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초 록

고위험군 인유두종 바이러스 감염 환자에서의 자궁경부

편평상피 병변의 진단 보조인자로서의 p16과 Ki-67의 효율성

임샤론

지도교수 :이미자

조선대학교 대학원 의학과

배경:자궁경부 편평상피 병변을 위축성 변화 또는 비정형 편평상피의 화생과 감별진

단을 하는데 있어서 p16과 Ki-67면역화학염색이 보조적인 방법으로 사용되어져 왔다.

본 연구의 목적은 자궁경부 생검의 정확한 진단에 위의 두가지 면역화학염색 인자의

효율성을 평가하고 또한 인유두종 바이러스 감염 상태와의 상관성을 알아보고자 하였

다.방법:각각 인유두종 바이러스 검사를 시행한 123명 환자의 자궁경부 생검 조직을

이용하여 p16과 Ki-67면역화학염색을 시행하였다.헤마토실린 및 에오신(H&E)염색

을 한 슬라이드,p16그리고 Ki-67염색 슬라이드를 판독하였다.결과:고위험군 인유

두종 바이러스에 감염된 상태에서 편평상피 병변의 등급이 높을수록 p16과 Ki-67의 양

성도가 증가하였다.H&E슬라이드 판독 결과 각각 CIN2와 CIN3로 진단되었던 3개

의 경우에서 p16면역염색에서 음성 소견,Ki-67에서 매우 드물게 염색되는 결과를 보

였으며 이는 다시 비정형 편평상피 화생으로 진단되었다.인유두종 바이러스에 음성인

28명의 환자 중 2명의 환자에서 p16음성인 소견이 나타났으나 조직학적 소견으로 고

등급 자궁경부 편평상피병변과 편평상피암종의 기준을 만족하였다.이들은 각각 CIN2

과 편평상피종양으로 진단되었다.결론:고위험 인유두종 바이러스에 감염된 그룹에서

p16과 Ki-67면역화학염색에 미만성으로 강하게 동시에 염색이 되어 실제로 CIN 2,

CIN3그리고 편평상피암종을 나타냈다.그러므로 p16과 Ki-67의 면역염색이 자궁경부

편평상피병변을 정확하게 진단하는데 많은 도움을 주는 표지자로서 효율성이 증명되었

으나 고위험군 인유두종 바이러스 감염 상태가 아닌 그룹에서는 이러한 면역염색 결과

를 진단에 적용하는데 있어서 엄격한 고려가 필요하다고 판단된다.
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I.Introduction

Cervicalcancerrepresentsthesecondmostcommoncancerbothincidence

andmortalityinwomenworldwide,withanincreasedincidenceinlow resource

countries.1Virtuallyallcervicalcancersarecausedbypersistentinfectionswith

highrisk-humanpapillomavirus(HR-HPV)typeswhichmaycausecervical

intraepithelialneoplasia(CIN)and squamouscellcarcinoma (SCC).
2
Cervical

biopsy,usedinconjunctionwithPapcytologytesting,HPV DNA testing,and

colposcopy,hasanimportantroleintheevaluationandmanagementofwomen

withcervicaldysplasticlesions,whichiscrucialforthepreventionandearly

detectionofcervicalcancer.
3
Buttherecanbeamisinterpretationofhistologic

changes in association with various situations such as atrophy,immature

metaplasia,transitionalmetaplasia,repairorinflammatory atypia,inadequate

samplesizeandtissueartifact,whichmayeventuallycauseaninterobserver

variationandapoorintraobserverreproducibility.
4-6
Recently,severalbiomarkers

havebeenevaluatedfortheirpotentialtoimprovethediagnosticconsistency

andaccuracy ofcervicalbiopsyinterpretation.6,7 Manyofsuchstudies8,9 and

otherstudies
10,11

endorsetheuseofp16and Ki-67immunostainsandmore

recently,ProExC immunostain
11-13

asveryusefuladjuncttechniquestoconfirm

adiagnosisofCIN 2/3andtodistinguishitfrom itsmimics.Withregardto

p16,ithasbeenshownthatalmost100% ofCIN 2/3andSCCassociatedwith

HR-HPV expresshighlevelsofp16,whereasnondysplasticcervicalepithelium

oflow-gradeCIN associatedwith low-risk HPV (LR-HPV)typesdoesnot

expressp16.Toimprovethediagnosticaccuracy,othermarkersincludingKi-67

havebeenusedalongwithp16inahistologicalassessmentofCINandSCCof

theuterinecervix.
5,15
Similartop16,Ki-67isoverexpressedinCIN2/3,SCC.

