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Cryptic translocation Cryptic translocation t(12;21)(p13;q22)t(12;21)(p13;q22) which give origin to the hybrid gene which give origin to the hybrid gene 

ETV6/RUNX1ETV6/RUNX1 can be found by Ican be found by I--FISH in approximately 20FISH in approximately 20--25% of children with B 25% of children with B 

precursor ALL as the most frequent specific aberration. Very smaprecursor ALL as the most frequent specific aberration. Very small chromosomal ll chromosomal 

segments are involved in this translocation and therefore classisegments are involved in this translocation and therefore classical cytogenetic cal cytogenetic 

techniques are not sensitive enough for its identification. techniques are not sensitive enough for its identification. 

This translocation is generally associated with good outcome. DeThis translocation is generally associated with good outcome. Despite of its spite of its 

favorable prognostic value, late relapses may occur within this favorable prognostic value, late relapses may occur within this group of patients. group of patients. 

One of the reasons could be the high instability of the genome oOne of the reasons could be the high instability of the genome of f leukemicleukemic cells, cells, 

which is manifested at the chromosomal level by additional aberrwhich is manifested at the chromosomal level by additional aberrations and/or ations and/or 

complex chromosomal rearrangements. Additional chromosomal complex chromosomal rearrangements. Additional chromosomal abberationsabberations were were 

proved in about 50proved in about 50--70% of patients with 70% of patients with ETV6/RUNX1ETV6/RUNX1 positive ALL.  Genetic positive ALL.  Genetic 

changes that are most frequently associated with t(12;21) are thchanges that are most frequently associated with t(12;21) are the deletion of the e deletion of the 

wild type wild type ETV6ETV6 allele, allele, trisomytrisomy of chromosome 21 and/or duplication of the of chromosome 21 and/or duplication of the 

ETV6/RUNX1ETV6/RUNX1 fusion gene. Also nonfusion gene. Also non--specific structural and/or complex specific structural and/or complex 

chromosomal rearrangements could be found. chromosomal rearrangements could be found. 

The significance of complex The significance of complex chromosomalchromosomal aberrationsaberrations in in ETV6/RUNX1ETV6/RUNX1 positive positive 

cellscells isis not not clearclear.  .  HoweverHowever, complex , complex karyotypeskaryotypes in bone in bone marrowmarrow cellscells meanmean

adverseadverse prognostic prognostic effecteffect, as , as itit waswas alreadyalready proved in adult patients with acute proved in adult patients with acute 

myeloid leukemia myeloid leukemia oror otherother hematologichematologic malignanciesmalignancies,, wherewhere secondarysecondary changeschanges

appearappear duringduring progressionprogression of the of the malignancymalignancy..

The The aimaim of the studyof the study waswas to to evaluateevaluate the incidence the incidence andand clinical significance of clinical significance of 

complexcomplex chromosomalchromosomal aberrationsaberrations forfor prognosisprognosis of of childrenchildren with with ETV6/RUNX1ETV6/RUNX1
positive ALL.positive ALL.

Molecular cytogenetic Molecular cytogenetic analysesanalyses:: D. D. MentzlovaMentzlova, , DeptDept.. of Medical Genetics, Brnoof Medical Genetics, Brno

Clinical Clinical coworkerscoworkers:: DeptDept. of . of ChildrenChildren Hematology and Hematology and OncologyOncology of of FacultyFaculty HospitalHospital Motol Motol PraguePrague;; Z. Z. 
CernaCerna, , DepDept.t. of Children Hematology, Faculty Hospital Plzen; D. of Children Hematology, Faculty Hospital Plzen; D. ProchazkovaProchazkova, , ChildrenChildren ′′′′′′′′ss DepDept. t. of of 
Masaryk Hospital Usti Masaryk Hospital Usti nadnad Labem; Y. Labem; Y. JabaliJabali, , ChildrenChildren ′′′′′′′′ss DeptDept.. of Hospital Ceske Budejovice of Hospital Ceske Budejovice 

StatisticalStatistical analysis:analysis: A. Dohnalova, A. Dohnalova, DeptDept. of . of BiostatisticsBiostatistics of 1st Medical of 1st Medical FacultyFaculty, Charles University, , Charles University, 
PraguePrague

Supported by grants MSM 0021620813, MSM LC535 and MSM 6198959205Supported by grants MSM 0021620813, MSM LC535 and MSM 6198959205..

CONCLUSIONSCONCLUSIONS

•• CrypticCryptic translocation t(12;21)(p13;q22) translocation t(12;21)(p13;q22) cancan bebe associated with associated with 

additionaladditional chromosomalchromosomal abnormalities (abnormalities (deletionsdeletions, , translocationstranslocations, , 

insertionsinsertions).).

•• In our cohort of patientsIn our cohort of patients withwith ETV6/RUNX1ETV6/RUNX1 positive ALL complex positive ALL complex 

karyotypeskaryotypes indicated poor prognosis. indicated poor prognosis. 

