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국국국문문문 초초초록록록

DDDNNNAAA mmmiiicccrrroooaaarrrrrraaayyy법법법을을을 이이이용용용하하하여여여
건건건강강강한한한 치치치은은은섬섬섬유유유모모모세세세포포포,,,복복복제제제노노노화화화된된된

치치치은은은섬섬섬유유유모모모세세세포포포,,,
건건건강강강한한한 치치치주주주인인인대대대섬섬섬유유유모모모세세세포포포와와와

염염염증증증성성성치치치주주주인인인대대대섬섬섬유유유모모모세세세포포포에에에서서서 유유유전전전자자자
발발발현현현

윤 상 준
지도교수 장 현 선
조선대학교 대학원 치의학과

  이 연구의 목적은 DNAmicroarray분석법을 이용하여 건강한 사람치주인대섬유
모세포,건강한 사람치은섬유모세포,복제노화된 사람치은섬유모세포,염증성 사람
치주인대섬유모세포의 유전자 발현 형태를 상호비교하고자 하였다.환자의 동의하
에 충치,치주염이 없이 교정발치된 치아의 치주인대세포를 배양하여 건강한 치주
인대섬유모세포로,만성치주염으로 발거된 치아에서 채취하여 배양한 세포를 염증
성 치주인대섬유모세포로 선정하였다.구강에서 채취한 치은결체조직에서 배양한
사람치은섬유모세포를 일차 배양한 후 계대배양을 통해 복제 노화를 유도하였다.-19
8℃의 액화질소에 저장되어 있던 2,4,8,15,16세대 세포를 실험에 이용하였다.위의 모
든 세포들은 60㎜ 배양접시에서 세포들이 80-90%의 밀생이 될 때까지 5% CO2,3
7℃,100% 습도의 배양기에서 2일 간격으로 10% FBS가 함유된 DMEM 세포 배양액
을 교체하면서 세포를 배양하였다.TrizolReagent(Invitrogen,USA)를 이용하여 제조
회사의 지시에 따라 totalRNA를 추출하였다.18SRNA와 28SRNA를 확인한 후 DNA
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microarray분석을 실시하였다.4배수 이상의 변화양상을 비교시 상호 유전자 발현의 차이
를 나타내었다.건강한 사람치은섬유모세포(2세대)와 노화된 사람치은섬유모세포를
비교시(16세대),Actin은 노화된 치은섬유모세포에서 가장 높은 발현변화를 나타낸
반면,DMC1dosagesuppressorofmck1homolog,meiosis-specifichomologous
recombination,은 건강한 치은섬유모세포에서 가장 높게 나타났다.염증성 치주인대
섬유모세포와 건강한 치주인대섬유모세포를 비교시,Regucalcin은 염증성 치주인대
섬유모세포에서 가장 높게 나타났고,Vascularcelladhesionmolecule1도 두 번째
로 높게 나타났다.건강한 치주인대섬유모세포와 건강한 치은섬유모세포를 비교시,
IL-11과 periostin이 치주인대섬유모세포에서 높은 발현을 나타낸 반면,
ProstaglandinD2synthase21kDa과 Thioredoxininteractingprotein은 치은섬유모
세포에서 높은 발현을 나타내었다.염증성 치주인대섬유모세포와 노화된 치은섬유
모세포(15세대 이상)를 비교시 149개의 유전자가 유사한 발현 수준을 나타내었다.
이 연구는 노화,염증,세포 형태에 따라서 유전자 수준에서 가장 높거나 높은 수
준 변화를 보이는 유전자가 다를 수 있음을 나타낸다.향후,치주염 환자들에서,노
화,염증,세포 특이성에 관한 유전자 표시자를 이용하여 진단하거나 치료에 응용
하기 위해서는 더 많은 연구가 필요하리라 사료된다.
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Ⅰ.Introduction

Goalofperiodontaltreatmentis regeneration oftissue from the periodontal
ligament(PDL).IdealperiodontalhealingisachievedbypromotionofPDLcells1-4).
PDL cellshaveaseveralpotential,suchasmigration,proliferation,differentiation
osteoblast-like,cementoblast-like,& periodontalligamentfibroblasts,achieve the
promotion oftissue regeneration.The main purpose in periodontalregeneration
therapy is in regenerating periodontal tissue. For this regeneration, human
periodontalligamentfibroblast(hPDLF)iscrucial.
Melcheretal.5)statedthatthephenotypesofcellsre-collectedintherootsurface

(such as gingival epithelium, gingival lamina propria, periodontal ligament,
cementum, and alveoloar bone) would determine the adhesion, regeneration
characteristics,and quality.Thistheory isthebiologicalbasisofguided tissue
regeneration(GTR).Forperiodontalregeneration,hPDLFcellhavingthepotentialto
divideintovariouscellsisimportant.ComparingtheexpressionsofhPDLFinthe
presenceofperiodontalinfectioniscrucialindeterminingwhetherthefunctionsand
rolesofhPDLFcellcanbeappliedinperiodontalregenerationtherapy.
Themostabundantcellinperiodontalconnectivetissueisthegingivalfibroblast.