16

Given the above knowledge,we investigated the efficacy of immuno-

histochemicalstainforp16andKi-67inthepathologicalassessmentofuterine

cervicalbiopsysampleswithviralandhistopathologicalcorrelation.
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II.MaterialsandMethods

A.Materials

Thepathologydataprogram ofChosununiversityhospitalwassearchedfor

finalreportincluding the terms low grade squamous intraepitheliallesion

(LSIL),highgradesquamousintraepitheliallesion(HSIL)andsquamouscell

carcinomaofallgynecologicspecimenduringJanuary2012toMarch2013.We

selectedatotalof123specimenswiththefollowingpathologicdiagnoses:LSIL,

HPV,32cases;LSIL,CIN1,27cases;HSIL,CIN 2,19cases;HSIL,CIN 3,30

cases;SCC,15cases.Thepatientshadundergoneeithercervico-vaginalsmear

andHPV DNA test.Byreviewingthemedicalrecordsofthemedicalrecords

andpathologicreportsoftheselectedpatients,weconfirmedthepatientsage,

underlyingdisease,othertumorhistory,cytologicdiagnosisandHPV infected

status.

B.Methods

1.HPV DNA testingandgenotyping

HPV DNA testforHR-HPV wasachievedbypolymerasechainreaction–

basedHPV genotypingassay(HPV 9G DNA chip,FammedCo.,Ltd.).DNA

chipcandetect28HPV genotypes(14HR-HPVs:16,18,31,33,39,45,51,52,

54,56,58,59,66and68;and7LR-HPVs:6,11,34,40,42,43and44).The

HPV genotyping wereclassified asHR-HPV orLR-HPV according to the

schemeproposedbyDunneetal.
17
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2.Immunohistochemicalstudies

For the investigation,3 μm-thick serialsections were prepared from

representativeformalin-fixed,paraffin-embeddedtissueblocksandmountedon

positively charged glass slides for the immunohistochemical studies.

Immunostainingwereperformedbyautostainerusing anVentanaBenchMark

XT instrument(Ventana MedicalSystem,Tucson,AZ,USA).Theprimary

antibodieswerep16(1:100,mousemonoclonalantibody,cloneE6H4,Ventana

MedicalSystem,Tucson,AZ,USA) and Ki-67 (1:50,mouse monoclonal

antibody,clone MM1,Novocastra,Newcastle,UK).Primary antibodies and

enzyme complexes were visualized by a brown 3,3’-diaminobenzidine and

abbreviation(DAB)reactionandtheslideswerecounterstainedwithMayer's

hematoxylin.

3.Immunohistochemicalinterpretation

Theinterpretationofp16ispositivewithobservedinnuclearornuclearand

cytoplasmic,strongandcontinuousstainingbeginningfrom basalcelllayerof

epithelium in contrastofeither focaland sporadic pattern or completely

negative.The scoring of p16 classified in four groups as 0 (basal),1

(parabasal)(Fig.1A),2(intermediate)(Fig.1C)and3(superficial)(Fig.1E).

TheexpressionofKi-67wasalsocategorizedintofourgroupsbasedonthe

distributionandproportionsofnuclearstainingpositivecells.score0,<10% of

thecells,restrictedtotheparabasalcelllayers;score1,10to<30% ofthe

cells,restrictedtothelowerthirdoftheepithelium (Fig.1B);score2,30to

<70% ofthecells,reachingtheupperthirdoftheepithelium (Fig.1D);score3,

70% ormoreoftheepithelialcellsincludingfullthicknessexpressionofKi-67

(Fig.1F).
18
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4.Evaluationoftheslides

Twoobserversevaluatedthehematoxylinandeosin (H&E)-stainedslides,

andthenmadeainitialdiagnosisbasedontheonlyhistologicalfeaturesonhis

orherowncriteria.Thesediagnosesincludenormal,benignlesionssuchas

squamousmetaplasiaorLSIL withviralcytopathicchange(HPV effect)and

precancerouslesionsuchasCIN 1,CIN 2andCIN 3andmalignantlesion-

SCC.Then,eachobservershadsecondlookofH&E slideincludedp16and

Ki-67.Then,thediagnosiswasrevisedandthen,theconsensusdiagnosiswas

reached.Thewholeslideswerereviewedindependentlybytwoobservers,who

wereblindedtoalltheclinicopathologicinformation.

