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ATE BaM avAel HA AEAS AA BEAS 2EYYE HollM Fod 9uE s

Abstract: Dental bacteria can cause gum diseases, i.e. gingivitis and periodontitis, by inducing inflammation in hu-
man gingiva. Therefore, the most effective way to prevent and treat gum diseases is the control of the inflammatory
reactions induced by dental bacteria. Almost all present dental care products contain anti-bacterial agents to eliminate
dental bacteria. However, recent studies report that even heat-killed dental bacteria can induce the inflammation re-
sponses in oral cells. Therefore, the method using anti-bacterial agents should be improved for better anti-in-
flammatory effect and the effective natural anti-inflammatory substances need to be found. In addition, the mecha-
nisms of gingival inflammation should be elucidated. In this study, we tried to find out the mechanism of the gingival
inflammation and effective natural anti-inflammatory substances with human gingival epithelial cells and Prevotella
intermedia which is well known as a typical dental bacteria inducing gingivitis and periodontitis. In results, Prevotella
Intermedia initiated the gingival inflammation response by stimulating gingival epithelial cells to release an in-
flammatory cytokine, IL-8. Furthermore, the inflammation by Prevotella intermedia is related to COX-2, AP-1, and
TNF- a pathways. Green tea extract could effectively suppress the inflammatory responses induced by Prevotella
intermedia. We find out the effective natural substance for the improvement of gum diseases by studying the mecha-
nism of the gingival inflammation induced by dental bacteria.
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IR 50 J(an‘mgen) o i%E]% 713 0]715 01-1’4-
Ooi]?:_ o HHE FElA A Ao fH=HA %
o, xJote} Q1 (R]) FHF-oA] X € (dental plaque)
7F A3 3, A E A el Az Als] sl o] X|obe] i
ol X)X (dental calculus)S A3t €t e} A
A AR S AR el Hol X2¢ (gingivitis).
X5 (periodontitis) & 32 SlE F523S Aol

AelA Westa o= e T3t SJuE 7Hith
A &G AFAE XA Z|e-Aste] A A
o} kWl HAE A uol M2z AE Ao EEol
o) gt X]EH M 2 &2l lipolysaccha-
ride (LPS) 2} Zx(endotoxin) &= A& A4 AF
WS Yo7l 01 Ao AAsH] LA 2>
22 YoM = "M EE] odt HeAnkgo] dojt
ot ol g} 2 AF-HARRE B oA thekst A5l
Q1 &} (inflammatory cytokine) €3 matrix metallopro-
teases (MMPs) &} 22 7]d 3t g4 E0] W= a1, o]
=9 &Fo® Qlato] X A UF-9 H]Eﬂﬂé]
(extracellular matrix, ECM) 2] 3} 7} vepdt} o] Wi
o] AghEd & 24 A7 U &4 YA ﬂ
3, O Ad A2, AFEY 22 ol Agko] wgst
Al | 1-31.

ojg} & oM, AT7HA Y 7E =S
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sto] gtom, G5B 7HE A | Alatel] thEk At
off AFE ATk E3 7 AELE o] &3 MEFTolA
ol AL, FE Sl UFA 7Ag ] garEsSs
&= 774 A oA 3 (gingival fibroblast) ol 7o)
LPSE AF90 2 AHejsty wd4doz vyud F 71X
) E Al d=A] Alo]E TRl (inflammatory cytokine) &
o] hl & vlwsh= WS ARSsho] ghoH4,5]. kAR
7+ sto ”‘Lﬂ 5‘1?45] A A= 77 AlzelA] 95
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I AR FE5she
A, B2 maARl 9l
A= A7) < —'é—oﬂ iHU} Heto] Aasirt
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2.2. Prevotella intermedia (P. intermedia)2| HHF

3z X249, AFE f AR Prevotella
intermedia (KCTC 3692) < et A & std ¢ v A&
A A oA Ffjsto] ARESFl o, 10 % calf serum
o] 7}¥ brain heart infusion ¥J*] (Difco, USA)°llA 3
A3F wjeFato] AN = Aol ARSI vk
CO8F Ho7t 242F 5 % 2739 E7knE Abgehs
anaerobic chamberol|A =33} th

