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Introduction

Cholesteatomaisarelativelyfrequent,diseaseofthemiddleearthatoftendevelops

asaresultofchronicinflammatoryprocess,itmighthaveserious,rarelyevenfatal

consequences.The prevalence of chronic cholesteatoma otitis media varies

worldwide;itis lowerin more developed countries and higherin the socially,

economicallydeprivedregions.TheincidenceofthediseaseinEuropeis3/10000in

childrenand9/10000inadults.

Many keratinous cysts are known in medicine,including the epidermalcyst

(atheroma)andcholesteatoma.Cholesteatomaisanectopickeratinouscystinthe

middleear,whichischaracterizedbylocalinvasiveness.Histologically,thewallof

thecystisamultilayeredkeratinizedepithelium,whichiscalledmatrix.Thekeratin

producedbythecellsofthematrix,whichconstantlyreproducesitselfandpeelsoff,

formsdetritusinsidethecyst,therebythesizeofthecholesteatomaincreasesand

becomesmoreextensive.Thisgrowthisthecauseofitsinvasivenessthatcanlead

tomanycomplicationsofvaryingseverityinthemiddleear.Themostcommon

consequencesarethedestructionoftheauditoryossicles,otorrhea,dizziness,and

intracranialcomplications.Thetherapyofthecholesteatomaissurgicalremoval.

However,evenaftercarefulsurgicalremoval,thediseaseispronetorelapseor

recidivism,especially in pediatric cases.Therefore,its removaland complete

treatmentremainsamajormicrosurgicalchallengefortheotorhinolaryngologistsup

tonow.

Atheroma-orepidermalcyst-isabenigntumor,whichishistologicallyverysimilar

tocholesteatoma,butitsclinicalbehaviorisdifferent.Afteritssurgicalexcision,the

epidermalcysthealsalmostwithoutcomplications.
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Thepathomechanism ofcholesteatomadevelopmentisnotfullyunderstood,even

today.Manytheoriescanbefoundintheliterature,abouttheoriginanddevelopment

ofcholesteatoma.Accordingtomostofthem changesinthephysiologicaland

anatomicalconditionsofthestructuresinthemiddleearareinthebackgroundofthe

developmentofthecholesteatoma.Twoetiologicalgroupsofthecholesteatomaare

distinguished:themorecommonacquiredandtherarecongenitalformswhich

developsbehindanintacteardrum.Recentstudieshaveinvestigatedthemolecular

and cytogenetic changes underlying the development,the irregularspread and

proliferationtypicalofcholesteatoma,hopingthattheirresultswillprovideamore

accurateunderstandingofthedevelopmentandbehaviorofcholesteatoma.The

studiespublishedsofarhowever,stilldonotexplainthecompletepathomechanism

ofthedisease.

Anassociationcanbeseenbetweenthedevelopmentandgrowthofcholesteatoma

andtheinflammatoryprocesspresentincholesteatoma,astheresultofimmune

response.Inflammatory cells (e.g.,monocytes,macrophages,and infiltrating

leukocytes)inthematrixandperimatrixreleaseavarietyofangiogenicgrowth

factors(e.g.,vascularendothelialgrowthfactor,epidermalgrowthfactor,platelet-

derivedgrowthfactor,interleukin-8,andcyclooxygenase2).Theseangiogenicfactors

subsequentlypromoteangiogenesis,whichpavesthewayforsustainedmigrationof

keratinocytesintothemiddleearcavitythroughtheprovisionofanew vascular

network.Collectively,therecruitmentofinflammatorycellpopulationsinthematrix

andperimatrixandtheirassociatedangiogenicgrowthfactorsareanimportantforce

drivingtheproliferationandaggressivenessofcholesteatoma.Inaddition,bone

resorptionisamechanism thatmayexplaintheincreaseinosteolysisassociated

withacquiredcholesteatoma.Severalupregulatedcytokinesincholesteatomahave
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been shown to promote inflammatory bone resorption,including interleukin-1,

