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Identity 
Other names: EPS15 (EGFR Pathway Substrate 15); 
MLLT5 (Myeloid/Lymphoid Leukemia Translocated 
to, 5) 
Location: 1p32 

 
AF1p (1p32) - Courtesy Mariano Rocchi, Resources for 
Molecular Cytogenetics. Laboratories willing to validate the 
probes are welcome : contact rocchi@biologia.uniba.it. 

DNA/RNA 
Description 
Coding sequence: CDS 93..2783. 

Transcription 
4.4 kb mRNA. 

Protein 
Description 
896 amino acids; NH2 -- coiled-coil region -- DPF 
repeat -- COOH; oligomerization properties. 

Expression 
Wide. 

Localisation 
Cytoplasmic. 

Function 
Implicated in endocytocis; probable EGF receptor 
tyrosine kinase substrate. 

Homology 
PAN1 (yeast); eps15R (human). 

Implicated in 

t(1;11)(p32;q23)/ANLL �  MLL/ AF1p 
Disease 
AMMOL. 

Abnormal Protein 
N-term -- AT hook and DNA methyltransferase from 
MLL fused to almost all AF1p. 

References 
Fazioli F, Minichiello L, Matoskova B, Wong WT, Di Fiore PP. 
eps15, a novel tyrosine kinase substrate, exhibits transforming 
activity. Mol Cell Biol,1993 Sep;13(9):5814-28. 

Bernard OA, Mauchauffé M, Mecucci C, Vandenberghe H 
,Berger R. A novel gene, AF-1p, fused to HRX in 
t(1;11)(p32;q23), is not related to AF-4, AF-9 nor ENL. 
Oncogene, 1994 Apr;9(4):1039-45. 

Bernard OA, Berger R. Molecular basis of 11q23 
rearrangements in hematopoietic malignant proliferations. 
Genes Chromosomes Cancer 1995 Jun;13(2):75-85. 

Rubnitz JE, Behm FG, Downing JR. 11q23 rearrangements in 
acute leukemia. Leukemia 1996 Jan;10(1):74-82. (Review). 
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15;271(46):28727-30. 
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the 11q23 paradigm. Cancer Surv 1996;28:225-45. (Review). 
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multivalent adaptor that coordinates protein-protein interactions 
essential for endocytosis. J Cell Biol 1998 Apr 6;141(1):71-84. 

This article should be referenced as such: 

Bernard O. EPS15 (epidermal growth factor receptor pathway 
substrate 15). Atlas Genet Cytogenet Oncol 
Haematol.1998;2(3):70-71. 

 
 

 



 
 
 
 

 
 

Gene Section 
Short Communication 
 

Atlas Genet Cytogenet Oncol Haematol. 1998;2(3)  72 

Atlas of Genetics and Cytogenetics 
in Oncology and Haematology                          

                         OPEN ACCESS JOURNAL AT INIST-CNRS 

AF1q (ALL1 fused gene from chromosome 1q) 
Olivier Bernard 

Unité Inserm U434, CNRS, Institut de Génétique Moléculaire, Paris, France 

Published in Atlas Database: April 1998 

Online updated version: http://AtlasGeneticsOncology.org/Genes/AF1q12.html  
DOI: 10.4267/2042/37426 

This work is licensed under a Creative Commons Attribution-Non-commercial-No Derivative Works 2.0 France Licence. 
© 1998 Atlas of Genetics and Cytogenetics in Oncology and Haematology 

 

Identity 
Location: 1q21 

 

AF1q (1q21) - Courtesy Mariano Rocchi, Resources for 
Molecular Cytogenetics. Laboratories willing to validate the 
probes are welcome : contact rocchi@biologia.uniba.it. 

DNA/RNA 
Transcription 
1.8 kb mRNA; coding sequence CDS 401... 673. 

Protein 
Description 
90 amino acids; 9 kDa. 

Expression 
Detected in various tissues (small intestine, colon, 
thymus mainly), but not in (normal) mature blood cells; 
expressed in all leukemic cell lines tested. 

Function 
Unknown. 

Homology 
No known homology. 

Implicated in 

t(1;11)(q21;q23)/ANLL �  MLL/AF1q 
Disease 
ANLL. 

Prognosis 
Yet unknown. 

Hybrid/Mutated Gene 
Breakpoints: between exons 6 and 7 in MLL and within 
the 5' untranslated region in AF1q. 

Abnormal Protein 
N-term  
- AT hook and DNA methyltransferase from MLL 
fused to the entire AF1q on the der(11); the reciprocal 
on der(1) is out of frame. 

References 
Bernard OA, Berger R. Molecular basis of 11q23 
rearrangements in hematopoietic malignant proliferations. 
Genes Chromosomes Cancer 1995 Jun;13(2):75-85. (Review). 

Tse W, Zhu W, Chen HS, Cohen A. A novel gene, AF1q, fused 
to MLL in t(1;11)(q21;q23), is specifically expressed in 
leukemic and immature hematopoietic cells. Blood 1995 Feb 
1;85(3):650-6. 

Rubnitz JE, Behm FG, Downing JR. 11q23 rearrangements in 
acute leukemia. Leukemia 1996 Jan;10(1):74-82. (Review). 

Young BD, Saha V. Chromosome abnormalities in leukaemia: 
the 11q23 paradigm. Cancer Surv 1996;28:225-45. (Review). 
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Identity 
Other names: FKHRL1 (forkhead homolog 
rhabdomyosarcoma like 1) 
Location: 6q21 

 
Probe(s) - Courtesy Mariano Rocchi, Resources for Molecular 
Cytogenetics. 

DNA/RNA 
Transcription 
6 kb transcript with a 3.2 kb mRNA complete cds; 
coding sequence: CDS 925..2946. 

Protein 
Description 
673 amino acids; NH2 -- similarity region with AFX 
and FKHR -- forkhead motif -- COOH. 

Expression 
Wide. 

Localisation 
Nuclear (potential). 
 
 

Function 
May be a transcription regulator. 

Homology 
With AFX, involved in the t(X;11)(q13;q23), and 
FHKR, involved in rhabdomyosarcoma; with also a 
similar breakpoint location within the forkhead motif. 

Implicated in 

t(6;11)(q21;q23)/ANLL �  MLL/AF6q21 
Disease 
Treatment related ANLL, M5 type. 

Hybrid/Mutated Gene 
5' MLL - 3' AF6q2. 

Abnormal Protein 
240 kDa protein with about 1400 amino acids from N-
term MLL fused to 446 amino acids from AF6q21 C-
term; the reciprocal may be expressed. 

References 
Hillion J, Le Coniat M, Jonveaux P, Berger R, Bernard OA. 
AF6q21, a novel partner of the MLL gene in t(6; 11)(q21; q23), 
defines a forkhead transcriptional factor subfamily. Blood 
1997;90:3714-9. 

Anderson MJ, Viars CS, Czekay S, Cavenee WK, Arden KC. 
Cloning and characterization of three human forkhead genes 
that comprise a FKHR-like gene subfamily. Genomics 
1998;47:187-99. 

This article should be referenced as such: 

Bernard O. AF6q21 FOXO3A (forkhead box O3A). Atlas Genet 
Cytogenet Oncol Haematol.1998;2(3):73.  