23, MZ XM2|E /I8t dlagT AlZS| &H|
HjFE P intermedias A4t stol AlEZ el wiA &
ettt e wiAE AlASkL, A€ P ointermedia
pelletel] PBS (phosphate-buffered saline, WelGENE,
=) 2 Wl vortexingdho] pelletS 9713 Eo|ZFu)
P. intermedia-PBS @& H4-& thA] A4t ste] Alazs}
PBSE #2]atil, PBS= thA] €8] A7 gt} o] 24
< 23] ¢ "HE3l] P intermedia ©1212] vl oFulA] o) A
FElgt BEeEES ¢ds] AASY BBl &3]
A AE P. intermedia pellete] A8%2 PBSE 7}star
AH-HFAA MZL] FE7F20 x 10° /mLo] A gt}
ojo} & W o YAE P intermedias 100 Tell
A 10 min E<F 7FE3}3 -70 C deep freezer (Ultra low
temperature freezer, () dAlnlo] @ H|o] A, Bh=r)of| A
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2 2 3k -4 (antigenicity) = X184 3ok G#E P
intermediarz= A2 2 epi-tube (AXYGEN, USA)e]
ETste] <70 Celld Bashs, A3 Alewt sj-s3sto] Al
3ol Aejsklet. & W al53t P intermedia A1 5= A
W 9 AAEEA k3 1389 AFE-SESIT

g
o}l Ol Z ALy A 3 (human lower gingiva epith-
elial cell) 9! YD-38 cell (KCLB No. 60508) 2 =43
Tl Al Frufate] AREaklom, AT ujek
Z7A<g wgl RPMI 1640 (Lonza, USA) el L-glutamine
(300 mg/L, GIBCO, USA), 25 mM HEPES (Sigma,
USA), 25 mM NaHCOs (Sigma, USA), 10 % fetal
bovine serum (FBS, GIBCO, USA)7} X718 wix| 2 37
T, 5 % CO; 71ellA wljesialct.
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2.5. P. intermedia®i| 2o w=l= FSOH7HIA M
(Inflammatory Cytokine Array)

A Q) &EM P intermedia®l 23 FE0-e
L AFANJAAEE TE3H7] SsiA,
M|3ZR] YD-38°l P intermedias 24 h <t
SRESS 3T P intermedia AF=oll
Fo) M| 2ol A w2 2 0] (release)
A=, 3652 ATA ARIETRIES 54
AFo]E7Fl o] glo] (cytokine array)
=501, 7} spot52) = (intensity) &
Fa A3l E o] P intermediacl] 213 Ol ¢
L gdsmiIAtEs =&tk
Al 744 o3} 2tk 6 well dishell YD-38
Fwell & 3.0 x 100702 B38kar a3 Bt
. AfeFSt Alare] wiXE FBS 558 2 %= W
F assay& AAIZ wstal 3 h 9k vkt AlXE
A-SAZIT), A-go] Bt Mol PAE F52 P inter-
media?t LPS (LPS from Escherichia coli O127:B8,
L4516, Sigma, USA)E A28, 24 h ol WA &
A}, =43 84| = Human Cytokine Array Panel A
Array Kit (ARY005, R&D Systems, USA)S o]-&3}o]
%] 2] =7l AF(inflammatory cytokine) 52
AT A3 MF AFER2 Al A Al ESE proto-
col& wWgkom], A¥e] &3 #4-2 LAS 3000 image
analyzer (Fujifilm, Japan) 2} Multi Gauge 3.0 program
(Fujifilm, Japan)< ©]&-38fo] F3&}qitt.
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26. M= /2= &= |L-82] =X(IL-8 ELISA)

24 well dishell YD-38 AZE 7} well & 1.0 x 10°7]=
LTekal SRR st vl eksiTh vk Alze] wiA &
SakaEE W A Aokso] 7 assay WA(2 %
FBS vlA) & w#sta, 3 h 53 vieksia] $10 EAE
< AA) st A2 g AEel 01 % FE=Z P inter-
medias A2lste] ASHHS 28k, 24 h $ofl viX]
£ gAY A wiA W IL-89] %= human
CXCLS/IL-8 Duoset™ kit (DY208, R&D Systems, USA)
= o]&ste] FAletglon, Ao AFARFS A=A
7} Al&-3F protocol= wEkth wiXE 4=A skl disholl B
& A EEE= WST-1 AeK(Cell Proliferation Reagent
WST-1, Roche, Germany)= ©]&€3}0] A¥ 545 4
7¥akAt), IL-8 S74 3k WST-1 A& nfg oz AL
SAdo] YERA] oF2 A3 uks AdEste] ARE-ssitt
P. intermedia®l &3t A5H-E-2] 71AATE 8l AHE-
% dexamethasone, indomethacin, celecoxib A|2F52 &
“F A Z27H(Sigma, USA) oA F-aiate] ARE-3H3iT