interleukin-6, interleukin-17, interferon-beta, and parathyroid-hormone-related

proteins.Recentstudieshaverevealedthatthematrix-metalloproteinases(MMPs)

playapivotalroleinthedestructionofbonytissuebycholesteatomas.Furthermore,

degradationoftheextracellularmatrixhasbeenshowntobeassociatedwiththe

upregulation ofMMPs (e.g.,MMP1,MMP9,MMP10,and MMP12)as wellas

downregulationofthetissueinhibitormetalloproteinases(TIMPs).

Manyresearchershavesoughtforgeneticdifferencesbehindtheinvasivenessand

aggressivebehaviorofthecholesteatoma.Aninterestingbutstillcontroversialidea

isthatcholesteatomacanbeconsideredalow-gradeneoplasticchange.

Geneticabnormalities,characteristicoftumors,weredetectedbyseveralmolecular

biological studies. These include conventional cytogenetic,flow cytometric,

molecularcytogeneticandmoleculargenetictestprocedures.Thereisnoclear

genomicinstabilityinthebackgroundofcholesteatoma,however,usingfluorescence

in situ hybridization (FISH)tests,many researchers have found chromosomal

aberrationsincholesteatoma.

The developmentofthe tumornecessarily accompanied with changes in the

expressionofproto-oncogenesandtumorsuppressors.Thetworeported“high-

throughput”microarrayandproteomicexperiments,identifiedhundredsofdifferently

expressedgenesincholesteatomasamples(LCN2,MMP1,MMP9,MMP10,MMP12,

BCL2L1,CEACAM6,S100A7,S100A9,PAX,SERPINB3,SERPINB4,KRT6A/B,KRT18,

KRT19,KRT8STS,PRTN3,ELANE,MPO,HTRA1,S100A7,S100A16/18,S100A12,

S100A7,S100A8,COL18A1,NID2,KRT4,KRT7/8/19,PFN2).Accordingtothe“field

cancerization”theorytumorigenesisisamultistepprocessthatrequiresintrinsicand

extrinsicfactorstodevelop.ThepresenceofHPV16infectionmightbeanextrinsic
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factorincholesteatoma,thechronicinflammatoryprocesspresentincholesteatoma

couldserveasanintrinsicfactor.

Thepediatricandadultcasesofcholesteatomaprovideagoodmodelsystem for

studyingthegeneticdifferencescontributingtothedevelopmentofcholesteatoma,

becausetumorswithverysimilarhistologicalstructuresexhibitpartiallydifferent

biologicalbehaviorinthetwoagegroups.Unlikecholesteatomasinadults,the

cholesteatomasinpediatricaremoreaggressiveinbehaviorandmorepronetothe

developmentofrecurringtumor,therefore,thepediatriccholesteatomasamplesmay

beespeciallysuitableforstudyingthemolecularchangesthatcontributetothe

invasiveness.

Bystudyingtheexpressionofsixgenes,wehaveaimedforamorecomplexand

more accurate identification ofthe process involved in the progression ofthe

cholesteatoma.
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Aims

The objective ofmy work was to examine the genetic factors behind the

developmentofthecholesteatoma.

1. Ourgoalwastomeasureandcomparetheexpressionlevelsofthec-MYCproto-

oncogenein surgicalsamplesofcholesteatoma,atheroma and ofhealthyskin

removedfrom theretroauricularregion,inordertouncoveranydifferencesinc-MYC

expression between thetwo histologicallyverysimilarepidermalcystsand the

controlsample.

2. Comparisonofthec-MYCexpressionlevelsmeasuredinsurgicalsamplesof

cholesteatomapatientgroupssubdivided according to ageand itstendencyto

recidivism tofindrelationshipbetweentherecidivism andthec-MYCexpressionlevel.