Periodontalligamentfibroblasts(PDLF)andgigivalfibroblasts(GF)displaydistinct
functionalactivitiesintheregenerationandrepairoftheperiodontaltissuesaswell
as during inflammatory periodontaldiseases6-10).Generally,severe periodontitis
patientsexpectedtoothextrationhavenoPDL.ItwillbeworththathGFcanbe
usedasahPDFfortheperiodontaltissueengineering.Hanetal11) reportedthat
PDLFandGFappeartodisplaydifferentgeneexpressionpatternsthatmayreflect
intrinsicfunctionaldifferencesofthetwocellpopulationsandmaywellcoordinate
withtheirtissue-specificactivities.
StudieshavebeendoneonhPDLFobtainedandculturedfrom healthyindividuals.

However,notmanystudieshavebeendoneinhPDLFinpatientswithperiodontitis.
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Attention is drawn to periodontaldisease seen mainly in adults with aging
population.Sheltonetal.12)reportedthatindermalfibroblasts,thesenescentstate
mimicsinflammatory wound repairprocessesand,assuch,senescentcellsmay
contributetochronicwoundpathologies.Ratherthan treating periodontaldisease
onceitdevelops,preventionisbetterbymaintainingahealthyperiodontium.
The process of cellular aging include the altered expression of
pH-dependent b-galatosidase activity and cellular size13). Limited
replicativecapacity isadefining characteristicofmostnormalhuman cellsand
culminates in senescence,and arrested state in which cells remain viable but
display an altered ofgeneand protein expression14-16).Recently,Kwak etal.17)

reportedthatnuclearactinaccumulationwasmuchmoresensitiveandanearlier
eventthanthewell-known,senescence-associatedbeta-galatosidaseactivity.
StudiesofphenotypesinmiceandcelllinesdefectiveintherecA/RAD51family

genesshow thatthegenesareessentialfordevelopmentandcellproliferationin
mammals18).Expecially,DMC1,a partofrecA-likegenes,iswellknown asa
meiosis-specificgene.However,theexpressionofgenesinhealthyhGF,healthy
hPDLF,inflammatoryhPDLF,andaginghGFisunclear.
A specificmarkerofgenesinagingandcell-specificity(hPDLForhGF)willbe

availableindiagnosisandtreatmentofperiodontits.Thepurposeofthisstudywas
toscreeninggenesexpressedinhealthyhPDLF,inflammatoryhPDLF,healthyhGF,
andaginghGFbytheDNA microarrayanalysis.
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Ⅱ.MaterialandMethods

1.Cellculture

Thehealthyperiodontalligamenttissue(20decade,probablymale)wasobtained
from periodontallyhealthyandnon-carioushumanteeththathadbeenextractedfor
orthodontic reasons atthe HospitalofDentistry,Chosun University with the
donors'informedconsent.
The healthy human gingivaltissue (40 decade,female) was obtained from

periodontally healthy tissuethathadbeenremovedforsecondsurgery ofdental
implantattheHospitalofDentistry,ChosunUniversity.
AginghGFcellswereusedbyreplicativesenescenceofhealthyhGF.Afterinitial

culturing,replicativesenescenceofhGF wasdoneserially.Cellularapoptosiswas
observedinthe18thgeneration.Thesegenerationweredeterminedtobethelast
generations.The2,4,8,15,16generationcellsstoragedinthe-198℃ wereused
inthisstudy.
InflammatoryhPDLF(40decade,male)wasobtainedfrom periodontitisteeththat

hadbeenextractedforperiodonticreasonsattheChosunUniversity Hospitalof
Dentistry.
ThehGF and hPDLF cellswerecultured in amedium containing Dulbecco's

modifiedEaglemedium (DMEM;DMEM,GibcoBRL,USA)supplementedwith10%
fetalbovineserum (FBS,GibcoBRL,USA)at37℃ inhumidifiedairwith5% CO2.

2.TotalRNA extractionandMicroarrayanalysis

TotalRNA wasextractedusing TrizolReagent(Invitrogen,USA)andmRNA
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expression wasanalyzedfor18SRNA and28SRNA.Forthescreening ofgenes
expressedinhealthyhGF,aginghGF,healthyhPDLF,andinflammatoryhPDLF,
DNA microarray was performed.According to the aging,inflammation,and
cell-specificity,thegeneswasanalyzed.
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Ⅲ.Results

1.PatternofgenesexpressedbetweenhealthyhGF andaginghGF
byDNA microarray

ThepatternofgeneswasdifferentiallyexpressedbetweenhealthyhGFandaging
hGF(Fig.1).ThecontrolwasP2(PassageNo2ofhGF).Theexperimentalgroups
wereP4,P8,P15,P16(PassageNo4,8,15,16ofhGF).Theredcolormeansmore
up-regulation of genes in expremental group(P4,P8,P15,P16) than contol
group(P2).Thegreencolormeansmoreup-regulationofgenesincontolgroup(P2)
than exprementalgroup(P4,P8,P15,P16).Theblack colormeansnodifference
betweenthecontrolgroupandexperimentalgroups.

Fig.1Geneprofileofhumangingivalfibroblastaccordingreplicativesenescence.
Controgroup:P2(PassageNo2ofhumangingivalfibroblast),
Experimentalgroups :P4,P8,P15,P16 (Passage No 4,8,15,16 ofhuman gingival
fibroblast)
redcolor:Experimentalgroup>controlgroup
Greencolor:Experimentalgroup<controlgroup
Blackcolor:Nodifferencebetweencontrolgroupandexperimentalgroups
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Forthedetailcomparison ofgenesexpressedbetween healthyhGF
and aging hGF,weanalyzed thefold changebetween controlgroup
(P2)andexperimenalgroup(P16)(Table1).
Actin is showed bestfold change in aging hGF(P16)than healthy hGF(P2).

