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Porphyromonas gingivalis, a foremost periodontal
pathogen, has been known to cause periodontal diseases.
Epidemiologic evidences have indicated the involvement of P.
gingivalis in the development of cardiovascular diseases. In
this study, we show that the P. gingivalis lipopolysaccharide
increases the mRNA expression and protein secretion of
interleukin-6 in vascular smooth muscle cells. We demonstrate
that P. gingivalis LPS activates the extracellular signal-
regulated kinase 1/2 (ERK1/2), p38 mitogen-activated protein
kinase (MAPK), and Akt, which mediate the IL-6 expression
in vascular smooth muscle cells. Also, P. gingivalis LPS
stimulates the vascular smooth muscle cell migration, which
is a critical step for the progression of atherosclerosis.
Moreover, neutralization of the IL-6 function inhibits the
migration of vascular smooth muscle cells induced by P.
gingivalis LPS. Taken together, these results indicate that P.
gingivalis LPS promotes the expression of IL-6, which in turn
increases the migration of vascular smooth muscle cells.
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P. gingivalis LPS= EHHEA3EA o

A Ato]E71RIQ1 interleukin-6 (IL-6)°] el 9l Eu|E
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P. gingivalis LPS Invivogen (USA)elA 48ko] A}
431512, Phospho-ERK1/2, ERK1/2, phospho—Akt, Akt,
phospho-p38MAPK, p38MAPK 3|5+ Cell signaling
technology (USA)°llA +4)3te] AHE-31SITh Anti-a-tubulin
A= Biogenex (USA)eIA -1+t

CEEEERENY
Sprague-Dawley 7 (45~55 g) 359
AA BN B s AEske] %
g AAT T 6-well plateel] 27+ 248 sk 2t
Y] b wWo| oo R S F =31 cover slip
(22mm*22mm)S o] F22 A X AF T o17]] 10% FBS
(GibcoBRL, USA)¥} 1% Penicillin-streptomycin (GibcoBRL,
USA), 5 pg/ml Plasmocin (invivogen, USA) ©] %7} DMEM
(GibcoBRL, USA) HIA| & 75k 5% CO7} 355+ 3
7°C A HjeE7]o| A 77 viekskGit) o] & dnjF o
GURG2A L) A2k AE BT 5 35Awie) A
wekale 5.8 Alt) Aole] HES A AL8aIolT

TR oH =& ]
w23} o

a-

_4

RNA F2]9} S¢EAA RS- (Reverse transcription—
polymerase chain reaction; RT—PCR)

HAFLIA LA Total RNAS FE37] 93
RiboEx reagent kit (GeneAll Biotechnology, korea)s A&
SISt} Reverse transcription kit (Promega, USA)E AM&
ato] 2 pgS] RNAZNE] cDNAE FAsIoith T4
c¢DNA + B-actin (sense: 5-GACTACCTCATGAAGATC-
3’, antisense: 5-GATCCACATCTGCTGGAA-3"), rat IL-6

(sense: 5-CAAGAGACTTCCAGCCAGTTGC3’, antisense:
5-TTGCCGAGTAGAC

CTCATAGTGACC-3)9] primerS ©|&3lo] oAz
SraaAS-S ASATE Real-time PCR < power
SYBR Green (Applied Biosystems, USA) A]°Fs AE-3)
%12, 7500 Real-Time PCR System (Applied Biosystems,
USA) 71715 Abgeto] AAEgith PCR HES 2302
95 CAlA 1023t 1571, ¥4 (denaturation) HH&-2> 95T
oA 15%, A (annealing) W2 60ToA 60%, 53
(extension) WHg-= 72TAA 7x%3F 405715 HHE5lo]
WA A ZH2Ee] primers TR #Th. GAPDH
(sense: 5'-GGCACAGTCAAGGCTGAGAATG-3’, antisense:
5-ATGGTGGTGAAGACGCCAGTA-3"), rat IL-6 (sense: 5
-AGAGACTTCCAGCCAGTTGC-3', antisense: 5-AGCCTCC
GACTTGTGAAGTG-3").

