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Identity 
HGNC (Hugo): ALK  

Location: 2p23 

DNA/RNA 
Transcription 
6226 bp cDNA; coding sequence: 4.9 kb. 

Protein 
Description 
1620 amino acids; 177 kDa; after glycosylation, 
produces a 200 kDa mature glycoprotein; composed of 
an extracellular domain, a transmembrane domain, a 
tyrosine kinase domain, and an intracytoplasmic 
domain in C-term; dimerization. 

Expression 
Is tissue specific; mainly in: brain, gut and testis; not in 
the lymphocytes. 

Localisation 
Cell membrane. 

Function 
Membrane associated tyrosine kinase receptor; 
probable role in the nervous system development and 
maintenance. 

Homology 
Homologies with the insulin receptor super family: 
LTK (leucocyte tyrosine kinase), TRKA, ROS 
(homolog of the drosophila sevenless), IGF1-R, IRb. 
 

Implicated in 
Anaplasic large cell lymphoma (ALCL) 
with t(2;5)(p23;q35) --> NPM1/ALK 
Disease 
ALCL are high grade non Hodgkin lymphomas; ALK+ 
ALCL are ALCL where ALK is involved in a fusion 
gene; ALK+ ALCL represent 50 to 60% of ALCL 
cases (they are CD30+, ALK+); 80% of ALK+ ALCL 
cases bear a t(2;5); the remaining ALK+ ALCL cases 
bear variant translocations described below and are 
called "cytoplasmic ALK+" cases. 

Prognosis 
Althouth presenting as a high grade tumour, a 80% five 
yr survival is associated with this anomaly. 

Cytogenetics 
Additional anomalies and complex karyotypes are most 
often found. 

Hybrid/Mutated gene 
5' NPM1-3' ALK on the der(5). 

Abnormal protein 
680 amino acids, 80 kDa; N-term 116 amino acids from 
NPM1 fused to the 563 C-term aminoacids of ALK 
(i.e. composed of the oligomerization domain and the 
metal binding site of NPM1, and the entire cytoplasmic 
portion of ALK); no apparent expression of the 
ALK/NPM1 counterpart.  
Characteristic localisation both in the cytoplasm and in 
the nucleus, due to heterooligomerization of NPM-
ALK and normal NPM whereas the normal NPM 
protein is confined to the nucleus; constitutive 
activation of the catalytic domain of ALK. 
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Oncogenesis 
Via the kinase function activated by oligomerization of 
NPM1-ALK mediated by the NPM1 part. 

Cytoplasmic ALK+ anaplasic large cell 
lymphoma 
Prognosis 
Present a favourable prognosis comparable to the one 
found in t(2;5) ALK+ ALCL. 

Cytogenetics 
Hidden translocation is frequently found; either 
t(X;2)(q11;p23), or t(1;2)(q25;p23), or inv(2)(p23q35), 
or t(2;3)(p23;q21), or t(2;22)(p23;q11.2). 

Hybrid/Mutated gene 
5' MSN, TPM3, ATIC, TFG, or CLTCL1 - 3' ALK. 

Abnormal protein 
N-term amino acids from the partner gene fused to the 
562 C-term amino acids from ALK (i.e. the entire 
cytoplasmic portion of ALK with the tyrosine kinase 
domain); cytoplasmic/membraneous localisation only. 

Oncogenesis 
The partner gene seems to provoke the dimerization of 
the fused-ALK, which should lead to constitutive 
autophosphorylation and activation of the ALK 
tyrosine kinase, as for NPM1-ALK (see 
t(2;5)(p23;q35)). 
 
 
 
 
 

Inflammatory myofibroblastic tumours 
with 2p23 rearrangements 
Disease 
Rare soft tissue tumour found in children and young 
adults about one third to half of inflammatory 
myofibroblastic tumour cases present with a 2p23 
rearrangement involving ALK. 

Prognosis 
Good prognosis. 

Cytogenetics 
t(1;2)(q25;p23), t(2;17)(p23;q23), or t(2;19)(p23;p13.1) 
so far. 

Hybrid/Mutated gene 
5' TPM3 in the t(1;2), or 5' CLTC in the t(2;17), or 5' 
TPM4 in the t(2;19)- 3' ALK. 

Abnormal protein 
N-term amino acids from the partner gene fused to the 
562 C-term amino acids from ALK (i.e. the entire 
cytoplasmic portion of ALK with the tyrosine kinase 
domain); homodimerization of the fusion protein is 
known or suspected. 

Oncogenesis 
Fused-ALK is contitutively activated. 

To be noted 
Note 
ALK and some of the above ALK partners, or closely 
related genes, are found implicated in anaplasic large 
cell lymphoma; this is a new concept, that 2 different 
types of tumour may result from the same 
chromosomal/genes rearrangement. 
 

Breakpoints 
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Identity 
Other names: ASPL (Alveolar soft part sarcoma 
locus) 

HGNC (Hugo): ASPSCR1 

Location: 17q25 

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

DNA/RNA 
Description 
1872 bp cDNA. 

Transcription 
Alternative splicing of 47 bp from exon 2 in the 5' 
untranslated region. 

Protein 
Description 
476 amino acids; contains an UBX domain, which may 
be related to the ubiquitylation pathway. 

Expression 
Widely expressed in the adult; low expression in fetal 
tissues. 
 

Implicated in 
Alveolar soft part sarcoma with 
ASPSCR1 -TFE3 fusion 
Cytogenetics 
der(X)t(X;17)(p11;q25) is consistently involved; it 
implicates: 1- the formation of a hybrid gene at the 
breakpoint, and also, 2- gain in Xp11-pter sequences, 
and loss of heterozygocity in 11q25-qter, with possible 
implications. 

Hybrid/Mutated gene 
5' ASPSCR1-3' TFE3; the reciprocal 5' TFE3 - 3' 
ASPSCR1 is most often absent. ASPSCR1 is fused in 
frame to TFE3 exon 3 or 4. 

Abnormal protein 
NH2 term ASPSCR1, fused to the C term of TFE3. 

Oncogenesis 
Might combine the effect of a fusion protein to that of 
gene(s) dosage. 

Primary renal ASPSCR1-TFE3 tumour 
Disease 
A subset of renal cell carcinoma, which presents with a 
combination of alveolar soft part sarcoma-like features 
and epithelial features is found to carry this anomaly. 

Cytogenetics 
Balanced t(X;17)(p11.2;q25), in contrast with what is 
found in the alveolar soft part sarcoma (see above). 

Hybrid/Mutated gene 
5' ASPSCR1-3' TFE3. 

Abnormal protein 
NH2 term ASPSCR1, fused to the C term of TFE3. 
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Identity 
Other names: PURH; AICARFT/IMPCHASE (5-
aminoimidazole-4-carboxamide ribonucleotide 
formyltransferase/IMP cyclohydrolase); AICARFT; 
IMPCHASE 

HGNC (Hugo): ATIC 

Location: 2q35 

 
ATIC (2p35) - Courtesy Mariano Rocchi, Resources for 
Molecular Cytogenetics.  

DNA/RNA 
Transcription 
1776 bp mRNA; transcribed in a centromeric to 
telomeric orientation. 
 
 
 

Protein 
Description 
591 amino acids, 64 kDa; two functional domains 
separated by a linker region with a dimerization domain 
(amino acids 170 to 199): amino acids 1 to 169 encode 
the IMP cyclohydrolase (IMPCH) function, and amino 
acids 200 to 591 encode the 5-aminoimidazole-4-
carboxamide ribonucleotide formyltransferase 
(AICARFT) function; homodimer. 

Expression 
Wide. 

Function 
Bifunctional purine biosythesis: 9th and 10th step of 
the de novo purine synthesis. 

Homology 
Belongs to the PURH family. 

Implicated in 
inv(2)(p23q35) --> ATIC- ALK 
Disease 
Found in rare cases of ALK+ anaplasic large cell 
lymphoma. 

Cytogenetics 
Hidden translocation most often. 

Hybrid/Mutated gene 
5' ATIC - 3' ALK. 
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Abnormal protein 
791 amino acids, 87 kDa. 229 N-term amino acid from 
ATIC containing the IMPCH domain and the 
dimerization domain fused to the 562 C-term amino 
acids from ALK (i.e. the entire cytoplasmic portion of 
ALK with the tyrosine kinase domain); cytoplasmic 
localisation only. 

Oncogenesis 
ATIC seems to provoke the dimerization of ATIC-
ALK, which should lead to constitutive 
autophosphorylation and activation of the ALK 
tyrosine kinase, as for NPM1-ALK (see 
t(2;5)(p23;q35)). 
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Identity 
Other names: clathrin heavy chain; KIAAOO34; 
CLH-17 

HGNC (Hugo): CLTC 

Location: 17q23 

Note: Must not be confused with CLTCL1 (clathrin 
heavy polypeptide-like 1), inasmuch as both are 
involved in translocations with ALK. 

DNA/RNA 
Transcription 
6111 bp mRNA. 

Protein 
Description 
1675 amino acids, 191 kDa; is composed, from N-term 
to C-term, of: a globular domain (amino acids 1-479), a 
linker (480-523), and the heavy chain arm (524-1675); 
properties: binding site for ATPase in N-term, binding 
of the light chain in the C-term, and trimerization 
domain in the C-term. Subunit of clathrin, a structural 
protein composed of 3 heavy chains (CLTC, CLTCL1), 
and 2 light chains (CLTA, CLTB), which assembly is 
mediated by CALM. Form cages. Component of the 
vesicles matrix originated from the plasma membrane 
or the golgi. 

Localisation 
Vesicles. 

Function 
Mediates endocytosis of transmembrane receptors. 

Implicated in 
Inflammatory myofibroblastic tumors 
with t(2;17)(p23;q23) 
Disease 
Rare soft tissue tumour found in children and young 
adults. 

Prognosis 
Good prognosis. 

Hybrid/Mutated gene 
5' CLTC - 3' ALK. 
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Identity 
Other names: CLTCL; CLTD; CLH-22 

Location: 22q11 

Note: Must not be confused with CLTC (clathrin heavy 
chain gene), inasmuch as both are involved in 
translocations with ALK. 

DNA/RNA 
Transcription 
5564 bp mRNA. 

Protein 
Description 
1640 amino acids, 187 kDa; is composed, from N-term 
to C-term, of: a globular domain (amino acids 1-479), a 
linker (480-523), and the heavy chain arm (524-1640); 
properties: binding site for ATPase in N-term, binding 
of the light chain in the C-term, and trimerization 
domain in the C-term. Subunit of clathrin, a structural 
protein composed of 3 heavy chains (CLTC, CLTCL1), 
and 2 light chains (CLTA, CLTB), which assembly is 
mediated by CALM. Form cages. Component of the 
vesicles matrix originated from the plasma membrane 
or the golgi. 

