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감감감사사사의의의 글글글
먼저 부족한 저에게 크나큰 선물을 허락하신 하나님께 모든 영광을 돌립니다.또한 제가
학위과정을 시작하고 마칠 때 까지 동기부여를 해 주시고,체력적으로 힘들고 지칠 때 설
교말씀을 통해서 잘 달려가도록 용기를 주신 명성교회 당회장이신 김삼환 목사님께 감사드
립니다. 또한 4년의 박사과정동안 수업을 통해서 많은 것을 가르쳐주시고,논문작성의 처
음부터 끝까지 관심과 애정으로 이끌어주신 김 진 교수님께 진심으로 깊은 감사를 드리지
않을 수 없습니다.아울러 바쁘신 가운데서도 저의 논문에 관심과 조언을 아끼지 않으신
박광균 교수님과 육종인 교수님,이은주 교수님 그리고 서울대학교 최봉규 교수님께도 감
사를 드립니다.

지난 2년여 동안 논문실험을 하며 많은 수고를 아끼지 않은 차충민 선생님께 무한한 감사
를 드리며,모르는 것을 항상 친절하게 가르쳐준 김은정 선생님을 비롯한 류주경 선생님,
김남희,선생님 등 구강병리학교실의 여러 선생님들께도 감사의 뜻을 전합니다.또한 생소
하기만 했던 조직표본처리과정을 친절하게 설명해주신 홍준철 선생님과 행정적인 많은 도
움을 주신 지원주 선생님께도 감사드립니다.또한 학위과정동안 많은 궂은 일을 잘 처리해
주고,힘들고 어려울 때 진료실을 지켜준 선숙,지혜등 치과 진료실의 식구들에게도 감사
드립니다.

지금까지 저를 키워주시고 뒷바라지해주신 주님 곁에 계신 아버님께 감사드리며,자주 찾
아뵙지 못한 어머님인 채순임 권사님께도 죄송한 마음과 감사의 마음을 전하고 싶습니다.
또한 막내 동생인 저를 항상 애정과 사랑으로 대해주신 태강형님을 비롯한 태선,태섭,태
봉 네 분의 형님과 수희누님에게도 감사드립니다. 그리고 학위과정 동안 동훈이를 보살피
지 못할 때 애쓰고 참아준 아내 이영란에게 참으로 깊은 애정과 감사를 보냅니다.또한 여
러 가지로 힘든 우리가정을 헌신적으로 돌봐주신 장모님인 노영순 집사님께도 감사드립니
다.아울러서 멀리서 기도로 응원하여 주신 반석교회 임동석 목사님과 여러 성도님들께도
역시 감사드립니다.

뒤돌아보니 모든 것이 하나님의 은혜였음을 고백합니다.시작도 마침도 하나님의 은혜라
고 생각합니다.김삼환 목사님 감사드립니다.목사님이 계셔서 오늘의 제가 있을 수 있었다
고 생각합니다.김 진 교수님 감사합니다.제가 공부를 열심히 해서 행복하다고 말씀 하시
던 모습이 오랫동안 제 기억에 남을 것입니다.마지막 스승을 참으로 훌륭하고 좋으신 분
을 만나게 해 주신 것에 대하여 하나님께 감사하고 있습니다.아내인 영란이,참으로 고생
많았어요!감사해요!하나님,영란이를 오늘 사랑 한 것 보다 내일 더 사랑하게 해주세요!
부족한 우리아들 동훈아 사랑한다,그리고 예쁜 딸 민경아 사랑한다.동훈아 민경아,아빠가
드디어 박사가 되었단다!
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Establishmentofcollagengel-basedco-culture
modelsforinvasivestudywithrespectto

cancercell-fibroblastinteraction

TTTaaaeeeHHHeeeuuubbbJJJuuunnnggg

DepartmentofDentalScience
TheGraduateSchool,YonseiUniversity

(DirectedbyProfessorJJJiiinnnKKKiiimmm)

Epithelialandmesenchymalinteraction(EMI)iswellknowntobeessentialin
embryonicdevelopment, woundhealingandcarcinogenesis.Thisstudywas
aimedtodesigninvitromodelfortheinvasivestudywithrespecttocancercells
andfibroblastsinteraction.

ThisstudyusedtwooralsquamouscellcarcinomacelllinesYD-10B and
YD-38.Toestablishinvitrosystem forinvasionstudy,threedifferentmodels
weredesigned;Collagengel-basedcancercellculturemodeldevoidofSwiss3T3
fibroblasts (C),Collagen gel-based indirectco-culture model(C-In) with
interveningcollagenlayerbetweencancercellsandcollagengellayerwithSwiss
3T3fibroblasts,andCollagengel-baseddirectco-culturemodel(C-Dr).C-In
andC-Drmodelswerecomparedwithseparateco-cultureandmixedco-culture
modelsusingtransmembranesystem.Toevaluatewhetherthesemodelsare



appropriateforinvasivestudy,theactivityofmatrixmetalloproteases(MMP)-2
andMMP-9wasexaminedbygelatinRT-PCRandzymographybecauseMMP
family arewellknown tohavean activerolein cancercellinvasion and
metastasis.Tissuefrom whichYD-10BandYD-38celllineswereestablished
andusedforimmunohistochemicalstainingforthedetectionofMMP-2and
MMP-9.