B4 E T 2EAY (Enzyme—linked immunosorbent
assays: ELISA)

Sprague-Dawley 7 6798 T tlsWE 2E3}o]
A H Ay Fo FJANs A T 2o Fztow e}
10% FBS2} 1% Penicillin-streptomycin, 5 1g/ml Plasmocin
o] H7}el DMEM #H|X|oll Y& % P. gingivalis LPS (5
pmLy 2, 821 5o Aeiste] Wigkele FAlskich
o] wjeFHS 4°CellA 12,000 rpm, 1 A4 EElsto] A

SHE o] FAATHATAHAIE (BioLegend, USA)
BOEFE AE ANl SAste] wheelel e
IL-6 T2 =g 433t

Western immunoblot analysis

ket dAPSIAEE 33 AR PBSE AlF e
< AMaxgd] 49 (RIPA buffer, Proteinase inhibitor, 1
mM PMSF, 10 mM NaF % 10 mM Na;VO,) .2 £3lA|
Atk zb @z o] okS BCA (Sigma Aldrich, USA) 73
Fow =AHsielvh 25 ugo] WA @S SDS-
PAGE (poly acrylamide gel electrophoresis)® 4] 2|3}k
%131, ©]& nitrocellulose membrane (Amersham Pharmacia
Biotech, USA) 9hol] Zdo]AIZA ). Membrane®] blocking=
5% skim milk7} ¥ TBS-T (TBS, 0.1% Tween 20)
3°“°i &M TAIRE FRE A & Tzl o]
dat7] Sl A 12} FAE 4°CollA 16417
%/\] Ztk o]ojA TBS-TEHO = 103 (HHO =

Sl U} Horseradish peroxidase”} A3rE o|x}ak
W 2A1ZE REGA)71AL, BA] TBS-TE- 0.2 10

o= 33 AT v ﬂfﬂ%ﬁﬂ] (ECL: Amersham
PharmaciaBiotech, USA)E HH-AlIZI S LAS4000 (GE
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Healthcare Life Sciences, Sweden) 7]7]= izl wled S
glakat.

A2 Z9 o] FA EA (Transwell migration
assay)

Mol FY 742 transwell chamberHS AHE-3FSITH
Transwell migration chamber (Corning Life Science, USA)]
low chamber®ll 1% FBSE 3 DMEMell & ¥g & A
29 o]FS sk P. gingivalis LPS (5 pg/mL)<} IL-6
3t (Abcam, UK) (20 pg/mL)= H3AT: Upper
chamber?] insertoll &= 1L-6 53344l (20 pg/mL)2} 7} well
T 5 x 10719 FRFEIAEE Hrsle 37C, 5%
CO, wi7]ellA] 24A1F 5ok v Fatol Tt vk $ filtero]
oS WES (SK chemical, Korea)® 1L A]7]1L,
hematoxilin 2 eosin (DAKO, Germany)®. = AMA|7] &
insert W& WE O R Tho}l o3| o Ax2E A
sk 7 AN MEE FEdv7d (Nikon, Japan) o= ¥z

A A 2

R AX= Al H Adste] Jofdl ot W o] uF
kR FATEFI AL 157 S A4 XFo]= Student's t-testE
Agste] ATk 27t vl wske] P < 0.9 AH9-o
FAACE fFoAdo] A= Aow HH.

2 1

G LA Z o] ol vIX £ P. gingivalis LPSS] &3}

A GIA LY o] toFst ddA Ao 113
Aol Al B4AQl AR ofAX AL QIeH7]. webA] &
Aol X= P. gingivalis LPS7} EIFSIH L] o]
o] ojust A4S wX= A transwell chamberE ©]-8-3}
o] ZA}8FSIT). Low chamber®ll P. gingivalis LPSE 5 ug
/mL 2] 3}e] 24A17F BlSF 3 transwell chambero] ©]%
H MEE hematoxilin®} eosin G Fa It
(29 1A). tizl vldl] P. gingivalis LPSE A 25}
= W HHBLIAEE o)Fo] s TS &}l
aF9lal, o)F sk ALY 52 At A on) o) 7}
= A (1 1B).