Expression 
Vesicles. 

Function 
Mediates endocytosis of transmembrane receptors. 
 
 
 
 

Implicated in 
t(2;22)(p23;q11.2)-ALK 
Disease 
Found in a case of ALK+ anaplasic large cell 
lymphoma. 

Abnormal protein 
2197 amino acids, 248-250 kDa; 1634 (nearly all the 
CLTCL1 protein) N-term amino acids from CLTCL1, 
fused to the 562 C-term amino acids from ALK (i.e. the 
entire cytoplasmic portion of ALK with the tyrosine 
kinase domain); cytoplasmic localization restricted to 
granules. 

Oncogenesis 
Constitutive autophosphorylation. 
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Identity 
Other names: AFX1 (ALL1 fused gene from 
chromosome X, 1); MLLT7 (myeloid/lymphoid 
leukemia translocated to, 7); AFX; FOXO4 

HGNC (Hugo): FOXO4 

Location: Xq13 

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

DNA/RNA 
Transcription 
7,5kb consisting of 3 exons. RNA App. 3.5 kb mRNA; 
coding sequence. Placental secondary transcript: App. 
2.8kb Expression pattern: Heavily expressed in skeletal 
muscle, placenta and ovary. 

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

Expression 
Wide. 

Localisation 
Nuclear. 

Function 
Transcription factor binding to the motive 
TTGTTTAC. Target genes: Akt, AFX is able to induce 
Rb-independent, p27kip1-mediated G1-arrest. 
Phosphorylation of AFX by protein kinase B inhibits its 
transcriptional activity. 

Homology 
daf-16 (C.elegans) and other forkhead-transcription 
factors (i.e. FKHR, FKHRL1, FKHRP1, FKHRL1P1) 
and AF6q21, involved in the t(6;11)(q21;q23). In the 
fusion protein AFX/MLL, AFX fuses to MLL in the 
same aminoacid as FHKR fuses to PAX3 in the 
PAX3/FKHR-fusion protein of alveolar 
rabdomyosarcoma. 

Implicated in 
t(X;11)(q13q23)/acute leukaemias --> 
MLL - AFX 
Disease 
ANLL, T-ALL. 

Prognosis 
Very poor. 
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Hybrid/Mutated gene 
5' MLL-3' AFX as well as the reciprocal 5' AFX-3' 
MLL on DNA and mRNA level. 

Abnormal protein 
Comprises about 1400 amino acids from N-term MLL 
and 354 amino acids from AFX C-term; the reciprocal 
may be expressed. 
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Identity 
Other names: moesin (membrane-organising 
extension spike protein) 

HGNC (Hugo): MSN 
Location: Xq11 

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

DNA/RNA 
Transcription 
3879 bp mRNA with a 1733 bp of coding sequence. 

Protein 
Description 
576 amino acids, 75 kDa; contains in N-term a globular 
membrane binding domain (band 4.1 like domain 
(amino acids 57 to 224), known also as the four-point-
one/ezrin/radixin/moesin domai, an alpha helix domain, 
and in C-term a domain which interact with actin 
filaments. 

Expression 
Wide; expressed differentially in microvilli and cell 
adhesion sites. 

Function 
Cytoskeleton protein; binds to the plasma membrane 
and interacts with actin/myosin; role in cell-cell 
recognition and signalling. 
Homology 
Ezrin, radixin, moesin are called the ERM proteins; 
they are members ofthe band 4.1 superfamily. 

Implicated in 
t(X;2)(q11;p23) --> MSN-ALK 
Disease 
Found in a case of ALK+ anaplasic large cell 
lymphoma. 

Abnormal protein 
1005 amino acids, 125 kDa; membrane restricted; 448 
N-term amino acid from MSN, containing the band 4.1 
like domain and most of the alpha helix domain, fused 
to the 557 (instead of the usual 562) C-term amino 
acids from ALK (i.e. the cytoplasmic portion of ALK 
with the tyrosine kinase domain). 

Oncogenesis 
Tyrosine kinase activity. 
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Identity 
Other names: NPM; B23; Numatrin; NO38 

HGNC (Hugo): NPM1 

Location: 5q35 

 
NPM1 (5q35) - Courtesy Mariano Rocchi, Resources for 
Molecular Cytogenetics.  

DNA/RNA 
Description 
11 exons on 25 kb. 

Transcription 
in a centromeric --> telomeric orientation; transcription  

is cell-cycle regulated, reaching peaks at G1/S 
transition and being baseline at S/G2 1.6 kb mRNA. 

Protein 
Description 
294 amino acids, 32.5 kDa; contains in C-term an 
oligomerization domain (residues 1-83), a metal 
binding site (residues 104-115), 2 domains rich in 
acidic amino acids (residues 120- 132 and 161-188), 
and 2 nuclear localisation signals in C-term; forms 
homo-hexameres; binds to single and double strand 
nucleic acids. 

Expression 
Wide 

Localisation 
Nuclear, mainly in the nucleolus. 

Function 
RNA binding nucleolar phosphoprotein involved in 
preribosomal assembly; transport ribonucleoproteins 
between cellular compartments. 

Homology 
With nucleoplasmin. 

 
DNA Diagram. 
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Implicated in 
Anaplasic large cell lymphoma (ALCL) 
with t(2;5)(p23;q35) --> NPM1-ALK 
Disease 
ALCL are high grade non Hodgkin lymphomas; ALK+ 
ALCL are ALCL where ALK is involved in a fusion 
gene; ALK+ ALCL represent 50 to 60 % of ALCL 
cases (they are CD30+, ALK+;); 80% of ALK+ ALCL 
cases bear a t(2;5). 
Prognosis 
Nonetheless, a 80% five yr survival may be associated 
with this anomaly. 
Cytogenetics 
Additional anomalies are most often found. 
Hybrid/Mutated gene 
5' NPM1-3' ALK on der(5). 
Abnormal protein 
680 amino acids, 80 kDa; N-term 116 amino acids from 
NPM1 fused to the 563 C-term aminoacids of ALK 
(i.e. composed of the oligomerization domain and the 
metal binding site of NPM1,and the entire cytoplasmic 
portion of ALK); no apparent expression of the 
ALK/NPM1 counterpart; Characteristic localisation 
both in the cytoplasm and in the nucleus, due to 
heterooligomerization of NPM-ALK and normal NPM 
whereas the normal NPM protein is confined to the 
nucleus; constitutive activation of the catalytic domain 
of ALK. 
Oncogenesis 
Via the kinase function activated by oligomerization of 
NPM1-ALK mediated by the NPM1 part. 

t(3;5)(q25;q34)/in myeloid malignancies 
--> NPM - MLF1 
Disease 
Acute non lymphocytic leukemia (ANLL), 
myelodysplasia (MDS), chronic myelogenous leukemia 
in blast crisis (BC-CML); trilineage involvement. 
Prognosis 
Very poor. 
Cytogenetics 
Location of breakpoints difficult to ascertain. 
Hybrid/Mutated gene 
5' NPM-3' MLF1 on der(5). 
Abnormal protein 
with the 175 N term amino acids of NPM1; nuclear 
protein. 

t(5;17)(q34;q21)/M3-ANLL --> NPM1-
RARa 
Disease 
Promyelocytic ANLL (M3-ANLL). 
Cytogenetics 
Variant translocation of the well known t(15;17). 

Hybrid/Mutated gene 
5' NPM1-3' RARa on der(5). 
Abnormal protein 
With the 117 N term amino acids of NPM1. 

Breakpoints 

 
Note 
Within the 4th intron in the cases of t(2;5) or t(5;17), 
within the 6th intron in case of t(3;5). 
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Identity 
Other names: MSF (MLL septin-like fusion); MSF1; 
AF17q25 (ALL1 fused gene from chromosome 17q25); 
KIAA0991; PNUTL4 

HGNC (Hugo): SEPT9 

Location: 17q25 

Local order: Maps to chromosome 17 interval 
D17S785-D17S836. 

Note: The MSF designation has yet to be formally 
accepted by the HUGO nomenclature committee. 
Different names for MSF have been independently 
published despite sequence identity, and alternative 
transcripts/isoforms have been mislabeled (see Table). 
In addition, there are literature references for an 
unrelated MSF (megakaryocyte stimulating factor), an 
early designation for the official HUGO PRG4 
(proteoglycan 4). 

DNA/RNA 
Transcription 
MSF exhibits 5' and 3' alternative splicing. The variable 
exons encode different translational start and stop 
sequences and are spliced on to a core of 8 coding 
exons. It is unclear the splicing mechanism between 
exon 12 and exon 13 subsets as splicing does not occur 
at traditional GT/AG conserved sequences. Multiple 
reports are consistent in observing expression of an 
approximately 4.0 kb transcript in all fetal and adult 
tissues. Additional transcripts at approximately 3.0 kb 
and 1.7 kb are variably reported and may reflect 
differences in probe sequence and experimental 
conditions between laboratories. MSF spans 
approximately 260 kb of DNA based on NotI PFGE 
mapping. 
 

 
Genomic structure of published MSF alternatively spliced transcripts. Boxes indicate exons with coding regions colored in yellow and are 
drawn to scale. Exons are tentatively positioned in relative genomic order with overlapping exons indicating identical sequences. 
Translation start sites are indicated by an arrows and proceeds centromere to telomere on 17q25. 
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Protein 

 
Structure of MSF protein isoforms. Coding regions are indicated between red arrows. Like colors denote identical sequences. Domains 
are marked by light purple boxes for xylose isomerase, orange for polybasic, and red for GTPase. Gaps indicate missing sequences in 
that variant. References for a-c match those in the exon/intron figure. Figure is not drawn to scale. 
 

Description 
Alternative transcript splicing results in translation of 
multiple MSF isoforms with distinct amino-and 
carboxy-termini. MSF-B and MSF-C proteins are 
identical and are sub-sequences within the other larger 
isoforms. All isoforms contain a GTPase domain, a 
xylose isomerase domain of unknown mammalian 
function but previously identified for sugar 
interconversion in some microorganisms, and a semi-
conserved polybasic domain shown in the septin H5 to 
be necessary for membrane phospholipid binding. 

Expression 
The MSF protein is believed to be widely expressed 
based on ubiquitous adult and fetal transcript 
expression, although individual isoforms may have 
tissue specific expression. 