Asresults,MMP-2mRNA wasexpressedinbothYD-10BandYD-38cell
lines,whenculturedinthecollagengelwithoutfibroblasts.Ontheotherhand,
MMP-9wasexpressedfaintlyinYD-10BcellsandwasnotdetectedinYD-38
cells.Directco-cultureofcancercellsandSwiss3T3fibroblastsinthecollagen
gelshowedremarkableincreaseofMMP-2andMMP-9expression.Inindirectly
contactedco-culturemodels,bothMMP-2andMMP-9werenotincreased.
Gelatinzymographyshowedthattheactiveform ofMMP-2wasinducedonly
byC-Drmodelandmixedco-culture,suggestingthatMMP-2activitycanbe
induced by direct contact between cancer cells and fibroblasts. In
immunohistochemicalstaining ofMMP-2expression,multiplefociofstrong
positivereactionwerefoundintheinterfacebetweencancercellnestsand
surroundingstromaattheinvasivefrontinbothcelllines.Thecancercellsalso
showed MMP-2positivereaction in twocelllines.In MMP-9expression,
YD-10B cellsshowed diffusepositivereaction throughoutcancercellsand
surroundingstroma.MMP-9expressionshoweddiffusepositivereactioninthe
stromaofYD-38cancertissue,whilecancercellsofYD-38showedfocalpositive
reactionintheinfiltratingareaintobonytissue.

From theresults,MMP-2maybeactivatedbydirectcontactbetweencancer
cellsandfibroblasts,notbysolublefactorsgeneratedbyindirectco-cultureof



twokindsofcells.Asthetechniquestoisolatecancercellsofthismodel,the
establishedC-In,C-Drmodelcanbeusefultoinvestigatetheinvasionstudy
withrespecttocellularinteractionbetweencancercellsandfibroblasts.

------------------------------------------------------------------------

Keywords:cancercell-fibroblastinteraction,directcontact,indirectcontact,

collagengel-basedco-culture,matrixmetalloproteinase



EEEssstttaaabbbllliiissshhhmmmeeennntttooofffcccooollllllaaagggeeennngggeeelll---bbbaaassseeedddcccooo---cccuuullltttuuurrreee
mmmooodddeeelllsssfffooorrriiinnnvvvaaasssiiivvveeessstttuuudddyyywwwiiittthhhrrreeessspppeeecccttttttooo

cccaaannnccceeerrrccceeellllll---fffiiibbbrrrooobbblllaaassstttiiinnnttteeerrraaaccctttiiiooonnn

<DirectedbyProfessorJJJiiinnnKKKiiimmm>

DepartmentofDentalScience
TheGraduateSchool,YonseiUniversity

TTTaaaeeeHHHeeeuuubbbJJJuuunnnggg

III...IIINNNTTTRRROOODDDUUUCCCTTTIIIOOONNN

Epithelialandmesenchymalinteraction(EMI)iswellknowntobeessentialin
embryonicdevelopmentandwoundhealing.Inadultorgans,extracellularmatrix
(ECM)andstromalcellshaveregulatoryrolesinepithelialcellgrowthand
differentiation(Cunha,1985).Moreover,recentcancerstudies havebegunto
know thattumorstromacanplayactiverolesincarcinogenesis(Radiskyetal.,
2001;Tlsty,2001).Carcinogenesishasbeentraditionallyexplainedbyactivation
ofoncogeneandinactivation oftumorsuppressorgene.Recentresearch in
carcinogenesishasbeenfocusedontheabnormalcommunicationbetweenthe
tumor cells and their microenvironment (Radisky et al.,2001).Stromal



microenvironmentmaybeassociatedwithmultistepprocesssuchasinitiation,
progressionandinvasion(Sympsonetal.,1995;Olumietal.,1999;Sternlichtet
al.,1999;Lynchetal.,2002;vanKempen etal.,2002).

Stromalmicroenvironmentincludes1)ECM,2)stromaconsistingoffibroblast,
adipose,vasculature and residentimmune cells,3) conventionalmilieu of
cytokinesandgrowthfactors (Parketal.,2000;MuellerandFusenig,2002).
ECM providesboth structuralsupportand cellto celland cell-matrix
communication(Aumailleyetal.,1998;Howeetal.,1998).Fortheinvestigation
oftheinter-relationshipbetweentumormesenchymeandparenchymalcancer
cells,themixedco-cultureoftwokindsofcells,thecultureusingconditioned
medium and theseparateco-cultureby transmembranedevicehavebeen
reported.However,ECM,oneofthemajorfactorofEMI,isevadedinthese
studies.Accordingly,itisnecessarytoestablishinvitroexperimentalmodel
includingECM akintoinvivoforthestudyofEMI.

Collagengel-basedorganotypicco-cultureshavebeendevelopedtoprovidethe
invitrostromalmicroenvironmentforthereconstructionofinvivoconditions
(Rodriguez-Boulan andJamesNelson,1989).Additionally,thecultureusing
basementmembranecomponentororganotypicculturebytypeIcollagenhave
beenwidelyused(Weaveretal.,1997;Olumietal.,1999;Spancakeetal.,
1999;Vacarielloetal.,1999;LiottaandKohn2001).