 

 
 



 
 
 
 

 
 

Gene Section 
Short Communication 
 

Atlas Genet Cytogenet Oncol Haematol. 1998;2(3)  74 

Atlas of Genetics and Cytogenetics 
in Oncology and Haematology                          

                         OPEN ACCESS JOURNAL AT INIST-CNRS 

AFX1 (ALL1 fused gene from chromosome X, 1) 
Olivier Bernard 

Unité Inserm U434, CNRS, Institut de Génétique Moléculaire, Paris, France 

Published in Atlas Database: April 1998 

Online updated version: http://AtlasGeneticsOncology.org/Genes/AFX1ID57.html  
DOI: 10.4267/2042/37428 

This work is licensed under a Creative Commons Attribution-Non-commercial-No Derivative Works 2.0 France Licence. 
© 1998 Atlas of Genetics and Cytogenetics in Oncology and Haematology 

 

Identity 
Other names: MLLT7 (myeloid/lymphoid leukemia 
translocated to, 7) 
Location: Xq13 

 
Probe(s) - Courtesy Mariano Rocchi, Resources for Molecular 
Cytogenetics. 

DNA/RNA 
Transcription 
3.2 kb mRNA; coding sequence: CDS 183..1688. 

Protein 
Description 
501 amino acids; NH2 -- similarity region with AF6q21 
and FHKR -- forkhead motif -- COOH 

Expression 
Wide. 

Localisation 
Nuclear (potential). 

Function 
May be a transcription regulator. 
 

Homology 
With AF6q21, involved in the t(6;11)(q21;q23), and 
FHKR, involved in rhabdomyosarcoma; with also a 
similar breakpoint location within the forkhead motif. 

Implicated in 

t(X;11)(q13;q23)/acute leukaemias �  
MLL/AFX 
Disease 
ANLL, T-ALL. 

Prognosis 
Very poor. 

Hybrid/Mutated Gene 
5' MLL - 3' AFX. 

Abnormal Protein 
Comprises about 1400 amino acids from N-term MLL 
and 354 amino acids from AFX C-term; the reciprocal 
may be expressed. 

References 
Parry P, Wei Y, Evans G. Cloning and characterization of the 
t(X;11) breakpoint from a leukemic cell line identify a new 
member of the forkhead gene family. Genes Chromosom 
Cancer 1994;11:79-84. 

Borkhardt A, Repp R, Haas OA, Leis T, Harbott J, Kreuder J, 
Hammermann J, Henn T, Lampert F. Cloning and 
characterization of AFX, the gene that fuses to MLL in acute 
leukemias with a t(X;11)(q13;q23). Oncogene 1997 
Jan;14:195-202. 
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Bernard O. AFX1 (ALL1 fused gene from chromosome X, 1). 
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Identity 
Location: 5q21 

 
APC (5q21) - Courtesy Mariano Rocchi, Resources for 
Molecular Cytogenetics. Laboratories willing to validate the 
probes are welcome: contact rocchi@biologia.uniba.it. 

DNA/RNA 
Description 
15 exons (with a particularly large 15th exon). 

Transcription 
9.0 kb mRNA; 8538 bp open reading frame. 

Protein 
Description 
2843 amino acids; 300 kDa. 

Function 
Tumour suppressor gene; the APC normal gene product 
interacts with the adherens junction proteins a and beta-
catenin suggesting it is involved in cell adhesion; since 
beta catenin activate transcription by forming 
complexes with members of the Tcf-Lef family, it is 
supposed that APC, by complexing beta-catenin, may 
also inhibit the transcription pathway regulated by the 
beta-catenin/Tcf complex. 

Homology 
Limited functional homology to known proteins. 

Mutations 
Germinal 
In familial adenomatous polyposis. 

Somatic 
The APC gene is mutated in about 50% of sporadic 
colorectal tumours; the great majority of APC gene 
mutations are frameshifts of nonsense mutations 
resulting in premature stop codons. 

Implicated in 
Colorectal cancer 
Disease 
Adenocarcinoma; the third most frequent cancer in the 
world. 

Prognosis 
5 yr survival rate is around 50%. 

Cytogenetics 
There are two types, according to the ploidy: 1- 
aneuploid tumours showing numerous allelic losses, in 
particular loss of heterozygosity on chromosomes 17 
and 18, and 2- diploid tumours without frequent allelic 
losses. 

Oncogenesis 
A number of genes (oncogenes and tumour suppressor 
genes) are known to be implicated in tumour 
progression in colorectal cancers; other genes are: p53, 
Ki-ras, and mismatch repair genes (MMR genes). 

Familial adenomatous polyposis 
Disease 
Autosomal dominant cancer prone disease. 
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Prognosis 
Colorectal cancer is the first cause of death in this 
disease. 

References 
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characterization of the familial adenomatous polyposis coli 
gene. Cell 1991;66:589-600. 

Nishisho I, Nakamura Y, Miyoshi Y, Miki Y, Ando H, Horii A, 
Koyama K, Utsunomiya J, Baba S, Hedge P, Markham A, 
Krush AJ, Petersen G, Hamilton SR, Nilbert MC, Levy DB, 

Bryan TM, Preisinger AC, Smith KJ, Su LK, Kinzler KW, 
Vogelstein B. Mutations of chromosome 5q21 genes in FAP 
and colorectal cancer patients. Science 1991;253:665-669. 

Powell SM, Zilz N, Beazer-Barclay Y, Bryan TM, Hamilton SR, 
Thibodeau SN, Vogelstein B, Kinzler KW. APC mutations 
occur early during colorectal tumorigenesis. Nature 
1992;359:235-237. 
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cancer. Cell 1996;87:159-170. 
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Identity 
Location: 11q22.3 

DNA/RNA 
Description 
66 exons spanning 184 kb of genomic DNA; numerous 
Alu and Lime sequences. 

Transcription 
Alternative exons 1a and 1b; initiation codon lies 
within exon 4; 12 kb transcript with a 9.4 kb mRNA 
complete cds; coding sequence: CDS 190..9360. 

Protein 
Description 
3056 amino acids; 350 kDa; contains a Pl 3-kinase-like 
domain (phosphatidylinositol 3-prime kinase). 

Expression 
Mainly in brain, testis, muscle. 

Localisation 
Mostly in the nucleus throughout all stages of the cell 
cycle. 

Function 
Part of a signal transduction pathway, with p53, and 
GADD45 in the cell cycle regulation: involved in 
mediating cell cycle arrest in response to radiation-
induced DNA damage; required in the regulation of 
G1/S and S phase checkpoints; other probable 
functions similar to that of homologs in other species, 
e.g. telomere metabolism (see below). 
 
 
 

Homology 
With tel1 (yeast; telomere length controle), mei-41 
(drosophila; role in meiotic recombination and mutagen 
sensitivity), rad3 (yeast; checkpoints G2/M) and Mec1p 
(yeast); belong to a family of phosphatidylinositol 3-
kinase (PI3K)-like proteins. 

Mutations 
Germinal 
Various types of mutations, dispersed throughout the 
gene, and therefore most patients are compound 
heterozygotes; however, most mutations appear to 
inactivate the ATM protein by truncation, large 
deletions, or annulation of initiation or termination. 

Somatic 
Biallelic mutation can occur in T-prolymphocytic 
leukaemia. 

Implicated in 
Ataxia telangiectasia 
Disease 
Ataxia telangiectasia is a chromosome instability 
syndrome/cancer prone disease (at risk of T-cell 
leukaemia and lymphoma). 

