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국문초록

비계상에 VEGF와 함께 배양된 성견의 골수기질세포의
혈관내피세포로의 분화에 관한 면역조직화학적 연구

조 일 준
지도교수 :장 현 선

조선대학교 대학원 치의학과

 치주치료의 궁극적인 목적은 치주조직의 재생이라 할 수 있다.치주조직 재생에 필수적인
치주인대의 회복은 심한 치주염으로 파괴된 치주염 환자에서 추구해야할 목표라고 할 수 있
다.또한 최근에는 무치악 부위에 임플란트 치료가 일반화되었는데 치주염으로 흡수된 부위
의 골조직의 증대는 선결조건이 되었다.최근에는 조직재생의 한계를 극복하기 위하여 치,의
학계에서 조직공학적 시도가 이루어지고 있는데,심한 치주염으로 인해 조직 재생의 한계를
나타내는 치주염 환자들에서 세포,비계,성장인자를 실험실상에서 치주조직으로 형성하여
적용할 경우 임상에 유용할 것으로 생각된다.또한 조직공학적으로 치주조직(연조직,경조
직)을 형성할 경우 치유에 필수적인 혈관 신생을 동시에 형성하여 치주조직 재생에 적용할
경우 치유의 효과 및 재생 시간을 단축시킬 수 있을 것으로 생각된다.그러나 치주조직공학
적으로 세포,비계,성장인자를 이용한 혈관신생에 관한 연구는 미비한 실정이다.이 연구의
목적은 임상에서 흔히 이용되고 있는 흡수성교원질막에 골수줄기세포를 배양한 후 혈관내피
세포성장인자를 적용하여 줄기세포에서 혈관세포로의 분화 가능성을 연구하고자 하였다.
줄기세포는 성견의 골수기질세포를 실험에 이용하였다.골수기질세포를 흡수성교원질막에
서 배양하면서 혈관내피세포성장인자를 적용하였다.흡수성교원질막에서 골수기질세포만 배
양한 것을 대조군으로 하였고,흡수성교원질막에서 골수기질세포를 배양하면서 혈관내피세
포성장인자(50ng/㎖)를 적용한 것을 실험군으로 하였다.대조군,실험군 모두 60mm 배양
접시에서 10% FetalBovineSerum(FBS,GibcoBRL)이 함유된 Dulbecco'sModifiedEagles
Medium(DMEM,GibcoBRL)을 이용하여 5% CO2,37℃,100% 습도 조건에서 배양하였다.
골수기질세포에서 혈관세포로의 분화 가능성을 조직학적으로 평가하기 위하여 1주,2주 대
조군과 실험군 조직을 10% 중성 포르말린에 고정하고 통상적인 방법으로
hematoxylin-eosin염색과 면역조직화학적 염색을 시행한 후 조직학적으로 관찰하였다.
대조군보다 실험군에서 세포증식이 더 뚜렷하게 관찰되었고,실험군에서 CD31양성 세포
들이 대조군에 비하여 더 뚜렷하게 관찰되었다.이 연구 결과 흡수성교원질막에 골수기질세
포를 배양하면서 혈관내피세포성장인자를 적용할 경우 혈관내피세포로의 분화 가능성을 시
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사해주고있다.

주요어:골수기질세포,혈관내피세포성장인자,흡수성교원질막,CD31
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Introduction

Thetriadoftissueengineeringiscomposedofcell,scaffold,andsignaling
molecule.Tissueengineeringhasdevelopedinresponsetoaninadequatelyof
organs and tissues for patients requiring organ/tissue replacement1).
Periodontitiscan becaused by infection,mechanicalstressand aging.The
mainpurposeinperiodontaltherapyistheinregeneratingperiodontaltissue.
Oncetheperiodontaltissueisimpaired,thetissuehasalimitedcapacityfor
regeneration2). Since cementoblasts, osteoblasts, and periodontal ligament
fibroblastsarederivedfrom periodontalligament3),regenerationofperiodontal
tissuecanbelimitedinsevereperiodontitispatientswithperiodontalligament
loss.Forthisregeneration,humanperiodontalligamentfibroblast(hPDLF)is
crucial.PDLF have a severalpotential,such as migration,proliferation,
differentiation osteoblast-like, cementoblast-like, & periodontal ligament
fibroblasts,achievethepromotion oftissueregeneration4-7).Melcher 8)