3. Todeterminetheexpressionpatternsofthreecytokeratingenesinthepatient

groupssubdividedaccordingtoageandthetendencytorecidivism.Comparative

analysisofthecytokeratingeneexpressionpatternsinordertoidentifycytokeratin(s)

thatcouldhavesomeimportanceintermsofthedevelopmentofthediseaseandits

prognosis.

4. Comparing the expression levelofthe MMP9 gene in the patientgroups

subdivided according to age and the tendency to recidivism,a protease that

presumablyplaysaroleinthegrowthandaggressiveandbonedestructivebehavior

ofcholesteatoma.

5. AnalyzingtheexpressionofthetumorsuppressorTP53geneincholesteatoma

samples,whichisknowntobeimportantintheregulationofthecellcycle.

6. Comparisonoftheexpressionlevelsofalltestedgenesinthefirstandsecond

samplesofapatientwhorecurrentlydevelopedcholesteatomaduringthestudy

period,inordertoidentifyanygenethatmightplaysaroleintherelapse.
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MaterialsandMethods

PatientsandSamplePreparation.

Allsampleswereobtainedwithinformedpatientconsentandwithapprovalfrom the

ResearchEthicsCommitteeofUniversityofDebrecenMedicalandHealthScience

Centerthatapprovedtheclinicalprotocolandthestudy(protocolnumber3047-

2009).Ourstudypopulationsconsistedof26patientswithacquiredcholesteatoma

(11femalesand15males),15patientswithatheroma(head-neckregion),and5

normalskinsamples(retroauricularregion).Theeardrumswereperforatedinall

cholesteatomapatients,andallpatientsunderwentprimaryorsecondarysurgery.

Theageofthecholesteatomapatientsrangedbetween4and65years(average:23.4

years).Patientsweredividedintoapediatric(15cases;0–18years)andanadult

group (11 cases;over19 years).Allsamplesweresurgicallyremoved and the

diagnosis ofcholesteatoma and atheroma in allspecimens was confirmed by

histopathologicexamination.thesurgicallyremoved sampleswerepreserved in

RNAlater®solutionandstoredat4°Cuntilfurtherprocessing.

RNAExtraction.

TheexcessRNAlater® solutionwasremovedfrom thesamplesandthematrixof

cholesteatoma and the atheroma specimens were manually cleaned from the

surroundingtissues.Asanaverage70mgtissuesamplewerecutintothinslicesand

homogenizedmanuallyinTRIReagent(MolecularResearchCenterINC,Cincinnati,

USA)usingaglass-Teflontissuehomogenizer.TotalRNAwasextractedfrom the

specimensusingtheRiboPurekit(Ambion(Europe)LTD,Huntingdon,UK).RNA

concentration,quality and integrity were evaluated by NanoDropTM 1000A
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spectrophotometer(ThermoFisherScientific,Wilmington,USA).

Reversetranscription

Atotalof2μgofRNAwasreversetranscribedina20 μLreactionvolumeusingthe

HighCapacitycDNAKitwithRNaseinhibitor(ThermoFisherScientific,Woolston,UK)

forcDNApreparation.Briefly,2μgtotalRNAwasmixedwith10.0µLof2reverse

transcriptase(RT)buffer,1.0µL20enzymemixandnuclease-freewatertoatotal

volumeof20µL.Thereactionmixwasthenincubatedfirstat25°Cfor10minthenat

37°Cfor120min;thereactionwasterminatedbyincubationat95°Cfor5minand

thenchillingthem immediatelyoniceforanadditional5min.

