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Metaphase AnalysisMetaphase Analysis

!! Genome wide screen to detectGenome wide screen to detect
–– aneuploidyaneuploidy
–– structural abnormalitiesstructural abnormalities
–– clonalclonal evolutionevolution



What Is FISH?What Is FISH?

Fabio Fabio EhrengruberEhrengruber fabio@wgn.netfabio@wgn.net



FISH: A definitionFISH: A definition

““ …… is a technique that enables the is a technique that enables the 
morphological demonstration of specific morphological demonstration of specific 
DNA or RNA sequences in individual cells in DNA or RNA sequences in individual cells in 
tissue sections, single cells  or chromosome tissue sections, single cells  or chromosome 
preparations.preparations.””

Heinz Heinz HoflerHofler

from from ““Principles of in situ HybridizationPrinciples of in situ Hybridization”” (1990)(1990)



FISH MethodologyFISH Methodology

!! Www.nhgri.nih.govWww.nhgri.nih.gov./DIR/VIP  (Artist Darryl ./DIR/VIP  (Artist Darryl LejaLeja))
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FISH ProbesFISH Probes

centromere

telomere

Whole chromosome paintlocus
specific



Types of Chromosome Types of Chromosome 
AbnormalitiesAbnormalities

!! Adapted from Albertson et al 2003 Nature Genetics 34:369Adapted from Albertson et al 2003 Nature Genetics 34:369--376376

FISH   +       +       +        +        +          +         +
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Metaphase examples:Metaphase examples:

Bone marrow Blood



HERHER--2/2/neu neu Amplification and Amplification and 
OverexpressionOverexpression in Breast Cancerin Breast Cancer

!! Amplification and Amplification and overexpressionoverexpression: key : key 
to  to  
–– prognosisprognosis
–– predictive responsepredictive response
–– therapy type and responsetherapy type and response



HER2HER2--neu neu OncogeneOncogene ExpressionExpression

!! HER2HER2--neu (human epidermal growth factor neu (human epidermal growth factor 
receptor 2)receptor 2)
–– expression levels altered by gain in copy expression levels altered by gain in copy 

number or mutations that result in increased number or mutations that result in increased 
levels of expressionlevels of expression

–– overexpressionoverexpression associated withassociated with
!! poor prognosispoor prognosis
!! predicted therapy responsepredicted therapy response



Laboratory evaluation of HERLaboratory evaluation of HER--
2/neu status:2/neu status:

!! Protein Protein overexpressionoverexpression
–– ImmunohistochemistryImmunohistochemistry (IHC)(IHC)
–– ELISA (serum)ELISA (serum)

!! Gene amplificationGene amplification
–– FISH, PCRFISH, PCR

!! mRNA levelsmRNA levels
–– RTRT--PCRPCR



IHC: HERIHC: HER--2/2/neu neu oncoproteinoncoprotein
detectiondetection

!! Monoclonal antibodies: CB11, Tab 250Monoclonal antibodies: CB11, Tab 250
–– 7777--91% concordance with FISH91% concordance with FISH
–– equivocal IHC result: weak to moderate equivocal IHC result: weak to moderate 

intensity partial cell membrane staining around intensity partial cell membrane staining around 
a minority of a minority of tumourtumour cells cells 

–– retest with FISHretest with FISH



FISH analysis for HER2FISH analysis for HER2--neu neu 
gene amplification:gene amplification:

!! 44--6 6 µµm paraffinm paraffin--embedded, formalinembedded, formalin--fixed fixed 
tissue sectionstissue sections
–– preselectedpreselected area of hybridization on stained area of hybridization on stained 

slideslide
!! FISH using the FISH using the VysisVysis PathVysionPathVysion HERHER--2 2 

Probe set with pretreatmentsProbe set with pretreatments





CGH probesCGH probes

!! test/patient DNAtest/patient DNA

!! control/normal DNAcontrol/normal DNA

!! single hook streamers lure  from The English Fly Fishing single hook streamers lure  from The English Fly Fishing 
Shop http://freespace.virgin.net/fly.fishing/lures.htmlShop http://freespace.virgin.net/fly.fishing/lures.html



