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ABSTRACT IN　KOREAN

흰쥐에서 LPS로 유도된 치주염에 동반된 이틀 흡수에 한

SLPI의 억제 효과

이 승 연

지도교수:정 문 진

치의생명공학과

조선 학교 학원

치주염은 주로 치면세균막에 존재하는 그람음성 세균들에 의해 유도되는 감염성

질환이다.그람음성세균의 세포벽 구성성분 하나인 LPS는 식세포와 같은 염증세

포들을 자극해 주변 조직에 염증반응을 유도함으로써 치주낭 형성과 이틀 흡수를 일

으킨다.분비백 구단백분해효소억제제(SLPI)는 염증반응부 에서 항세균 항염증작

용을 하는 물질로 알려져 있다.SLPI발 은 LPS뿐만 아니라 TNF-α와 IL-1β 같은

염증사이토카인에 의해서도 증가된다.염증반응에 의해 증가된 SLPI는 TNF-α와

NO분비를 억제함으로서 염증,연골 의 괴를 감소시킨다.따라서,본 연구

에서는 SLPI가 LPS처리에 의해 유도된 치주염에 동반되는 치조골 흡수 억제에 한

효과를 규명하고자 하 다.

Micro-CT를 이용한 ROI분석에서 LPS주사 후 SLPI를 주사한 군(LPS/SLPI군)은

LPS를 주사한 군(LPS군)에 비해 부피(bonevolume)와 잔기둥 개수(trabecular

bonenumber)가 높았고, 복잡성(ratioofbonesurfaceareatobonevolume),잔기

둥 사이 공간(trabecular bone space) 그리고 잔기둥 형태(trabecular bone

structuremodelindex)는 낮았다.조직학 분석을 통해 LPS/SLPI군은 LPS군에 비해

이틀 흡수가 감소하 다.면역조직화학 분석에서 LPS/SLPI군은 LPS군에 비해

TNF-α,IL-1β 그리고 RANKL 단백질이 낮게 발 되었으며,SLPI,OPG 그리고

Runx2단백질은 높게 발 다.LPS를 처리한 MC3T3-E1세포(MC3T3-E1/LPS)에서
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는 조군에 비해 TNF-α,IL-1β 그리고 RANKL의 mRNA와 단백질 발 이 증가

고,OPG와 Runx2는 감소 다.LPS/SLPI를 처리한 세포(MC3T3-E1/LPS/SLPI)에서는

MC3T3-E1/LPS에 비해 TNF-α,IL-1β 그리고 RANKL의 mRNA와 단백질 발 이

감소 고,OPG와 Runx2는 증가 다.

본 결과를 요약하면,Micro-CT 조직학 분석 결과로 SLPI는 흰쥐의 LPS로 유

도된 치주염 억제 이틀 흡수를 감소시켰다.LPS/SLPI군의 치주조직 면역화학분

석 MC3T3-E1/LPS/SLPI에서는 TNF-α,IL-1β,그리고 RANKL이 감소 고 SLPI,

OPG그리고 Runx2가 증가 다.따라서 SLPI는 염증성 사이토카인 괴세포 활

성 인자를 억제하고, 모세포 활성인자들을 증가시킴으로써 괴세포 활성을 억제

하고, 형성 유도를 조 하는 신호분자 일 것으로 생각된다.
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I.INTRODUCTION

Periodontitisisaninflammatoryandinfectiousdiseaseinducedbydentalplaque

and causes gingivalbleeding,formation of periodontalpocket,alveolar bone

resorption,destructionoftoothsupportingtissue,and,inseverecases,toothloss

(Socranskyetal.,1984;Petersenetal.,2005).Periodontitisinhumansisknownto

occurbyvarioustypesofgram-negativebacteriaindentalplaque(Offenbacher,

1996).Lipopolysaccharide(LPS),acellwallcomponentofgram-negativebacteria,

isknownasanimportantfactorthatcausesperiodontitis(Dalyetal.,1980).LPS

inducestheexpressionoftumornecrosisfactor-α (TNF-α)andreceptoractivator

ofnuclearfactor-κB ligand (RANKL)by activating nuclearfactor-κB (NF-κB)

through a toll-like receptor4 (TLR4)(Inubushietal.,2012).Formation and

resorptionofboneoccurconsistentlyinhealthyalveolarbone.Boneisformedby

mineralization and secretion of bone matrix of osteoblast derived from

ectomesenchymalcells,and bone resorption takes place by differentiation of

osteoclastfrom monocyte.In periodontitis,the mechanism associatewith bone

resorptionisactivatedthroughtheincreasingactivationofosteoclast(Haradaand

Rodan,2003;Braunetal.,2011;Schett,2011).

Macrophage-colony stimulating factor (M-CSF) and RNAKL,expressed in

osteoblast,areknown to bethekey cytokinesfordifferentiation ofosteoclast

(Yoshidaetal.,1990;Yasudaetal.,1998;Kongetal.,1999).RANKL,expressedin

bonemarrow stromalcellandosteoblast,isoneoftheTNFfamilygroups,which

hasbeenidentifiedasthefactorthatleadstodifferentiationofosteoclastprogenitor

cellsintoosteoclast(Sudaetal.,1999).RANKLexpressioninosteoblastisinduced

byactivatedvitaminD3(1a,25-dihydroxyvitaminD3),boneresorptionstimulating

hormone(parathyroidhormone,prostaglandinE2),Interleukine-1(IL-1),andLPS

(Yasudaetal.,1998;Sudaetal.,1999;Koideetal.,2000).RANKLisanessential

molecule of osteoclastogenesis, which directly induces the differentiation of

monocyte/macrophage lineage cells into osteoclast (Lacey et al., 1998). In

RANKL-deficientmice,thebonemassisexcessivelyincreasedandthereisno
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formation ofincisors and molar eruption (Kong et al.,1999).The lack of

osteoclastogenesis and severe induction of osteopetrosis are presented in

RANK-deficientmice(Dougalletal.,1999).

TNF-α is an osteoclastogenic factor similar to RANKL,which increases

proliferationanddifferentiationofosteoclast.Inaddition,TNF-α stimulatesnotonly

IL-1β and chemokine production as the proinflammatory cytokines,butalso

prostaglandinE2andRANKL (Bertolinietal.,1986).IL-1isakeyregulatorof

hostresponse,extracellularmatrix degradation,and bone resorption,which is

known as a markerofperiodontium destruction due the identification ofthe

secretionandsufficientconcentrationingingivalcrevicularfluid(GCF)ofhuman

periodontitis(Masadaetal.,1990;Archanaetal.,2012).Proinflammatorycytokines

such as IL-1β regulate bone resorption through the acceleration ofRANKL

expressionfrom stromalcellandosteoblastingingivalconnectivetissuenearthe

anterioredgeofalveolarbone(Nakamuraetal.,2009).Osteoprotegerin(OPG)isa

TNFR-relatedproteinthatdecreasesosteoclastdifferentiationinOPG transgenic

mice(Simonetetal.,1997).Inaddition,OPGsuppressesosteoclastogenesisthrough

theblocking ofRANKL-RANK binding in ST2cellasthedecoy receptorof

RANKL (Yasudaetal.,1998).OPG production isdecreasedbyboneresorption

stimulating hormones,TNF-α,and IL-1 (Takahashietal.,2002).Runt-related

factor2(Runx2)isexpressedintheearlystageofbonedevelopment,andlackof

boneformationpresentsinRunx2-deficientmice(Komorietal.,1997).Moreover,

Runx2isessentialtostimulatedifferentiationofmesenchymalcellsintoosteoblast

progenitorcells,anditsexpressionissignificantlydecreasedbyLPSinosteoblast

ofratmandible(Tomomatsuetal.,2009;Komori,2011).

