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Abstract

ExpressionofMCM3,Ki-67andPCNA
inCanineMammaryTumors

SupervisedbyProfessorJae-HoonKim

Soo-KyoJung

DepartmentofVeterinaryMedicine

GraduateSchool,JejuNationalUniversity

Mammarytumorsareoneofthemostprevalentneoplasmsinfemaledogs.

Histologicgradeofcaninemammarycarcinomahasbeenassessedtopredict

prognosis,and recently several molecular prognostic factors are being

investigatedtopermitamorepreciseprognosis.Inthisstudy,theexpression

ofminichromosomemaintenanceprotein3(MCM3),Ki-67andproliferative

cellnuclearantigen (PCNA)was analyzed in 68 mammary tissues and

correlatedwithhistologicgrade.LabelingindexofMCM3,Ki-67andPCNA

inmalignantmammarylesionswassignificantlyhigherthanthatinbenign

mammarylesions.Amongthemalignanttumors,morepronouncedexpression

of the markers was observed in mammary ductal carcinomas than

adenocarcinomas.Labelingindexofthreemarkersshowedpositiveassociation

withhistologicgrade,highestinG3malignantmammarytumorsandlowest

in G1 tumors.Among themarkers,expression ofMCM3 showed higher



coefficientswithhistologicgradethanthatofKi-67andPCNA.Basedonthe

positive correlation resultbetween histologicgrade and labeling index of

markers,MCM3,Ki-67andPCNA can beusefulasadditionalprognostic

factors.Moreover,MCM3maybeasuperiorproliferationmarkerthanKi-67

andPCNA.

Keywords:caninemammarytumors,cellproliferativemarker,histologic

grade,immunohistochemistry,MCM3
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Ⅰ.Introduction

Mammary tumorsareoneofthemostprevalenttypeofneoplasmsin

femaledogsandapproximately halfofthetumorsaremalignant[14,27].

Thismalignancyrepresentsoneoftheprincipalcausesofdeathowing to

neoplasticdisease.In mostcasesofcaninemammary tumors,massesare

unnoticedbyownersofdogsatthepreliminarystagesbecausetheyinduce

nospecificcomplaints,andmostofthedogsareclinicallyhealthywhenthey

areinitiallypresented[26].Inview ofabove,anearlydiagnosisandaccurate

evaluationofprognosisareimmenselyimportant.Anaccurateevaluationof

histologic grade ofcanine mammary carcinoma represents an important

element of histopathologicaldiagnosis since it allows prediction of the

prognosis [26,27].In addition,attempts are made to take advantage of

additionalcellproliferative markers which would permita more precise

prognosis[33].

In both human and veterinary medicine,severalproliferativebiomarkers

havebeenusedforvariousprecancerousandcancerousconditions.Themost

widelyusedconventionalproliferationmarkersincludeKi-67andproliferative

cellnuclearantigen(PCNA)[13].Ki-67isexpressedinthenucleiofcellsin

theG1,S,G2,andM phasesofthecellcyclebutnotintheG0phase[8].

However,the precise function in cellproliferation stillremains unclear

although reportsuggeststhatitmay berequired forribosomesynthesis

during cellproliferation [4,16].Moreover,Ki-67 only provides limited

information on cellcycle state [24,31].PCNA is known to actas an

auxiliary factorforDNA polymerase δ,and is involved in DNA repair

mechanismsaswellasreplication[22,29].Furthermore,PCNA mayalsobe

up-regulated in nonproliferating cells[28].In thisrespect,therelationship
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betweenPCNAexpressiontoproliferationhasbeencontroversial.

Theminichromosomemaintenance(MCM)proteinsareessentialforthe

initiationandelongationofDNA replication[30].MCM proteinsarerelatively

constantandstablethroughoutthecellcyclebutrapidlydisappearafterentry

intotheG0 phaseand terminaldifferentiation stagein tissues[20].This

makes MCMs specific markers ofcellproliferation.The MCM proteins

comprise8proteins,MCM2toMCM9[17].ThefunctionofMCM8,which

associateswithchromatinattheonsetofS-phase,isdistinctfrom MCM2-7

and thatofMCM9 is unknown.Although MCM2-7 arefunctionally and

structurallyrelated[6],recentfindingssuggestthatMCM3cooperateswith

cyclin-dependentkinasestoexcludeMCM2-7from thenucleustoprevent

inappropriaterereplication[15].Anti-MCM antibodieshavebeeninvestigated

asaprognosticfactorinvarioushumanneoplasms[7,10,25,32],however

onlyfew inveterinarymedicine[2,12,21].Recentstudieshaveshownthat

immunohistochemicalstainingforMCM proteinsisassociatedwithhistologic

gradeinvariousneoplasms[7,21,32].