KeratinandCD36antigenwerealsoshowedhigherfoldchangeinaginghGF(P16)
thanhealthyhGF(P2).
Whereas,DMC1dosagesuppressorofmck1homolog,meiosis-specifichomologous

recombination was showed best fold change in healthy hGF(P2) than aging
hGF(P16).PlateletderivedgrowthfactorD,tenascinXB,andzincfingerprotein
521 were also expressed higher fold change in healthy hGF(P2) than aging
hGF(P16).
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Table1.FoldchangeofgenesexpressedbetweenhealthyhGFandaginghGF
Gene
Symbol GeneName Foldchange GENEID

ACTG2 actin,gamma2,smoothmuscle,enteric 1247.605411 hCG40742
BEX1 brainexpressed,X-linked1 1056.437717 hCG17759
ACTG2 actin,gamma2,smoothmuscle,enteric 425.5639106 hCG40742
MYH11 myosin,heavypolypeptide11,smoothmuscle 410.8206811 hCG19652
KCNMB1 potassiumlargeconductancecalcium-activatedchannel,subfamilyM,betamember1 278.0641608 hCG36798
KRTHA4 keratin,hair,acidic,4 261.9745763 hCG1641096
AGC1 aggrecan1(chondroitinsulfateproteoglycan1,largeaggregatingproteoglycan,antigen

identifiedbymonoclonalantibodyA0122) 239.6763088 hCG28649
PPP1R14A proteinphosphatase1,regulatory(inhibitor)subunit14A 202.7258568 hCG42867
HDAC1 histonedeacetylase1 185.196497 hCG41610
SERPINB2 serine(orcysteine)proteinaseinhibitor,cladeB(ovalbumin),member2 169.8130473 hCG33721
CD36 CD36antigen(collagentypeIreceptor,thrombospondinreceptor) 137.1394375 hCG17062
OASL 2'-5'-oligoadenylatesynthetase-like 135.388088 hCG27362
NEF3 neurofilament3(150kDamedium) 127.1976847 hCG16610
RODH 3-hydroxysteroidepimerase 122.6991547 hCG20393
FLJ23514 hypotheticalproteinFLJ23514 104.9754891 hCG1730055
OAS1 2',5'-oligoadenylatesynthetase1,40/46kDa 93.36862939 hCG40366
MX1 myxovirus(influenzavirus)resistance1,interferon-inducibleproteinp78(mouse) 91.81096754 hCG401239

89.55710577 hCG1749898
NRXN3 neurexin3 88.7718895 hCG1811459
FKHL18 forkhead-like18(Drosophila) 86.62098063 hCG2019197
EFHD1 EFhanddomaincontaining1 81.8079645 hCG33453

81.09994326 hCG2042143
MYOCD myocardin 65.99233682 hCG1811056
HSPB7 heatshock27kDaproteinfamily,member7(cardiovascular) 52.95538892 hCG23506
ITIH3 inter-alpha(globulin)inhibitorH3 51.80340417 hCG17557
RaLP rai-likeprotein 50.78402013 hCG2002255
OAS1 2',5'-oligoadenylatesynthetase1,40/46kDa 47.23772892 hCG40366

46.58281761 hCG15194
C1QTNF7 C1qandtumornecrosisfactorrelatedprotein7 46.04572455 hCG40569
----- ----------------Omission---------------------- ------ -----

PDGFD plateletderivedgrowthfactorD -46.79704732 hCG40536
ADH1B alcoholdehydrogenaseIB(classI),betapolypeptide -49.25626397 hCG41484
TNXB tenascinXB -51.26834779 hCG2001565
DHRS3 dehydrogenase/reductase(SDRfamily)member3 -64.28730645 hCG1738619
STATIP1 signaltransducerandactivatoroftranscription3interactingprotein1 -65.92510231 hCG23805
ADH1B alcoholdehydrogenaseIB(classI),betapolypeptide -69.12630949 hCG41484
TRPA1 transientreceptorpotentialcationchannel,subfamilyA,member1 -71.40347091 hCG17382
ADH1C alcoholdehydrogenase1C(classI),gammapolypeptide -71.82173004 hCG1778210
ZNF521 zincfingerprotein521 -160.4035766 hCG1811237
COLEC12 collectinsub-familymember12 -191.5237374 hCG38030
DMC1 DMC1dosagesuppressorofmck1homolog,meiosis-specifichomologousrecombination

(yeast) -228.7121185 hCG2014045
+:overexpressioninP16(PassageNo16ofhumangingivalfibroblast,aginghGF),-:overexpressioninP2(Passage
No2ofhumangingivalfibroblast,healthyhGF)
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Table2showedpatternofgenesover4foldbetweenhealthyhFG(P2)andaging
hGF(P16)according togenefuction.14500geneswasanalyzed between healthy
hFG(P2)andaginghGF(P16).826(5.6%)geneswereover-expressedinP16than
P2.492(3.3%)geneswereover-expressedinP2thanP16.Accordingtothesignal
transductionofgenefunction,183geneswereover-expressedinP16thanP2,and
118genesover-expressedinP2thanP16.

