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Identity 
Hugo: HMGA2 
Other names: HMGIC (High mobility group protein 
isoform I-C) 
Location: 12q15 
Local order: telomeric to CDK4, centromeric to 
MDM2. 
 

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

DNA/RNA 
Description 
5 exons, spans approximately 160 kb; a sixth 
alternative terminal exon within intron 3 has been 
described. 

Transcription 
RNA: 4.1 kb. Transcription initiated from two different 
promoter regions. A polymorphic dinucleotide repeat 
upstream of the ATG start codon strongly regulates 
HMGA2 expression. Moreover, HMGA2 is controlled 
by negatively acting regulatory elements within the 
3'UTR. 
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Protein 

 
Description 
109 amino acids; three DNA binding domains (AT 
hooks) linked to the carboxy-terminal acidic domain 
that does not activate transcription. 

Expression 
Fetal tissues: expression in various tissues, prominent 
in kidney, liver and uterus; adult tissues: no expression 
except in lung and kidney; tumors: expression in 
benign mesenchymal tumor tissues correlated to 12q15 
rearrangements; expressed in malignant tumours (e.g., 
in breast tumours, pancreas tumours, lung tumours, 
nerve system tumours, oral cavity tumours). 

Localisation 
Nuclear. 

Function 
Architectural factor, non histone, preferential binding 
to AT rich sequences in the minor groove of DNA 
helix; the precise function remains to be elucidated; 
probable role in regulation of cell proliferation. 

Homology 
Member of the HMGI protein family. 

Mutations 
Germinal 
Deletion of HMGIC in mutant mice or transgenic' 
knock out' mice for the first two exons of HMGIC have 
the 'pigmy' phenotype: low birth weight, craniofacial 
defects, adipocyte hypoplasia adult body weight about 
40% of normal; mice with a partial or complete 
deficiency of HMGA2 resisted diet-induced obesity 
implicating a role of the gene in fat cell proliferation; 
truncations of mouse Hmga2 in transgenic mice result 
in somatic overgrowth and, in particular, increased 
abundance of fat and lipomas; overexpression of the 
HMGA2 gene in transgenic mice leads to the onset of 
pituary adenomas secreting prolactic and growth 
hormone; HMGA2-null mice had very few spermatids 
and complete absence of spermatozoa. 
8-year-old boy had a de novo pericentric inversion of 
chromosome 12, with breakpoints at p11.22 and q14.3. 
The phenotype included extreme somatic overgrowth, 
advanced endochondral bone and dental ages, a 
cerebellar tumour, and multiple lipomas. His 

chromosomal inversion was found to truncate HMGA2, 
which maps to the 12q14.3 breakpoint. 

Implicated in 
MESENCHYMAL BENIGN TUMORS as 
follows: 
Lipoma 
Disease 
Benign adipocyte tumor. 

Prognosis 
Good. 

Cytogenetics 
Various rearrangements involving 12q15 
(translocations, inversions, deletions...); reciprocal 
translocations involve 12q15 with different partners 
such as chromosomes 1, 2, 3, 7, 10, 11, 13, 15, 17, 21, 
X; the most frequent anomaly is t(3;12)(q27-28;q15); 
cryptic rearrangements, such as paracentric inversions 
not detectable by conventional cytogenetics but 
detectable by FISH, have been described. 

Hybrid/Mutated Gene 
For t(3;12): HMGIC - LPP (LPP: lipoma preferred 
partner; 3q27-28); a gene located in 13q, LHFP (lipoma 
HMGIC fusion partner) was found to be fused with 
HMGIC in one case of lipoma; one lipoma displayed 
fusion of HMGA2 exon 4 with a sequence from intron 
4, indicating abnormal splicing; HMGA2 - CMKOR1 
in three cases with aberrations involving 2q35-37 and 
12q13-15; HMGA2 - NFIB in one lipoma. 

Abnormal Protein 
HMGIC-LPP; the three AT hook domains at the 
aminoterminal of HMGIC are fused to the LIM domain 
of LPP; another fusion protein due to the fusion of 
HMGIC with a putative gene located at 15q24 
predicted to encode a protein with a serine/threonine-
rich domain has also been described. 

Oncogenesis 
The relevance of the exact role LPP in the HMGA2-
LPP fusion is not established yet, but the 
transactivation functions of the LPP LIM domains are 
retained in the fusion protein and the fusion protein can 
function as a transcription factor; the truncation of 
HMGA2 by itself may have a role in the tumorigenesis. 

Uterine leiomyoma (uterine fibroids) 
Disease 
Benign mesenchymal tumors 

Prognosis 
Good 

Cytogenetics 
Approximately 40% of uterine leiomyomas have  
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structural chromosomal rearrangements, about 10% of 
which involve 12q15 (translocations, inversions, 
deletions...); the most frequent anomaly is 
t(12;14)(q15;q23-24). 

Hybrid/Mutated Gene 
In a majority of cases, there is no fusion gene: the 
breakpoint is located 10 kb up to 100 kb 5' to HMGIC; 
the recombinational repair gene RAD51B is a 
candidate to be the partner gene of HMGIC in t(12;14). 
In two cases (out of 81 primary tumors) exon 7 of 
RAD51B was fused in frame to either exon 2 or 3 of 
the HMGA2 gene; in one case with paracentric 
inversion, HMGIC exon 3 was fused to ALDH2 exon 
13 (12q24.1); in one case (no cytogenetic analysis) 
HMGIC exon 3 was fused to COX6C 3' UTR (8q22-
23); in one case, with apparently normal karyotype, 
exon 3 of HMGIC was fused to retrotransposon-like 
sequences RTVLH 3' LTRs; three fusion transcripts 
contained 3' cryptic exonic sequences present in intron 
3 of the HMGA2 gene (breakpoints downstream of 
exons 3 or 4), suggesting that they are due to 
alternative splicing; one case displayed fusion of the 
first two exons of HMGA2 to the 3' portion of the 
CCNB1IP1/C14orf18/HEI10 gene 

Abnormal Protein 
HMGIC-ALDH2: ALDH2 contribution was only 10 
amino acids. 
Oncogenesis 
HMGIC-ALDH2: it is suggested that the truncation of 
HMGIC, rather than fusion may be responsible for 
tumorigenesis; the 3' untranslated region may stabilize 
the HMGIC messenger RNA. 