Localisation 
The MSF protein, like other septin family members, 
contains no subcellular localization signals and is 
thought to be largely cytoplasmic. Despite this, 
mammalian septins have been found in the 
mitochondria, in the nucleus, and associated with the 
plasma membrane and brain synaptic vesicles. 

Function 
Although little information is currently available for 
MSF itself, research on other members of this highly 
conserved septin GTPase subfamily provides insight 
into potential functional roles of MSF. The original 
family members, Saccharomyces cerevisiae CDC3, 
CDC10, CDC11, and CDC12, were identified by 
rescue of temperature sensitive mutants exhibiting the 
near identical phenotypes of cell-cycle arrest, elongated 
bud growth, and impaired cytokinesis. They localize to 
the cleavage furrow, co-immunoprecipitate, and 
polymerize into filaments. Septins have since been 
broadly identified in most eukaryotic organisms except 

for plants. Despite the distinct mechanistic differences 
in cell division between yeast and animal cells, animal 
septins similarly localize to the contractile ring and 
polymerize into filaments. These filaments are 
composed of homo- and heteromultimers of septins, 
require GTP hydrolysis to assemble, and interact with 
anillin, an actin binding protein found at the contractile 
ring during cytokinesis. Like yeast, multinucleated cells 
are produced when septins are mutated. Isolation of the 
yeast septins SPR3 and SPR28 with roles in 
sporulation, however, provided the initial evidence for 
other septin functions in addition to cytokinesis. 
Binding of Cdc12p to the mating hormone induced 
Afr1p and of Cdc10p to the chitin associated Bni4p, 
suggests roles for septins in determining the site of 
fusion in yeast in chitin deposition, respectively. 
Identification of interacting proteins implicates yeast 
septins in cell cycle regulation based on binding to the 
mitosis-inducing protein kinase Gin4p (Cdc3p, 
Cdc10p, Cdc11p, Cdc12p, Sep7p), to the mitotic 
checkpoint Bub2p (Cdc3p), and to the cyclin Clb2p 
degrading polo kinase Cdc5p (Cdc11p and Cdc12p). In 
addition, yeast septins Cdc3p and Cdc11p are cell-cycle 
specific substrates for conjugation to the ubiquitin-
related SUMOp. Of the mammalian septins, the ARTS 
protein translocates from the mitochondria to the 
nucleus and enhances cell death in response to TGF-b. 
CDC10, NEDD5, H5, E-septin and Septin 6 associate 
with the rat SEC6/SEC8 multimer, a key conserved 
complex in targeting exocytosis at the plasma 
membrane. H5 binds in a GDP-associated form to 
membrane phospholipids through a polybasic domain, 
and CDCREL-1 and NEDD5 co-purify with brain 
synaptic vesicles and interact with syntaxin, a key 
protein for vesicle-membrane fusion. Given that 
cytokinesis is one highly conserved role of septins, this 
later observation is somewhat unexpected given that 



MSF (MLL septin-like fusion) Kalikin LM, Petty EM 
 
 
 
 
 

Atlas Genet Cytogenet Oncol Haematol. 2001; 5(4)  
 

267 

brain typically exhibits minimal cell division activity. 
However, further evidence for septin roles in neuronal 
development are suggested by the degradation of 
CDCREL-1 after ubiquitination by the Parkinson's 
disease gene parkin and by the association of NEDD5, 
H5, and DIFF6 septins with neurofibrillary tangles in 
Alzheimer's disease. Thus, these data present a myriad 
of functions for members of the septin protein family 
that can be more broadly grouped into integral roles in 
cell cycle regulation, signal transduction, and 
protein/vesicle trafficking through cytoskeletal 
scaffolding. These functions are probably partially 
determined by tissue- and temporal-specific expression 
levels of individual septins and their isoforms and 
provide a framework for further characterization of 
MSF. 

Homology 
MSF exhibits protein homology (% identity/% 
similarity) to the following orthologous septin family 
members: S. cerevisiae CDC10 47%/67%, D. 
melanogaster Pnut 39%/57%, R. norvegicus E-septin 
short 96%/97%, M. musculus SINT1 96%/98%, and to 
the following human septins also found as fusion 
proteins with MLL in leukemia patients: hCDCRel-1 in 
22q11 45%/66%, Septin 6/KIAA0128 in Xq24 
43%/66%. 

Implicated in 
t(11;17)(q23;q25) acute non lymphocytic 
leukemia (ANLL) --> MLL - MSF 
Disease 
De novo and treatment related leukemia. 
Prognosis 
Poor. 
Hybrid/Mutated gene 
In-frame transcript joining the 5' of MLL through exon 
5 to MSF at the start of exon 3 through the 3' terminus. 
A reciprocal transcript was amplified in one patient 
joining the 5' of MSF through exon 1 to exon 7 of MLL 
but was out of frame. No 5' MSF-3' MLL transcript was 
amplified in another patient. 
Abnormal protein 
Fusion protein of an amino protein terminus MLL, 
including the nuclear localization signal, the A-T hook 
DNA binding domain, and the DNA methyltransferase-
like DNA binding domain, and a carboxy terminus 
MSF, including the xylose isomerase, the polybasic and 
GTPase domains. Lost from the carboxy terminus of 
MLL is the PHD zinc finger protein-protein interaction 
domain and the SET domain thought to regulate gene 
expression through chromatin remodeling. It has been 
suggested that MLL is the sole clinical culprit in 
leukemias with 11q23 rearrangements as it is fused to a 
wide variety of other genes. However, these 
translocations produce an in-frame fusion protein, 
suggesting selection for a translatable protein. In 

addition, the general observations of phenotypic 
variability with different translocations, including 
patient age, leukemia types, and prognostic outcomes, 
provide further evidence that proteins at the varying 
reciprocally translocated chromosomes are essential 
contributors to the pathogenesis of leukemia. Thus, 
speculation on the contributions of MLL-MSF fusion 
protein expression to haematopoetic cellular 
transformation would include potential mislocalization 
of MSF from the cytoplasm to the nucleus, aberrant 
expression of MLL target proteins and altered 
activation of MSF GTPase signaling pathways. 
Oncogenesis 
In addition to the involvement of various septins in 
leukemia patients, the MSF mouse ortholog SINT1 was 
identified by virtue of its presence at a provirus 
insertion site in SL3-3 MLV-induced lymphomas 
suggesting a subgroup of septins may play a more 
specific role in leukemogenesis. 

To be noted 
Note 
MSF maps within a 300 kb candidate breast and 
ovarian tumor suppressor gene region on 17q25 
previously defined by allelic imbalance studies in 
matched normal and tumor samples. Given the role 
GTPases have been shown to play in cellular 
proliferation and the proposed role of the highly 
conserved septin family in cell cycle regulation, MSF is 
an obvious candidate gene. Preliminary analysis of the 
MSF coding region in breast and ovarian tumors have 
only revealed polymorphic variants of no proven 
clinical relevence. 
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Identity 
HGNC (Hugo): TFE3 

Location: Xp11.2 

DNA/RNA 

 
Description 
8 exons. 

Transcription 
Differential splicing removing exon 3 (with dominant 
negative activity of the resulting protein). 

Protein 
Description 
743 amino acids; 80 kDa; N-term acidic transcriptional 
activation domain (domain 260-271, exon 3), helix-

loop-helix (344-400), leucine zipper (409-430), and a 
proline/arginine rich sequence (575-743) C-term. 

Expression 
Wide; in fetal and adult tissues. 

Localisation 
Nucleus. 

Function 
Transcription factor; member of the basic helix-loop-
helix family (b-HLH) of transcription factors primarily 
found to bind to the immunoglobulin enhancer muE3 
motif, Ig K enhancers and Ig H variable regions 
promotors; the helix-loop-helix-leucine zipper region is 
implicated in DNA binding and dimerization (homo 
and heterodimerizations); mice which lack TFE3 in 
their B and T lymphocytes reconstitute the B- and T-
cell compartments, but IgM levels are reduced. 

Homology 
To other members of the myc family of helix-loop-
helix transcription factors. 
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Implicated in 
t(X;1)(p11.2;q21.2) in renal cell 
carcinoma --> PRCC/TFE3 
Prognosis 
Overall 5-yr survival rate around 85%. 

Hybrid/Mutated gene 
5' PRCC - 3' TFE3; variable breakpoint in PRCC; 
breakpoint in the 1st intron of TFE3. 

Abnormal protein 
N-term PRCC with the proline rich sequence fused to 
most of TFE3, including the acidic transcriptional 
activation domain, the helix-loop-helix, and the leucine 
zipper; the reciprocal TFE3-PRCC is expressed; it is to 
be noted that the normal TFE3 transcript is lost in 
female patients. 

t(X;1)(p11.2;p34) in renal cell carcinoma 
--> PSF/TFE3 
Disease 
t(X;1)(p11.2;p34) has only been found in a handfull 
cases of papillary renal cell carcinoma. 

Hybrid/Mutated gene 
5' PSF - 3' TFE3. 

 
Abnormal protein 
N-term PSF and most of it fused to the DNA binding 
domains of TFE3 (excluding the acidic transcriptional 
activation domain, including the C-term helix-loop-
helix, and the leucine zipper); no TFE3-PSF reciprocal 
transcript, as the der(X) t(X;1) is missing; the normal 
TFE3 transcript is found. 

inv(X)(p11.2q12) in renal cell carcinoma 
--> NONO/TFE3 
Disease 
Only one case of papillary renal cell carcinoma. 

Hybrid/Mutated gene 
5' NONO - 3' TFE3. 

 
Abnormal protein 
N-term NONO and most of it except the C-term proline 
rich sequence fused to the DNA binding domains of 
TFE3 (excluding the acidic transcriptional activation 
domain, including the C-term helix-loop-helix, and the 
leucine zipper); the reciprocal transcript is found. 

Alveolar soft part sarcoma with 
ASPSCR1 - TFE3 fusion 
Cytogenetics 
der(X)t(X;17)(p11;q25) is consistently involved; it 
implicates: 1- the formation of a hybrid gene at the 
breakpoint, and also, 2- gain in Xp11-pter sequences, 
and loss of heterozygocity in 11q25-qter, with possible 
implications. 

Hybrid/Mutated gene 
5' ASPSCR1 - 3' TFE3; the reciprocal 5' TFE3 - 3' 
ASPSCR1 is most often absent. ASPSCR1 is fused in 
frame to TFE3 exon 3 or 4. 