•• Finding of complex chromosomal aberrations in Finding of complex chromosomal aberrations in leukemicleukemic cells is cells is 

accompanied by higher risk of relapse even in those cases where accompanied by higher risk of relapse even in those cases where the the 

prognosticallyprognostically positive aberration is primarily present.positive aberration is primarily present.
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Clinical Relevance of Complex Chromosomal Aberrations in Bone MaClinical Relevance of Complex Chromosomal Aberrations in Bone Marrow Cells of 107 rrow Cells of 107 
Children with Children with ETV6/RUNX1ETV6/RUNX1 Positive Positive AAcute cute LLymphoblasticymphoblastic LLeukemia (ALL).eukemia (ALL).

ZemanovaZemanova Z.Z.11, , MichalovaMichalova K.K.11, , BabickaBabicka L.L.11, , PavlistovaPavlistova L.L.11, , JarosovaJarosova M.M.22, , HolzerovaHolzerova M.M.22, , OltovaOltova A.A.33, , HrubaHruba M.M.44, , MuzikovaMuzikova K.K.55, , ZunaZuna J.J.55, , TrkaTrka J. J. 55, , 
MihalMihal V.V.66, , SterbaSterba J.J.77,  ,  FormankovaFormankova R.R.88, , SedlacekSedlacek P.P.88, , VrzalovaVrzalova A.A.88, , StaryStary J.J.88

11Center of Center of OncocytogeneticsOncocytogenetics, Institute of Clinical Biochemistry and Laboratory Diagnostics,, Institute of Clinical Biochemistry and Laboratory Diagnostics, General Faculty Hospital, Prague; General Faculty Hospital, Prague; 22Department of Department of HematoHemato--Oncology, Olomouc; Oncology, Olomouc; 33Department of Medical Genetics, Brno; Department of Medical Genetics, Brno; 44Institute of Medical Genetics, Institute of Medical Genetics, 
Faculty Hospital Plzen, Faculty Hospital Plzen, 55CLIP CLIP -- Childhood Leukaemia Investigation Prague, 2nd Medical Faculty ofChildhood Leukaemia Investigation Prague, 2nd Medical Faculty of Charles University, Prague; Charles University, Prague; 66ChildrenChildren´́s Department, Faculty Hospital and Medical Faculty of s Department, Faculty Hospital and Medical Faculty of PalackyPalacky University Olomouc; University Olomouc; 77Department of Children Department of Children 

Oncology, Faculty Hospital Brno; Oncology, Faculty Hospital Brno; 88Department of Children Hematology and Oncology, 2nd Medical FacuDepartment of Children Hematology and Oncology, 2nd Medical Faculty of Charles University, Prague; Czech Republic.lty of Charles University, Prague; Czech Republic.

PatientsPatients
�� 107 107 childrenchildren with with ETV6/RUNX1ETV6/RUNX1 positive ALL (46 positive ALL (46 girlsgirls; 61 ; 61 boysboys))

�� diagnoseddiagnosed betweenbetween 19951995--2006 2006 in in 77 haematologicalhaematological centers in Czech Republiccenters in Czech Republic

�� cclinicallinical data are summarized in the tabledata are summarized in the table

TreatmentTreatment protocolsprotocols::

BFM 90 (12x), BFM 95 (62x), ALLIC 02 (31x), FRALLE 93 (1x), BFM 90 (12x), BFM 95 (62x), ALLIC 02 (31x), FRALLE 93 (1x), prpr.0491 (1x).0491 (1x)

Conventional Conventional cytogeneticscytogenetics
Chromosomal preparations were made from 24Chromosomal preparations were made from 24--hours cultivated bone marrow cells hours cultivated bone marrow cells 

without stimulation. The slides were prepared by conventional tewithout stimulation. The slides were prepared by conventional technique. chnique. 

Cytogenetic examinations were performed on GCytogenetic examinations were performed on G--banded slides stained by banded slides stained by 

WrightWright′′s/Giemsas/Giemsa stain or Gstain or G--banded with banded with trypsintrypsin according to the routine according to the routine 

laboratory protocols and at least 20 metaphases were analyzed folaboratory protocols and at least 20 metaphases were analyzed for each patient. r each patient. 

Chromosomal abnormalities were described according to the ISCN nChromosomal abnormalities were described according to the ISCN nomenclature.omenclature.

Fluorescence in situ hybridization (FISH)Fluorescence in situ hybridization (FISH)
For the assessment of  For the assessment of  ETV6/ETV6/RUNX1RUNX1 fusion gene RTfusion gene RT--PCR and/or double target PCR and/or double target 

interphaseinterphase FISH with  locusFISH with  locus--specific probe (Abbottspecific probe (Abbott--VysisVysis) were used (200 ) were used (200 

interphaseinterphase nuclei nuclei analysedanalysed, cut, cut--off level 2.5% tested on controls, standard off level 2.5% tested on controls, standard 

deviation deviation ≥≥0.5%). 0.5%). 

Structural and/or complex chromosomal aberration were proved by Structural and/or complex chromosomal aberration were proved by FISH with FISH with 

whole chromosome painting probes (Cambiowhole chromosome painting probes (Cambio, Cambridge, UK) and/or by mFISH , Cambridge, UK) and/or by mFISH 

with the "24with the "24XXCyte" probe kit (MetaSystemsCyte" probe kit (MetaSystems GmbH, GmbH, AltlussheimAltlussheim, Germany). , Germany). 