statedthatthephenotypesofcellsre-collectedintherootsurface(suchas
gingivalepithelium,gingivallaminapropria,periodontalligament,cementum,
andalveoloarbone)woulddeterminetheadhesion,regenerationcharacteristics,
andquality.
Forperiodontalregeneration,hPDLFcellshavingthepotentialtodivideinto
variouscellsareimportant.Generally,severeperiodontitispatientsexpected
toothextrationhavenoPDLF.Becauseconventionalperiodontalregeneration
methodsremaininsufficienttoobtainacompleteregenerationinperiodontitis
patients,theconceptofperiodontaltissueengineeringhasresentlybeenneeded
toregenerateperiodontaltissues9).
Stem cells are pluripotentcells with unlimited proliferation potentialand
differentiation capacity to all types of somatic cells.Periodontal tissue
engineeringbasedoninvitroexpandedcellsholdsthepromisetoovercome
the limitations associated with contemporary regenerative techniques.Stem
cellsmaybecomeacellsourcewithunlimitedsupplyforperiodontaltissue
engineeringapplications10).Lee .11)reportedthatfibroblasticdifferentiation
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from stem cellsisofwidespreadsignificanceintheengineeringofvirtuallyall
tissuesincludingtendons,ligaments,periodontalligament,cranicalsuturesand
asinterstitialfillerofallorgans.Ogiso .12)reportedthatco-cultureof
humanperiodontalligamentfibroblastorratskinfibroblast withbonemarrow
stromalcells(BMSCs)resultedinalargereductionofbonenoduleformation,
andthatfibroblastsmayinhibitosteoblastdifferentiation.Lee .11)observed
thatconnectivetissuegrowthfactor(CTGF)-treatedhumanmesenchymalstem
cells(hMSCs)failedtoshow osteogenicorchondrogenicdifferentiation,and
thatCTGF isan effectiveinduction factorforfibroblasticdifferentiation of
hMSCs.
The rapid and transient growth of new capillaries,the process called
angiogenesis,is central to most human life processes including tissue
divelopment,regeneration,andrepair13).
MSCscanbecomeavaluablecellsourceasanautograftforclinicalapplication
involvingtissueregeneration14).Recentstudieshaveshownthatmesenchymal
stem cellsobtained from periodontalligament(PDL-MSCs)aremultipotent
cellsthathavesimilarfeaturesofthebonemarrow anddentalpulpMSCsand
arecapableofproliferating andproducing differenttypesoftissuesuchas
boneandtoothassociated-tissues14).
Moreau .15) reportedthatin vitroBMSCsgrowth mightbeenhanced
through culture medium supplementation, mimicking the biochemical
environment in which cells optically proliferate and differentiate. They
suggested significantin vitro ligamentdevelopmentafteronly 14 days of
culturewhenusingasequentialgrowthfactorapproach.
Among these factors,vascular endothelialgrowth factor (VEGF) shows
promiseasamoleculethatmay enhancethevascularization ofengineered
tissues,asithasbeen shown toactmostspecifically on endothelialcells
(ECs)16).CD31identifiesplateletendothelialcelladhesionmolecule(PECAM)
presentonendothelialcellsandinnon-mesoderm-derivedcells17).
Theaim ofthisstudy wastoinvestigatethepossibilityofendothelialcell
differentiation from dog bonemarrow stromalcellcultured with VEGF on
scaffoldimmunohistologically.
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MaterialsandMethods

CellCulture

Thedog bonemarrow stromalcells(BMSCs)wereusedforourstudy.2
passage BMSCs were used forthis study.The BMSCs were cultured in
Dulbecco'sModified EaglesMedium (DMEM,Gibco BRL,USA)containing
10% fetalbovineserum (FBS)at5% CO2,37℃,and100% humidity.