PrimerandProbesandreal-timePCRDetection

Thecustom made,genespecificpre-validatedTaqManGeneExpressionAssays

(Assays-On Demand IDs:MYC:Hs00153408 m1TP53:Hs00153408_m1;KRT1:

Hs00196158_m1; KRT10: Hs00166289_m1; KRT19: Hs00761767_m1; MMP9:

Hs00957562_m1).GeneexpressionmeasurementswerecarriedoutwithanABI

Prism 7900HTSequenceDetectionSystem (ThermoFisherScientific)accordingto

themanufacturer’sinstructions;briefly4ngofcDNAwasdilutedintoatotalof20μL

reactionvolumecontaining10 μlTaqManFastUniversalPCRMasterMix(Thermo

FisherScientific)withAmpliTaqGoldDNAPolymeraseandthetargetgenespecific

TaqManGeneExpressionAssaymix.Amplificationwasperformedfor40cycles,

includingdenaturationat95°Cfor15seconds,annealingat60°Candextensionat

72°C for60and30seconds,respectively.Relativegeneexpressionlevelswere

calculatedbythecomparativecriticalthresholdmethod.ThePPIAgenewasusedas

anendogenousreferenceandresultswereexpressedasrelativechangecompared
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tothenormalcontrolgroup.

StatisticalAnalysis

ResultswerestatisticallyanalyzedusingGraphPadPrism 5.0(GraphPadSoftware,

Inc.;SanDiego,CA,USA).Descriptivecolumnstatisticsofeachdatasetwere

performedandthedistributionofdatawasanalyzedbyKolmogorov-Smirnovtest.To

assess the statisticalsignificance ofdifferences in gene expression between

multiplegroupsthenonparametricone-wayANOVAKruskal–Wallistest(K-W test)in

combinationwiththeposthocDunn’stesttoadjustformultiplecomparisonswas

applied.Inalltestsdifferencewasconsideredsignificantasp<0.05.Dunn’spvalues

wereindicatedas:p<0.05(*);p<0.01(**).
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Results

Clinicalfeatures

Inourstudy,26surgicallyremovedacquiredcholesteatomasampleswereexamined

using normalskin from 5 retroauricularregions as controlsample.We have

determinedtheexpressionofthec-MYCgeneinsamplesfrom 15atheromas,too.

Patientsweredividedintotwogroupsaccordingtotheirage:children(under18years

ofage,N=15)andadults(above18yearsofage,N=11).Basedontheclinicaldata,

both age groups were furthercategorized into acquired (non-relapsing,single

appearance)andrelapsinggroups.

Analyzingthesymptomsofcholesteatomapatientsbasedontheirclinicaldata,it

canbestatedthat,theextentofcholesteatomainthenon-relapsingcaseswas

smallerandaffectedfeweranatomicalregionsthanintherelapsingcases.The

spreadofthediseaseaffectedmorethantwoanatomicalregionsintherelapsing

group.Basedontheclinicaldata,therateofbonedestructionwasalsohigherinthe

relapsingpatientsthaninthenon-relapsingones.Ofthe26acquiredcholesteatomas,

24patientshadauditoryossicledestructionandonly2patientshadintactauditory

ossicles.Inpediatriccholesteatomas,therecurrencewashigherthaninadultcases.

Analysisoftheexpressionpatternofthetargetgenesincholesteatomasamples.

Examinationoftheexpressionof-c-MYCgene.

Sincethec-MYCgeneplaysacentralroleintheregulationofthecellcycleand

proliferation,theactivegrowth ofcholesteatomaand theimmunohistochemical

resultsreportedintheliteraturesuggestthepossibleinvolvementofc-MYCinthe
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proliferative process in cholesteatoma samples. We have stratified the

cholesteatomapatientgroupintoapediatric(youngerthan18yearsold)andanadult

(above18years]groupthenbothgroupswerefurtherclassifiedbasedontheclinical

data into primaryacquired (non-recurrent)and recurrentgroups.In addition to

cholesteatoma,thec-MYCexpressionwasalsomeasuredinatheroma,too.Thec-

MYC expressionwaslow inallsamplesandtherewasnosignificantdifference

betweentheexpressionvaluesofthecontrolandthebenignatheromasamples.

