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ThePeriodontalligament(PDL)isasofttissuethatiscontinuously
exposedtomechanicalloadingbyocclusionandmastication.Tokeepthe
healthofPDLisveryimportanttomaintainhealthofperiodontium.Among
theperiodontium,thecementum isamineralizedtissuearoundrootsurface
that acts as a shield from mechanicalstress-induced rootabsorption.
Mammalianhomologueofthe geneUNC-50(UNCL)wasfound
in human,ratand mousePDL fibroblasts.In apreviousstudy,itwas
suggestedthattheUNC-50mightberelatedtomechanicalstresssignal
transductioninPDL.AlthoughthefunctionofUNC-50duringperiodontium
developmentweresuggested,ItseffectsonsignaltransductioninPDLand
cementoblastisnotwellknown.SmallinterferingRNA (siRNA)orRNA
interference(RNAi)phenomenonwasfirstdiscoveredin andwas
characterizedbysequence-specific,post-transcriptionalgenesilencing.RNAi
israpidlyadoptedforfunctionalgenomicsandpathwayanalysis.Recently,
siRNA hasbeenwidelyusedinmammaliangenomicexperiments.Inthis
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study,torevealtheeffectoftheUNC-50toexpressionofmechanicalstress
related genes, kinases and transcription factors in cementoblast cell
(OCCM-30),RT-PCR and western blotwere performed under various
conditions,includingstressapplicationandinactivationofUNC-50mRNA
bysiRNA.

Inthepresentstudy,thecellcultureconditionsweredividedintosix
groups;control,inactivation ofUNC-50by siRNA,tensileforceapplied,
compressiveforceapplied,tensionplussiRNA andcompressionplussiRNA
group.TheeffectsofUNC-50 on mechanicalstressin OCCM-30 were
analyzedbyRT-PCRandwesternblotanalyses.

MMP-2,TIMP-1,byglycan,RANKL,decorin,GP130 and TGF-β 

mRNAswereup-regulatedundercompressionbyRT-PCR.Cox-2,TIMP-1,
MMP-2,anddecorinmRNAswerealsoup-regulatedatcompressionplus
siRNA.However,theexpressionofMMP-2,TIMP-1,RANKL,andOPG
mRNAsweredown-regulatedundertension.Expressionofp38-MAPK was
detected only under compression plus siRNA group by western blot.
Expressionofphospho-ERK-2, ,andp65-NFkB wasobservedunder
tension.However, wasnotexpressedandp65-NFkBweaklyexpressed
attensionplussiRNA.

TheseresultssupportthatinactivationofUNC-50mRNA affectedthe
expression of mechanicalstress related gene,kinase and transcription
factorsin cementoblastcellline,OCCM-30.Itwasalso suggested that
mechano-transductionpathwayofUNC-50wasthoughttobeinvolvedin
p38-MAP kinase pathway and partially involved with NFkB signaling.
Therefore, up-regulation or inactivation of UNC-50 mRNA caused
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expression of various mechanical stress related gene, kinase and
transcriptionfactorsandshoweddifferentexpressionpatternsbytypesof
mechanicalstressincementoblastscell,OCCM-30.
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III...IIINNNTTTRRROOODDDUUUCCCTTTIIIOOONNN

Cementoblastsynthesizescementum andaremainlyfoundinlacunae
atapicalthirdoftoothroot.Cementoblasthassimilaritieswithosteoblastin
reaction to mechanicalstress and their products,cementum and bone.
However,thereareseveraldifferencesbetweencementum andbone.The
mostdistinctdifferencesarereactionpatternbetweenboneandcementum
toenvironmentalchangessuch asremodeling in boneandlimitedrepair
capacity in cementum [1].In addition,cementum is avascular tissue.
Therefore,formation and destruction ofcementum arevery importantin
reactionpatterntokeephealthofperiodontalligament(PDL)andmaintain
periodontium.

To keep the health of PDL,appropriate force to PDL is very
important.Mechanicalstresses to PDL are divided into some kinds of
categorieswhicharetensile,compressiveandshearstress[2].Theseforces
induce various effect and throughout the various signal transduction
pathways.Inthepreviousreports,mechanicalstressplaysimportantroles
in PDL,such as cell proliferation,differentiation,survival and gene
expression [3,4].Many researchers are focused on the maintenance of
periodomtium from variousmechanicalstresses.

UNC-50wasoriginallyidentifiedandisolatedfrom the .
The mammalian homologue ofUNC-50 ( ) or ( ;

)wasalsofound and isolated in mouseand rat.The
UNC-50wasdifferentlyexpressedinhumanPDL fibroblastcomparedto
gingivalfibroblast[5].Itisconsisted of256amino acidsand hasfive
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transmembrane domains.Itis generally located innernuclearmembrane,
endoplasmicrecticulum andGolgicomplex.Inyeast,UNC-50involvedin
membrane trafficking [6].Mutation ofUNC-50 leads no responses to
mechanicalstressin larvae[7].Recently,itwassuggestedthat
UNC-50mightplay an importantroleinthedevelopment,differentiation,
andmaintenanceofperiodontaltissue.Itwasalsosuggestingpotentialrole
ofUNC-50inthemechanotrasductionofPDLfibroblast[8].However,the
effectofUNC-50ontheexpression ofmechanicalstressinducedgenes,
kinasesandtranscriptionfactorsincementoblastwasnotwellunderstood.

SmallinterferingRNA (siRNAi)iswidelyusedinrecentlytostudy
gene function,validate candidate drug targets,and perhaps even treat
disease[9].OneofthecriticalfunctionofsiRNA isdefinedinthecontrol
ofgeneexpressionandchromosomebehavior[10].LongdoublestrandRNA
(dsRNA)iscleavedbyRNaseIIIendonucleaseandproduce21-23basepair
shortsiRNA.ThesiRNA isbindtocomplementarymRNA andcleavage.
Therefore,siRNA actsassequence-specificgenesilencer[11].