Secretory leukocyte protease inhibitor (SLPI)is an 11.7 kDa cysteine-rich

protein,andnotonlyaffectsanti-humanimmunodeficiencyvirus(HIV)actionin

humansalivaryglandandvaginalfluidbutalsoinhibitoryfunctionofinflammation

and proteolysis during skin ormucosalwound healing (McNeely etal.,1997;

Ashcroftetal.,2000;Pillay etal.,2001;Angelov etal.,2004).SLPIhasbeen

identified as a protease inhibitor for regulation of excessive proteolysis by

neutrophilserineproteasessuchaselastaseandcathepsinG(Campbelletal.,1989).
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SLPIexpression istemporarily increased in odontoblastby LPS stimulation or

wound,anditinhibitsinflammatoryresponsethroughdecreaseofNFκ-Bactivation

(Choietal.,2009).Inaddition,SLPIsuppressestissuedestructionofpolycystic

ovary (PCO)and topically inhibitsinflammatory responseand excessivematrix

destructioninskinwoundofpolycysticovarysyndrome(PCOS)rat(Parketal.,

2011;Jeong etal.,2012).Furthermore,SLPIis reported notonly to promote

migration and invasion ofKB oralcarcinoma cell,butalso to accelerate the

migrationandmetastasisofgastriccancercellthroughincreasedexpressionand

secretionofMMP-2andMMP-9(Wangetal.,2011;Choietal.,2011).

Recentstudiesreported thatSLPIregulatesformation ofdentin matrix and

mineralization in odontoblastas wellas increasing adhesion and viability of

osteoblastontitanium surface(Jeongetal.,2015a;2015b).SLPIinhibitsproduction

ofTNF-α inmacrophages,andTNF-α inducesexpressionofSLPIinepithelial

cells (Jin et al.,1997;Devoogdtet al.,2006).In addition,increasing SLPI

expressionisduetoinflammatory-inducingfactorssuchasLPS,TNF-α,IL-6and

IL-1β,whichleadtoinhibitinginflammationanddestructionofcartilageandbone

throughinhibitionofTNF-α andnitricoxideproduction(Songetal.,1999).

Based on previousstudies,SLPIisconsidered asausefulmoleculeforits

inhibitoryeffectinboneresorptionthroughregulationofgeneexpressionassociated

withinflammatoryresponseandosteoclastogenicfactorsinperiodontitis.Therefore,

thepurposeofthisstudyistoinvestigatethefunctionofSLPIinalveolarbone

resorption by LPS-inducedperiodontitisandin osteoblastwith LPS stimulation.

Accordingly,themicro-CT,histological,andimmunohistochemicalanalyseswere

performedinLPS and/orSLPIinjectedintothemolarofthemaxillainrat.In

addition,alterationofgeneandproteinexpressionassociatedwithinflammationand

osteoclastogenesiswereanalyzedinmouseosteoblasticMC3T3-E1cellsafterLPS

and/orSLPIstimulation.
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Ⅱ.MATERIALSAND METHODS

II-1.InductionofperiodontitisbyLPSinjection

Eighteenmaleratsofa9-weekoldSpragueDawleystrain(SamtakoBio,Osan,

KOR), weighing 350–400 g, were used in this experiment. The feeding

environmentwasmaintainedat23±2℃ and60±10% humidityonalightand

darknessof12hcycles.Theratsweregivenpelletedratchow andtapwaterad

libitum.The18 ratsweredivided into threegroupsofsix.Periodontitiswas

inducedbyLPS(1mg/ml)injectionintothebottom ofthegingivalgrooveatthe

buccalaspectoftherightsecondmolarofthemaxillaevery48h,fivetimes.SLPI

(rhSLPI,R&D systems,MN,USA)(0.1or1 μg/ml)wasalsoinjectedintothe

sameareaaftereachLPSinjectionevery48h,fivetimes.Eachgroupwasdivided

asfollows:theLPSgroupwasinjectedwithonlyLPS,theLPS/SLPI-Lgroupwas

injectedwithSLPI(0.1μg/ml)afterLPSinjection,andtheLPS/SLPI-H groupwas

injectedwithSLPI(1 μg/ml)afterLPS injection.Theleftsecondmolarofthe

maxillaareaofeachgroupwasusedasacontrol.Allanimalexperimentstook

placewiththeapprovaloftheInstitutionalAnimalCareandUseCommitteeat

ChosunUniversity.

II-2.Micro-CT analysis

Male rats were anesthetized by intramuscular injection of0.2 ml/100 g

Ketamine(Yuhan,Seoul,KOR)mixedwith0.08ml/100g Rompun(Bayerkorea,

Seoul,KOR)forextractionofperiodontitis-inducedmaxilla.Thoraciccavityofrat

was opened after anesthesia for perfusion fixation,and diethylpyrocarbonate

(DEPC)-PBS wasinjectedslowlyintheleftventricleaftercutting ofthevena

cavafrom therightatrium;10% neutralbufferedformalin(BBCbiochemical,WA,

USA)was injected forperfusion fixation aftercirculation ofDEPC-PBS until
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complete removalofblood.Jaw bone,including maxilla,was extracted after

completecirculationoffixative;itwasfixedinfreshfixativeat4℃ for16h.The

maxillawasscannedbymicro-computedtomography(micro-CT)(Skyscan1172,

MicrophotonicsInc.,CA,USA).Thesetpointsofmicro-CT inthisstudywere

thatpixelsizewas1,000X 1,000;thicknessofslicewas16μm;voltagewas80

kv;and electricalcurrentwas 0.1 mA.The tomography and analysis were

performed parallelwith therootofsecond molarusing by computerprogram

(CTAn,1.12.00,CA,USA).Theregionofinterest(ROI,0.5mm X 0.5mm)in

alveolarboneofsecondmolarrootfurcationwasanalyzedandmeasuredusing

computerprogram (CTAn).Themeasuredlistwasasfollows:bonevolume(BV /

TV,%);ratioofbonesurfaceareatobonevolume(BS/BV,mm
-1
);trabecular

bonethickness(TbTh,mm);trabecularbonenumber(TbN,mm-1);trabecular

bone space (Tb Sp,mm);trabecular bone structure mode index (SMI),and

trabecularbonepatternfactor(TbPf,mm
-1
).Torepresentdegreeofalveolarbone

resorption in ROI,the degree ofresorption was divided into 1+ (slight),2+

(medium),and3+(severe),respectively.

II-3.Tissuepreparationandhematoxylin& eosinstaining

Themaxillainfixativewaswashedinphosphatebufferedsaline(PBS)for2h

anddecalcifiedinsolutionof10% EDTA supplementwith1% paraformaldehydefor

3months.Thetissuesweredehydratedbysequentialwashesin70%,80%,90%,

100% I,100% II,100% III,andfinally100% IV ethanol,afterdecalcification.The

clearingprocesswasperformedusingthexylene,andthetissueswereembedded

in paraffin.Theparaffin-embedded tissuewasmadeinto a section of12 μm

thickness using theHistocut820 (Leica,HE,GER)and drying on 37℃ slide

warmer overnight after being placed onto a slide glass coated by

3-(Trimethoxysilyl)propylmethacrylate(SIGMA,MO,USA).Hematoxylin& eosin

staining wasperformed toobservethehistologicalchangeand boneresorption

level.
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II-4.Immunohistochemistry

ThesamplesweredeparaffinizedsequentiallyinxyleneIandIIfor10min,

andthenhydratedby95% ethanolfor10min.FordetectionofSLPI,TNF-α,IL-1

β,RANKL,OPG,andRunx2protein,thesampleswerewashedthreetimesin

TBS-T for5minandwereincubatedwithproteinaseK (Invitrogen,NY,USA)of

1:1,000inTris-HCl(pH 7.5)at37℃ for20min.Thesampleswerewashedthree

timesandprimaryblockedwith3% H2O2indH2Ofor10minatroom temperature.