Tumor cellinvasion and metastasis are now regarded as multi-step
phenomena,involvingproteolyticdgradationofbasementmembranesandECM,
alteredcelladhesionandphysicalmovementoftumorcells.Angiogenesis,the
formationofnew bloodvessels,isessentialbothfortumorgrowthandfor
successfultumor invasion and metastasis.Angiogenesis is complex and



dynamic,andrequiresproliferationofendothelialcellsfrom pre-exstingblood
vessels,breakdownofECM andmigrationofendothelialcells.Thus,growth
anddevelopmentofbloodvesselswithintumorsrequiresthesamefactorsthat
arecrucialtotumorcellinvasionandthematrixmetalloproteases(MMP)play
acentralroleinalloftheseprocesses(CurranandMurray2000).MMPsare
oneofthecontrolingfactorsinECM componentand includeabout20different
zinc-dependantproteinasedependingonitsmolecularweightandfunction.It
wasfirstdiscoveredasenzymerelatedtoliquefactionoftadpole-tale(Gross
andLapiere1962).MMPshaveeffectonECM decomposition,woundhealing,
angiogenesis,embryogenesis,cancerinvasion and metastasis(Olson etal.,
1998).The MMPsare responsible fordegradation ofthe constituentsof
basementmembranesandtheECM.Throughinteractionwithanarrayofcell
adhesion molecules,MMPsareimplicated in altered adhesion between the
tumorcellanditsenvironment,andrecentlyhavebeenshowntoplayarolein
themovementofcellsthroughtheECM.Inadditiontotheirfuntcioninthe
breakdownoftheECM,MMPsalsohavegrowthregulatoryeffectsonboth
primary and secondary tumors(Curran and Murray 2000).Consequently,
MMP-2andMMP-9haveenormousinfluenceoninvasionandmetastasisof
tumor(Stamenkovic,2003),becomingthesubjectofinvestigationtothosewho
workonprevention,detectioninearlystageandtreatmentofcancer.

Thepresentstudywasaimedattheestablishmentofinvitromodelsimulating
invivoforinvasionstudywithrespecttocancercellsandfibroblastsinteraction.
Wedevelopedmodifiedcollagen-gelbasedco-culturemodelusefulforthestudy
ofthedirectandindirecteffectsofcancercellsbyfibroblastsstimulation.The
gelatinolyticactivityandexpressionofMMP-2andMMP-9areevaluatedto
confirm whetherthismodelisappropriateforthisstudy.



IIIIII...MMMAAATTTEEERRRIIIAAALLLSSSAAANNNDDDMMMEEETTTHHHOOODDDSSS

111...CCCeeellllllcccuuullltttuuurrreee

YD-10BandYD-38oralsquamouscancercellsestablishedinYonseiUniversity
CollegeofDentistry wereused forthisstudy (Leeetal.,2005).YD-10B
expressedmoretumorigenesitythanYD-38invivostudy.Thecancercellswere
fedwithamixtureofDulbecco’sModifiedEaglesMedium (DMEM;Gibco
BRL,GrandIsland,NY,USA)andHam'snutrientmixtureF12(GibcoBRL,
GrandIsland,NY,USA)ata3:1ratiosupplementedwith10% fetalbovine
serum (Hyclone,Logan,UT,USA),0.1 ㎍/㎖ cholera toxin,0.4 ㎍/㎖
hydrocortisone, 5 ㎍/㎖ insulin, 5 ㎍/㎖ apo-transferrin, and 2 ㎍/㎖
3'-5-triodo-l-thyronine(allpurchasedfrom SigmaSt.Louis,MO,USA).Cells
wereculturedat37℃ inanatmospherecontaining5% CO2.Theculturemedium
waschangedeverytwoorthreedays.TheSwiss3T3fibroblastswereobtained
from theATCCandweregrowninamixtureofDMEM andHam'snutrient
mixtureF12 ata3:1ratiosupplementedwith10% fetalbovineserum.

222...TTThhhrrreeeeee---dddiiimmmeeennnsssiiiooonnnaaalllcccuuullltttuuurrreee

Thecancercellswerecultured with dermalequivalentswith orwithout
fibroblasts.Toproducedemalequivalents,300㎕ TypeI-A collagenmixture
(NittaGelatinInc,Osaka,Japan)wasgeneratedbymixing8volumesofan



ice-coldcollagensolutionwith1volume10×reconstitutionsolution(0.022g/㎖
NaHCO3,0.0477g/㎖ HEPES,0.05NNaOH)and1volume10×DMEM.Swiss
3T3(1.5×105cellsin30㎕)suspensioninmedium wereadded.Twohundred
fiftymicrolitersofthismixturewerepouredontopolycarbonatefilterinserts(3.0
㎛ poresize,12㎜ diameter;MilliporeCorp,Bedford,MA,USA)andplacedin
6-wellplates(Becton Dickinson,Franklin Lakes,NJ,USA).After1 day
incubationat37℃,3.0㎖ ofthemedium wasaddedto6-wellplates.Oral
squamouscarcinomacells(3×105cellsin200㎕)wereplatedontothedermal
equivalentsandafteradditional2daysthemediawerechangedin6-wellplates,
andadded200㎕ medium totheepidermalequivalents.Afteradditional2days
thecellswereexposedtotheairbyremovingallmedium from surfaceandwere
culturedfor5days.Medium waschangedevery2to3days.Theculturetissue
wasfixedwith10% neutralformalinandembededwithparaffin.Theparaffin
sectionwasstainedbyhematoxylinandeosin(H-E)toexaminethehistological
findingsofthethree-dimensionalculturetissue.