Inthisstudy,theeffectofUNC-50onmechanicalstressresponsive
genewereinvestigatedafterapplicationofmechanicalstress.
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IIIIII...MMMAAATTTEEERRRIIIAAALLLSSSAAANNNDDDMMMEEETTTHHHOOODDDSSS

Cementoblastcellline,OCCM-30,waskindlyprovidedfrom professor
SommermanM.J.(SchoolofDentistry,UniversityofWashington,Seattle,
Washington).Collected cells were grown in Dulbecco's Modified Eagle
Medium (DMEM) containing 4.5 g/L glucose (Gibco, Invitrogen
Lifetechnology,CA),non-essentialaminoacid(NEAA;Invitrogen)ofaratio
of100:1supplementedwith5% fetalbovineserum (FBS;Invirtrogen),
penicillin(100IU/㎖)(Invitrogen)andstreptomycin(100㎎/㎖)(Invitrogen)
in5% ofhumidifiedCO2incubator.

SmallinterferenceRNA duplex,siRNA,wassynthesizedandprovided
from Sigma-ProligoCooperation (Sigma-Proligo,Boulder).Threeduplexes
weredesignedbasedonmousehomologofthe UNC-50(Gene
bankNo.BBBCCC000111999444888444).DesignedsequencesofsiRNA areshowninTable1.
ReversetransfectiontoOCCM-30wasperformedusingLipofectaminRNAi
MAXⓇ reagent(Invitrogen).TenorahundredpmolofsiRNA duplexeswas
mixedwith500㎕ ofOpti-MEMⓇ (Invitrogen)ina1.7㎖ micro-centrifuge
tube.Lipofectamin RNAiMAXⓇ reagent was mixed with 500 ㎕ of
opti-MEM inanother1.7㎖ micro-centrifugetube.siRNA mixtureblended
into lipofectamin mixture in a new 1.7 ㎖ micro-centrifuge tube and
incubate15minatroom temperature.Atthesametime,culturedOCCM-30
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cellswerewashedwithphosphatebuffedsaline(PBS)andharvestedwith
0.025% Trypsin-EDTA (Invitrogen)solution.After15min,OCCM-30cells
(5 × 104)were mixed with lipofectamin-siRNA complex solution.After
mixing,cellsuspensionswerepouredinto60mm dishandadded5㎖ of
medium containing 10 mM glyceol-2-phospahte (Sigma) and 50 ㎍/㎖
ascorbicacid(Sigma).Consequently,finalconcentrationofsiRNA is20nM
at100pmol.

TTTaaabbbllleee111...UUUNNNCCC---555000ssspppeeeccciiifffiiicccsssiiiRRRNNNAAA ddduuupppllleeexxx...

siRNA-1
Forward GGAAAUACCUUAUGGUUGAdTdT POS

Reverse UCAACCAUAAGGUAUUUCCdTdT 873

siRNA-2
Forward CUUCUGAUCUCAACGUUAAdTdT POS

Reverse UUAACGUUGAGAUCAGAAGdTdT 672

siRNA-3
Forward CUCUUUCGAUUUCGGCAGAdTdT POS

Reverse UCUGCCGAAAUCGAAAGAGdTdT 405

Cellswerefixedwithice-coldmethylalcoholfor10minandwashed
outwithPBScontaining0.2% bovineserum albumin(BSA;Sigma).After
washing,permeabilizationwasperformedwith0.1% tritonX-100(Sigma)
inPBS for10min.Afterwashing,polyclonalanti-UNC-50antibodywas
treated as primary antibody and fluoresceine-conjugated anti-rabbitIgG
(VectorLaboratories,Burlingame,CA)wastreatedassecondaryantibody.
Cellswereobservedunderfluorescentmicroscope(Axioscope,CarlZeiss,
Halbergmoos,Germany)and took picture with image capture software
axovisionV4.2(CarlZeiss).
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Accordingtothemechanicalstressmethodstheexperimentalgroups
were divided into six groups; control, transfection of siRNA only,
compressiveforceapplied,compressionandsiRNA,tensileforceappliedand
tensionplussiRNA groups.

Forthecompressiveforceapplication,OCCM-30cellswerecompressed
usingapairofweightsfor15min,30min,1hr,2hrand10hrs.A flame
sterilized100×100sizecoverglasswaslaidonOCCM-30monolayerat
90% ofconfluent. Twoof3gmetalweightswereplacedonthecover
glass.Afterappropriatetime,thecellswereharvestedandsubjectedtonext
experiments(Figure1).Thismethod wasmodified from previousreport
[12].Othertypeofforce,tensileforce,wasappliedusingflexiblebottom
cell culture dish, petri-PERMⓇ hydrophilic (Vivascience,. Hannover,
Germany),andapairofcylindershapemetalweights.Eachofweighthas
88g.petri-PERMⓇ waslaidon 35mm cellculturedishandapairof
weightswerelaidonthecoverofpetri-PERMⓇ.Tensileforcewereapplied
for1and2hrsafterinactivationofUNC-50andnormalstate(Figure2).

In the presentstudy,mechanicalstress modelwas established by
modificationofpreviouslyreportedmethodsbyYamaguchiandKasai[13].

555...RRReeevvveeerrrssseeetttrrreeeaaassscccrrriiippptttiiiooonnnaaalllpppooolllyyymmmeeerrraaassseeeccchhhaaaiiinnnrrreeeaaaccctttiiiooonnn(((RRRTTT---PPPCCCRRR)))
Aftertransfection,cellswerewashedoutwithPBS.TotalRNA was

extracted using by TRIzolⓇ reagent (Invitrogen) according to the
manufacture'sinstruction.cDNA wassynthesized using by SuperScripII
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First strand cDNA synthesis kitⓇ (Invitrogen) and oligo-dT primer
(Invitrogen)accordingtothemanufacture'sinstruction.

