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CytogeneticCytogenetic examinationexamination

ClinicalClinical cytogeneticscytogenetics →→→→→→→→ determinationdetermination ofof karyotypekaryotype ofof patientspatients
withwith inborninborn deffectsdeffects

PrenatalPrenatal diagnosticsdiagnostics →→→→→→→→ examinationexamination ofof chromosomalchromosomal complementcomplement
ofof embryosembryos,, inin vitrovitro fertilizationfertilizationofof embryosembryos,, inin vitrovitro fertilizationfertilization

OncocytogeneticsOncocytogenetics →→→→→→→→ specificationspecification ofof diagnosisdiagnosis andand prognosisprognosis ofof
malignantmalignant diseasesdiseases

ServicesServices ofof hygienehygiene laboratorieslaboratories -- testingtesting ofof mutagenicitymutagenicity ofof
chemicalschemicals onon humanhuman organismorganism onon chromosomalchromosomal levellevel,, radiationradiation
cytogeneticscytogenetics etcetc..



ChromosomalChromosomal aberrationsaberrations

II.. InbornInborn ((constitutionalconstitutional)) aberrationsaberrations areare

fundamentalfundamental forfor originorigin ofof syndromessyndromes duedue toto anomaliesanomalies

ofof chromosomeschromosomes ((forfor exampleexample DownDown´́ss sysy));; changeschanges ofof

ChangesChanges ofof numbernumber oror structurestructure ofof chromosomeschromosomes

ofof chromosomeschromosomes ((forfor exampleexample DownDown´́ss sysy));; changeschanges ofof

chromosomeschromosomes areare presentpresent inin allall cellscells ofof thethe bodybody..

IIII.. AcquiredAcquired changeschanges ofof chromosomeschromosomes inin malignantmalignant

cellscells;; theythey havehave clonalclonal charactercharacter ((onlyonly certaincertain cellularcellular

clonesclones areare involvedinvolved))..



high genome instability - oone of the most

important events in the malignant process

gene mutations and numerical and/or structural

CancerCancer cellscells

gene mutations and numerical and/or structural

chromosomal aberrations

NonrandomNonrandom chromosomalchromosomal aberrationsaberrations areare associatedassociated withwith

specificspecific diseasedisease subtypessubtypes andand havehave aa clearclear prognosticprognostic

implicationsimplications.



II--FISHFISHConventional cytogenetic
analysis

WCPWCP--FISHFISH

MethodsMethods

II--FISHFISH
analysis

WCPWCP--FISHFISH

ArrayArray CGHCGHCGHCGHmmFISHFISH mBANDmBAND



Conventional cytogenetic analysis

Karyotype Karyotype analysisanalysis

DetectionDetection ofof chromosomalchromosomal aberrationsaberrations

((numericalnumerical x x structuralstructural))
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Postup při kultivaci a přípravě preparátů k cytogenetickému vyšetření



ChromosomalChromosomal bandingbanding::



LimitationsLimitations ofof classicalclassical cytogeneticscytogenetics

sensitivitysensitivity ofof chromosomalchromosomal bandingbanding techniquestechniques isis limitedlimited

thesethese techniquestechniques requirerequire aa highhigh raterate ofof dividingdividing cellscells

withwith goodgood chromosomalchromosomal morphologymorphology ((resolutionresolution limitlimit ofof 1010 MbMb))

iinn somesome leukemiasleukemias malignantmalignant cellscells areare notnot proliferatingproliferating ininiinn somesome leukemiasleukemias malignantmalignant cellscells areare notnot proliferatingproliferating inin

thethe cellcell cultureculture (only(only thethe normalnormal cellscells areare dividing)dividing) →→→→→→→→ thethe

resultsresults ofof cytogeneticcytogenetic examinationexamination isis notnot representativerepresentative

forfor malignantmalignant processprocess

cchromosomalhromosomal changeschanges inin leukemicleukemic cellscells areare veryvery oftenoften

complexcomplex oror couldcould bebe crypticcryptic underunder thethe limitlimit ofof lightlight

microscopymicroscopy



Fluorescence Fluorescence in in situsitu hybridizationhybridization (FISH) (FISH) 

permitspermits detectiondetection ofof selectedselected acquiredacquired geneticgenetic changeschanges

inin dividingdividing ((metaphasemetaphase)) andand nondividingnondividing ((interphaseinterphase nucleinuclei))

cellscells

isis usefuluseful inin establishingestablishing thethe percentagepercentage ofof neoplasticneoplastic

cellscells atat thethe timetime ofof diagnosisdiagnosis andand afterafter therapytherapycellscells atat thethe timetime ofof diagnosisdiagnosis andand afterafter therapytherapy