Abnormal protein 
NH2 term ASPSCR1, fused to the C term of TFE3. 

Oncogenesis 
Might combine the effect of a fusion protein to that of 
gene(s) dosage. 

Primary renal ASPSCR1 - TFE3 tumour 
Disease 
A subset of renal cell carcinoma, which presents with a 
combination of alveolar soft part sarcoma-like features 
and epithelial features is found to carry this anomaly. 

Cytogenetics 
Balanced t(X;17)(p11.2;q25), in contrast with what is 
found in the alveolar soft part sarcoma (see above). 

Hybrid/Mutated gene 
5' ASPSCR1 - 3' TFE3. 

Abnormal protein 
NH2 term ASPSCR1, fused to the C term of TFE3. 

Other Xp11 involvements in renal cell 
carcinoma (t(X;10)(p11;q23), etc...) are 
likely to implicate TFE3 

Breakpoints 
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Identity 
Other names: NEM1 

HGNC (Hugo): TPM3 

Location: 1q21 

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

DNA/RNA 
Description 
Spans at least 42 kb; 13 exons. 

Protein 
Description 
By tissue-specific alternate splincing are produced 2 
proteins: the tropomyosin alpha chain, skeletal muscle 
type, made of 284 amino acids (32 kDa), and the 
cytosqueletal type, made of 248 amino acids (29 kDa). 
Coiled-coil structure. 

Function 
Tropomyosins are actin-binding proteins; component of 
cytoskeletal microfilaments; tropomyosins mediate the 
effect of Ca2+ on the myosin-actin interaction In 
skeletal muscles, but their function in smooth muscles 
and other tissues is yet unknown. 

Homology 
Other tropomyosins: TPM1 (alpha) located in 15q22, 
TPM2 (beta), located in 9q13, and TPM4 located in 
19p13.1. 

Implicated in 
Rare cases of ALK+ anaplasic large cell 
lymphoma (ALCL) with t(1;2)(q25;p23) 
Disease 
ALCL presents as an aggressive lymphoma with 
systemic signs. 

Prognosis 
Nonetheless, have a favourable prognosis. 

Hybrid/Mutated gene 
5' CLTC - 3' ALK. 

Abnormal protein 
104 kDa; 221 N-term amino acids from TPM3 fused to 
the 562 C-term amino acids from ALK (i.e. the entire 
cytoplasmic portion of ALK with the tyrosine kinase 
domain); homodimerization of the fusion protein. 

Oncogenesis 
TPM3-ALK is contitutively activated. 

Cases of Inflammatory myofibroblastic 
tumors with t(1;2)(q25;p23) 
Disease 
Rare soft tissue tumour found in children and young 
adults. 

Prognosis 
Good prognosis. 

Hybrid/Mutated gene 
5' CLTC - 3' ALK. 
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Abnormal protein 
104 kDa ; 221 N-term amino acids from TPM3 fused to 
the 562 C-term amino acids from ALK (i.e. the entire 
cytoplasmic portion of ALK with the tyrosine kinase 
domain); homodimerization of the fusion protein. 

Oncogenesis 
TPM3-ALK is contitutively activated. 

Papillary thyroid carcinoma 
Disease 
Represents about 60% of thyroid cancers; small, 
undetectable, chromosome 1q inversions have shown to 
produce a TPM3-NTRK1 hybrid gene in a very few 
cases of papillary thyroid carcinoma. 

Prognosis 
Prognosis of papillary thyroid carcinoma is excellent. 

Hybrid/Mutated gene 
5' TPM3 - 3' NTRK1 

Abnormal protein 
221 N-term amino acids from PM3 fused to the C-term 
of NTRK1, including its tyrosine kinase domain. 

To be noted 
Note 
ALK and TPM3 are therefore implicated in both 
anaplasic large cell lymphoma and inflammatory 
myofibroblastic tumours; this is a new concept, that 2 
different types of tumour may result from the same 
chromosomal and genes rearrangement. 
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Identity 
HGNC (Hugo): TPM4 

Location: 19p13.1 

DNA/RNA 
Transcription 
Alternate transcripts. 

Protein 
Description 
248 amino acids, 29 kDa. Coiled-coil structure. 

Function 
Tropomyosins are actin-binding proteins; component of 
cytoskeletal microfilaments; tropomyosins mediate the 
effect of Ca2+ on the myosin-actin interaction In 
skeletal muscles, but their function in smooth muscles 
and other tissues is yet unknown. 

Homology 
Other tropomyosins: TPM1 (alpha) located in 15q22, 
TPM2 (beta), located in 9q13, and TPM3 located in 
1q25. 

Implicated in 
Inflammatory myofibroblastic tumors 
with t(2;19)(p23;p13.1) 
Disease 
Rare soft tissue tumour found in children and young 
adults. 

Prognosis 
Good prognosis. 

Hybrid/Mutated gene 
5' CLTC - 3' ALK. 

Abnormal protein 
221 N-term amino acids from TPM4 fused to the 562 
C-term amino acids from ALK (i.e. the entire 
cytoplasmic portion of ALK with the tyrosine kinase 
domain); homodimerization of the fusion protein. 

Oncogenesis 
TPM4-ALK is contitutively activated. 
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Identity 
Note 
Acquired trisomy 21 is not to be confused with constitutional trisomy 21 (Down syndrome, DS) which is a factor of 
predisposition to childhood acute leukemia but whose significance and clinical context are quite different. 

 
Ring(21) and dicentric(21) chromosomes, G-banding - Courtesy Elise Labis. 

 

Clinics and pathology 
Disease 
Acute non lymphocytic leukemia (ANLL) / 
myelodysplastic syndromes (MDS) 

Phenotype/cell stem origin 
No specific phenotype but possibly a slight higher 
incidence in monocytic phenotypes (ANLL-M4 and -
M5, chronic myelomonocytic leukemia (CMML)). 
ANLL-M7 with acquired +21 is exceptional, whereas 
ANLL-M7 is frequent in Down Syndrome. 

Epidemiology 
+21 is the second more frequent acquired trisomy, after 
trisomy 8, in adult ANNL/MDS. It is rarely observed as 
the sole abnormality. According to large series, +21 
was observed in 3% to 7% of cases, out of which 0.3-
0.4% of cases with +21 as the only abnormality. 
The more frequent association is with -5/5q- and -7/7q-
, followed by trisomy 8 and structural rearrangements 
t(8;21), t(15;17) and inv(16). 
 Alternatively to +21 and in the same clinical context, 
tetrasomy or pentasomy 21 can be observed, as well as 
single or multiple copies of a structuraly rearranged 

chromosome 21, such as i(21q), psu dic(21q) or r(21). 
In some of these der(21), a chromosome 21 segment 
can be tandemly amplified as homogeneous staining 
region (HSR). 

Prognosis 
+21 as sole abnormality has an unfavorable prognosis, 
none of the published patients could achieve a long-
term disease-free survival. 
 When associated with other recurrent chromosome 
changes, it does not modify the prognosis of these 
abnormalities. 

Disease 
Acute lymphocytic leukemia (ALL). 

Phenotype/cell stem origin 
Essentially B-cell lineage. 

Epidemiology 
+21 is the more frequent aneuploïdy observed in both 
adult and childhood ALL. Its overall incidence would 
be around 15% of cases. 
As the sole clonal abnormality (excepting DS patients), 
+21 accounts for 2% of pediatric and less than 1% of 
adult ALL cases. 
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In childhood ALL, the incidence of +21 is 
approximately of 40% and of 80%, respectively, in the 
47-50 chromosomes and in the >50 chromosomes 
ploidy groups. 
The main association is with t(12;21)(p13;q22) in 
childhood (15% of cases at diagnosis), followed by 6q 
abnormalities. Association also with t(1;19)(q23;p13), 
t(4;11)(q21;q23) and 14q abnormalities. 
The main association with a second aneuploidy is with 
+X, +16 or -20. 
In adults, +21 is associated the most frequently with 
t(9;22)(q34;q11): about 50% of cases. 

Prognosis 
+21 as sole abnormality has a favorable prognosis. 
In the group 47-50 chromosomes, + 21 has a rather 
good prognosis in children, when it is not associated 
with a bad prognosis structural rearrangement. In the 
same ploidy group, +21 has no prognostic impact in 
adults. 

Genetics 
Note 
Gene(s) involved in trisomy 21 associated leukemia is 
(are) unknown. 
The 21q22 region seems crucial. Der(21) containing an 
HSR have constantly multiple copies tandemly 
amplified of the AML1 gene, both in ANLL and in 
ALL, but there is no proof that this gene is directely 
implicated. 
The overexpression of cystathionine-b-synthetase 
(CBS; 21q22.3) would be linked to increased 
sensitivity of myeloblasts to ara-C and daunorubicin in 
DS ANLL patients. This has not been confirmed in 
acquired trisomy 21. 
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Identity 
Note 
Anaplastic large cell lymphoma can be classified into: 
1-Primary systemic ALK+ ALCL; 
2-Primary systemic ALK- ALCL; 
3-Primary cutaneous ALCL. (see in paragraph 
Pathology).  
The 2 first categories are defined according to the 
involvement (or not) of ALK in fusion proteins with 
various partners (see below); ALK+ ALCL cases are 
sometimes called ALK lymphomas, or ALKomas. 
ALK+ ALCL can be further divided into t(2;5) cases, 
with NPM1-ALK fusion protein which localises both in 
the cytoplasm and in the nucleus, and t(2;Var), 
involving various partners and ALK, and a cytoplasmic 
localization of the fusion protein; the latter are called 
"cytoplasm only" ALK+ ALCL. 
ALCL may also arise from transformation of another 
lymphoma (mycosis fungoides, peripheral T-cell 
lymphoma, ...); these ALCL are called secondary 
ALCL, and they bear a poor prognosis. 

Clinics and pathology 
Epidemiology 
ALCL represent about 5% of non Hodgkin lymphomas 
(NHL) in adults, and 15 % of pediatric NHL (i.e. 20-30 
% of large cell lymphomas in children). ALK+ ALCL 
represent 50 to 60 % of ALCL cases. ALK+ ALCL 
predominantly affect young male patients (most cases 
occur before the age of 40 yrs), while ALK- ALCL is 
found in older patients (median age around 50 yrs) of 
both sex. 