Table2.PatternofgenesexpressedbetweenhealthyhGFandaginghGFaccording
genefuntion

FuctionofGenes

No of genes
up-regulated
over4-fold(%) Total

P16 P2
Aminoacidmetabolism 8(4.0) 8(4.0) 197
Apoptosis 14(3.8) 11(3.0) 366
Carbohydratemetabolism 14(3.5) 0(0) 396
Cellcycle 51(7.2) 15(2.1) 705
Cellproliferationanddifferentiation 38(6.4) 28(4.7) 585
Developmentalprocesses 121(8.2) 71(4.8) 1475
Immunityanddefense 87(9.4) 36(3.9) 923
Intracellularproteintraffic 23(3.2) 7(0.9) 709
Lipid,fattyacidandsteroidmetabolism 20(3.8) 28(5.4) 513
Nucleoside,nucleotideandnucleicacidmetabolism 110(4.1) 57(2.1) 2681
Oncogenesis 25(5.6) 15(3.3) 443
Proteinmetabolism andmodification 75(3.5) 73(3.4) 2113
Signaltransduction 183(7.3) 118(4.7) 2477
Transport 57(6.2) 25(2.7) 917

Total 826(5.6) 492(3.3) 14500
P16:Passage No 16 ofhuman gingivalfibroblast(aging hGF),P2:Passage No 2 ofhuman gingival
fibroblast(healthyhGF),
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2.Pattern of genes expressed between healthy hPDLF and
inflammatoryhPDLbyDNA microarray

ThepatternofgeneswasdifferentiallyexpressedbetweenhealthyhPDLF and
inflammatory hPDLF(Fig.2).Thecontrolwashealthy hPDLF.Theexperimental
groupwereinflammatoryhPDLF.
The red color means more up-regulation of genes in expremental

group(inflammatory hPDLF)than contolgroup(healthy hPDLF).Thegreen color
means more up-regulation of genes in contol group(healthy hPDLF) than
exprementalgroup(inflammatory hPDLF).The black color means no difference
betweenthecontrolgroupandexperimentalgroups.

Fig.2GeneprofilebetweenhealthyhPDLFandinflammatoryhPDLF.
redcolor:hPDLFinvolvedperiodontitis>healthyhPDLF
Greencolor:hPDLFinvolvedperiodontitis<healthyhPDLF
Blackcolor:NodifferencebetweenhPDLFinvolvedperiodontitisandhealthyhPDLF

Forthedetailcomparisonofgenesexpressedaccordingtotheinflammation,we
analyzedthefoldchangebetweencontrolgroup(healthyhPDLF)andexperimental
group(inflammatoryhDPLF)(Table3).
RegucalcinwasshowedbestfoldchangeininflammatoryhPDLF thanhealthy

hPDLF.Vascularcelladhesion molecule1wasalsoshowed second higherfold
changeininflammatoryhPDLFthanhealthyhPDLF.Whereas,hypotheticalprotein
FLJ36701 was showed bestfold change in healthy hPDLF than inflammatory
hPDLF.
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Table3.FoldchangeofgenesexpressedbetweenhealthyhPDLFandinflammatory
hPDLF

GeneSymbol GeneName Foldchange GENEID
RGN regucalcin(senescencemarkerprotein-30) 51.17863272 hCG1791812
VCAM1 vascularcelladhesionmolecule1 48.57224622 hCG32384

48.12644656 hCG1641027
T1A-2 lungtype-Icellmembrane-associatedglycoprotein 47.19191138 hCG15341
CST6 cystatinE/M 34.09668082 hCG23285
KRTAP1-1 keratinassociatedprotein1-1 33.44716437 hCG1752441

31.65636281 hCG15194
BNC1 basonuclin1 27.33958995 hCG27264
BEX1 brainexpressed,X-linked1 26.35244651 hCG17759
CCL7 chemokine(C-Cmotif)ligand7 26.34021835 hCG29304
MEST mesoderm specifictranscripthomolog(mouse) 25.791243 hCG18967
CGI-125 CGI-125protein 23.59435781 hCG32816
MLPH melanophilin 23.57406751 hCG23030
ANGPTL4 angiopoietin-like4 22.80561704 hCG23958
C17 cytokine-likeproteinC17 22.7452439 hCG39126

----- ----------------Omission---------------------- ----- ------
-21.53981569 hCG1647787

ADH1C alcoholdehydrogenase1C(classI),gammapolypeptide -21.89036796 hCG1778210
-21.96421449 hCG1731588
-22.96055007 hCG1991523
-24.87614454 hCG41017

FLJ35773 hypotheticalproteinFLJ35773 -26.93598654 hCG1985344
-27.89016182 hCG1994767
-33.04804444 hCG2040728

FAM13C1 familywithsequencesimilarity13,memberC1 -50.94160819 hCG41127
MN1 meningioma(disruptedinbalancedtranslocation)1 -51.50347961 hCG40087
EPB41L3 erythrocytemembraneproteinband4.1-like3 -58.06202565 hCG37215
EPB41L3 erythrocytemembraneproteinband4.1-like3 -76.12861888 hCG37215
FLJ36701 hypotheticalproteinFLJ36701 -223.3455964 hCG2036980
+:overexpressionininflammatoryhPDLF,-:overexpressioninhealthyhPDLF
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Table 4 showed pattern ofgenes over4 fold between healthy hPDLF and
inflammatoryhDPLFaccordingtogenefuction.12901geneswasanalyzed between
healthyhPDLFandinflammatoryhDPLF.
330 (2.5%)genes were over-expressed in inflammatory hPDLF than healthy

hPDLF.264(2.0%)geneswereover-expressedinhealthyhPDLFthaninflammatory
hPDLF.
According to the signal transduction of gene function, 65 genes were

over-expressed in inflammatory hPDLF than healthy PDLF, and 60 genes
over-expressedinhealthyPDLFthaninflammatoryhPDLF.