Pleomorphic adenoma of the salivary 
gland (or mixed salivary gland tumor) 
Disease 
Benign tumors from the major or minor salivary 
glands. 

Prognosis 
Good. 

Cytogenetics 
Approximately 12% of pleomorphic adenomas of 
salivary glands show abnormalities involving HMGIC 
in 12q15; the most frequent aberration is 
t(9;12)(p24.1;q15). 

Hybrid/Mutated Gene 
In t(9;12): HMGIC - NFIB fusion; another type of 
fusion HMGIC - FHIT (3p14.2) has also been 
described. 

Pulmonary chondroid hamartoma of the 
lung 
Disease 
Benign mesenchymal tumors of the lung. 

Prognosis 
Good. 

Cytogenetics 
Various rearrangements involving 12q15 leading to 
HMGIC dysregulation; cryptic rearrangements such as 
paracentric inversions not detectable by conventional 
cytogenetics but detectable by FISH have been 
described. 
Hybrid/Mutated Gene 
In two cases with apparently normal karyotypes, exon 3 
of HMGIC was fused to retrotransposon-like sequences 
RTVLH 3' LTRs; in cases with t(3;12)(q27-28;q14-15) 
(see lipomas), a fusion of HMGA2-LPP was described; 
only 1/61 cases with normal karyotype displayed 
HMGA2-LPP fusion; three cases with rearrangements 
involving 12q14-15 and 13q12-14 lacked 
rearrangements of HMGA2-LHFP. 
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Endometrial polyps 
Disease 
Uterine benign tumors. 

Prognosis 
Good. 

Cytogenetics 
Various rearrangements involving 12q15 leading to 
HMGIC dysregulation; cryptic rearrangements such as 
paracentric inversions not detectable by conventional 
cytogenetics but detectable by FISH have been 
described; in one case, HMGIC was amplified and 
overexpressed. 

Myofibroblastic inflammatory tumor 
Disease 
Benign mesenchymal tumors. 

Prognosis 
Good. 

Cytogenetics 
In one case, a complex rearrangement involving 
chromosomes 12 (in 12q15), 4 and 21 was described. 

Hybrid/Mutated Gene 
An aberrant transcript was produced by the fusion of 
HMGIC exon 3 to an ectopic sequence originating from 
the third intron of HMGIC. 

Chondrolipoangioma 
Disease 
A rare benign type of mesenchyomas composed 
predominantly of cartilage and adipose tissue with 
vascular elements and myxoid elements. 

Cytogenetics 
One case demonstrated t(12;15)(q13;q26). FISH 
analysis revealed rearrangement of chromosomes 2, 12 
and 15 and HMGA2. 

Chondromas 
Disease 
Benign cartilage tumours. 

Cytogenetics 
HMGA2 was expressed in 4/6 soft tissue chondromas 
(all with 12q-rearrangements cytogenetically), three 
cases showed truncated (exons 1-3) transcripts, one 
case displayed a t(3;12)(q27;q15) and RT-PCR 
demonstrated a HMGA2-LPP fusion transcript 
composed of HMGA2 exons 1-3 and LPP exons 9-11. 

Hyaline vascular Castleman's disease 
Cytogenetics 
one case with der(6)t(6;12)(q23;q15)del(12)(q15) is 
described. 
 
 

Hybrid/Mutated Gene 
A combined immunologic-cytogenetic approach 
demonstrated HMGA2 rearrangement in follicular 
dendritic cells. 

Prolactinoma 
Disease 
Prolactin-secreting pituary adenoma, non-
metastasizing. 

Cytogenetics 
Trisomy 12 nonrandom finding in pituary adenomas. 

Hybrid/Mutated Gene 
HMGA2 locus amplified in 7/8 prolactinomas. 

Aggressive angiomyxoma of the vulva 
Disease 
Myxoid mesenchymal neoplasm. 

Prognosis 
Infiltrative neoplasm, locally destructive recurrences, 
no metastatic potential. 

Cytogenetics 
One case displayed t(8;12)(p12;q15). 

Hybrid/Mutated Gene 
FISH demonstrated a breakpoint 3' of the gene, the 
tumour expressed HMGA2. 

MALIGNANT TUMORS as follows: 
Well-differentiated liposarcoma 
Disease 
Malignant adipocyte tumor; peripheral or 
retroperitoneal location. 

Prognosis 
Rather good; borderline malignancy; locally 
aggressive, rarely metastasizes. 

Cytogenetics 
Supernumerary ring or giant marker chromosomes 
containing 12q14-15 amplification (surrounding 
MDM2); HMGIC is frequently amplified together with 
MDM2; rearrangement of HMGA2, in addition to 
amplification has been described. 

Hybrid/Mutated Gene 
Ectopic sequences from 12q14-15, 1q24, 11q14, and 
chromosome 2 was shown to be fused to HMGA2 exon 
2 or 3. 

Uterine leiomyosarcoma 
Disease 
Malignant counterpart of uterine leiomyoma. 

Prognosis 
Poor. 
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Cytogenetics 
12q13-15 region is recurrently amplified. 

Hybrid/Mutated Gene 
HMGA2 amplified within this region. 

Osteosarcoma 
Disease 
Malignant tumor. 

Hybrid/Mutated Gene 
In one osteosarcoma cell line (OsA-Cl) the three DNA 
binding domains of HMGIC fused to the keratan sulfate 
protein glycan gene LUM (12q22-23); LUM was fused 
out of frame, and only 3 amino acids were fused to 
HMGIC; in addition, the rearranged gene was 
amplified. 

Myelofibrosis with myeloid metaplasia 
Disease 
Rare chronic myeloproliferative disorder. 
Prognosis 
Variable. 