333...CCCooollllllaaagggeeennngggeeelll---bbbaaassseeedddcccooo---cccuuullltttuuurrreeefffooorrrdddiiirrreeeccctttaaannndddiiinnndddiiirrreeeccctttcccooonnntttaaaccctttbbbeeetttwwweeeeeennn
cccaaannnccceeerrrccceeellllllsssaaannnddd fffiiibbbrrrooobbblllaaassstttsss

Threedifferentculturemodelsweredesignedfortheinvestigationofthedirect
andindirecteffectsofcancercellsbyfibroblasts.Thecancercellswerecultured
onthetypeIcollagengelwithfibroblastsorwithoutfibroblasts. Inindirect
co-culturemodel(C-In),oralsquamouscarcinomacellswereseparatedfrom
fibroblasts-embeddedcollagenmatrixbyacellularcollagenlayer,whichmodel
wasdesignedfortheexaminationoftheindirecteffectbyfibroblasts. The



directco-culturemodel(C-Dr)wasdesignedthatoralcarcinomacellscouldbe
directlycontactedwithSwiss3T3fibroblasts(Fig.1).Topreparethecollagen
gelembeddedwithfibroblasts,8volumeofice-coldtypeIcollagenwasmixed
with1volumeofreconstitutionbuffer,1volumeof10×culturemediaandSwiss
3T3fibroblasts(1.5×105cellsina60㎜ plate).Thecontrol(C)wasestablished
bythesamecomponentsmerelydevoidofSwiss3T3fibroblasts.Afterthe
polymerizationofcollagen-fibroblastmixturefor1hourandincubationovernight
at37℃,C-Drmodelwasdesignedthat3.0×105cancercellswereaddedonthe
collagenmatrixandculturedfor2or3daysassubmergedinculturemedia.For
C-In model,acellularcollagenwasappliedonthetopoffibroblasts-embedded
collagenmatrix.

FFFiiiggg...111...Collagengel-basedcancercellculturemodeldevoidoffibroblasts(C),
Collagengel-basedindirectco-culturemodel(C-In)withinterveningcollagen
layerbetween cancercells and fibroblasts and Collagen gel-based direct
co-culturemodel(C-Dr).

444...SSSeeepppaaarrraaattteeecccooo---cccuuullltttuuurrreeebbbyyytttrrraaannnsssmmmeeemmmbbbrrraaannneeecccuuullltttuuurrreeesssyyysssttteeemmm

Toperform separateco-cultureforexaminingtheeffectofindirectcontact
betweentwokindsofcells,first,1.5×105cancercellswereseededonmillicell



(MilliporeCorp,Bedford,MA,USA)with0.4㎛ poresizemembrane,then
placedintoa60㎜ plateinwhich1.5×105Swiss3T3fibroblastswereseeded.
Thisco-culturesystem wasincubatedwithDMEM andHam'snutrientmixture
F12ata3:1ratiosupplementedwith10% fetalbovineserum at37℃ for24
hours(Fig.2.A).

555...MMMiiixxxeeeddd cccooo---cccuuullltttuuurrreee

Toperform mixedco-culturefordirectcontactbetweencancercellsand
fibroblasts,1.5×105numberofeachcellswereculturedina60㎜ platefor24
hours.Thesamemediawasusedforthismodel(Fig.2.B).

FFFiiiggg...222...Separateco-culturebytransmembraneculturesystem (A)andmixed
co-culture(B).

666...IIImmmmmmuuunnnooohhhiiissstttoooccchhheeemmmiiissstttrrryyy(((IIIHHHCCC)))

Tovalidatewhetherthecollagen-gelbased co-culturemodelswerewell
designedtodetectdirectandindirecteffectsbetweentwokindsofcells,we

AAA BBB



examinedthehistologicalfindingsofthesemodels.Afterfixationwith10%
neutral formalin, the samples were embedded with paraffin, then
paraffin-embeddedtissueswereusedforimmunohistochemicalstaining.After
deparaffinizationanddehydration,endogenousperoxidasewasblockedwith3%
H2O2inmethanol,andthesectionswereincubatedwithnormalhorseserum
(GibcoBRL,Grand Island,NY,USA) atroom temperature.Subsequently,
anti-cytokeratinAE1/3antibodydilutedat1:50(DAKO,Glostrup,Denmark)
wasappliedovernightatroom temperature.Theslideswerethenincubatedwith
biotin-labeledhorseanti-mouse/anti-rabbitIgG (VectorLab,Burlingame,CA,
USA) atroom temperature for30 min,and with horseradish peroxidase
streptavidin(VectorLab,Burlingame,CA,USA)atroom temperaturefor30
min.Thevisualization wasperformed by 3,3-diaminobenzidinetetrachloride
(DABkit,Vector,Burlingame,CA,USA)andtheslideswerecounterstained
withMeyer’shematoxylin.TissuesectionsofYD-10BandYD-38celllineswere
usedforimmunohistochemicalstainingforthedetectionofMMP-2andMMP-9
expressioninthetissue.PrimaryantibodiesagainstMMP-2andMMP-9diluted
at1:100(LabVision,Fremont,CA,USA)wereappliedandavidin-biotin
complex method was applied. Visualization was performed with
3,3-diaminobenzidine tetrachloride,and the slideswere counterstained with
Meyer'shematoxylin.