Normalgoatserum (VectorLab,CA,USA)in TBS (50 μl/ml)was used for

secondary blocking.Afterwashing,thesampleswereincubatedwith 1:1,000of

anti-rabbit SLPI (Choiet al.,2009),1:1,000 of anti-rabbit TNF-α (Abcam,

Cambridge,UK),1:1,000ofanti-rabbitIL-1β (Abcam),anti-mouseRANKL(Novus,

MO,USA),anti-rabbitOPG(Abcam),andanti-rabbitRunx2(Abcam)werediluted

infreshnormalgoatserum for16hat4℃.Goat-anti-RabbitormouseIgG(1:250,

VectorLab)wasusedforsecondaryantibodiesfor30minatroom temperature.

Afterwashing,thesampleswereincubatedwithanABC reagentfor30minat

room temperature.Forcolordevelopment,samples were incubated with 0.05%

DeaminobenzidineTetrahydrochloride(DAB)(VectorLab)for3min.Afterwashing

twicewithddH2Ofor10min,thesampleswerestainedwithHarrishematoxylinas

counterstain and then dehydration,clearing,and mounting wereperformed.The

stainedtissueswereobservedbyopticalmicroscope(CarlZeiss).Theintensityof

SLPI,TNF-α,IL-1β,RANKL,OPG,andRunx2proteinexpressioninthebottom

ofalveolarboneatrootfurcationoftheleftandrightmaxillarysecondmolarwere

quantified using Axiovision LE release 4.6 software (Carl Zeiss). The

Runx2-positivecellswerecountedinthesamearea.

II-5.MC3T3-E1cellcultureandtreatmentofLPS and

SLPI

MC3T3-E1cells,theosteoblasticcelllinederivedfrom mousecalvaria,were



-7-

culturedinAlpha-modifiedeagle’smedium (α-MEM)(GibcoBRL,USA)containing

10% fetalbovineserum (WelGENE,KOR)and1% antibioticantimycoticsolution

(WelGENE).Cellswerehumidifiedinachambermaintainedwith5% CO2at37℃.

LPS (200ng/ml)wastreated in MC3T3-E1cells(MC3T3-E1/LPS),and SLPI

(R&D systems)(1 μg/ml)wastreatedin MC3T3-E1cellsafterLPS treatment

(MC3T3-E1/LPS/SLPI)for2,4,6,12,and24h.

II-6.Extraction oftotalRNA and reversetranscription

andpolymerasechainreaction

TotalRNA wasextractedwithTrireagent(MRCInc.,OH,USA)accordingto

themanufacturer’sinstructions.A 1 μgTotalRNA wasusedtosynthesizethe

complementary DNA (cDNA).The synthesis ofcDNA was performed on RT

Premix (GeNetBio,Daejeon,KOR).PCR reactionwascarriedoutinathermo

cycler(Takara)afteradding1 μlofcDNA tothePCR premix(GeneAll,Seoul,

KOR).Thefollowing primers(Bioneer,Daejeon,KOR)wereused forRT-PCR

analysis:1)SLPIForward5’-TGC TTA ACC CTC CCA ATG TC-3’,Reverse:

5’-AAT GCT GAG CCA AAA GGA GA-3’;2)TNF-α Forward5’-ACG GCA

TGGATCTCA AAGAC-3’,Reverse:5’-CGGACT CCGCAA AGTCTA AG-3’;

3)IL-1β Forward,5’-CAG GCA GGC ACT ATC ACT CA-3’,Reverse:5’-GGC

CACAGGTAT TTT GTCGT-3’,4)RANKLForward,5’-TAT GAT GGA AGG

CTC ATG GT-3’,Reverse:5’-TGT CCT GAA CTT TGA AAG CC-3’;5)OPG

Forward,5’-CAG AGA CTA ATA GAT CAA AGG CAG G-3’,Reverse:5’-ATG

AAG TCT CACCTGAGA AGA ACC-3’;6);Runx2Forward,5’-GCA GTG CCC

CGA TTG AGG-3’,Reverse:5’-CAT ACRGGG ATG AGGAAT GCG-3’and7);

GAPDH Forward,5’-CCA TGG AGA AGG CTG GG-3’,Reverse:5’-CAA AGT

TGT CAT GGA TGA CC-3’.GAPDH was used as the internalcontrolfor

RT-PCR.

ThePCRconditionswereasfollows:1)30cycles,95℃ 20sec,60℃ 10sec,and

72℃ 30secforSLPI;2)35cycles,95℃ 20sec,56℃ 10sec,and72℃ 30secfor
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TNF-α;3)35cycles,95℃ 20sec,58℃ 10sec,and72℃ 30secforIL-1β;4)36

cycles,95℃ 20sec,59℃ 10sec,and72℃ 30secforRANKL;5)30cycles,95℃

20sec,59.7℃ 10sec,and72℃ 30secforOPG;6)34cycles,95℃ 20sec,59℃ 10

sec,and72℃ 30secforRunx2;7)30cycles,95℃ 20sec,60℃ 10sec,and72℃

30secforGAPDH.Allsampleswereincubatedforanadditionalextensionfor5

minat72℃.Theproductswereelectrophoresedona2% agarosegelbufferedwith

0.5X TBE and stained with ethidium bromide(EtBr)afteramplification.The

stainingbandsarevisualizedbyGel-Doc(BIO-RAD,CA,USA).Theprimersets

weredesignedonlyforrecognitionoftheinterestgenesandexpectedamplification

sizewereasfollows:283bpforSLPI,324bpforTNF-α,349bpforIL-1β ,512

bpforRANKL,607bpforOPG,507bpforRunx2and199bpGAPDH according

tothenucleotidesequenceofSLPI(Genbank#BC_028509),TNF-α (Genbank#

NM_013693),IL-1β (Genbank#NM_008361),RANKL(Genbank#AF_019048),OPG

(Genbank#AB_013898),Runx2(Genbank#NM_001146038).Theintensityofbands

wasmeasuredusingaScienceLabImageGauge(FUJIFILM,Tokyo,JPN).

II-7.Westernblotting

MC3T3-E1 cellswerelysed using NP-40 lysisbuffer(150 mM NaCl,1%

NP-40),50mM Tris-HCl(pH 7.4),2mM Na3VO4,2mM Na4P2O7,50mM NaF,2

mM EDTA (pH 7.4)0.1μg/ml,leupeptin,and1μg/mlaprotinin)forextractionof

protein.Theselysateswereincubatedonicefor30minandtoextractthetotal

cellularproteinbycentrifugeat4℃,13,000rpm.Aftertheproteinextraction,the

concentration was determined a 30 μg using an assay kit(BIO-RAD) and

electrophoresedin10% SDS-polyacrylamidegel.Afterelectrophoresis,theprotein

wastransferredtoPVDFmembraneandblockedwitheither5% non-fatdrymilk

or5% bovineserum albumin(Bioshop,USA)for1hatroom temperature.The

membranes were blotted with 1:1,000 ofanti-rabbitSLPI(Choietal.,2009),

anti-rabbit TNF-α (Abcam),anti-rabbit IL-1β (Abcam),anti-mouse RANKL

(Novus),anti-rabbitOPG (Abcam),anti-rabbitRunx2 (Abcam),and 1:2,500 of
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anti-mouseβ-actin(SantaCruzBiotechnology,TX,USA)for16hat4℃.After

washing,themembranewasbottledwith1:5,000–1:10,000ofHRP-conjugatedgoat

anti-rabbitormouse-IgG(SantaCruz)atroom temperaturefor1h.Thedeveloping

wasperformed using X-ray film (FUJIFILM)afterdetection by ECL solution

(Millipore,MA,USA).ThemolecularweightofSLPI,TNF-α,IL-1β,RANKL,

OPG,Runx2,and β-actinontherepresentativebansindicated12kDa,23kDa,

17/31kDa,21kDa,55kDa,60kDa,and42kDa,respectively.Thedensityofthe

expressedbandswasmeasuredusingScienceLabImageGauge(FUJIFILM).