Theaimsofthisstudyweretoexaminethedistributionpatternofcell

proliferativemarkersincludingMCM3,Ki-67andPCNA incaninemammary

tumorsandalsotocorrelatethefrequencyofexpressionofthemarkerswith

histologicgrade.
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Histopathologicdiagnosis Numberofcases

Malignant

Ductalcarcinoma 23

Adenocarcinoma 20

Benign Adenoma 22

Normal Negativecontrol 3

Ⅱ.MaterialsandMethods

1.Tissuesamples

Thisstudywasperformedonformalin-fixed65caninemammarymasses

classified as 22 adenomas,20 adenocarcinomas and 23 ductalcarcinomas

(Table 1),referred to Laboratory of Veterinary Pathology,College of

VeterinaryMedicine,JejuNationalUniversityfrom 2010to2012.Diagnosis

had been performed on thebasisofclinicaland histopathologicfindings.

Threenormalcaninemammary glandswereused ascontrol.Ageofthe

femaledogswithmammarytumorrangedfrom 3to19years(Mean9.8±

3.57years).Thedogsincludedvariousbreeds.

Table1.Numberofcaninemammarysamplesexamined
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Score
Tubule

formation

Nuclear

pleomorphism

Mitosesin

10HPF
＊

1 >75% Mild 0-9

2 10-75% Moderate 10-19

3 <10% Marked >19

Gradeofmalignancy G1 G2 G3

Totalscore 3to5 6to7 8to9

2.Histopathologicexamination

Thesampleswereroutinelyprocessedforhistopathologicexaminationand

sections werestained with hematoxylin and eosin (H&E).The histologic

grade(G)ofmammarycarcinomawasdeterminedusingguidelinessuggested

byClementeetal.[5].Theevaluationofthehistologicgradeincludedthree

parametersscoredonascalefrom 1to3points:tubuleformation,nuclear

pleomorphism andmitoticindex(Table2).Thesum ofthepointsenabledthe

distinction of3malignancy grades:3-5points(G1),6-7points(G2),8-9

points(G3)(Table3).

Table2.Histologicgradingsystem ofcaninemammarycarcinoma

*:Highpowerfield(x400)

Table 3.Summary of histologic malignant grade for canine mammary

carcinoma
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3.Immunohistochemistry

ImmunohistochemicalstainingforMCM3,Ki-67andPCNA wasperformed

asfollows:formalin-fixedparaffinembeddedsectionswerecut2to3µm

thick,mounted on silane-coated slides (Muto Pure Chemicals,Japan),

deparaffinized in xylene,rehydrated in graded ethanolsolutions and then

washedindistilledwater.Endogenousperoxidaseactivitywasblockedwith

10% H2O2inphosphatebufferedsaline(PBS,pH 7.2)for10minutes.After

beingwashedinPBS,antigenretrievalwasperformedwithEDTA (10mM,

pH9.0)forMCM3andcitrate(10mM,pH6.0)forKi-67andPCNA at100℃

for1hour.ThesectionswerethenallowedtocoolandrinsedinPBS.The

primaryantibodiestoMCM3,Ki-67andPCNA wereappliedinahumidified

chamberat37℃ for1hour(Table4).Followingtheprimaryincubation,the

sections were washed in PBS and incubated with EnVision
TM
/HRP,

Rabbit/Mouse(EVN)reagent(Dako,Denmark)at37℃ for45minutes.Aftera

further wash in PBS, the color reaction was developed with 3,

3́-diamino-benzidinetetrahydrochloride(Dako,Denmark)andcounterstained

withMayerhematoxylin(Sigma,USA).Positiveandnegativecontrolswere

includedinallreactions.