Conditionedmedium experiments

Thecellswereculturedat5% CO2,37℃,and100% humidityina60㎜ Petri
dishuntil7daysand14days,respectively.The50ng/㎖ vascularendothelial
growthfactor(VEGF)wasappliedevery 2daysuntil7days.Thecontrol
groupwasBMSC cultured in theresorbablecollagen membrane(Bio-Gide)
withoutVEGF treatment.TheexperimentagroupwasBMSC cultuedinthe
resorbable collagen membrane (Bio-Gide) with VEGF treatment. The
experimantonegroupwasculturedat5% CO2,37℃,and100% humidityina
60㎜ Petridishuntil7daysandthe50ng/㎖ VEGFwasappliedina2-day
intervaluntil7days.Theexperimanttwogroupwasculturedat5% CO2,3
7℃,and100% humidityina60㎜ Petridishuntil14daysandthe50ng/㎖
VEGFwasappliedina2-dayintervaluntil7days.

HistologicstudyandImmunohistochemicalstudy
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Thespecimen wasimmediately fixedinasolution containing 10% neutral
formalin.Theywereprocessedroutinelyandwereembeddedinparaffin,The
paraffin blocks were sectioned in 6 ㎛ thin slices and the sections were
stained with hematoxylin-eosin for generalhistologicalobservations.The
sections were evaluated under a light microscope for detection of
endothelical-likecell.
Fortheimmunohistochemistry,monoclonalmouseanti-humanantibodieswere
purchasedfrom DakoCytomationInc.(Glostrup,Denmark).TheprimaryAbs
usedwereCD31.Sectionswerestainedbythebiotin-streptavidin-peroxidase
method (VectastainⓇ ABC-AP kit,Burlingame,CA,USA.).The paraffin
sectionswerepre-incubatedwith1.5% blockingnormalserum dilutedin1X
PBS for 20 min, and incubated for overnight with primary antibody
(anti-CD31)diluted(1:200)inthedilutednormalserum.Afterwashingin1X
PBS,thesectionswereincubatedfor30minatroom temperaturewithdiluted
biotinylated universalsencondary antibody.The sections were then rinsed
brieflywith1X PBS,reactedwithVectastainⓇ ABC-APReagentfor30min.
Aftercolordevelopmentwith0.05% DAB(diaminobenzidinetetrahydrochloride),
thesectionswerewashedandcounterstainedwithhematoxylin.Thepositively
stainedcellsintheexperimentalandcontrolgroupwerecomparedwitheach
other.

Results

Morphological changes of BMSC cultured in the resorbable collagen
membranewasshownaccordingtotheVEGF.Morphologicalchangesofthe
cellswereobservedunderalightmicroscope.
Inmicroscopicanalysis,thecellprolifeationwasshowninexperimentalgroup
thancontrolgroup(Figure.1-6).WehaveevaluatedCD31+endothelialcellsby
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using immunohistochemistry in BMSC cultured in theresorbablecollagen
membrane(Bio-Gide)withVEGF.Thisstudyshowedthatthereweremore
CD31+ endothelialcells in the experimentalgroup than the controlgroup
(Figure.7).Moreover,the CD31 positive cells were associated with a
significantincreaseinnumbersofendothelialcellsintheexperimentalgroup.
Theendothelialcelldifferentiation from bonemarrow stromalcellcultured
withVEGF onscaffoldwasmarkedbyasignificantincreaseinnumbersof
CD31+ endothelialcellsat2weeks(Figure.8).At2weeks,theendothelial
cellswerepredominantlypresentinexperimentalgroupcomparedwithcontrol
group.At one week,there was a slight increase in the numbers of
CD31+-labeledcellsintheexperimentalgroup.Intheexperimentalgroup,the
expression of CD31 positive cells were expressed weakly at one week
comparedwithtwoweeks.
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A. B.