Prognosis 
Poor: median age at death: 17 yrs; survival rarely 
exceeds 30 yrs. 

Cytogenetics 
Spontaneous chromatid/chromosome breaks; non 
clonal stable chromosome rearrangements involving 
immunoglobulin superfamilly genes e.g. 
inv(7)(p14q35); clonal rearrangements. 
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Identity 
Location: 22q12 

 
Probe(s) - Courtesy Mariano Rocchi, Resources for Molecular 
Cytogenetics. 

DNA/RNA 
Description 
Spans over 40 kb; open reading frame: 2.0 kb (from 44 
to 2014); 17 exons. 

Transcription 
2.4 kb mRNA; centromere to telomere direction; 
differential splicing. 

Protein 
Description 
656 amino acids; serine-tyrosine tandem repeats (N-
term to amino acid 285 in a region rich in glutamine, 
threonine and proline; 3 glycine, arginine, proline rich 
regions in C-term, with a RNA-binding signal in 410-
417. 

Expression 
Wide. 

Function 
RNA binding. 

Homology 
With FUS. 
 
 

Implicated in 
Ewing tumours with: t(11;22)(q24;q12) 
�  FLI1/EWSR1 
Disease 
Ewing tumours: including Ewing's Sarcoma and 
peripheral primitive neuroectodermal tumour. 

Cytogenetics 
t(11;22)(q24;q12) is found in 85% of cases of Ewing 
tumours. 

Hybrid/Mutated Gene 
5' EWS - 3' FLI1; breakpoints clustered over a 2-3 kb 
genomic region and over a 30-40 kb genomic region. 

Abnormal Protein 
Oncogenic protein on the der(22) chromosome 
generated by fusion of the N terminal domain of EWS 
protein with DNA binding domain of human FLI1 
protein. 

Oncogenesis 
EWS -FLI1 is a dominant oncogene transformed cells 
by subverting normal transcriptional controls/FLI1 
member of ETS family. 

Ewing tumours with t(21;22)(q21;q12) 

�  ERG/EWSR1 
Disease 
Ewing tumours (Ewing's Sarcoma and peripheral 
primitive neuroectodermal tumour). 

Hybrid/Mutated Gene 
5' EWS - 3' ERG; the orientation of the ERG gene 
might by from telomere to centromere, opposite to that 
demonstrated for EWS. 
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Abnormal Protein 
Oncogenic protein on the der(22) chromosome 
generated by fusion of the N terminal domain of EWS 
protein with DNA binding domain of human ERG 
protein. 

Ewing tumours with t(7;22)(p22;q12) �  
ETV1/ EWSR1 
Disease 
Ewing tumours (Ewing's Sarcoma and peripheral 
primitive neuroectodermal tumour). 

Hybrid/Mutated Gene 
5' EWS - 3' ETV1 

Ewing tumours with t(17;22)(q12;q12) 

�  E1AF/ EWSR1 
Disease 
Ewing tumours (Ewing's Sarcoma and peripheral 
primitive neuroectodermal tumour). 

Hybrid/Mutated Gene 
5' EWS - 3' E1AF 

t(11;22)(p13;q12)/Intra abdominal 
desmoplastic small round cell sarcoma 

(IADSRCT) �  WT1/EWSR1 
Hybrid/Mutated Gene 
5' EWS - 3' WT1; breakpoints: between EWS exons 7 
and 8 and between WT1 exons 7 and 8. 

Abnormal Protein 
Transcription activator. 

t(12;22)(q13;q12)/Malignant melanoma 

of soft parts �  ATF1/EWSR1 
Hybrid/Mutated Gene 
5' EWS - 3' ATF-1 

Abnormal Protein 
N terminal domain of EWS fused to the bZIP domain 
of ATF1. 

t(9;22)(q22;q12)/Myxoid 

chondrosarcoma �  TEC/EWSR1 
Hybrid/Mutated Gene 
5' EWS - 3' TEC (or CHN); the EWS/CHN gene fusion 
was not detected in any of the remaining cases 
suggesting genetic heterogeneite within extraskeletal 
myxoid chondrosarcomas with t(9;17)(q22;q11). 

Breakpoints 
Note: clustered over a 2.3 kb genomic region. 
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Identity 
Other names: FACA (Fanconi anaemia 
complementation group A); FAA 
Location: 16q24.3 

DNA/RNA 
Description 
43 exons at least; spans on 80 kb. 

Transcription 
5.5 mRNA. 

Protein 
Description 
1455 amino acids; 163 kDa; 2 nuclear localisation 
signals in N-term and a potential leucine zipper near 
the C-term. 

Expression 
Wide: brain, placenta, testis, tonsils. 

Localisation 
Was thougth to be nuclear; mostly cytoplasmic. 

Function 
Binds to the protein encoded by FACC (Fanconi 
anaemia complementation group C), the dimer being 
found in the cytoplasm and the nucleus. 

Homology 
No known homology. 

Mutations 
Germinal 
Various nucleotide substitutions, deletions, or 
insertions have been described. 

Implicated in 
Fanconi anaemia; FA1 is implicated in 
the FA complementation group A 
Disease 
Fanconi anaemia is a chromosome instability 
syndrome/cancer prone disease (at risk of leukaemia). 

Prognosis 
Poor; mean survival is 16 years: patients die of bone 
marrow failure (infections, haemorrhages), leukaemia, 
or androgen therapy related liver tumours. 

Cytogenetics 
Spontaneous, chromatid/chromosome breaks; increased 
rate of breaks compared to control, when induced by 
breaking agent. 
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Identity 
Other names: FACD (Fanconi anaemia 
complementation group D) 
Location: 3p24.2 
Local order: not far to XPC, in 3p25. 

 
Probe(s) - Courtesy Mariano Rocchi, Resources for Molecular 
Cytogenetics. 

DNA/RNA 
Description 
Yet unknown; only localized. 

Implicated in 
Fanconi anaemia; FA1 is implicated in 
the FA complementation group D 
Disease 
Fanconi anaemia is a chromosome instability 
syndrome/cancer prone disease (at risk of leukaemia). 

 

Prognosis 
Poor; mean survival is 16 years: patients die of bone 
marrow failure (infections, haemorrhages), leukaemia, 
or androgen therapy related liver tumours. 

Cytogenetics 
Spontaneous chromatid/chromosome breaks; increased 
rate of breaks compared to control, when induced by 
breaking agent. 
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Identity 
Other names: ZNF145 (zinc finger protein 145) 
Location: 11q23.1 
Local order: centromeric to MLL. 

DNA/RNA 

 
 

c-PLZF at 11q23.1 in normal cells: PAC 980J15 - Courtesy 
Mariano Rocchi, Resources for Molecular Cytogenetics. 
Laboratories willing to validate the probes are welcome: 
contact M Rocchi.  

Transcription 
2.2 kb mRNA; alternative splicing: �  PLZFa and 
PLZFb. 

Protein 
Description 
540 and 673 amino acids, 62 and 74 kDa (PLZFa and b 
respectively); Krüppel-like zinc finger protein; N-term 
BTB/POZ domain (protein-protein interaction motif) 
and 9 zinc finger domains in C-term. 