CGH methodologyCGH methodology
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CGH Ratio InterpretationCGH Ratio Interpretation



CGH: Limit Of ResolutionCGH: Limit Of Resolution

!! 33--10 Mbp chromosome imbalance10 Mbp chromosome imbalance
!! abnormality present in ~50% cellsabnormality present in ~50% cells
!! no identification of balanced chromosome no identification of balanced chromosome 

rearrangementsrearrangements



!! http://http://www.accessexcellence.org/AB/GG/sky.gifwww.accessexcellence.org/AB/GG/sky.gif



Methods for Identifying Methods for Identifying 
Chromosome AberrationsChromosome Aberrations

!! Detected using cytogenetic and molecular Detected using cytogenetic and molecular 
methodsmethods
""chromosome bandingchromosome banding
""molecular molecular cytogeneticscytogenetics
–– Loss of Loss of heterozygosityheterozygosity
–– restriction landmark genome scanningrestriction landmark genome scanning
–– representational difference analysisrepresentational difference analysis



Genetic Changes in Genetic Changes in TumoursTumours

!! Gene dosage effectGene dosage effect
–– gene amplificationgene amplification
–– gene deletionsgene deletions



Ewing Sarcoma (EWS)Ewing Sarcoma (EWS)

!! Represents a family of tumors includingRepresents a family of tumors including
–– Ewing sarcoma of boneEwing sarcoma of bone
–– extraosseous Ewing sarcoma and extraosseous Ewing sarcoma and 
–– peripheral neuroectodermal tumor (PNET) peripheral neuroectodermal tumor (PNET) 

of bone or soft tissueof bone or soft tissue
!! 22ndnd most common bone tumor in childrenmost common bone tumor in children



PathologyPathology EWSEWS

!! One of many One of many ‘‘small round small round 
blue cellblue cell’’ tumors tumors seen in seen in 
pediatricspediatrics

!! Thought to be of neural Thought to be of neural 
origin, derived from origin, derived from 
postpost--ganglionic ganglionic 
parasympathetic primordial parasympathetic primordial 
cells cells 
–– tumor cells synthesize tumor cells synthesize 

acetylcholine transferaseacetylcholine transferase



Small, Round, Blue Cell TumorSmall, Round, Blue Cell Tumor

Differential DiagnosisDifferential Diagnosis
!! Lymphoma/LeukemiaLymphoma/Leukemia
!! RhabdomyosarcomaRhabdomyosarcoma
!! Metastatic CarcinomaMetastatic Carcinoma
!! NeuroblastomaNeuroblastoma
!! PNET/Ewing SarcomaPNET/Ewing Sarcoma
!! Small Cell OsteosarcomaSmall Cell Osteosarcoma

!! EwingEwing
–– Tumor without differentiationTumor without differentiation

!! PNETPNET
–– Tumor Tumor withwith neural neural 

differentiationdifferentiation



Chromosome groups: A Chromosome groups: A -- GG



Chromosome Abnormalities Chromosome Abnormalities -- Aneuploidy:Aneuploidy:

!! N = 23 chromosomesN = 23 chromosomes
–– Euploidy:Euploidy:
–– Diploid (2n)Diploid (2n)
–– Triploid (3n)Triploid (3n)
–– Tetraploid (4n)Tetraploid (4n)

!! AneuploidyAneuploidy
–– A chromosome number thatA chromosome number that’’s not an exact multiple of n              s not an exact multiple of n              

(23 chromosomes)(23 chromosomes)
–– Due to meiotic nonDue to meiotic non--dysjunctiondysjunction
–– E.g.  Trisomy (T13, 18, 21);  Monosomy (Turner syndrome)E.g.  Trisomy (T13, 18, 21);  Monosomy (Turner syndrome)



Chromosomal Abnormalities: Chromosomal Abnormalities: 
Structural RearrangementsStructural Rearrangements

!! Due to chromosome breakage and reunion in an abnormal Due to chromosome breakage and reunion in an abnormal 
wayway

!! Either:Either:

–– BalancedBalanced ((usuallyusually normal phenotype)normal phenotype)
!! Inversion,  Reciprocal translocation,  Robertsonian translocatioInversion,  Reciprocal translocation,  Robertsonian translocationn

–– Unbalanced Unbalanced (abnormal phenotype)(abnormal phenotype)
!! Deletion,  Duplication,  Ring,  IsochromosomeDeletion,  Duplication,  Ring,  Isochromosome



Balanced Structural RearrangementsBalanced Structural Rearrangements
Inversion:Inversion:

!! Inversion:Inversion:
–– Chromosome undergoes 2 breaksChromosome undergoes 2 breaks
–– Segment between the breaks is invertedSegment between the breaks is inverted

!! 2 types:2 types:
–– ParacentricParacentric

!! 2 breaks on one side of centromere; arm ratio unchanged2 breaks on one side of centromere; arm ratio unchanged
!! unbalanced offspring (recombinants) usually not viableunbalanced offspring (recombinants) usually not viable

(acentric or dicentric)(acentric or dicentric)
–– PericentricPericentric

!! one break in each arm; often arm ratio changedone break in each arm; often arm ratio changed
!! recombinants have duplications and deficiencies of ch segmentsrecombinants have duplications and deficiencies of ch segments
!! risk of carrier having viable recombinant: 5risk of carrier having viable recombinant: 5--10%10%

!! 46, XY, inv(3) (q21q26)46, XY, inv(3) (q21q26)



Balanced Structural Rearrangements Balanced Structural Rearrangements --
TranslocationsTranslocations

!! Reciprocal translocation:Reciprocal translocation:
–– Breakage of nonBreakage of non--homologous chromosomeshomologous chromosomes
–– Reciprocal exchange of brokenReciprocal exchange of broken--off segmentsoff segments
–– 46, XX t (3;11) (q13;p14)46, XX t (3;11) (q13;p14)

!! Robertsonian translocationRobertsonian translocation::
–– 2 acrocentrics fuse near centromere2 acrocentrics fuse near centromere
–– Loss of short armsLoss of short arms
–– Still balanced because multiple copies of rRNA genesStill balanced because multiple copies of rRNA genes
–– 45, XX der (14;21) (q10;q10)45, XX der (14;21) (q10;q10)



Unbalanced Structural Rearrangements Unbalanced Structural Rearrangements --
Deletion & DuplicationDeletion & Duplication::

!! DeletionDeletion::
–– Loss of a chromosome segment (5pLoss of a chromosome segment (5p--))
–– Terminal or interstitialTerminal or interstitial
–– Must be at least 5 Mb to be seen cytogeneticallyMust be at least 5 Mb to be seen cytogenetically
–– 46, XX del (5p) (p15)46, XX del (5p) (p15)

!! DuplicationDuplication
–– 46, XY dup (1) (q22q25)46, XY dup (1) (q22q25)



Unbalanced Rearrangements Unbalanced Rearrangements -- DeletionsDeletions



Unbalanced Structural Rearrangements:Unbalanced Structural Rearrangements:
Ring and IsochromosomeRing and Isochromosome

!! Ring chromosomeRing chromosome::
–– Chromosome undergoes 2 breaksChromosome undergoes 2 breaks
–– Broken ends reunite in a ringBroken ends reunite in a ring
–– 46, XX, r (7) (p22q36)46, XX, r (7) (p22q36)

!! Isochromosome:Isochromosome:
–– One arm missing; other arm duplicatedOne arm missing; other arm duplicated
–– Breakpoints are assigned to the centromereBreakpoints are assigned to the centromere
–– 45, X, i(X) (q10) = 45, X, i(X) (q10) = isochromosomeisochromosome for for XqXq



GIST : the GIST : the nevernever endingending story.story.
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Operation: Partial Operation: Partial GastrectomyGastrectomy, , 
PancreatectomyPancreatectomy, and , and SplenectomySplenectomy

Courtesy of Dr. M.J. Heslin.
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!! Originally classified as other Originally classified as other tumourstumours——
leiomyoma, leiomyoblastoma, or leiomyoma, leiomyoblastoma, or 
leiomyosarcomaleiomyosarcoma——because of their because of their 
histological appearancehistological appearance

!! Advances in modern molecular biology Advances in modern molecular biology 
and and immunohistochemistryimmunohistochemistry have allowed have allowed 
GISTs to be distinguished reliably from GISTs to be distinguished reliably from 
these other these other histopathologicalhistopathological subtypes of subtypes of 
GI GI tumourstumours



GIST : the GIST : the nevernever endingending story.story.