777...RRRTTT---PPPCCCRRR

TotalRNA wasisolated from celllysatesby RNeasy (Qiagen,Hilden,
Germany)kit.TheconcentrationofRNAwasmeasuredatawavelengthof260



nm usingaspectrophotometer(DU-70,Beckman,USA).TotalRNA(1㎍)was
reverse-transcribedwithMoloneyMurineLeukemiaVirus(MMLV)reverse
transcriptase(Promega,Madison,WI,USA)in20mM MgCl2,0.1㎎/㎖ bovine
serum albumin,10mM dithiothreitol,and0.5mM deoxynucleotides.cDNAs
weregeneratedusingrandom hexamers(Promega,Madison,WI,USA)at37℃
for60min.PCRwascarriedoutina20㎕ volumecontaining20ngofcDNA
template,10 pmoleach ofoligodeoxynucleotide primer,200 mM each of
deoxynucleotidetriphosphate,1.5mM MgCl2,0.01% gelatin,and1.5U ofTaq
polymerase(Bioneer,Taejeon,Korea).RT-PCRanalysiswasperformedunder
thefollowingconditions:denaturationat94℃ for3min,andthendenaturation
for30secondsat95℃,annealingfor30secondsat53℃ forMMP-2,58℃ for
MMP-9andGAPDH,andextensionfor1minat72℃.Thesampleswere
processedthrough30cyclesforMMP-2,36cyclesforMMP-9and30cyclesfor
GAPDH.TheoligodeoxynucleotidesweresynthesizedasspecificprimersinPCR
(Table1).AliquotsoftheamplifiedDNA wereelectrophoresedon2% agarous
gelandstainedwithethidium bromide.Thesignalswerethensemi-quantitated
using an imageanalyzer(Bio-Imaging analyzersystem 2500,Fuji,Japan).
mRNAexpressionofeachgenewasnormalizedwiththatofGAPDHexpression.

TTTaaabbbllleee111...PPPrrriiimmmeeerrrssseeeqqquuueeennnccceeesssooofffMMMMMMPPP---222,,,MMMMMMPPP---999aaannndddGGGAAAPPPDDDHHHgggeeennneeesss



888...ZZZyyymmmooogggrrraaappphhhyyy

The cancer cells and fibroblasts were cultured overnight using
serum-containingmedia,andthenwashedwithphosphatebufferedsalinetwice.
Subsequently,thecellswereculturedusingserum-freemediafor24hours.For
thedetectionofgelatinolyticactivity,theconditionedmediawerecentrifugedfor
10 minutesand were concentrated by centriprep centrifugalfilterdevice
(Vivascience, Hannover, Germany) and quantified protein content.
Electrophoresiswasdonewith10% SDS-PAGE gelcontaining0.2% gelatin.
Then,thegelswerewashedin2.5% TritonX-100atroom temperaturefor1
hour,thenincubatedinreactionbuffercontaining 10mM CaCl2,50mM Tris,
0.15M NaCl,1% TritonX-100at37℃ for18hours.TodetectMMPactivity,
thegelswerestainedby0.05% Coomassieblue,10% aceticacid,10% methanol
for1hour.Afterdestainingwith10% methanoland10% aceticacidfor2hours,
gelatinolytic activiy wasexamined asclearbandson a blue background.
HT-1080fibrosarcomacellswereusedasapositivecontrol.



IIIIIIIII...RRREEESSSUUULLLTTTSSS

111...HHHiiissstttooolllooogggiiicccaaallleeexxxaaammmiiinnnaaatttiiiooonnn

(1)Threedimensionalculture

BothYD-10BandYD-38cellsshowedstratificationofcancercellsinthree
dimensionalculture.Thecytologicalfeatureshowednuclearpleomorphism and
hyperchromasia.Interestingly,thesectionfrom collagengeldevoidoffibroblasts
revealednoinfiltrativegrowth.Incontrast,thesectionculturedwithcollagengel
embeddedwithfibroblastsshoweddefiniteinfiltrativegrowthofcancercells.
ImmunohistochemicalstainingforcytokeratinAE1/3exhibitedclearlyinfiltrating
cancercellsintocollagengel(Fig.3A,B).

(2)Collagengel-basedco-culturemodels(C-DrandC-In)

Thecollagengel-basedco-culturemodel,C-Drshowedafew fociofdirect
contactbetweentwokindsofcells,whileC-Inmodelshowedthethincollagen
layer (103.0 ± 6.3㎛) between cancer cells and fibroblasts.
ImmunohistochemicallycytokeratinAE1/3positiveoralsquamouscancercells
weredirectlycontactedtothefibroblastsinC-Drmodel(Fig.4).



222...mmmRRRNNNAAA eeexxxppprrreeessssssiiiooonnnooofffMMMMMMPPP---222aaannndddMMMMMMPPP---999

RT-PCR wasdoneforobservingmRNA expressionofcancercellswhen
co-culturedwithfibroblastsinC-DrandC-Inmodels.MMP-2andMMP-9
mRNA wereexpressedinbothYD-10BandYD-38celllines,whenculturedin
the collagen gelwithoutfibroblasts.Directco-culture ofcancercellsand
fibroblastsin thecollagen gelshowed remarkableincreaseofMMP-2and
MMP-9mRNA expression.In indirectly contacted co-culturemodels,both
MMP-2andMMP-9mRNA werenotincreasedcomparetothecancercells
culturedinthecollagengelwithoutfibroblasts(Fig.5).

333...ZZZyyymmmooogggrrraaappphhhyyy

Inmonolayerculture,YD-10BandYD-38oralsquamouscancercellsexhibited
MMP-2andMMP-9expression,butnoactiveform ofMMP-2wasfound.
Swiss3T3fibroblastsalsoshowedabundantMMP-2andMMP-9expression.
Mixedco-culturealsoshowedtheactiveform ofMMP-2.NoactiveMMP-2
form wasfoundintheseparateco-culturemodel(Fig.6).Whenexaminedin
thecollagengel-basedC-Drmodel,aclearbandofactiveform ofMMP-2was
shown,butnoactiveform wasshowninC-Inmodel(Fig.7).



