%-7F YA
+2]35te] isoprapanols AlATEEL AAH pellet> 75 %
vy DEPC-ethanol®} 37| 4 °Cell4] 12,000 rpmgi 10
27 GAlE 3}04 ethanote AAZFAS. % 43010“‘
RNA pellets 7=A]7] ol DEPCwol 0*]714

d=e] & DNAE AlA3H7] 918 DNase® z%ﬂom

t}, o] 5 93] 94l total RNA 50 pg, DNase I (5 unit/
ml) 3/ (Takara Biomedicals, Shiga, Japan), 10X
Buffer 5 u/, RNase inhibitor (QIAGEN Inc., Valencia,
CA, USA) 2w/ (40 units), Y*= DEPCE== A7}
of ZFFe] 50 ulﬂli% 45}, o] £33t 37°C
ol 4] 1A|7F wioFslt ¥ DEPCES 150 p/ A7k 1A
5% (200 w2l phenol/chloroform (1:1)y& 3L vortex
2 AEF ohe AReollA] 11,000 rppmeg 7E7F AR
Zsloict. Aels 338 o2 559 chloroform (1:1)
S A7l vortex® HEREL AF2ol4 11,000 rpm.o-
2 7 AlEEEin Aals o] SRSk viA
DEPCE°l £34]7] 3M sodium acetates AEo4e] 1/
10, ¥ ethanol= AF=ole] 2.5 vols A7fskr =33 o
S -80°CollAl 1A17F A=A @6{}0&0] E°1= mi-
crocentrifuge tubeE 4 °Coll4] 15,000 rpmo-Z 1

AltElsle] AAEl RNAE <d9ich RNA7} A= o
2+ tubeol] 75 % ethanol-DEPCE5 #7138 3 4 °Cell
Al 15,000 ppmo & 158%F AAREske] e 3t
RNA HAES 712471 o}2- RNase free waterol] -8-3
A]71 UV spectrophotometeroll 4 260 nm =}z =4
sle] RNAE AwFslsl

2) RT

cDNAE #4317 918l RTE Al3s1ct. Qiuagen RT-
PCR Kit (Valencia, CA, U.S.A.Ys AF&3sle] RTE A
33}t Total RNA (2.5 pg), RNase inhibitor 2.5 p/
(50 units), 2mM dNTPs 5 p/, random hexamer 100
ng, 10X Buffer 2.5 ul RTase 0.5 u/ (10 units)s =3+

al ZE/—E— J’]o OE ZSHIE- qu;]’ D]' o]:'f_' RTj‘
°L°”§ 41 °CollA 1A17E, 80 °CollA 15%7F Al3fskar 4°C
oA kg AAA17 cDNAE A3l

3) PCR
PCRell ¢4 TLR-4, IP-10, RANTES 4= %47]4]
a5 Ed|Z 3dlo] forward, reverse primers A|ZFslGrt
TLR-4= Faure 5-(2000)°] X313} primer sequenceo]|
u}2}, IP-10, RANTES, 2|3 internal calibration =,
E349) RNAZ A83hs A% 3R] 918 ol 44
Z}Z  glyceraldehyde-3-phosphate dehydrogenase (G3P-
DH)= Setsuda 5-(1999)°] 2373} primer sequenceol] wh
2} AZskgdel (Table 1). PCRE 943 cDNA (10~50
ng/ul) 1~5p/, primer Zt7F 10 pmol, Tag DNA poly-
merase (5 Units/ u/; TaKaRa Korea) 0.25pu/, 2 mM
dNTP 2~5 pl, 1131_1_ ‘/]-UJZ]L 10X buffer, MgCl,
2~5mM), 75 A F S0ue ez A3
ot PCRER S 94 Ccﬂw 587 WAA7l o, PCR
cycle 94 °Coll4 45%, 54~65°C (Table 1)l 45%,
primer extensions 913 72 °CollA 60xZ 353] M55
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Table 1. Primers used in the study and PCR conditions.

PCR product Product size Primer sequence (5' — 3") Cycles é;nn;a(l(}g%
W TomcemoeTmE =
1P-10 g GCGTACGATTCTAGAGAGAGGTAC . 5
RANTES 13 CTTGATGTGGGeACGGaGAGTG e
G3PDH 7 GCCACATCGCTAAGACACCATGGG 35 59

CCTGGTGACCAGGCGCCCAAT

TLR-4, Toll-like receptor-4; IP-10, interferon-g-inducible protein 10; RANTES (CCLY), regulation upon activation, normal T cell ex-

pressed and secreted.