P.PauwelsP.Pauwels





Operation: Partial Operation: Partial GastrectomyGastrectomy, , 
PancreatectomyPancreatectomy, and , and SplenectomySplenectomy

Courtesy of Dr. M.J. Heslin.



!! Originally classified as other Originally classified as other tumourstumours——
leiomyoma, leiomyoblastoma, or leiomyoma, leiomyoblastoma, or 
leiomyosarcomaleiomyosarcoma——because of their because of their 
histological appearancehistological appearance

!! Advances in modern molecular biology Advances in modern molecular biology 
and and immunohistochemistryimmunohistochemistry have allowed have allowed 
GISTs to be distinguished reliably from GISTs to be distinguished reliably from 
these other these other histopathologicalhistopathological subtypes of subtypes of 
GI GI tumourstumours













Heinrich et al. Hum Pathol. 2002;33:484.
Corless et al. Proc Am Assoc Cancer Res. 2003;44. Abstract R4447.

KIT and PDGFRA Mutations in GISTKIT and PDGFRA Mutations in GIST

Membrane

Cytoplasm

Exon 11 (67.5%)

Exon 9 (11%)

Exon 13 (0.9%)

Exon 17 (0.5%)

Exon 12 (0.9%)

Exon 18 (6.3%)

KIT PDGFRA

Overall mutation 
frequency: 87.4%

Exon 14 (0.3%)















Histopathology- a great source of DNA



Detection of Translocations in Detection of Translocations in 
SarcomasSarcomas

!! CytogeneticsCytogenetics
!! Southern blottingSouthern blotting
!! FISHFISH
!! IHCIHC (over(over--expression, expression of expression, expression of 

specific domains only)specific domains only)
!! RTRT--PCR (RNA to PCR (RNA to cDNAcDNA))



CYTOGENETICSCYTOGENETICS
Specific TranslocationsSpecific Translocations

!! EwingEwing’’s Sarcoma/PNETs Sarcoma/PNET t(t(11:2211:22)(q 24, q 12) )(q 24, q 12) ((EWSEWS--
FLI1FLI1)                        )                        t(t(21;2221;22)(q22, q12) )(q22, q12) 
((EWSEWS--ERER)) t(t(7;227;22)(p22;q12)      ()(p22;q12)      (EWSEWS--
ETV1ETV1))

!! DesmoplasticDesmoplastic Small Cell TumorSmall Cell Tumor t(t(12;2212;22)(q13;q12)    ()(q13;q12)    (EWS ATF1EWS ATF1))
aka  aka  ((EWSEWS--WT1WT1))

!! Extraskeletal myxoid chondrosarcomaExtraskeletal myxoid chondrosarcoma t(t(9;229;22)(q22;12)         ()(q22;12)         (EWSEWS--TECTEC))
aka  aka  ((EWSEWS--CHNCHN))

!! Myxoid LiposarcomaMyxoid Liposarcoma t (t (12:1612:16) (q13;p11)  () (q13;p11)  (FUSFUS--CHOPCHOP) ) 
t (t (12:22:2012:22:20)       )       ((EWSEWS--CHOPCHOP))

!! SynovialSynovial SarcomaSarcoma t(t(X:18X:18)(p11.2;q11.2) ()(p11.2;q11.2) (SYTSYT--SSX1SSX1) ) 
and (and (SYTSYT--SSX2SSX2))

!! AlveolarAlveolar rhabdomyosarcomarhabdomyosarcoma t (t (2:132:13)(q35;q14)     ()(q35;q14)     (PAX3PAX3--FKHRFKHR))