HAG 2 2o A P gingivalis LPS7} IL-6 4¢3
of mlx & 3%

GPF LA L] o] 50| IL-67} Pty ofg] AR
o] War¥al QIek [10,11]. Wk P. gingivalis LPS7} IL-62)

]
LA M7= A5 ZAFSIIT. P gingivalis LPS7F &

(A)

Control P. gingivalis LPS

(B)

250 *

200

150

100

Migrated cells (%)

50

P. gingivalis
LPS

+

Fig. 1. Effect of P. gingivalis LPS on the migration of vascular
smooth muscle cells (A) Vascular smooth muscle cells were
seeded into the upper chamber and incubated on Transwell
chambers for 24 hrs in the absence or presence of P. gingivalis
LPS (5 xg/mL). Migrated cells were stained with hematoxylin/
eosin and photographed. (B) The numbers of migrated cells
were counted. P < 0.01 vs. control.

HH DA A IL-6 mRNA 23 o] o gt S 1] %]
A= 32387 9)al P. gingivalis LPSS A 7PEE 2] &}
o] IL-62] mRNA &S RT-PCRHC.Z ARSI 1 24
3, 9 24004 Bz ke 7o) P gingivalis LPSE A
12 AeRdS ul, IL-62] mRNAS] W&lo] 1A]7k} 24 7F
oA tizrel vlal SV e EIskick Bk ot
ARz W AfolE g o= Hlw sl Al Real-time
PCRE 5343131t} GAPDHO] &kl dial] o2l 1
ol E v wsk3S Wl IL-62] 739 P. gingivalis LPS 24|17t
A A Foll B ddatolg Belth (19 2B). whebA
RT-PCR ¥} Real-time PCR< -3l P. gingivalis LPS7} €33
FAEA IL-62] mRNA B S 714713 Qo2 &
Qlekitt. 18 vhd P. gingivalis LPS7} 0]/ 1L-6 &Y
e TTMTIEA Loty fl& HEZFY s
do] AAAFAAGFAN (ELISA)S AAISIIT 7 v
el P. gingivalis LPS= A &]ato] - wjekl & 3dste]
HjeFele] EnlE IL-6 T e] =g FAs%tk 54
A3} thz=toll vl8l P. gingivalis LPS 2417t 22| $F A3
oA 108) ol SV IL-6 wH]A T dsko] wHaE| 9,
8AIZE AElakl e wl oA thzatel nisf -6 o] &
S7} 28] Zhrto]l ShshE ERISkITE (19 20). whEkA
AAATAAGAHE 53l P gingivalis LPS7} 0] IL-6
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Fig. 2. Effect of P. gingivalis LPS on the IL-6 mRNA expression
and protein production. (A) Vascular smooth muscle cells were
treated with P. gingivalis LPS (5 pg/mL) with indicated time
points. Total RNAs were isolated and then analyzed by RT-PCR
using specific primers to rat IL-6. 3-actin served as an internal
control. (B) After incubation with P. gingivalis LPS (5 xg/mL) for
2 hrs, total RNAs were isolated. By real-time PCR assay, the
expression levels of rat IL-6 mRNA were quantified. The
expression level of the control (untreated) was set to 1.0, and the
values are normalized to the GAPDH mRNA levels. P <0.01 vs.
control. (C) Rat aortic segments were treated with P. gingivalis
LPS (5 xg/mL) for 2 hrs or 8 hrs. IL-6 in the supernatants was
determined by ELISA analysis (OD at 450 nm). P < 0.01 vs.
control; “P < 0.01 vs. control.

Sl ke TR & 5 9tk

. gingivalis LPS7} @3 F A X ASAHAGHE
o] &4l v A= 9
A FANA A P gingivalis LPS7}F ERK1/2 2 Akt

AZAE A2E @8 AAM L7 9239 2Ee
stk A ot [12]. & ATIXE P. gingivalis

LPS7} Ay &30 A o3t NS A RS 4]
StA17)= Aol tiste] ZAKSHSIT). P. gingivalis LPS7F &

(A) P. gingivalis LPS
0 5 10 30 (min)
Il-z-— —— ‘ < pERK
}- W — ‘ <«— ERK
“6.—-‘ ~— pp38
‘- — — ‘-‘ <— p38
‘ PR _.‘ ~— PAKT
‘—-- —_— ‘ *— AKT
e — oo
(B)
. - - - + - - + LY294002
- - - + - - * - SB203580
- - oo oo - Uo126
S © " " P.gingivalisLPS
— — - IL-6
S e S e S e W e | < B-actin
(C)
£
£E
g3
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o ©
14
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+ - - + - - uo0126
+ + + + - - - P. gingivalis LPS