Table4.GenesexpressedbetweenhealthyhPDLFandinflammatoryhPDLF
accordingtothegenefuntion

FuctionofGenes

No of genes
up-regulated
over4-fold(%) Total

healthy
hPDLF

inflammatory
hPDLF

Aminoacidmetabolism 2(1.1) 4(2.2) 174
Apoptosis 5(1.4) 5(1.4) 334
Carbohydratemetabolism 8(2.2) 8(2.2) 361
Cellcycle 7(1.0) 32(4.8) 664
Cellproliferationanddifferentiation 13(2.4) 21(3.8) 541
Developmentalprocesses 41(3.2) 36(2.8) 1265
Immunityanddefense 20(2.6) 31(4.0) 764
Intracellularproteintraffic 7(1.0) 9(1.3) 657
Lipid,fattyacidandsteroidmetabolism 20(4.4) 8(1.7) 448
Nucleoside,nucleotideandnucleicacidmetabolism 29(1.1) 45(1.8) 2479
Oncogenesis 10(2.4) 14(3.4) 403
Proteinmetabolism andmodification 27(1.3) 40(2.0) 1947
Signaltransduction 60(2.8) 65(3.1) 2071
Transport 15(1.8) 12(1.5) 793

Total 264(2.0) 330(2.5) 12901
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3.PatternofgenesexpressedbetweenhealthyhGFandhealthy
hPDLFbyDNA microarray

Forthedetailcomparisonofgenesexpressedaccordingtothecellspecificity,we
analyzedthefoldchangebetween controlgroup(healthy hGF)andexperimental
group(healthyinflammatoryhDPLF)(Table5).
RibosomalproteinS4,Y-linked1wasshowedbestfoldchangeinhealthyhPDLF

thanhealthyhGF.HypotheticalproteinFLJ36701,Interleukin11werealsoshowed
higherfoldchangeinhealthyhPDLFthanhealthyhGF..
Whereas,FLJ45224protein(ProstaglandinD2synthase21kDa)wasshowedbest

foldchangeinhealthy hGF thanhealthy hPDLF.Thioredoxininteracting protein
andregucalcinwerealsoshowedhigherfoldchangeinhealthyhGF thanhealthy
hPDLF.
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Table5.FoldchangeofgenesexpressedbetweenhealthyhGFandhealthyhPDLF
GeneSymbol GeneName Foldchange GENEID
RPS4Y1 ribosomalproteinS4,Y-linked1 3033.242233 hCG1988058
FLJ36701 hypotheticalproteinFLJ36701 588.1788101 hCG2036980
RPS4Y2 ribosomalproteinS4,Y-linked2 205.3615102 hCG38986
IL11 interleukin11 157.3461425 hCG37996
NR4A3 nuclearreceptorsubfamily4,groupA,member3 110.1860672 hCG28754

65.47108579 hCG2040553
50.3255455 hCG21763
48.53135716 hCG2042143

FAM13C1 familywithsequencesimilarity13,memberC1 45.85162629 hCG41127
KRTHA4 keratin,hair,acidic,4 43.53770332 hCG1641096

DTR diphtheriatoxinreceptor(heparin-bindingepidermalgrowth
factor-likegrowthfactor) 42.92587687 hCG45297

APXL apicalprotein-like(Xenopuslaevis) 42.88163473 hCG401216
CYorf15B chromosomeYopenreadingframe15B 41.48556415 hCG1987333
SLCO4A1 solutecarrierorganicaniontransporterfamily,member4A1 40.0671892 hCG1748044

38.72914374 hCG2004844
38.46682896 hCG1647787

ACTG2 actin,gamma2,smoothmuscle,enteric 36.9299243 hCG40742
35.83674499 hCG2011180

ENO1 enolase1,(alpha) 35.70719744 hCG22399
THBD thrombomodulin 35.07888533 hCG1643886
TRPC6 transientreceptorpotentialcationchannel,subfamilyC,member6 33.32682557 hCG40899

33.15810377 hCG1817350
PENK proenkephalin 32.50835164 hCG40756
IL8 interleukin8 30.49058658 hCG16372

30.08998537 hCG1991170
----- ----------------Omission---------------------- ------ -----

PSG4 pregnancyspecificbeta-1-glycoprotein4 -30.25296 hCG1730647
-30.80912918 hCG2007896

CYP1B1 cytochromeP450,family1,subfamilyB,polypeptide1 -31.19897225 hCG14819
MYCT1 myctarget1 -37.53315079 hCG22051
KIAA0746 KIAA0746protein -43.0888294 hCG1811766
PSG1 pregnancyspecificbeta-1-glycoprotein1 -44.83333763 hCG1995688

-48.98187176 hCG1818437
-53.3050865 hCG1820421

C10orf10 chromosome10openreadingframe10 -56.03040439 hCG23312
-71.61460828 hCG37212

RGN regucalcin(senescencemarkerprotein-30) -77.3327172 hCG1791812
TXNIP thioredoxininteractingprotein -131.2158329 hCG37372
FLJ45224;PT
GDS FLJ45224protein;prostaglandinD2synthase21kDa(brain) -185.2741762 hCG1780827

+:overexpressioninhealthyhPDLF,-:overexpressioninhealthyhGF
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Table6showedpatternofgenesover4foldbetweenhealthyhPDLFandhealthy
hGFaccordingtogenefuction.13336geneswasanalyzedbetweenhealthyhPDLF
andhealthyhGF.
557(4.1%)geneswereover-expressedinhealthyhPDLFthanhealthyhGF.237

(1.7%)geneswereover-expressedinhealthyhGFthanhealthyhPDLF.
According to the signal transduction of gene function, 133 genes were

over-expressedinhealthyhPDLFthanhealthyhGF,and61genesover-expressed
inhealthyHGFthanhealthyhPDLF.