Clinics 
ALK+ ALCL presents as an aggressive disease with 
systemic signs, and extranodal sites (bone marrow, 

skin, bone, soft tissues, and organs); less agressive 
presentation in ALK- ALCL cases (but a worse 
prognosis, see below). 
Note: ALK+ ALCL without the t(2;5) (so called 
cytoplasmic only ALK cases) show clinical features 
similar to those of classical ALK+ ALCL. Were found 
in a recent series: mean age: 19 yrs, range 4 to 45 yrs; 
male/female ratio: 1.5, presentation with advanced 
disease (stage III-IV in 9 of 15 cases), systemic 
symptoms (11/15), and frequent involvement of 
extranodal sites. 

Pathology 
3 main histopathological types are found:  
The common type, characterized by large lymphoid 
cells with horseshoe shaped nuclei with many nucleoli, 
and large cytoplasm; may be ALK + or - ALCL; 
The small cell type, together with the above described 
cells, show small and medium sized cells; almost 
exclusively ALK+ cases; 
 The lymphohistiocytic type also contains a number of 
reactive histiocytes, which, earlier, lead to the 
misdiagnosis of malignant histiocytosis; almost always 
ALK+ cases.  
All the 3 forms contain large cells, positive for CD30 
(on the cell membrane and the golgi); they are mostly 
epithelial membrane antigen (EMA) positive.  
Most cases are T-cell cases (often cytotoxic T-cells), or 
may be null cases, the null cases often involving the T-
cell; B-cell cases may belong to a different category; 
ALK+/IgA+ immunoblastic large B-cell lymphomas 
could exist.  
Aside are primary cutaneous anaplasic large cell 
lymphomas, a disease with indolent clinical course, 
negative for ALK, lacking the t(2;5) or variant 
translocations, close to the benign lymphomatoid 
papulosis. 
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Note: There are cases where the differential diagnosis 
between Hodgkin disease (HD) -where CD30 is also 
strongly expressed- and ALCL is difficult (cases 
previously called ALCL-HD like). 

Prognosis 
ALK+ ALCL have a favourable prognosis, whichever 
the ALK parner is: 70% to 80 % 5 yr survival, while 
ALK- ALCL cases have a much poorer prognosis (5 yr 
survival in only 30% -40 %). ALK+ cases without 
NPM1 involvement. 

Genetics 
Note 
The genetic background in ALK- cases remains 
unknown. 
ALK+ cases are the result of the formation of a hybrid 
gene between ALK and either NPM1 (in 80% of the 
cases), or, more rarely: MSN, TPM3, ATIC, TFG, or 
CLTCL1 (these latter being"cytoplasm only" or 
cytoplasmic and/or membrane restricted ALK+ ALCL). 

Cytogenetics 
Cytogenetics morphological 
t(2;5)(p23;q35) in the classical form with NPM1 
involvement on chromosome 5, t(X;2)(q11;p23), 
t(1;2)(q25;p23), inv(2)(p23q35), t(2;3)(p23;q21), or 
t(2;22)(p23;q11.2) can also be found. 

Genes involved and proteins 
Note 
These translocations involve ALK in 2p23, and either 
MSN in Xq11, TPM3 in 1q25, ATIC in 1q35, TFG in 
3q21, NPM1 in 5q35, or CLTCL1 in 22q11. 

ALK 
Location 
2p23 

Protein 
1620 amino acids; 177 kDa; glycoprotein (200 kDa 
mature protein); membrane associated tyrosine kinase 
receptor. 

MSN 
Location 
Xq11 

Protein 
576 amino acids, 68 kDa; cytoskeleton protein; binds to 
the plasma membrane and interacts with actin. 

TPM3 (tropomyosin alpha chain) 
Location 
1q25 
 
 

Protein 
284 amino acids, 33 kDa; coilde coil structure; role in 
Calcium dependant actin-myosin interaction. 

ATIC 
Location 
2q35 

Protein 
591 amino acids, 64 kDa; bifunctional purine 
biosythesis:9th and 10th step of the de novo purine 
synthesis. 

TFG (tropomyosin receptor kinase-
fused gene) 
Location 
3q21 

Protein 
406 amino acids, 44 kDa; widely expressed. 

Somatic mutations 
Apart from the TFG-ALK herein described, TFG is 
also known to de fused to NTRK1 in a subset of 
thyroid papillary carcinomas. 

NPM1 
Location 
5q35 

Protein 
Nuclear localisation; RNA binding nucleolar 
phosphoprotein involved in preribosomal assembly. 

CLTCL1 
Location 
22q11.2 

Protein 
1640 amino acids, 187 kDa; component of the coat of 
vesicles originated from the plasma membrane or the 
golgi. 

Result of the chromosomal 
anomaly 
Hybrid gene 
Description 
5' partner - 3' ALK. 

Fusion protein 
Description 
N-term amino acids from the partner gene fused to the 
562 C-term amino acids from ALK (i.e. the entire 
cytoplasmic portion of ALK with the tyrosine kinase 
domain); homodimerization of the fusion protein. 
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To be noted 
Note 
ALK and some of the above ALK partners, or closely 
related genes, are found implicated in inflammatory 
myofibroblastic tumours; this is a new concept, that 2 
different types of tumour may result from the same 
chromosomal/genes rearrangement. 
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Clinics and pathology 
Disease 
Translocations involving 2p23 are found in more than 
half cases of anaplasic large cell lymphoma (ALCL), a 
high grade non Hodgkin lymphoma (NHL). They 
involve ALK, and are therefore called ALK+ ALCL. 
The most frequent ALK+ ALCL being the the 
t(2;5)(p23;q35) with NPM1 -ALK fusion protein, 
which localises both in the cytoplasm and in the 
nucleus. 
The inv(2)(p23q35) is very rare., and, like other 
t(2;Var) involving various partners and ALK, the 
fusion protein has a cytoplasmic localization; they are 
therefore called "cytoplasm only" ALK+ ALCL. 

Phenotype/cell stem origin 
CD30+; ALK+. 

Epidemiology 
At least 7 known cases, aged 12 yrs to 52 yrs (med 23 
yrs); no sex unbalance so far, in contrast with the 
general feature found in ALK+ ALCL. 

Clinics 
ALK+ ALCL without the t(2;5) (so called cytoplasmic 
only ALK cases) show clinical features similar to those 
of classical ALK+ ALCL: young age, male 
predominance, presentation with advanced disease, 
systemic symptoms, frequent involvement of 
extranodal sites, and a good prognosis. Nothing in 
particular is known concerning inv(2) cases, as cases 
are not fully documented. 

Prognosis 
Not well documented. 
 
 

Cytogenetics 
Cytogenetics morphological 
Difficult to identify, as breakpoints lie in telomeric 
regions; an apparent i(2q) -when present- in ALCL 
should ring the bell; in some other cases, with 
numerous anomalies, there is no apparent breakpoint on 
chromosomes 2. 

Cytogenetics molecular 
FISH analyses are thereof essential. 

Additional anomalies 
ider(2)(q10)inv(2) has been found in some cases, 
carrying 2 additional copies of the ATIC-ALK hybrid 
gene, as detected with FISH; frequent complex 
karyotypes. 

Genes involved and proteins 
ALK 
Location 
2p23 

Protein 
1620 amino acids; 177 kDa; glycoprotein (200 kDa 
mature protein) ; membrane associated tyrosine kinase 
receptor. 

ATIC 
Location 
2q35 

Protein 
591 amino acids, 64 kDa; bifunctional purine 
biosythesis:9th and 10th step of the de novo purine 
synthesis. 
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Result of the chromosomal 
anomaly 
Hybrid gene 
Description 
5' ATIC- 3' ALK. 

Fusion protein 
Description 
791 amino acids, 87 kDa. 229 N-term amino acid from 
ATIC containing the IMPCH domain and the 
dimerization domain fused to the 562 C-term amino 
acids from ALK (i.e. the entire cytoplasmic portion of 
ALK with the tyrosine kinase domain). 

Expression / Localisation 
Cytoplasmic localisation (in contrast with the 
t(2;5)(p23;q35) with NPM1-ALK, which localizes both 
in the cytoplasm and in the nucleus). 

Oncogenesis 
ATIC seems to provoke the dimerization of ATIC-
ALK, which should lead to constitutive 
autophosphorylation and activation of the ALK 
tyrosine kinase, as for NPM1-ALK (see 
t(2;5)(p23;q35)). 
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Clinics and pathology 
Disease 
 Anaplasic large cell lymphoma: translocations 
involving 2p23 are found in more than half cases of 
anaplasic large cell lymphoma (ALCL), a high grade 
non Hodgkin lymphoma (NHL). They involve ALK, 
and are therefore called ALK+ ALCL. 
 The most frequent ALK+ ALCL being the the 
t(2;5)(p23;q35) with NPM1 -ALK fusion protein, 
which localises both in the cytoplasm and in the 
nucleus. 
 The t(1;2)(q25;p23) is very rare., and, like other 
t(2;Var) involving various partners and ALK, the 
fusion protein has a cytoplasmic localization; they are 
therefore called "cytoplasm only" ALK+ ALCL. 

Epidemiology 
A very few (four) cases known so far. 

Clinics 
ALK+ ALCL without the t(2;5) (so called cytoplasmic 
only ALK cases) show clinical features similar to those 
of classical ALK+ ALCL: young age, male 
predominance, presentation with advanced disease, 
systemic symptoms, frequent involvement of 
extranodal sites, and a good prognosis. Nothing in 
particular is known concerning t(1;2) cases, as cases 
are not documented. 

Cytogenetics 
Complex karyotypes and/or hidden translocation in the 
2 cases with cytogenetic data; FISH analyses are 
essential. 

Disease 
Inflammatory myofibroblastic tumors. 

Clinics 
Rare soft tissue tumour found in children and young 
adults. 

Pathology 
Spindle cell proliferation with myofibroblastic 
differenciation and an inflammatory infiltrate. 

Prognosis 
Low malignant potential and good prognosis. 

Genes involved and proteins 
TPM3 (tropomyosin alpha chain) 
Location 
1q25 

Protein 
284 amino acids, 33 kDa; coiled coil structure; role in 
Calcium dependant actin-myosin interaction. 

ALK 
Location 
2p23 

Protein 
1620 amino acids; 177 kDa; glycoprotein (200 kDa 
mature protein) ; membrane associated tyrosine kinase 
receptor. 

Result of the chromosomal 
anomaly 
Hybrid gene 
Description 
5' TPM3 - 3' ALK. 
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Fusion protein 
Description 
104 kDa ; 221 (?) N-term amino acids from TPM3 
fused to the 562 C-term amino acids from ALK (i.e. the 
entire cytoplasmic portion of ALK with the tyrosine 
kinase domain); homodimerization of the fusion 
protein. 