However,the mRNA expression values measured in the cholesteatoma were

significantlyhigherthanboththecontrolandtheatheromaexpressionvalues.The

normalizedexpressionvaluesmeasuredinpediatricsampleswerehigherthanthe

mRNAlevelsmeasuredinadultsamples.Formultiplesamplingcorrection,therewas

asignificantdifferenceonlybetweenthecontrolandthepediatriccholesteatoma

values.Comparingthetwocholesteatoma(pediatric,adult)groupswiththecontrol

group individually,the expression values ofboth cholesteatoma groups were

significantlyhigherthanthatofthecontrolgroup.Therewasnosignificantdifference

betweenthetwocholesteatomagroups.Inthefinalcomparison,theexpression

valuesofthefourcholesteatomagroupswereanalyzed.Thehighestvaluewas

detectedinthepediatricrecurrentgroupand,interestingly,thelowestnormalized

mRNA expression levels were measured in the adultrecurrentsamples.When

multipletestingcorrectionwasappliednoneofthepatientgroupsshowedsignificant

differencescomparedtothecontrolvalues,however,whentheexpressionvaluesof

the fourpatientgroups were individuallycompared to the controlgroup,both

pediatricpatientgroupshadsignificantlyhigherexpressionlevelsthanthecontrol

group.

ExaminationoftheexpressionofKRT1andKRT10genes
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AlthoughtheKRT1andKRT10genesarelocatedondifferentchromosomes,theyare

co-expressedduringtheterminaldifferentiationofthekeratinocytes,becausetheir

proteinproductsform afunctionaldimer.Asexpected,thenormalizedexpression

valuesofthetwogeneswereverysimilarinallthetestedgroups,however,the

expressionleveloftheKRT10washigherthanthatofKRT1.TheKRT10expression

waslowerinthecholesteatomagroupthaninthecontrolskinsamples,butthe

differencewasnotsignificant.OurRT-PCRdatashowedthatthemRNAexpression

differedsignificantlybetweenthecontrolgroupandthestratifiedcholesteatoma

groups.KRT10mRNA expressionwassignificantlyhigherinthecontrolsamples

comparedtotheadultrecurrentgroup.TheKRT10expressionwasalsosignificantly

higherinthepediatricrecurrentcasesthaninadultrecurrentcases.

ExaminationoftheexpressionoftheKRT19geneincholesteatomasamples

TheKRT19waspoorlyexpressedinallsamples,anditsexpressionshowedno

significantdifferencebetweenthenormalskin-andofcholesteatomasamples.The

lowestexpressionlevelwasobservedinsamplesofthetworecurrentgroups.

ExaminationoftheexpressionoftheMMP9geneincholesteatomasamples

IncaseoftheMMP9gene,themRNAexpressionlevelsweresignificantlyelevatedin

thecholesteatomasamplescomparedtothenormalskin.Inthesamplesofnon-

recurrentand recurrentcholesteatoma groups significantdifference was found

betweenthecontrolandbothrecurrentgroups.ThehighestMMP9expressionwas

measuredintheadultandpediatricrecurrentpatientgroups,andthelowestwas

detectedintheadultnon-recurrentgroup.WhenthemRNAexpressionvaluesofthe

fourgroupswerecomparedindividuallytothethoseofthecontrolgroup,significant

differencewasdetectedbetweentheexpressionvaluesofthecontrolgroupand
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thoseofthepediatric-andadultrecurrentpatients.However,takingmultipletesting

intoaccount,thedifferenceswerenolongersignificant.

ExaminationoftheexpressionoftheTP53geneincholesteatomasamples

TheTP53geneexpressionwashigherinrecurrentcasesthaninthenon-recurrent

patients.From thefourcholesteatomagroups,thehighestTP53expressionwas

detected in the recurrentpediatric cholesteatoma samples,while slightlylower

valueswere measured in the adultnon-recurrentgroup.However,none ofour

comparisonsshowedsignificantdifferencesbetweenthemRNAexpressionvalues

ofthegroups.

