
2 0 0 8 년  8 월석 사 학 위 논 문

조선대학교 대학원

치 의 학 과

유 현 주

[UCI]I804:24011-200000236455



개의 골수기질세포에 FGF와 PDLF-conditionedmedia처리시
치주인대섬유모세포 관련 유전자의 발현에 관한 연구

2008년 8월 일

조선대학교 대학원

치 의 학 과

유 현 주



지도교수 장 현 선

이 논문을 치의학 석사학위신청 논문으로 제출함.

2008년 4월 일

조선대학교 대학원

치 의 학 과

유 현 주



유현주의 석사학위 논문을 인준함.

위원장 조선대학교 교 수 이 난 영 인

위 원 조선대학교 교 수 김 병 옥 인

위 원 조선대학교 교 수 장 현 선 인

2008년 5월 일

조선대학교 대학원



-i-

Content

ListofTables·····················································································································ⅱ

ListofFigures····················································································································ⅲ

Abstract································································································································ⅳ

Ⅰ.Introduction·····················································································································1

Ⅱ.Materials& Methods···································································································3

Ⅲ.Results ····························································································································6

Ⅳ.Discussion ···················································································································11

Ⅴ.Conclusion·····················································································································14

Reference······························································································································15



-ii-

ListofTables

Table 1.  Nucleotide sequences of the primers used for RT-PCR. ··················· 5

Table 2. Conditions for RT-PCR ················································································· 5



-iii-

ListofFigures

Fig.1EffectofFGFtreatedand/orPDLF-conditionedmediaonbonemarrow
stromalcell.··········································································································7

Fig.2Gene(NestinmRNA)expressionpatternaccordingtoFGF-treated,
PDLF-conditionedmedia.··················································································9

Fig.3Gene(UNCLmRNA)expressionpatternaccordingtoFGF-treated,
PDLF-conditionedmedia.··················································································9

Fig.4Gene(S100A2mRNA)expressionpatternaccordingtoFGF-treated,
PDLF-conditionedmedia.················································································10



-iv-

국문초록

개의 골수기질세포에 FGF와 PDLF-conditioned media 처리시 

치주인대섬유모세포 관련 유전자의 발현에 관한 연구

        유 현 주
지도교수 :장 현 선

조선대학교 대학원 치의학과

발거가 예상되는 치아들에서는 치주인대가 상실되어 있어 치아의 재식이 현실적으로
어려워,고비용의 임플란트 치료가 증가하고 있어서 그로인한 환자의 부담이 가중되
고,임프란트 주변에는 치주인대가 없기 때문에 향후 재생시 한계점을 드러낸다.치주
조직 재생에 필수적인 치주인대섬유모세포가 상실된 심한 치주염환자들에서 치주재생
에 필수적인 요소를 획득할 수 있도록 줄기세포를 이용한 조직공학의 연구가 필요한
시점이다.그러나,다양한 분화가 가능한 줄기세포에서의 치주인대섬유모세포로의 분
화에 관한 연구는 미비한 실정이다.본 연구의 목적은 섬유모세포 성장인자와 치주인
대섬유모세포 배양액이 줄기세포에서 치주인대섬유모세포로의 분화에 끼치는 영향을
평가하기 위하여 치주인대 관련유전자들의 발현을 평가하고자 한다.
줄기세포는 Dog의 골수기질세포를 실험에 이용하였다.줄기세포에 섬유모세포 성장
인자와 치주인대섬유모세포 조건배지을 첨가한 것을 실험군으로 하였다.실험군을 세
분하였는데,섬유모세포성장인자을 적용한 것을 실험1군,치주인대섬유모세포-조건배
지를 적용한 것을 실험 2군,그리고 섬유모세포성장인자와 치주인대섬유모세포-조건
배지를 함께 적용한 것을 실험 3군으로 세분하였다.대조군은 아무런 처치를 하지 않
고 단순히 골수기질세포만을 배양한 것으로 하였다.치주인대섬유모세포 조건배지는
개의 치주인대섬유모세포를 배양하여 그 배양액을 조건배지로 이용하였다.세포는
60mm 배양접시에서 10% Fetal Bovine Serum(FBS, Gibco BRL)이 함유된
Dulbecco'sModifiedEaglesMedium(DMEM,GibcoBRL)을 이용하여 5% CO2,37℃,
100% 습도 조건에서 배양하였다.섬유모세포성장인자는 3ng/ml로 적용하였고,치주인
대섬유모세포 조건배지는 치주인대섬유모세포만 배양하여 얻은 그 배양액을 줄기세포
배양액과 1:1비율로 적용하였다.배지는 이틀에 한번씩 교체하고 7일동안 배양한 후,
치주인대관련 유전자 발현을 평가하기 위하여 Trizol reagents (Gibco, BRL,
Rockville,USA)를 이용하여 각각의 세포에서 totalRNA를 추출하였다.줄기세포에서
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치주인대섬유모세포로의 분화의 영향을 평가하기 위하여 Nestin,UNCL,S100A2
mRNA의 발현유무를 확인하기 위하여 RT-PCR를 시행하였다.본 연구 결과,줄기세
포에 FGF와 치주인대섬유모세포-조건배지를 적용시 치주인대섬유모세포 관련유전자
들의 발현이 더 두드러졌다.또한 FGF 적용시 전반적인 유전자의 발현이 증가하는
경향을 나타내었다.본 연구결과 줄기세포의 치주인대섬유모세포로의 분화에 FGF와
치주인대섬유모세포-조건배지가 기여할 수 있을 것으로 사료되며,향후 치주인대공학
에 응용할 수 있을 것으로 사료된다.