L, 72°CellA 1087 A2]gk F 4°Cell4] PCRibS—+
AA5le] PCRARES d%let. PCRARES 1% agarose
geloll 1719453k & ethidium bromide (0.5 pg/ m/)=
Ak o UV 3341 sholla] dsled 2715 glsiola,
ERlgt A ARlE e R 7] Eslel

Lactate dehydrogenase (LDH) assay

P gingivalis7t ZFole B AL 4+ e
A 29 Alxnt £ W] S8l Azt Sl
wf] AlZAol FEjs]e] Yo LDH oF% 43 LDH
assay= In vitro Toxicology Assay Kit (Tox-7; Sigma
Chemicals, Saint Louis, MO, U.S.A)E AFg3fe] A=
Ao AA R ePsisdet. 94 CRL-1999 HE2A12
(1 mlE 24 well plateoll HE3FL confluentdt Abe]=
Azl wli7kA] efeksioict. PBSE Al o5 7F well
of Plain Media F-12K& 1mP¥ H7lsigict. ti54]
712] P gingivalis 3812 600 nmZFdoll4 Plain Medium
o7 TS (307 23 T FH 100 miE 7+ well
ol 7FskaL 0, 10, 30, 9047k vleksldct. Lysis Solution
< 7 wellell 1/10 volumes A7}k 45%7F 250x g
2, 47 A £ &9l A4S 500 mAe AR
24 well-plate®] 7+ wellell &7 =kt Tox-7 LDH
Assay Substrate, Cofactor, Dye Solutions &2 2 4]
2 reaction solution 1mbk 7} wellel] X718k o2, 4
= Akl AR 20~3077F ESAIHE S & IN
HClH AAE=e] 1105 #H7ske] uke<= AAA1Z o
& 490 nmellM FFE=E SHESIH

Apoptosis assay

P gingivalis®] Z5Fol] 23 HI=A 22| apoptosis 7}
54% #9lsk7] $lall CaspaTag' Pan-Caspase In Situ
Assay Kit, Fluorescein (CHEMICON® International,
Temecula, CA, U.S.A.y& AF8-3}o] apoptosis assays A
Z2ALe] A E 35kt 94, Complete Growth
Mediume. 2 vjokg-7]oll 4 confluentdt Ael® wiokal

CRL-1999% PBSZ AlA3slaL wjef&~]oll Plain Medium
< A7kt dl54719] P gingivalis 381 Plain
Medium®.2 A3k 600 nm IHAelA] F35E 03202
ZA38F th& CRL-1999 v{ekg7]oll H7}=l Plain Medium
o] 1108z e AHrbska 30, 60, 907} wiks
Art. 2T 2= A7k w3} F%2] Plain Medium
< 718Kk, P ogingivaliset woksk CRL-1999% PBS
Z AIASkL YA Trypsin-EDTA (GibcoBRL, Life Te-
chnology, Grand Island, NY, US.A)E Iml& Yi
37 °CollA 3%-7kEst wiekslct. Plain Medium 10 ml
S wjokgrloll Wi Y=EA pipettingsle] k870l
4] CRL-1999% #-2lAZet. 215l CRL-1999% 15ml
tubeell #71 o 125 x gollAl 77t AR skl A
Azl e Wk AL pellets: 417 AZ571 ~2x
10 cells/mlo] ==& 2Asch. A tubeoll A EY-fH
290 WE %A = k4 30X Chemicon” FLICA
Reagent 10 p/s 718k tubes 7PEA] EF5o] Alxe}
At Ws Awkel Abeolx] 37°Colx] 1A]17E wlekel
ok 7t tubeoll 1X Washing Buffers 2mbPd a1 4]
= F 400 x g7 597 Aol Al slodrt. Al
= ZAlEA BEl T A2t 9471A] R=ES vortex® 7}
WA AEERsiet. $loflAel o] 1X Washing Buffers
ARE3Ste] AlZE AlAEE o2 ohA] 1X Washing Buffer
1 mlell F-FA13ek. 7t tubeoll A 50 mi4 #31e] 450 m/
PBSe} &3kst & P gingivaliset T wlFA|Z] Alzet
&7 AlZ 5 hemocytomerZ B33t AlX 4

Felet vk PBSE 400 mA4 H7lska A 179 Al
ZA18 © AAA Chemicon” microtiter plate®] F 7l
o wellell 2+ 100 mPAS F3te] Aol A7A H=
£ 2454 93letk. &5} microplate reader (Triad;
Dynex Technologies, Chantilly, VA, U.S.A.)= excitation
wavelength= 490 nm, emission wavelengthi= 520 nmel|

o) = = =]
A FHEE 2439
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A HJIZAEZ CRL-19991 N3 P gingivalis 5
=9 AFHE vlasidct (Table 2). okl P
gingivalis 381& 27 AZ A5 1.55x 107 Soll4] 1.82
x 10%] CRL-1999l #HF3ogx 0.12%2 HA5F&S
Hol 7P aeHow yepga =dWe] P gingivalis
75 3t SAFCE fefd aels 2rk. v fimd”
=olHe]ql KDP150> 7] A% Al w®] 0.0003 %
AFsl] 7P b AREE 1otk ppk E<lde]
CWI120& 0.0046 %, reld” EAHo] KS7& 0.0056 %
AFES Wtk o]F Eoddo] FFE Abelol el
AFge] Aol= BAA Aol eldl

P gingivalis 381°] 734, = 30~90¢ 1=
w] CRL-1999 314 FollA s 7dsted Aol o
cytokine®| -tulel W37} 9l= A& ELISAZ 33}
t}. Proinflammatory cytokine®-24] F83F IL-1B] &
¥ 30~90- wiokdle w A]Zlell we} Plain Medium
ul A7kl EF CRL-19994 P gingivalis] 7+3=l
AT CRL-1999 27 A|7ke] Aol whe} S7kehe 7
o7 #AEgIch 22y 30,60, 903 wloFA]7E div] of
25 CRL-1999¢] IL-1p #u] F7}gkel] wls] zHd=l
CRL-1999¢] IL-1p S7}e] A AA =F FAHC
2 fofgk AolE Brt (P<0.05). 53] 90:tol
CRL-1999 (125.0 %)l =13 7448 CRL-1999= ZA <
7}sle] 378.5% 7k 23ich (Fig. 1).

