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1)

－Abstract－

Endothelialcellsplayakeyroleinpathologicalprocessessuchascancercellmetastasis,

atherosclerosis,anddiabeticretinopathy.Vascularsmoothmusclecellsdirectlyinvolveinthe

formationofatheromainatherosclerosis.Somekindsoftheendothelialcellsaresimply

harvestedfrom theumbilicalveins,thetunicaintimaofaorticwalls,theretinausingvarious

enzymessolutions.Thosepurelyisolatedcellsprovideapowerfultoolinvitrostudiesofthe

endothelialcellrelateddiseases.Inthiscontext,theculturedsmoothmusclecellsafterthe

isolationfrom thetunicamediaofaorticwallsarealsousedforelucidatingthepathogenesis

ofatherosclerosis.Here,Ibriefly introducearticlesthatincludetheisolation ofhuman

umbilicalveinendothelialcells(HUVEC),aorticendothelialandsmoothmusclecells,retinal

microvascularendothelialcells(RMEC),aswellasthediseases'applicationsofthesecells.
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Human umbilical vein endothelial cells

(HUVEC)

Humanumbilicalcordsareeasilyavailable,

whereashuman aortictissuecan only be

obtainedduringsurgicalorinvasiveinterven-

tions.Atthetimeofdelivery,when the

umbilicalcord is cut and clamped,the

arteries constrict much more than vein.

Thus,itispossibletoemploytheumbilical

veinasasourceofendothelialcells(EC).
1)

Thefirstsuccessfulisolationandcharac-

terizationofECfrom theumbilicalveinin

culturehadbeenreportedin1973and1974

CorrespondingAuthor：JooYoungKim,317-1,Daemyung-dong,Nam-gu,DepartmentofAnatomy,CollegeofMedicine,

YeungnamUniversity,Daegu,Korea

Tel:(053)620-4323,Fax:(053)621-5083,E-mail:jookim@med.yu.ac.kr



－Joo-YoungKim－

92

by Jaffe et al
2)
and Gimbrone et al

3)

respectively. The isolated HUVEC are

positiveforvon-Willibrandfactor,aclassic

endothelial marker, and contain Weibel-

paladebodies.
1-3)
Thesecellsalsoformcapillary-

likestructuresasaresultofangiogenesis

whenseededonMatrigel,thusprovingtheir

functionality.
1)

TheabilitytocultureECallowsinvesti-

gators to manipulate -in a controlled

manner-theextracellularenvironmentandto

study cellbiology in far greater detail.

Amongtheseminalfindingsofthattimeis

the observation that incubation of the

culturedECwithinflammatorymediatorsor

bacterialproductsinducesproadhesive,antigen-

presenting and procoagulant activities, a

phenomenon that is termed “the EC

activation”.
4-10)

The EC derived from the

HUVEChavebeenthemajorsourceofthe

primaryEC,mainlybecauseumbilicalcords

arereadilyavailableandethicallyunproble-

matic.TheHUVEChavebeenusedtostudy

a range of important patho-physiological

processes, including immune-endothelial

interactions,endothelialdysfunctionrelatedto

atheroma formation and tumormetastasis.

Theliteratureisfilledwithstudiesusingthe

HUVEC model. Since suitable culture

conditionshavebeendefinedbyJaffeetal,2)

theHUVEC arecommonly used tostudy

many important biological processes as

follows:(i)Leukocyte-endothelium adhesion,

which isakey step towardslymphocyte

recirculation,immunecellsmigrationtowards

inflamedtissuesorvasculitis,
11)
(ii)Leukocyte

transmigration through blood vessels,12,13)

(iii) Cross-talk between endothelium and

immunecells,resultingintheexpressionof

adhesion moleculesand cytokines,14-16) (iv)

Atheroma,which is a majorpathological

phenomenon in developedcountriesandis

largely dependenton both metabolicand

inflammatory events,
17)

(v) Metastasis

formation,
18)
whichisinfluencedbyadhesive

interactionsbetweencirculatingtumorcells

andendothelialcells.
19)

Aortic endothelial and smooth muscle cells

Humanaortictissuecanonlybeobtained

from surgical or invasive interventions.

Hence,ECandsmoothmusclecells(SMC)

are mainly separated from the aorta of

bovine, porcine, and murine species.20-22)

Particularly,theECandSMCisolatedfrom

mousearewidelyusedbecauseofwildtype

micevsknockoutmicemodels'availability

fordevelopingnew therapeuticreagentsofa

representing vascular disease such as

atherosclerosis.23)

The aortic wall contains 3 layers,

consistingofthetunicaadventitia,thetunica

media,and the tunica intima.The pure

isolation oftheEC andSMC from these

layersiseasilypossiblebythetreatmentof

typeIortypeIIcollagenasesolutions,and

soon.TheisolatedECarepositiveforCD31
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endothelial marker and contain their

characteristic Weibel-palade bodies. The

SMCarepositiveforα-smoothmuscleactin

and include actin filaments in their

cytoplasm.
23)

Multipotentvascularprogenitorcells do

existinthehumanfetalaortawallandthey

arethesourceoftheEC andSMC.The

progenitorcellsmayhaveimplicationsinthe

physicalandpathologicalconditionsofthe

vessel.Becausethesecellscanbeexpanded

in culturewithoutobvioussenescencefor

morethan30populationdoublings,theymay

be an important source of the EC for

cellularpro-oranti-angiogenictherapies.24)