Expression 
Highly specific for hematopoietic cells; during mouse 
development, PLZF is expressed in embryonic tissus, 
giving rise to hematopoietic progenitors; in man, PLZF  

is expressed in CD34+ progenitor cells and in primitive 
multipotent hematopoietic cell lines; PLZF levels 
decrease progressively with cell maturation and also 
with maturation induced by ATRA treatment. 

Localisation 
Nuclear; immunodetection shows a nuclear speckeled 
distribution of PLZF, resulting from a localization on 
discrete nuclear bodies whose formation is dependent 
on the integrity of the BTB/POZ domain. 

Function 
Putative transcription factor associated with myeloid 
differentiation; sequence specific DNA binding 
activity; in co-transfection experiments, PLZF has been 
shown to represse the transcription. 

Homology 
With the zinc finger MZF-1. 

Implicated in 

t(11;17)(q23;q21) in M3 ANLL �  
PLZF/RARA 
Disease 
Acute promyelocytic leukaemia with a 'variant' 
translocation. 

Prognosis 
Worse prognosis than M3 ANLL with t(15;17), 
because the patients fail to respond to the maturation 
effect of ATRA. 

Cytogenetics 
t(11;17), like t(15;17)(q22;q21), and like another 
t(11;17)(q13;q21), with a discrete breakpoint in 11q13 
are closely related to t(15;17)(q22;q21). 
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Hybrid/Mutated Gene 
Both fusion transcripts are expressed. 
Abnormal Protein 
The two fusion proteins are produced; the PLZF/RARa 
protein contains the N-terminal BTB/POZ domain and 
two out of the nine zinc finger domains from PLZF; the 
POZ domain is largely responsible for the activity of 
PLZF/RARa fusion protein. 
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Clinics and pathology 
Disease 
Multiple myeloma (MM) is a malignant plasma cell 
proliferation (chronic lymphoproliferative disorder). 

Phenotype / cell stem origin 
Phenotype of mature differentiated B-cell, but also with 
CD56 expression, which origin is not found in normal 
plasma cell; CD38+, CD40+, CD138+. 

Etiology 
Differents factors like cytotoxic drugs, ionizing 
radiation or oncogenic viruses are suspected to induce 
decondensation of pericentric heterochromatin, which, 
in turn, favours the formation of triradials, giving rise 
to 1q extra copies; such could be the case during 
evolution of multiple myeloma. 

Epidemiology 
Multiple myeloma’s annual incidence: 30/106; mean 
age: 62 yrs; rearrangements of chromosome 1q are one 
of the most frequent structural abnormalitie in MM (16-
26% of abnormal cases), but always as a secondary 
change. 

Clinics 
Bone pain; susceptibility to infections; renal failure; 
neurologic dysfunctions. 

Pathology 
MM staging: 
- stage I: low tumour cell mass; normal Hb; low serum 
calcium; no bone lesion; low monoclonal Ig rate; 
- stage II: fitting neither stage I nor stage II; 
- stage III: high tumour cell mass; low Hb and/or high 
serum calcium and/or advanced lytic bone lesions 
and/or high monoclonal Ig rate. 

Evolution 
Multiple myeloma can evolve towards plasma cell 
leukemia. 

Prognosis 
Prognosis (highly variable) is according to the staging 
and other parameters, of which are now the karyotypic 
findings (see below). 

Cytogenetics 
Cytogenetics, morphological 
Duplication of all or part of 1q chromosome and whole 
arm translocation of 1q can result from unbalanced 
derivative translocation chromosomes, 
isochromosomes, or jumping translocations; these 
structural rearrangements are reported as secondary 
aberrations and associated with tumour progression and 
advanced disease. 
1q has been found translocated with telomeres from 
differents chromosomes partners: 8pter, 9pter, 12qter, 
13pter, 15pter, 17qter, 19pter, 19qter, 21pter, 22pter; 
whole-arm centromere to centromere translocations 
occurred most frequently between 16p and 1q; the 
observation that extra copies of 1q occur in patients 
with decondensation of centromeric heterochromatin 
suggests that hypomethylation of this region may play a 
role in the somatic pairing, fragility and formation of 
triradial configurations involving the long arm of 
chromosome 1. 

Genes involved and Proteins 
Note: the observation of extra copies of 1q suggests a 
(low-level) gene amplification of genes related to MM 
biology: the interleukin 6 (IL-6) signaling pathway may 
possibly be affected by the amplification of the 1q21 
region, which is the site of IL-6RA; other genes of 
interest in this region include C-reactive protein (CRP) 
and amyloid P component (APCS), both localized to 
1q21-23, and pre-B cell leukemia transcription factor 1 
(PBX1) in 1q23. 
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Identity 

 
del(5q) G-banding (top) - Jean-Luc Lai; R-banding (bottom), Courtesy Christiane Charrin (2 and 3), Editor (1). 

Note: Interstitial del(5q) was first described in 
refractory anaemia; it is also the most common 
structural rearrangement in myelodysplastic syndromes 
(MDS) and in acute myeloid leukemias (ANLL); 
del(5q) is accompanied with given clinical and 
haematological features; we herein summarize these 
three pictures as: 
1- 'the 5q- syndrome', with del(5q) as the sole 
karyotypic anomaly, 
2- MDS with del(5q) and additional karyotypic 
anomalies, and 
3- ANLL with del(5q) (solely or not). 

Clinics and pathology 
Disease 
The 5q-syndrome is a myelodysplastic syndrome. 

 

 

Phenotype / cell stem origin 
Classified as refractory anemia (RA) in 75% of cases, 
RA with excess blasts (RAEB) in 15%. 

Etiology 
Possibility of a toxic agent in the environment. 

Epidemiology 
Mean age 65-70 yrs; sex ratio: 1M/3F. 

Clinics 
Blood data: macrocytic anemia, minor leukopenia, 
normal or high thrombocytosis. 

Cytology 
Bone marrow erythroid hypoplasia (50%) and 
characteristic hypolobulated megakaryocytes (95%). 
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Treatment 
Supportive treatment requiring regular blood 
transfusions for years, leading patients to develop 
clinical symptoms of iron overload. 

Prognosis 
Favorable, with a low risk of transformation in acute 
leukemia (15%); median survival is 5 yrs. 

Disease 
MDS with del(5q) and additional karyotypic anomalies 
are de novo and therapy-related MDS. 

Phenotype / cell stem origin 
Classified as RAEB or RAEB in leukemic 
transformation (RAEBT), chronic myelomonocytic 
leukemia (CMML) in transformation (rare). 

Etiology 
Of therapy-related MDS: prior exposure to alkylating 
agents with or without radiotherapy. 

Epidemiology 
10-15% of MDS; female preponderance is less 
characteristic than in above; mean age 65 yrs. 

Clinics 
Blood data: macrocytic anemia, leukopenia and low 
platelet count (50%). 

Prognosis 
Unfavorable; median survival: 10-12 mths. 

Disease 
ANLL with del(5q) solely (in 20-25% of cases) or not. 

Phenotype / cell stem origin 
De novo and therapy-related ANLL; all FAB 
subgroups, mainly M2 ANLL. 

Etiology 
Represents 15% of therapy-related AML with prior 
exposure to alkylating agents with or without 
radiotherapy. 

Epidemiology 
10-25% of ANLL; mean age 65 years; sex ratio: 
1M/1F. 

Clinics 
Blood data: anaemia, leukopenia or hyperleucocytosis 
(blasts) and thrombocytopenia. 