444...IIImmmmmmuuunnnooohhhiiissstttoooccchhheeemmmiiicccaaalllfffiiinnndddiiinnngggsssooofffttthhheeesssuuurrrgggiiicccaaallltttiiissssssuuueeefffrrrooommm ttthhheeepppaaatttiiieeennntttsss

WeexaminedIHCfindingsofMMP-2andMMP-9expression,tocompare
theresultsofculturetissuewiththesurgicaltissuefromthepatients.InMMP-2
expression,multiplefociofstrongpositivereactionwerefoundintheinterface
betweencancercellnestsandsurroundingstromaattheinvasivefrontinboth
celllines.Thecancercellsalsoshowedpositivereactionintwocelllines(Fig.8.
A,B).InMMP-9expressionshoweddiffusepositivereactioninthestromaof
YD-38cancertissue,whilecancercellsofYD-38showedfocalpositivereaction
intheinfiltratingareaintobonytissue(Fig.8.C).MMP-9expression,YD-10B
cellsshoweddiffusepositivereactionthroughoutcancercellsandsurrounding
stroma(Fig.8.D).



IIIVVV...DDDIIISSSCCCUUUSSSSSSIIIOOONNN

Therearemany evidencesthatstromalfibroblastshaveactiverolesin
carcinogenesis. Olumietal.(1999) demonstrated thatcarcinoma-derived
fibroblastsstimulatetumorprogression ofinitiated nontumorigenicprostatic
epithelialcells.Barcellos-Hoffetal.(2000)foundthatradiation-inducedchanges
inthestromalmicroenvironmentcancontributetoneoplasticprogressioninvivo.
Ryanetal.(1993)andShekharetal.(2001)reportedthatstromalfibroblasts
influenceontheproliferationanddifferentiationofbreastcancercells.Moreover,
MMP family that induce the invasion and metastasis is produced by
cancer-derivedfibroblasts(Bassetetal.,1990;Heppneretal.,1996;Lynchand
Matrisian,2002;Singeretal.,2002;Suzukietal.,2004).

Themixedco-cultureandseparateco-culturebytransmembranedevicehave
beenwidelyusedforthestudyoftheinteractionbetweentumorstromaand
cancercells(Suzukietal.,2004).WethoughtthatECM wasevadedinthose
models,resulting in differentresultsby differentmodels.Accordingly we
designedinvitroexperimentalmodelincludingECM akintoinvivo forthe
study.

Whentumorcellsand fibroblastcontactinco-culturemedia,theyform
tumor-stromacomplex,andthenactivated,destoryingstromaandultimately
causingthemetastasis.Thistumor-stromacomplexincreasesactivationofNF-κ
BoraddsNF-κBinsquamouscellcarcinoma.NF-κBisatranscriptionfactor
whichactivatesthegenesinvolvedintumorgrowth,invasionandinhibitionof
tumorapoptosis(BhowmickandMoses,2005).Co-culturedfibroblastenhanced



theinductionofanactiveform ofMMP-9,cellmotility,andtheactivationofa
transcriptionfactorNF-κBintumorcells.StromalfibroblastmayinduceNF-κB
activationandpromotetheinvasionoforalsquamouscellcarcinoma(Ikebeet
al.,2004).Fibroblasts,takinganimportantroleintheseprocess,aresurrounded
byacomplex,three-dimensionalextracellularmatrix.Inparticular,collagenhasa
roleinducingmitogen-activatedproteinkinase(MAPK)phosphorylationasa
fibroblasts-collageninteractionaswellashavingafunctionofstructuralsupport
(Langholzetal.,1997).MAPKsplayamajorroleinthemitogenicsignal
transduction pathway and are essentialcomponents ofboth growth and
differentiation.ConstituitiveactivationoftheMAPKcascadeisassociatedwith
thecarcinogenesisandmetastasisofhumanbreastandrenalcellcarcinoma
(Reddyetal.,1999).

Basedonthoseexperimentsabove,cancercellsmightbegreatlyaffectedby
surroundingenvironmentandthismolecularbiologicalchangewouldbethemain
targetforcancerresearch(Parketal,2000).Consequently,weappliedcollagen
gel-based co-culture for the detection of cancer cells-stromalfibroblasts
interactionintermsofinvasiveness.

BothYD-10BandYD-38cellsshowedstratificationofcancercellsinthree
dimensionalculture.Interestingly,the section from collagen geldevoid of
fibroblastsrevealednoinfiltrativegrowth.Incontrast,thesectionculturedwith
collagengelembeddedwithfibroblastsshoweddefiniteinfiltrativegrowthof
cancercells.Thisresultsuggeststhatfibroblastsplayanessentialroleincancer
cellinvasion.

Consequently,thepresentstudyestablishedtheinvitromodelstoinvestigate
directandindirecteffectsofcancercellsbyfibroblastsstimulation.Incollagen



gel-basedco-culturemodelsusingRT-PCR.mRNA expressionofMMP-2and
MMP-9wereaugmentedwhenfibroblastswasdirectlycontactedtocancercells
inbothYD-10BandYD-38cancercells.ComparedtoMMPactivitiesbetween
collagengel-baseddirectandindirectmodels,MMP-2activeform wasfound
onlyindirectco-culturemodel,suggestingthatMMP-2activitymaybeinduced
onlybydirectcontactbetweentwocells.Moreover,themixedco-culturesystem
showedthesameresultwithcollagengel-baseddirectco-culturemodel.In
immunohistochemicalresults,MMP-2 expression was also found in the
surroundingstroma attheinvasionfrontofthecancercells.Theseresults
suggestthatinvasivegrowthofcancercellsmaybeinfluencedbyfibroblasts
stimulation,inparticularybydirectcontact.Thuscollagengel-basedco-culture
modelsmaybeusefulforthesestudy.