Cytogenetics 

One case with t(4;12)(q32;q15) and one case with 
t(5;12)(p14;q15). 

Hybrid/Mutated Gene 
FISH analysis suggested breakpoint in HMGA2, RT-
PCR revealed that HMGA2 is expressed in blood 
mononuclear cells from patients with this disease. 

Acute lymphoblastic leukaemia 
Disease 
Heterogenous disease that arises in precursor B or T 
cells. 

Cytogenetics 
One case with a t(9;12)(p22;q14), frequent deletions at 
12q14.3. 

Hybrid/Mutated Gene 
t(9;12): FISH analysis indicated a breakpoint in the 5' 
region of the gene, RT-PCR showed overexpression of 
HMGA2 lacking the carboxyterminal tail; deletions 
covering the 5' end of HMGA2. 
 

Breakpoints 
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Identity 
Hugo: SUZ12 
Other names: KIAA0160; CHET9 
Location: 17q11.2 

DNA/RNA 
Description 
16 exons; spans 64 kb. 

Transcription 
4,441 kb cDNA. 

Pseudogene 
Yes, also located in 17q11.2, contains exons 1-9. 

Protein 
Description 
739 amino acids. 

Expression 
Tissue and stage specifically expressed; expression is 
noted in embryonic, juvenile and adult tissues. The 
tissues or organs that express SUZ12 are: bladder, 
blood, bone, bone marrow, brain, cervix, colon, eye, 
heart, kidney, liver, lung, lymph node, mammary gland, 
muscle, ovary, pancreas, peripheral nervous system, 
placenta, prostate, skin, soft tissue, stomach, tongue, 
testis, uterus, and the vascular system. 

Localisation 
Nucleus. 

Function 
SUZ12 is a zinc finger protein and member of the 
polycomb group (PcG) protein family. They act by 
forming multiprotein complexes, which are required to 
maintain the transcriptionally repressive state of  

homeotic genes throughout development. PcG proteins 
are required to maintain the repression during later 
stages of development. They probably act via the 
methylation of histones, rendering chromatin heritably 
changed in its expressibility. SUZ12 is a component of 
the PRC2 complex, which methylates Lys-9 and Lys-
27 residues of histone H3. SUZ12 is induced by E2F1 
transcription factor. 

Homology 
Polycomb group of proteins. 

Mutations 
Germinal 
Deleted in patients with Neurofibromatosis type 1 and 
large deletions in the NF1 gene region type-1 (spanning 
1.4 Mb). 

Somatic 
Disrupted by deletion breakpoints of 
Neurofibromatosis type 1 patients with deletions that 
span 1.2 Mb (type-2 deletions). JJAZ1/SUZ12 has been 
identified at the breakpoints of a recurrent 
chromosomal translocation reported in endometrial 
stromal sarcoma and the translocation mediated 
recombination of both leads to a JJAZ1/JAZF1 fusion 
gene. 

Implicated in 
Endometrial stromal neoplasms with 
classic histology 
Cytogenetics 
Nonrandom t(7;17)(p15;q21) in endometrial stromal 
neoplasms. 

Hybrid/Mutated Gene 
JJAZ1/JAZF1 fusion gene. 
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Abnormal Protein 
Unknown. 

Oncogenesis 
Unknown. 

References 
Hrzenjak A, Moinfar F, Tavassoli FA, Strohmeier B, Kremser 
ML, Zatloukal K, Denk H. JAZF1/JJAZ1 gene fusion in 
endometrial stromal sarcomas: molecular analysis by reverse 
transcriptase-polymerase chain reaction optimized for paraffin-
embedded tissue. J Mol Diagn 2005;7(3):388-395. (Review). 

Kehrer-Sawatzki H, Kluwe L, Sandig C, Kohn M, Wimmer K, 
Krammer U, Peyrl A, Jenne DE, Hansmann I, Mautner VF. 
High frequency of mosaicism among patients with 
neurofibromatosis type 1 (NF1) with microdeletions caused by 
somatic recombination of the JJAZ1 gene. Am J Hum Genet 
2004;75(3):410-423. 

Huang HY, Ladanyi M, Soslow RA. Molecular detection of 
JAZF1-JJAZ1 gene fusion in endometrial stromal neoplasms 
with classic and variant histology: evidence for genetic 
heterogeneity. Am J Surg Pathol 2004;28(2):224-232. 

Micci F, Walter CU, Teixeira MR, Panagopoulos I, Bjerkehagen 
B, Saeter G, Heim S. Cytogenetic and molecular genetic 
analyses of endometrial stromal sarcoma: nonrandom 
involvement of chromosome arms 6p and 7p and confirmation 
of JAZF1/JJAZ1 gene fusion in t(7;17). Cancer Genet 
Cytogenet 2003;144(2):119-124. 

Petek E, Jenne DE, Smolle J, Binder B, Lasinger W, 
Windpassinger C, Wagner K, Kroisel PM, Kehrer-Sawatzki H. 
Mitotic recombination mediated by the JJAZF1 (KIAA0160) 
gene causing somatic mosaicism and a new type of 
constitutional NF1 microdeletion in two children of a mosaic 
female with only few manifestations. J Med Genet 
2003;40(7):520-525. 

Koontz JI, Soreng AL, Nucci M, Kuo FC, Pauwels P, van Den 
Berghe H, Cin PD, Fletcher JA, Sklar J. Frequent fusion of the 
JAZF1 and JJAZ1 genes in endometrial stromal tumors. Proc 
Natl Acad Sci USA 2001;98(11):6348-6353. 

This article should be referenced as such: 
Kehrer-Sawatzki H. JJAZ1 (joined to JAZF1). Atlas Genet 
Cytogenet Oncol Haematol.2006;10(3):149-150.  