FISHFISH studiesstudies areare usedused toto investigateinvestigate thethe originorigin andand

progressionprogression ofof hematologichematologic malignanciesmalignancies andand toto establishestablish

whichwhich hematopoietichematopoietic compartmentscompartments areare involvedinvolved inin

neoplasticneoplastic processesprocesses



Cytogenetický preparát
Dvouřetězcová značená DNA

Denaturace buněčné DNA fixované 
na cytogenetickém preparátu Denaturace DNA sondy

Fluorescence Fluorescence in in situsitu hybridizationhybridization (FISH) (FISH) 

Hybridizace DNA sondy ke  komplementárním úsekům
cílové DNA fixované na cytogenetickém preparátu

Analýza fluorescenčních signálů 
ve fluorescenčním mikroskopu



ProbesProbes forfor specificspecific chromosomalchromosomal
structuresstructures::

DeterminationDetermination ofof numericalnumerical aberrationsaberrations,, identificationidentification ofof thethe

originorigin ofof cenromerescenromeres inin markermarker--chromosomeschromosomes,, specificationspecification ofof

cellscells afterafter bonebone marrowmarrow transplantationtransplantation ((oppositeopposite sexsex ofof donordonor

andand recipient)recipient)

αααααααα--satellitesatellite DNA DNA -- centromerescentromeres

metaphasemetaphase x interphasex interphase



LocusLocus specificspecific DNA DNA probesprobes::

MappingMapping ofof genesgenes on on chromosomeschromosomes, , detectiondetection ofof structuralstructural
rearrangementsrearrangements ((translocationstranslocations, , deletionsdeletions))

metaphasemetaphase x interphasex interphase



Chromosome Chromosome paintingpainting probesprobes::

TheyThey containcontain sequencessequences fromfrom wholewhole chromosomeschromosomes oror chromosomalchromosomal
partsparts ((partialpartial probesprobes))

DeterminationDetermination ofof structuralstructural rearrangementsrearrangements ((translocationstranslocations andand
deletionsdeletions ofof largelarge extentextent),), identificationidentification ofof originorigin ofof markermarker--
chromosomeschromosomes

MetaphaseMetaphase onlyonly



allowsallows inin oneone hybridizationhybridization experimentexperiment distinguishdistinguish accordingaccording toto differentdifferent
colorcolor everyevery pairpair ofof autosomesautosomes andand sexsex chromosomeschromosomes andand thenthen itit isis possiblepossible
toto makemake analysesanalyses ofof thethe wholewhole genomegenome andand everyevery structuralstructural andand numericalnumerical
rearrangementrearrangement

MulticolorMulticolor FISH FISH -- mmFFIISSHH



aanalysesnalyses ofof complexcomplex chromosomalchromosomal rearrangementsrearrangements inin bonebone marrowmarrow cellscells ofof
patientspatients withwith hematologicalhematological malignanciesmalignancies willwill bringbring usus detaileddetailed informationsinformations
aboutabout involvementinvolvement ofof specificspecific chromosomeschromosomes oror theirtheir regionsregions intointo
rearrangementsrearrangements

MulticolorMulticolor FISH FISH -- mmFFIISSHH



Multicolor banding with high resolutionMulticolor banding with high resolution -- mmBBAANNDD

enablesenables determinationdetermination ofof exactexact breakpointsbreakpoints ofof chromosomalchromosomal
aberrationsaberrations withwith muchmuch higherhigher resolutionresolution thanthan classicalclassical bandingbanding

mBAND 1 mBAND 11



ArrayArray--based comparative genomic hybridization based comparative genomic hybridization 
((aCGHaCGH))

nnewew tooltool toto searchsearch forfor recurrentrecurrent gainsgains oror lossloss ofof chromosomalchromosomal regionsregions
throughoutthroughout thethe genomegenome accordingaccording toto detectiondetection withwith veryvery highhigh resolutionresolution ofof
copycopy numbernumber changeschanges atat DNADNA levellevel

oonlynly recentlyrecently isis aCGHaCGH successfullysuccessfully utilisedutilised inin diagnosticsdiagnostics ofof leukemiasleukemias andand
thethe resultsresults revealedrevealed aa largelarge spectrumspectrum ofof genomicgenomic imbalanciesimbalancies,, includingincluding
novelnovel recurrentrecurrent deletionsdeletions andand amplificationsamplifications