ELISAZ ¥3 73}, CRL-1999% IL-1pel ulal m]
oFslAut 83} chemokined! IL-8& ®]3l= Zoz
vebet, siztelvt 7193 CRL-1999 27wl okr|7le]
Z713ke] ulel [L-89] Hul= ZA Frlsledch. oz
739~ 308 0417k oiu] 233.8 %, 604l 357.7 %, 90
ol 496.2% Z7kek vk, 7+d CRL-1999% 30:ol
925.8%, 604l 996.2%, 904l 1211.5% Z7Fsle] =
= Azt Helld frefddo] SlE AfelE Rl (P<0.05;
Fig. 2). CRL-1999 H&ZAZE P gingivalis 381 7
o Al = 3hte] F23F chemokinedl MCP-12] Hu]=

AV CAY A=)

ol
A o

ol
C 32

Zobegict. IL-1B, IL-83} wRb7bAl 2 kel of 3o} Ak
glo] MCP-19] #ul& Z7kslgdont 7] Ale] Hujek
o] o] W Ao EHA. 2=y 30, 6027k 7
ol EAH R dladst Aolsh Gl W, 90
B 7kl A] CRL-1999 (0417F dlu] 342.1 % Z7he =

27 CRL-1999 (160.0 % S7H)Xct MCP-19] )7}
L F7k=lo] SAA el 2ot (P<0.05; Fig. 3).

P gingivalis 381°] Z53sl= =7] 34, & 308 #
A3E wl CRL-1999 34| ZollA] F743}& Aol 2
o]5= IP-10, RANTES, TLR-4 w&le] w3lr} gle A
& RT-PCRZ #51iet. Chemokined] IP-109] -2
P. gingivalis® ZXAAAE Zol7} glolet. v = of&
chemokine?] RANTESE P gingivalis’} 7+3313=
o] A F7lsket. gk PRRe] TLR-49] =
P gingivalis® 3= e w ZA Tk AeE v
bttt (Fig. 4).
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Fig. 1. ELISA measurement of proinflammatory cytokine IL-1f3
produced by CRL-1999 human aortic smooth muscle cells infected
with P, gingivalis 381. The supernatant of CRL-1999 infected with
P, gingivalis for 30, 60 and 90 min was collected and added to anti-
IL-1pB antibody-coated microplate (BioSource International, Car-
marillo, CA, U.S.A.). The CRL-1999 was incubated with biotin-
conjugate (biotinylated anti-IL-1f antibody) for 2 h at room tem-
perature, followed by Streptovidin-Horseradish Peroxidase for 30
min. The bound biotin-conjugate was visualized by adding Stabi-
lized Chromogen.

Table 2. Invasion of human aortic smooth muscle cells by P. gingivalis strains

Strains No. of bac‘%egia ~ No.of b%cteria Invading bactebria
added(10") invading(10”) £ S.D. (%) £ S.D.

381 (wild type) 1.55 1.820 = 0.500 0.1174 £+ 0.0323

KDP150 (fimA4) 1.87 0.006 = 0.004 0.0003 + 0.0002

CW120 (ppk) 1.73 0.087 £ 0.012 0.0046 £ 0.0006

KS7 (reld) 1.89 0.096 £ 0.016 0.0056 + 0.0008"

*Defined as the actual number of viable cells of P. gingivalis inoculum as determined by plating method. Bacterial cell suspension had
been adjusted to optical density of 0.3 at 600 nm and 100 p/ of the suspension added to each well (1 ml) of a 24-well plate.

® Defined as the percentage of P. gingivalis inoculum protected from metronidazole killing, which represents invading bacterial cells,
after the infection period. Values are means ( & standard deviation) of triplicate.

* Invasive ability of mutants of P. gingivalis demonstrated to be significantly lower than that of the wild type strain 381 (P<0.05).
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Fig. 2. ELISA measurement of chemokine IL-8 produced by CRL-
1999 human aortic smooth muscle cells infected with P. gingivalis
381. The supernatant of CRL-1999 infected with P. gingivalis for
30, 60 and 90 min was collected and added to anti-IL-8 antibody-
coated microplate (BioSource International, Carmarillo, CA,
U.S.A)). The CRL-1999 was incubated with biotin-conjugate
(biotinylated anti-IL-8 antibody) for 2 h at room temperature, fol-
lowed by Streptovidin-Horseradish Peroxidase for 30 min. The
bound biotin-conjugate was visualized by adding Stabilized Chro-
mogen.
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Fig. 3. ELISA measurement of chemokine MCP-1 produced by
CRL-1999 human aortic smooth muscle cells infected with P. gin-
givalis 381. The supernatant of CRL-1999 infected with P, gingiva-
lis for 30, 60 and 90 min was collected and added to anti-MCP-1
antibody-coated microplate (BioSource International, Carmarillo,
CA, US.A.). The CRL-1999 was incubated with biotin-conjugate
(biotinylated anti-MCP-1 antibody) for 2 h at room temperature,
followed by Streptovidin-Horseradish Peroxidase for 30 min. The
bound biotin-conjugate was visualized by adding Stabilized Chro-
mogen.