 

 

 



 
 
 
 

 
 

Gene Section 
Mini Review 
 

Atlas Genet Cytogenet Oncol Haematol. 2006;10(3)  151 

Atlas of Genetics and Cytogenetics 
in Oncology and Haematology                          

                         OPEN ACCESS JOURNAL AT INIST-CNRS 

MYST3 (MYST histone acetyltransferase 
(monocytic leukemia) 3 
Jean-Loup Huret, Sylvie Senon 

Genetics, Dept Medical Information, UMR 8125 CNRS, University of Poitiers, CHU Poitiers Hospital, F-
86021 Poitiers, France 

Published in Atlas Database: December 2005 

Online updated version: http://AtlasGeneticsOncology.org/Genes/MYST3ID25ch8p11.html  
DOI: 10.4267/2042/38313 

This work is licensed under a Creative Commons Attribution-Non-commercial-No Derivative Works 2.0 France Licence. 
© 2006 Atlas of Genetics and Cytogenetics in Oncology and Haematology 

 

Identity 
Hugo: MYST3 
Other names: MOZ (monocytic leukemia zinc finger); 
ZNF220; RUNXBP2 
Location: 8p11 

DNA/RNA 
Description 
The gene spans121 kb on minus strand; 17 exons. 

Transcription 
7.85 kb. 

Protein 
Description 
2004 amino acids; 225 kDa; composed from N-term of: 
a NEMM domain (N-term region of ENOK, MOZ or 
MORF) including a H15 (linker H1 and H5 like) 
nuclear localization domain, 2 PHD (plant 
homeodomain, also known as LAP (leukemia 

associated protein)) Zn fingers (C4HC3), a C2HC Zn 
finger, essential part of the histone acyl transferase 
domain (HAT MOZ-SAS), an acidic (Glu-Asp) 
domain, localisation of breakpoints in the inv(8) and in 
the t(8;22) in 1118, and a Ser-(Pro-Glu)-Met rich 
domain, localisation of the t(8;16) breakpoint in 1547. 

Localisation 
Nucleus. 

Function 
Lysine acetyltransferase activity (histone acyl 
transferase); MYST3 (MOZ) and MYST4 (MORF) 
possess both transcription activation and transcription 
repression domains; transcriptional regulators; interact 
with RUNX1 and RUNX2; Moz, the zebrafish ortholog 
of MYST3, was also found to regulate Hox expression; 
Moz behaves like a trithorax group factor. 

Homology 
With MYST4 (MORF) (monocytic leukemia zinc 
finger protein-related factor), a transcription regulator 
with positive and negative domains and activities. 
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Implicated in 
t(2;8)(p23;p11) in therapy related 

myelodysplastic syndrom �  MYST3 / ? 
Disease 
Only 1 case to date, a boy aged 6 years. 

inv(8)(p11q13) in acute myelomonocytic 
or monocytic leukaemia (M4 or M5 AML) 

�  MYST3 / NCOA2 
Disease 
Erythrophagocytosis; very rare: less than 10 cases; 
young age, and female sex. 

Prognosis 
Likely to be poor. 

Hybrid/Mutated Gene 
5' MYST3 - 3' NCOA2. 

Abnormal Protein 
The fusion product retains the zinc fingers, the the 
histone acetyl transferase (HAT) domain of MYST3 
and the HAT domains and CREBBP interacting 
domain of NCOA2. 

t(8;16)(p11;p13) in acute 
myelomonocytic or monocytic 
leukaemia (M4 or M5 AML) and therapy 

related AML (t-AML) �  MYST3 / 
CREBBP 
Disease 
Erythrophagocytosis; rare: less than 1% of AML; found 
in children and young adults of both sex. 

Prognosis 
Poor. 

Hybrid/Mutated Gene 
5’ MYST3 - 3’ CREBBP. 

Abnormal Protein 
The fusion product retains the zinc fingers, the HAT 
domain of MYST3 and most of CREBBP, including 
the CREBBP interacting domain and the HAT domain; 
the fusion protein may repress RUNX1-dependant gene 
expression. 

t(8;22)(p11; q13) in acute 
myelomonocytic or monocytic 

leukaemia (M4 or M5 AML) �  MYST3 / 
EP300 
Disease 
Erythrophagocytosis; very rare: less than 5 cases. 

Prognosis 
Likely to be poor. 

Oncogenesis 
EP300 is very similar to CRBBP (see above), the 
breakpoints on these 2 genes are on homologous 
regions; the breakpoint on MYST3 is more proximal in 
the t(8;22). 

Breakpoints 

 

To be noted 
Note: MYST3 and MLL share: a common dual 
transcription activation / repression activity; probable 
or certain HOX genes expression regulation; 2 common 
translocation partners: CREBBP and EP300 giving rise 
to AML and t-AML with poor prognoses. 
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Identity 
Hugo: PLCB1 
Other names: PLC-I; PI-PLC; PLC-154 
Location: 20p12.3 

Local order: between the markers D20S917 and 
D20S177. 
 

 
 

Panel A: structure of PLCB1a and PLCB1b human cDNAs. Upper, PLCB1a; middle, PLCB1b; lower, PLCB1b with different 3'- UTR. 
Panel B: structure of the splicing variant lacking exons 4-9. 
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DNA/RNA 
Description 
33 small exons and introns spanning about 250 kbp. 
Transcription 
By alternative splicing at the 3-prime end the gene 
produces 2 variants: PLCB1a (1.216 aminoacids, 6705 
bp mRNA) and PLCB1b (1.173 aminoacids, 6823 bp 
mRNA). An additional exon at the 5-prime end was 
identified, which gives a smaller isoform, and another 
PLCB1b isoform, which is produced by using an 
alternative 3’-UTR. 

Pseudogene 
No known pseudogenes. 

Protein 

 
 

PH = Pleckstrin Homology Domain; 
EF = EF-Hand Domain; 
X and Y = Catalytic Domain; 
C2 = Calcium-binding Domain; 
NLS = Nuclear Localisation Signal (common to both isoforms); 
NES = Nuclear Export Signal 

Description 
PLC beta1 contains a PH-domain at the NH2-terminus, 
which is present in many signalling proteins, that binds 
to polyphosphoinositides and to inositol phosphates. 
Two additional modules are also present: an EF-hand 
domain, located between the PH and X domains, and a 
C2 domain, which is sometimes represented as part of 
an extended Y domain. 