2.7. HAE 2o M (Immuno-fluorescence) = 0|26t
IL-8 =&

YD-38 A 7 well B 3.0 x 10702 u-Slide 8 well
(ibidi, Germany)°ll EF3d o, 3355 ¢ A&
Ao AR 269 T Alskalth =24A
27} E Al ¥E= PBSE 4 %= 343 ¥EYYslol =
I8 MN(F8775, Sigma, USA)S o] 83} 1 h &<t
313 o, 117go] Et ¥ wash buffer (0.05 % Tween-
20 in PBS) % + Wl Al Hato] ¥ FdHslo| =5 €19
AASIATE, 1178 % A ¥EE= permeabilization buffer (0.1
% Triton X-100 in PBS) & 10 min &<t A2lste] ME
uko] E3A]S- 3k 5}a1, blocking solution (1 % BSA in
PBS)< 30 min &<t A 2jsto] A9 n]5ol4 At
(non-specific binding) = &A1} th o]9} & WO
2 AR AL U2 IL-8 @2 anti-human CXCLS/
IL-8 &A(R&D Systems, USA)E ©]-g3Fo] EA|FS]
om ¥AE AL Alexa Fluor™ 594 donkey anti-
goat IgG (Invitrogen, USA) A9} F%2d dwA
(Zeiss LSM 510, Carl-Zeiss, Germany)= ©]-&38}o] &
Zsksict
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gies, Inc, USA) BAZE 7390 278 t A4 FJEo
o] g8t HolEle] {foFFS HrlekAdrh
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3.1. P. intermediadl| 2|t Slg HEHES
N QIR ==

P. intermedia?} Q& 3o Az fFEshE Ayt
o wEst] flsto], A W 25004 7= Aol E
7kl ofglo] o ® AT/ Heks A8t
St

A8 A3} P intermedia X]-:"Oﬂ o)) ol &AL T A 3o
A B E = S ul/lJdAES GRO e, sSICAM-1, 11L-8,
IL-6, Serpin E1, MIF¢] 6&°]31 oM, o] & IL-8°] 2]
Holm 7}g =& Z71E Ho] P intermedia®l 93k 9
2 od==nls-o] F jsflxtele & 4= It (Figure 1).
LPSE A=doz At v ?'?:,01]/\14_ P. inter-
media A2l 2} vlzet A9E 48 4 SlSlel, IL-87
7 GRO a7} &4l F7Hetth= %MH% ApolE 1
Atk AR GRO @ A Al2Ee] IL-8 8450l 4
Fsto] ASRESS stk Ao, IL-80] Sl
M3Eo A P intermedia® LPS A}l 23 AEHH-g-S
Jo7lE F wzidAtetE AR EE eIt 7).

IL-82 th2] Al (macrophage) 2} 733 Al 3 (epithelial
cel)=°] ¥ AFP& o Fvlst= F A=t
Ebﬁ HoRkgo] PAR AELES B d59s

< 70 (initiation) 3l= &S SHoH89]. wheka] & A
54-4 A= P intermedia®l ©)gt Ol AFHH0] Sl
A A EZRE wEE IL-8ol oA A E e AR
= HolFal gt

"

3.2. ELISA &#= 0|2t P. intermediad] 2|et
5 H=
Ato] E7FR1 of o] W& E3te] P intermedia®l ¢
gk ol ASHrEe] F wiRIxtE =E% IL-8¢] s}
of ®Hrt} U3t B4 W<l Enzyme Linked Immuno-
sorbent Assay (ELISA) WS AL3ste] Ao 41F
S5 ASSIih P ointermedia &%) 3 G505
JEAE B7FeE] SlaA, SlEdTAIE = 001, 0.1,
1.0 %% P. intermedia®] ¥%% <7719 A23H3
A= A7 ofgo) e} FUSHAl 24 hE FAI5kI T
P. intermedia A=l 23 Sl T A E oA Eu]E
IL-82 voF Hj#| S ELISA W o= Fxgtozy 74