Casestudy

Arecurrencehasoccurredinapediatricpatientduringthesamplecollectionperiod

ofthestudy.Thisallowedustocomparetheexpressionlevelsofalltestedgenesin

theprimaryandrecurrentcholesteatomasamplesofthesameperson.Allthegenes

hadincreasedexpressionlevelsintherecurrentsample,exceptfortheKRT19,which

showedmuchlowerexpressionlevelintherecurrentcholesteatomasample.
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Discussion

Ourresultsconfirm thedifferenceseenincharacteristicsofthepediatricandadult

cholesteatomapatientsonmolecularlevelandatthesametime,providenew data

aboutthedifferencesintheexpressionofthesixgenes,whichmightplayarolein

thedevelopmentandprogressionofcholesteatoma.

Thequantitativemeasurementoftheexpressionofc-MYC,KRT1,KRT10,KRT19,

MMP9 and TP53 geneswascarried outin surgicalsamplesofcholesteatoma

patients using RT-QPCR methodology.Normalskin samples derived from the

retroauricular region of healthy individuals were used as control for all

measurements-Thec-MYCexpressionwasalsomeasuredinatheromasamples.

Ourresultsshowthatthec-MYCproto-oncogeneincholesteatomasamplesshows

significantlydifferentexpressioncompared to benignatheromaand thecontrol

samples.Basedonthisobservation,wepresumethattheincreasedexpressionof

thec-MYCinthecholesteatomacausesalteredcellcycleregulation.Thehighest

levelsofc-MYCdetectedinthepediatriccholesteatomacasescanberelatedtothe

tendencyoffrequentrecurrenceobservedinthisagegroup.

IncaseofthecytokeratingenesKRT1andKRT10showedidenticalexpression

patternsincholesteatomasamples.TheexpressionlevelofKRT1andKRT10genes

inthepediatricrecurrentgroupwashigherthanthatofthecontrolandnon-recurrent

pediatricgroupsbutthedifferencewasnotsignificant.TheexpressionofKRT1and

KRT10suggestsanongoingkeratinocytedifferentiationandkeratinizationprocessin

pediatricrecurrentcases.ThesignificantlyreducedexpressionofKRT1andKRT10in

theadultgroupmightshifttheproliferation-differentiationbalanceofcellstoward
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dedifferentiationandproliferation.

ThedifferentialexpressionoftheKRT19geneseemstobeespeciallyinteresting.Its

expressionlevelwaslowerinthemoreinvasiverecurrentcasesinourpediatricand

adultgroups,too.Sinceitsreducedlevelmightbeassociatedwithelevatedcell

proliferation,itslowerexpressionlevelmightbeusedasaprognosticfactorto

predicttheclinicalbehaviorofthecholesteatomaanditstendencyforrecurrence.

Basedonthedataofourgeneexpressionmeasurements,itcanbeconcludedthat

theexpressionleveloftheMMP9geneisproportionaltothebonedestructionand

the invasiveness ofcholesteatoma since the expression ofMMP9 gene was

significantlyelevatedintherecurrentcholesteatomagroupcomparedtothecontrol

sample.ThehighestMMP9mRNA levelwasfoundinadultrecurrentcases.We

hypothesizethattheelevatedlevelofthec-MYCproto-oncogenemightbethecause

oftheincreased MMP9 expression sincec-MYC binding siteispresentin the

promoterregionoftheMMP9gene.

FortheTP53gene,therewasnosignificantdifferencebetweenthecholesteatoma

andthecontrolsamples,however,slightlyincreasedexpressioncouldbeobservedin

therelapsingsamples.

Duringthecourseofourexperiments,wehadtheopportunitytoperform thegenetic

analysisofprimaryandrelapsingsamplescollectedfrom thesamepatient;the

changesinthegeneexpressionlevelinthetwosamplesproperlyrepresentour

above-describedfindings.