Inactivation efficiency ofUNC-50 mRNA was evaluated atsiRNA
concentration of10 and 100 pmol.In addition,continuous inactivation
efficiencyofsiRNA wasevaluatedupto72hrsat100pmol.Regulationof
mechanicalstressrelatedmRNAswereestimatedbybiglycan,osteoprotegrin
(OPG),cyclooxygenase-2 (Cox-2),decorin,transforming growth factor-β 

(TGF-β),solublereceptoractivatorofNF-kappaBligand(RANKL),tissue
specificinhibitorofmetalloprotease-1,-2(TIMP-1andTIMP-2)andmatrix
metalloprotease-2 (MMP-2) mRNA specific primers. As a control,
glyceraldehyde-3-phosphatedehydrogenase(GAPDH)mRNA specificprimer
was used.SpecificprimersetsusedinthisstudyareshownatTable2.
Inaddition,Targetbandsweretookpicturewithimagecaptureequipment
GelDoc(BioRadlaboratory,Hercules,CA)andanalyzedwithNIH image
softwareImageJV1.37(NIH).
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Table 2. Specific primer sets

Target gene
Forward

sequences (5`-3`)
Tm(℃℃℃℃)

Reverse Product

UNC-50
F AAACCCGGG TTTGGGGGG GGGAAAAAA TTTCCCGGG CCCAAAGGG GGGAAATTT 55

R CCCCCCTTT TTTCCCCCCCCCAAAAAA CCCAAACCCCCCAAAGGG AAACCCAAA GGGTTT 861 

ββββ-actin
F CCCCCCAAA GGGAAATTT CCCAAATTT GGGTTTTTT TTTGGGAAA GGGAAACCCCCCTTT 55
R GGGTTTTTT GGGCCCCCCAAAAAATTT AAAGGGTTT GGGAAATTT GGGAAACCCCCCTTT 397

Mechanical stress induced menieralization related gene

RANKL
F AAAGGGGGG GGGAAAGGG CCCAAACCCGGGAAAAAA AAAAAAAAA CCCTTTGGG GGGTTT 55
R CCCCCCAAA GGGAAAGGG AAACCCTTT GGGTTTGGG AAACCCCCCCCCCCCCCCTTTTTT 492 

OPG
F GGGAAACCCAAACCCCCCTTTTTTGGG AAAAAAGGG GGGGGGCCCCCCTTTGGG AAATTT 55

R CCCAAATTT GGGCCCTTT TTTGGGGGG CCCTTTTTT TTTCCCTTT GGGGGGGGG TTTAAA 419

Osteocalcin
F GGGGGGAAA CCCCCCTTT GGGTTTGGG CCCTTTGGG CCCCCCCCCTTTAAAAAA AAAGGG 49

R CCCTTTGGG CCCTTTGGG TTTGGGAAA CCCAAATTT CCCCCCAAA TTTAAACCCTTTTTTGGG CCC 122

Mechanical stress induced periodontal remodeling related genes

MMP-2
F AAAGGGAAA AAAAAAAAA GGGAAATTT TTTGGGAAA CCCGGGCCCTTTGGGTTT GGGTTT 55
R CCCTTTTTT CCCAAACCCGGGCCCTTT CCCTTTTTT GGGAAAGGG AAACCCTTT TTTTTT 397

TIMP-1
F AAACCCCCCAAACCCCCCTTTTTTAAA TTTAAACCCCCCAAAGGG CCCGGGTTT TTTAAA 49

R AAAGGGTTT GGGTTTCCCAAACCCTTT CCCTTTCCCCCCAAAGGG TTTTTTTTT GGGCCC 342

TIMP-2
F TTTCCCAAA GGGAAATTT CCCCCCAAA TTTCCCTTT CCCAAATTT TTTTTTTTT CCCCCC 55

R GGGGGGAAA GGGTTTCCCCCCTTTTTT AAAAAACCCCCCGGGTTT TTTTTTCCCTTTTTT 417

Mechanical stress induced pro-inflammation related genes

Cox-2
F AAAGGGAAA AAAGGGGGG GGGTTTTTT CCCCCCCCCAAAAAATTT TTTAAAAAA AAAGGG 55
R AAATTTAAA AAATTTTTT TTTTTTTTT CCCCCCCCCTTTCCCCCCAAAAAAAAA GGGGGG 501 

TGF-ββββ
F TTTGGGGGG TTTGGGGGG AAAGGGAAA GGGAAAAAA GGGAAAGGG GGGAAAAAA AAAAAA 55

R TTTAAAAAA TTTTTTTTT GGGAAAGGG GGGTTTTTT GGGAAAGGG GGGGGGAAA GGGAAA 486

GP-130
F CCCAAAGGG GGGAAAAAA GGGAAACCCGGGCCCTTT AAACCCCCCGGGTTTGGG AAAAAA 55

R TTTCCCCCCTTTTTTGGG AAAGGGCCCGGGAAAAAA CCCTTTTTT TTTGGGGGG TTTGGG 435 

PPPrrrooottteeeiiinnniiisssooolllaaatttiiiooonnn
Inthisstudy,proteinisolationwasperformedbytwoways.First,high