Expression / Localisation 
Cytoplasmic localisation (in contrast with the 
t(2;5)(p23;q35) with NPM1-ALK, which localizes both 
in the cytoplasm and in the nucleus). 

Oncogenesis 
TPM3-ALK is contituvely activated. 
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Identity 
Note 
The t(14;19)(q32.3;q13.2) is a rare but recurrent 
translocation found in patients with B-cell 
malignancies, mainly in chronic B-cell 
lymphoproliferative disorders. When occurring in 
chronic lymphocytic leukaemia (CLL), atypical 
lymphocyte morphology and immunophenotype have 
been reported. 

Clinics and pathology 
Disease 
Chronic lymphocytic leukemia (most are the atypical 
form). Other diseases (maybe less well defined): low 
grade B-NHL, mantle cell lymphoma, small non-
cleaved cell lymphoma, one case of biphenotypic 
(B/M) acute leukemia. 

Phenotype/cell stem origin 
Chronic B-cell lymphoproliferation. 

Epidemiology 
Annual incidence 30/106; median age: 60-80 years; A 
high proportion of patients with CLL and t(14;19) are 
aged less than 40 years. 

Clinics 
Often a slow evolutive disease. 

Prognosis 
Highly variable according to the staging: from staging 
A: where the survival is not reduced compared to age 
matched population, to staging C: with a median 
survival of 2 years. t(14;19) is often associated with 
rapidly progressive disease, and overall prognosis is 
poor compared to the expected survival in chronic 
lymphocytic leukemia and low-grade B-cell lymphoma. 

Cytogenetics 
Cytogenetics morphological 
The t(14;19)(q32.3;q13.2) is reciprocal and results in 
14q+ and a 19q- derivative chromosomes. 

Cytogenetics molecular 
FISH is useful for identifying variant translocations. 

Additional anomalies 
t(14;19) is rarely the sole cytogenetic aberration. 
Trisomy 12 is the most frequent associated 
abnormality, and is observed in 50% of cases; this may 
even be underestimated as with FISH more cases with 
+12 are detected. Other chromosomes involved in 
structural aberrations are 6, 2 and 10. 

Variants 
Three way variants are relatively frequent, compared to 
variants in other recurrent translocations. t(14;17;19) 
and t(7;19;14) were described. 

Genes involved and proteins 
IgH 
Location 
14q32 

BCL3 
Location 
19q13 

DNA/RNA 
9 exons, spanning 11.5 kb. BCL3 mRNA is expressed 
in a variety of tissues, particularly in spleen, liver and 
lung. 

Protein 
- Encodes the a protein which contains seven ankyrin 
repeats. Similar repeats are described in the structural 
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protein ankyrin, as well as in proteins involved in cell 
cycle control and lineage determination (SW14, SW16, 
lin2). 
- BCL3 is a member of the IkappaB family, whose 
proteins regulate the NFkappaB family of transcription 
factors. NFkappaB plays a major role in B-cell 
development. 

Result of the chromosomal 
anomaly 
Hybrid gene 
Description 
The breakpoint is located in the 5' untranslated region 
of the BCL3 gene. BCL3 is juxtaposed to the 
immunoglobulin heavy chain gene locus on 
chromosome 14 (often in the switch alpha region) in a 
"head-to-head" configuration. 

Fusion protein 
Oncogenesis 
- No fusion protein. The translocation does not 
interrupt the transcriptional integrity of BCL3, but is 

associated with increased production of a BCL3 RNA 
of normal size. The immunoglobulin enhancer is not 
present on the same derivative chromosome as BCL3, 
suggesting other mechanisms for overexpression.  
The genes affected by overexpression of BCL3 remain 
to be identified. 
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Clinics and pathology 
Disease 
Translocations involving 2p23 are found in more than 
half cases of anaplasic large cell lymphoma (ALCL), a 
high grade non Hodgkin lymphoma (NHL). They 
involve ALK, and are therefore called ALK+ ALCL. 
The most frequent ALK+ ALCL being the the 
t(2;5)(p23;q35) with NPM1 -ALK fusion protein, 
which localises both in the cytoplasm and in the 
nucleus. 
The t(2;22)(p23;Q11.2) is very rare, and, like other 
t(2;Var) involving various partners and ALK, the 
fusion protein has a cytoplasmic localization; they are 
therefore called "cytoplasm only" ALK+ ALCL. 
However, in case of a t(2;22) the localization is 
restricted to granules (vesicles) in the cytoplasm. 

Phenotype/cell stem origin 
CD30+; ALK+. 

Clinics 
Found in 1 case (a 3 yr old girl in complete remission 
1yr after end of treatment), perhaps 2 (a 52 yr old man). 

Genes involved and proteins 
ALK 
Location 
2p23 

Protein 
1620 amino acids; 177 kDa; glycoprotein (200 kDa 
mature protein) ; membrane associated tyrosine kinase 
receptor. 
 
 

CLTCL1 
Location 
22q11.2 

Protein 
1640 amino acids, 187 kDa; component of the coat of 
vesicles originated from the plasma membrane or the 
golgi. 

Result of the chromosomal 
anomaly 
Hybrid gene 
Description 
5' CLTCL1 - 3' ALK. 

Fusion protein 
Description 
2197 amino acids, 248-250 kDa; 1634 (nearly all the 
CLTCL1 protein) N-term amino acids from CLTCL1, 
fused to the 562 C-term amino acids from ALK (i.e. the 
entire cytoplasmic portion of ALK with the tyrosine 
kinase domain). 

Expression / Localisation 
Cytoplasmic localization restricted to granules. 

Oncogenesis 
Constitutive autophosphorylation. 
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Identity 

 
t(2;3)(p23;q21) G- banding - Courtesy Melanie Zenger and 
Claudia Haferlach. 

Clinics and pathology 
Disease 
Anaplasic large cell lymphoma: translocations 
involving 2p23 are found in more than half cases of 
anaplasic large cell lymphoma (ALCL), a high grade 
non Hodgkin lymphoma (NHL). They involve ALK, 
and are therefore called ALK+ ALCL. 
The most frequent ALK+ ALCL being the the 
t(2;5)(p23;q35) with NPM1 -ALK fusion protein, 
which localises both in the cytoplasm and in the 
nucleus. 
The t(2;3)(p23;q21) is very rare., and, like other 
t(2;Var) involving various partners and ALK, the 
fusion protein has a cytoplasmic localization; they are 
therefore called "cytoplasm only" ALK+ ALCL. 

Epidemiology 
Only 2 cases to date: a 10 yr old girl and a 19 yr old 
man. 

Clinics 
ALK+ ALCL without the t(2;5) (so called cytoplasmic  

only ALK cases) show clinical features similar to those 
of classical ALK+ ALCL: young age, male 
predominance, presentation with advanced disease, 
systemic symptoms, frequent involvement of 
extranodal sites, and a good prognosis. Nothing in 
particular is known concerning t(2;3) cases. 

Genes involved and proteins 
ALK 
Location 
2p23 

Protein 
1620 amino acids; 177 kDa; glycoprotein (200 kDa 
mature protein); membrane associated tyrosine kinase 
receptor. 

TFG (tropomyosin receptor kinase-
fused gene) 
Location 
3q21 

Protein 
406 amino acids, 44 kDa; widely expressed. 

Somatic mutations 
Apart from the TFG-ALK herein described (see 
below), TFG is also known to de fused to NTRK1 in a 
subset of thyroid papillary carcinomas. 

Result of the chromosomal 
anomaly 
Hybrid gene 
Description 
5' TFG - 3' ALK. 
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Fusion protein 
Description 
83 kDa and 96-97 kDa; as the breakpoint in TPM3 was 
variable, 701 amino acids in the sort er fusion protein, 
composed of 138 N-term amino acids from TFG, 
including the cioled-coil oligomerization domain fused 
to the 562 C-term amino acids from ALK (i.e. the 
entire cytoplasmic portion of ALK with the tyrosine 
kinase domain); homodimerization of the fusion 
protein. 

Expression / Localisation 
Cytoplasmic localisation (in contrast with the 
t(2;5)(p23;q35) with NPM1-ALK, which localizes both 
in the cytoplasm and in the nucleus). 
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t(2;5)(p23;q35) G-banding (left), and R- banding (right); note tetraploid cells (left middle and bottom) - Courtesy Jean-Luc Lai and Alain 
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Clinics and pathology 
Disease 
Translocations involving 2p23 are found in more than 
half cases of anaplasic large cell lymphoma (ALCL), a 
high grade non Hodgkin lymphoma (NHL). They 
involve ALK, and are therefore called ALK+ ALCL. 
The t(2;5) is the far most frequent 2p23 translocation in 
ALK+ ALCL. 

Phenotype/cell stem origin 
T-cell in 80% (or 100%?), or null-cell type; B-cell 
cases, if they exist, would represent cases of large B- 

cell lymphomas; CD30+; present with some 
overlapping features with Hodgkin's disease: CD30 
positivity and Reed-Sternberg like cells, but the t(2;5) 
is not found in Hodgkin's disease (it has long been 
debated). 

Epidemiology 
10% of NHL; found in children and young adults; 
median around 16 yrs). 

Clinics 
Involve lymph nodes and extra nodal sites such as 
lungs and gastro intestinal tract. 
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Cytology 
t(2;5) is found in about 30-50% of anaplastic large cell 
NHL (also called ALCL); it was thought previously 
that the t(2;5) could be found in diffuse large cell NHL 
or immunoblastic NHL; however, cases may easily be 
misdiagnosed, as the malignant cells display a 
pleomorphic appearance. 

Prognosis 
Although t(2;5) is found in aggressive high grade 
tumours, a 80% five yr survival seems to be associated 
with this anomaly. 

Cytogenetics 
Additional anomalies 
Sole anomaly in less than 20% of cases; often part of a 
complex karyotype, with various structural and/or 
numerical anomalies; recurrent numerical anomalies 
are: +7, found in 20% of cases, +9, and +X, in 5 to 10% 
of cases. 

Variants 
Closely related anomalies, also found in anaplastic 
large cell lymphoma, are: t(X;2)(q11;p23), 
t(1;2)(q25;p23), inv(2)(p23q35), t(2;3)(p23;q21), 
t(2;17)(p23;q23), t(2;19)(p23; p13.1) and 
t(2;22)(p23;q11.2). They all involve ALK in 2p23. 

Genes involved and proteins 
ALK 
Location 
2p23 

Protein 
After glycosylation, produces a glycoprotein; 
membrane associated tyrosine kinase receptor. 

