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INTRODUCTION:INTRODUCTION:
Diffuse Diffuse gliomasgliomas are the most common primary tumors of the central are the most common primary tumors of the central 

nervous system affecting adults. It is a heterogeneous group of nervous system affecting adults. It is a heterogeneous group of tumors with tumors with 
various histological subtypes that differ in response to treatmevarious histological subtypes that differ in response to treatment and in the nt and in the 
prognosis of the disease. The most frequent tumors are derived fprognosis of the disease. The most frequent tumors are derived from rom 
astrocytesastrocytes and from and from oligodendrocytesoligodendrocytes. . 

The treatment of diffuse The treatment of diffuse gliomasgliomas (surgery, radiotherapy and (surgery, radiotherapy and 
chemotherapy) is problematic due to their diffuse nature. Surgicchemotherapy) is problematic due to their diffuse nature. Surgical al 
intervention never succeeds in removing the tumor tissue completintervention never succeeds in removing the tumor tissue completely. Optimal ely. Optimal 
treatment modality  was not found until now.  This is why the ditreatment modality  was not found until now.  This is why the disease sease 
relapses and progresses even in case of lowerrelapses and progresses even in case of lower--grade tumors. Differentiation grade tumors. Differentiation 
of of glialglial subtypes based solely on nuclear and cellular morphology is subsubtypes based solely on nuclear and cellular morphology is subjective jective 
and various subtypes sometimes cannot be distinguished even whenand various subtypes sometimes cannot be distinguished even when using using 
specific specific immunohistochemicalimmunohistochemical markers. markers. 

Therefore, new diagnostic and prognostic indicators must be sougTherefore, new diagnostic and prognostic indicators must be sought to ht to 
enable stratification of the treatment and to help reduce morbidenable stratification of the treatment and to help reduce morbidity and ity and 
mortality of patients. mortality of patients. SubclassificationSubclassification of patients according to specific of patients according to specific 
chromosomal aberrations in tumor cells is one of the possibilitichromosomal aberrations in tumor cells is one of the possibilities. es. 

To To performperform detaileddetailed molecularmolecular cytogenetic analysis of the cytogenetic analysis of the 
brainbrain tumourtumour cellscells in in seriesseries of patients with of patients with histologicalyhistologicaly
proved proved diffusediffuse gliomasgliomas. . 

To To followfollow the the frequencyfrequency andand representationrepresentation of the most of the most 
frequentfrequent chromosomalchromosomal aberrationsaberrations describeddescribed soso far in far in 
differentdifferent glialglial subtypessubtypes, i.e.:  , i.e.:  

To To comparecompare the the resultsresults of the of the molecularmolecular cytogenetic analysis cytogenetic analysis 
in in allall patients with patients with morphologicalmorphological andand clinical clinical findingsfindings. . 

THE AIM OF THE STUDY:THE AIM OF THE STUDY:

deletionsdeletions of of tumourtumour suppressorsuppressor genesgenes p53p53, , p16p16 andand RB1 RB1 
deletionsdeletions of of chromosomalchromosomal regionsregions 1p36 1p36 andand 19q13.3 19q13.3 
amplificaionamplificaion ofof EGFREGFR gene/gene/trisomytrisomy of chromosome 7 of chromosome 7 
monosomymonosomy of chromosome 10of chromosome 10

SampleSample ExtractionExtraction andand ProcessingProcessing

TumourTumour tissuetissue samplessamples takentaken duringduring routineroutine neurosurgicalneurosurgical surgeriessurgeries werewere
resuspendedresuspended in media in media andand furtherfurther processedprocessed usingusing standard cytogenetic standard cytogenetic 
procedureprocedure ((hypotoniahypotonia, , fixationfixation). Standard ). Standard microscopicmicroscopic preparationspreparations forfor II--FISH FISH 
werewere preparedprepared fromfrom fixedfixed cell cell suspensionssuspensions. . 