hydrophobicandmembrane-boundedUNC-50proteinwasisolatedusingby
Mem-PERⓇ protein extraction kit (Pierce, Rockford, IL). Cells were
harvestedusingtrypsin.CellswerewashedwithPBS andresuspendedin
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50㎕ ofroom temperatureMem-PER reagentA.Forsolubilizationofthe
membrane protein,Mem-PER reagentC diluted 2 :1 with Mem-PER
reagentB were added into cellsuspension and incubate on ice.The
solublizedproteinmixturewascentrifugedandtakeupperphase.Afterthen,
Thesupernatantwasheatedat37℃ for10min.Afterincubation,solution
was separated lowermembrane and upperhydrophilic protein fractions.
Lowerhydrophobicphasewasusedin thisstudy asmembranebounded
protein phase.Thishydrophobicphasewasnormalized by 4-fold diluted
Mem-perreagentBsolution.Thisdilutedsolutionwasappliedasmembrane
protein extracts.Second,cytosolic and nuclearprotein were isolated by
generallysisbuffers.Forevaluationofexpressionpatternsofmechanical
stressrelatedkinaseandtranslocationtonucleus,hypotonicproteinisolation
buffer(10mM HEPES,pH 7.9,1.5mM MgCl2,10mM KCl,0.5mM DTT,
0.5mM PMSF)wasused.CellswerewashedoutwithPBSand0.5㎖ of
hypotonicbufferwasapplied.Afterthen,cellswerecollected in 1.7 ㎖
micro-centrifugetubeandincubatefor15minonice.Cellsuspensionwas
homogenizedandcentrifugedat4,000rpm for10min.Aftercentrifugation,
carefullytooksupernatantand transfertoanew 1.7㎖ tubeandusedfor
cytoplasmicproteinanalysis.Add10㎕ ofhighsaltlysissolution(20mM
HEPES,pH 7.9,420mM NaCl25% Glycerol,1.5mM MgCl2,0.2mM
EDTA,0.5 mM PMSF,0.5 mM DTT)was added to pelletand was
incubatedfor20minonice.After20min,5fold(v/v)ofstoragebuffer(20
mM HEPES,pH 7.9,100mM NaCl,20% Glycerol,0.2mM EDTA,0.5mM
PMSF)wereaddedtoabovetube.Then centrifugation waspeformedat
14,000rpm for20min.
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Collected proteins were subjected to 10 % sodium-dodesyl-sulfate
polyacrylamidegelelectrophoresis(SDSPAGE).AfterPAGE,proteinswere
transferredtonitrocellulosemembrane(ECLhybond;Amersham UK,Little
Chalfont,UK).Aftertransfer,anti-ERK1/2(Cellsignaling),anti38-MAPK
(Cellsignaling),anti- (Oncogene Research,MA),anti-NFkB (Santa
Cruz,CA),anti-UNC-50(Peptron,Daejeon,KOR),andanti-GAPDH (Lab
frontier,Seoul,KOR)wereused asprimary antibodiesfor1h atroom
temperatureandgoatanti-rabbitIgG wasusedassecondaryantibodyfor
30minatroom temperature.TargetbandsweredevelopedonECL hyper
film andECLchemoluminescencedetectionsystem (Amersham).
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IIIIIIIII...RRREEESSSUUULLLTTTSSS

UNC-50 siRNA duplexes showed about70～80 % ofinactivation
efficienciesforUNC-50mRNA at10and100pmolaftertransfection8to
12hrs.Amongthreekindsofduplexes,siRNA duplexstrain-2showedthe
bestinactivationefficiency(Figure3A).Inthesubsequentexperiments,the
siRNA duplex strain-2 wasused forinactivaton ofUNC-50 mRNA.In
addition,membrane bounded UNC-50 protein was not detected with
treatmentofUNC-50siRNA (Figure3B).UNC-50mRNA waseffectively
inactivatedaftertransfection12hr(Figure4A).However,continuousbasal
expressionwasdetectedsteadilyupto72hrs(Figure4B).UNC-50protein
was localized nuclear membrane in normalOCCM-30.However,after
inactivation ofUNC-50 by siRNA,UNC-50 expression was moderately
decreasedthecells(Figure5).

Morphologically,changes were not observed between controland
siRNA treated groups.However,OCCM-30 cellwas elongated under
compressionandcellularprocesseswereaugmentedundercompressiveforce
plussiRNA groupthancontrol.OCCM-30cellsdidnotshowedremarkable
differencesbetween controland tension group.However,OCCM-30cells
showedslendershapeundertensileforceplussiRNA groupthantension
group(Figure6).
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ExpressionofUNC-50mRNA wasdown-regulatedundercompression
by RT-PCR analysis (Figure 7A).Among the tested mechanicalstress
inducedmineralizationrelatedgenes,RANKL,OPG,MMP-2,TIMP-1and
decorin mRNA were up-regulated undercompression group.Osteocalcin
mRNA didnotchangedundercompression.BiglycanandTIMP-2mRNAs
weredown-regulatedundercompressiveforceandsiRNA group(Figure8).

In addition,a kind ofmechanicalstress induced pro-inflammatory
responserelatedgene,Cox-2wasupregulatedandakindofmechanical
stress induced cytokine Interlukin-6 receptor, GP130 mRNA, was
down-regulated.Mechanicalstress related growth factor,TGF-β,was
up-regulatedbysiRNA undercompressiveforce(Figure9).

UNC-50mRNA wasup-regulatedundertensionbyRT-PCR analysis
(Figure 7B).Among the tested mechanicalstress induced mineralization
relatedgenes,RANKLanddecorinmRNA wereup-regulatedundertension
plussiRNA.Especially,TIMP-1wasstrongly up-regulatedundertensile
forceplussiRNA groupthantensiongroup.

However, OPG, MMP-2, TIMP-2, and biglycan mRNA were
down-regulated attensile force plus siRNA group than tension group
(Figure 8).Ostaeocalcin did notchanged in each oftension group and
tensionplussiRNA group.MechanicalstressinducedIL-6receptor,GP130
mRNA, and transforming growth factor, TGF-β mRNA, was
down-regulated. However, mechanical stress induced pro-inflammation
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relatedgeneCox-2wasup-regulatedundertensileforceplussiRNA group
(Figure9).

After inactivation of UNC-50 mRNA by siRNA, expression
p38-MAPK,NFkB,c-fosandERK1/2wereanalyzedbywesternblot.