Prognosis 
Extremely poor; median survival: 3 mths. 

Cytogenetics 
Cytogenetics, morphological 
del(5q) is an interstitial deletion with variable proximal 
and distal breakpoints, and all the 13 bands between 
5q11 and 5q35 have been implicated as breakpoints in 
MDS and ANLL; the more frequently reported 

breakpoints are 5q12-14 (proximal) and 5q31-33 
(distal); a common segment within 5q31 is deleted in 
all cases; del(5)(q13.3q33.1) is the most common 
rearrangement, and is observed in all cases of 5q- 
syndrome which represent a distinct clinical subgroup 
(see above). 

Additional anomalies 
Monosomy 7, trisomy 8, monosomy 17p or other 
chromosomal defects are frequently associated with 
del(5q) in ANLL, leading to complex karyotypes; in 
such cases, it is not possible to know whether del(5q) is 
the primary event; unbalanced translocations involving 
5q14-5q34 deletion are occasionaly reported and 
frequently associated with complex karyotype; 
identification of chromosome partners implicated in 
these translocations is often arduous and requires both 
standard R- and G-banding, and FISH techniques 
(chromosome painting). 

Genes involved and Proteins 
Note: del(5q) results in genetic event(s) which lead to 
loss of heterozygosity from chromosome 5, suggesting 
that tumor suppressor genes, important for the 
development of MDS and/or ANLL may be located in 
the deleted region; the smallest deleted region is an 
approximately 5 Mb region located in 5q31 band; 
molecular genetic and FISH techniques using panels of 
ordered DNA markers have been used and allowed to 
map this critical region: the three candidate genes on 
which most interest has focused are EGR1 (early 
growth response 1 protein), IRF1 (interferon regulatory 
factor 1), and CSF1R (CSF1 receptor). 

To be noted 
The finding of a del(5q) during course of a 
myeloproliferative disorder (MPD) suggests a therapy-
related process, and, therefore, a complete change in 
the prognosis. 
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Clinics and pathology 
Disease 
Found in plasma cell leukaemia and multiple myeloma. 

Phenotype / cell stem origin 
Malignant plasma cells have the phenotype of mature 
terminally differentiated B-cells; there origin may be a 
pluripotent stem cell. 

Epidemiology 
Yet poorly described: found in 6 fresh tumours and 5 
cell lines; might be frequent but karyotypically 
undetected. 

Clinics 
Data on clinics and cytogenetics are missing. 

Cytogenetics 
Cytogenetics, morphological 
May be undetectable (telomere-telomere translocation). 

Cytogenetics, molecular 
Therefore molecular probes are indicated, and FISH is 
relevant. 

Genes involved and Proteins 
FGFR3 
Location: 4p16.3 

Ty r kinasetrans-mbFGFR3 Ig-like  

Protein 
Contains an extracellular domain with Ig-like loops, a 
transmembrane domain, and intracellular tyrosine  
 
 

kinase domains; localisation: plasma membrane;  
tyrosine kinase receptor; role in signal transduction. 

IgH 
Location: 14q32 

Results of the chromosomal 
anomaly 
Hybrid gene 
Description 
FGFR3 is translocated on der(14) which contains the 3' 
IgH enhancer. 

Fusion protein 
Description 
No fusion protein, but promoter exchange between both 
partner genes; however, somatic mutations similar to 
what has been found in thanatophoric dwarfism have 
been identified in some cases; they may also contribute 
to abnormal FGFR3 activation. 

Oncogenesis 
Overexpression and activation of FGFR3 provides an 
oncogenic signal. 
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Clinics and pathology 
Disease 
T-cell ALL 

Genes involved and Proteins 
TAL1 
Location: 1p32 

DNA / RNA 
Complex alternate splicing. 

Protein 
Contains a basic Helix-Loop-Helix (DNA binding) 
domain; forms heterodimers; transcription factor; role 
in haematopoietic cell differentiation. 

TCTA 
Location: 3p21 

Protein 
Contains a hydrophobic domain; may be a membrane 
associated protein. 
 
 
 

Results of the chromosomal 
anomaly 
Hybrid gene 
Description 
TCTA and TAL1 are in opposite direction. 

Fusion protein 
Description 
It may be that the promoting regions from TCTA 
disregulate TAL1 expression. 
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Clinics and pathology 
Disease 
NHL 

Phenotype / cell stem origin 
Follicular centrocytic-centroblastic lymphoma. 

Epidemiology 
Only four cases available to date; all four patients were 
female; median age: 57 yr. 

Cytogenetics 
Cytogenetics, morphological 
In all 4 cases, t(14;18)(q32;q21) was present; 
t(3;4)(q27;p13) may therefore be a secondary event. 

Additional anomalies 
Deletion of 6q was also found in all 4 cases, either as a 
del(6q) or as a iso(6p); karyotypes were complex. 

Genes involved and Proteins 
BCL6 
Location: 3q27 

DNA / RNA 
10 exons. 

Protein 
Nuclear protein; contains 6 zinc fingers (C2H2 type); 
transcription factor. 

RHOH 
Location: 4p13 

Protein 
Expressed in hemopoietic tissues; GTPase of the Ras 
superfamily; signal transduction. 

Results of the chromosomal 
anomaly 
Hybrid gene 
Description 
5' RHOH - 3' BCL6 and 5' BCL6 - 3' RHOH, leading to 
two fusion transcripts. 

Fusion protein 
Description 
No fusion protein, but promoter exchange between both 
partner genes. 
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Clinics and pathology 
Disease 
Multilineage disorder with combined occurrence of 
myeloid malignancy and T-cell NHL. 

Phenotype / cell stem origin 
May involve a stem cell involving both myeloid, T 
lineage, and, possibly B-cell lineage. 

Epidemiology 
11 cases are described; median age 43 yrs (range 18-
68); sex ratio: 4M/7F. 

Clinics 
Aggressive disease; complex picture of myeloid 
hyperplasia progressing to myelodysplasia and T-cell 
lymphoma; enlarged lymph node; blood data: high 
WBC (median 40 X 109/l); myelemia; monocytosis and 
eosinophilia. 

Evolution 
CR is obtained, but is promptly followed by relapse 
progressing rapidly to ANLL. 

Prognosis 
Median survival: 12 mths. 

Cytogenetics 
Cytogenetics, morphological 
The same t(8;13) is found both in the bone marrow and 
in the lymph node, ruling out the hypothesis of a 
leukemoid reaction caused by a lymphoma. 

Probes 
Megac Yacs 770-c-2 (1390 kb) and 959-a-4 (1260 kb), 
856-b-6, 967-(CEPH); BAC 7M15. 
Additional anomalies 
Usually occurs as a single anomaly; duplication of the 
der(13) was found during disease progression, 
suggesting that the crucial event might lie on this 
derivative chromosome; +8, +21 are also recurrently 
found. 

Genes involved and Proteins 
FGFR1 
Location: 8p12 

Ty r kinasetrans-mbFGFR1 Ig-like  
ZNF198 
Location: 13q12 

4 zn f ingers nuclearProlineZNF198  

Protein 
Zinc finger protein with a hydrophobic repeat, and a 
potentially nuclear localisation signal. 

Results of the chromosomal 
anomaly 
Hybrid gene 
Description 
Breakpoint in FGFR1 intron 8. 