Expression 
PLC beta1 is ubiquitous at different levels of 
expression: higher signal intensities were observed in 
some CNS areas, such as the amygdala, caudate 
nucleus, and hippocampus, and PLCB1a appeared to be 
expressed at slightly higher levels in most tissues. PCR 
analysis of embryonic and adult rat tissues indicated 
restricted expression of both isoforms to embryonic and 
adult brain, with lower levels of expression in lung and 
testis. 

Localisation 
By using confocal immunolocalization of endogenous 
or transfected epitope-tagged PLC beta1, for 
subcellular localisation it has been shown that PLCB1a 
is within the cytoplasm and at the plasma membrane 
but localises also in the nucleus. PLCB1b is almost 
completely nuclear. 

Function 
Phospholipase C-beta (PLC beta) catalyzes the 
generation of inositol 1,4,5-trisphosphate (IP3) and 
diacylglycerol (DAG) from phosphatidylinositol 4,5-
bisphosphate (IP2), a key step in the intracellular 
transduction of many extracellular signals. PLCB1 is 
one of several mammalian PLCB isoforms which differ 
in their function and expression patterns in vivo. PLC 
beta1 protein is present in the nucleus and is involved 
in the control of the cell cycle. 

Homology 
96% with bovine PLC beta1; The amino acid sequences 
of PLC isozymes are relatively not conserved except 
for two regions, known as the X and Y domains that 
form the catalytic core which is 60% homologous 
among all mammalian isozymes. 

Mutations 
Note: Until now only deletions have been relevated by 
using FISH analysis. 

Implicated in 
Myelodysplastic Syndrome 
Note: Transition from Myelodysplastic Syndrome to 
Acute Myeloid Leukemia. 

Disease 
In patients with normal GTG banding karyotype 
affected by Myelodysplastic Syndrome (MDS) (9 
patients) and with Acute Myeloid Leukemia (AML) (6 
patients), a monoallelic loss of the PLCB1 gene was 
detected. All the MDS patients, even though with 
normal karyotype, belonged to the high-risk group as 
scored by IPSS and FAB classifications. Out of 9 MDS 
patients with normal karyotype 4 had monoallelic 
deletion of the PLC beta1 gene, and all 4 died within 1 
to 6 months after developing AML, compared to 
survival of over 30 months in the 5 MDS patients 
without the deletion. Two of 6 AML patients with 
normal karyotype had a monoallelic deletion of the 
PLCB1 gene; these 2 patients had a reduced survival (1 
to 12 months) compared to the AML patients without 
the deletion (20 to 29 months). These evidences 
suggest a possible role for PLC beta1 in the progression 
of MDS to AML in high-risk patients. 

Prognosis 
Worse in patients having the deletion of the PLC beta1 
gene. 

Cytogenetics 
FISH performed using a 115.000 bp probe (PAC clone 
881E24) spanning from exon 19 to 32 of the gene. 
FISH analysis, using KIAA 0581, i.e., part of human 
PLC beta1 cDNA, of human metaphases showing  
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signals on both chromosomes 20 at band p12. (a) Q-
Like banding; (b) fluorescence signals detected by 
FISH; (c) a partial karyotype along with a human 
chromosome 20 ideogram. (d) A schematic 
representation of the 1.9 cM interval, flanked by 
microsatellite markers D20S917 and D20S977, to 
which human PLC beta1 maps. 

Oncogenesis 
PLC beta1 is a key player in the control of cell cycle, 
namely the physiological progression through the G1 
phase, in that the nuclear PLC beta1 evoked signalling 
targets the cyclin D3/cdk4 complex which 
phosphorylates retinoblastoma protein (pRb) that in 
turn activates the transcription factor E2F-1. Possibly 
alterations of this pathway could be involved in 
malignancies. 
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Identity 
Hugo: PMS1 
Other names: HNPCC3; PMSL1 
Location: 2q31-33 

DNA/RNA 
Description 
The PMS1 gene is composed of 13 exons spanning in a 
region of 93056 bp. 

Transcription 
The transcribed mRNA has 3032 bp. 

Protein 
Description 
Amino acids: 932. Molecular Weight: 105830 Daltons. 
PMS1 is a protein involved in the mismatch repair 
process after DNA replication. 

Function 
PMS1 binds to MLH1 to form a heterodimer, although 
MLH1 can also bind to PMS2 or MLH3. Although 
MLH1/PMS2 binds to the heteroduplexes MutSa 
(composed of MSH2 and MSH6) or MutSß (composed 
of MSH2 and MSH3), which recognize DNA lesions, it 
remains to be demonstrated the involvement of the 

 

 
 

Diagram of the PMS1 gene. Exons are represented by boxes (in scale) transcribed and untranscribed sequences in blue and yellow, 
with exon numbers on top and number of base pairs at the bottom. Introns are represented by black bars (not in scale) and the number 

of base pairs indicated. The arrows show the ATG and the stop codons respectively. 
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MLH1/PMS1 heterodimer in the mismatch repair 
process, despite that the heterodimer MLH1/PMS2 is 
responsible for the recruitment of the proteins needed 
for the excision and repair synthesis. 

Homology 
PMS1 is homologue to the bacterial MutL gene and to 
the Mlh2 gene in yeasts. 

Mutations 
Germinal 
A truncating germline mutation of PMS1 was found in 
one HNPCC patient. Nevertheless, a MSH2 mutation 
was found in this family, which was the only one that 
co-segregated with colon cancer. In addition, no more 
HNPCC patients have been found with mutations in 
this gene, and PMS1-/- mice show no discernible 
phenotype. So there is no evidence that PMS1 
mutations predispose to HNPCC. 
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Identity 
Hugo: PRKD1 
Other names: PKCmu; PRKCM 
Location: 14q11 

DNA/RNA 
Description 
The gene spans over 351 kb and the transcript consists 
of 18 exons. 