II-8.Statisticalanalysis

Allexperimentswereperformedatleastintriplicate.Alldatawerereportedas

meansand standarddeviationsusing Excel2010statisticalsoftware(Microsoft,

WA,USA).Significantdifference(*p<0.05,**p<0.01)wasdeterminedbyStudent’s

t-test.
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Ⅲ.RESULTS

III-1.Micro-CT analysistoalveolarboneinmolarofthe

maxillaafterLPSorLPS/SLPIinjection

Thesurfaceofalveolarboneandfirst,second,andthirdmolarwereobserved

in3D imagesofmaxillamolarregion;theboneresorptionofalveolarbonesurface

wassevereintheLPSgroupandwasobservedslightlyintheLPS/SLPI-H group

(Fig.1a–a
3
).Thealveolarboneresorptionwasnotobservedinthe3D and2D

analysisareaimage(Box;ROI,RegionOfInterest)ofrootfurcationontheinternal

sectionofsecondmolarasacontrolgroup,anditwasobservedatadegreeof3+

intheLPSgroup,2+intheLPS/SLPI-Lgroup,and1+intheLPS/SLPI-H group

(Fig.1b–b
3
,c–c

3
).Thealveolarboneandrootfurcationwereobservedinthe2D

maxillahorizontalimageofthecontrolgroup;alveolarboneresorptionwassevere

intheLPSgroupanditwasobservedslightlyintheLPS/SLPI-H group(Fig.1d

–d
3
).

III-2.TheparameterofROIanalysistoalveolarbonein

molarofthemaxillaafterLPSorLPS/SLPIinjection

RatioofthebonevolumetototalvolumeintheLPS groupwas29% lower

than thatofthecontrolgroup;LPS/SLPI-L and-H groupwere6% and20%

higherthantheLPS group,respectively(Fig.2A).Ratioofthesurfaceareato

bonevolumeoftheLPSgroupwas16mm
-1
higherthanthecontrolgroup;the

LPS/SLPI-H groupwas11mm
-1
lowerthantheLPSgroup(Fig.2B).Trabecular

bonethicknessshowednosignificantdifferenceineachexperimentalgroup,butall

experimentalgroupswerelowerthanthecontrolgroup(Fig.2C).Thetrabecular

bone numberofthe LPS group was 2 mm
-1
lowerthan the controlgroup;

LPS/SLPI-L and-H groupwere0.6mm
-1
and2.0mm

-1
higherthantheLPS
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group,respectively,andthatofLPS/SLPI-H wassimilartothatofthecontrol

(Fig.2D).TrabecularbonespaceoftheLPSgroupwas40.38μm higherthanthe

control;theLPS/SLPI-Lgroupwas18.08μm lowerthantheLPSgroup,andthat

oftheLPS/SLPI-Lwassimilarwiththatofthecontrol(Fig.2E).Trabecularbone

structuremodelindex(SMI)oftheLPSandLPS/SLPI-Lgroupwere0.6and0.7

higherthanthecontrolgroup,respectively,andthatofLPS/SLPI-H wassimilar

with the control(Fig.2F).Trabecularbone pattern factors ofthe LPS and

LPS/SLPI-L group was 7 mm-1 and 5 mm-1 higherthan the controlgroup,

respectively,andthatofLPS/SLPI-Hwassimilarwiththecontrol(Fig.2G).

III-3.Histologicalanalysis of periodontaltissue after

LPSorLPS/SLPIinjection

1)HistologicalanalysisinH&Estainedtissue

Intheleftsecondmolarofthemaxillaofthecontrolgroup,densityofalveolar

boneofrootfurcationwashigh,andperiodontalligament(PDL)ofperipheralroot

(box)wereobservedtobedense(Fig.3a).Inalveolarboneofthecontrolgroup,

well-developed bone matrix and osteocyte in lacuna was observed.Marginal

alveolarbone was attached by PDL composed ofabundantcollagen showing

uniform direction(Fig.3b).IntheLPS group,thealveolarbonedensityofroot

furcation(box)wasverylow,andPDLofperipheralroot(box)wasobservedto

beloose(Fig.3a
1
).Intactbonematrixandosteocyteinlacunawasobservedin

alveolarbone,exceptin the marginalregion.Osteocytes separated from bone

matrix in interstitialspaceofPDL wereobservedin themarginalregion with

resorption ofalveolarboneanddestructedlacuna.MarginalPDL wasdispersed

veryirregularlybydestructionofattachmentandthegroupsofcellssimilarto

inflammatory cells;osteoclastsandfibroblastswereobservedin thatarea(Fig.

3b
1
).ThebonedensityoftheLPS/SLPI-LgroupwashigherthantheLPSgroup

inalveolarboneofrootfurcation,andPDLofperipheralrootwasobservedvery

denselyintheLPS/SLPI-Lgroup(Fig.3a
2
).Intactbonematrixandosteocytesin



-12-

lacunawereobservedinalveolarbone,exceptthatofthemarginalregion;thebone

resorption area waslittle,and matrix ofnew bonepartially wasobserved in

marginalalveolarbone compared to the LPS group.The collagen fiberwas

redistributedintheareaofPDL-destructedmarginalalveolarboneobservedinthe

LPS group;inaddition,thegroupsofcellssimilarwithinflammatorycellsand

osteoclastsmarkedlydecreased(Fig.3b
2
).Alveolarboneofrootfurcationofthe

LPS/SLPI-H group(box)wasmarkedlyhighinbonedensitycomparedtothatof

theLPS/SLPI-Lgroup;PDLofperipheralroot(box)wasattachedverydenselyto

marginalalveolarbone(Fig.3a
3
).IntheLPS/SLPI-H group,theregionofbone

resorptionwaslittleorobservedpartiallyintheareaofmarginalalveolarbone

comparedtothatoftheLPS/SLPI-Lgroup;collagenofPDLwasrepresentedas

similartocontrolgroupinattachmentanduniform direction(Fig.3b3).

2)ImmunohistochemicalanalysisofSLPI

SLPIproteinwasexpressedinPDLbetweenalveolarboneandrootfurcation

(box)ofthecontrolgroup.SLPIwasnotexpressedinalveolarbonematrix,butit

wasidentifiedinseveralosteoblastandcellslocatedinintercellularspaceofPDL.

ItwasalsoexpressedinjunctionalregionbetweenrootandPDLfiber(Fig.4Aa,

b).TheexpressionofSLPIintheLPSgroupwas1.5timeshigherthanthatof

controlgroupinPDLbetweenalveolarboneandrootfurcation(box).SLPIwas

expressedstrongly in alveolarbonematrix,osteoblasts,dispersedcollagen,and

connectivetissuecellsinPDLcomparedtothatofthecontrol(Fig.4Aa
1
,b

1
,B).

TheexpressionofSLPIintheLPS/SLPI-Lgroupwas1.1timeshigherthanin

theLPSgroupinPDLbetweenalveolarboneandrootfurcation(box).SLPIwas

notexpressedinalveolarbonematrixbutexpressedstronglyinalmostallcellsin

PDLcomparedtothatoftheLPSgroup.Inaddition,itwasexpressedweaklyin

partofcollagenfibersinPDLcomparedtothatoftheLPSgroup(Fig.4Aa
2
,b

2
,

B).TheexpressionofSLPIintheLPS/SLPI-H groupwassimilartotheLPS

groupinPDLbetweenalveolarboneandrootfurcation(box).Theexpressionof

SLPIwasnotobservedinalveolarbonematrix,anditwasweakinseveralcells
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inmarginalalveolarboneandcellsofintercellularspaceinPDL(Fig.4Aa
3
,b

3
).

3)ImmunohistochemicalanalysisofTNF-α

TNF-α proteinwasrarelyexpressedinPDL betweenalveolarboneandroot

furcation(box)ofthecontrolgroup(Fig.5Aa,b).TheexpressionofTNF-α in

theLPS group was4.4timeshigherthan thatofthecontrolgroup in PDL

betweenalveolarboneandrootfurcation(box).TNF-α wasexpressedstronglyin

collagenfibersattachedtothemarginalregionofalveolarboneandthegroupof

collagenandcellsnearthemarginalregion(Fig.5Aa1,b1,B).Theexpressionof

TNF-α intheLPS/SLPI-Lgroupwas0.3timeslowerthanLPSgroupinPDL

betweenalveolarboneandrootfurcation(box).TNF-α wasexpressedweaklyin

severalcellsandcollagenfibersinPDLcomparedtothatoftheLPSgroup(Fig.