Expressionandphosphorylationofp-38MAPK wasup-regulatedonly
in compression plussiRNA group.Mechanicalstressrelatedtranscription
factorNFkBwasalsoanalyzed.ExpressionofNFkBwasslightlydecreased
bothoftensionandtensileforceplussiRNA group.However,trans-location
tonucleuswasnotdetectedinallgroups.Up-regulationof wasonly
detected in tension group.Among thetested kinases,phosphorylation of
ERK1/2 was detected at compression group. ERK-2 was strongly
phosphorylatedthanphosphorylationofERK-1undercompression.However,
there were no expressional differences between compression and
compressiveforceplussiRNA groups.(Figure10).
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IIIVVV...DDDIIISSSCCCUUUSSSSSSIIIOOONNN

InactivationofUNC-50mRNA usingsiRNA couldnotleadcomplete
inactivationofUNC-50proteinsynthesis.70～80% ofinactivationefficiency
ofUNC-50causedsteadybasalmRNA expressionupto3days(Figure1C,
D). It was described in previous report, about 20 nM of siRNA
concentrationwassufficientforinactivatingtargetgene[14].Inthepresent
study,100pmolofsiRNA-2strainshowedbestinactivationefficiencyafter
8 to 12 hrs.Inactivation efficiencies ofsiRNA did notshowed reliable
differencesbetweeneachconcentrationsofsiRNA.

PDLcontrolshomeostasisofperiodontium from variousstressessuch
as mastication or occlusion. PDL induced osteoclastogenesis
up-regulationofRANKLundercompression.However,PDLdoesnotinduce
osteoclastogenesis up-regulationofOPG andTGF-β undertensileforce
[15].RegulationsofRANKLandOPG mRNAsinOCCM-30aresimilarto
thatofosteoblastcellline,MG-63[16,17].

Although, osteocalcin, decorin and biglycan were known as
mechanicalstressinducedperiodontium remodelingrelatedgene[18].Itwas
reported thatosteocalcin mRNA was increased undermechanicalstress
underlong term stress.Increase ofbiglycan and decorin mRNA were
reported.However,signaltransduction pathwaysofdecorin and biglycan
werenotfullyunderstood [2,19].

Inthepresentstudy,RANKL mRNA showeddefinitedifferencesin
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mRNA expression between stressgroupsandstressplussiRNA groups.
ExpressionofRANKLwasup-regulatedbycompressiveforceplussiRNA
appliedgroupanddecreasedundertensionplussiRNA (Table3).

Table 3. Mechanical stress induced mineralization related genes
Compression Tension

Decorin ++ ++
Biglycan - ---
RANKL ++ ---
OPG + -
Osteocalcin - -

DecorinmRNA wasup-regulatedinallgroups.BiglycanmRNA was
down-regulatedattensionplussiRNA group.ItmeanthatUNC-50weakly
influencestomineralizationofcementogenesisundertensioninOCCM-30.It
suggestedthatUNC-50mightbeinvolvedinperiodontium remodeling
facilitation of osteoblastogenesis or periodontium degradation under
compressiveforce.However,UNC-50mightbenotorweaklyinfluenceto
periodontium remodeling osteoblastogenesisorperiodontium degradation
undertension.ThissuppositionissupportedbythereportofMada
and these regulations may be essentialto protect root surface from
absorption[20].Thisresponsewasalsoreportedasdifferentmagnitudesof
mechanicalstraininducedifferenteffectsinosteoblasticcell[17].

In previous report,MMP-2 was differently expressed by typesof
stress.Up-regulationofMMP-2mRNA inducesup-regulationsofTIMP-1
and up-regulation a specific inhibitor ofMMP-2 (TIMP-2) in human
osteoblastandPDL [21,22].RegulationsofTIMPsandMMPsinfluenceto
facilitationofturn-overrateinboneandperiodontium [23,24].

Inthisstudy,expressionpatternsofMMP-2,TIMP-1andTIMP-2
suggested that inactivation of UNC-50 influence to mechanicalstress
induced signal transduction in OCCM-30. The cementoblast showed
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differentlyreactedtothestresses.Therefore,UNC-50mightinfluencetobe
formationandresorptionofthecementum regulation ofRANKL and
OPGmRNA expressionundermechanicalstress.Itwassynchronizedinthe
tissueremodelingprocessbyperiodontium degradation byMMP-2,TIMP-1
andTIMP-2undermechanicalstress(Table4).

Table 4. Mechanical stress induced matrix degradation related genes
Compression Tension

MMP-2 ++ -
TIMP-1 +++ +
TIMP-2 - +++

Inflammation reactions were commonly observed under mechanical
stress.Among the known mechanicalstress induced pro-inflammation
relatedfactors,IL-6anditsreceptorGP130werewellknown.Itwasalso
known that up-regulation of growth factors under appropriate stress.
IncreaseofGP130andTGF-β inducedtissuedegradationbyinflammatory
responsesandosteogenesisinPDLandbone[25-27].

Inthepresentstudy,GP130mRNA,wasdown-regulatedandCox-2
mRNA wasup-regulatedatallgroups(Table5).Cox-2isalsoimportantin
maintaining of periodontium under mechanicalstress.In the previous
reports,Cox-2mRNA wasup-regulatedundertensileforceinhumanPDL.

Table 5. Mechanical stress induced pro-inflammation related genes
Compression Tension

TGF-ββββ -- +++
GP-130 -- -
Cox-2 ++ +++

Mechanicalstressinducedsignaltransductionpathwaywasnotfully
understood in cementoblastand PDL fibroblast.However,some ofthe
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mechanicalstressineducablegene,kinasesandtranscription factorswere
reported[28,29].Itwasonlysuggestedthatmechanicalstresswasinvolved
in theRhokinasepathway inhumanPDL fibroblastandactivate ,

,ERK1/2andp38-MAPK.Matsudaetal.alsoreportednochangesin
ERK phosphorylationafterstretchinPDL[28,30,32-33].A memberofMAP
kinase,p38-MAPK,plays an important role in induction of MMP-2
activation by mechanical stress [34]. Mechanical stress induced
up-regulation ofp38-MAPK.Subsequently,expression ofMMP-2 was
increased by p38-MAPK-dependent manner in endothelial cells [35].
However,Itwasalso reported thatMMP-2expression from mechanical
stress was notinvolved in ERK1/2 pathway in musculararteris under
tensileforce[36].