Fusion protein 
ZNF198/FGFR1 Ty r kinase4 zn f ingers  

Description 
N-term zinc fingers from ZNF198 fused to the C-term 
Tyrosine kinase domain from FGFR1 (and deleting the 
N-term immunoglobulin-like and central 
transmembrane domains of FGFR1). 

Expression localisation 
Cytoplasmic. 

Oncogenesis 
Through constitutive activation of FGFR1 signal 
transduction pathways, possibly via dimerization of the 
chimeric protein. 
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Clinics and pathology 
Disease 
Specifically observed in acute promyelocytic leukemia 
(APL), or M3 ANLL; in the vast majority of cases, M3 
ANLL is characterized by a t(15;17)(q25;q21); the 
t(11;17) represents a rare variant translocation with 
characteristic clinicopathologic features concerning 
presentation, response to treatment with all-trans 
retinoic acid (ATRA) and prognosis.  

Phenotype / cell stem origin 
Promyelocytic (M3) acute leukaemia; a number of 
patients express an unusual morphologic spectrum 
intermediate between M2 and M3 AML. 

Epidemiology 
Less than 1% of morphologic M3 ANLL. 

Clinics 
High incidence at diagnosis of disseminated 
intravascular coagulation; poor response to ATRA at 
induction therapy, in contrast with the classical M3 
ANLL with t(15;17). 

Cytology 
High rate of normal or dystrophic promyelocytes in 
peripheral blood and in bone marrow; no 
intracytoplasmic Auer rods; myeloperoxydase reaction 
positive; immunocytochemical detection with an anti-
PLZF shows a distinct punctate nuclear distribution of 
the protein, suggesting its compartmentalization in the 
nucleus. 

Prognosis 
Distinctly worse prognosis than M3 ANLL with 
t(15;17), mainly because the patients fail to respond to 
the maturation effect of ATRA. 
 
 

Cytogenetics 
Cytogenetics, molecular 
Fusion of distal PLZF probe with RARa on 17q21. 

Probes 
Whole chromosome 11 and 17 paintings; or painting 
with unique sequence probes for PLZF and RARa. 

Additional anomalies 
No recurrent additional anomalies are known. 

Variants 
3 related translocations observed in M3 ANLL; the first 
is the common translocation (15;17) and the two others 
are extremelly rare; all these translocations involve a 
breakpoint at 17q21, in RARa, which fuses with 
different partners: 
1- t(15;17)(q22;q21), fusion with PML in 15q22; 
2- t(5;17)(q32;q21), fusion with NPM1 in 5q32, 
encoding for a RNA processing protein; 
3- t(11;17)(q13;q21), fusion with NUMA in 11q13, 
involved in the control of mitosis. 

Genes involved and Proteins 
PLZF 
Location: 11q24 

DNA / RNA 
Krüppel-like zinc finger gene. 

Protein 
Transcription factor associated with myeloid 
maturation. 

RARa 
Location: 17q21 

Protein 
Nuclear receptor with DNA binding and transcriptional 
properties. 
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In patients with t(11;17)(q23;q21), t(5;17)(q35;q21), and t(11;17)(q13;q21) where RARa is fused to the PLZF (promyelocytic leukemia 
zinc finger), NPM (nucleophosmin) and NuMA (nuclear mitotic apparatus) genes respectively, chromosome 17 and RARa but not PML 
are involved. Patients were initially reported as having M3 morphology. Interestingly, the t(11;17)(q23;q21) PLZF/RARa subgroup 
showed a clearly morphological differences with predominance of cells with regular nuclei, many granules, usually no Auer rods, 
increased number of pseudo Pelger-Huet cells and a strong MPO activity. These particular characteristics could allow the definition of a 
separate morphological entity among APL. Patients with t(5;17)(q35;q21) are too rares to draw any morphological correlation - Courtesy 
Georges Flandrin, CD-ROM AML/MDS G.Flandrin/ICG. TRIBVN. 

Results of the chromosomal 
anomaly 
Hybrid gene 
Description 
The translocation involves a breakpoint in the zinc 
finger region of PLZF, with fusion of two zinc fingers 
to the RARa B region to form a 5' PLZF - 3' RARa 
fusion gene; the reciprocal 5' RARa - 3' PLZF gene 
fuses seven zinc fingers to the RARa region; RARa's 
breakpoint occurs in intron 2, as is in classical t(15;17). 

Transcript 
Both 5' PLZF -3' RARa and 5' RARa - 3' PLZF 
transcripts are detected by RT-PCR, and both fusion 
partners would be implicated in leukemogenesis; four 
chimeric transcripts are produced, due to alternative 
splicing of PLZF gene and to transcription of either A1 
or A2 domain of RARa gene. 

Fusion protein 
Description 
1- As a result of the alternative splicing of PLZF gene, 
two forms of PLZF-RARa protein can be detected: 
a) PLZF(A)-RARa (735 amino acids; 81 kDa) 
composed of the N-term part of PLZF including POZ 
domain and two of the nine zinc fingers, fused to the 
DNA and ligand binding domains of RARa. 
b) PLZF(B)-RARa (858 amino acids; 93 kDa) differing 
from form A by the inclusion of a 123 amino acid 
prolin rich segment of PLZF; PLZF-RARa protein is an 
abnormal retinoic acid receptor with reduced and 
modified DNA-binding and transcriptional activities. 
2- Two forms of RARa-PLZF protein are also detected, 
due to involvement of alternative promoters of the  
RARa gene: RARa(A1)-PLZF (277 amino acids; 31 
kDa) and RARa(A2)-PLZF (274 amino acids; 31 kDa), 
composed of A1 or A2 transcriptional activation 
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domain of RARa linked to the seven C-terminal zinc 
fingers of PLZF. 
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Clinics and pathology 
Disease 
ANLL. 

Phenotype / cell stem origin 
Mostly M4; M5, biphenotypic leukaemia. 

Epidemiology 
6 known cases, some with few or no data; infants and 
children; 1 young adult. 

Prognosis 
A poor response to chemotherapy has been reported in 
2 cases; only one case with survival data: the patient 
died 70 mths after diagnosis. 

Cytogenetics 
Additional anomalies 
Sole anomaly, or with +19 (recurrent) or other 
numerical anomalies; duplicated der(11). 

Genes involved and Proteins 
AF1q 
Location: 1q21 

DNA / RNA 
1.8 kb mRNA. 

Protein 
9 kDa. 

MLL 
Location: 11q23 

DNA / RNA 
21 exons, spanning over 100 kb; 13-15 kb mRNA. 

 
 

Protein 
431 kDa; contains two DNA binding motifs (a AT 
hook, and Zinc fingers), a DNA methyl transferase 
motif, a bromodomain; transcriptional regulatory 
factor; nuclear localisation. 

Results of the chromosomal 
anomaly 
Hybrid gene 
Description 
5' MLL - 3' AF1q; breakpoints: between exons 6 and 7 
in MLL and within the 5' untranslated region in AF1q. 

Fusion protein 
Description 
N-term -- AT hook (DNA binding) and DNA 
methyltransferase motif from MLL fused to the entire 
AF1q on the der(11); the reciprocal on der(1) is out of 
frame. 
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Identity 
The translocation, well known as t(15;17)(q22;q21) or 
t(15;17)(q22;q12), should be re-named 
t(15;17)(q24;q21), since PML sits in 15q24, and RARA 
in 17q21. 

 
t(15;17)(q22;q21) G-banding (left) - 2 top left: Courtesy Jean-
Luc Lai and Alain Vanderhaegen, 2 bottom left: Courtesy 
Roland Berger; R-banding (right) - top: Editor, middle: 
Courtesy Christiane Charrin, bottom: Courtesy Roland Berger. 