MolecularMolecular Cytogenetic AnalysisCytogenetic Analysis

ForFor detectiondetection of most of most frequentfrequent chromosomalchromosomal changeschanges in in glialglial cellscells ddualual--colour colour 
interphaseinterphase FISH FISH with with locuslocus--specificspecific andand//oror αα--satellitesatellite DNA DNA probesprobes was carried was carried 
out according to manufacturersout according to manufacturers’’ recommendations (list of DNA probes is in recommendations (list of DNA probes is in 
Table 2). Cells were counterstained with DAPI (4,6Table 2). Cells were counterstained with DAPI (4,6--diamidinodiamidino--22--phenylindole). phenylindole). 
At least 200 At least 200 interphaseinterphase nuclei were analyzed per dualnuclei were analyzed per dual--colour hybridisation in colour hybridisation in 
fluorescence microscope OLYMPUS AX70 PROVIS. fluorescence microscope OLYMPUS AX70 PROVIS. ForFor documentationdocumentation the the 
imagesimages werewere capturedcaptured by a sensitive CCD by a sensitive CCD cameracamera andand the the resultsresults werewere
processedprocessed by by specializedspecialized computercomputer software (ISIS, MetaSystemssoftware (ISIS, MetaSystems™™). ). 

86 PATIENTS:86 PATIENTS:
TypType of e of difdiffusefuse gliomgliomaa WHO WHO 

gradegrade ChromosomalChromosomal aberrationsaberrations

lowlow--grade grade astrocytomastrocytomaa IIII trisomytrisomy 7, 7, aneuploidyaneuploidy

anaplasticanaplastic astrocytomastrocytomaa IIIIII deletiondeletion of of p53 p53 gene, gene, deletiondeletion of of p16 p16 gene, gene, deletiondeletion of of RB1 RB1 
gene, gene, aneuploidyaneuploidy

glioblastoma multiforme glioblastoma multiforme --
primprimaarryy IVIV

amplificationamplification of of EGFR EGFR genegene, , deletiondeletion of of p16 p16 gene, gene, deletiondeletion
of of RB1 RB1 gene, gene, deletiondeletion of of p53p53 gene (gene (rarerare), ), monosomymonosomy 1010, , 
aneuploidyaneuploidy

glioblastoma multiforme glioblastoma multiforme --
sesecondarycondary IVIV deletiondeletion of of p53 p53 gene, gene, deletiondeletion of of p16 p16 gene, gene, deletiondeletion of of RB1 RB1 

gene, gene, monosomymonosomy 1010, , aneuploidyaneuploidy

lowlow--grade grade oligodendrogliomoligodendrogliomaa IIII deletiondeletion of region 19q13.3, of region 19q13.3, deletiondeletion of 1p36of 1p36,, aneuploidyaneuploidy

anaplasticanaplastic oligodendrogliomoligodendrogliomaa IIIIII deletiondeletion of of 19q13.3 / 19q13.3 / deletiondeletion of of 1p361p36, , aneuploidaneuploidyy
((combinedcombined deletionsdeletions are are markermarker of of goodgood prognosisprognosis))

AA

OO

SpecificSpecific chromosomalchromosomal aberrationsaberrations in in differentdifferent subtypessubtypes of of diffusediffuse gliomasgliomas::

A A –– astrocytomaastrocytoma; O ; O -- oligodendrogliomaoligodendroglioma

ChromosomalChromosomal aberrationsaberrations DNA probe mixDNA probe mix

deletiondeletion of of p53p53 LSILSI®® TP53TP53 (17p13.1) / CEP(17p13.1) / CEP®® 1717

deletiondeletion of of p16p16 LSILSI®® p16p16 (9p21) / CEP(9p21) / CEP®® 99

deletiondeletion of of RB1RB1 LSILSI RB1RB1 (13q14) / LSI(13q14) / LSI®® 13q3413q34

deletiondeletion of of 1p361p36 LSILSI®® 1p361p36 / LSI/ LSI®® 1q251q25

deletiondeletion of of 19q13.319q13.3 LSILSI®® 19q1319q13 / LSI/ LSI®® 19p1319p13

AmplificationAmplification of of EGFREGFR LSILSI®® EGFREGFR (7p12)(7p12) / CEP/ CEP®® 77

MonosomyMonosomy 1010 CEPCEP®® 1010 / / controlcontrol CEPCEP®® probeprobe

DNA DNA probesprobes forfor II--FISH:FISH:

AbbottAbbott--VysisVysisTMTMCEP CEP -- chromosome chromosome enumerationenumeration probe (probe (centromericcentromeric, , alphaalpha satellitesatellite))
LSI LSI –– locuslocus--specificspecific probeprobe