5Aa2,b2,B).TheexpressionofTNF-α intheLPS/SLPI-H groupwas0.4times

lowerthanintheLPSgroupinPDLbetweenalveolarboneandrootfurcation.In

addition,TNF-α was expressed in collagen fibers partially attached to the

marginalregion(Fig.5Aa
3
,b

3
,B).

4)ImmunohistochemicalanalysisofIL-1β

IL-1β proteinwasrarely expressedin PDL betweenalveolarboneandroot

furcation(box)ofthecontrolgroup(Fig.6Aa,b).TheexpressionofIL-1β inthe

LPSgroupwas3.4timeshigherthaninthecontrolgroupPDLbetweenalveolar

boneandrootfurcation(box).IL-1β wasexpressedintheentirePDL,anditwas

expressedstronglyincollagenfibersattachedtothemarginofalveolarboneand

groupofcell(Fig.6Aa
1
,b

1
,B).Theexpression ofIL-1β in theLPS/SLPI-L

groupwas0.3timeslowerthantheLPSgroupinPDLbetweenalveolarboneand

rootfurcation(box).IL-1β wasexpressedinapartofthemarginalalveolarbone

andperipheralcollagenfibersandcellsofmarginalregion(Fig.6Aa
2
,b

2
,B).The

expressionofIL-1β intheLPS/SLPI-H groupwassimilarlylow tothatofthe

controlgroupinPDLbetweenalveolarboneandrootfurcation(box)(Fig.6Aa
3
,

b3,B).
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5)ImmunohistochemicalanalysisofRANKL

RANKLproteinwasexpressedweaklyinPDLbetweenalveolarboneandroot

furcation(box)ofthecontrolgroup.RANKLwasexpressedweaklyinalmostall

cellsinPDL(Fig.7Aa,b).TheexpressionofRANKLintheLPSgroupwas3.3

timeshigherthanthatofthecontrolgroupinPDLbetweenalveolarboneandroot

furcation(box).RANKL wasexpressedstronglyinpresentingcellsandcollagen

fiberslocated in theresorbed region ofalveolarbone(Fig.7Aa
1
,b

1
,B).The

expressionofRANKLintheLPS/SLPI-Lgroupwas0.2timeslowerthaninthe

LPSgroupinPDLbetweenalveolarboneandrootfurcation(box).RANKLwas

expressed in cells and collagen fibers localized in intracellularspace ofPDL

attachedtomarginalalveolarbone(Fig.7Aa
2
,b

2
,B).TheexpressionofRANKLin

theLPS/SLPI-H group was 0.7 timeslowerthan in theLPS group in PDL

betweenalveolarboneandrootfurcation(box).RANKLwasexpressedweaklyin

cellsofintercellularspaceandcollagenfiberinPDLattachedtomarginalalveolar

bone(Fig.7Aa
3
,b

3
,B).

6)ImmunohistochemicalanalysisofRunx2

Runx2proteinwasexpressedweaklyinPDLbetweenalveolarboneandroot

furcation(box).Runx2wasexpressedinosteocytesandadjacentcellsinalveolar

bone(Fig.8Aa,b).TheexpressionofRunx2intheLPS groupwas0.8times

lowerthan thatofthecontrolgroup in PDL between alveolarboneand root

furcation(box).Runx2wasexpressedinseveralosteocytesinalveolarboneas

wellasosteocytesintheregionofdestructedbonematrix(Fig.8Aa1,b1,B).The

expressionofRunx2intheLPS/SLPI-Lgroupwas6.4timeshigherthaninthe

LPS groupinPDL betweenalveolarboneandrootfurcation(box).Runx2was

expressedstronglyin osteocytesinalveolarboneandresorbedbonematrix;in

addition,itwas expressed in severalcells ofPDL (Fig.8Aa2,b2,B).The

expressionofRunx2intheLPS/SLPI-H groupwas7.3timeshigherthaninthe

LPS groupinPDL betweenalveolarboneandrootfurcation(box).Runx2was

expressedstronglyinosteocytesofalveolarboneandcellsattachedtomarginal
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alveolarbone(Fig.8Aa
3
,b

3
,B).

III-4.mRNA expressionofSLPI,TNF-α,IL-1β,RANKL,

OPG, and Runx2 in LPS- or LPS/SLPI-treated

MC3T3-E1cells

InLPS-treatedMC3T3-E1cells(MC3T3-E1/LPS)andMC3T3-E1cellstreated

withSLPIafterLPStreatment(MC3T3-E1/LPS/SLPI),theexpressionofSLPIin

MC3T3-E1/LPS/SLPIwas1.3timeshigherat2hand4h,and1.1timeshigherat

12hthanthatofMC3T3-E1/LPS;furthermore,itwasstronguntil24h.TNF-α 

expressioninMC3T3-E1/LPS/SLPIwas0.3timeslowerthanMC3T3-E1/LPSat2

h,anditwasdecreasedremarkablyat4h.IL-1β expressioninMC3T3-E1/LPS/SLPI

was0.7and0.6timeslowerthanMC3T3-E1/LPSat4hand6h,respectively,and

itwasexpressedweaklyuntil24h.RANKLexpressioninMC3T3-E1/LPS/SLPI

was0.5and0.7timeslowerthanMC3T3-E1/LPSat2hand4h,respectively,and

itwasexpressedweaklyuntil24h.OPG expressioninMC3T3-E1/LPS/SLPIwas

2.2and3.0timeshigherthanMC3T3-E1/LPSat2hand4h,respectivelyandit

wasexpressedstronglyuntil6h.Runx2expressioninMC3T3-E1/LPS/SLPIwas

1.7and1.5timeshigherthanMC3T3-E1/LPS at4hand6h,respectively,and

Runx2expressionwasincreasedtimedependently(Fig.9A–C).

III-5.ProteinexpressionofSLPI,TNF-α,IL-1β,RANKL,

OPG,and Runx2 in LPS- or LPS/SLPI-treated

MC3T3-E1cells

InLPS-treatedMC3T3-E1cells(MC3T3-E1/LPS)andMC3T3-E1cellstreated

withSLPIafterLPStreatment(MC3T3-E1/LPS/SLPI),theexpressionofSLPIin

MC3T3-E1/LPS/SLPIwas1.3timeshigherthanthatofMC3T3-E1/LPSat2h,4

h,and24h.TNF-α expressioninMC3T3-E1/LPS/SLPIwas0.7and0.9times
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lowerthanMC3T3-E1/LPS.IL-1β expressioninMC3T3-E1/LPS/SLPIwas0.7,0.6,

0.5,and 0.6 timeslowerthan MC3T3-E1/LPS at4h,6h,12h,and 24h,

respectively.RANKLexpressioninMC3T3-E1/LPS/SLPIwas0.9timeslowerthan

MC3T3-E1/LPSat2h,4h,and6haswellas0.6and0.2timeslowerat12h

and24h,respectively.OPGexpressioninMC3T3-E1/LPS/SLPIwas1.3,4,3.4,2.7,

and10timeshigherthan MC3T3-E1/LPS at2h,4h,6h,12h,and24h,

respectively.Runx2expressioninMC3T3-E1/LPS/SLPIwas6.2,9.9,39,and6.9

timeshigherthanMC3T3-E1/LPSat4h,6h,12h,and24h,respectively(Fig.10

A–C).

