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ABSTRACT

Expression of Inflammatoty Cytokines to P. gingivalis

Lipopolysaccharide on Rat Periodontitis Model

Kim Ki-Hoon
Advisor: Prof. Yu Sang-Joun, D.D.S., P.H.D.
Department of Dentistry

Graduate School of Chosun University

I. Introduction

The purpose of this study was to evaluate how the expression of specific
cytokines related to gingival inflammation. IL-13, IL-6, COX-2, PGE2 and MMP-9
was changed according to the concentration of LPS injected in a rat periodontitis

model.

II. Materials and Methods

Changes in the inflammatory factors of gingival tissue were evaluated in a
periodontal disease induction model in which silk-ligature was wrapped around the
maxillary second molar in rats. The experiment was conducted in a total of 4
groups, and 4 male rats were randomly assigned to each group; 1)
Non-ligature group (Non-periodontitis model), 2) LPS group 1 (this groups
were injected with 2 pg/mL pgLPS), 3) LPS 2 group(this groups were injected
with 8 ug/mL pgLPS), 4) LPS 3 group(this groups were injected with 20 pg/mL
pelPS). pglPS was injected into the gingiva around maxillary 2°¢ molar 3
times for 3 weeks. The ELISA kit was used to measure the expression changes
of IL-1B, IL-6, MMP-9, COX-2, and PGEZ in gingival tissues collected from all

control and experimental groups.
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ITI. Results

The expressed IL-1B concentrations in gingival tissue were 0591 *= 0.073
pg/ml, 0.859 + 0.083 pg/ml, 1.767 = 0.359 pg/ml and 17.103 + 2708 pg/ml in
the non-ligation group, LPS 1 group, LPS 2 group, and LPS 3 group,
respectively. The expressed IL-6 concentrations were 1.466 *= 0.075 pg/ml,
1756 + 0.303 pg/ml, 2595 + 0.396 pg/ml and 6486 + 1621 pg/ml in the
non-ligation group, LPS 1 group, LPS 2 group, and LPS 3 group, respectively.
The concentrations of expressed MMP-9 were 0.073 = 0.009 ng/ml, 0081 =
0.004 ng/ml, 0.158 + 0017 ng/ml and 0216 + 0063 ng/ml in the
non-ligation group, LPS 1 group, LPS 2 group, and LPS 3 group, respectively.
The expressed COX-2 concentrations were 0.133 £ 0.003 ng/ml, 0.111 + 0.010
ng/ml, 0174 + 0.024 ng/ml and 0446 + 0100 ng/ml in the non-ligation
group, LPS 1 group, LPS 2 group, and LPS 3 group, respectively. The
expressed PGE2 concentrations were 0.082 + 0003 ng/ml, 0079 + 0.015
ng/ml, 0085 + 0.013 ng/ml and 4736 * 0.013 ng/ml in the non-ligation
group, LPS 1 group, LPS 2 group, and LPS 3 group, respectively.

IV. Conclusion

As the concentration of LPS injection was increased, the expression levels
of IL-18, IL-6, MMP-9, COX-2, and PGE2 were increased. LPS can change the
expression of inflammatory factors such as cytokines in the gingival tissue
even with a small concentration of LPS, and it is thought that the expression

of inflammatory factors is more clear when the concentration is increased.

_iv_
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AFde Aeel g3 A%y W Axe] 28 doslt G54 AdelHll A
29 4Fe YT TF Soln, ool A%HI 2PHA FEE AFEH7 Hope)
AT A2 olold & ek 0§ AFFole GBIl Hop RA/ T st 1

=)
7)1 A "ol 20471 578 mAEE0] AFAS ddw o v il=
d[4], = & Porphyromonas gingivalis (P. gingivalis), Treponema denticola®} Tannerella

2 4% “red complex”wo] X|FAg I o R AEEHAJATHE] A FA] A&
212 vt A 8AEY ¥ 8450 #HHHY Y= o T WA FHY AdEH

S wovkgo] 7Hd Fastetel.