NPM1 
Location 
5q35 

Protein 
nuclear localisation; RNA binding nucleolar 
phosphoprotein involved in preribosomal assembly 

Result of the chromosomal 
anomaly 
Hybrid gene 
Description 
5' NPM-3' ALK on der(5). 

Transcript 
2.4 kb 

Fusion protein 
Description 
80 kDa; 680 amino acids; the 116 N-term aminoacids 
from NPM are fused to the 563 C-term aminoacids of 
ALK (i.e. composed of the oligomerization domain and 
the metal binding site of NPM1, and the entire 
cytoplasmic portion of ALK); no apparent expression 
of the ALK/NPM1 counterpart. Characteristic 
localisation both in the cytoplasm and in the nucleus, 
due to heterooligomerization of NPM-ALK and normal 
NPM whereas the normal NPM protein is confined to 
the nucleus; constitutive activation of the catalytic 
domain of ALK. 

Expression / Localisation 
Localisation: both in the cytoplasm and in the nucleus 
(nucleoplasm and nucleolus). 

Oncogenesis 
Via the kinase function activated by oligomerization of 
NPM-ALK mediated by the NPM part. 
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Identity 

 
t(X;11)(q13;q23) G- banding - Courtesy Melanie Zenger and 
Claudia Haferlach. 

Clinics and pathology 
Disease 
Rare type of acute leukemia: acute non lymphocytic 
leukemia (ANLL), and acute lymphoblastic leukemia 
(ALL). 

Note 
Peripheral leucocytes at diagnosis of Case 2 were 
cultured and are presently known as the KARPAS-45 
cell line. 

Epidemiology 
Two cases known in the litterature: Case 1: 7 mths, 
ANLL, male; Case 2: 30 mths, T-ALL, male.CLINICS 
Clinics at presentation: Case 1: Fever, bloody stool. 
WBC: 72.000 X 109/l; Case 2: Mediastinal mass, 
dyspnoea. No hepatosplenomegaly. WBC: 5.600 X 
109/l. 

Prognosis 
Grave, both cases died within a year after diagnosis. 
 
 
 

Cytogenetics 
Probes 
Pooled cDNA FISH-probes from AFX1: AFX 12, 115, 
106, 108, 114. 

Additional anomalies 
In KARPAS 45: Hypotetraploidy. -Y, -3, +6, -14, -18 
t(1;5)(q21;q12.2)x2, del4(4)(q22), del(16)(q22). 

Genes involved and proteins 
AFX1 (All-1 fusion partner on 
chromosome X) 
Location 
Xq13 

MLL (Mixed Lineage Leukemia) 
Location 
11q23 

Result of the chromosomal 
anomaly 
Hybrid gene 
Description 
5' MLL-AFX1 3'and the reciprocal: 5' AFX1-MLL 3'. 

Fusion protein 
Description 
Hybrid transcript MLL-AFX1 contains the code for the 
following domains: AT-hook + DNA methyltransferase 
(from MLL) + part, aa 147-187 of the DNA-binding 
domain (from AFX1). 
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Clinics and pathology 
Disease 
Translocations involving 2p23 are found in more than 
half cases of anaplasic large cell lymphoma (ALCL), a 
high grade non Hodgkin lymphoma (NHL). They 
involve ALK, and are therefore called ALK+ ALCL. 
The most frequent ALK+ ALCL being the the 
t(2;5)(p23;q35) with NPM1 -ALK fusion protein, 
which localises both in the cytoplasm and in the 
nucleus. 
In translocations other than the t(2;5), i.e. in t(2;Var) 
involving various partners and ALK, the fusion protein 
has a cytoplasmic localization; they are therefore called 
"cytoplasm only" ALK+ ALCL. However, in case of a 
t(X;2) the localization is restricted to the 
membrane.The t(X;22)(q11;p23) is very rare. 

Phenotype/cell stem origin 
CD30+; ALK+. 

Clinics 
Only 1 case to date: a 18 yr old man. 

Prognosis 
Unknown: the patient achieved remission, but died of 
an unrelated cause. 

Genes involved and proteins 
MSN 
Location 
Xq11 

Protein 
576 amino acids, 75 kDa; cytoskeleton protein; binds to 
the plasma membrane and interacts with actin. 

ALK 
Location 
2p23 

Protein 
1620 amino acids; 177 kDa; glycoprotein (200 kDa 
mature protein) ; membrane associated tyrosine kinase 
receptor. 

Result of the chromosomal 
anomaly 
Hybrid gene 
Description 
5' MSN - 3' ALK. The breakpoint in ALK is different 
(17 bp downstream) from that observed in NPM1-ALK 
and other hybrid genes. 

Fusion protein 
Description 
1005 amino acids, 125 kDa; 448 N-term amino acid 
from MSN, containing the band 4.1 like domain and 
most of the alpha helix domain, fused to the 557 
(instead of the usual 562) C-term amino acids from 
ALK (i.e. the cytoplasmic portion of ALK with the 
tyrosine kinase domain). 

Expression / Localisation 
Membrane restricted, in contrast with the 
t(2;5)(p23;q35) with NPM1-ALK, which localizes both 
in the cytoplasm and in the nucleus, and with other 
"variant ALK+" which have a cytoplasmic localisation. 

Oncogenesis 
Tyrosine kinase activity. 
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Clinics and pathology 
Embryonic origin 
The histogenesis of this tumour is still unknown, 
despite immunohistochemestry and electron 
microscopy studies. 

Epidemiology 
Often occurs in the young adult, more frequently in 
females. 

Clinics 
Involve the musles and soft tissues of the lower 
extremities in adults (in more than half cases), the head 
and neck regions in the child, but it can also have extra 
muscular localizations, such as the female genital tract, 
the trunk, or the retroperitoneum; brain metastases are 
frequent. 

Pathology 
Secretory process with the formation of cytoplasmic 
crystals can be seen with electron microscopy. 

Treatment 
Aggressive surgical excision. 

Prognosis 
Relatively indolent clinical course. Overall survival of 
adult patients without metastases reaches 87% at 5 
years, and that of adult patients with metastases is 20%, 
with a median survival of 40 months. Pediatric cases  
have a better prognosis, with a 5 years survival of 80% 
 
 
 
 
 
 

for all cases included, reaching 91% in cases without 
metastases. 

Cytogenetics 
Cytogenetics Morphological 
der(X)t(X;17)(p11;q25) is consistently involved; it 
implicates: 1- the formation of a hybrid gene at the 
breakpoint, and also, 2- gain in Xp11-pter sequences, 
and loss of heterozygocity in 11q25-qter, with possible 
implications. 

Genes involved and proteins 
TFE3 
Location 
Xp11 

DNA / RNA 
8 exons. 

Protein 
Transcription factor; member of the basic helix-loop-
helix family (b-HLH) of transcription factors primarily 
found to bind to the immunoglobulin enchancer muE3 
motif. 

ASPSCR1 
Location 
17q25 

Protein 
476 amino acids; contains an UBX domain. 
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Result of the chromosomal 
anomaly 
Hybrid Gene 
Description 
5' ASPSCR1-3' TFE3; the reciprocal 5' TFE3 - 3' 
ASPSCR1 is most often absent. ASPSCR1 is fused in 
frame to TFE3 exon 3 or 4. 

Fusion Protein 
Description 
234 NH2 term amino acids from ASPSCR1, fused to 
the 280 or 315 C term amino acids from TFE3, 
including the activation domain, the helix-loop-helix, 
and the leucine zipper from TFE3. 
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Identity 
Alias: Atypical fibromyxoid tumor; 
Pseudosarcomatous fibromyxoid tumor; Plasma cell 
granuloma; Pseudosarcomatous myofibrotic 
proliferation; Postoperative spindle cell nodules; 
Inflammatory pseudotumor 

Clinics and pathology 
Disease 
Rare soft tissue tumour of controversial nosology; at 
the edge between benign and malignant tumours, with a 
possible heterogeneity. 

Epidemiology 
Found in children and young adults. 

Clinics 
Occurs in the soft tissue and viscera; the tumour is 
localized in lungs, mesentery, retroperitoneum, and 
pelvis. 

Pathology 
Spindle cell proliferation with myofibroblastic 
differenciation with a collagen stroma and an 
inflammatory infiltrate of lymphocytes, eosinophils, 
and plasma cells. 

Treatment 
Surgical excision. 

Prognosis 
This tumour has an indeterminate or low malignant 
potential; tumour related deaths (occuring in less than 
10% of cases) are due to local invasion, not to distant 
metastases. 

Genetics 
Note 
About one third to half of the cases present with a 2p23 
rearrangement involving the gene ALK; this subset of 
tumours should have a different genetic background, 
and may have a different behaviour, in terms of 
epidemiology (younger age?), prognosis... 

Cytogenetics 
Cytogenetics Morphological 
So far, t(1;2)(q25;p23), t(2;17)(p23;q23), and 
t(2;19)(p23;p13.1) have been described. 

Genes involved and proteins 
Note 
These translocations involve ALK in 2p23, and either 
TPM3 in 1q25, CLTC in 17q23, or TPM4 in 19p13. 

ALK 
Location 
2p23 

Protein 
1620 amino acids; 177 kDa; glycoprotein (200 kDa 
mature protein); membrane associated tyrosine kinase 
receptor. 

TPM3 (tropomyosin alpha chain) 
Location 
1q25 

Protein 
284 amino acids, 33 kDa; coiled coil structure; role in 
calcium dependant actin-myosin interaction. 
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CLTC (clathrin heavy polypeptide) 
Location 
17q23 

Protein 
1675 amino acids, 191 kDa; mediates endocytosis of 
transmembrane receptors. 

TPM4 (tropomyosin fibroblast, non 
muscle type) 
Location 
19p13.1 

Protein 
248 amino acids, 29 kDa; coiled coil structure. 

Result of the chromosomal 
anomaly 
Hybrid Gene 
Description 
5' partner - 3' ALK. 

Fusion Protein 
Description 
N-term amino acids from the partner gene fused to the 
562 C-term amino acids from ALK (i.e. the entire 
cytoplasmic portion of ALK with the tyrosine kinase 
domain); homodimerization of the fusion protein is 
known or suspected. 
 