Transcription 
About 3.8 kb in length; Expressed in several organs 
with highest expression in kidney, heart and lungs. 

Protein 
Description 
912 amino acids residues, 120 kDa on SDS-PAGE gel; 
contains an alanine and proline rich (AP), two cysteine-
rich domains (CysI and CysII), acidic (AC), pleckstrin  

homology (PH) and kinase domain (KD). Several 
domain specific protein interactions and functions have 
been described (see figure below). 

Localisation 
In rested cells, the majority of PKD1 are in the 
cytoplasm. When activated by phorbol ester, PKD1 
rapidly moves to plasma membrane and nucleus. 

Function 
Serine/threonine kinase; protein kinase C downstream 
effector; intracellular trafficking. 
PKD1 has been shown to play a role in proliferation of 
keratinocytes in skin, B and T lymphocytes and mast 
cells signaling, possible role in development of central 
tolerance in thymus gland, proliferation of pancreatic 
cancer cells, cardiac myocyte contraction, endothelial 
cell proliferation, osteoblasts differentiation, and 
prostate cancer cells adhesion and invasion. 

Homology 
Homologues present in mouse and rat. 
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Implicated in 
Advanced prostate cancer 
Disease 
PKD1 phosphorylates E-cadherin in prostate cancer 
cell lines. E-cadherin phosphorylation is associated 
with altered cellular aggregation and motility in 
prostate cancer. Inhibition of PKD1 activity by the 
selective inhibitor Go6976 in LNCaP cells resulted in 
decreased cellular aggregation and over expression of 
PKD1 in C4-2 prostate cancer cells increased cellular 
aggregation and decreased cellular motility. 

Cardiac hypertrophy 
Disease 
Transcriptional regulation of gene expression is tightly 
coupled to histone deacetylases (HDAC) and histone 
acetyltransferase (HAT) that modify the access of 
transcription factors to DNA binding sites. PKD1 has 
been shown to participate in nuclear export of HDAC5. 
HDAC5 is phosphorylated by PKD1 in cardiac 
myocytes, which results in the binding of 14-3-3 
protein to the phosphoserine motif on HDAC5, thus 
leading to nuclear export through a CRM1-dependent 
mechanism. This results in increased transcriptional 
activity of hypertrophy mediating genes in myocytes. 
Cardiac failure is usually preceded by cardiac 
hypertrophy that is mediated by altered gene expression 
involved in myocyte contraction, calcium handling and 
metabolism. PKD1 specific inhibitors may be of benefit 
in limiting cardiac hypertrophy. 
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Identity 
Hugo: THBS2 
Other names: TSP2,; CISP (corticotropin-induced 
secreted protein) 
Location: 6q27 
Local order: Telomeric to SMOC2 (SPARC related 
modular calcium binding 2), centromeric to 
LOC4422783. 

DNA/RNA 
Description 
The THBS2 gene is 38,261 bases in size and is 
composed of 23 exons. Exons 3-22 encode the 5,808 
base mRNA. 

Transcription 
Unlike TSP1, TSP2 is less-to-moderately responsive to 
serum in mouse NIH3T3 and Swiss 3T3 cells 
respectively. Transcription of THBS2 in some human 
cancers is suppressed through hypermethylation. TSP2 
mRNA is upregulated by Rac1-induced reactive 
oxygen species, Hox A5, ACTH, TGFb, cerivastatin 
and in-vitro, by increasing cell confluency. 
Downregulation of TSP2 mRNA occurs by inhibiting 
TGFb-dependent p38 MAPK pathway or perturbing the 
Smad pathway by dexamethasone, ATF3 
overexpression, human papilloma virus positive cells, 
cytomegalovirus infected cells, tissue factor 
overexpressing sarcoma cells.  

 
 

Intron-exon organization of the THBS2 gene. 

 
 

Domain organization and localization of selected ligand binding sites in TSP2. TSP2 is a homotrimer linked via disulfide bonds. In most 
cases, sequences recognized by TSP2 receptors are inferred from mutagenesis of the corresponding sequences in TSP1 and supported 
by peptide inhibitions studies using the TSP2 sequences. 
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The oncogene c-myb affects TSP 2 expression via a 
post-transcriptional regulation of its mRNA stability. 
Potential transcription factor binding sites have been 
described for: NF-kB, NF-Y, p53, Myc-CF1, Sp1, CF-
1, GATA and AP-1. 

Pseudogene 
None described. 

Protein 
Description 
The TSP2 precursor contains 1172 amino acids; 
129,955 Da. The mature secreted protein comprises 
residues 19-1172 and assembles into a disulfide linked 
homotrimer. Secreted TSP2 is a glycoprotein with a 
molecular mass of 150-160 kDa that contains 
approximately 7 potential Asn-linked oligosaccharide 
attachment sites and variable numbers of C-
mannosylated Trp residues in the type 1 repeats. An X-
ray crystal structure for the C-terminal regions of TSP2 
revealed that the type 3 repeats when replete with Ca 
wrap around the globular G domain. 

Expression 
TSP2 is expressed in many tissues during embryonic 
development, in the healthy adult and in various tumor 
stromal environments. Predominant expression is found 
in the connective tissue compartment and based on EST 
profiling, expression is highest in bone. Mice lacking 
thrombospondin 2 show an atypical pattern of 
endocortical and periosteal bone formation in response 
to mechanical loading. Expression is induced during 
the later stages of wound repair, during tissue 
remodeling, in rheumatoid synovium, ovarian follicle 
development, in wound keratocytes, hypertrophied 
heart, by ACTH, cAMP analogs and adenylate cyclase 
activators in bovine adrenocortical cells, in aged mice. 
Downregulation has been observed in fetal Leydig cells 
of mice overexpressing human chorionic gonadotropin/ 
luteinizing hormone, herpes simplex 1 infected cells, 
and in Cyclosporin A-induced gingival overgrowths. 
TSP2 expression has been reported in some tumors 
including invasive breast carcinoma, metastatic 
malignant melanoma, malignant pleural effusions, 
cervix of pregnant mice, ischemic brain, aggressive 
ovarian tumor, gastric cancer, renal cell carcinoma, 
endometrial cancer, colorectal cancer, chemically-
induced skin cancer, osteoclastoma, in ACTH-
dependent aldosterone producing adenomas, 
esophageal cancer. Down regulation of TSP2 was 
reported in ovarian serous papillary carcinoma, salivary 
gland carcinoma, invasive cervical cancer, and non-
small cell lung cancer. 