Table6.GenesexpressedbetweenhealthyhPDLFandhealthyhGFaccordingto
the

genefuntion

FuctionofGenes
No of genes
up-regulated
over4-fold(%) Total

healthy
hPDLF

healthy
hGF

Aminoacidmetabolism 3(1.6) 4(2.2) 178
Apoptosis 14(3.9) 3(0.8) 352
Carbohydratemetabolism 10(2.7) 6(1.6) 363
Cellcycle 31(4.6) 8(1.2) 662
Cellproliferationanddifferentiation 34(6.1) 13(2.3) 552
Developmentalprocesses 82(6.1) 34(2.5) 1337
Immunityanddefense 48(5.9) 18(2.2) 804
Intracellularproteintraffic 16(2.3) 4(0.5) 670
Lipid,fattyacidandsteroidmetabolism 21(4.5) 8(1.7) 462
Nucleoside,nucleotideandnucleicacidmetabolism 66(2.6) 33(1.3) 2535
Oncogenesis 20(4.7) 8(1.8) 422
Proteinmetabolism andmodification 42(2.1) 23(1.1) 1984
Signaltransduction 133(6.0) 61(2.7) 2186
Transport 37(4.4) 14(1.6) 829

Total 557(4.1) 237(1.7) 13336
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4.PatternofgenesexpressedbetweeninflammatoryhPDLFand
aginghGFbyDNA microarray

Forthedetailcomparisonofgenesexpressedbetweenagingandinflammation,
weanalyzed thefold changebetween controlgroup (inflammatory hPDLF)and
experimentalgroup(aging hGF).P8(PassageNo8ofhuman gingivalfibroblast)
andP15(PassageNo15ofhuman gingivalfibroblast)wereusedastheaging
hGF.
Table7showedpatternofgenesover4foldbetweeninflammatoryhPDLFand

aging hGF according to gene fuction. 14401 genes was analyzed between
inflammatoryhPDLFandaginghGF.
208(1.4%)geneswereshowed similaramountofgenesexpressed between

inflammatoryhPDLF andaginghGF sinceP8(PassageNo8ofhumangingival
fibroblast).149 (1.0%)genes were showed similaramountofgenes expressed
betweeninflammatoryhPDLFandaginghGFsinceP15(PassageNo15ofhuman
gingivalfibroblast).



-16-

Table7.GenesexpressedbetweeninflammatoryhPDLFandaginghGFaccording
tothegenefuntion

FuctionofGenes
No of genes
over4-fold(%) TotalNodifference

sinceP8
Nodifference
sinceP15

Aminoacidmetabolism 1(0.5) 1(0.5) 194
Apoptosis 6(1.6) 3(0.8) 358
Carbohydratemetabolism 5(1.2) 3(0.7) 396
Cellcycle 15(2.1) 30(4.2) 707
Cellproliferationanddifferentiation 9(1.5) 14(2.4) 582
Developmentalprocesses 22(1.5) 16(1.1) 1449
Immunityanddefense 17(1.8) 10(1.0) 916
Intracellularproteintraffic 10(1.4) 2(0.2) 700
Lipid,fattyacidandsteroidmetabolism 5(0.9) 0(0) 505
Nucleoside,nucleotideandnucleicacidmetabolism 41(1.5) 29(1.0) 2676
Oncogenesis 8(1.8) 8(1.8) 443
Proteinmetabolism andmodification 17(0.8) 12(0.5) 2109
Signaltransduction 40(1.6) 21(0.8) 2449
Transport 12(1.3) 0(0) 917

Total 208(1.4) 149(1.0) 14401
P8:PassageNo8ofhumangingivalfibroblast,P15:PassageNo15ofhumangingivalfibroblast(healthyhGF),No
differencesinceP8:similaramountofgenesexpressedbetweeninflammatoryhPDLFandhGFsinceP8,Nodifference
sinceP15:similaramountofgenesexpressedbetweeninflammatoryhPDLFandhGFsinceP15
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Ⅳ.Discussions

Theultimatepurposeofperiodontalregenerationtherapyistheregenerationof
destroyedtissuesincludingthealveoloarbone,cementum,andperiodontalligament.
Tissueengineering isapplied to overcomelimited tissueregeneration using the
factors thatwould stimulatethe regeneration ofalveoloarbone and periodontal
attachment.Human periodontalligamentfibroblast(hPDLF)can bedifferentiated
andproliferatedintoosteoblast-likecellandcementoblast-likecell,playingacentral
role in periodontal regeneration.People need their teeth longer as the life
expectancyincreasedandwanttoprepareforhealthyolderyearsbymaintaining
healthyperiodontaltissueinshape-wiseandfrom estheticpointofview.
Thecausesofperiodontitisisknown aging,infection,and mechanicalstress.