5.Statisticalanalysis

SPSS ver.12.0 (SPSS,Inc.,Chicago,IL,USA)was used forstatistical

analysis.Multivariateanalysiswasperformed using hitratiobetween initial

diagnosis and revised diagnosis then these value compared with the HPV

infected status:HR-HPV and nonHR-HPV.P-value less than 0.05 was

consideredstatisticallysignificant.Thecorrelationbetweeninitialdiagnosisand

reviseddiagnosiswereevaluatedbyPearson'scorrelationcoefficient.
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III.Results

A.Expressionofp16andKi-67inHR-HPV

Using PCR basedHPV genotyping assay,highriskHPV genotypeswere

detected in 62% (76/123).In the 12 cases ofbenign lesion - normalor

squamousmetaplasia,allofthem arep16negative.Ofthe4casesoutof9

casesLSILwithviralcytopathicchangeshowed1scoreinp16staining.Allof

the7casesofCIN 1lesionsshowedap16expressionscoreof1,but13cases

ofCIN 2lesionsshowedap16expressionscoreof2.Inadditiontherewere25

casesoutof25casesCIN 3and10casesofallSCCcasesshowedexpression

ofscore3(Table1).

Twelve cases were diagnosed as benign lesion - normalorsquamous

metaplasia,onlyonecaseshowedKi-67expressionscoreof1.Ofthe3cases

outof9casesLSILwithviralcytopathicchangeshowedscoreof1inKi-67

staining.6casesofthe7casesofCIN 1lesionsshowedaKi-67expression

scoreof1,but10casesoutof13casesCIN 2 lesionsshowed aKi-67

expressionscoreof2.Inadditiontherewere24casesoutof25casesCIN 3

and10casesofallSCCcasesshowedexpressionofscore3(Table2).

B.Expressionofp16andKi-67innonHR-HPV

HPV genotypingassaydetectedin38%(47/123)casesofnon-highriskHPV

genotypes.Inthe14casesoutof15casesbenignlesion-normalorsquamous

metaplasia,except1caseofscore2showedexpressionscore0.Ofthe9cases

outof11casesLSIL with viralcytopathicchangeshowed 0scorein p16

stainingandtherest2casesarescore1.Inthe4casesoutof6casesCIN 1,
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except2caseofscore0showedexpressionscore1andCIN 2lesionsshowed

onecasep16score0andfourcasesp16score2.But,therewere6casesout

of6casesCIN 3showedexpressionofscore3.Among4casesofSCClesions,

onepatientshowedcompletelylossinp16stainingexceptionally(Table3).

Ofthe14casesoutof15casesbenignlesionsshowedscoreof0inKi-67

staining.6casesofthe11casesofLSILwithviralcytopathicchangeshowed

aKi-67expressionscoreof1,butonly3casesoutof6casesCIN 1lesions

showedaKi-67expressionscoreof1.4casesofCIN 3lesionsexcept1case

showedofscore2.Similarly,5casesofCIN 3lesionsexcept1caseshowedof

score3.And4casesofallSCCcasesshowedexpressionofscore3(Table4).

C.Efficacyofp16andKi-67inaccordingtoHPV genotypes

Therewere3casesofatypicalsquamousmetaplasia(n=3)withpreviously

CIN 2(n=1)/CIN 3(n=2)withH&E showedlossofp16andrareKi-67

index.AndwefoundadiscordanceinnonHR-HPV group.Completelynegative

in p16stain cases(n=2)in nonHR-HPV group,they werefulfilledofhigh

gradeCIN pathologiccriteriaevencarcinomafeaturesinH&E slides.Sothey

wereeachdiagnosedfinallyinCIN 2andsquamouscellcarcinomabasedon

histopathologicfindings.

Thepositivityofp16andKi-67increasedwiththeseverityofcervicallesion

in both HR-HPV and nonHR-HPV groups.Following a review of the

immunostainedslidesforp16andKi-67,wereviewedthefirstdiagnosis.In

nonHR-HPV group,frequency of diagnostic revision was higher than in

HR-HPVgroup(Table5,6).Thereweresignificantdifferencesinthehitratios

betweentheHR-HPVandnonHR-HPVgroups(p<0.05).
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IV.Discussion

Diagnosticinterpretation ofdysplasiain thecervix isusually approached

followed,hypercellularity,significantatypia,mitoticfiguresand disorientation

involvingmorethanfrom parabasaltoupperlayers.However,unusualhistologic

features-mildlyincreasedcellularity,absencemitoticfiguresandquestionable

atypia can beobserved in thelesion.In daily practicalfield,theaccurate

diagnosisofcervicaldysplasticlesionsresultsisvariableby theseseveral

factorsbetweeninterobserverandintraobserver.