IL-8 &
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Figure 1. Inflammatory cytokines induced by LPS and P.
intermedia in YD-38 cells. YD-38 cells were treated with
LPS or P. intermedia for 24 h and released inflammatory
cytokines were measured as described in “Materials and
Methods”. (A ~ D) The array results were shown as the
images of array membranes: (A) control, (B) 0.1 ug/mL
of LPS, (C) 001 % of P. intermedia, (D) 0.1 % of P.
intermedia. (E) Then, images were analyzed and the
major inflammatory cytokines induced by each stimulation
were identified. The values are the compensated means of
duplicate spots £ S.D. and the significance of data were
tested by comparing with control. * 0.01 < p < 0.05, and
** p 001
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Figure 2. The release of 1L.-8 according to the stimulation
of P. intermedia. YD-38 cells were treated with P. inter-
media of various concentrations for 24 h. Then, culture
media were harvested and subjected to the ELISA for the
measurement of IL-8 released from stimulated cells. Data
represents the means + S.D. of triplicate wells and the
significance of data were tested by comparing with control.
** p 001

23199t} Dexamethasones ~HZo0]&5A
(anti-inflammatory glucocorticoid) 24 FH3t &<
< 2 WA go] BaEo] giri10-12]. 1
thacin?} celecoxib> H|AHZO|=AE &AFAl(non-
steroidal anti-inflammatory drug, NSAID) 24, Indome-
thacine 955 FE8= &4< Cyclooxygenase-1
(COX-1)2, celecoxibi= COX-25 AH€lA o7 A3}
FHS Ess vepdtta Raso] QIt13]. Als ¥
Aol A Az vel o] SlEdTAEe o] 2dES
Mgt 3 P intermedias €]kl 1L-89] wHal
1 P. intermedia®]|

o8t el 7]
Fergink

@@@1} dexamethasone *2|AA 718 738k 1L-8
S7F A Jsol HEES O, celecoxib A 2] oll A=
okt FAIA o ®E F94 e A aso] #EEHS
t}. 3FA Tt indomethacin A 2lellA = 1L-8 SAI7F &
Zhe| 2] ke tH(Figure 3). ©] A¥= P. intermedia®l ©]
g Sl v Aol 9] fTnkgo] COX-2 BR b ¢
o] QA vl COX-1 AR 9= diEo] A 4SS
RojFt} 3 dexamethasones AP-19]1} TNF- @ 2}

A%

r 1

3

ol e F9F &% AT 7

1000
800 =
800

600

500

400

IL-8 release (% of CIL)

300

200

100

0
. internedia
xa (u) - - 1.0 0.1
(uM) - - - - 1.0 0.1
Cele (uM) = - = = 2 < 1.0 0.1

Figure 3. The anti-inflammatory effect of Dexametha-
sone, Indomethacin , and Celecoxib on the inflammatory
response induced by P. intermedia. Three well-known
anti-inflammatory drugs were pre-treated 3 h before P.
intermedia treatment, and 0.1 % of P. intermedia was
added in the culture medium to induce the inflammatory
response. After 24 h, the anti-inflammatory effect of each
drug was evaluated by measuring IL-8 levels in the
culture media by ELISA. Data represents the means +
S.D. of triplicate wells and the significance of data were
tested by comparing with control. * 0.01 < p < 0.05, and
** p C0.01.
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1, 52FE5E0| P intermedia®l 23t Sl5d3] Al E o
A8 ASHESE AT 7 =X Bkl Hohe
ME Hto g wEF [L-89 WHIE FHFHorw =4
% Q= ELISA o AZ Ui IL-8 @ujde] Wi
S AlHoR B ¢ Qe WYY GANE FAl
st Aol AR EE =%

J7t A, H5AFEES P mtermedza Ab=ell o)t
SlE T A e A 2] TL-82] #H] S7He a3 o= o
A3k ch(Figure 4A). B9 IL-8 W g o] A,
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Figure 4. The anti-inflammatory effect of Green Tea
Extract gainst P. intermedia. YD-38 cells were pre-treated
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with green tea extract (GTE) with various concentrations
for 3 h. Then, 0.1 % of P. intermedia was added in the
medium of extract pre-treated cells and incubated for
another 24 h. (A) After the treatment, the cell's medium
was harvested and subjected to the ELISA of IL-8. Data
represents the means + S.D. of triplicate wells and the
significance of data were tested by comparing with
control. * 0.01 < p < 0.05, and ** p < 0.01l. (B ~ D) Con-
focal microscope images of YD-38 cells. YD-38 cells were
treated with GTE and P. intermedia as the same manner
as ELISA and visualized using the immuno-fluorescence
technique. (B) control, (C) 0.1 % of P. intermedia, (D)
01 % of P. intermedia + 0.1 % of GTE.
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Figure 5. The mechanism of gingival inflammatory
reaction induced by P. intermedia and the suppression of
inflammation by green tea extract (GTE).
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