Table4.Type,dilutionandsourceofantibodiesforimmunohistochemistry

Antibody Type/Clone Dilution Source

MCM3 Monoclonalmouse/101 1:50 Dako,Denmark

Ki-67 Monoclonalmouse/MIB-1 1:50 Dako,Denmark

PCNA Monoclonalmouse/PC10 1:200 Dako,Denmark
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4.Quantificationofimmunolabeling

Frequency of expressions of MCM3,Ki-67 and PCNA in neoplastic

mammaryepithelium wasdeterminedbycalculatingalabelingindexforeach

marker.LabelingindexwascalculatedusingmethodsuggestedbyWojnaret

al.withsomemodification[32].Fivefieldswhichhadthehighestnumberof

positivetumorcellswereselectedineverysectionandalabelingindexwas

evaluated scoring thebrown-labeled cellsnucleiunderx400 magnification

(OlympusBX51,Japan).Theexpression ofthebiomarkerswasappraised

semiquantitativelybyevaluatingthemeanpercentageofpositivecells(Table5).

Table5.Criteriaforlabelingindexincaninemammarytumors

Immuno-

histochemical

labeling

Noreaction Weak Moderate Strong Intensive

0-3% 4-25% 26-50% 51-75% >75%

Labeling

index
0 1 2 3 4

5.Statisticalanalysis

ThestatisticalanalysiswasconductedwiththeSPSSsoftware(SPSSver.

21.0).Associationbetweenlabelingindicesofhistopathologicdiagnosiswere

assessedusingKruskall-Wallistest.Mann-Whitneytestwasusedforpost

hoccomparisonbetweeneachhistopathologicdiagnosisandforcomparison

betweenductalcarcinomaandadenocarcinoma.UsingSpearman’scorrelation

analysis,linearrelationshipbetweenthelabelingindexofeachmarkerand

histologicgradewasassessed.P valueunder0.05wasconsidered tobe

statisticallysignificant.
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Ⅲ.Results

1.Histopathologicfeaturesofcaninemammarytumors

Mammary ductalcarcinomas were composed of neoplastic cells that

surroundslitlikeluminawithmultipleepitheliallayers.Mostneoplasticcells

werearrangedintubulesorcordsthatoftenlinedbyadoubleepithelialcell

layersresembled normalmammary ducts.Neoplasticcellsshowed marked

cellularandnuclearpleomorphism (Table6).Theseneoplasticcellshadround

toovalnucleiwithprominentnucleoliandscantbasophiliccytoplasm (Fig.1).

Mitotic figures,strong invasive tendency and neoplastic cellemboliin

lymphatic and blood vessels were frequently found (Fig.2).Mammary

adenocarcinomaswerecomposedofonetypeofcellandshowedinvasive

tendency to surrounding tissues (Fig.3).These tumors showed various

arrangementofneoplasticcellssuchastubulopapillary(Fig.4A),solid(Fig.

4B),comedo(Fig.4C)andcribriform (Fig.4D)type.Thesetypesofcell

arrangementwere also found in ductalcarcinoma,butcomedo type and

cribriform typeweremuchmorefrequently observedinductalcarcinomas

than in adenocarcinomas.Adenomas had well-demarcated noninfiltrative

lesionscomposedofuniform sizedneoplasticmammaryglandswithmostly

singlecelllayerofepithelium.
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Table6.Histologiccomparisonbetweencaninemammaryductalcarcinomas

andadenocarcinomas

Histologicfeatures Ductalcarcinomas Adenocarcinomas

Epithelialdistribution Morethandoublelayer Singlelayer

Stainingcharacteristic Basophilic Eosinophilic

Pleomorphism Generallyhigh Various

Nucleoli Prominent Various

Tumorcellemboli Frequent Various

2.Histologicgradeofmammarytumors

Between those malignantmammary tumors,overallhistologic grade of

ductalcarcinomasshowedhighertendencythanthatofadenocarcinomas.The

histologicgradeofductalcarcinomacasesincludedonlyG3andG2,butlow

gradeG1inadenocarcinomaoccupied6(30%)outof20cases(Table7).

Table7.Theresultofhistologicgradeincaninemalignantmammarytumors

Histopathologicdiagnosis

Numberofcases(%)

Total

G1 G2 G3

Ductalcarcinoma 0(0.0) 15(65.2) 8(34.8) 23

Adenocarcinoma 6(30.0) 8(40.0) 6(30.0) 20
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3.Expressionpatternofcellproliferativemarkers

MCM3,Ki-67andPCNA wereexpressedinthenucleioftumorcellsin

bothlobulesandducts.Ingeneral,Ki-67showedlowerpositivitythanMCM3

andPCNA,and7casesincluding4casesofadenocarcinomaand3casesof

adenomadidnotexpressKi-67antigens.PCNAshowedhigherpositivitythan

MCM3,andtendedtoshow nonspecificbindingtonormaltissues.Difference

ofexpression pattern among each proliferativemarkerisdemonstrated in

Figure5.