BAC BAC arraysarrays ∼∼1MB1MB
OligoOligo arraysarrays ∼∼100 100 kbkb ((maximalmaximal resolutionresolution ∼∼ 35 35 kbkb))



The impact of conventional and
molecular cytogenetic analysis

in oncohematology

Is part of the work up at diagnosis

Provides comprehensive information on the karyotype

� help to specify diagnosis

� help to determine the prognosis

� help monitor effectiveness of treatment

Provides comprehensive information on the karyotype



HematologicalHematological
malignanciesmalignancies

ChronicChronic MyeloidMyeloid LeukemiaLeukemia
((CMLCML))

AcuteAcute LymphoblasticLymphoblastic LeukemiaLeukemia
(ALL)(ALL)

AAcutecute MMyeloidyeloid LeukemiaLeukemia (AM(AMLL))

MMyelodysplasticyelodysplastic SyndromesSyndromes
(M(MDSDS))malignanciesmalignancies

CChronichronic LymphocyticLymphocytic LeukemiaLeukemia
(C(CLLLL))

MMultipleultiple MMyelomayeloma (MM)(MM)

(M(MDSDS))

NNon on HHodkinodkin LLymphomaymphoma (NHL)(NHL)

RecommendedRecommended examinationexamination proceduresprocedures -- dependingdepending onon thethe

typetype ofof diseasedisease andand treatmenttreatment protocolprotocol



1515--2020%% ofof allall leukemialeukemia casescases

MainlyMainly inin adultsadults ((medianmedian ageage 6565 yearsyears))

TriTri--phasicphasic diseasedisease:: CPCP -- cchronichronic phasephase ((relativelyrelatively benignbenign,, 33--99 years)years)

APAP -- MoreMore malignantmalignant acceleratedaccelerated phasephase

BCBC -- TerminalTerminal blastblast crisiscrisis

BlastsBlasts increaseincrease rapidlyrapidly ((crowdcrowd outout healthyhealthy cellscells))

ChronicChronic MyeloidMyeloid LeukemiaLeukemia (CML)(CML)
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BlastsBlasts increaseincrease rapidlyrapidly ((crowdcrowd outout healthyhealthy cellscells))

OneOne ofof thethe bestbest--studiedstudied malignanciesmalignancies -- hashas servedserved asas aa paradigmparadigm
forfor elucidationelucidation howhow geneticgenetic changeschanges causecause cellscells toto becomebecome malignantmalignant::
PhPh chromosomechromosome t(t(99;;2222)(q)(q3434;;qq1111)) -- BCR/ABLBCR/ABL fusionfusion

OOnene ofof thethe firstfirst malignanciesmalignancies inin whichwhich aa therapytherapy targetingtargeting thethe
underlyingunderlying molecularmolecular defectdefect hashas improvedimproved thethe clinicalclinical outcomeoutcome ofof
patientspatients:: GGleevecleevec™™ (Novartis)(Novartis) usedused forfor therapytherapy

t(t(99;;2222)(q)(q3434;;qq1111)) inin 9090--9595%% ofof patientspatients (detectable(detectable byby CCCC)) --
BCR/ABLBCR/ABL fusionfusion genegene

�

�

�

�
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Conventional Cytogenetics:

BM 
24h/48h cultivation (adults)

at least 20 metaphases

ChronicChronic MyeloidMyeloid LeukemiaLeukemia (CML)(CML)

normal karyotype or
insufficient metaphases or

normal karyotype without t(9;22)

Report according to ISCN

targeted FISH or
other molecular

cytogenetic techniques
(mFISH/mBAND, array CGH)

aberrant karyotype

FISH: BCR/ABL1



AcuteAcute MyeloidMyeloid LeukemiaLeukemia (AML)(AML)
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Heterogenous group of malignant diseases of haemopoiesis

Accumulation of immature myeloid cells (myeloblasts) in bone
marrow

Diagnosed in all age groups

Most commonly affects people older than 60 years�

�

�

Most commonly affects people older than 60 years
(median age 64-68 years)

Secondary AML, therapy-related AML

Aggressive disease - median OS 2-3 monts

Specific chromosomal aberrations with clear prognostic
significance →→→→ stratification of therapy according to
cytogenetic findings