III-6.Diagram onthepossibleroleofSLPIinperiodontitis

inrat

Increased TNF-α, IL-1β, and RANKL secreted from LPS-stimulated

preosteoblast differentiates mature osteoclast into active form osteoclast,and

decreased OPG and Runx2 inhibits osteoblast function associated with bone

formation.SLPIinhibitsthesecretionofTNF-α andIL-1β,which reducesthe

inflammation and RANKL to suppress the formation ofactive osteoclastand

increases OPG and Runx2 to stimulate osteoblastfunction in LPS-stimulated

preosteoblast(Fig.11).
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Ⅳ.DISCUSSION

Periodontitisisthechronicinflammationofthestructureattachedintooth

such as alveolar bone,PDL and gingivalconnective tissue.Periodontitis is

initialized and prolonged by mainly colonized gram-negative anaerobic or

microaerobicbacteriainsubgingivalarea.Inaddition,themaincharacteristicof

periodontitisisdestructionofperiodontaltissueandthemostcommon bacterial

cause is Porphyromonas gingivalis.LPS is a main componentofouter cell

membraneinthisbacterium,whichisatoxinthatinducesinflammatoryresponse.

LPS isknown asthepathogen ofperiodontitisand inducestheproduction of

inflammatory cytokines such as TNF-α,IL-8, and IL-6 in monocytes or

macrophages.Thesecytokinesinducelesionsinperiodontaltissue.Baicalinisone

ofthemoleculeseffectiveforinhibitionortreatmentofalveolarboneresorptionby

periodontitis,whichispurifiedfrom Scutellariabaicalensis,knownasthemedicinal

plant.Baicalin has been reported to suppress the secretion of inflammatory

responseandincreaseofboneresorptionfactorssuchasTNF-α,IL-1β,andIL-6

(Linetal.,1996).

AlveolarboneresorptioninLPS-injectedratperiodontaltissuewasrevealedin

Micro-CT studythroughthehighlyresorptionofbonesurfaceandtrabecularbone

spacewithreductionofbonedensityandtrabecularbonenumber(Chenetal.,

2008).Inthisstudy,Micro-CT analysisfortheLPS-inducedperiodontitistissue

showedresultsidenticaltothepreviousstudy.Inaddition,thereductionofalveolar

boneresorptionhasbeenreportedinabaicalin(0.1and1mg/ml)-injectedgroup

afterLPSinjection,whichisconfirmedbyraisedbonedensityandtrabecularbone

numberandnarrowedtrabecularbonespacecomparedtoLPS-injectedgroup(Chen

etal.,2008).Similarly,thepresentstudyalsoidentifiedthereductionofalveolar

boneresorptionby SLPIin theLPS/SLPIgroupcomparedtothatoftheLPS

groupbyloweredsurfaceresorptionofalveolarboneandnarrowedtrabecularbone

spaceandraisedtrabecularbonenumberaswellasclosedtoplate-likestructure

oftrabecularbone.Therefore,SLPImaybeamoleculethatinhibitsalveolarbone
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resorptioninLPS-inducedperiodontitisofrat.

Simvastatinisthemedicineforreductionofcholesterolconcentrationinblood

and has been reported to inhibit the expression of factors associated with

osteoclastogenesisinratwithdisturbancesofmetabolism,suchasobesity.Inthe

histologicalanalysisusingH&Estaining,alveolarboneresorptionandinfiltrationof

leukocyteareinhibitedmarkedlyinLPS/simvastatingroupcomparedtoin LPS

groupofLPS-inducedalveolarboneresorptioninfatorleanrat(Jinetal.,2014).

Inthepresentstudy,theinflammatorycellswerereducedaswellasreductionof

alveolarbone resorption in LPS/SLPIgroup compared to thatofLPS group.

Therefore,SLPImayreducethealveolarboneresorption,throughitsuppressesthe

expression of factors associated with periodontalinflammatory response and

osteoclastogenesis.

HumanSLPIisanon-glycosylatedprotein,11.7KDamolecularweightsfoundin

epithelium ofmucosalsurface.SLPIprotectstissuesfrom secretedproteaseinthe

inflammatoryregionandithasbeenreportedthatithasafunctionforsuppression

ofHIV infection,anti-bacterialandanti-fungalfunctions,aswellaspromotionof

woundhealingandcellproliferation(Williamsetal.,2006;Hiemstra,2002).SLPI

productionisincreasedfrom LPS-stimulatedmacrophagesandinhibitsactivityof

proinflammatory-relatedmoleculessuchasNF-κB andnitricoxide(NO)induced

byLPS-stimulatedmacrophages(Jinetal.,1998;Sonetal.,2007).Inodontoblasts,

temporalincreaseinexpressionofSLPIbyLPS stimulationinhibitstheNF-κB

activationtoinducetheexpressionofproinflammatorycytokines(Choietal.,2009).

SLPImRNA expressionisincreasedinperitonealmacrophagesofstreptococcalcell

wall(SCW)-inducedinflammatory polyarthritisratandincreaseofSLPIprotein

expression is also identified in the arthritic area compared to thatofcontrol

through immunohistochemicalanalysis.In addition,the result of radiographic

analysisshowedthatedemaissignificantly reducedin anSCW/SLPI(0.1mg)

groupcomparedwithanSCW group.Thus,thisstudysuggestedthatSLPIwillbe

availabletouseforthetherapyonthevariousinflammatorydestructivediseases

(Songetal.,1999).Inthisstudy,from theresultofimmunohistochemistry,SLPI

proteinexpressionoftheLPSgroupwasalsoincreasedcomparedtothatofthe
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controlgroup,andthatoftheLPS/SLPI-Lgroupwasmoreincreasedcomparedto

thatofLPS groupin LPS-inducedperiodontitistissue.In addition,mRNA and

protein expression ofSLPIweremoreincreased in MC3T3-E1/LPS/SLPIthan

MC3T3-E1/LPS.Therefore,SLPImay suppress the inflammatory response in

LPS-inducedinflammatoryperiodontaltissueandosteoblast.

TNF-α,mainly secretedfrom activatedmacrophage,isacytokineassociated

withsystemicinflammationandstimulatestheacutephasesinflammatoryresponse.

TNF-α canincreasetheproductionofSLPIfrom epithelialcells,andincreased

SLPIinhibitsTNF-α secretionofmacrophages(Sallenaveetal.,1994;Songetal.,

1999).Inaddition,SLPIdecreasestheexpressionofTNF-α byinhibitionofNF-κB

activationinLPS-treatedmonocytes(Lentschetal.,1999;Taggartetal.,2002).

LPSincreasestheexpressionofmRNA andproteinsecretionofTNF-α andIL-1β 

inosteoblast(Dieetal.,2012).IncreasedproductionofTNF-α andIL-1β induces

boneresorptionbyosteoclaststhroughthestimulationofRANKLproduction,which

iskeymediatorofosteoclastdifferentiation(Yamanoetal.,2010).Thedestruction

of alveolar bone is accelerated by injection of IL-1β protein into the

ligature-inducedperiodontitisregionandsupplementationofantagonistsforIL-1β 

and TNF-α in the infectious periodontitis region suppress the alveolar bone

resorption(Koideetal.,1995;Assumaetal.,1998).Bovinelactoferrin(bLF)is

knowntoregulatetheproductionofproinflammatorycytokinesincludingTNF-α 

andalveolarbonedestructionassociatedwithperiodontitis.A bLFsuppressesthe

LPS-induced TNF-α production by inhibition ofNF-κB binding totheTNF-α 

promoter (Haversen etal.,2002).TNF-α mRNA expression is decreased in

LPS-stimulatedST2cellsby bLF treatment;TNF-α protein expression isalso

decreased in bLF-treated gingivaltissueand PDL region compared to thatof

LPS-treatedgroup.Inaddition,abLFinhibitsalveolarboneresorptionbyreduction

ofTNF-α productionfrom macrophages(Yamanoetal.,2010).Similartoprevious

studies, in the present study, TNF-α and IL-1β protein expression was

significantlydecreasedincellsofintercellularspaceinPDLandcollagenfibersin

theLPS/SLPIgroupcomparedtothatoftheLPSgroup.Inaddition,mRNA and

protein expression of TNF-α and IL-1β were significantly decreased in
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MC3T3-E1/LPS/SLPIcomparedtothatinMC3T3-E1/LPS.Therefore,SLPImay

suppresstheinflammationofperiodontaltissuethroughreductionofTNF-α and

IL-1β productionbyinhibitionofNF-κBactivationinLPS-stimulatedosteoblasts.