HistologicHistologic DiagnosesDiagnoses

••Malignant FibrousMalignant Fibrous HistiocytomaHistiocytoma (MFH)(MFH)
••LowLow--gradegrade FibromyxoidFibromyxoid SarcomaSarcoma
••((FibrosarcomaFibrosarcoma))

Sarcomas of Fibrous TissueSarcomas of Fibrous Tissue

Sarcomas of Skeletal MuscleSarcomas of Skeletal Muscle
••Embryonal RhabdomyosarcomaEmbryonal Rhabdomyosarcoma
••AlveolarAlveolar RhabdomyosarcomaRhabdomyosarcoma
••((Pleomorphic RhabdomyosarcomaPleomorphic Rhabdomyosarcoma))

••LeiomyosarcomaLeiomyosarcoma
••GIGI
••GUGU
••SkinSkin
••VesselVessel
••OtherOther

Sarcomas of Smooth MuscleSarcomas of Smooth Muscle

Sarcomas of Adipose TissueSarcomas of Adipose Tissue
••LiposarcomaLiposarcoma

••AtypicalAtypical LipomatousLipomatous TumorTumor
••Myxoid LiposarcomaMyxoid Liposarcoma
••CellularCellular Myxoid LiposarcomaMyxoid Liposarcoma
••DedifferentiatedDedifferentiated LiposarcomaLiposarcoma
••Pleomorphic LiposarcomaPleomorphic Liposarcoma

Sarcomas of Blood and Lymph VesselsSarcomas of Blood and Lymph Vessels
••AngiosarcomaAngiosarcoma

••HemangiosarcomaHemangiosarcoma
••LymphangiosarcomaLymphangiosarcoma

••Epithelioid HemangioendotheliomaEpithelioid Hemangioendothelioma
••HemangiopericytomaHemangiopericytoma
••KaposiKaposi’’ss SarcomaSarcoma

Sarcomas of Peripheral Nervous TissueSarcomas of Peripheral Nervous Tissue
••Malignant Peripheral Nerve Sheath TumorMalignant Peripheral Nerve Sheath Tumor
••AKAAKA

••MalignantMalignant SchwannomaSchwannoma
••NeurofibrosarcomaNeurofibrosarcoma
••NeurogenicNeurogenic SarcomaSarcoma Sarcomas of Unknown TissueSarcomas of Unknown Tissue

••SynovialSynovial SarcomaSarcoma
••MonophasicMonophasic
••BiphasicBiphasic

••Alveolar Soft Part SarcomaAlveolar Soft Part Sarcoma
••EpithelioidEpithelioid SarcomaSarcoma
••Unclassified SarcomaUnclassified Sarcoma

ExtraskeletalExtraskeletal Sarcomas of BoneSarcomas of Bone
••Extraskeletal OsteosarcomaExtraskeletal Osteosarcoma
••Extraskeletal ChondrosarcomaExtraskeletal Chondrosarcoma
••ExtraskeletalExtraskeletal EwingEwing’’s Sarcoma (PNET)s Sarcoma (PNET)

SoftSoft--tissue Tumors oftissue Tumors of MelanocyticMelanocytic TissueTissue
••Melanoma of Soft PartsMelanoma of Soft Parts

••AKA AKA -- Clear Cell SarcomaClear Cell Sarcoma

••Dermatofibrosarcoma ProtruberansDermatofibrosarcoma Protruberans
••Desmoid FibromatosisDesmoid Fibromatosis
••NodularNodular FasciitisFasciitis