C. D.

Figure1.Histologicfeaturesofendothelialcelldifferentiation from bone
marrow stromalcellculturedwithVEGFonscaffold.Cellsinexperimental
group was proliferated more than control group. At 1 week.
Hematoxylin-easin staining. magnification, ×40(A,C), ×100(B,D). A,B.
VEGF-treated(Experimentalgroup),C,D.VEGF-untreated(controlgroup)
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A. B.

C. D.

Figure2.Histologicfeaturesofendothelialcelldifferentiationfrom bone
marrow stromalcellcultured with VEGF on scaffold.The vascular
endothelial-likecellsinexperimentalgroupwasshow morethancontrol
group.At2 week.Hematoxylin-easin staining.magnification,×40(A,C),
×100(B,D).A,B.VEGF-treated (Experimentalgroup), C,D.VEGF-untreated
(controlgroup)
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A. B.

C. D.

Figure3.Histologicfeaturesofendothelialcelldifferentiation from bone
marrow stromalcellculturedwithVEGFonscaffold.CD 31positivecells
inexperimentalgroupwasshownmorethancontrolgroup.Theexpression
ofCD31positivecellswereexpressedweaklyatoneweekcomparedwithtwo
weeks.1 week (A,C)and 2week (B,D).Immunohistochemicalstaining.
magnification,×100.
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Discussion

