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INTRODUCTIONINTRODUCTION

CancerCancer cellscells
11. Most cancers are derived from a single . Most cancers are derived from a single 

abnormal cell.abnormal cell.
2. Cancers are initiated by changes in 2. Cancers are initiated by changes in a a cell’scell’s

DNA sequences.DNA sequences.
3. A single mutation is not enough to cause3. A single mutation is not enough to cause

cancer.cancer.
4. Tumour progression involves successive 4. Tumour progression involves successive 

rounds of mutation and natural selection.rounds of mutation and natural selection.
5. Uncontrolled proliferation.5. Uncontrolled proliferation.
66. Loss of contact inhibition. . Loss of contact inhibition. 
7. 7. CancerogenousCancerogenousgrowth often dependgrowth often dependss on on 

degraded control of differentiation and degraded control of differentiation and 
apoptosisapoptosis..



CytogenetikaCytogenetikase zabývá studiem chromosomů a jejichse zabývá studiem chromosomů a jejich
abnormalit.abnormalit.
Chromosomy se skládají z DNA, histonů a proteinů Chromosomy se skládají z DNA, histonů a proteinů nehistonové nehistonové 
povahy.povahy.
Každý chromosom nese několik tisíc genu, které mají svouKaždý chromosom nese několik tisíc genu, které mají svou
specifickou funkci v mnoha biologických procesech. specifickou funkci v mnoha biologických procesech. 
Počet lidských chromosomů je 46, z toho 22 typů Počet lidských chromosomů je 46, z toho 22 typů autozomůautozomů a a 
dva typy pohlavních chromosomů.dva typy pohlavních chromosomů.
Standardní Standardní karyotypováníkaryotypování chromosomů pomocí vizualizacechromosomů pomocí vizualizace
G a R pruhů bylo objeveno již v 60. létech. G a R pruhů bylo objeveno již v 60. létech. 

CYTOGENETIKACYTOGENETIKA



GG--pruhovánípruhování

DefinitionDefinition :: TechniqueTechniquefor for producingproducing bandingbanding patternspatterns in in 
eukaryoticeukaryotic chromosomeschromosomes. . BandsBandsare are producedproduced by by stainingstaining withwith
GiemsaGiemsastainstain afterafter pretreatingpretreating chromosomeschromosomeswithwith trypsin. trypsin. 
EachEach homologoushomologouschromosome chromosome pairpair has a has a uniqueunique patternpattern ofof gg--
bandsbands, , enablingenabling recognitionrecognition ofof particularparticular chromosomeschromosomes. . 

••GG--bandsbands: : lightlight , , tendtend to to bebe heterochromaticheterochromatic, , latelate replicatingreplicating ,  ,  
AT AT richrich

••RR--bandsbands: reverse to G: reverse to G--bandsbands, , darkdark regionsregions, are , are euchromaticeuchromatic,,
GCGC--richrich





Cytogenetické abnormality:Cytogenetické abnormality:

KonstitucionárníKonstitucionární (vrozené):(vrozené):
Robertsonian translocationRobertsonian translocation: t(13;14): t(13;14)
••TrizomieTrizomie 21:21:

••KlinefelterůvKlinefelterův syndrom 49, XXXXY (muži, syndrom 49, XXXXY (muži, XiXi turnturn offoff ,,
ginecomastiaginecomastia, , hypogonadismushypogonadismus

••DiGeorgeDiGeorgesyndrom (syndrom (delecedelecena dlouhém ramínku HSAna dlouhém ramínku HSA
22, 22, kardiatickardiatic deffectsdeffects))



Cytogenetické abnormality:Cytogenetické abnormality:

Získané:Získané:

••PhPh chromosom chromosom 

••InverzeInverze

Inverze HSA 16Inverze HSA 16



Chromosome abnormalitiesChromosome abnormalities
in cancer cellsin cancer cells

StructuralStructural
aberrationsaberrations

NNumerical umerical 
aberrationsaberrations
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U nádorových buněk jeU nádorových buněk je
možné pozorovat  řadu možné pozorovat  řadu 
genetických abnormalitgenetických abnormalit



Gene Gene amplificationamplification : : DMsDMs andand HSRsHSRs

CCCCCCCC--------mycmycmycmycmycmycmycmyc

Her2/Her2/Her2/Her2/Her2/Her2/Her2/Her2/NeuNeuNeuNeuNeuNeuNeuNeu
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Gene amplification in tumour cellsGene amplification in tumour cells

SchwabSchwabM., 1998M., 1998

NN--mycmyc





HSR HSR HSR HSR HSR HSR HSR HSR ofofofofofofofof thethethethethethethethe cccccccc--------mycmycmycmycmycmycmycmyc genegenegenegenegenegenegenegene







CGH on CGH on metaphasemetaphasespreadsspreads







RReetiti nnoobblalasstomtomaa
tutummouourr

FlexnerFlexner –– WintersteinerWintersteiner
rosettesrosettes





KnudsonKnudson’s’s hypothesishypothesis





Chen Chen D. D. et alet al., 2001 : ., 2001 : Chromosomal imbalance in Chromosomal imbalance in 
retinoblastomaretinoblastoma detecteddetectedby CGHby CGH