NFkB playsimportantrolesinvariouscells,suchas,osteoblastand
fibroblast.NFkB effectson theexpression ofmechanicalstressinduced
geneand kinases[37,38].NFkB isinactivatedby IkB.When cellswere
exposed to stress,IkB is separated from p65-NFkB protein and the
p65-NFkB protein is translocate to nucleus.Translocation ofp65-NFkB
proteinstimulatesvariousgeneexpressions.Anotherimportantmechanical
stress induced transcription factor, ,was reported under uniaxial
stretching[38].A memberofmechanicalstressrelatedtranscriptionfactor

and alsocontrolgeneexpression[29].Mechanicalstressinduced
and had been reported in bone and fibroblast.Especially,

expressionsof and weremainly reportedinosteoblastunder
compressionforce[39,40].

In this study,activation of p38-MAPK under compression and
stronglyup-regulatedatcompressplussiRNA.ItissupposingthatUNC-50
mightto facilitate mineralization in OCCM-30 undercompressive force.
PhosphorylationofERK1/2wasalsodetectedbywesternblotundertension.
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However,there were no expressionaldifferences between tension and
tensionplussiRNA.ItsuggestedthatUNC-50mightnotbeinvolvedin
mechano-transduction ERK pathwayinOCCM-30.Although,decreaseof
p65-NFkB wasdetectedattensionplussiRNA,translocationofp65-NFkB
proteinwasnotdetected(datanotshown).ItsuggestedthatUNC-50might
toinhibitphosphorylationofNFkBundertension.

Expressionof wasalsostronglysuggestedtheinvolvementof
UNC-50inmechano-transductioninOCCM-30.

UNC-50 regulates signal transduction on nuclear membrane,
endoplasmicrecticulum,andGolgiapparatus.However,itisnotidentified
whereisthefunctionallocationinOCCM-30.Thesignalsfrom mechanical
stresswereintroducedform externalcellularenvironmenttocytoplasm and
nucleus.ResponsestomechanicalstressofOCCM-30 UNC-50were
representedinthisstudy.Although,expressionofUNC-50mRNA wasnot
completelyinactivated,expressionandphosphorylationofmechanicalstress
responsivemRNA,kinase,andtranscriptionfactorwaschangedaccordingto
themechanicalstresses.

In conclusion, nuclear membrane bounded UNC-50 protein was
involvedinmechano-transduction.UNC-50playsaroleinmechanicalstress
inducedsignaltransductionandinregulateexpressionofgene,kinaseand
transcriptionfactorincementoblastcellline,OCCM-30bytypesofforce.
mechano-transductionpathwayinOCCM-30mightbeinvolvedwithNFkB
and MAP kinase.Therefore,ifexpression ofUNC-50wasregulated,it
mighttobeausefulwaytokeephealthofPDLandtobeaappropriate
wayforclinicaltreatments.
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VVVIII...FFFiiiggguuurrreeeLLLeeegggeeennndddsss

FFFiiiggguuurrreee111...AAArrrtttiiifffiiiccciiiaaalllmmmeeeccchhhaaannniiicccaaalllssstttrrreeessssssmmmooodddeeelllfffooorrrcccooommmppprrreeessssssiiivvveeefffooorrrccceee.
siRNA transfectedandnormalcementoblastcellline,OCCM-30(5×104

cell/dish) were seeded on 60 ㎜ culture dish.After 8 hours from
transfection,flamesterilizedcoverglasswerelaidonthecells.Sterilizeda
pairofmetalweights(2×3g)werealsolaidonthecoverglass.

FFFiiiggguuurrreee222...AAArrrtttiiifffiiiccciiiaaalllmmmeeeccchhhaaannniiicccaaalllssstttrrreeessssssmmmooodddeeelllfffooorrrttteeennnsssiiillleeefffooorrrccceee.
siRNA transfected and normalOCCM-30 (5 × 104 cell/dish)were

seededonflexiblebottom 60㎜ culturedish,petri-PERMⓇ.After8hours
from transfection,petri-PERM islayingin35㎜ culturedish.Sterilizeda
pairofmetalweights(88X2g)werealsolaidoverthecover.

FFFiiiggguuurrreee333...DDDeeettteeerrrmmmiiinnnaaatttiiiooonnnooofffsssiiiRRRNNNAAA cccooonnnccceeennntttrrraaatttiiiooonnnaaannndddeeeffffffeeeccctttiiivvveeeddduuupppllleeexxx
ssstttrrraaaiiinnnooofffsssiiiRRRNNNAAA

After transfection 8 hrs, three kinds of siRNA strains showed
effectivelyinactivationofUNC-50mRNA expression.About70～80% of
Inactivationrateweredetectedat10and100pmol.Furthermore,amongthe
tested siRNA duplexes,siRNA-2 strain showed thebestefficiency (AAA).
UNC-50 protein synthesis was effectively inactivated by siRNA duplex
strain-2(BBB)

FFFiiiggguuurrreee444...TTTiiimmmeeecccooouuurrrssseeeiiinnnaaaccctttiiivvvaaatttiiiooonnneeeffffffiiiccciiieeennnccciiieeesssooofffsssiiiRRRNNNAAA---222ssstttaaarrriiinnn...
InactivationeffectofsiRNA wastestedusingsiRNA-2strainandby
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timecourse.100pmolofsiRNA-2wastransfectedintoOCCM-30on60㎜
culturedish.TotalRNA wereextractedfrom normalandtransfectedcells
by4,8,12,24,48,and72hrs.ExpressionofUNC-50mRNA wasanalyzed
by RT-PCR.Effective inactivation ofUNC-50 mRNA expression was
detectedat12hrsaftertransfection.However,basalexpressionofUNC-50
mRNA wassteadilydetectedupto72hrs.