RANKL belong to TNF-α family member that directly induces the

osteoclastogenesisthroughbinding toRANK ofosteoclastprecursorcell,andit

increasesboneresorptionbyactivationofsignaltransductionpathwayleadingto

maturationofosteoclast(Kongetal.,1999;Taubmanetal.,2005;Jimietal.,1999).

Pathogen-associatedmolecularpatterns(PAMPs),includingLPSboundtotoll-like

receptors(TLRs)on surfaceofinflammatory cell,activateintercellularNF-κB.

ActivatedNF-κB actsasthetranscriptionfactorandinducestheexpressionof

proinflammatorycytokinesincludingRANKL(Matsumotoetal.,2012).RANKLand

TNF-α expression are promoted in LPS-stimulated osteoblast through the

activation ofNF-κB (Inubushietal.,2012).Proinflammatory cytokinessuch as

TNF-α,IL-1β,and IL-6 secreted from LPS-stimulated macrophage increase

RANKL expressionin osteoblasts(Taubmanetal.,2005).Inaddition,LPS can

directlyincreaseRANKLmRNA expressioninosteoblasts(Tangetal.,2011).SLPI

suppressescartilageresorptionandbonedestructionbyacuteandchronicarthritis

throughremarkablereductionofbloodTNF-α concentrationandNF-κBactivation

in jointinflammation ofinflammatory polyarthritis region (Song etal.,1999).

Immunohistochemical analysis on the periodontal tissue of ligature-induced

periodontitisinrataftercammabidiol(CBD)injectionidentifiedthatRANKLprotein

expressionisincreasedinaligaturegroupcomparedtothatofacontrol,andit

decreased in a ligature/CBD group compared to that ofthe ligature group

(Napimogaetal.,2009).Inthisstudy,RANKLproteinexpressionoftheLPS/SLPI

groupwasalsosignificantlydecreasedcomparedtothatofthecellsofintercellular

spaceandcollagenfiberinPDL attachedtomarginalalveolarboneintheLPS

group.In addition,expression ofRANKL mRNA and protein was remarkably

decreasedinMC3T3-E1/LPS/SLPIcomparedtothatinMC3T3-E1/LPS.Therefore,

SLPImayleadtothereductionofboneresorptionthroughdecreaseofRANKL

expression by reducing TNF-α and IL-1β expression or directly decreasing

RANKLinLPS-stimulatedosteoblast.
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OPG isoneoftheTNFreceptorfamily,whichisakeymoleculeinvolvedin

bone reconstruction. OPG is produced in osteoblasts, and it inhibits the

osteoclastogenesisbyblockthebindingofinteractionbetweenRANK andRANKL

inhaemopoieticprecursorcells(Simonetatal.,1997).OPG mRNA expressionis

remarkablydecreasedinLPS-treatedST2cellsandissignificantlyincreasedby

bLF treatment(Yamano etal.,2010).In OPG-deficientmice,the porosity of

trabecularandcompactboneareseverelyincreasedaswellasosteoclasticbone

resorptions.This suggests that OPG is the physiologicalregulator of bone

resorptionandthatbalanceinexpressionbetweenRANKL andOPG inboneis

veryimportantforregulationofboneresorption(Yanoetal.,2003;Mizunoetal.,

1998;Sudaetal.,2004).Onthecontrary,inOPGoverexpressedmice,theresultof

radiographandhistologicalanalysisdemonstratedthatbonedensityoflongboneis

increasedclearlycomparedtoacontrol,andosteosclerosiswasinduced.Therefore,

OPG can regulate the bone density locally and systemically by regulation of

osteoclastmaturation(Simonetetal.,1997).Inthisstudy,OPGmRNA andprotein

expressionwereincreasedsignificantlyinMC3T3-E1/LPS/SLPIcomparedtointhe

control.Therefore,SLPImay suppress the alveolar bone resorption through

inhibition ofosteoclastactivation by increaseofOPG expression to block the

RANK–RANKLbindinginteractioninLPS-stimulatedosteoblast.

Runx2 is a major transcription factor to regulate bone development and

differentiation,andstimulatestheexpressionofbonematrixcomponentssuchas

bonesialoprotein (BSP),osteocalcin (OCN),and collagen typeI(ColI)andis

essentialforosteoblastdifferentiationandformationofbonematrix(Komori,2011;

Banerjeeetal.,1997).Runx2asakeymoleculeisexpressedinmesenchymalcell

todifferentiateintoosteoblastprecursorcellatearlieststageinbonedevelopment.

Runx2-deficientmicepresentdeficiency ofboneformation(Komorietal.,1997;

2010).LPS strongly suppressesessentialtranscription factorssuch asSp7and

ATF4,includingRunx2,forosteoblastdifferentiation(Bandow etal.,2010).LPS

markedlydecreasesRunx2mRNA expressioncausedbythehypermethylationof

theRunx2genepromoterregioninhumanPDLfibroblast;however,treatmentof

5Aza as an inhibitorformethylation increases the Runx2 mRNA expression
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comparedtothatoftheLPSgroup(Ueharaetal.,2014).TheexpressionofSLPI

isidentifiedatcaptobellstageduringtoothdevelopment.Inaddition,treatmentof

SLPIsignificantlyincreasesBSP,OCN,andColIregulatedbyRunx2topromote

differentiation and mineralization of secreted matrix during odontoblast

differentiation(Jeongetal.,2015).Inthepresentstudy,Runx2proteinexpression

inLPSgroupwasdecreasedmarkedlycomparedtothatofosteocytesinalveolar

bone;in addition,cells’intercellularspace in PDL in the controlgroup was

increasedsignificantlyintheLPS/SLPIgroupcomparedtointheLPSgroup.In

addition,Runx2 mRNA and protein expression were increased significantly in

MC3T3-E1/LPS/SLPI compared to that of MC3T3-E1/LPS.Therefore,SLPI

increasestheRunx2expressioninosteocyteandosteoblastinalveolarbone,which

leadstoboneformationthroughosteoblastdifferentiationandbonematrixsynthesis

inLPS-inducedperiodontalinflammatorytissue.

In summary,theresultsofMicro-CT and histologicalanalysisshowed that

SLPIinhibitsperiodontitisanddecreasesalveolarboneresorptioninLPS-induced

rat.TheexpressionofTNF-α,IL-1β,andRANKLisdecreased,andthatofSLPI,

OPG,andRunx2areincreasedinperiodontaltissueofLPS/SLPIgrouponthe

immunohistochemicalanalysisandinMC3T3-E1/LPS/SLPI.Therefore,SLPImight

bethesignalmoleculethatcan inhibittheosteoclastactivity andinducebone

formationthroughtheinhibitionofosteoclastactivationandincreaseofosteoblast

activation.Based on thepresentresults,furtherstudy willbeneeded on how

directlySLPIregulatesthemoleculesassociatedwithdifferentiationofosteoblast

andosteoclast.
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FIGURE　LEGENDS

Figure 1.Micro-CT images ofthe Alveolarbone resorption in LPS- or

LPS/SLPI-injectedperiodontaltissue.

Theresorptionofalveolarbonesurfaceandrootfurcationwasobservedweaklyin

theLPS/SLPIgroupaccordingtodosedependentofSLPIcomparedtothatofthe

LPSgroup.1,firstmolar;2,secondmolar;3,thirdmolar;M,mesial;D,distal;L,

left;R,right.Allscalebars:1mm

Figure2.TheparametersofROIanalysis.

(A)–(G)ThebonevolumeandtrabecularbonenumberwerehighinLPS/SLPI-H

groupcomparedtothoseoftheLPS group,andratioofsurfaceareatobone

volume,trabecularbonespace,andtrabecularbonestructuremodelindexwerelow.

(*p<0.05,**p<0.01)

Figure3.HistologicalchangeinLPS-orLPS/SLPI-injectedperiodontaltissue.