A ZFol AlSYoA AC|BE7RIZSS T #Xlet d58He oM F5a3h Z-ERIA0]
o}, olZE2 Hdatol tidste vhEst, Mattat AgEA] NaoA Fotsat oA vhg
S Yozit}7]l. ¥25& 9ust: x|ActGE(lipopolysaccharide, LPS)E, HEj&Z2)7t

(peptidoglycan)S, A& Elo] ZAKlipoteichoic acid)S, @EBEsH & A (protease)S a1 =
A(toxin) =3t 2L N+ AEESL X|o} EHO| dHlo|eIEoiA WAETCEHSE]. 0|25t AR
&z W9A8y  FFZAEZ A& ofal, ghgsiEidSlE(polymorphonuclear
leukocytes, PMNs)& Z5h 45 oS F/de AT £t Alwto] AF7T Has=
UFo 2 A w2 B4 AlIY. Wo] Alds9 /42 A|EZIQlIE, chemokines, I
2 ABZ e S(prostaglandins, PGEs) 12|11 proteolytic enzyme&¢Ql 7|AHHEs]lars
(matrix metalloproteinases, MMPs)7} Z-& A5x4 QXSS A st o] £HQA}
S0l osf A xA A FxA9 tjatargo] wstE

2z AAZel Yd Be ATFEIA Aol EANED chemokine, ¢ 1
A FzA By ARAQ d8qS s Ao WAL dE2H QRS Fad /A
ANFzANA AzxZ o Bolats Fo AT JAANE JFZAZEF JIAZE
(multinucleated cells)e] A& Z3st= ZoltH10] 45 WIZ&3 AZvkSo] A 7+

de AAst=H 23w drols A dSuSe] yEd o] Ay, AFx e 33

rlo

= @A FERAaAe] dojdull] EF AFH w8 APoA AolEIkIES] wd I T
FEAEe] Az 249 R FFe T A2 UEEH12]
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9] toll-like receptors (TLRs)oll 12j¥ o] @Fwb&S AlZstAl FrH13] ol &gk Atz Al
Foo] FsAgo] ogk TLRso &As7F Asdds A thddt AETIRIES 4]
stA gttt o]yl I|AH o= FH|E = diEAQ Afe]EFRIER QEFZ-1(interleukin-1,
IL-1)E, <IHFZ-6(L-6)%, AHFZI-8(IL-8) 18]a F%IAIAH(tumour necrosis
factor, TNF)so] vt atAI7F Ag7kA4] 220l FYE = LPSe F%= W3l we} A&x
2l o] Aol EF}Sl1E 3} chemokines, 121l PGEEo°] oJ9A 2dFE=Ad g A=
1) & ottt

Jm

o] Ao HAL Fo AFA HdoA FYHE LPS| Fio] wel 2L A5y #yd
A Abol E7FO1E91 IL-1B, IL-69F COX-2, PGE2, MMP- 94 w3 o] ojwW | Walsl=x=
7VebE Aot

O

i)
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A WF 4 LPS 55

I Ao A AMES P gingivalis KCOM 2804 v St 77 A & 2191 (Korean Collec
tion for Oral Microbiology, Gwangju, Korea)oll Al & ¢Fwtol Ab&3tdct gk o] A2 |
FAA ] X Fol A AFH sk Fe] vigFE Aotk

P. gingivalis KCOM 2804 T+ Tryptic Soy brothol] 0.5% yeast extract, 0.05% cystei
ne HCI-H:0,0.5 mg/ml hemin % 2 pg/ml vitamin K17} 235 ujx]d] HF3}e], 37C an
aerobic chamber (Bactron I, Sheldon Manufacturing Inc., Cornelius, OR, USA)¢+ 7|4
Z71(10% Ha, 5% COq, 85% Np)oll Al wiFatdt. 18]a LPS F5& JAEE 3419 LPS e
xtraction kit& A&sto]l F&8H A ALY AAtE AP & 54 Hdxste] FAE 4
gl T FEE Fole] AFESISTE o] Wl &3 P gingivalis KCOM 2804 5 LPSE p
gl PS#ta 3}¢d ).

B. WA xo} A-ZZF(silk-ligature) XF2AF 45 =24

LPS ¥&o] mhe Aoz §FAA4EY MatHe Fe A-2BL A9 gor AT
A #9w Eose Fue A58 49 ey AT RE ASd g A¥e
zAWSE FEAGENAAN0] N AR 21 WG HCIACUC2018-A0007). 48
e F 4 1FoR AYAUT, 4 1F F 40k 3 AEEF, 180-230 @& FANE

wjake) Abg-ahlch.