4.Comparisonbetweenhistopathologicdiagnosisandlabelingindex

LabelingindexofMCM3,Ki-67andPCNA inmalignantmammarylesions

wassignificantly higherthan thosein benign mammary lesions(P<0.001,

P=0.005,P=0.004)(Table8).Amongthemalignanttumors,morepronounced

expression ofMCM3and Ki-67wasobserved in ductalcarcinomasthan

adenocarcinomas (P=0.019,P=0.024).However for PCNA,the difference

between ductalcarcinoma and adenocarcinoma proved to be insignificant

(P=0.227).

Table8.Meanlabelingindexforthreemarkersincaninemammarysamples

Histopathologicdiagnosis

Labelingindex(Mean±SD)

MCM3 Ki-67 PCNA

Malignant

Ductalcarcinoma(n=23) 3.0±0.69 1.7±0.79 3.7±0.48

Adenocarcinoma(n=20) 2.4±0.79 1.2±0.79 3.4±0.44

Benign Adenoma(n=22) 1.7±0.81 0.9±0.42 3.1±0.63

Normal Negativecontrol(n=3) 0 0 0.3±0.47
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5.Comparisonbetweenhistologicgradeofmalignantmammarytumors

andlabelingindex

Thelabelingindexofthreemarkersshowedsignificantpositivecorrelation

with thehistologicgrade,highestin G3malignantmammary tumorsand

lowestinG1tumors(Table9).Amongthemarkers,thehighestcorrelation

coefficientwith histologic gradewas found in MCM3 (r=0.608;P<0.001),

followedbyKi-67(r=0.496;P<0.001)andPCNA(r=0.420;P=0.001).

Table 9.Results of comparison between histologic grade of malignant

mammarytumorsandlabelingindex

Histologicgrade

Labelingindex(Mean±SD)

MCM3 Ki-67 PCNA

G3(n=14) 3.0±0.76 1.7±0.80 3.8±0.41

G2(n=23) 2.7±0.76 1.5±0.83 3.4±0.50

G1(n=6) 2.0±0.58 0.8±0.69 3.3±0.94
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Ⅳ.Discussion

The mammary gland is one of the most common sites of tumor

developmentin dogsand cats[18,19].Topredictprognosisofdiseases,

unlikefelinemammarytumorsinwhichsizeisthemostimportantprognostic

factors,combinationofgradingsystems,size,invasivenessandtheoverall

healthofthepatientshouldbeconsideredincaninemammarytumors[19].

Severalhistopathologicgradeandclinicalfeaturesofcaninemammarygland

tumorshavebeenwidelystudiedfrom aprognosticstandpointandrecently

severalmolecularprognosticfactorsarebeinginvestigatedtopermitamore

preciseprognosis[13,26,27].Thisstudy wasconducted toexaminethe

expressionofMCM3,Ki-67andPCNA,whichmightbeusefulasadditional

prognosticfactorsincaninemammarytumors.

ManystudieshaveprovedthatMCM proteinscanbereliablemarkersfor

proliferativeormalignantcellsin human medicine[7,10,25,32].MCM

proteins,which include the group ofeightproteins (MCM2 to 9),are

responsible for the start and maintenance of replication [17].MCM2-7

proteins has similarbiochemicalfunctions and are equally importantfor

chromosomereplication[6],butMCM8hasdistinctfunctionfrom MCM2-7

andthefunctionofMCM9isunknown[17].MCM2-7mightactasDNA

helicasesandaredissociatedfrom chromatinafterreplicationinorderthat

theyrestrictDNA synthesistoonlyoncepercellcycleandregulateDNA

elongation [30]. Recent findings suggest that MCM3 cooperates with

cyclin-dependentkinasestoexcludeMCM2-7from thenucleustoprevent

inappropriate rereplication [15].These features make MCM3 protein more

specificindicatorofcellproliferation.

Althoughonlyafew studieshaveinvestigatedMCM proteinexpressionin
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veterinary medicine to date,these studies also have shown thatMCM

proteinscouldbesensitiveproliferationmarkersinvarioustumors.Berlatoet

al.[2]andNowaketal.[21]reportedthatMCM proteinsaresensitiveand

usefulmarkers ofproliferation in cutaneous mastcelltumors,mammary

adenocarcinomasandsofttissuefibrosarcomas.Ishinoetal.[12]evaluatedthe

distributionpatternandfrequencyofMCM7andKi-67expressionincanine

pituitarycorticotrophadenomasandconcludedthatMCM7maybesuperiorto

Ki-67asaproliferationmarker.