Alveolarboneresorption and PDL destruction weredecreased markedly in the

LPS/SLPI-H groupcomparedtotheLPSgroup.Con,control;Scalebars:500μm

(a–a
3
),50μm (b–b3)

Figure4.SLPIexpressioninLPS-orLPS/SLPI-injectedperiodontaltissue.

(A)(B) SLPIexpression in alveolar bone and PDL tissue was high in the

LPS/SLPI-LgroupcomparedtothatoftheLPSgroup.Con,control;Scalebars:

500μm (A,a–a3),50μm (A,b–b3);(**p<0.01)

Figure5.TNF-α expressioninLPS-orLPS/SLPI-injectedperiodontaltissue.

(A)(B)TNF-α expressionincellsofintercellularspaceinPDLandcollagenfibers

washighintheLPSgroupcomparedtothatofthecontrolanditwaslow inthe

LPS/SLPIgroupaccordingtodosedependentofSLPIcomparedtothatofLPS

group.Con,control;Scalebars:500μm (A,a–a3),50μm (A,b–b3);(**p<0.01)
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Figure6.IL-1β expressioninLPS-orLPS/SLPI-injectedperiodontaltissue.

(A)(B)IL-1β expressionincellsofintercellularspaceandcollagenfiberinPDL

attachedtomarginalalveolarbonewashighintheLPSgroupcomparedtothatof

thecontrol,anditwaslow intheLPS/SLPIgroupaccordingtodosedependentof

SLPIcomparedtothatoftheLPSgroup.Con,control;Scalebars:500μm (A,a–

a
3
),50μm (A,b–b

3
);(**p<0.01)

Figure7.RANKLexpressioninLPS-orLPS/SLPI-injectedperiodontaltissue.

(A)(B)RANKLexpressionincellsofintercellularspaceandcollagenfiberinPDL

attachedtomarginalalveolarbonewashighintheLPSgroupcomparedtothatof

thecontrol,anditwaslow intheLPS/SLPIgroupaccordingtodosedependentof

SLPIcomparedtothatoftheLPSgroup.Con,control;Scalebars:500μm (A,a–

a
3
),50μm (A,b–b3);(**p<0.01)

Figure8.Runx2expressioninLPS-orLPS/SLPI-injectedperiodontaltissue.

(A)Runx2expressioninosteocytesofalveolarboneandcellsinPDLwaslow in

theLPSgroupcomparedtothatofthecontrol,anditwashighintheLPS/SLPI

groupaccordingtodoseofSLPIcomparedtothatoftheLPSgroup.(B)Runx2

expressionandpositivecellswerehighintheLPS/SLPIgroupaccordingtodose

dependentofSLPIcomparedtothatoftheLPSgroup.Con,control;Scalebars:

500μm (A,a–a3),50μm (A,b–b3);(**p<0.01)

Figure9.ThemRNA expressionofSLPI,TNF-α,IL-1β,RANKL,OPG,and

Runx2inLPS-orLPS/SLPI-treatedMC3T3-E1cells.

(A)(B) The expression of TNF-α,IL-1β,and RANKL was decreased in

MC3T3-E1/LPS/SLPIcomparedtothatofMC3T3-E1/LPS,andSLPI,OPG and

Runx2wereincreased.(C)QuantificationofthemRNA expressionwascalculated

from resultof(A)and(B).C,control;(*p<0.05,**p<0.01)
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Figure10.Theprotein expression ofSLPI,TNF-α,IL-1β,RANKL,OPG,

andRunx2inLPS-orLPS/SLPI-treatedMC3T3-E1cells.

(A)(B) The expression of TNF-α,IL-1β,and RANKL was decreased in

MC3T3-E1/LPS/SLPIcomparedtothatofMC3T3-E1/LPS,andSLPI,OPG,and

Runx2wereincreased.(C)Quantificationoftheproteinexpressionwascalculated

from resultof(A)and(B).C,control;(*p<0.05,**p<0.01)

Figure11.Diagram onthepossibleroleofSLPIinperiodontitisinrat.

LPS-stimulated preosteoblast increases the secretion of TNF-α,IL-1β,and

RANKL.IncreasedTNF-α,IL-1β,andRANKLdifferentiatesmatureosteoclastinto

activeform osteoclast,anddecreasedOPG andRunx2inhibitsosteoblastfunction.

SLPIinhibitsLPS-inducedTNF-α,IL-1β,andRANKLsecretioninpreosteoblast,

whichleadstoinhibitionoftheformationofactiveosteoclast,andincreasedOPG

andRunx2activatesosteoblastfunction.
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-42-

Figure7.



-43-

Figure8.
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ABSTRACT

Theinhibitoryeffectofsecretoryleukocyteproteaseinhibitor

(SLPI)onthealveolarboneresorptionwithlipopolysaccharide

(LPS)-inducedperiodontitisinrat

LeeSeung-Yeon

Advisor:Prof.JeongMoon-JinPh.D.

DepartmentofBiodentalEngineering

GraduateSchoolofChosunUniversity

Periodontitisisan infectiousdiseaseinduced by gram-negativebacteria in

dentalplaque.Lipopolysaccharide (LPS),one ofthe cellwallcomponents of

gram-negativebacteria,inducestheinflammatoryresponsearoundtissuedueto

stimulation with inflammatory cellssuch asmacrophageandthereby,itcauses

formationofperiodontalpocketandalveolarboneresorption.Secretoryleukocyte

protease inhibitorin (SLPI)is known as anti-bacterialand anti-inflammatory

cytokineinflammatoryresponse.Inaddition,theexpressionofSLPIisincreasedby

LPSaswellasproinflammatorycytokinessuchastumornecrosisfactor-α (TNF-

α)and interleukine-1β (IL-1β)secreted from LPS-activated inflammatory cells.

IncreasedSLPIby inflammatory responsedecreased arthritisand destruction of

cartilage and bone through inhibition of TNF-α and nitric oxide secretion.

Therefore,thisstudyinvestigateswhetherSLPIinhibitsinflammatoryresponseand

alveolarboneresorptioninLPS-inducedperiodontitis.

IntheSLPI-injectedgroupafterLPSinjection(LPS/SLPI),thebonevolumeand

trabecularbonenumberwerehigher,buttheratioofbonesurfaceareatobone

volume,trabecularbonespace,andtrabecularbonestructuremodelindex were
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lower than those ofthe LPS-injected (LPS) group in analysis ofthe ROI

parameterusingmicro-CT.ThealveolarboneresorptionintheLPS/SLPIgroup

wasdecreasedcomparedtothatoftheLPSgroupthroughhistologicalanalysis.In

the LPS/SLPIgroup,protein expression ofTNF-α,IL-1β and RANKL was

decreasedcomparedtothatoftheLPS groupbutSLPI,OPG,andRunx2were

increased in the tissues by immunohistochemical reaction. In LPS-treated

MC3T3-E1cells(MC3T3-E1/LPS),themRNA andproteinexpressionofTNF-α,

IL-1β,andRANKLwereincreasedcomparedtothoseofthecontrol,butOPGand

Runx2weredecreased.InLPS/SLPI-treatedMC3T3-E1cells(MC3T3-E1/LPS/SLPI),

themRNA andproteinexpressionofTNF-α,IL-1β,andRANKLweredecreased

comparedtothoseofMC3T3-E1/LPSbutSLPI,OPG,andRunx2wereincreased.

In summary,Micro-CT and histologicalanalysis showed thatSLPIinhibits

inflammationanddecreasesalveolarboneresorptioninLPS-inducedperiodontitis

rat.TheexpressionofTNF-α,IL-1β,andRANKLisdecreased,andthatofSLPI,

OPG,and Runx2isincreased in periodontaltissueofLPS/SLPIgroup and in

MC3T3-E1/LPS/SLPI.Therefore,SLPImightbe the signalmolecule thatcan

inhibitosteoclastactivity and induce bone formation through the inhibition of

osteoclastactivationandincreaseofosteoblastactivation.
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