1) Control L& (Non-ligature group): "¢ & 1 ml& =<l &4 dix+

2) LPS 1 1§ (Ligature group 1): 5-09] silk-ligature (217 05-0.6 mm)E <} A 2
)2 2] cervical partoll L7 /\] 713 (Fig. 2) 2 pg/mL pgLPSE Aot A 2t#+% x2dd
9o 3FEL 33 FUT F WA 1 mlo] 55 A& EUE ol &3t Fold Ada.
3) LPS 2 L& (Ligatue group 2): 5-09 silk-ligature® ligationd}x 8 pg/mlL pglLPSE
et Al 2t A AW A Fool 3FEt 33 FYE F d 1 mlo S A& SdE
o] &sto] Fog AL
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4) LPS 3 L& (Ligature group 3): 5-0¢] Silk*ligaturei ligationd} 1L 20 pug/mlL pgLPSE
ot Al 2dl A AW Ad B9l 3FEet 33 FYe & wjd 1 mlY E& ATE EUHE
o] &3sto] Fojgk Ay

=2AY0JA TE =2 xylazine hydrochloride (1 mg/Kg, Rompun® Bayer Korea,
Seoul, Korea)z AU A7 $ Adg Afstdon], Ade 35 5o Asict.
PELPSE 13] YAl FAPIS ALgslo] 217k 0.5mle] g0 FYslgict. 59 AVl: A
B OWA, 15U, 25UAo] ZYsteict. @ vhR|Z 29l 3ol 0HIE stol carbon
dioxide inhalationg &3l =52 SARS. A22AS 5 ot Al Z0+A] F¢ollA

ASE Fol S5 A% cytokine U MMPso] Wdl 242 9Js] ~80°CollH WL,

Ho

C. 9% 9 H7} (ELISA 4)

e tiada A WAoA Aot Al 2titx]e] X 2EBAE et A2 AFTE
H&A Ho] EZFIERQN IL-1B, IL-6, MMP-9, COX-2, PGE2 %3 Wste &£4517] Ysto] E
LISA kit(MyBiosource®, San Diego, CA, USA)E o|&5}%ct ELISA kit Ad XIS ¢
off Byte X2xAle PBSe P wAS ARl £ AAREE ol&ste dEdE 25t

ok ol AHOIME  ¥FAS  Abgstgon) sl AlAdl web  microplate
reader(Spectrostar nano®, bmg labtech, Ortenberg, Germany)& ©]&35to] 242 A]38
shoit. Ank= REATS] ZAlo) wheh oy Ujoj sk 217 S Se] A% (nanogram
per mililiter ;: ng/ml or picogram per mililiter; pg/ml)©o 2 UEFHCEH

EP =4 7:‘4 9B% Azl F FEel 0.05(:FeFE 5%) MRHp<0.05)d w F
0
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1. 9+ A3
A.LPS o & x22ZFJ IL-18 W3 &¢& A7

IL-189] &L control L&A 714 wgkon Folst= LPS w7t 271942 1L-1
el wdo] FTrbEE AFgS HIrh wde IL-1B89 X% control 1%, LPS 1 13,
LPS 2 2%, LPS 3 Z%olA Z+zF 0591 + 0.073 pg/ml, 0.859 + 0.088 pg/ml, 1.767 +
0.359pg/ml 18] 17.103 + 2.708 pg/mle]Att. LPS 1 1&F2 control ZHHTE EA KO E
FroetA o 2o wdS JeEulH (p=0.029), LPS 2 1% control 1F¥ LPS 1 IE R}
A ow FoetA o w=& TS UehiloH(p=0.029). ¥ LPS 3 232 oE el

1

HlE] o =2 IL-18¢ 2d S el ARt A4 2 FoA2 flAtH(p=0.057)(Table 1).

Table 1. LPS Fo] =W x4 U IL-18 2a

Concentration of IL-18 in the gingiva tissue (pg/ml)

Group p value
Average = SD
Control LPS 1 LPS 2 LPS 3
Control 0.591 + 0.073 - - - -
LPS 1 0.859 + 0.088 0.029" - - -
LPS 2 1.767 + 0.359 0.029" 0.029" - -
LPS 3 17.103 + 2.708 0.057 0.057 0.057 -

Control, Non-ligature group; LPS 1, Ligature group 1 with 2 png/mL pgLPS; LPS 2,
Ligature group 2 with 8 ug/mL pgLPS; LPS 3, Ligature group 3 with 20ug/mL pgLP
S; Kruksal-Wallis test, p=0.004.