GlialGlial subtypesubtype WHO gradeWHO grade NumberNumber of of 
patientspatients

lowlow--grade grade astrocytomaastrocytoma I, III, II 2020

anaplasticanaplastic astrocytomaastrocytoma IIIIII 1111

glioblastomaglioblastoma multiformemultiforme IVIV 3636

oligodendrogliomaoligodendroglioma IIII 55

anaplasticanaplastic oligodendrogliomaoligodendroglioma IIIIII 1212

anaplasticanaplastic oligoastrocytomaoligoastrocytoma IIIIII 22

in in totaltotal 8686

♂♂ 50 50 malesmales ♀♀ 36 36 femalesfemales
medianmedian ageage: 52 : 52 yearsyears ((rangerange 1616--80 80 yearsyears))

aberrationaberration No. of No. of 
casescases

ConclusionsConclusions accordingaccording
to Ito I--FISHFISH

deletiondeletion of of RB1RB1 11 anaplasticanaplastic astrocytomaastrocytoma

bialelicbialelic deletiondeletion of of p16p16 44 anaplasticanaplastic astrocytomaastrocytoma

deldel((RB1RB1), ), deldel((p16p16)) 11 anaplasticanaplastic astrocytomaastrocytoma

polysomypolysomy 33 anaplasticanaplastic astrocytomaastrocytoma, , 
betterbetter prognosisprognosis

nonnon--adequateadequate tissuetissue
specimenspecimen

22 no no predictionprediction

originaloriginal diagnosisdiagnosis accordingaccording to to morphologymorphology::

lowlow--grade grade astrocytomaastrocytoma (WHO I, II)(WHO I, II)
20 patients20 patients

aberrationaberration No. of No. of 
casescases

ConclusionsConclusions accordingaccording
to Ito I--FISHFISH

normalnormal patternpattern 55 betterbetter prognosisprognosis

deletiondeletion of of p16p16 11 •• anaplasticanaplastic astrocytomaastrocytoma, , 
worseworse prognosisprognosis

deletiondeletion of of RB1RB1 11 •• anaplasticanaplastic astrocytomaastrocytoma, , 
worseworse prognosisprognosis

deldel((RB1RB1), ), deldel((p16p16)) 11 •• anaplasticanaplastic astrocytomaastrocytoma, , 
worseworse prognosisprognosis

polysomypolysomy 1010 lowlow--grade grade astrocytomaastrocytoma

nonnon--adequateadequate
tissuetissue specimenspecimen 22 no no predictionprediction

originaloriginal diagnosisdiagnosis accordingaccording to to morphologymorphology::

anaplasticanaplastic astrocytomaastrocytoma (WHO III)(WHO III)
11 patients11 patients
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originaloriginal diagnosisdiagnosis accordingaccording to to morphologymorphology::

glioblastomaglioblastoma multiformemultiforme (WHO IV)(WHO IV)
36 patients36 patients

aberrationaberration No. of No. of 
casescases

ConclusionsConclusions accordingaccording
to Ito I--FISHFISH

amplificationamplification of of EGFREGFR 33 glioblastomaglioblastoma multiformemultiforme --
primaryprimary

monosomymonosomy 1010 99 glioblastomaglioblastoma multiformemultiforme --
secondarysecondary

amplificationamplification of EGFR, of EGFR, 
monosomymonosomy 1010 1111 glioblastomaglioblastoma multiformemultiforme --

primaryprimary

trisomytrisomy 7, 7, monosomymonosomy 1010 1010 glioblastomaglioblastoma multiformemultiforme --
secondarysecondary

polysomypolysomy 22 glioblastomaglioblastoma multiformemultiforme

nonnon--adequateadequate tissuetissue
specimenspecimen 11 no no predictionprediction
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originaloriginal diagnosisdiagnosis accordingaccording to to morphologymorphology::

oligodendrogliomaoligodendroglioma (WHO II)(WHO II)
5 patients5 patients

originaloriginal diagnosisdiagnosis accordingaccording to to morphologymorphology::

anaplasticanaplastic oligoastrocytomaoligoastrocytoma (WHO III)(WHO III)
2 patients2 patients

originaloriginal diagnosisdiagnosis accordingaccording to to morphologymorphology::

anaplasticanaplastic oligodendrogliomaoligodendroglioma (WHO III)(WHO III)
12 patients12 patients

aberrationaberration No. No. 
of of 

casescases

ConclusionsConclusions accordingaccording
to Ito I--FISHFISH

combinedcombined deletiondeletion of of 
1p36/19q131p36/19q13

33 oligodendrogliomaoligodendroglioma
goodgood prognosisprognosis

combinedcombined deletiondeletion of of 
1p36/19q13, 1p36/19q13, amplificationamplification
of of EGFREGFR