FFFiiiggguuurrreee555...IIImmmmmmuuunnnooofffllluuuooorrreeesssccceeennnccceeessstttaaaiiinnniiinnngggooofffUUUNNNCCC---555000iiinnnccceeemmmeeennntttooobbblllaaasssttt
To evaluate expression pattern of UNC-50 in OCCM-30,

Immunofluorescence using polyclonal FITC-conjugated anti-UNC-50
antibody.Atnormalstate,expression ofUNC-50 was detected around
nuclearmembrane(AAA).Meanwhile,expressionofUNC-50wasdecreasedat
inactivationofUNC-50bysiRNA.However,basalexpressionofUNC-50
wassteadilydetected(BBB).

FFFiiiggguuurrreee666...MMMooorrrppphhhooolllooogggiiicccaaalllccchhhaaannngggeeesssooofffccceeemmmeeennntttooobbblllaaassstttccceeellllllllliiinnneee,,,OOOCCCCCCMMM---333000,,,
aaatttvvvaaarrriiiooouuussscccooonnndddiiitttiiiooonnnsss...

OCCM-30 showed polygonal shape at normal condition (AAA). At
inactivationofUNC-50,OCCM-30showedsimilarmorphologywithnormal
cellmorphology(BBB).Undercompressiveforce,OCCM-30showedelongated
in length andlostpolygonalshape(CCC).Undercompression andUNC-50
mRNA inactivationstate,OCCM-30showedsimilarmorphologyinplateC.
However,polygonalshapeofOCCM-30isstillremained(DDD).Whentensile
force was applied to OCCM-30, cell size was decreased. However,
remarkable polygonalshape was observed (EEE).Undertensile force was
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appliedwithsiRNA,cellsizewasnotchangedandpolygonalshapeslightly
lost(FFF).Originalmagnificationsofallabovepictureare×100.

FFFiiiggguuurrreee 777...EEExxxppprrreeessssssiiiooonnnsss ooofffUUUNNNCCC---555000 mmmRRRNNNAAA uuunnndddeeerrr cccooommmppprrreeessssssiiiooonnn aaannnddd
ttteeennnsssiiiooonnn...

Expression ofUNC-50undercompression (A)andtension (B)were
analyzedby RT-PCR.Undercompression,expression ofUNC-50showed
gradientdecrease.Although,slightly increased 2hrsafterforceapplied.
Over all pattern showed decreasing manner.However,expression of
UNC-50showedgradientincreasingpatternundertensileforce.Expression
of UNC-50 was changed about 50 % of decreasing pattern under
compressionand20% ofincreasingpatternundertensionforce.Expression
rateswerenormalizedwithexpressionofbeta-actin.

FFFiiiggguuurrreee 888...EEExxxppprrreeessssssiiiooonnnsss ooofffmmmeeeccchhhaaannniiicccaaalllssstttrrreeessssss iiinnnddduuuccceeeddd mmmiiinnneeerrraaallliiizzzaaatttiiiooonnn
rrreeelllaaattteeedddgggeeennneeebbbyyyRRRTTT---PPPCCCRRR

Under mechanical stress plus siRNA, mechanical stress induced
meralization related gene,RANKL,and its decoy receptor,OPG,were
analyzed.OPG and RANKL were decreased after 12 hrs.Although,
osteocalcin mRNA was up-regulated under tension plus siRNA and
down-regulated compression plus siRNA, negligible differences were
observed.Compressiveforceinducedgene,MMP-2wasincreasedatstress
group.Between mechanical stress induced mineralization related gene
biglycananddecorin,decorinshowedweaklychangedinexpressionunder
stress and siRNA. However, biglycan showed reliably decreased in
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expressionundertensionplussiRNA. Furthermore, amemberoftissue
specific inhibitor ofMMP family,TIMP-1 and TIMP-2 were slightly
decreasedunderinactivationofUNC-50.Aboveallexpressionrateswere
normalizedwithexpressionofbeta-actin.Control;Ct,stressappliedgroup;
St,stressplussiRNA group;Stsi.

FFFiiiggguuurrreee999...EEExxxppprrreeessssssiiiooonnnaaalllccchhhaaannngggeeesssooofffmmmeeeccchhhaaannniiicccaaalllssstttrrreeessssssiiinnnddduuuccceeedddcccyyytttoookkkiiinnneee
rrreeeccceeeppptttooorrr(((GGGPPP111333000)))aaannndddtttrrrnnnaaassscccrrriiippptttiiiooonnnfffaaaccctttooorrr(((TTTGGGFFF---ββββ    aaannndddCCCoooxxx---222)))

A kindofmechanicalstressinducedcytokine,IL-6receptor,GP130(AAA)
and a kine ofgrowth factor,TGF-β (BBB),were analyzed by RT-PCR.
ExpressionsofGP130wasdown-regulatedundertensionforceandTGF-β 

was also slightly expressed.Under stress plus siRNA treated groups,
expression ofGP130 was more down-regulated.However,expression of
TGF-β isgreatly expressed undercompression forceandsiRNA applied
group. Cox-2 plays in a NFkB activation under mechanical stress.
expression ofCox-2 showed increasing pattern atinactivation state of
UNC-50(CCC).Control;Ct,stressappliedgroup;St,stressplussiRNA group;
Stsi

FFFiiiggguuurrreee 111000...EEExxxppprrreeessssssiiiooonnnsss ooofff mmmeeeccchhhaaannniiicccaaalllssstttrrreeessssss rrreeelllaaattteeeddd kkkiiinnnaaassseeesss aaannnddd
tttrrraaannnssscccrrriiippptttiiiooonnnfffaaaccctttooorrrsssbbbyyywwweeesssttteeerrrnnnbbbllloootttaaannnaaalllyyysssiiisss