*Statistically significant difference (p<0.05) (Mann-Whitney U test)

Collection @ chosun



IL-69] &3A& control ZLwellA 7Hd wrkow, FSst= LPS $%=7F 57145 IL-69]
o] S7tE e A4S Ry 2Es IL-69 H%+ control 1%, LPS 11%, LPS 2 1
F, LPS 3 Z1&FolA 22k 1466 + 0.075 pg/ml, 1.756 + 0.303 pg/ml, 2595 + 0.396pg/ml L
213 6486 + 1.621 pg/mlolAtt. LPS 1 1% control 1FHT FAASR FostA ¢
we e S Uel Y (p=0.029), LPS 2 1% control Z5 ¥ LPS 1 ZIHFHETY EAAXOR
FosiA o e dde YERAU(p=0.029). LPS 3 Z2F52 o2 2F° Hl& o =& IL-6
of S Yt SAH SR FolF xol7t AAT(p=0.029)(Table 2).

Table 2. LPS 5o T5d &z U IL-6 @&

Concentration of IL-6 in the gingiva tissue (pg/ml)

Group p value
Average = SD
Control LPS 1 LPS 2 LPS 3
Control 1.466 = 0.075 - - - -
LPS 1 1.756 + 0.303 0.029" - - -
LPS 2 2595 + 0.396 0.029" 0.029" - -
LPS 3 6.486 + 1.621 0.029" 0.029" 0.029" -

Control, Non-ligature group; LPS 1, Ligature group 1 with 2 png/mL pgLPS; LPS 2,
Ligature group 2 with 8 ug/mL pgLPS; LPS 3, Ligature group 3 with 20ug/mL pgLP
S; Kruksal-Wallis test, p=0.003.

*Statistically significant difference (p<0.05) (Mann-Whitney U test)

C. LPS o F&d X2y MMP-99 dis &d Ay

MMP-99] 2&& control L&A 714 wgkon, F9s= LPS FRrt Z7lE4=
MMP-9¢] odo] F7te e AFS Bk dds MMP-99 5%+ control 713, LPS 1
%, LPS 2 2%, LPS 3 ZElA z+zE 0.073 + 0.009 ng/ml, 0.081 = 0.004 ng/ml, 0.158
+ 0.017 ng/ml Z18]3 0216 + 0.063 ng/mlelAt}t. LPS 1 &3 control ZLF AbololA+=
FAH R fojgt wao] #FEHA LUtH(p=0.343). LPS 2 1< control TLHZ LPS 1
Rt SA"eE fFoaA 9 e FdSs JERIT(p=0.029). LPS 3 1S tE 1F

olN
o

>

_6_
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of Hla] o & MMP-99 #dS el control 253 LPS 1 253 vust u 57
Aoz fFo3t 2olE H A Hp=0.029)(Table 3).

Table 3. LPS Fo] wx%¥ X2x2% MMP-9 &

Concentration of MMP-9 in the gingiva tissue (ng/ml)

Group p value
Average = SD
Control LPS 1 LPS 2 LPS 3
Control 0.073 += 0.009 - - - -
LPS 1 0.081 + 0.004 0.343 - - -
LPS 2 0.158 + 0.017 0.029" 0.029" - -
LPS 3 0.216 + 0.063 0.029" 0.029" 0.20 -

Control, Non-ligature group; LPS 1, Ligature group 1 with 2 png/mL pgLPS; LPS 2,
Ligature group 2 with 8 ug/mL pgLPS; LPS 3, Ligature group 3 with 20ug/mL pgLP
S; Kruksal-Wallis test, p=0.007.