P. gingivalis7} 25334 CRL-1999 %324 20] 3
AkE]o] Alzto] =AM A (83l ellA LDH7L 2] =]
= A& LDH assayZ ZAsIct. P gingivalis®] 7+
o] ¢1-& wlE CRL-1999¢] LDH 2|zl w3zl gigl
ot vk P gingivaliso] 253k 24 Fol= LDHe
frelodo]l =24 7Kl 90elx] 241 S7ksle] LDH
fre]7b 222 A7bHellA] S P gingivalis $lo] ok
g CRL-1999¢] LDH % ®l8] oF 50 % Z715te] f-<]

Pg 381

- +

TLR-4

Fig. 4. RT-PCR analysis of expression of IP-10, RANTES and
TLR-4 by CRL-1999 human aortic smooth muscle cells infected
with P. gingivalis 381 for 30 min. Total RNA was extracted from
the cells with or without P. gingivalis infection by TRIsol treat-
ment, followed by chlorform. The cDNA was synthesized from the
RNA by RT and amplified by PCR using sequence specific primers
for IP-10, RANTES and TLR-4. The PCR products were electro-
phoresed on a 1 % agarose gel and visualized under UV light after
stained with ethidium bromide.
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Fig. 5. Release of LDH from CRL-1999 human aortic smooth
muscle cells infected with P gingivalis 381. Percentage of LDH
release relative to LDH release from CRL-1999 at baseline was
calculated after P, gingivalis infection by colorimetric measurement
using In vitro Toxicology Assay Kit (Tox-7, Sigma Chemicals) at
490 nm.

A e zbe]E Hlek (P<0.05, Fig. 5).

P. gingivalis’} 253k 2Pgel|A] 3242 apoptosis
7} sl AE WAS7] $18l caspase S AT
Ack. P gingivalis®] 73%de] 13l CRL-1999= ®ioF
A 7hol| whet efzhe] F7bE Hol wiolA] 7]& caspase
B zo] wls] 90elM 172% F7kstct. vk P
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Fig. 6. Apoptotic cell death of CRL-1999 human aortic smooth
muscle cells by invading P. gingivalis 381. Caspase activity of the
apoptotic cells caused by infection with P gmgzvalzs for 30, 60 and
90 min was measured by using CHEMICON" CaspaTag Pan-
Caspase In Situ Assay Kit.

gingivalisol| 7rd=a 35F== Hel4= CRL-1999=
caspase2] Aol wlollA] 7|x caspase TAImol v]s
304l 36.9 %, 60l 79.5 %7} S7FSIAAL, 90+oll=
Z71Eo] vS AAA 1705 % Z718kdEt (Fig. 6).

-

=
Mt

A

i)

o] Aelse] A A she 2T Al

ﬁ‘%"é@%‘ri AoloflA HepdAal s = ﬂ* s
S29lole} (Socransky et al., 1992). T w2

ol AT ohE Y] AEdAEA T2

“”UP OME} A& 343t (Cohen et al., 1998; Genco et
al., 1998), HJAWASHHZESF) (Drfer et al., 2004), A
AFulsol ZAF (Offenbacher er al., 1999), ZxH
(Mealey et al., 2006), f=FEl2A 493 (Al-Katma et
al., 2007) ‘é# e AAAZS EEAY osHlTE
ol Togt dloe® e Qlt. o] HAIEZE =1t
”7401 Aol €’le] FHa Qe Wl AFA3E whA
A G5 AlFA7E =2 4 Y AFARke] qhdAal o

04 LEHel Yol A3k A= Alitelst (Genco
et al., 2002).

A543 [lclyte] HAIASlel| st 7)Aol HsliA
e °4:rL7} A= gl 2 FoAM= Al Jholl
UeIA P gingivalis®] 9T} d=id A7) 7P go
o|Folx|aL k. P gingivalise ZII| A 25 2535}
HA WAz Helo] W3S 7T (Lee et dl.,
2000) apoptosiss =gk} (Roth et al., 2007). °] 3}
Aol 4 AlHuAIS zesls R 2le]l Emlzsle)
HRE g2 BT dksol P gingivaliset W
IAE Apolof| A wAglet. WAz HFs= P