Clinics and pathology 
Disease 
M3 ANLL (de novo); a very few cases of t(15;17) in 
therapy-related leukaemia (t-ANLL) have been 
reported.  
 

Phenotype / cell stem origin 
t(15;17) is quasi pathognomonic of M3 ANLL (acute 
promyelocytic leukaemia, or APL). 

Epidemiology 
Found in 10% of adult ANLL; annual incidence: 1/106, 
similar to the incidence of the t(8;21); any age, but 
frequent in the young adult; sex ratio 1M/1F. 

Clinics 
WBC and platelets may be lower than in other ANLL; 
coagulopathy. 

Cytology 
Large cells with myeloperoxidase positive cytoplasmic 
granulations (microgranular forms are called variant 
M3 ANLL, and are often hyperleucocytic); bundles of 
Auer rods. 

Treatment 
One of the rare leukaemia where treatment is an 
emergency, as intra vascular coagulation is prominent, 
causing a high rate (10 to 40%) of early mortality, 
mainly due to cerebral haemorrhage; with the recent 
differentiation therapy using all trans-retinoic acid 
(with combined chemotherapy), CR is obtained in 80-
90% of cases; this is the only cancer which, to date, can 
be treated by differentiation therapy. 

Prognosis 
Early death rate still at 15-20%; combination of retinoic 
acid and chemotherapy prolonged survival 
significantly: survival at 1 yr and at 3 yrs are stable at 
70%, instead of a 30 to 40 % 3 yr survival previously. 
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t(15;17)(q22;q21) is associated consistently with AML M3. This chromosomal abnormality first appeared to be confined to the 
characteristic or morphologically typical M3 AML or "hypergranular promyelocytic leukaemia", defined by bone marrow replacement with 
highly granulated blast cells. The nuclear size and shape is irregular and highly variable; they are often kidney-shaped or bilobed. The 
cytoplasm is completely occupied by densely packed or even coalescent large granules, staining bright pink, red or purple by MGG. In 
some cells the cytoplasm is filled with fine dust-like granules. Characteristic cells containing bundles of Auer rods ("faggot cells") 
randomly distributed in the cytoplasm, although frequent, are not present in all cases. Auer rods in M3 are usually larger than in other 
AML and they may have a characteristic morphology at the ultrastructural level. In some cases, the cytoplasmic granules are so large 
and/or numerous that they totally obscure the cell, rendering the nuclear cytoplasmic limit indistinct. In M3 AML, MPO is always strongly 
positive in all blast cells, with the reaction product covering the whole cytoplasm and often the nucleus too - Courtesy Georges Flandrin, 
CD-ROM AML/MDS G.Flandrin/ICG. TRIBVN. 

Cytogenetics 
Cytogenetics, morphological 
Although primary anomaly in most cases, t(15;17) can 
also occur in rare occurrences at acutisation (of 
promyelocytic type, of course) of a CML with the usual 
t(9;22). 

Additional anomalies 
+8 in 1/3 of cases; del (7q); del(9q) rare. 

Variants 
1- True variants, i.e. three way complex t(15;Var;17) 
exist; they demonstrated that the crucial event lies on 
der(15), which receives the end part of chromosome 17. 
2- Related translocations, rarely observed, involve a 
commun breakpoint in 17q21, within RARa, fused with 

different partners, in: t(11;17)(q23;q21), fusion with 
PLZF, t(5;17)(q32;q12), fusion with NPM1, and 
t(11;17)(q13;q21), fusion with NUMA. 

Genes involved and Proteins 
PML 
Location: 15q22 

DNA / RNA 
Numerous splices in 3'. 

Protein 
Nuclear protein; contains zinc fingers and a leucine 
zipper; transcription factor. 

RARa 
Location: 17q12-21 
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PML-RARA in t(15;17)(q22;q21) - Courtesy Mariano Rocchi, Resources for Molecular Cytogenetics. Laboratories willing to validate the 
probes are welcome: contact rocchi@biologia.uniba.it. 

Protein 
Wide expression; nuclear receptor; binds specific DNA 
sequences: HRE (hormone response elements); ligand 
and dimerization domain; role in growth and 
differentiation. 

Results of the chromosomal 
anomaly 
Hybrid gene 
Description 
Variable breakpoint in PML between intron 3 and exon 
7a; constant breakpoint in intron 2 of RARa. 

Transcript 
5' PML - 3' RARa transcript is found in all cases, and 5' 
RARa - 3' PML transcript is detected in 2/3 of cases. 

Fusion protein 
Description 
Variable, as breakpoints in PML are variable; e.g.: 932 
amino acids; 103 kDa; N-term PML, with the DNA 
binding and the dimerization domains fused to most of 
RARa with the DNA and retinoid binding regions. 

Oncogenesis 
Abnormal retinoic acid receptor with a dominant effect 
over RARa, antagonizing differentiation. 
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Clinics and pathology 
Disease 
ANLL and therapy related ANLL; mainly with 
preceding MDS. 

Phenotype / cell stem origin 
M1 or M2 ANLL. 

Epidemiology 
Rare: five available cases herein reviewed, 4 adults 
(42-70 yrs) and one child; 1M/4F. 

Clinics 
Blood data: pancytopenia. 

Prognosis 
Very poor: all patients died wihin a year (2 days-12 
mths). 

Cytogenetics 
Additional anomalies 
Found in three cases; +8 twice. 

Genes involved and Proteins 
AML1's partner is still unknown 
Location: 16q24 
 
 

AML1 
Location: 21q22 

DNA / RNA 
Transcription is from telomere to centromere. 

Protein 
Contains a Runt domain and, in the C-term, a 
transactivation domain; forms heterodimers; widely 
expressed; nuclear localisation; transcription factor 
(activator) for various hematopoietic-specific genes. 
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Identity 
Note: Rhabdomyosarcoma (RMS) are mesenchymal 
tumours belonging to the group of small round-cell 
tumors, displaying various degrees of striated muscular 
differentiation. 

 
t(2;13)(q35;q14) G-banding (above) - Courtesy G. Reza Hafez, 
Eric B.Johnson, and Sara Morrison-Delap, - Cytogenetics at 
the Waisman Center ; R-banding (below) - Courtesy Jean-Luc 
Lai. 

Classification 
Rhabdomyosarcoma covers two distinct entities: 
- Embryonal rhabdosarcoma (E-RMS) 
- Alveolar rhabdomyosarcoma (A-RMS) 

Clinics and pathology 
Embryonic origin 
Mesoderm. 
 

Epidemiology 
The most common pediatric soft tissue sarcoma (5 to 
8% of all malignancies in childhood): annual incidence 
is 4/106; E-RMS accounts for 75% of all RMS, and is 
observed in young children (3-12 yrs); A-RMS is found 
in the remaining 25%, and is observed in older children 
and young adults (6-21 yrs). 

Clinics 
E-RMS occurs predominantly in the head and neck 
region, the genito-urinary tract, and the 
retroperitoneum; A-RMS occurs predominantly in the 
extremities and the trunk; RMS often present as a 
tumour mass, or may be discovered from symptoms 
according. 