*Statistically significant difference (p<0.05) (Mann-Whitney U test)

D. LPS o T&5d X2xAY COX-2¢ dig &3d Ay

COX-29] &2 LPS 1 Z1FolA 7Hg wkoen, F{st= LPS s=7t F7hE+5
COX-29 wrdo] T7ty= AFS Bt Eds COX-29 §%+= control L4, LPS 1 71
%, LPS 2 2%, LPS 3 214 27 0133 + 0.003 ng/ml, 0.111 + 0.010 ng/ml, 0.174 +
0.024 ng/ml 12]3 0.446 = 0.100 ng/ml°o|%lth. LPS 1 Z1&F 2 control ZF R SAHS=R
FolaA o A HdS el (p=0.029), LPS 2 1% control Z1F 3 LPS 1 Z1&FH T}
EAF 0w FolotA o] w=& TESs Ueu(p=0.029). LPS 3 ZH2 W& 2Fol HlE
O %2 COX-29 &dS e, SAH2Z Folgk Aozt A TtHp=0.029)(Table 4).

Table 4. LPS Fo] =W x&%4 Y COX-2 %3

_7_
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Concentration of IL-6 in the gingiva tissue (ng/ml)

Group p value
Average = SD
Control LPS 1 LPS 2 LPS 3
Control 0.133 £ 0.003 - - - -
LPS 1 0.111 + 0.010 0.029" - - -
LPS 2 0.174 + 0.024 0.029" 0.029" - -
LPS 3 0.446 + 0.100 0.029" 0.029" 0.029" -

Control, Non-ligature group; LPS 1, Ligature group 1 with 2 png/mL pgLPS; LPS

2,

Ligature group 2 with 8 ug/mL pgLPS; LPS 3, Ligature group 3 with 20ug/mL pgLP

S; Kruksal-Wallis test, p=0.003.
*Statistically significant difference (p<0.05) (Mann-Whitney U test)

E. LPS 59 &4 X&xZW PGE24 U3 &
LPS Fx7} S714

T control 14, LPS 121

0.003 ng/ml 0.079 + 0.015 ng/ml, 0.085

PGE29]
o] kg o]

2 1%,

A
s

LPS
7
oA

Z+7 0.082 +

E
T

w,

2 3

PGE2
LPS
+ 0.013

=

ng/ml 18] 4736 = 0.013 ng/mle] At} LPS 17153 control I AlelolAE= EAX o

2 ook wdo] BFE A UtHp=1.00). LPS 2 1EE control 13 LPS 1 1E39
Hlao| A FBAHoZ {23 2po]E YeR A Atk (p=0.886,p=0.486 ). LPS 3 1HS U

2 Il v o =2

3}

PGE2¢] ¥dS eI, control L&, LPS 1 I+, LPS
w3k FAHSRE Fogk 2to]lE B tH(p=0.029)(Table 5).

13
=

Table 5. LPS Fo] s=W x4 U PGE2 23
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Concentration of IL-6 in the gingiva tissue (ng/ml)

Group p value
Average = SD
Control LPS 1 LPS 2 LPS 3
Control 0.082 + 0.003 - - - -
LPS 1 0.079 + 0.015 1 - - -
LPS 2 0.085 + 0.013 0.886 0.486 - -
LPS 3 4736 + 0.013 0.029" 0.029" 0.029" -

Control, Non-ligature group; LPS 1, Ligature group 1 with 2 png/mL pgLPS; LPS 2,

Ligature group 2 with 8 ug/mL pgLPS; LPS 3, Ligature group 3 with 20ug/mL pgLP

S; Kruksal-Wallis test, p=0.033.

*Statistically significant difference (p<0.05) (Mann-Whitney U test)
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oA TNFacet IL-1p7F =2 === wEHTh dHAA16]. IL-1vF TNFa= IL-6,
. MMPs, PGE29} Z2 O et 85 A=Y feob #aEo glon[17],
AP EZRRIE2 M2y 7112 &l
e, AN, gl L, AR RAE, duAx, FEUAE, S 2AEoA
tH15]. o]F IL-1B= &5 U= orgo sl frke ez Wikl
Al Thl Alzet Th2 M=2Z9 &t s F=sh7 18], ddAe=z R
A YoM o] IL-189] SF2 A|5FQ Awel #eo] gtk Hike QUT19].
Fo oo 2 Aol = FYshs LPS w7t St o2t o o2 IL-139
Qitt. Zhao 52 #F 9] x|Zwdlo]A] P. gingivalisE A& A% FY&
IL-1p7F AR = [JofstA tiztofl vlsh oF 2ufiol 571E AL, 8529
S7tte Y= HwEY 4 At B ustIoH20]. E3t Polak 52 p
|2ZAA 4ES IL-189] Lol 2A17F $ol= tiaToA Ho} 4
Hiold S7lstttzt 24417t Sofl= 280l e s aste S BEastit21]. & A-HolA
& 3%%0] 8 pg/mLet 20 n T AT dxzawre 28old F7h
L

pglPSS FUZ AF o= of 15w =]
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S,
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gingivalis2 ZFE 1|71