11 •• amplificationamplification of EGFR of EGFR isis
a a typicaltypical findingfinding in in primaryprimary
glioblastomaglioblastoma multiformemultiforme →→
worseworse prognosisprognosis

combinedcombined deletiondeletion of of 
1p36/19q13, 1p36/19q13, deldel(RB1), (RB1), 
monosomymonosomy 9, 9, monosomymonosomy 1010

11 •• typicaltypical findingfinding in in 
glioblastomaglioblastoma multiformemultiforme →→
worseworse prognosisprognosis

aberrationaberration
No. No. 
of of 

casescases

ConclusionsConclusions accordingaccording
to Ito I--FISHFISH

deletiondeletion of 1p36, of 1p36, 
polyploidypolyploidy 11

anaplasticanaplastic oliastrocytomaoliastrocytoma
worseworse prognosisprognosis

combinedcombined deletiondeletion of of 
1p36/19q131p36/19q13 11

anaplasticanaplastic oliastrocytomaoliastrocytoma
goodgood prognosisprognosis

aberrationaberration
No. No. 
of of 

casescases

ConclusionsConclusions accordingaccording
to Ito I--FISHFISH

normalnormal patternpattern 11 anaplasticanaplastic oligodendrogliomaoligodendroglioma
worseworse prognosisprognosis

combinedcombined deletiondeletion of of 
1p36/19q131p36/19q13

66 anaplasticanaplastic oligodendrogliomaoligodendroglioma
goodgood prognosisprognosis

combinedcombined deletiondeletion of of 
1p36/19q13, 1p36/19q13, polyploidypolyploidy

33 anaplasticanaplastic oligodendrogliomaoligodendroglioma
goodgood prognosisprognosis

combinedcombined deletiondeletion of of 
1p36/19q13, 1p36/19q13, polysomypolysomy
7, 7, monosomymonosomy 9, 9, 
monosomymonosomy 1010

11 •• typicaltypical findingfinding in in 
glioblastomaglioblastoma multiformemultiforme →→
worseworse prognosisprognosis

nonnon--adequateadequate tissuetissue
specimenspecimen

11 no no predictionprediction
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deletion of  RB1

bialelic deletion of p16 monosomy 10

trisomy 7

deletion of 1p36

deletion of 19q13

amplification of EGFR

amplification of EGFR

AnaplasticAnaplastic oligodendrogliomaoligodendroglioma beforebefore (A) (A) andand afterafter (B)(B) chemotherapychemotherapy..

AA BB II--FISH analyses gave informative results in 80 samples (93%), in sFISH analyses gave informative results in 80 samples (93%), in six other the results were uninformative due to nonix other the results were uninformative due to non--adequateadequate sampling sampling 
of the tissue during surgery.of the tissue during surgery.

The results of molecularThe results of molecular--cytogenetic analyses were in accordance with histological and clcytogenetic analyses were in accordance with histological and clinical findings inical findings andand confirmedconfirmed originaloriginal diagnosisdiagnosis. . 
IIn n 57 57 patients out of 86 Ipatients out of 86 I--FISH contributed to establish more precise diagnosis and prognosFISH contributed to establish more precise diagnosis and prognosis of the disease.is of the disease.

The most important clinical significance had finding of combinedThe most important clinical significance had finding of combined deletion 1p36/19q13 in patients with deletion 1p36/19q13 in patients with oligodendroglialoligodendroglial tumourstumours, which is , which is 
considered to be a predictor of good response to chemotherapy anconsidered to be a predictor of good response to chemotherapy and fair prognosis.  In all of them was chemotherapy recommended ad fair prognosis.  In all of them was chemotherapy recommended as s 
primary treatment modality.primary treatment modality.

MolecularMolecular--cytogenetic analyses are suitable diagnostic methods to detect ccytogenetic analyses are suitable diagnostic methods to detect chromosomal aberrations in brain hromosomal aberrations in brain tumourtumour cellscells::

In patients with In patients with astrocytomaastrocytoma confirmsconfirms histologicalhistological diagnosisdiagnosis andand contributescontributes to more to more accurateaccurate prognosisprognosis

In patients with In patients with oligodendrogliomaoligodendroglioma isis essentialessential part of part of diagnosticsdiagnostics andand considerablyconsiderably influencesinfluences treatmenttreatment andand prognosisprognosis. . 

A A systematicsystematic analysis of analysis of tumourtumour cellscells usingusing molecularmolecular cytogenetic cytogenetic methodsmethods advancesadvances in  in  diagnosisdiagnosis, , gradinggrading, classification  , classification  
andand treatmenttreatment of patients with of patients with brainbrain tumourstumours. . 