Chromosomes were counterstained by DAPI (4,6Chromosomes were counterstained by DAPI (4,6--diamidinodiamidino--22--phenylindole; blue phenylindole; blue 

color). color). 

•••••••• Most of the patients are living in the first or second complete Most of the patients are living in the first or second complete remission. remission. 

•••••••• Relapse appeared in 17 children (1Relapse appeared in 17 children (177,,99%). %). 

•••••••• Three patients died (two because of relapse and one for treatmenThree patients died (two because of relapse and one for treatment t 

complications).complications).

Clinical data and Clinical data and actualactual clinical clinical conditionsconditions of patients: of patients: MolecularMolecular--cytogenetic cytogenetic findingsfindings::

In 64 In 64 childrenchildren (59.8%) (59.8%) wewe foundfound besidesbesides t(12;21)(p13;q22) t(12;21)(p13;q22) additionaladditional

numericalnumerical and/and/oror structuralstructural chromosomalchromosomal aberrationsaberrations. The most . The most frequentfrequent of of 

themthem werewere:     :     •••••••• trisomytrisomy//tetrasomytetrasomy of chromosome 21 (20 of chromosome 21 (20 casescases))

•••••••• deletiondeletion of of nontranslocatednontranslocated ETV6ETV6 alleleallele (24 (24 casescases) ) 

•••••••• deletiondeletion of 6q (7 of 6q (7 casescases))

•••••••• rearrangementsrearrangements of the long of the long armarm of chromosome X (6 of chromosome X (6 casescases))

Variant Variant translocationstranslocations of chromosome 12 and 21 with of chromosome 12 and 21 with otherother partner partner 

chromosome chromosome werewere foundfound in 12 in 12 childrenchildren..

Complex Complex karyotypeskaryotypes (more (more thanthan threethree chromosomalchromosomal breaks) breaks) werewere identifiedidentified in in 

38 38 childrenchildren (35.3%).(35.3%).

47,XX,del(5)(q33.2),t(8;12;21)(q21.3;p13;q22),der(10)t(5;10)(q33.2;q22),
+der(10)t(5;10)(q33.2;q22),der(12)t(10;12)(q22;p12.2)

t(8;12;21)(8pter→8q21.3::21p12.2→p13;8qter→8q21.3
::12p12.2→12qter;21pter →21q22::12p13 →12 pter), 
der(12)t(10;12)(10qter→10q22::12p12.2→12qter)

t(t(11;12;21)(;12;21)(p12p12;p13;q22);p13;q22)

t(t(11;12;21)(;12;21)(p36.1p36.1;p13;q22);p13;q22)

t(t(44;12;21)(;12;21)(p15p15;p13;q22);p13;q22)

t(t(77;12;21)(;12;21)(p21p21;p13;q22);p13;q22)

t(t(88;12;21)(;12;21)(q21.3q21.3;p13;q22);p13;q22)

t(t(88;12;21)(;12;21)(q24q24;p13;q22);p13;q22)

t(t(1010;12;21)(;12;21)(qterqter;p13;q22);p13;q22)

t(12;t(12;1313;21)(p13;;21)(p13;q12q12;q22);q22)

t(12;t(12;1515;21)(p13;;21)(p13;q?q?;q22);q22)

t(t(22;;55;12;21)(;12;21)(p14p14;;q32q32;p13;q22);p13;q22)

2x t(12;21;2x t(12;21;??)(p13;q22;)(p13;q22;??))

Variant Variant ETV6/RUNX1 ETV6/RUNX1 translocationstranslocations::

Analysis of Analysis of eventevent--free survivalfree survival (EFS) revealed (EFS) revealed significantly shorter survivalsignificantly shorter survival in in 

patients with additional structural and/or complex aberrations ipatients with additional structural and/or complex aberrations in n ETV6/ETV6/RUNXRUNX11

positive cells (p=0,01).positive cells (p=0,01).

Analysis of Event Free Survival (EFS)Analysis of Event Free Survival (EFS)

KaryotypeKaryotype with with oneone

and/and/oror twotwo changeschanges::

69 69 childrenchildren (64.5%)(64.5%)

7x 7x relapserelapse (10.1%)(10.1%)

KaryotypeKaryotype with with 

complex complex aberrationsaberrations::

38 38 childrenchildren (35.5%)(35.5%)

12x 12x relapserelapse (31.6%)(31.6%)

Simple

Complex

48,XY,der(1)ins(1;10)(q21;p?),+der(10)del(10)(p?),
del(12)(p13),t(12;21)(p13;q22),+21

46,XX,t(1;12;21)(p12;p13;q22) 47,XX,t(X;6)(q22;q21),+der(6)t(X;6)(q22;q21),
t(2;5;12;21)(p14;q32;p13;q22),t(6;8;16)(q24;q23;q22)

ETV6/RUNX1+, +21, del(ETV6)
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RepresentationRepresentation of of differentdifferent chromosomes chromosomes 
in in additionaladditional aberrationsaberrations::
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