Localisation 
TSP2 is secreted but is present only transiently in  

extracellular matrix and is rapidly internalized for 
degradation by fibroblasts after binding to the cell 
surface. Degradation is similar to TSP1 removal in that 
it is LRP- and HSPG-dependent and has similar 
kinetics. Given its pericellular distribution, TSP2, like 
TSP1, can modulate cell-matrix interactions and cell 
behavior. 

Function 
TSP2 binds to extracellular matrix ligands including, 
transforming growth factor-beta-1, histidine rich 
glycoprotein, TSG6, heparin, matrix metalloproteinase-
2, and heparan sulfate proteoglycans. TSP2 binds to 
cell surface receptors including CD36, CD47, LDL 
receptor-related protein-1 (via calreticulin) and the 
integrins alpha-V/beta-3, alpha-4/beta-1, and alpha-
6/beta-1. In contrast to TSP1, TSP2 does not activate 
latent TGF-beta-1 but similarly to TSP1, TSP2 contains 
EGF-like modules that bind calcium in a cooperative 
manner. TSP2 in a context-dependent and cell-specific 
manner stimulates or inhibits cell adhesion, 
proliferation, motility, and survival. TSP2 is a potent 
inhibitor of angiogenesis mediated by the TSP2 
receptor CD36. However, its N-terminal region exhibits 
pro-angiogenic activities mediated by beta-1 integrins. 
By way of alpha-4/beta-1, TSP2, like TSP1, modulates 
T cell behavior in-vitro. TSP2 stimulates chemotaxis, 
MMP gene expression, and activation-dependent 
adhesion of T cells. In a model of rheumatoid 
synovium, cell-based TSP2 therapy had an anti-
inflammatory role in-vivo and depleted the tissue of 
infiltrating T cells. In the CNS, TSP2 secreted by 
astrocytes promotes synaptogenesis. 
TSP2 null mice are viable and fertile but display 
connective tissue abnormalities associated with a defect 
in collagen fibrillogenesis that manifests as fragile skin, 
lax tendons and ligaments. Several defects have been 
reported in responses of TSP2 null mice to specific 
stresses. Nulls have an enhanced cutaneous 
inflammatory response, increased endosteal bone 
density, increased vascular density in dermis, adipose 
and thymus, a prolonged bleeding time. Fibroblasts 
isolated from TSP2 nulls are defective in adhesion. In 
response-to-injury models, TSP2 null mice have an 
increased vascularity of wounds with a concomitant 
increase in activity of MMP2 and MMP9 and 
demonstrate enhanced wound repair. 

Homology 
TSP2 is a member of the thrombospondin family that 
also contains thrombospondin-1, thrombospondin-3, 
thrombospondin-4, and cartilage oligomeric matrix 
protein (COMP). The central type 1 repeats are also 
known as thrombospondin-repeats and are shared with 
the larger thrombospondin/properdin repeat 
superfamily. 
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Mutations 
Germinal 
t3949g substitution in the 3'-untranslated region is 
associated with a reduced risk of premature myocardial 
infarcts. 

Somatic 
LOH in markers proximal to THBS2 were reported in 
salivary carcinomas, but disruption of the THBS2 gene 
has not been confirmed to date. 

Implicated in 
Various cancers 
Disease 
Loss of TSP2 expression is associated with local 
invasive behavior, tumor neovascularization, and 
metastasis. 

Prognosis 
Decreased TSP2 expression has been correlated with 
malignant progression and angiogenesis in some but 
not all cancers. In a study of 37 gliomas, a lack of TSP2 
expression was significantly associated with higher 
histological grade (P = 0.0019) and increased vessel 
counts and density (p < 0.0001). In a study of 61 colon 
cancers, those expressing TSP2 showed a lower 
incidence of hepatic metastasis than those not 
expressing TSP2 (p = 0.02). TSP2 negative/VEGF-189 
positive colon cancers showed significantly increased 
vessel counts and density in the stroma (P < 0.0001). 
Finally, in a study of 10 normal cervix and 78 invasive 
cervical cancer samples, TSP2 mRNA expression in 
normal cervix was significantly higher than that in 
cervical cancer (p = 0.032). Microvessel counts were 
marginally increased in the cervical cancer patients 
lacking TSP2 mRNA expression (p = 0.062). To date, 
the numbers of specimens examined for each of these 
cancers are too small to evaluate the independent 
prognostic value of TSP2 expression. 
Conversely, TSP2 was strongly expressed in a series of 
melanoma metastases, but not in primary tumors, and 
in 55 endometrial cancer specimens TSP2 expression 
was significantly higher in malignancies exhibiting 
cervical and lymph-vascular space involvement (p = 
0.029 and p = 0.009, respectively). 