Fig. 3. Effect of P. gingivalis LPS on the activation of ERK1/2,
p38MAPK, and AKT (A) Vascular smooth muscle cells were
treated with P. gingivalis LPS (5 pg/mL) for the indicated times.
Western blots were probed with anti-phospho-ERK1/2, anti-
ERK1/2, anti-phospho-p38, anti-p38, anti-phospho-Akt and
anti-Akt antibodies. a-tubulin served as the loading control. (B)
Vascular smooth muscle cells were pretreated for 30 min with or
without LY294002 20 uM, SB203580 20 uM, or U0126 20 uM
prior to stimulation with P. gingivalis LPS (5 pg/mL). Total
RNAs were isolated and then analyzed by RT-PCR using
specific primers to rat IL-6. 3-actin served as an internal control.
(C) Using real-time PCR, the expression level of NMB-R
mRNA was quantified. The expression level of the control
(untreated) was set to 1.0, and the values are normalized to the
GAPDH mRNA levels. ‘P < 0.01 vs. control; “P < 0.01 vs. P.
gingivalis LPS
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BHGEAH Eol| A ERKI/2, p38 MAPK, Akte] A8 =}
oA E 7ol 54 IAE 0|23 Western blot B S
2 ZRISIN). P. gingivalis LPST= ERK1/29} p38MAPK,
Akt FehMARol = & JEFS 7|AA] ¢l AAEE
e Elsksltt (19 3A). ] ERK, p3SMAPK,
Akto] latsh= dAFSIAEE TS A4 105 9]
el T7kshe s Btk weba] g dAare]
A P. gingivalis LPS7} fr=3h= 1L-69] W&ol ERK,
P38MAPK, Akt AZT AL 27} Pojgh= A= 0|59 Al
A ket a4 AFAE AHElsto] ARKITE 19
3Bo|A] K= vkl 70| phosphatidylinositol 3-kinase 4] 3l
ARl LY294002, MEK 5©]4] A&l A]191 U0126, p38MAPK
o] Aels AAQl SB203580S & wH et Lo A A
Het5S wl P. gingivalis LPS7} 57X 179 IL-6 mRNA
Weo] ZAaE ) 2l AT Y QAR 54 A A
Sl 98t IL-6 mRNA A2 e Hels JeFao
2 #9138}7] 9@l real-time PCRS G 3ko] el H3l=
oAl g W ERlEiT (29 30).

P. gingivalis LPS7} 313 = @ Z L ALY o] F
ol IL-62] ##HA

P. gingivalis LPS7} 1528k - ELA 9] o)5
P. gingivalis LPS7} 57HA1Z1 FH1A IL-67} w7k A&

(A)

Control P. gingivalis LPS

P. gingivalis LPS +o-IL-6

(B)

350 *
300
250
200
150
100

Migrated cells (%)

+ + P. gingivalis LPS

+ o-IL-6

Fig. 4. Involvement of IL-6 in P. gingivalis LPS-induced
vascular smooth muscle cell migration (A) Vascular smooth
muscle cells seeded into the upper chamber were pretreated
with or without the IL-6 neutralizing antibody (20 xg/ml)
before exposure to P. gingivalis LPS (5 pg/mL) and incubated
on transwell chambers for 24 hrs. Migrated cells were stained
with hematoxylin/eosin and photographed. (B) The numbers of
migrated cells were counted. ‘P < 0.01 vs. control; P < 0.1 vs.
P. gingivalis LPS

g13}7] 913 transwell 2] low chamber 2! upper chamber®]]
IL-6 %3}34] (neutralizing antibody)ZS 20 g/mL #] 23}
P. gingivalis LPS7} Z3IA|7|= ol F5ol oJw st F3= 7]
A=A 2V tizrt ) Bt} P gingivalis LPSO)
oJaf 3uj o) St AIFEIAEY] o] FEo] IL-6 T
SIS AAE siSls W Ank o) Fhads ERlsiitk
(1% 4AS} 4B). ol#gt AFE n|Fo] Ho} IL-67} P.
gingivalis LPS7} frE8b= o E A28 o] Fof o