d

]o
5 o

gingivalisZ 218l PRRE] sh4el TLR-2, 49] wkalo]
718k} (Gibson et al., 2004). LPS2} fimbriae= A
75, TRl ZEe] TLR, = thZ PRRSl CD-149} Hk
$-3lo] chemokine?l IL-8, MCP-1¢] #u]2 Z7}A]71ch
(Chou et al., 2005; Hirose et al., 2000; Kang et al.,
2002). °]= chemokineol| 2J3l ©]&3F HHAJAHI2Z+= foam
cell2 WH3}slod (Kuramitsu et al., 2004; Kuramitsu et
al., 2001; Qi et al., 2003) sH7dstol] 7]od3HA] =t
P gingivalisol HFE3to] Wo]A| 2o} chalA| 2= [L-6 A
AHE 57HA171F (Chou et al., 2005; Hirose et al.,
2000). °] IL-62 Zkll#1e] CRP A4ks S7HA71aL CRP
= o] B AEE P gingivalis 7H9E B =
3 o]Z 9ldll v B2 cytokineo| H¥|E o Z A %“1.47§
sl7b A=t (Khuseyinova et al., 2006).

o|g A TulAss} RFslo] Ax| AFPAS gulks
= FHollAe FAF oz HIAEZ sHol| EAlsH= ¥
o} efo e BaEAZe ﬂo:l = cytokine

ol}l

of oJ&l =Alsla Az} z]sg = Q]2 o]xz3sloe
24 gRAE T am ARaE Zelar] el

TS 9le] AR A E&ﬁ]ﬂ“@ ANHow o
S HsiAA (Ross et al., 1993; Streblow et al., 2001)
Ao wlEm A3 = cloka) /l]b-ﬂ_,,]. o)
= TEAZIE JEEAE AR] wlEe] A
=5 s 4 e Adew o4HA o} (Gravel e al.,
2005; Stoll et al., 2004; Zhou et al., 1999). P. gingivalis
7 A3feAzE AR 4 ol 2 ARE oAz
7b FHAste] WHE fEdEe A7 Wl AR
oA w 7kl P gin gvalzsﬂ A& A 3lo]| Zo] =
of3faL globar HholSol7loll= obF o B A7 3
S3eh, 2 o] B5HL P gingivalis’h 23 A
ol HFshHA FMAS el 7]ed 4 = cytokine,
PRR®] Wde] m]x]= 3 Bt =R P gingivalis
7 AdA e 714 oe s v 2
8] AAsk=l o Sl

Ateke] o5 HEZA ] primary cell line¢l CRL-
19995 P gingivalis® 9077+ 73934171 ¥ metronidazole
protection assay® gt A3} 27] HE3 P gingivalis
381 Z(1.55x 10"l4] 0.12% (1.82 x 10 Y AE =
53 ez eyt (Table 2). Dorn 5 (Dorn et
al., 1999)e] ®iol| &5H P gingivalis 381 A
W HIZAZ Wi AFEE 27 AT ol w9
27 %2 & Aol s AFe Hoe @4 =4
ettt o] 22 zpo]l= Algel ARERE A2} thE7)
wjoll vepd A3l = Qrh. 722 primary cell line
oAt AFHFN7} vk AIEE W E P gingivalis
381¢] AFE WAt AgelA], dlF So] A2AZE AL
43k Njoroge 5 (Njoroge et al., 1997) 3} 2534t
A|ZE A-83F Sandro 5 (Sandros et al., 1994)°] 3

oot
—1* F”YS
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A3t AFEE 27 6 %9 0.65 %R T Ao]E Mol
ek, AA| FEZAZE 5579 Fioll whef, 22]a ¥
o] A2lshe Aol wet ofekst 333 (phenoty-
pic) A4S ®3lth (Hao et al., 2003). Domn 5 (Dorn
et al., 1999y 27| AHF ATT5 F4=cl 7IFe=
A oS3l 2 5Tt 5 VFEeE AFES AKXk
ot & FAAEATAY A sk FHEEE 7
TR P gingivalis ARFTE 2L A AA] AJSE
5 S5 =R ISP o ok =A Jeld
of. webA] o]5e] Ao AREsE 271 AF P gingivalis
T AA 2o woks 7FsAs AR & gicth

P gingivalis ATCC33277¢] fimA" =<1 o]l KDP150
o] HIZAE AFHS WA A 27 JF: AT
1.87x 107 Zoll4 ¢F 6x 10'te] AFshe Aoz el
Y Dorn %5 (Dorn et al., 2000)2] ¥-Fol wem »]3
FAFoz 71FErh. ATCC332772 3813 -F33H
o7 FUg #Fol7] wigel £ <dollA A 381
¥} KDP1509] HFH ztelw= fimd o HIE fimd &<
oo AFH el AolE thsle Zlolelal & 4 it
upeba 2 AFAIE v]Fo] Aol 2Fh] 4
A= P gingivalis 370l §-2273l fimbriae7} W=
Al He3t Aoz IkELh P gingivalis7h AlXol T8
Aoz AT $lsA+= fimbriae7} L83k AL
AS|AE (Genco et al., 1998; Dorn et al., 2000)l4]
oln] kel v} ok, P gingivalise <A 2ol HES
wll fimbriae= SFAIE Filol EAlsks 54 +871%
HRgehAl SFAlEe] AlSAGAAE ST AG
P gingivalis 370l 55 s L83 225 AT
o2 AZHZ AYT F = o= H3le}h (Weinberg
et al., 1997). Nakagawa 5 (Nakagawa et al., 2002y
AFAgA A 7 Bo| WAAEE P gingivalis fimA
genotype Ilol &3= 2] fimbriae7} th2 genotyep
of &3dh= fimbriaedt} o)A Zo| FAbsla HFsl=
Aol o] TgAe|ef Buslolrt. el o] 52| A7olA]
STAEZE oSPl integrine 53l P gingivaliss $H3)sH
= Aoz vepdrl (Nakagawa et al., 2002). Type II
fimbriaeel] &J3 57} FE=EE P gingivalise ©]o]
Arg-gingipain®. 2 A AL Al EA LA Al F83F
adaptor £#¢l paxilling +3A|ZIch ]2 old] P
gingivalis®] 5= AFNH R AF2A spE f=ot
= Ae& Ikl (Nakagawa er al., 2006). ©] 7
A Fe] WAl 2y JETA ZolM = vlszsiA 1w
AT Aoz Holr] wifel HEfd Axso] Wigk P
gingivalis A5+ FIA| Xl A4S Fa o2 9l3l] F
WA, AldRAste 7 AP 4 97| wigol WA
oA Fe3t ghAlela A7t