Immunostaincanimprovethediagnosticreproducibilityandaccuracyofthe

CIN lesion.Previousstudyhaveshownthatp16andKi-67arecoexpressedin

virtually 100% ofcasesofhigh gradesquamousandglandularlesions,and

thesemarkersarerarelycoexpressedinnormalorbenignlesionsofcervical

epitheliallesion.19,20,21-23 Immunohistocemicalstainingforp16isinvestigatedin

cervicalpathology as a marker for HPV-transformed lesion and it has

demonstratedinmanystudiesthatp16showingdiffuseandcontinuousstaining

beginninginthebasalandparabasalcelllayers.
7,24,25

Basedontheconceptthat

HPV-mediatedtransformation in triggeredby dysregulated expression ofthe

viral oncogene E6 and E7 in basaland parabasalcells,p16 immuno-

histochemistry was hypothesized to distinguish between transforming and

nontransforming HPV infections,andonly thediffusep16expression pattern

wasdefinedashallmarkofHPV-dependenttransfomationandthusconsidered

asp16positive.
24,26,27

Ki-67isdetectedbytheMIB-1monoclonalantibodyandisanuclearprotein

thatisassociatedwithRNA transcriptionandcellcycleprogression.
28
Similarto

p16INK4a,Ki-67isoverexpressedinCIN 2/3,SCC,adenocarcinomainsitu,and

adenocarcinoma.
16
However, in contrast with p16

INK4a
, Ki-67 is also

overexpressedinthebasalcellsofnormalsquamousmucosaandinbenign
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proliferativelesions,includingbasalcellhyperplasiaofthesquamousmucosa.
20

So combination of p16 and Ki-67 is recommended for specificity in

distinguishingCIN from itsmimickersratherthanusingeachimmunostaining

markersalone.11

While reviewing of previous articles, we had found that these

immunostaining markersappliedin selectiveHR-HPV groupandhigh grade

dysplasticlesion.
23,24
Thus,inthisstudyweinvestigatedtoevaluatetheefficacy

oftheseimmunostainingmarkersinaccurateinterpretationofcervicalbiopsyin

comparison between HR-HPV ornonHR-HPV groups.The p16 and Ki-67

showedthatdiffuseandstrongstainingCIN 3andSCCinbothHR-HPV and

nonHR-HPV groups.AllCIN3/SCCcasesinHR-HPVgroupwerep16score3.

Theobviousexpression ofp16hasbeen linkedtohigh-risk HPV infection,

whichwealsofoundinourstudy.Wealsofound3casesofatypicalsquamous

metaplasia(n=3)withpreviouslyCIN 2(n=1)/CIN 3(n=2)withH&Eshowed

lossofp16and low Ki-67index in both HR-HPV and nonHR-HPV.But,

severalcasesinnonHR-HPV groupshaveshownthatdiscordancyinH&Eand

immunohistochemicalfindings.We found unusualthree cases thatshowed

unexpected immunostaining resultofp16 outof47 nonHR-HPV infected

patients.Thefirstcasesshowedp16-negative(Fig.2D)andKi-67scoreof3

(Fig.2F)withconsistentwithinvasiveSCC histopathologicfeature(Fig.2B).

So final diagnosis was SCC. The patient had radiation therapy and

chemotheraputicregimen 2 timesbutshe expired due to pancytopenia and

multiplemetastaticnodularprogression in 9monthslater.Nextcasesinitial

diagnosiswasHSIL,CIN 2withp16-negativeandKi-67scoreof1inthis

casethefirstdiagnosiswasnotrevised.Thiscasewasfinallyconfirmedin

hysterectomyspecimenin3weekslater.Wefoundthattheclinicopathologic

identification limited on H&E stain. The last case, showed abnormal

overexpressioninbothmarkersbuthadnodysplasticlesionbutonlyobserved

with atypicalsquamousmetaplasia.In 12month later,shehad rebiopsy in
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uterinecervixanddiagnosedinchroniccervicitis.Itiscurrentlyunknownwhat

causestrue-negativep16immunostaining in CIN 3orSCC in nonHR-HPV

group.InnonHR-HPV group,frequencyofdiagnosticrevisionwashigherthan

inHR-HPV group(Table5,6).Thereweresignificantdifferencesinthehit

ratiosbetweentheHR-HPVandnonHR-HPVgroups(p<0.05).
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V.Conclusion

Inconclusion,simultaneouslydiffuseandstrongoverexpressionofp16and

Ki-67virtuallyimplicationofCIN 3andSCCinHR-HPV group.Bothmarkers

are efficientin advancing the diagnostic accuracy ofcervicalbiopsy,but

applicationindailysign-outprocessingofaimmunostainfindingsshouldbe

discreetlyconsideredinnonHR-HPVgroup.