=] [e}Ke) =
1L Slee & I Stk

o &

oA 7HA] AezALA P. gingivalis7} @A A3
i, vlsol FAY, FutE A s 22 Al
Agko] o] st Q= AR B Ho] 9} [13].
53| P. gingivalise X33t X723 WdEo] A
sh-, WS, A sAS, Avured e Algaet
E3kek ofe] 7HA] A S 7H SRl AN
)31 Qe [14]. =3 ApoE AEAH 9} 122 oA
S TwiEd W A A3 FEEdelA P
gingivalis 7+l 23] FHAs}Fo] FHTH= Ao]
g Bk [15). ol st A5 P gingivalis F90] 59
1 J3fo] o3k fgdelor 2Age A
deletAl s T glov o5 A
g e At 71 dlaiM= & S A A ot
L NS 7P A S Abel ETRle] |l E
BAS 243A " [16]. P. gingivalis$t A3E A+
2] A5 WA - 9573 AlEelA] prostaglandins,
interleukin-1(3, interleukin-8, C-reactive protein, tumor
necrosis factor 2> o]2] 7H4] Alo] E7IR1E wH| [, o]
2 A AN E & FEoE WEHET [17].
ol e w2 TR 784 I WiEEEe] o
T2 A5 AlEE S A7IaL Bl A vk 24
st A Alz7F 29t E A o oA o] 4kst
H AEE g3kl (low-density lipoprotein) 3! A &4
S5 Fy el BASHAl F [18]. o ®oarel wE
FANIAM T} A E > oI5 P. gingivalis7} T3
F2A o] w=EFF o] S100 calcium-binding protein A9
(S100A9) &o] obxl & HAFLIA|ES] 54 3
Zo] F2lEo] szl A FAZ vHA Frka &
A4 QITH19). webA & ATollA vl P gingivalis
LPS7} 538 IL-69} S100A98}e] Za¥AlE TFHstal
o|Zlo] PP LA LY o] Tl AT Y= VA=
Al gk 371 A57F He3 Zlojtk

d
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—

L6 72 A5 AIE7RIE shubad e, T-
AR, AfrobAl s, o)A Eel e ofe] 7hx] FHFe
|3zol A A= a1 8] =Tk [20]. 15-lipoxygenase 2 THAF
=29l 15S)-HETE7} 53 dAFSIAHEL] o]Fo]
IL-67} D Q38lth= Aol ®ae uf Qo) [11], T8k #H
o= toll-like receptor 4 (TLR4) %= TLR2 &/d3}e] 23]
T2¥ IL-67F SEEIAEE olgs XTI, o
77 Fol] dUHIZAE U p38MAPK Y ERK1/20] &
d3tE]o] Qlgo] BaE ATt [21,22]. IL-6= A &
Al (IL-6R) == =84 84 GIL-6R)E T3l A E Al

A A7, o5 HAolA] Bzl gp130
o] AgE o= s Hnt 23] HAH FEAE B3
AA -6 A5 T2 A U HE7]eS st
A

>

w3l jhde] 84 FEAE S L6 A5 o
/3 WSS doivta 4 A Ut [24]. & Al
oIt IL-69] M| A157]32> 5= STAT (signal transducer

and activator of transcription)-2]<=4 Hi= -H|o]EX 07
dojdr}ar st} [25]. # AFolX= P gingivalis LPS7}
AP SIAEZAA IL-6 T W #H|E SVt
RHyskal ot wEbA P gingivalis LPSO) 28l =%
IL-6+= Py FA el EAshs oW et IL-6 T84
H gq—ﬁﬁ—ﬂ-/\ﬂi/] ]EO Zz 45—]._]*1 OL‘: ].‘:_ ?5]:‘6‘
b et Bat o AAAT, £33
IL-6°] Al%2Ql Mg XPF“‘%XE%
o 2o ol RS AP B
o W2 HaoA IL-6 U IL-6 58 ﬂ
A Bl ok olgste] IL-6 B
ZA TESA dE g a3t %
A7t ghds] X3 %O]E} [27].
2 ATE 7INEeR S AstAT oAM= IL-6 W IL-6 5
A FA S o] 8ot AT W AFE I A 4 3
Shol] #-g-o] 7Fssk Aol tisl ANl & 7H7F Sl A
o7 g7t
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