Inthepresentstudy,thedistributionpatternofcellproliferativebiomarkers

includingMCM3,Ki-67andPCNA andtheexpressionofthesemarkersas

relatedtothehistologicgradewereanalyzedin68caninemammarytissues.

Immunohistochemicalstaining was conducted and labeling index ofeach

markerwascalculated.Labelingindexofthemarkersinmalignantmammary

tumorswassignificantlyhigherthanthatinbenignmammarytumors.Ina

similarway,Reenaetal.[23]documentedMCM2expressioninmalignant

breastlesionswassignificantlyhigherthanthatinbenignbreastlesions.Our

results showed thatbetween the malignantneoplasms,more pronounced

expression of MCM3 and Ki-67 in ductalcarcinomas as compared to

adenocarcinomaswas observed.In addition,ductalcarcinomas had higher

gradeofmalignancythanadenocarcinoma.Histopathologically,neoplasticcells

ofductalcarcinomashowedmarkednuclearandcellularpleomorphism,and

mitosisandemboliinbloodorlymphaticvesselswerefrequentlyobserved.

Howevermammaryadenocarcinomasshowedvariablefeaturesofmalignancy

according to histopathologic tumor type.Based on the histopathologic

characteristics and immunohistochemicalresults,mammary tumors arose

from mammaryductalepithelium mayhavehighermalignanttendencythan

thosearosefrom secretorylobularepithelium.

There was a significantcorrelation between histologic grade ofcanine

malignantmammary tumors and immunoreactivity foreach marker.The
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higherthegradewas,themorepositivelystainingcellswereobservedin

mostmalignantmammarytumors.Among themarkers,statisticallyMCM3

showed highercoefficientswith thegradeofmalignancy than Ki-67and

PCNA.

TheexpressionofKi-67inhistologicgradeofmalignantmammarytumors

showedsimilarpatternasMCM3.However,overallpositivityofKi-67was

generallylowerthanimmuno-labelingofMCM3.AlthoughKi-67hasbeen

widelyusedasacellproliferationmarker,ithasfrequentlyproventobeof

limiteddiagnosticandprognosticvalue[24,31].Ki-67presentsinthenuclei

ofcellsintheG1,S,G2andM phasesofthecellcycle,butnotinG0and

earlyG1phase[1].AlsotheexpressionofKi-67isaffectedbyexternalfactor

such as nutrientdeprivation,which could subsequently underestimate the

numberofcellsinthecycle.IncomparisontoMCM proteins,Ki-67showed

reducedsensitivityandspecificityinseveralhumancancers[11].Thisisin

accordancewithourobservations,whichshowedlowerimmunopositivityfor

Ki-67comparedtoMCM3.

PCNA is a nuclearprotein which is necessary forDNA synthesis in

eukaryotes[22,29].However,PCNA hasamajorlimitationasaproliferation

markerbecauseofitsredundantroleinDNA repair.Inthepreviousstudies,

PCNA showedlowersensitivityfortumorcellsthanMCM proteins[3,9].

Ourresultsshowed thelabeling index ofPCNA wascorrelated with the

histologicgrade,howeverthestatisticalsignificancewaslowerthanMCM3

and Ki-67.Moreover,PCNA tended to show nonspecific binding which

suggeststhatPCNA mighthaveachanceofdetectingnormalcellsaswell

ascancercells.In view oftheabove,MCM3protein mightbeabetter

candidate marker ofcellproliferation than Ki-67 and PCNA in canine

mammarytumors.

Insummary,wehaveprovedthatMCM3,Ki-67andPCNA arereliable

markers for proliferating cells in canine mammary tumors.These cell
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proliferative markers can be usefulas additionalprognostic factors for

improving estimation of prognosis and guiding therapeutic decisions.

Moreover,among thesemarkers,MCM-3 may bea superiorproliferation

markerthanKi-67andPCNA.
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Ⅴ.Conclusion

Weconductedhistopathologicandimmunohistochemicalexaminationsusing

cellproliferativemarkersMCM3,Ki-67andPCNA on68caninemammary

tissuesandthefollowingresultswereobtained.

1.LabelingindexofMCM3,Ki-67andPCNA inmalignantmammarytumors

wassignificantlyhigherthanthatinbenignmammarytumors.Amongthe

malignanttumors,morepronouncedexpressionofthemarkerswasobserved

inmammaryductalcarcinomasthanadenocarcinomas.