SOFTSOFT--TISSUE SARCOMATISSUE SARCOMA



ACS ESTIMATES ACS ESTIMATES -- 20012001
CANCER INCIDENCECANCER INCIDENCE

NEW CASESNEW CASES DEATHSDEATHS

ALL SITESALL SITES 1,268,0001,268,000 553,400553,400

BONE & JOINTS     2,900BONE & JOINTS     2,900 1,4001,400
SOFT TISSUESSOFT TISSUES 8,7008,700 4,4004,400

PROSTATEPROSTATE 198,100198,100 31,50031,500
BREASTBREAST 193,700193,700 40,60040,600
LUNGLUNG 169,500169,500 157,400157,400
COLOCOLO--RECTALRECTAL 135,400135,400 50,40050,400
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Myxoid LiposarcomasMyxoid Liposarcomas
!! Defined by a specific translocationsDefined by a specific translocations

t (t (12:1612:16) (q13;p11)  () (q13;p11)  (FUSFUS--CHOPCHOP) ) 
t (t (12:22:2012:22:20)             ()             (EWSEWS--CHOPCHOP))

!! Metastasize to FatMetastasize to Fat
–– Pelvis,Pelvis, retroperitoneumretroperitoneum,, mediastinummediastinum

!! Sensitive to standard chemotherapySensitive to standard chemotherapy
!! Differentiation induced by PPARDifferentiation induced by PPAR--

gamma orgamma or retinoidretinoid--X agonistsX agonists
!! Translocation a targetTranslocation a target



Mustard gas BARI, ITALY





Nibs & Nibs & MabsMabs

!! ImatinibImatinib
!! SunitinibSunitinib
!! SorafenibSorafenib
!! ErlotinibErlotinib

!! BevacizumabBevacizumab
!! CetuximabCetuximab
!! TrastuzumabTrastuzumab



DrugDrug--types and targetstypes and targets

!! MabMab’’ss: : monoclonalmonoclonal antibodiesantibodies
!! NibNib‘‘s: (s: (tyrosinetyrosine) kinase ) kinase iinhibnhibitorsitors

TargetsTargets
CC--kitkit: : imatinibimatinib

!! EGF receptor EGF receptor pathwayspathways
EGFR1 & EGFR2=HER2/EGFR1 & EGFR2=HER2/neuneu

!! AngiogeneseAngiogenese: VEGF : VEGF 



SSunitinibunitinib ((SU11248SU11248, , SutentSutent))

FDAFDA Januari 2006Januari 2006: : Geregistreerd Geregistreerd 
voor GIST & niercelvoor GIST & niercelcarcinoomcarcinoom
EMEA: EMEA: recent recent goedgekeurdgoedgekeurd



ImatinibImatinib en GIST: en GIST: ProblemenProblemen

•• bloedingbloeding

•• oedeemoedeem

•• cocomedicatimedicatie! (CYP 3A4, 2D6)e! (CYP 3A4, 2D6)

•• grotegrote OKOK’’ss

##behandelingbehandeling in in centrumcentrum! ! 

ProbleemProbleem::

## rresistesisteenntie tie tegentegen imatinibimatinib





FDGFDG--PETPET bijbij GIST GIST metmet
sunitinib sunitinib alsals patientenpatienten resistantresistant tegen tegen imatinibimatinib

Dileo et al, ASCO 2005



Remming VEGF signaal



Epitheliale receptor (HER) familie



Aangrijpingspunt erlotinib en cetuximab



ReasonsReasons forfor failurefailure

heterogeneityheterogeneity of tumorsof tumors
!! subpopulationssubpopulations
!! complex tumorscomplex tumors
connectionsconnections withwith otherother pathwayspathways
!! downstreamdownstream effectorseffectors forfor eacheach pathwaypathway



Budgettaire bijwerkingen



Budgettaire bijwerkingen



You’ll never believe it, but….
Nature Medicine 2007

US $ 100.000,- voor 1 jaar Avastin bij NSCLC
Winst: 2 maanden toename mediane overleving
16% toename van verkoop oncolytica in 2005
US $ 1.100 M verkoop van Avastin in 2005 
US $ 69 M in stocks in 2005 uitgekeerd aan 

Arthur Levinson, Chairman Genentech



Effects of Chromosome Effects of Chromosome 
AbnormalitiesAbnormalities

!! Net gain or loss of chromosome materialNet gain or loss of chromosome material
–– whole chromosome or segmental imbalanceswhole chromosome or segmental imbalances

!! Position effect Position effect 
–– relocation of sequencesrelocation of sequences
–– gene disruption/gene disruption/disregulationdisregulation