Amongthetestedproteinsbywesternblotanalysis,p38MAPkinase
wereincreasedunsercompressionforceplussiRNA treatedgroup.p42-ERK
isonlydetectedandp-44wasslightlyexpressed.Although,expressionsof
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ERK1/2,differenceofexpressionlevelwasnotobserved.expressionof
wasdetectedonlyintensionforceappliedgroup.Also,itwasnotexpressed
undertensionplussiRNA treatedgroup.UNC-50wasdetectedeverylanes,
However,itwasweakly expressed undercompression forceapplied and
morestrongexpressionswerestrongundertensionappliedgroup.
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FFFiiiggguuurrreee666...MMMooorrrppphhhooolllooogggiiicccaaalllccchhhaaannngggeeesssooofffttthhheeeccceeemmmeeennntttooobbblllaaassstttccceeellllllllliiinnneee,,,OOOCCCCCCMMM---333000,,,
aaatttvvvaaarrriiiooouuusssssstttrrreeesssssseeesss...
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AAABBBSSSTTTRRRAAACCCTTT iiinnnKKKOOORRREEEAAANNN

백백백악악악모모모세세세포포포 (((OOOCCCCCCMMM---333000)))에에에서서서 기기기계계계적적적 자자자극극극과과과
관관관련련련된된된 유유유전전전자자자 발발발현현현에에에 미미미치치치는는는 UUUNNNCCC---555000의의의

기기기능능능억억억제제제 효효효과과과

최최최 용용용 석석석
조조조선선선대대대학학학교교교 대대대학학학원원원 치치치의의의학학학과과과

(((지지지도도도교교교수수수 :::박박박주주주철철철)))

치주조직은 일생동안 저작압 및 교합압에 의한 기계적인 자극에 노출
되어있는 조직이다.UNC-50유전자는 에서 최초로 동정되었고,최
근에는 생쥐와 흰쥐를 포함한 고등 포유동물에서도 보고되었으며,최근에는 사
람의 치주조직에서 발현됨이 보고되었다.최근의 보고들에 의하면,UNC-50은
치주조직의 발생과 형성과정에서 치주인대섬유모세포에 가해지는 기계적인 자
극에 대한 반응에 있어서 중요한 역할을 할 것으로 생각된다.그러나,치주조직
의 형성과 분화과정에서 UNC-50의 이런 기능들이 제시되었음도 불구하고,기
계적 자극의 전달과 관련된 경로는 아직 밝혀지지 않았다.

siRNA는 에서 그 존재와 기능이 최초로 확인되었으며,특정
상보적 서열에 대한 특이적인 결합을 유도하여,상보적 mRNA를 21-23뉴클레
오타이드로 분해함으로 대상 단백질의 합성을 억제하여 대상 유전자의 기능을
억제하는 기전이다.이러한 siRNA는 비교적 쉽고 빠르고 정확하게 작용함으로,
포유동물 유전자의 기능과 작용경로를 분석하는데 최근 들어 널리 사용되고 있
다.본 연구는 UNC-50siRNA를 사용하여 UNC-50의 기능 억제를 유도한 후,
기계적 자극을 가한 군과 가하지 않은 군을 통하여 자극의 수용 및 전달과 관
계되어 발현되는 유전자와 전사인자 및 kinase의 발현 변화를 확인하였다.이
들의 발현 변화를 통하여 UNC-50유전자가 백악모세포(OCCM-30)에서의 자
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극 수용 및 전달에 있어서의 영향을 평가하였다.
본 연구는 세포에 가해지는 자극의 종류와 siRNA의 적용유무에 따라 6

개의 집단으로 구분하여 수행하였다;정상대조군,siRNA만을 처리한 군,압력
(compressiveforce)만을 가한 군과 압력과 siRNA를 동시에 처리한 군,장력
(tensileforce)만을 가한 군 및,장력과 siRNA를 동시에 처리한 군.본 실험에
서 위와 같은 환경과 UNC-50의 기능억제를 통한 백악모세포주인 OCCM-30세
포에 가해지는 자극에 대한 유전자, kinases 및 전사인자들의 변화를
immunocytochemicalstaining,RT-PCR,및 westernblot을 통하여 확인하였
다.

RT-PCR 결과,압력이 가해진 환경에서 MMP-2,TIMP-1,TIMP-2,
GP130,TGF-β,biglycan,RANKL및 decorinmRNA 들의 발현이 압력이 가
해진 환경에서 증가 하였으며 Cox-2,TIMP-1,MMP-2및 decorinmRNA의
발현은 압력과 siRNA가 동시에 주어진 상황에서 더욱 증가하였다.그러나,
MMP-2,TIMP-1,RANKL 및 osteoprotegrinmRNA의 발현은 장력 하에서
감소하였다.

Westernblot분석 결과,p38MAPK의 발현은 압력과 siRNA가 동시에
주어진 환경 하에서 증가하였다.Phospho-ERK-2의 증가와 p65-NFkB의 감소
가 확인되었지만,p65-NFkB의 발현은 세포질에서만 확인 되었고,핵으로 이동
은 관찰되지 않았다.

이러한 결과는 UNC-50이 치주인대에서 기계적 자극전달과 관련이 있다
는 것을 의미하며,자극을 통한 치주인대의 분화에서 중요한 역할을 한다는 것
을 시사한다.또한,UNC-50은 p38MAPK 신호전달기전에 관여하고,부분적으
로 NFkB의 기전에도 관여한다고 볼 수 있다.따라서 UNC-50은 백악모세포유
사세포주인 OCCM-30세포에서 기계적 자극의 종류에 따라 작용을 달리하고
치주조직 및 백악질의 형성과 파괴를 조절함으로서 치주조직의 유지에 중요한
역할을 할 것으로 사료된다.
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