The progression ofdiabetes is associated

withprofoundendothelialdysfunction.Diabetes

imparts diffuse endothelialperturbation in

primaryvenousandaorticendothelialcells

oftypeIdiabeticmice.
25)

Cellularproliferation is involved in the

pathogenesisofvascularproliferativediseases

such as primary atherosclerosis and

restenosisafterangioplasty.26)Whereasearly

eventsinatherosclerosisarecharacterizedby

analteredendothelialfunction andbythe

recruitmentofmononuclearleukocytestothe

intima,theprogressionofatheromainvolves

theproliferationoftheSMC,theirmigration

from theunderlyingmediatotheintimaand

their production of extracellular matrix

macromolecules.
17,26)

TheSMC inatherosc-

leroticplaquesareexclusivelyderivedfrom

thelocalvesselwallintheapoEknockout

mouse model of atherosclerosis.
27)

The

proliferationoftheSMCinvitroatheromais

associated with a decrease ofcaveolin-1

expression using the wild-type mice vs

caveolin-1knockoutmicemodel.
28)

Retinal microvascular endothelial cells

(RMEC)

ECfrom microvascularregionshavemany

differentcharacteristicscompared with the

ECfrom greatvessels.Sincemanygeneral

diseases,suchashypertensionanddiabetes,

induceretinopathy,RMEC areideallyused

asthesubjectformicrovascularresearch.

A methodfortheisolation ofthepure

homogeneousRMEC populationfrom goat's

eye is possible withoutusing multi-step

procedure and sophistigated instrument

facilities.TheRMEC from goatissimply

isolatedusingenzymaticmethod.Theyare

identified as the EC by morphology and

confirmedbypositiveimmunocytochemistry

forvon-WillibrandfactorandCD-31,specific

markersforEC.
29)

The RMEC dysfunction is intimately

involved with the pathogenesis ofmany

commonandsevereretinalvascularprolifera-

tion disease,particularly in retinopathy of

prematurity,ischemicretinalveinocclusion,

diabeticretinopathy,andsoon.Angiogenesis,

the formation ofnew vessels from pre-

existingcapillaries,isthecommonpathologic

processofthesediseases.Although these
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diseasesarewellcharacterizedclinically,our

knowledge ofthe understanding molecular

andcellularpathologyisinsufficienttoallow

thedevelopmentoftheimprovedtreatment

strategies which are needed urgently.
30)

Retinalvascularizationisverytightlyregulated

by coordinated interaction of the EC,

pericytes,andastrocytes.Balancedproduction

ofpositiveandnegativeregulatoryfactors

excretedfrom thesecellsisrecognizedasa

complex and criticalmolecular pathologic

basis.31-36)

Perspectives

Primary culture methods of HUVEC,

AorticECandSMC,RMECusingenzymes

havebeenestablishedbymanyresearchers.

Thesein vitromodelsarepowerfultools

systematicallytoinvestigatethepathogenesis

ofrelateddiseases.Thepurity ofisolated

cells is confirmed by specific markers

according to the type of cells. The

maintenance of cultivated cells is also

importantinvitrowithoutthecontamination

by other cells such as fibroblasts.To

prevent the contamination, for example,

endothelialcellgrowth factoris used to

enforcetogrowtheEC.

TheHUVEC form capillary-likestructure

ontheMatrigel,andcanbewidelyusedfor

studying angiogenesis and cancer cell

metastasis.TheAorticEC and SMC are

related to the atheroma formation in

atherosclerosis.Inthisdisease,theEClose

normalfunction.And theSMC oftunica

mediamigrateintheplaques,thenoccupy

main bulk of the plaques.The RMEC

dysfunction induces diabetic retinopathy.

Angiogenesisisapathologicprocessofthis

disease.

Takentogether,Ihopethatcomplexand

criticalpathologic basis of the HUVEC,

AorticEC,SMCandRMEC-relateddiseases

areexploredby using in vitromodelsof

thesecells,andthattheimprovedtherapeutic

reagentsofthesediseasesareinvented.

한글초록

암세포의 전이,죽상경화증,당뇨성 망막병

증과 같은 병적인 과정에서 혈관내피세포는 핵

심적인 역할을 담당한다.죽상경화증의 죽종

형성에 혈관민무늬근육세포가 직접적으로 관여

한다.배꼽정맥,혈관내벽,그리고 망막에 있는

이들 내피세포들은 다양한 효소용액들을 이용

하여 얻는다.순수하게 분리된 이들 세포는 내

피세포와 관련된 질병의 시험관 내 연구에 있

어 중요한 모델이다.이러한 관점에서 볼 때

대동맥 벽의 중간막에서 분리한 후 배양한 민

무늬근육세포도 죽상경화증의 발병을 설명할

수 있다.이 종설에서는 사람배꼽정맥내피세포

(HUVEC),대동맥의 내피세포 및 민무늬근육

세포,그리고 망막미세혈관내피세포(RMEC)의

분리 뿐 만 아니라 이들 세포를 이용한 질병연

구에 관한 논문들을 소개하고자 한다.
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