주요어:줄기세포,치주인대섬유모세포,유전자,섬유모세포성장인자,조건배지
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Introduction

Theperiodontaltissueiscomposedofcementum,bone,gingiva,and
periodontalligament.Periodontitiscanbecausedbyinfection,mechanical
stressandaging.Oncetheperiodontaltissueisimpaired,thetissuehasa
limitedcapacityforregeneration.(1)Sincecementoblasts,osteoblasts,and
periodontalligamentfibroblastsarederivedfrom periodontalligament(11),
regenerationofperiodontaltissuecanbelimitedinsevereperiodontitispatients
withperiodontalligamentloss.
Becauseconventionalperiodontalregenerationmethodsremaininsufficientto
obtainacompleteregenerationinperiodontitispatients,theconceptof
periodontaltissueengineeringhasresentlybeenneededtoimprovethehealing
ofperiodontaltissues.(2)
Stem cellsarepluripotentcellswithunlimitedproliferationpotentialand
differentiationcapacitytoalltypesofsomaticcells.Periodontaltissue
engineeringbasedoninvitroexpandedcellsholdsthepromisetoovercome
thelimitationsassociatedwithcontemporaryregenerativetechniques.InancB,
etal.(5)reportedthatstem cellsmaybecomeacellsourcewithunlimited
supplyforperiodontaltissueengineeringapplications.
Fibroblasticdifferentiationfrom stem cellsisofwidespreadsignificanceinthe
engineeringofvirtuallyalltissuesincludingtendons,ligaments,periodontal
ligament,cranicalsuturesandasinterstitialfillerofallorgans.(9)
Lee CH,etal.(9) observed thatconnective tissue growth factor
(CTGF)-treated hMSCs failed to show osteogenic or chondrogenic
differentiation,andthatCTGFisaneffectiveinductionfactorforfibroblastic
differentiationofhumanhumanmesenchymalstem cells.OgisoB,etal.(14)
reportedthatco-cultureofhumanperiodontalligamentfibroblastorratskin
fibroblast withbonemarrow stromalcells(BMSCs)resultedinalarge
reductionofbonenoduleformation,andthatfibroblastsmayinhibitosteoblast
differentiation.
MSCsgenerallyarepositivefornestin,whichisanearlymarkerofneuronal
progenitors.(4,16)Bonemarrowstromalcellscanbeexpandedrapidlyinvitro
andhavethepotentialtobedifferentiatedintoneuronalcelltypes.(16)
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HermannA,etal.(4)observedthattheirdataprovideanimpetusfor
differentiatinghumanbonemarrow stromalcellsinvitrointomature
neuroectodermalcells.MSCscanbecomeavaluablecellsourceasanautograft
forclinicalapplicationinvolvingregeneration.
The aim ofthisstudy wasto investigate the periodontalligament
differentiationpossibilityofBMSCsundertheinfluenceoffibroblastgrowth
factorand/orperiodontalligament-conditionedmediainvitro.



-3-

MaterialsandMethods

CellCulture

Thenbonemarrosstromalcells(BMSCs)andperiodontalligamentfibroblasts
(PDLF)ofdogwereusedforourstudy.Freshmediaobtainedfromculturing
humanperiodontalligamentfibroblastsofdogwereusedforconditionedmedia.
8passageBMSCand6passagePDLFwereusedforthisstudy.TheBMSC
andPDLFwereculturedinDulbecco'sModifiedEaglesMedium (DMEM,
GibcoBRL,USA)containing10% fetalbovineserum(FBS)at5% CO2,37℃,
and100% humidity.