�



CytogeneticCytogenetic findingsfindings in AMLin AML A
M

L
A

M
L

Chromosomal aberration Genes Prognosis

t(8;21)(q22;q22) RUNX1-RUNX1T1 good

inv(16)(p13.1q22) or t(16;16)(p13.1;q22) CBFB-MYH11 good

t(15;17)(q22;q12) PML-RARA good

t(9;11)(p22;q23) MLLT3-MLL intermedial

t(6;9)(p23;q34) DEK-NUP214 poor

inv(3)(q21q26.2) or t(3;3)(q21;q26.2) RPN1-EVI1 worst

t(1;22)(p13;q13) RBM15-MKL1 good

Rearrangements of MLL gene MLL poor

monosomy 7 or deletion of 7q31 poor

deletion of 5q31 ? poor

complex chromosomal aberrations ? worst
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PrognosticPrognostic impactimpact ofof specificspecific chromosomalchromosomal
aberrationsaberrations in in acuteacute myeloidmyeloid leukemialeukemia (AML)(AML)
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normal karyotype or

Conventional Cytogenetics:

BM 
24h/48h cultivation (adults)

at least 20 metaphases

aberrant karyotype

AcuteAcute MyeloidMyeloid LeukemiaLeukemia (AML)(AML) A
M

L
A

M
L

normal karyotype or
insufficient metaphases

Report according to ISCN

targeted FISH
or other molecular

cytogenetic techniques
(mFISH/mBAND, array CGH)

aberrant karyotype

Subtype specific FISH:

MLL, 5q31/5p15, 7q31/7, 8/9 

PML/RARA, AML1/ETO, CBFB 



AcuteAcute LymphoblasticLymphoblastic LeukemiaLeukemia (ALL)(ALL)
Overview

�

�

�

Accumulation of malignant, immature lymphoid cells in the bone
marrow and mostly also in peripheral blood

Most common malignancy in children – representing 25% of pediatric
cancer

80% of pediatric leukemias

A
L

L
A

L
L

�

�

�

80% of pediatric leukemias

Heterogenous disease - distinct therapeutic and prognostic
implications

Chromosomal aberrations: 
found up to 90% of cases
one of the most important prognostic factors!!

Conventional chromosomal analysis are limited by the low mitotic
activity of malignant B-lymphocytes →→→→ I-FISH for the most
common recurrent chromosomal aberrations

�



CytogeneticCytogenetic findingsfindings in ALLin ALL
Risk Risk GroupGroup CytogeneticCytogenetic findingfinding

LowLow riskrisk High hyperdiploidy (51-65 chromosomes)

ETV6-RUNX1

t(1;19)(q23;p13)

IGH-CEBP

IGH-ID4

del(6)(q)

Aberration of 9p

Standard riskStandard risk Aberration of 11q

dup(1q)

-7

dic(9;20)(p13;q11)

dic(9;12)(p11-21;p11-13)

Any other aberration

normal karyotype

t(9;22)(q34;q11)

iAMP21

MLL translocations

HighHigh riskrisk „near“ haploidy (˂30 chromosomes)

Low hypodiploidy (30-39 chromosomes)

t(17;19)(q23;p13)

Aberration of 17p

Loss of 13q

Moorman et al., Lancet Oncol 2010



t(12;21)

t(1;19)

50%

100%
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Prognostic impact of specific chromosomal aberrations Prognostic impact of specific chromosomal aberrations 
in childhood acute lymphoblastic leukemia (ALL)in childhood acute lymphoblastic leukemia (ALL)

t(4;11)

t(9;22)

years42 31 5

Today, karyotype remains the gold standard for classification of patients Today, karyotype remains the gold standard for classification of patients 
with childhood ALL into risk group for treatment.with childhood ALL into risk group for treatment.



AcuteAcute LymphoblasticLymphoblastic LeukemiaLeukemia (ALL)(ALL)
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Conventional Cytogenetics:

BM 
direct/24h cultivation (childhood)

24h/48h cultivation (adults)
at least 20 metaphases

B-ALL:

„triple test“

ETV6/RUNX1
MLL

Hyperdiploidy

or

I-FISH:

Report according to ISCN

aberrant karyotype

targeted FISH or
other molecular

cytogenetic techniques
(mFISH/mBAND, array CGH)

T-ALL:

TCR genes
TCRαδ (14q11), TCRβ (7q34), TCRγ (7p14)

TP16 (9p21)

ABL1 (9q34)

or



The impact of cytogenetic analyses on clinical diagnostics

of hematological malignancies has increased dramatically

during recent years →→→→ laboratory techniques have to be

optimized to provide reliable results for optimal patient

care.

CONCLUSIONS

Quick and correct results save time and money by

preventing unnecessary additional diagnostics and

suboptimal treatment approaches.

Standardization of cytogenetic diagnostic protocols may

help to improve diagnosis, and hence treatment outcome of

hematologic malignancies.