Insummary,itcanbestatedthatpediatricandadultcholesteatomashavedifferent

characteristicsandrecurrencetendencieswhichbehaviormightbesupportedbythe

differentexpressionpatternsofc-MYC,KRT1and10,KRT19,MMP9andTP53genes



17

alsoshowninoursamples.Ourexperimentalresultspartiallysupporttheprobability

oftheneoplasticmalformationofthecholesteatoma.

Wehavedetectedseveralsimilaritiesintheexpressionpatternsoftheexamined

genes -c-MYC,KRT1,KRT10,KRT19,MMP9,TP53 – subdivided into groups

accordingtoclinicaldata,whichare,however,histologicallyidenticalcholesteatomas,

although also striking differenceswereidentified.Thisknowledgeallowsusto

understandthemoleculardifferencesinvolvedinthedevelopmentandgrowthofthe

cholesteatomamoreprecisely.
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Newresultsofthedissertation

Ourstudyisthefirsttodescribethegeneticabnormalitiesthataffectthecellcycle’s

operationandithelpedtoclarifythepathomechanism andtheclinicalbehaviourof

thecholesteatoma:

1.Asthefirststep,wehavestudiedtheexpressionpatternsofthec-MYC,

KRT1/10,KRT19,MMP9 and TP53 genes in the surgicalcholesteatoma

samples ofpatients grouped by age and tendency to recidivism using

quantitativereal-timePCR.Thisstudyallowedthequantitativeanalysisofthe

expressionofthegenes,whichallowedustodeterminetheroleofthesesix

geneswehavestudied,inthepathomechanism ofthediseasemoreprecisely.

2.Ourresearchgroupwasthefirsttocomparetheexpressionvaluesofthec-

MYCgenemeasuredinthesamplesofcholesteatomaandanotherepidermal

cyst(atheroma),using normalskin samples as controlsamples.The

significantincreaseintheexpressionofthec-MYC protooncogeneinthe

cholesteatoma suggests thatthe c-MYC gene plays a cellproliferation

stimulating role in the pathomechanism ofthe cholesteatoma,which is

requiredforgrowthofthetumour.

Asthereisc-MYCbindingplaceinthepromoteroftheTP53andMMP9genes,

wehaveinvestigated,theoverexpressionofthec-MYC mayalso havea

positiveeffectontheTP53andtheMMP9genes’expressionlevels.This

explainstheincreasedexpressionofthesegenesinourexperiments.Thus,

theoverexpressionofthec-MYCmayalsoaffecttherecurrenceindirectly.

3.Theroleofthecytokeratin19astumoursuppressorhasbeenproveninthe
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recentyears.Intherelapsingcasesofcholesteatoma,theleveloftheKRT19

mRNAwehavedeterminedwaslowerthaninthenon-relapsingcases,thus,

wewerethefirsttoprovetheroleofthecytokeratin19astumoursuppressor

inthecholesteatoma,whichinfluencestheprogressionofthecholesteatoma.

4.Inourstudy,wewerethefirsttodetectthedifferencesinthepatternofthe

c-MYC,KRT1/10,KRT19,TP53 and MMP9 genesin patientscategorized

accordingtoclinicaldataandtendencytorecidivism,inthedifferentgroups.

Inpart,thedifferencesinsuchpatternsmayexplainthedifferencesofthe

invasivenessandtheaggressivenessseeninthetwoagegroups.

5.Thedescribedcasestudyclarifiesthegeneticabnormalitiestypicalofthe

relapsingcases,whichinfluencetheincreasedcellularactivity,thepotential

forinvasiveness,whichsuggestworseprognosis.

6.Withourstudy,wehaveprovedthealteredexpressionofseveralregulatory

genes involvedinthetumorigenesisofthecholesteatoma,suggesting

theneoplasticmalformationofthecholesteatoma.
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