Conditionedmedium experiments
Thecellswereculturedat5% CO2,37℃,and100% humidityina60㎜ petri
dishuntil7days.Themediachangewasdoneinahumidincubatorina
2-dayintervalbyexchangingDMEM medium containing10% FBS.The
controlgroupwasBMSCwithouttreatment.Theexperimantgroupswere
BMSCtreatedwithFGF,FGFplusfreshmediaofhPDLF,freshmediaof
hPDLF,freshmediaofdPDLF,FGFplusfreshmediaofdPDLF,respectively.
The3ng/㎖ fibroblastgrowthfactor(FGF)wasappliedina2-dayinterval
whentheexperimentalcellculturingmediawaschanged.TheFGFapplied
mediawasnamedbyFGF-treatedmedia.
Freshmediaobtainedfromculturingperiodontalligamentfibroblastsofhuman
anddogwasappliedina2-dayintervalwhentheexperimentalcellculturing
media was changed.Itis named by PDLF-conditioned media.The
PDLF-conditionedmediawasobtainedina2-dayintervalwhenthePDLFs
culturingmediawaschanged.ThePDLF-conditionedmediawasmadeby
mixtureof50:50ratiowithfreshmediaobtainedfrom PDLFandculture
media.

ReverseTranscription-PolymeraseChainReaction(RT-PCR)

ThetotalRNAwasextractedaccordingtothemanufacturer'sinstruction
usingTrizolReagent(Invitrogen,USA).Thefirst-strand cDNA was
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synthesizedusing25Uofoligo-d(T)primerandpremix(Bioneer,Korea)per1
㎍ oftotalRNAfromculturedgingivalfibroblast.Thesenseandanti-sense
oligonucleotideprimersforthebasesequencesofnestin,UNCL,S100A2and
GAPDHwereordered(Table1).UsingthetemplateofcDNAprocessedfrom
thereversetranscription(RT)process,20㎕ ofPCRmixturewaspreparedby
adding20pmolsofprimer,5㎕ ofcDNA,AccuPowerPremix(Bioneer,
Korea),anddistilledwater.
PCRwasdoneby30-35cyclesofdenaturation,annealing,andextension
(Table2)usingPTC-200(MJResearchInc.,Watertown,MA,U.S.A).PCR
productswereanalyzedbyeletrophoresingin1.5% agarosegeltoconfirmgene
expressions.
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 Primer Sequences5′→3′ Predictedsize
(basepairs)

GAPDH Sense CCATGGAGAAGGCTGGG 200Anti-sense CAAAGTTGTCATGGATGACC
Nestin Sense GCCCTGACCACTCCAGTTTA 98Anti-sense GGAGTCCTGGATTTCCTTCC
S100A2 Sense AAGAGGGCGACAAGTTCAAGC 278Anti-sense  GAATGTTGCAGGAAACAGCCA
UNCL Sense ACCAGTGGGCCAGAGATGACC 493Anti-sense GAAAGCCCGTAGAGCAGAATCAGA

Temperature(℃)
Time
(min.)GAPDH Nestin,

S100A2 UNCL

Predenaturation 94 94 94 5
denaturation 94 94 94 1
Annealing 55 55 45 1
Polymerization 72 72 72 *
*Polymerizationtime:GAPDH,UNCL(1.5min),S100A2,nestin(0.5),min.:minute
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Results

Morphologicalchanges according to the FGF-treated media and/or
PDLF-conditionedmediaofBMSC
Morphologicalchangesofthecellswereobservedunderaphasecontrast
microscope. At7days,moreproliferationwasobservedundertheFGF
treated,PDLF-conditioned,FGFplusPDLF-conditionedgroupsthanthecontrol
group.
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A. B.

C. D.

Figure1.EffectofFGFtreatedand/orPDLF-conditionedmediaonbone
marrowstromalcell.At7days,cellproliferationwasmoreobservedinFGF
and/orPDLF-conditionedgroupsthanthecontrolgroup.A.UntreatedBMSC
cultures,B.FGF-treatedBMSC,C,PDLF-conditionedmedium,D.FGF-treated
plusPDLF-conditionedmedium.