2.Therewasasignificantcorrelationbetweenthegradeofmalignancyand

immunoreactivityforeachmarker.

3.StatisticallyexpressionofMCM3showedhighercoefficientswiththegrade

ofmalignancythanKi-67andPCNA.

To sum up,MCM3,Ki-67 and PCNA could be usefulas additional

prognostic factors for improving estimation of prognosis and guiding

therapeuticdecisionsincaninemammarytumors.Inaddition,among these

markers MCM3 may be a superiorproliferation markerthan Ki-67 and

PCNA.
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LegendsforFigures

Fig.1.Mammaryductalcarcinoma.Theneoplasticductswerelinedbyabi-

ormulti-layeredepithelium andneoplasticcellshadprominentnucleoliand

basophiliccytoplasm,H&E,x100.

Fig.2.Tumoremboli(arrows)insuperficial(A,H&E,x40)anddeep(B,

H&E,x100)lymphaticplexusinductalcarcinoma.

Fig.3.Mammary adenocarcinoma.Thetubules werelined by single- to

multi-layeredepithelium andshowedinvasivetendencytoadjacenttissues,

H&E,x100.

Fig.4.Neoplastic cellarrangement in mammary ductalcarcinoma and

adenocarcinoma.A:Tubulopapillarytypehadneoplastictubulesarrangedina

sessileorpedunculatedpapillaryfashion.B:Solidtypehadneoplasticcells

arranged in solid sheetsormasseswithoutlumina.C:Comedotypehad

necrotic areas within the center of the neoplastic cellaggregates.D:

Cribriform typehadneoplasticepithelialcellsformedasievelikearrangement,

H&E,x200.
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Grade1 Grade2 Grade3

H&E

MCM3

Ki-67

PCNA

Fig.5.Histopathologicfeatures(H&E)andexpressionofMCM3,Ki-67and

PCNA (immunohistochemicalstaining)in each gradeofmammary tumors.

The higherthe grade was,the more immunopositive cells in neoplastic

tissueswereobserved,x200.
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초록

개 유선종양에서

MCM3,Ki-67및 PCNA의 발현

지도교수 :김 재 훈

정 수 교

제주대학교 대학원 수의학과

 개에서 유선종양은 흔히 발생되는 종양 중 하나이다.종양의 악성도를 정확히

평가하는 것은 질병의 예후를 예측할 수 있기 때문에 병리조직학적으로 매우 중

요한 요소이다.최근에는 보다 정확한 예후평가를 위해 minichromosome

maintenance(MCM)protein,Ki-67,proliferativecellnuclearantigen(PCNA)

과 같은 세포증식성 마커들이 사용되고 있다.본 실험의 목적은 개의 유선 종양

에서 MCM3,Ki-67,PCNA와 같은 세포증식성 마커들의 발현 여부를 조사하고,

항원의 발현도와 조직학적 악성도 간의 상관관계를 분석하고자 하였다.총 68건

의 유선조직에 대하여 MCM3,Ki-67,PCNA 항체를 이용하여 면역조직화학염색

을 실시하였으며,각각의 항원 발현과 조직학적 종양의 악성도를 평가하여 상관

성을 비교 분석하였다.세포증식성 마커들의 발현은 선과 도관의 종양화된 상피

세포의 핵에서 관찰되었으며,악성 유선종양에서 항원의 발현도가 양성 유선종양

에 비하여 현저히 높았다.또한 악성 유선종양 중에서는 선유래암종에 비해 도관

유래암종에서 항원의 발현도와 조직학적 악성도가 높았다.조직학적인 악성도 평

가 결과와 항원의 발현도를 비교했을 때,세 항체 모두에서 조직학적인 악성도가
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높아질수록 항원의 발현도가 증가하는 것이 관찰되었고 통계학적으로 높은 상관

관계를 나타냈다.세 항체 중에서는 MCM3의 통계학적인 유의성이 Ki-67과

PCNA보다 높았다.이러한 결과를 토대로 MCM3,KI-67,PCNA 모두 개의 유

선종양의 예후를 판정하는데 보조적인 역할을 할 수 있을 것으로 사료되며,마커

들 중에는 MCM3가 Ki-67과 PCNA에 비해 우수한 세포증식성 마커로 판단된

다.

중심어 :개 유선종양,면역조직화학염색,세포증식성 마커,조직학적 악성도,

MCM3
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