Inmanysolidtumors,MMPsareindeedproducedbytumorstromalcells.This
expressionpatternis,atleastinpart,regulatedbytumor-stromainteractionvia
tumorcellassociatedextracellularmatrixmetalloproteinaseinducer(EMMPRIN)
(Tangetal.,2004).Whencancercellsandfibroblastscontactdirectly,fibroblast
cellswereexposedtoEMMPRINstimulusofcancercells,moreoverexpressionis
up-regulatedinfibroblasts.Eventually,whentumorcellsand fibroblastcontact
viaEMMPRIN,thenMMPandEMMPRINareup-regulated.

However,thecelltocellcontactseemstobecomplicate.Theinteractionsmay
largelydependoncancercelltypeandexperimentalmodel(Bartschetal.,2003,
Trudeletal.,2003).Intheprestentstudy,YD-38andYD-10Bcellexpressed
bothMMP-2andMMP-9,andactiveform ofMMP-2wasfoundinbothcell
typebyfibroblastsstimulus.Collagengel-basedmodelshowedthesamepattern
ofMMP-2andMMP-9expresion,whencomparedtomixedandseparated



co-culturemodel.Butthegelatinolyticbandsofgelatinzymographywasless
prominentthanthoseoftwomodels,suggestingthatthecollagengelmighthave
aroleofbufferinggelatinolyticenzymeorworkasareservoir.

Takenalltheseresultstogether,MMP-2maybeactivatedbydirectcontact
betweenfibroblastsandcancercells,notbysolublefactorsgeneratedbyindirect
co-cultureoftwokindsofcells.Asthetechniquestoisolateeachcelltypeof
thismodel,theestablishedC-InandC-Drmodelcanbeusefultoinvestigatethe
cellularinteractionbetweenstromafibroblastsandcancercells.



IIIVVV...CCCOOONNNCCCLLLUUUSSSIIIOOONNN

Thisstudywasaimedtodesigninvitromodelfortheinvasivestudywith
respecttocancercellsandfibroblastsinteraction.Theresultsaresummarizedas;

1.MMP-2andMMP-9mRNAwereexpressedinbothYD-10BandYD-38cell
lines,whenculturedinthecollagengelwithoutfibroblasts.Directco-cultureof
cancercellsandfibroblastsinthecollagengelshowedremarkableincreaseof
MMP-2andMMP-9expression.Whenindirectlycontactedco-culturemodels,
bothMMP-2andMMP-9werenotincreased.

2.GelatinzymographyshowedthattheactiveformofMMP-2wasinducedonly
bycollagengel-baseddirectco-culturemodel(C-Dr)andmixedco-culture
model,suggesting thatMMP-2activity can beinduced by directcontact
betweencancercellsandstromalfibroblast.

3.InimmunohistochemicalstainingMMP-2expression,multiplefociofstrong
positivereactionwerefoundintheinterfacebetweencancercellnestsand
surroundingstromaattheinvasivefrontofcancertissue.

From theresults,MMP-2may beactivated by directcontactbetween
fibroblastsand cancercells,notby soluble factorsgenerated by indirect
co-cultureoftwokindsofcells.Inconclusion,theestablishedcollagengel-based
indirect/directco-culture modelscan be usefulto investigate the cellular
interactionbetweenstromafibroblastsandcancercellswithrespecttoinvasion
growthofcancercells.
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FFFiiiggg...333...Thehistologicalanalysisofthree-dimensionalculture.Three-dimensional
cultureofYD-38(A)andYD-10B(B)cellsoncollagengelembeddedwith
Swiss3T3fibroblastsshowedtheinvasivegrowthofcancercells.(H& E,×
200;cytokeratinAE1/3,×200)



FFFiiiggg...444.H & Estain(A,B)andImmunohistochemicalstainingofcytokeratin
AE1/3(C,D)inthecollagengel-basedco-culturemodel.C-Drshowedafew
fociofdirectcontactbetweentwokindsofcells,whileC-Inmodelshowedthe
thincollagenlayer(CL)betweencancercellsandfibroblasts.(H& E,×200;
cytokeratinAE1/3,×200)
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FFFiiiggg... 555... mRNA expression analysis by RT-PCR and Densitrometric
measurementsforMMP-2andMMP-9in cancercell culture modelC-In,
C-DrandControl.TheexpressionofMMP-2andMMP-9wasupregulatedby
C-Drmodel.
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MMP-2 pro(72kDa)
MMP-2 active(62kDa)

MMP-9 pro(92kDa)

 HT1080   YD-38 Swiss3T3  Mix     Sep      YD-10B  Swiss3T3   Mix     Sep

FFFiiiggg...666...ZymographyinYD-38,YD10B,Swiss3T3control,mixedco-culture
(Mix)andseparateco-culturemodel(Sep).Mixmodelshowedtheactiveform
ofMMP-2.Butactiveform MMP-2wasnotfoundintheSepmodel.HT1080
humanfibrosarcomacellswereusedasapositivecontrol.