Tissueengineeringisappliedtoovercomelimitedtissueregenerationusing
the factors thatwould stimulate the regeneration ofalveoloar bone and
periodontalattachment.Humanperiodontalligamentfibroblast(hPDLF)canbe
differentiated and proliferated into osteoblast-like celland cementoblast-like
cell,playingacentralroleinperiodontalregeneration.Peopleneedtheirteeth
longerasthelifeexpectancyincreasedandwanttoprepareforhealthyolder
years by maintaining healthy periodontaltissue in shape-wise and from
estheticpointofview.
Theultimatepurposeofclinicalperiodontaltherapyinperiodontaldefectsis
regenerationofallloststructuresincludingthealveoloarbone,cementum,and
periodontalligament.Attemptsatregenerationofcomplicateperiodontaldefects
by guided tissue regeneration have notalways yielded predictable results.
Recently,attemptsatengineering thedefectsusing variousmaterialshave
shownpromisingresults.Chongetal.18)reportedthatthecombinationofEMD
andPDGF-BB producesgreaterproliferativeandwound-filleffectsonPDLS
cellsthaneachbythemselves,andthatamelogeninalonemaynottriggerthe
regenerativepotentialofperiodontaltissuesandthatitrequiresacombined
interaction with other enamelmatrix components ofEMD to directthe
regenerativeprocess.
Recently,fourfactors(cell,matrix,growthfactor,angiogenesis)isessential
forperiodontaltissueengineeing.A varietyofgrowthfactorsthatpromotethe
formationofanew microvasculaturehavebeenidentified19,20),andtheycould
potentiallybeutilizedtoaccelatetheingrowthofbloodvesselsindeveloping
tissue21).
Thisstudy wasperformedtoinvestigatethepossibility ofendothelialcell
differentiationfrom bonemarrow stromalcells(BMSC)culturedwithVEGFon
scaffoldandtoexploretheirpotentialuseforperiodontaltissueengineering.
Thecausesofperiodontitisisknownaging,infection,andmechanicalstress.
Chronic periodontitis is a common in adult people. Generally, severe
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periodontitispatientshaveainflammatory PDL orPDL loss.Bonemarrow
stromalcells(BMSCs)resideinbonemarrow andprovidealifelongsourceof
new cells forvarious tissues22).Bone marrow stromalcells (BMSCs)are
pluripotentstem cellswithself-renewalpropertyandpotentialtodifferentiate
intoavarietyofcelltypes23,24).
Moreau .15)reportedthatthesequentialadministrationofgrowthfactors
tofirstproliferateandthendifferentiateBMSCsculturedonsilkfibermatrices
willsupporttheenhanceddevelopmentofligamenttissueinvitro.Confluent
second passage(P2)BMSCsobtained from purified bonemarrow aspirates
wereseededonRGD-modifiedsilkmatrices.Seededmatricesweredividedinto
threegroupsfor5daysofstaticculture,withmedium supplementofbasic
fibroblastgrowthfactor(B)(1ng/ml),epidermalgrowthfactor(E;1ng/ml)or
growthfactor-freecontrol(C).After5days,medium supplementwaschanged
totransforminggrowthgactor-β1(T;5ng/ml)orCforanadditional9days
ofculture.Sequentialgrowthfactorapplicationpromotedsignificantincreases
incollagentypeItranscriptexpressionfrom day5ofculturetoday14,for
fiveofsixgroupstested.Moreau .15)reportedthatthefindingsindicates
significantinvitroligamentdevelopmentafteronly14daysofculturewhen
usingasequentialgrowthfactorapproach.
Farhadi .25) reportedthathuman bonemarrow stromalcellsfrom six
donorswereexpandedfortwopassages(expansionphase)andsubsequently
cultivatedinosteogenicmedium containingascorbicacid,β-glycerophosphate,
and dexamethasone (differentiation phase).After each phase,cells were
transferred into serum-free medium with or without FGF-2 at different
concentrationsandfordifferenttimes,andtheexpressionofBMP-2,TGF-β1,
andVEGFwasquantifiedatthemRNA level.Inresponseto5ng/mlFGF-2
for24hours,themRNA expressionofVEGFincreasedatbothculturephases
(upto6.1fold),whereasthatofBMP-2andTGF-β1significantlyincreased
only after the expansion (3.1-fold) or differentiation phase (2.1-fold),
respectively.FGF-2 up-regulates the expression ofBMP-2,TGF-β1,and
VEGF inhumanbonemarrow stromalcells,inapatterndependentonthe
cell-differentiationstage.Thesefindingspromptforinvivoinvestigationson
thedeliveryofFGF-2forthetemporally/functionallyregulatedenhancementof
bonemarrow stromalcell-basedboneinduction15).
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Oneofthefundamentalprinciplesthatunderliestissue-engineeringstrategies
using celltransplantation isthata newly formed tissuemustacquireand
maintain sufficientvascularization in ordertosupportitsgrowth.Enhacing
angiogenesisthroughdeliveryofgrowthfactorsisoneapproachtoestablishing
avascularnetworktothesetissues26).Kaigleretal.26)reportedthatthegrowth
anddifferentiationofculturedECswereenhancedinresponsetoexposureto
BMSC conditioned medium (CM) that human BMSCs secrete sufficient
quantitiesofVEGFtoenhancesurvivalanddifferentiationofendothelialcells
invitro.Brodyetal.27)reportedaboutcharacterizingnanoscaletopographyof
theaorticheartvalvebasementmembranefortissueengineeringheartvalve
scaffolddesign.Yuetal.28)reportedaboutapreparationandendothelialization
ofdecelluarisedvscularscaffoldfortissue-engineeredbloodvessel.
Bonemarrow stromalcells(BMSCs)playacentralroleintherepairand
regenerationofmesenchymaltissues.Hankemeier .29)reportedmodulation
ofproliferation and differentiation ofhuman bonemarrow stromalcellsby
fibroblastgrowthfactor2forpotentialimplicationsfortissueengineeringfor
tendons and ligaments.In ourstudy,cells in experimentalgroup was
proliferated morethan controlgroup.In H & E staining,thevascular
endothelial-likecellsinexperimentalgroupwasshow morethancontrol
groupat2week.Inimmunohistochemicalstudy,CD 31positivecellsin
experimentalgroupwasshownmorethancontrolgroup.Theexpressionof
CD31positivecellswereexpressedweaklyatoneweekcomparedwithtwo
weeks.

Conclusion

We suggestthat the VEGF can be used for vascular endothelialcell
differentiationfrom bonemarrow stromalcellculturedonscaffoldandthata
engineeringvasculartissuecanbemadeinvitro.
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