P gingivalis®] <TAE A5FHL fimA9] genotypeol]
b= chEAul 7> genotypeol] EdltEle ol

ufe} AFHo] th2r] wifol fimbriaes 3Foll 83k
Aolxut A whal olxl= ohd Zo& Holrl (Dorn
et al., 2000). HFol 9lo] Az} HFAT] o
A T8 e e AeE Halrt o]F9]
UXIHAL, 53] P gingivalis®] SAE AAE v A5
7F A eAHE] dAlsE]l= Aeg Yepdtt (Deshpande
et al., 2000). & A7l ppket reld Edwe] P
gingivalis®] RFEE WAt Su|FA=E 7 5
o] IF EF fimA EAo|RrE AF= o] EX|ut of
A 3810l vlsiAE o 1200 E35l%iEl. PPKE Al
o] 2Edz 115488l WAS Zhe dlef] 7]eds)

3 9Jch (Brown et al., 2004). PPK= Alqto] oJoki-o]
%8 ol ATPE polyphosphate (polyP)Z #]7slaL

ofio] ¢S wl polyPZY-E] PPK7} ATPE AAlsh= A
o] 7]%2=¢ql 7]%oltl (Komberg et al., 2004). PPK+=

RNAE #3l5= degradosomeoll E=A5P4H4] polyPE -
dlste] ATPE AAAKSHE o 7]efsla 3lch (Blum et
al., 1997). webA ppk EAwe] P gingivalisE A+ ¥]
A wjekzA o] £A| 92 assay systemoll4] HFol 2
23k o[UXtAE &R 7] wlitel] FFEHe| B
velsks 7hsAel Stk tiEtel = ppk & ool
ule} RpoSe| o] A= RpoS A|#f k] 4=k
= Tt eoll A AEsh= ©l Fagk 500 o4t

Iy

2, 71
o] AR} ke Wb wifol % ppkE olsl dsk
£ e AR gt FEE A7E 3ol o]FeiA
°F ppk P gingivalis®] Z-F=o] Aok olf= olalT
T = Zelt

Al ohulieal 2 qdokte] 5 21544

ppGpps FAEE}. RelAol 98 HEE ppGppe A
Az frizle] Wl 2], 7R o2 Jlojsle] ~EH]
2 Aol diAsHAl Hrh, 2 Algol|A ALE]E reld” P

vebskth (Sen er al, 2004). ofnl= o] 7 ARl
KS7¢] AslH AFEE A AYEd + s AeZ A
ZHgket.

b 2o} chal 252 1)=& thefsh cytokine
#} growth factorse] W73}t Aol 7138kt (Ross
et al., 2004) AFEAHAel g WEGo = SFAlEAA &
vlEl= IL-12 W) ) b g " R, o
Az A3}, oAl e WAz F4], shAd
asg S SR sddds SR EH
5733} Akl Aol F23F proinflammatory cytokine
ot} (Hoge et al., 2007). 3k, IL-89} MCP-1-> =hal
AAAEE E4o Zhodo] whAlgh H-919] dapHog
o] 5A]7]= chemokine® 24| o] ¥ o]F A|¥Z7} foam
celle. Wsksl= Al7|7F HowH FTHAHsE fwsha,
S4738Rle FokslA sle 5 TSl F8dt
olzlo|t} (Ito et al., 2003). ELISA #-4oll4 P gingivalis
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381% 7d%l CRL-1999 ¥&ZA2+= S22 proinflam-
matory cytokine?l IL-1B, chemokineql IL-8%} MCP-1
o Fu7k ksl Ae® vERTh (Fig. 1,2,3). CRL-
1999¢] IL-1B2} IL-8H-01= P gingivalis 7¥io] &
w] Bk 7] A 30, 60, 90%ol4 BT f-oJsHA F)
3kodeh. MCP-12 27]ell& & Zfe]7}h glglert 90
A= P gingivalis® 7}%3% CRL-199%14] uleko] &
A3 F7helsiet.