IL-1p9] a2 AT & AUAT 2 ng/m
IL-1p29] aiqto] ¥AE| T}

IL-6= Alit4d LPS, IL-13% TNFa o} whg-gt AaAx fdx Gl AfRA L5
A AE I, GFAEe] S FHASa G A AvHB22l T X FH Fate] o]Fhd
Ao F7hE 4 IL-67F Bad vk Au23] Ao ®me= IL-6 174G/Col & A o
2109 AFES 23S wEHEA A WA AFA] AR Ade] dtka BiuEglow
[24], A& A AF9E 7F Do) mdoA IL-67F A%2 oz BAHdE=, o] 4L IL-6
of o] 27|HH fFEEI AFAo] P A= dANAE BA fFAET= 2
S oug25]. 5 o] A IL-67F AFH AFH 54 dHdA T 925 st
Aeg HolFw Zolth ®3 IL-6E =9 FAHFS FAsh= #ojgth FRA XA
RANKL F&A &A49 w3 IL-60 oa T7h¥a, dxAxe] 3o 2555 4ol
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3 9TH26l B AFelME FUsE LPSY FEsb E7hge] wet x ez
Hi 169 ol F7hES HAT F Ath Zhao & A AT 4 8F
IL-67 $AMOE FolatA thzwol ual of 2ofo]y FrhuE Fge #IT + 9
259 oW [20], Leira 5 48470tk LPSE FSiai A@elA IL-69] B4
F uAgel M B2 45, 172F 2 3% YEERy SAgow

Gdo] S7bEs HastAdoH2r) 2 ATl A= 3FFe] 8 pg/mL¢ 20 pg/mL
pgLPSE F4# HPTAM thxTuct 2ol d F7he IL-69 WAL AexAdN B

d 4 AUAW, Fe FE 2 pg/mL pglPSE T AW UEEI FAE L6
=]

e L
o
K
i

K

MO 2 o R

Do of 32

1o
ol
S
X

MMPse]  A4&
A Eo = B2 Fo PGE27F AAbgeo] Haya

FrtE s #Ed SAeA A5 A Tded Tod s v I A
91 TH30]. PGE29] A& phospholipase A29] &4 zZFgo)| 98] 2 <¢1x Ao A arachidonic
acid7} A= FAHAMHEE A FE Y, arachidonic acidE ZAZHgd 98 PGE27} ¥ L
TAl tiAREEQD PGH27F Hnh o] F #Ao= COX7F A&3etH, ol =49 A4S
gt COX+= 7 T7=E EAE olF COX-12 daw &4, o A9rs, A7e
283 2e AYA] 7T #AAQSH, COX-2& 955 A=l s wdErt. =,
COX-2¢l olsf Aats = ZRAetaddo] dowsat AZ S Al whefshm[31], PGH2 A
PGE2Z UALE = Aol #oldl= PGE synthase S|4 microsomal PGE synthase-1&
LPS¢t 22 A5 ey IL-1B, TNFa9t 22 A4 Ato]E7kldl osfA & o]

S7hdt ol COX-28 7lsH ez ddste] PGE2el AAHS FHA&A dves AS
HolFE=  Aolti32]. Miyauchi %[33]1% LPSE AFddl =i E=xd F F o
AFxA oA COX1¥ COX2¢ wdE #Asiglisd, LPS #H&F COX1e T2
FEE A Foar, COX29] @t HJ3gvlol A #Zaglnt. o= H3dv7h LPSel il
o A WA gojg o Fad e T 5 don, Ay PGE27F AFHF 9
AA)E BolFe Aok BEF e AFde] e AFxEA ddA AFdd AFE
Al et E A, AZEA F7Hd COX2el 2dS AFE 5+ JU%dd &
AFolME e AFd F9o A2 LPSE FYatda, 1 A3 2 pg/mLe] v

o] LPSAIAME COX29 @2 Zaudv7h ¥ w2 Fx9 LPSE F93 79
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