PatternofgeneexpressionusingRT-PCR

ThePDLFrelatedgeneswasincreasingtendencyintheexperimentalgroups.
TheexpressionofUNCLmRNAgeneswereincreasedwithFGFtreatedand
FGFplusPDLF-conditionedmediathanthecontrolgroup.S100A2mRNAwas
moreexpressedinthePDLF-conditionedmediathanthecontrolgroup.
Thenestin,UNCL,andS100A2 mRNAgeneswasexpressedinthecontrol
group.TheexpressionofnestinmRNAwassimilarbetweenFGFtreatedand
thecontrolgroup.TheexpressionsofnestinmRNAshowedreducingtendency
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inthePDLF-conditionedmediaandFGF-treatedplusPDLF-conditionedmedia
oftheexperimentalgroups.
FGF-treatedandPDLF-conditionedmediashoweddifferentiationtrendof
BMSCsintoPDLFinvitro.DifferentiatedcellsstronglyexpressedPDLF
relatedgenes(e.g.UNCL,S100A2)detectedbyRT-PCR method.
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A B C D

Nestin 220

GAPDH 220
Figure2.Gene(NestinmRNA)expressionpatternaccordingFGF-treated
and/orPDLF-conditionedmedia.A.UntreatedBMSCcultures,B.FGF-treated
BMSC,C,PDLF-conditionedmedium,D.FGF-treatedplusPDLF-conditioned
medium. t7days.

A B C D

UNCL 500

GAPDH 500
Figure3.Gene(UNCLmRNA)expressionpatternaccordingFGF-treated
and/orPDLF-conditionedmedia.A.UntreatedBMSCcultures,B.FGF-treated
BMSC,C,PDLF-conditionedmedium,D.FGF-treatedplusPDLF-conditioned
medium. t7days.
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A B C D

UNCL 278

GAPDH 278
Figure4.Gene(S100A2mRNA)expressionpatternaccordingFGF-treated
and/orPDLF-conditionedmedia.A.UntreatedBMSCcultures,B.FGF-treated
BMSC,C,PDLF-conditionedmedium,D.FGF-treatedplusPDLF-conditioned
medium. t7days.
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Discussion