olA7A = P gingivalis 73, ZFol whE A
9] cytokine W, E= Evlol gk R} gl <
vb wE 7hodol] oigk W &2A| 2] cytokine HH=
el dtx wx & HzEl P ogingivalist A2E
A Zof| 3Rl Hzxo Bl B odFE vaHrls
717} ol2l$- Aslo|th. CMVE 71334171 24 2ol 4]
= IL-1p7} f2l=laL o] cytokines paracrine® 2 =g
Sto] FPHAEAS] WS IUME Aew 4
# 3ltt (Dengler et al., 2007). 34, Stoll 5 (Stoll et
al., 2004)°] ol oJslad tiAgre] LPSE AH71E ol
A A 2] [L-89 MCP-1 #v)7} F718e)
upeba] Az nlERtd-S dlAl®Z o]F cytokine
o] Fuls ITRIIE Aoz Iuldd viEbixz g3
W 2ol P gingivalis®] 25+ 1L-1B, 1L-8, MCP-
19] Hn]E Z7MA)7)1E ZAe® ¥uEw 9ot (Takahashi
et al., 2006).

CRL-199%114 = ©}Z chemokines] IP-102} RANTES
o] Wdo] P gingivalis®] 7%del o8l WHsl= A& 3
Zshdet. IP-102 2 #ol7h giolovt RANTESE 7+l
of oJ&fl o] ZA Frkske Aoz ekt (Fig 4).
CMVel| Ztddl oie® HEZA 2o A9= IP-10,
RANTES®] w&lo] F715b o] &+ chemokine> CMV
of 7t HIZAx AZde] 7P wol Jehi=
=42 d#x 3 9t} (Gravel et al., 2005). RANTES
7 T Az, =z, diAA 2o skehfelEdo|a 973
3} o] A7lof| QJeke w|AE F83F cytokineo]7] wi
ol £ oA+ A= AT P gingivalis®] HITAE A
= WAt A 7]l & Zsls AR

33 PRRZ %83 TLR-4¢ W3S RT-PCRZ W%
shoict. TLR-45 E3t] P gingivalis®] fimbriaee W
A ZollA IL-8} MCP-1 #u]5 f=dh= Ao w
=3 Q3 (Chou et al., 2005; Hirose et al., 2000;
Kang et al., 2002) 9] 7ol Z%o] 3224 2o
A= P gingivalisol €8] IL-83 MCP-1¢] 571351517
uliro]l TLR-49] Wd= 718 Zo& o=l 3
3l A3}, Ak} 7ol CRL-1999 HEZAZE 3057k
P gingivalist 37 wiekdls o TLR-47F ZA F7ksh
ark. o2 fimd KDP1505 A 7S o 2hal 3
A ZoAE obrE WEkw gle A, olE o] TLR-
4, IL-8, MCP-1 52| ol Hsl} gle x5 s

2 o

3 d

52

UM

ki

Irt

= A guEe AeE A7 ol KDP150 A
FHo] gl7] wigel, wWdeo] W3y}t gle Aol AF7E 9l
o2l &l ZlA fimbriae7} glol H3PL e A<UA
= e S8l viEres HAEHE glor} fimbriae
7} ol AHA vehd= P gingivalis 15, Golut
formalin® 2 AFEA]7] 381/ATCC33277% 7 AH&3h=
Aol Lo Holrt,

oA <dFolA P gingivalis®] 57 H3bH oA 2]
T25 ZA WsIe As WAL (Lee et dl,
2000). o]& W= Az AMEE 7S F s A
Z daksle] o dFollXE P gingivalis 25l v
BETAZ] AP o5 A Azt 3
£, 5 vl5old AlEzIArE S5 LDH assayollA]
CRL-1999+= P gingivalis 7} A1 30, 60&0ll= =ko]7}
ot 90%o] AHRE vl P gingivalis §io] ¥kl
< wl¥r} LDH f=loke] 716, wetx P gingivalis
381 AskAlw A AlxsAdadt e Aoz 3t
thect, 3k programmed cell death® #|AS}= apoptosis
9] 7FsAE caspase FAEE WAt 1 Az p
gingivalis7} = AelollA= caspase Axol WHIL
Aot P gingivalis2t 37 wlekglS wlE caspased]
FA=7E A7kl wet 3 S 90e] =Hole
= oS S71ske] P gingivalis 71%3°] ¢l CRL-1999
caspase A= 22 FUlsIgict. webd P gingivalis
= A Xol| sl A AEFAH = apoptosis
= Bl Alxe AMES f=sle Aoz IwhEch Roth
5 (Roth et alye: W9 WIMNEZE diitez P
gingivalis 381 7AA1Z= W LDHS o= =]
7} $lovt apaoptosist 71 A oE HuEg}. o]
A= P gingivalis 7X30] SBAI LA apoptosisE
e 7sAde] Erhe Ae AR