Chronicperiodontitisisacommoninadultpeople.Generally,severeperiodontitis
patients have a inflammatory PDL or PDL loss. For the prevention and
regeneration in periodontitis patients,inhibition ofaging in periodontalcells is
essential,anditwillbeworthusingthehGFasahPDLF.
Dispitetheirsimilarspindle-shapedappearance,PDLFandGFappeartodisplay

differentgeneexpressionpatternsthatmayreflectintrinsicfunctionaldifferencesof
the two cellpopulations and may wellcoordinate with their tissue-specific
activities11).Wangetal.19)reportedthatDNA microarrayofthemRNA levelsof
eightgenes in human gingivalfibroblasts (HGFs) detectdifferences in gene
expression between healthy and inflammatory gingivaltissues.Abiko etal.20)

reported thattheDNA microarray to detectdifferencesin thegeneexpression
profilesofHGE andHGF maybebeneficialforgeneticdiagnosisofperiodontal
tissue metabolism and periodontaldiseases.However,a genetic specific marker
studyisrareinaging,inflammationandcell-specificitybetweenhGF andhPDLF
by DNA microarray analysis.In the presentstudy,we used DNA microarray
technologytodeterminethepatternofgeneexpressionofhealthyhPDLF,healthy
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hGF,aginghGF,inflammatoryhPDLF.
Inthisstudythatabout4.1% (557genes)werefoundtobemoreabundantin

healthyhPDLF,whereas1.7% (237genes)wereexpressedathigherlevelsin
healthyGFbymorethanfour-fold.
Periostinwaswellknowntobepreferentiallyexpressedintheperiosteum and

periodontalligament,indicating its tissue specificity and a potentialrole in
maintenanceoftissuestructure11,21).Inthisstudy,periostingenewasalsofoundto
behighlyexpressedinhPDLFcomparedwithhGF,withadifferentialexpressionof
4.46-fold.
Interleukin(IL)-11isapleiotropiccytokinewitheffectsonmultiplecelltypes.

Yashiroetal.22)reportedthatIL-11mRNA expressionandIL-11productionwere
augmentedbyTGF-betainbothPDLandhGF,withhighervaluesinPDL.Inour
study,IL-11genewasalsoshowedtobehighlyexpressedinhPDLF compared
withhGF,withadifferentialexpressionof157-fold.
Hanetal.11)reportedthatIL-8mRNA wasfoundtobehighlyexpressedinhGF

comparedwithPDLF,withadifferentialexpressionof85.1-fold.However,inour
study,IL-8genewasshowedtobehighly expressedinhPDLF comparedwith
hGF,with adifferentialexpression of30.4-fold.Furtherstudiesarearranted to
elucidatethepresentroleofIL-8inhGFandhPDLF
Mammalian thioredoxin is known as a directinhibitor ofapoptosis signal-

regulatingkinase(ASK)123).Thioredoxininteractingprotein(Txnip)geneisknown
as a cacdidate tumor suppressor gene in vivo.Sheth et al.24) reported that
microarray analysesoftumor,non-tumoradjacent,andnormaltissueofTxnip-
deficientmicehighlightedthegeneticdifferencesleadingtothepredispositionand
onset of hepatocellular carcina (HCC),and the thioredoxin interacting protein
(Txnip)deficiencyissufficienttoinitiateHCC. Inthisstudy,Txnipgenewas
showedhigherfoldchangeinhealthyhGFthanhealthyhPDLF.
Whiteetal.25)hadclonedandcharacterizedthehumangeneforthe21-kDabrain

form ofprostaglandin D2synthase.Yamashimaetal.26) reportedbecausehuman
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arachnoid and meningioma cells exclusively express prostaglandin D synthase
(PGDS), it can be considered their specific cell marker. In this study,
Prostaglandin D2synthase21kDawasshowedbestfoldchangein healthy hGF
thanhealthyhPDLF.Furtherstudiesarerequiredtoelucidatethecell-specificrole
ofTxnipandPGDSinhGFandhPDLF.
Kim etal.27)reportedthatPDLs22,Type1collagen,Fibronectin,MMP-1.and

TIMP-1mRNA in hPDLF showed agedependentexpression patternsusing the
RT-PCR..However,fortotalgeneanalysis,themethodisrestrictedcomparedto
microarryanalysis
Themicroarraytechniquehasrecentlybeensuccessfullyusedinidentifyinghost

molecularpathwaysbycomparativeanalysisofthehosttanscriptionalresponseto
infection,gaininginsightsintothemechanism thatcontrollifespanandagerelated
phenotypes28-29).
Thus,thisstudyisespeciallyimportantinthatculturedhPDLF obtainedinthe

periodontitispatientwerecomparedgeneticallywithhealthyhPDLF.Inthisstudy,
we compared to geneprofile between healthy PDLF and inflammatory hPDLF.
About2.0%(264genes)werefoundtobecomparativelymoreabudantinhealthy
hPDLF,whereas2.5% (330genes)wereexpressedathigherlevesininflammatory
hPDLFbymorethanfour-fold.
Senescencemarkerprotein-30(SMP30),acalcium bindingproteinwasalsocalled