TheTheTheTheTheTheTheThe Rb1 geneRb1 geneRb1 geneRb1 geneRb1 geneRb1 geneRb1 geneRb1 gene TheTheTheTheTheTheTheThe NNNNNNNN--------mycmycmycmycmycmycmycmyc genegenegenegenegenegenegenegene

TheTheTheTheTheTheTheThe TP53 geneTP53 geneTP53 geneTP53 geneTP53 geneTP53 geneTP53 geneTP53 gene



TheTheTheTheTheTheTheThe NNNNNNNN--------mycmycmycmycmycmycmycmyc gene gene gene gene gene gene gene gene inininininininin male male male male male male male male retinoblastoma retinoblastoma retinoblastoma retinoblastoma retinoblastoma retinoblastoma retinoblastoma retinoblastoma 

patientpatientpatientpatientpatientpatientpatientpatient

No: 3No: 3No: 3No: 3No: 3No: 3No: 3No: 3



TheTheTheTheTheTheTheThe NNNNNNNN--------mycmycmycmycmycmycmycmyc genegenegenegenegenegenegenegene inininininininin male male male male male male male male retinoblastomaretinoblastomaretinoblastomaretinoblastomaretinoblastomaretinoblastomaretinoblastomaretinoblastoma

patientpatientpatientpatientpatientpatientpatientpatient

1 copy: 9.8%1 copy: 9.8%1 copy: 9.8%1 copy: 9.8%1 copy: 9.8%1 copy: 9.8%1 copy: 9.8%1 copy: 9.8%

2 copies: 55.3%2 copies: 55.3%2 copies: 55.3%2 copies: 55.3%2 copies: 55.3%2 copies: 55.3%2 copies: 55.3%2 copies: 55.3%

3 copies: 28.8%3 copies: 28.8%3 copies: 28.8%3 copies: 28.8%3 copies: 28.8%3 copies: 28.8%3 copies: 28.8%3 copies: 28.8%

4 copies: 6.14 copies: 6.14 copies: 6.14 copies: 6.14 copies: 6.14 copies: 6.14 copies: 6.14 copies: 6.1%%%%%%%%

No: 3No: 3No: 3No: 3No: 3No: 3No: 3No: 3
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One copy of the N-myc gene (73.8 %)
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Two copies of the N-myc gene (26.2 %)

LossLossLossLossLossLossLossLoss ofofofofofofofof oneoneoneoneoneoneoneone copy copy copy copy copy copy copy copy ofofofofofofofof thethethethethethethethe NNNNNNNN--------mycmycmycmycmycmycmycmyc genegenegenegenegenegenegenegene

ChenChenChenChenChenChenChenChen etetetetetetetet alalalalalalalal., 2001., 2001., 2001., 2001., 2001., 2001., 2001., 2001

No: 8No: 8No: 8No: 8No: 8No: 8No: 8No: 8



TP53 gene  TP53 gene  TP53 gene  TP53 gene  TP53 gene  TP53 gene  TP53 gene  TP53 gene  andandandandandandandand HSA 17HSA 17HSA 17HSA 17HSA 17HSA 17HSA 17HSA 17 in lymphocytes in lymphocytes in lymphocytes in lymphocytes in lymphocytes in lymphocytes in lymphocytes in lymphocytes 

ofofofofofofofof patientpatientpatientpatientpatientpatientpatientpatient No 3No 3No 3No 3No 3No 3No 3No 3



Chromosome Chromosome 1313 , , XX andand Rb1Rb1 genegene
in  humanin  human retinoblastomaretinoblastoma tumourtumour

JonesJonesJonesJonesJonesJonesJonesJones etetetetetetetet alalalalalalalal., 1997., 1997., 1997., 1997., 1997., 1997., 1997., 1997

No: 3No: 3No: 3No: 3No: 3No: 3No: 3No: 3



Copy Copy numbernumber changes  ofchanges  ofRb1 Rb1 locuslocus

MONOSOMIMONOSOMI

TRISOMI TRISOMI 
OF HSA 6OF HSA 6

inin RTBRTB



CentromericCentromeric region region 
of chromosome 6 of chromosome 6 

detected on paraffindetected on paraffin
embedded sectionsembedded sections



RetinoblastomaRetinoblastomaY79 Y79 cellscellsandand HSRHSR

MYCN (2p24)MYCN (2p24)



Ovlivnění RTB linie Y79Ovlivnění RTB linie Y79
Cytostatiky a gama zářenímCytostatiky a gama zářením



SHRNUTÍ 
Nádorové buňky jsou charak-
teristické mnoha aberacemi.
Bylo vyvinuto mnoho technik 
pro detekci cytogenetických 
změn. Metody mají  rozsáhlé 
klinické využití 

Multiple myeloma Multiple myeloma (MM)(MM)

ColorectalColorectal carcinomacarcinoma

U937 U937 leukemicleukemic cellscells

APC, p53,APC, p53,
cc--mycmyc