A HJE2A2rL FAsk daehe A sk
Arshs ZHsh] wifel] Ao dibs AHAA
(Ross et al., 1993; Streblow et al., 2001) AZ7443
I 22 e AASE F oohekel Alda 2 Hdadst
= Tz webd JE2A 2] apoptosise 773
35 oA 4 qlotar A7k = 9t 22vth apoptosis
7} doft Axze] Fwlel :=%% phosphatidylserine
thrombing A5 9% 71d= A8E & o, St
e GAIA A opsta, SRk 7Hd
Ah(plaque erosion)?} aneurysm, 353} A3]3hE s
of o & S olddllo gt (Clarke er al., 2006;
McCarthy et al., 2000). 3 &2} 3824 22] apoptosis
+ IL-1, IL-8, MCP-1¢] Hv]5 S7R[7ltka Haiss
It} (Clarke et al., 2006; McCarthy et al., 2000). ©]
g AL P ogingivalisoll 7F3®l H3k o S2A Zo A
IL-1B, IL-8, MCP-1 4|7} Z7}3tat 5A]oll apoptosis
7} 718k & AT Aol A3t
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o] A== w|Fo| P gingivalise HELAELE

Felogx AxE slodd IL-1B2k 2= proinflammatory
cytokine®] #u]Z Z=xA]7|3 PRRQl TLR-4¢] &S
S7HZIAY  apoptosisE =35k 1L-8, MCP-1,
RANTES®} %2 chemokines #H]E F7HA|7 o 24
FW733}, oA A3 sE A3YA|7|= dlof 7]
& Qe AR IriE

2 =

AZAGE Aol A7 e ek S
A Adeses AT Fhas, d9uaae) g
AAZ Y sict. A5l 71 t
phyromonas gingivalis7} 573 8lol| o slaL
At AT AR5, AR 2 o)A EA
ohekgh cytokine®] WHle] SRtk A7 Fol] veht
e, 2t TS Aldadsten Ads7] 95
A HEZAEE Holghk}, B ode] 22 P gingivalis
7} g HIZAHEZ CRL-1999% A5 F = A
= sk, ?‘ T Foll WA 2ol et WS}
= A3l S, AlddAAS ol P gingivalis?h 3
ol 4 Qloke 7sAS AAlsE dl Qlek. P gingivalis
3813} P gingivalis 38113} §4Y Eolole] H&
A ZL‘T—“:@@ 3517] S8l metronidazole protection
assay, A2 T WA ZolA S stel deld
cytokme»Jr +&717} HL&]HL A=E A S
ELISA2} reverse transcrlptlon-polymerase chain reaction
(RT-PCR), H&ZA29 w|5o|7] AZzIAAE 357
]38l lactate dehydrogenase (LDH) release assay, apop-
tosiss ¥AsL7] 18] caspase FAEE ATl the-
JJr e AE Al
wjok 90%ol| SA3t oIE P gingivalis 3819 ¥
SAlE AFa2 27] ASATET diEl 012 %2 =7

1/}5}% v, fimbriae TZJXPQ%J (fimA) &<Hel
KDP1502 0.0003 %2 A=) wAF 52 Jixts]

itk 3k polyphosphate kinase 522 (ppk) &
o] CWI1203F RelA FAREH (reld) =] KS7
Z5-go] 77t 0.0046, 0.0056 %= 2F5HA Ve
2. P gingivalis 3812 ZIE]A] ok HIZA| 29} ]

e o, 7 30902 F3tol ﬁsﬂlxﬂit ELISA
/517331} proinﬂammatory cytokineq! interleukin (IL)-
1B, chemotactic cytokine (chemokine)3! IL-82} monocyte
chemotactic protein (MCP)-19] ®&o] fro|stA] F7)s}
ATH(P<0.05).

3. P gingivalis 3812 Z1Q=|A] ¢t HIZA 2o} v
P wl, 71 303l HFEZAEE= RT-PCR 4727
RANTES (regulation upon activation, normal T cell

rlo

_A";

expressed and secreted)®} pattern recognition receptor
(PRR)2] Toll-like receptor (TLR)-4¢] #Hde] F7}5k3
t}. 22} interferon-y-inducible protein-102] wHeof=
Zpo] 7} glad

4. P gingivalis 3812 ZFI=|x] 9 3|29} v
s wl, 7 30~90% kol W42 LDH
glok AA3 Frksle] 90tellAlE 52 % —7}01'»\4—
caspase TAEE 7 30~90% Fololl AlE F71sled
90ttHol A= ZHd=A] oke W et 2uie] 5@“353
Bt

o] AFEE w|Fo] P gingivalise BE2AEE
& 4 9lor, AFol= fimbriae7} H 83} =
At 2Edls 21548 A7 e ARk
Hofsl= Aoz AZEC P gingivalis?] A5+ HE
ZAZZ sfoda IL-1B2F 22 proinflammatory cytokine
o] #ulE FA4)7]a, PRRG TLR-4¢] WS F714|
71AY apoptosiss =35t 1L-8, MCP-1, RANTES®}
ZEE chemokine®] w5 F7HAIZ 24 FH 78, o}
o7 b AlEAAZE APAT]= del 71T+ =
Aoz kst

ri"
ﬂ 2 o

Aol =

o] = Adga AMa 55579 7d AR89k
2005 _1#.74%571%03%403 21 R&D (A050028) <1+
]i TK‘E /~}\\:z .

x =
202
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