Thisisapilotstudy with asmallnumberofcases,butwehopethat

pathologistshouldbeawareofthatunusualimmunostainresultofnonHR-HPV

groups imply factors otherthan high risk HPV infection to negative p16

stainingCIN 3orSCC.Inthefuture,new immunostainingmarkersorother

methodswhicharecouldbeapplicableinnonHR-HPV groupareneededtobe

assessedforreproduciblediagnosisofcervix.
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FinalDx
No.of

cases

Scoreofp16

0 1 2 3

Reactiveatypia 12 12

LSIL,viralchange 9 5 4

CIN1 7 7

CIN2 13 13

CIN3 25 25

SCC 10 10

Total 76 17 11 13 35

Table1.Thep16expressioninHR-HPVaccordingtothefinaldiagnosis

HR-HPV,high risk human papilloma virus; LSIL, low-grade squamous

intraepitheliallesion;CIN,cervicalintraepithelialneoplasia;SCC,squamouscell

carcinoma
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FinalDx
No.of

cases

ScoreofKi-67

0 1 2 3

Reactiveatypia 12 11 1

LSIL,viralchange 9 6 3

CIN1 7 6 1

CIN2 13 3 10

CIN3 25 1 24

SCC 10 10

Total 76 17 13 12 34

Table2.TheKi-67expressioninHR-HPVaccordingtothefinaldiagnosis

HR-HPV,high risk human papilloma virus; LSIL, low-grade squamous

intraepitheliallesion;CIN,cervicalintraepithelialneoplasia;SCC,squamouscell

carcinoma
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FinalDx
No.of

cases

Scoreofp16

0 1 2 3

Reactiveatypia 15 14 1

LSIL,viralchange 11 9 2

CIN1 6 2 4

CIN2 5 1 4

CIN3 6 6

SCC 4 1 3

Total 47 27 6 5 9

Table3.Thep16expressioninnonHR-HPVaccordingtothefinaldiagnosis

nonHR-HPV,non-highriskhumanpapillomavirus;LSIL,low-gradesquamous

intraepitheliallesion;CIN,cervicalintraepithelialneoplasia;SCC,squamouscell

carcinoma
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FinalDx
No.of

cases

ScoreofKi-67

0 1 2 3

Reactiveatypia 15 14 1

LSIL,viralchange 11 5 6

CIN1 6 1 3 1 1

CIN2 5 1 4

CIN3 6 1 5

SCC 4 4

Total 47 20 10 7 10

Table4.TheKi-67expressioninnonHR-HPVaccordingtothefinaldiagnosis

nonHR-HPV,non-highriskhumanpapillomavirus;LSIL,low-gradesquamous

intraepitheliallesion;CIN,cervicalintraepithelialneoplasia;SCC,squamouscell

carcinoma
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FinalDx First(%) Final(%) Difference(%)

Reactiveatypia 0(0.00) 12(15.79) 15.79

LSIL,viralchange 17(22.37) 9(11.84) -10.53

CIN1 15(19.74) 7(9.21) -10.53

CIN2 13(17.11) 13(17.11) 0.00

CIN3 19(25.00) 25(32.89) 7.89

SCC 12(15.79) 10(13.16) -2.63

Total 76(1) 76(1) 0.00

Table5.DistributionoffirstandfinaldiagnosisinHR-HPVgroup

HR-HPV,high risk human papilloma virus; LSIL, low-grade squamous

intraepitheliallesion;CIN,cervicalintraepithelialneoplasia;SCC,squamouscell

carcinoma
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FinalDx First(%) Final(%) Difference(%)

Reactiveatypia 0(0.00) 15(31.92) 31.92

LSIL,viralchange 16(34.04) 11(23.40) -10.64

CIN1 12(25.53) 6(12.77) -12.77

CIN2 5(10.64) 5(10.64) 0.00

CIN3 10(21.28) 6(12.77) -8.51

SCC 4(8.51) 4(8.51) 0.00

Total 47(1) 47(1) 0.00

Table6.DistributionoffirstandfinaldiagnosisinnonHR-HPVgroup

HR-HPV,high risk human papilloma virus; LSIL, low-grade squamous

intraepitheliallesion;CIN,cervicalintraepithelialneoplasia;SCC,squamouscell

carcinoma
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