regucalcin(RC).Senescencemarkerprotein-30(SMP30)gene,expressedmostlyin
theliver,protectscellsagainstvariousinjuriesbystimulatingmembranecalcium
pump activity30).Maruyama etal31) reported thatSMP30 has an antiapoptotic
functionandSMP30-KO micearehighlysusceptibletovariousharmfulreagents.
SMP30mightbeausefultoolforagingandbiologicalmonitoring.Nakagawaet
al.32) reported thatoverexpression ofregucalcin (SMP30)supressesapoptoticcell
deathinclonednormalratkidneyproximaltubularepithelialNRK52Ecells.
Celladhesionmolecules(CAMs)arecellsurfaceproteinsinvolvedinthebinding

ofcellsto each other,to endothelialcells,orto the extracellularmatrix.The
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soluble forms ofCAMs (sCAMS)are thoughtto be produced by proteolytic
cleavagefrom thecellsurfaceandareshedintothegingivalcrevicularfluid(GCF).
Hannigan etal.33) reported thatstatistically significantdifferences were found
betweenthelevelsofsVCAM-1inperiodontalhealthanddiseaseusingtheGCF.
However,nostudyincludinggeneticanalysishasbeendoneonculturedhPDLFby
microarrayanalysis.
In thisstudy,SMP30genefoundtobethebestfold-changein inflammatory

hPDLFthanhealthyhPDLF.ThismeansthatSMP30,antiapoptoticgene,mightbe
incresedaccordingtotheinflammation.Vascularcelladhesionmolecule1wasalso
showedsecondhigherfoldchangeininflammatoryhPDLFthanhealthyhPDLF.We
suggest that SMP30 gene and VCAM-1 might be a available marker for
periodontitis,andfurtherresearchisrequired.
Inpresentstudy,about5.6%(826)genesofallgeneswerefoundup-regulated,

whereas 3.3%(492)genes were found down-regulated by more than four-fold
accordingtothereplicativesenescenceofhGF.
Two RecA-likerecombinases,Rad51and Dmc1,existin eukaryotes.Whereas

Rad51isneededforbothmitoticandmeioticrecombinationevents,thefunctionof
Dmc1 is restricted to meiosis.Sehorn etal.34) reported thatthe DNA strand
exchange activity of hDmc1 is probably indispensable for repair of DNA
double-strand breaks during meiosis and formaintaining the ploidy ofmeiotic
chromosomes.(Nature,Sehorn)
Inthisstudy,ActinisshowedbestfoldchangeinaginghGF(P16)thanhealthy

hGF(P2).Whereas,DMC1 dosage suppressorofmck1 homolog,meiosis-specific
homologousrecombinationwasshowedbestfoldchangeinhealthyhGF(P2)than
aginghGF(P16).WesuggestthatActingenemightbeausefulmarkerofagingin
hGF,whereasDMC1genemightbeaavailablemarkerofmeiosisinhGF.
Forthedetailcomparisonofgenesexpressedbetweenagingandinflammation,

weanalyzed thefold changebetween controlgroup (inflammatory hPDLF)and
experimentalgroup(aginghGF).149(1.0%)geneswereshowedsimilaramountof
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genesexpressedbetweeninflammatoryhPDLFandaginghGFsinceP15(Passage
No15ofhumangingivalfibroblast).Thismeansthatagingcanbeco-relatedwith
inflammtion.
Wesuggestthatgenesexpressed in healthy hPDLF,healthy GF,aging GF,

inflammatory hPDLF appear to display different gene expression patterns.
Expecially,Actin,DMC1,SMP30,VCAD-1,Periostin,IL-11,and Thioredoxin
interacting protein genes mightbe a usefulmarkerofaging,inflammation,or
cell-specificityinhGFandhPDLF.Furtherresearchisrequired.
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Ⅴ.Conclusions

Thepurposeofthisstudy wasto comparetotalgeneexpression ofhealthy
human gingivalfibrobast(hGF),aging hGF,healthy human periodontalligament
fibroblast(hPDLF)andinflammatoryhPDLFbyDNA microarrayanalysis.
Theresultsisfollowed:

1.Actin isshowed bestfold changein aging hGF(P16)than healthy hGF(P2).
Whereas,DMC1dosagesuppressorofmck1homolog,meiosis-specifichomologous
recombination was showed best fold change in healthy hGF(P2) than aging
hGF(P16).
2.RegucalcinwasshowedbestfoldchangeininflammatoryhPDLF thanhealthy
hPDLF.And,Vascularcelladhesionmolecule1wasalsoshowedsecondhigherfold
changeininflammatoryhPDLFthanhealthyhPDLF.
3.IL-11and periostin wasshowed higherfold changein healthy hPDLF than
healthy hGF.Whereas,Prostaglandin D2synthase21kDawasshowed bestfold
changeinhealthyhGF thanhealthyhPDLF.Thioredoxininteracting proteinwas
alsoshowedhigherfoldchangeinhealthyhGFthanhealthyhPDLF.
4.149geneswereshowedsimilaramountofgenesexpressedbetweeninflammatory
hPDLFandaginghGFsinceP15(PassageNo15ofhGF).
Consequently,the genesin healthy hGF,aging hGF,healthy hPDLF andinflammatory

hPDLFweredifferentiallyexpressedbyDNA microarray.Thisstudysuggestthatthebest
orhihgerfoldchangedgenescanbedifferentaccordingtotheaging,inflammation
orcelltype.Furtherresearchisneededforpossibilityof genemarkerorgene
therapyforaging,inflammationandcell-specificityinperiodontitispatients.
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