Pathology 
In E-RMS, tumor cells are round or spindle-shaped and 
may exhibit various degrees of muscular 
differentiation; they are often dispersed in an abundant 
myxoid stroma; the botryoid type, observed in tumors 
developped in mucosa-lined organs (vagina, bladder), 
exhibits a polypoid grape-like pattern. 
In A-RMS, tumor cells are round and more dense than 
in E-RMS and, typically, they are arranged according a 
pattern reminiscent of lung alveoli. 

Prognosis 
Dependent on the extent of disease at time of diagnosis, 
and on the type of RMS; patients with A-RMS have a 
poorer survival than those with E-RMS. 

Genetics 
Note: E-RMS and A-RMS are two distinct entities also 
from the genetic point of view. 
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Cytogenetics 
Morphological cytogenetics 
E-RMS do not show recurrent structural chromosome 
rearrangement; the majority of the tumors are 
hyperdiploid, with an increased copy number for 
chromosomes 2, 7, 8, 12, and 13, in particular; 
comparative genomic hybridization (CGH) confirms 
these findings, showing gains of a variety of whole 
chromosomes, 2, 13, 12, 8, and 7 (in 50-60% of the 
cases), 17, 18, and 19 (40%), and the loss of 
chromosomes 16 and 10 (in 30-40%), and 15 and 14 
(20%); polymorphism studies shows that E-RMS is 
associated with the loss of heterozygosity at 11p13. 
A-RMS is characterized by two pathognomonic 
translocations: t(2;13)(q35;q14) and t(1;13)(p36;q14), 
found in 80 and 15% of the cases respectively, leading 
to the formation of gene fusions, namely PAX3-FKHR, 
in the t(2;13), and PAX7-FKHR in the t(1;13), 
generating fusion transcripts; double-minute 
chromosomes have been reported in some RMS, and 
CGH has showed a high frequency of genomic 
amplifications; the amplicons are located in 12q13-15 
(50% of the cases), 2p24 (36%), 13q14, 13q32, and 
1q36 (14%), 1q21 and 8q13-q21 (7%); the 12q13-15 
amplicon could involve genes: CHOP, MDM2, and 
SAS; MYCN gene is amplified in cases with the 
amplicon at 2p24, but unlike in neuroblastoma, no 
correlation with prognosis seems to exist in RMS; cases 
with the fusion PAX7-FKHR often show an 
amplification of the fusion gene (and more frequently 
than cases with the PAX3-FKHR gene do). 
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Identity 

 
t(X;1)(p11;q21) (G-banding) - Courtesy François Desangles. 

Classification 
Renal cell carcinoma (RCC) are classified into two 
main clinico-pathologic entities 
(chromophobic/oncocytic entity excluded): 
Clear-cell RCC (also called non-papillary RCC, found 
in 80% of cases); 
Chromophilic RCC (also called papillary RCC, in 15-
20% of cases). 

Clinics and pathology 
Disease 
Renal cell carcinoma. 

Phenotype stem cell origin 
t(X;1) is found in papillary renal cell carcinoma (WHO 
classification). 

Epidemiology 
12 reported cases, herein reviewed; mean age 16 yrs 
(range 1-30); sex ratio: 7M/5F (female cases are found, 
contrarily to what has previously been suspected). 

 

 
 

Pathology 
t(X;1) appears to delineate a distinct subgroup of 
chromophilic papillary renal cell carcinoma with clear 
cell features. 
 
Treatment 
Radical nephrectomy. 

Prognosis 
Similar to that of others papillary renal cell carcinoma 
i. e. overall 5-yr survival rate around 85%. 

Cytogenetics 
Probes 
TFE3 and PRCC/TFE3. 

Cytogenetics Molecular 
+7, +17. 

Variants 
t(X;17)(p11.2;q25) and t(X;1)(p11.2;p34). 
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Genes involved and Proteins 
TFE3 
Location: Xp11.2 

Protein 
Transcription factor; binds to the immunoglobulin 
enhancer. 

PRCC 
Location: 1q21.2 

Protein 
491 aa; widely expressed; proline rich. 

Result of the chromosomal 
anomaly 
Hybride Gene 
Description 
5' TFE3 - 3' PRCC and 5' PRCC - 3' TFE3. 

 

Detection protocole 
Positional cloning; screening in a tumor cDNA library 
and hybridization with TFE3. 

Fusion protein 
Description 
PRCC/TFE3 fusion protein includes the transcription 
activating, helix-loop-helix and leucine-zipper domains 
of TFE3; the TFE3/PRCC fusion protein (513 amino 
acids) is also expressed. 

To be noted 
We have had a t(X;1) case in a non-papillay renal cell 
carcinoma, suggesting that t(X;1) is not restricted to the 
papillary subtype of RCC (unpublished). 
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Identity 
Other names: central neurofibromatosis; bilateral 
acoustic neurofibromatosis; bilateral acoustic 
neurinoma; bilateral acoustic schwannomas. 
Inheritance: autosomal dominant with almost 
complete penetrance; frequency is 3/105 newborns; 
neomutation represent 50% of cases; variable 
expressivity from mild disease through life (Gardner 
type) to severe condition at young age (Wishart type: 
with more than 3 tumours). 

Clinics 
NF2 is an hamartoneoplastic syndrome; hamartomas 
are localized tissue proliferations with faulty 
differentiation and mixture of component tissues; they 
are heritable malformations that have a potential 
towards neoplasia. 

Phenotype and clinics 
- Bilateral vestibular (8th cranial pair) schwannomas; 
other central or peripheral nerve schwannomas; 
meningiomas; ependymomas. 
- Hearing loss (average age 20 yrs), tinnitus, imbalance, 
headache, cataract in 50%, facial paralysis. 
- Café-au-lait spots and cutaneous and peripheral 
neurofibromas may be present, but less extensively 
than in neurofibromatosis type 1. 

Neoplastic risk 
NF2 cases represent about 5 % of schwannomas and 
meningiomas (i.e. risk increased by 2000), appearing at 
the age of 20, while they are found in the general 
population at the age of 50 and over. 

Prognosis 
These tumours are usually benign, but their location 
within the central nervous system give them a grave 

prognosis; patients with the Wishart severe form 
usually do not survive past 50 yrs. 

Cytogenetics 
Inborn condition 
Normal. 

Cancer cytogenetics 
Chromosome 22 loss is very frequent both in sporadic 
and in NF2 schwannomas and meningiomas. 

Genes involved and Proteins 
NF2 (neurofibromin 2) 
Location: 22q12 

DNA/RNA 
Description: 16 exons. 

Protein 
Description: contains a membrane binding domain and 
a helix binding to actin of the cytoskeleton. 
Expression: wide. 
Function: membrane-cytoskeleton anchor; should be a 
tumour suppressor. 

Homology 
Band 4.1 family. 

Mutations 
Germinal: germ-line mutations in NF2 patients lead to 
protein truncation; splice-site or missense mutations are 
also found; phenotype-genotype correlations are 
observed (i.e. that severe phenotype are found in cases 
with protein truncations rather than those with amino 
acid substitution). 
Somatic: mutation and allele loss events in tumours in 
neurofibromatosis type 2 and in sporadic schwannomas 
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and meningiomas are in accordance with the two-hit 
model for neoplasia. 
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