 
 
 
 
 

To be noted 
Note 
ALK and some of the above ALK partners, or closely 
related genes, are found implicated in anaplasic large 
cell lymphoma; this is a new concept, that 2 different 
types of tumour may result from the same 
chromosomal/genes rearrangement. 
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Classification 

 
Low power image of t(X;17) renal carcinoma section showing characteristic alveolar pseudopapillary architecture with dark staining 
psammomatous calcifications - Courtesy Matt Burtelow and Charles D. Bangs. 
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Clinics and pathology 
Disease 
Previously diagnosed as papillary renal cell carcinoma, 
they share cytogenetic features with alveolar soft part 
sarcoma, and they exibit pathological characteristics of 
one or the other tumours, or intermediate features. 

Epidemiology 
Mainly found in young patients (1.5 yr to 17 yrs in a 
series). 

Treatment 
Surgery. 

Prognosis 
Relatively indolent clinical course. 
 

 
High-power image showing typical clear cells with voluminous cytoplasm and a large psammoma body - Courtesy Matt Burtelow and 
Charles D. Bangs. 

 
Hilar lymph node section showing replacement of normal nodal structure by nests of metastatic renal cell carcinoma - Courtesy Matt 
Burtelow and Charles D. Bangs. 
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Cytogenetics 

 
t(X;17)(p11;q25) G- banding: - Courtesy Charles D. Bangs. 

 

Cytogenetics Morphological 
Balanced t(X;17)(p11.2;q25). This is in contrast with 
what is found in the alveolar soft part sarcoma where 
the tranlocation t(X;17)(p11.2;q25) involves the same 
breakpoints and the same genes, but is found 
unbalanced in most, if not all, the cases. 

Genes involved and proteins 
TFE3 
Location 
Xp11 

DNA / RNA 
8 exons 

Protein 
Transcription factor; member of the basic helix-loop-
helix family (b-HLH) of transcription factors primarily 
found to bind to the immunoglobulin enchancer muE3 
motif. 

ASPSCR1 
Location 
17q25 

Protein 
476 amino acids; contains an UBX domain. 

Result of the chromosomal 
anomaly 

Hybrid Gene 
Description 
5' ASPSCR1-3' TFE3;. ASPSCR1 is fused in frame to 
TFE3 exon 3 or 4 the reciprocal 5' TFE3 - 3' ASPSCR1 
may or may not be transcribed. 

Fusion Protein 
Description 
NH2 term from ASPSCR1, fused to the C term of 
TFE3, including the activation domain, the helix-loop-
helix, and the leucine zipper from TFE3. 
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Clinics and pathology 
Disease 
Inflammatory myofibroblastic tumors. 

Clinics 
Rare soft tissue tumour found in children and young 
adults. 

Pathology 
Spindle cell proliferation with myofibroblastic 
differenciation and an inflammatory infiltrate. 

Prognosis 
Low malignant potential and good prognosis. 

Disease 
Anaplasic large cell lymphoma: translocations 
involving 2p23 are found in more than half cases of 
anaplasic large cell lymphoma (ALCL), a high grade 
non Hodgkin lymphoma (NHL). They involve ALK, 
and are therefore called ALK+ ALCL. 
The most frequent ALK+ ALCL being the the 
t(2;5)(p23;q35) with NPM1 -ALK fusion protein, 
which localises both in the cytoplasm and in the 
nucleus. 
The t(1;2)(q25;p23) is very rare., and, like other 
t(2;Var) involving various partners and ALK, the 
fusion protein has a cytoplasmic localization; they are 
therefore called "cytoplasm only" ALK+ ALCL. 

Epidemiology 
A very few (four) cases known so far. 

Clinics 
ALK+ ALCL without the t(2;5) (so called cytoplasmic 
only ALK cases) show clinical features similar to those 
of classical ALK+ ALCL: young age, male 
predominance, presentation with advanced disease, 
systemic symptoms, frequent involvement of 

extranodal sites, and a good prognosis. Nothing in 
particular is known concerning t(1;2) cases, as cases 
are not documented. 

Cytogenetics 
Complex karyotypes and/or hidden translocation in the 
2 cases with cytogenetic data; FISH analyses are 
essential. 

Genes involved and proteins 
TPM3 (tropomyosin alpha chain) 
Location 
1q25 

Protein 
284 amino acids, 33 kDa; coiled coil structure; role in 
Calcium dependant actin-myosin interaction. 

ALK 
Location 
2p23 

Protein 
1620 amino acids; 177 kDa; glycoprotein (200 kDa 
mature protein); membrane associated tyrosine kinase 
receptor. 

Result of the chromosomal 
anomaly 
Hybrid Gene 
Description 
5' TPM3 - 3' ALK. 

Fusion Protein 
Description 
104 kDa ; 221 (?) N-term amino acids from TPM3 
fused to the 562 C-term amino acids from ALK (i.e. the 
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entire cytoplasmic portion of ALK with the tyrosine 
kinase domain); homodimerization of the fusion 
protein. 

Expression / Localisation 
Cytoplasmic localisation (in contrast with the 
t(2;5)(p23;q35) with NPM1-ALK, which localizes both 
in the cytoplasm and in the nucleus). 

Oncogenesis 
TPM3-ALK is contituvely activated. 
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Clinics and pathology 
Disease 
Inflammatory myofibroblastic tumors. 

Clinics 
Rare soft tissue tumour found in children and young 
adults. 

Pathology 
Spindle cell proliferation with myofibroblastic 
differenciation and an inflammatory infiltrate. 

Prognosis 
Low malignant potential and good prognosis. 

Genes involved and proteins 
ALK 
Location 
2p23 

Protein 
1620 amino acids; 177 kDa; glycoprotein (200 kDa 
mature protein) ; membrane associated tyrosine kinase 
receptor. 

CLTC (clathrin heavy polypeptide) 
Location 
17q23 

Protein 
1675 amino acids, 191 kDa; mediate endocytosis of 
transmembrane receptors. 

Result of the chromosomal 
anomaly 
Hybrid Gene 
Description 
5' CLTC - 3' ALK 

Fusion Protein 
Description 
2196 amino acids. 1634 N-term amino acid from 
CLTC, containing nearly all of CLTC, including the 
triskelion assembly domain, fused to the 562 C-term 
amino acids from ALK (i.e. the entire cytoplasmic 
portion of ALK with the tyrosine kinase domain). 
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Clinics and pathology 
Disease 
Inflammatory myofibroblastic tumors. 

Clinics 
Rare soft tissue tumour found in children and young 
adults. 

Pathology 
Spindle cell proliferation with myofibroblastic 
differenciation and an inflammatory infiltrate. 

Prognosis 
Low malignant potential and good prognosis. 

Genes involved and proteins 
ALK 
Location 
2p23 

Protein 
1620 amino acids; 177 kDa; glycoprotein (200 kDa 
mature protein); membrane associated tyrosine kinase 
receptor. 

TPM4 (tropomyosin fibroblast, non 
muscle type) 
Location 
19p13.1 

Protein 
248 amino acids, 29 kDa; coiled coil structure 
 
 

Result of the chromosomal 
anomaly 
Hybrid Gene 
Description 
5' TPM4 - 3' ALK 

Fusion Protein 
Description 
783 amino acids. N-term TPM4 containing all but its 
27 C-term amino acids, including the coiled coil 
domain, fused to the 562 C-term amino acids from 
ALK (i.e. the entire cytoplasmic portion of ALK with 
the tyrosine kinase domain). 

Expression / Localisation 
Predominantly cytoplasmic. 

Oncogenesis 
TPM4-ALK is contituvely activated. 
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Identity 
Alias 
Zinsser Cole Engeman syndrome ; Hoyeraal 
Hreidarsson syndrome 

Note 
Hoyeraal Hreidarsson syndrome is a more severe 
variant. 

Inheritance 
X-linked recessive form constitute more than 80% of 
cases and 91% of DKC patients are males. 

Clinics 
Note 
The disease is characterised by a multisystem failure, 
affecting essentially tissues with a high proliferation 
rate: skin, mucous membranes, bone marrow. 

Phenotype and clinics 
 Short stature (16%). 
 Cutaneous signs: 
 Hyperpigmentation, telangiectasia, atrophy 
(poïkilodermia); 
 Dystrophic nails and palmoplantar keratoderma, 
hyperhidrosis; 
 Mucosal leucoplakia; 
 Dental caries or loss (18%);  
 Blepharitis, conjunctivitis, epiphora (36%);  
 Sparse eyebrows / eyelashes; 
 Alopecia (16%); 
 Urethral stricture, phimosis (7%). 
 Bone marrow failure, peripheral pancytopenia (93%). 
 Others signs:  
 Oesophageal stricture (14%): 
 Pulmonary fibrosis (19%): 
 
 
 

 Liver cirrhosis (5%): 
 Hypogonadism (8%); 
 Abnormal bone trabeculation, osteoporosis (4%)  
Immune abnormalities: reduced or increased 
immunoglobulin level, T- and/or B-lymphocyte 
deficiency. 
 Mild Mental Retardation, learning difficulties (21%). 

Prognosis 
 The major part of patients di before 20 years, mainly 
from infectious complications of immune deficiency. 
 90% of patients have haematological abnormalities 
when 30 year-old, and bone marrow failure is the main 
cause of early morbidity in 71% of cases. It can evolve 
toward aplastic anemia or myelodysplasia. 
 The mucosal leucoplakia can transform into 
spinocellular carcinoma. 
 Other carcinomas can develop during the third decade 
of life: lung, colon, larynx, oesophagus, pancreas, 
Hodgkin disease. 

Cytogenetics 
Inborn conditions 
An excess of chromosome breakages has been reported 
in DKC but this finding is controversial; not frequently, 
rearrangements comparable to what is observed in 
Fanconi anemia are described: chromosome instability 
and breakage (di- and tricentric chromosomes), either 
spontaneous or induced by clastogenic agents 
(mitomycin C). Cells with a high turn-over (skin 
fibroblasts, lymphocytes, bone marrow cells, digestive 
tract) would be particularly sensitive to chromosome 
rearrangements and DNA damage. 
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Leucokeratosis of the tongue, poïkilodermia of the foot and the trunk, onychopathy. Courtesy Daniel Wallach. 

 

Genes involved and proteins 
DKC1 
Location 
Xq28 
Protein 
Description: DKC1 encodes for Dyskerin, a 514 
aminoacid protein 
Expression: Widespread tissue repartition. 
Function: Dyskerin is the nucleolar pseudouridine 
synthetase component of the box H+ACA snoRNAs. It 
also interacts with the RNA component of human 
telomerase. Chromosome instability could be linked to 
increased telomere shortening due to an alteration in 
telomerase-dependant telomere maintenance. DKC1 
plays a role in ribosomal RNA synthesis and in 
ribosome biogenesis; DKC is a human ribosomopathy. 
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