MMP-2 pro(72kDa)
MMP-2 active(62kDa)

MMP-9 pro(92kDa)

HT1080    C      C-In    C-Dr        C     C-In     C-Dr
                 YD-38                    YD-10B         

FFFiiiggg...777...Zymographyincontrol(C),Indirectco-culturemodel(C-In)anddirect
co-culturemodel(C-Dr).DirectecontactofcancercellsandSwiss3T3fibroblast
(C-Dr)induced theupregulation ofMMP-2and MMP-9.Activeform of
MMP-2wasinducedonlybyC-Drmodel.



A B

C D

FFFiiiggg...888...ImmunohistochemicalstainingofYD-10B andYD-38squamouscell
carcinoma tissue.Multiplefociofstrongpositivereactionwerefoundinthe
interfacebetweencancercellnestsandsurroundingstromaattheinvasivefront
inbothcelllines(A,B,MMP-2,×200).YD-38cancertissueShoweddiffuse
positivereactioninthestroma,whilecancercellsofYD-38showedfocalpositive
reactionintheinfiltratingareaintobonytissue(C,MMP-9,×200).YD-10B
cellsshoweddiffusepositivereactionthroughoutcancercellsandsurrounding
stroma(D,MMP-9,×200).

YD-38 YD-10B



국국국문문문요요요약약약

침윤성 성장 연구를 위한 암세포-섬유아세포의
Collagengel을 이용한 혼합배양 모델 확립

연세대학교 대학원 치의학과

정 태 흡

지도교수:김 진

상피와 결체 조직사이의 상호작용 (epithelialmesenchymalinteraction,
EMI)은 배아의 발육,상처의 치유,암의 발생에 있어서 중요하다.본 실험에
서 EMI에 초점을 맞추어 침윤성 성장 연구를 위하여 생체 조건과 가장 유사한
체외실험 모델을 디자인하였고 이 모델이 생체 조건과 유사하며 상피와 결체
조직간의 상호작용에 대한 연구에 적합하다는 것을 증명하고자 하였다.

본 연구에서는 암세포로 두 종류의 구강 편평세포암종 세포주 YD-10B와
YD-38을 이용하였고,섬유아세포로는 Swiss3T3를 사용하였다.우선 collagen
gel을 이용한 입체배양을 하여 collagengel에 섬유아세포 유무에 따른 침윤
효과를 관찰하였다.상피와 결체조직사이의 상호작용에 대한 연구를 하기 위
한 생체와 유사한 환경을 만들어 주기위해 다음과 같이 3종류의 모델을 고안
하였다.TypeIcollagengel을 이용하여 섬유아세포를 사용하지 않고 암세포
를 입체 배양한 모델 (C),typeIcollagengel으로 중간층을 만들어 섬유아
세포와 암세포를 분리하여 입체 배양한 모델 (C-In),섬유아세포가 포함된
typeIcollagengel을 이용하여 배양한 모델 (C-Dr)로 진행하였다.또한 섬
유아세포와 암세포를 type I collagen 없이 혼합 배양한 모델과
transmembranesystem을 이용하여 두 종류의 세포를 분리하여 배양한 모델과
비교하였다.본 연구에서 제안된 모델이 유용한지를 알아보기 위해 암세포의



침윤과 전이에 중요한 역할을 하는 MMP-2와 MMP-9의 발현 및 활성도를 RT-PCR
과 zymography로 분석하였으며,실험에 사용된 두 종류의 세포주가 유래된 환
자 조직에 대한 면역화학염색을 통하여 생체 조건과의 유사성과 암의 침윤과
정에서 MMP-2와 MMP-9의 발현을 비교하였다.

입체 배양에서 두 세포주는 섬유아세포가 collagengel에 포함된 경우에만
침윤성 성장을 보였다.YD-38세포주에 비하여 YD-10B세포주가 더욱 뚜렷한
침윤성 성장을 보였다.C,C-In,C-Dr모델에서 암세포를 분리하여 MMP-2와
MMP-9mRNA발현을 본 결과 C-Dr모델에서 MMP-2와 MMP-9의 발현증가를 보였
다.이와 마찬가지로 C,C-In,C-Dr모델에서 MMP-2와 MMP-9의 활성도를 비교
한 결과에서도,C-Dr모델에서만 activeformMMP-2가 발현되었다.암세포와
섬유아세포의 혼합배양한 모델과 transmembranesystem을 이용한 간접 배양
모델에서 MMP-2와 MMP-9의 활성도를 비교한 결과,두 세포의 혼합배양 모델에
서만 activeformMMP-2가 발현됨으로서, C,C-In,C-Dr모델에서와 같은 연
구 결과를 보였다. 두 종류의 암세포주가 유래한 환자 조직의 면역화학염색
에서 MMP-2의 발현은 침윤하고 있는 암세포를 둘러싸고 있는 섬유아세포와 기
질에서 강양성 반응을 보였다.

이상의 연구결과에서 MMP-2의 활성도는 섬유아세포와 상피세포의 직접적인
접촉에 의해 활성화 되는 것을 알 수 있었다.이 연구 결과는 혼합배양 모델
과 collgengel이용한 모델에서 같은 결과를 보였고,면역조직화학 염색에
서도 이를 뒷받침하는 결과를 보였다.이로서 제안된 실험모델이 상피와 결체
조직사이의 상호작용 연구를 위한 적절한 모델임을 확인하였다.

------------------------------------------------------------------------
Key words: 암세포-섬유아세포의 상호작용, collagen gel-based co-culture,
matrixmetalloproteinase
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