Bonemarrowstromalcells(BMSCs)resideinbonemarrowandprovidea
lifelongsourceofnewcellsforvarioustissues.ABMSC-specificgenetic
catalog mayfacilitatefuturestudiesonmolecularmechanismsgoverningcore
propertiesofthesecells.(7)
Thedentalfollicleisanectomesenchymaltissuesurroundingthedeveloping
toothgerm.Itisbelievedthatthistissuecontainsstem cellsandlineage
committedprogenitorcellsorprecursorcells(PCs)forcementoblasts,
periodontalligamentcells,andosteoblasts.MorsczeckC,etal.(12)reported
theisolationofPCsderivedfrom dentalfollicleofhumanthirdmolarteeth.
Thesefibroblast-like,colonyformingandplasticadherentcellsexpressed
putativestem cellmarkersNotch-1andnestin.Theycomparedgene
expressionsofPCs,humanmesenchymalstem cells(hMSCs),periodontal
ligamentcells(PDL-cells)andosteoblasts(MG63)fordeliminationofPCS.
MorsczeckC,etal.(12)demonstratedthatculturedPCSareunique
undifferentiatedlineagecommittedcellsresidingintheperiodontium prioror
duringtootheruption.
LuJ,etal.(10)reportedthetherapeuticpotentialofadultbonemarrow
stromalcells(BMSCs).BMSCsexpressedneuralmarkersnestin.Nestinand
GFAPdoubleimmunofluorescenceshoweddifferentiationofBMSCsintoneural
stem cellsinvitro.Differentiatedcellsexpressneuralspecificgenes(e.g.
68-kDaneurofilament,β-tubulinIIIandnestin)detectedbyRT-PCRmethod.
Bonemarrow stromalcells(BMSCs)arepluripotentstem cellswith
self-renewalpropertyandpotentialtodifferentiateintoavarietyofcelltypes.
(6,18)
Ourstudywasperformedtoinvestigatethedifferentiationofbonemarrow
stromalcells(BMSC)intoperiodontalligamentfibroblast-likecellsandto
exploretheirpotentialuseforperiodontalligamentengineering.RT-PCRwas
usedtoexaminemRNAexpressionofnestin,UNCLandS100A2inthe
fibroblastgrowthfactorand/orperiodontalligamentfibroblastconditioned
media-treatedBMSCs.
Bonemarrowstromalcellscouldexpressphenotypesofneurons.YangLY,et
al.(17)foundedthatratbonemarrowstromalcellsexpressedNSEandnestin
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mRNA,butonlyweakexpressionofNF1mRNAwasdetected.AfterSalvia
miltiorrhizainductionfor24hours,NSEandnestinexpressionmaintainedthe
samelevel,butNF1expressionincreasedapparentlycomparedtothecontrol.
rBMSCcouldalsodifferentiateintoneuron-likecellsandexpressneuron
phenotypeaspreviouslydescribed.
Cellsoftheperiodontalattachment(cementoblast,osteoblasts,andperiodontal
ligamentfibroblasts)aredescendedfrom acommonprogenitor(thecranial
neuralcrest).LallierTE.(8)suggestedthatdifferentialexpressionof
semaphorinsandplexinsmaybeinvolvedinregulatingcell-sortinginthe
formationandregenerationoftheperiodontalattachmentstructure.
OgisoB,etal.(15)reportedthatfibroblastssecreteprostaglandinswhichcan
inhibitboneformation,andthatthismaybeonemechanism whereby
fibroblastscanmodulateosteogenesisattheinterfacesofsoftandmineralizing
connectivetissues.Fibroblast-conditionedmedium wasobtainedfrom cultures
ofhumanperiodontalligamentfibroblaststhatwereuntreated(plain)ortreated
withtheindicatedconcentrationsofindomethacinfortheentireculture
period.(15)
MoreauJE,etal.(13)reportedthatthesequentialadministrationofgrowth
factorstofirstproliferateandthendifferentiateBMSCsculturedonsilkfiber
matriceswillsupporttheenhanceddevelopmentofligamenttissueinvitro.
Confluentsecondpassage(P2)BMSCsobtainedfrom purifiedbonemarrow
aspirateswereseededonRGD-modifiedsilkmatrices.Seededmatriceswere
dividedintothreegroupsfor5daysofstaticculture,withmedium supplement
ofbasicfibroblastgrowthfactor(B)(1ng/ml),epidermalgrowthfactor(E;
1ng/ml)orgrowthfactor-freecontrol(C).Afterday5,medium supplement
waschangedtotransforminggrowthgactor-β1(T;5ng/ml)orCforan
additional9daysofculture.Sequentialgrowthfactorapplicationpromoted
significantincreasesincollagentypeItranscriptexpressionfrom day5of
culturetoday14,forfiveofsixgroupstested.MoreauJE,etal.(13)reported
thatthefindingsindicatessignificantinvitroligamentdevelopmentafteronly
14daysofculturewhenusingasequentialgrowthfactorapproach.
FarhadiJetal.(3)reportedthathumanbonemarrowstromalcellsfrom six
donorswereexpandedfortwopassages(expansionphase)andsubsequently
cultivatedinosteogenicmedium containingascorbicacid,β-glycerophosphate,
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anddexamethasone(differentiationphase).Aftereachphase,cellswere
transferredintoserum-freemedium withorwithoutFGF-2atdifferent
concentrationsandfordifferenttimes,andtheexpressionofBMP-2,TGF-β1,
andVEGFwasquantifiedatthemRNAlevel.Inresponseto5ng/mlFGF-2
for24hours,themRNAexpressionofVEGFincreasedatbothculturephases
(upto6.1fold),whereasthatofBMP-2andTGF-β1significantlyincreased
onlyaftertheexpansion(3.1-fold)ordifferentiationphase(2.1-fold),
respectively.FGF-2up-regulatestheexpressionofBMP-2,TGF-β1,and
VEGFinhumanbonemarrowstromalcells,inapatterndependentonthe
cell-differentiationstage.Thesefindingspromptforinvivoinvestigationson
thedeliveryofFGF-2forthetemporally/functionallyregulatedenhancementof
bonemarrow stromalcell-basedboneinduction.(3)
Inourstudy,periodontalligamentfibroblast-conditionedmedium wasobtained
from culturesofdogperiodontalligamentfibroblastsandhumanperiodontal
ligamentfibroblatsthatwereuntreated(plain)ortreatedwiththeindicated
concentrations (3ng/ml)offibroblastgrowthfactorforthe1-,7-,11-and14
dayscultureperiod.
Stem cellmarkergene(nestinmRNA)expressionpatternwasincreasedinthe
treatedgroupwiththeindicatedconcentrations (3ng/ml)offibroblastgrowth
factor.PDLfibroblastmarkergenes(UNCL-,S100A2-mRNA)expression
patternwasincreasedintheperiodontalligamentfibroblast-conditioned
medium groupandthecombinedgroupthanthecontrol.
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Conclusion
Thesefindingssuggestimplicationsforengineeringperiodontalligamentby
providingtheinitialevidenceofareproducibleprotocolforperiodontalligament
fibroblasticdifferentiationofbonemarrow stromalcells.
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