Oncogenesis 
Somatic mutation of THBS2 has not been clearly 
established in human cancers, but loss of TSP2 
expression due to hypermethylation of its promoter was 
reported in a study of endometrial carcinomas. LOH in 
6q15-27 between D6S297 and D6S1590 was reported 
in a study of salivary gland carcinomas and associated 
in 8 of 9 cases with loss of TSP2 expression. 
Transgenic mouse models support the tumor suppressor 
activity of THBS2. Tumor progression of chemically-

induced skin cancer is accelerated in TSP2 null mice, 
and there is an increased rate of lymph node 
metastases. The correlated increase in vessel density 
and size in these nulls also supports a suppressive role 
for TSP2. Tumor growth and angiogenesis are delayed 
and decreased when TSP2 is overexpressed in this 
model. Mouse models have also been used to explore 
therapeutic use of TSP2 to limit tumor growth and 
angiogenesis. These utilize a cell-based approach 
wherein TSP2 cDNA is transfected into a variety of 
cells including: glioblastoma, fibrosarcoma, squamous 
cell carcinoma and breast carcinoma cells. In turn, 
these TSP2 overexpressing cells when injected 
subcutaneously into immunodeficient mice exhibit 
decreased tumor growth and angiogenesis. 
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Identity 
Hugo: BAALC 
Other names: FLJ12015; LOC79870 
Location: 8q22.3 

DNA/RNA 
Description 
The gene spans over 90kb on plus strand; 8 exons; 3 
polyadenylation signals in the 3' untranslated region of 
exon 8. 

Protein 
Description 
Various transcripts: involving exons 1, 6, and 8 (145 
amino acids) or 1, and 8 (54 amino acids) in the 
neurectoderm; transcripts involving exons 1,5,6,8 or 
1,4,5,6,8, or 1,5,6,7,8, or 1,2,6,8, or 1,2,5,6,8 or 
1,2,3,6,8 in leukemic cells; altogether, 8 different 
transcripts of BAALC, giving rise to 5 different 
proteins 

Expression 
Transcripts involving exons 1, 6, and 8, or 1, and 8 are 
found in neurectoderm tissues; BAALC is also 
expressed in normal early progenitor cells (CD34+) of 
the hematopoietic tissues: both uncommitted and 
lineage-committed progenitor cells (lymphoid T- and 
B-cell progenitors, myeloid and erytroid progenitors); 
down regulation occurs with cell differentiation; 
various transcripts are found in leukemic blasts (see 
above and below); also found expressed in the 
mesoderm and the muscle in the Mouse. 
 

Localisation 
Cytoplasmic; found adjacent to the cell membrane in 
the mouse; may be localized to lipid rafts and may play 
a synaptic role in the rat brain. 

Homology 
No homology with other proteins; the ortholog lacks in 
lower vertebrates. 

Mutations 
Somatic 
Overexpressed in a subset of acute leucemias. 

Implicated in 
1/4 of acute non lymphocytic leukemia 
(ANLL) cases and 2/3 of acute 
lymphocytic leukemia (ALL) case have 
been found to exhibit high BAALC 
expression; no expression in chronic 
leukemias (e.g. chronic myeloid 
leukemia (CML)); expression in blast 
crisis of CML 
Disease 
ANLL cases: M0 ANLL, M1, M2 and M4eo cases, 
rarely M4 or M5 cases; no M3 case so far; association 
with the more immature blasts; no correlation with age, 
sex, haemoglobin level or platelets count, or FLT3 
phenotype; BAALC expression is associated with a 
higher WBC count. 

Prognosis 
Poor prognosis is associated with BAALC 
 
 
 
 



BAALC (brain and acute leukemia, cytoplasmic) Huret JL, Senon S 
 
 
 
 
 

Atlas Genet Cytogenet Oncol Haematol. 2006;10(3)  167 

overexpression in ANLL cases: at 3 years, only 35-
40% of patients with high BAALC expression were 
alive; independant risk factor; in particular, BAALC 
overexpression remains a poor prognostic factor in the 
absence of FLT3 internal tandem duplication. 

Cytogenetics 
Patients present with normal karyotypes, with +8, or 
with various anomalies. 

Glioblastoma 
Note: BAALC in also upregulated in normal 
astrocytes. 
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Identity 
Hugo: MMP9 
Other names: CLG4 (Collagenase Type IV); CLG4B 
(Collagenase Type IV-B); GELB (Gelatinase B) 
Location: 20q11.2-q13.1 

DNA/RNA 
Description 
This gene can be found on Chromosome 26 at location: 
44,070,954 - 44,078,606. 

Transcription 
The DNA sequence contains 13 exons and the 
transcript length: 2,335 bps translated to a 707 residues 
protein. 

Protein 
Description 
MMP-9 is a Zn+2 dependent endopeptidase,  

synthesized and secreted in monomeric form as 
zymogen. The structure is almost similar to MMP2, 
another member of matrixmetalloproteinase family. 
The nascent form of the protein shows an N-terminal 
signal sequence ('pre' domain) that directs the protein to 
the endoplasmic reticulum. The pre domain is followed 
by a propeptide-'pro' domain that maintains enzyme-
latency until cleaved or disrupted, and a catalytic 
domain that contains the conserved zinc-binding 
region. A hemopexin/vitronectin-like domain is also 
seen, that is connected to the catalytic domain by a 
hinge or linker region. The hemopexin domain is 
involved in TIMP (Tissue Inhibitors of Metallo-
Proteinases) binding e.g. TIMP-1 & TIMP-3, the 
binding of certain substrates, membrane activation, and 
some proteolytic activities. It also shows a series of 
three head-to-tail cysteine-rich repeats within its 
catalytic domain. These inserts resemble the collagen- 
binding type II repeats of fibronectin and are required 
to bind and cleave collagen and elastin. 
Like other proteolytic enzymes, MMP-9 is first 
synthesized as inactive proenzyme or zymogens. 

 

 
 

Domain structure of the MMP9. 
Pre: signal sequence; 
Pro: propeptide with a free zinc-ligating thiol (SH) group; 
Zn: zinc-binding site; 
II: collagen-binding fibronectin type II inserts; 
H: hinge region;  
The hemopexin/vitronectin-like domain contains four repeats with the first and last linked by a disulfide bond. 
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Activation of proMMP-9 is mediated by plasminogen 
activator/plasmin (PA/plasmin) system. The regulation 
of MMP-9 activity is also controlled through TIMP-3. 

Expression 
MMP-9 expression is regulated by several cytokines 
and growth factors, including interleukins, interferons, 
EGF (Epidermal growth factor), NGF (Nerve growth 
factor), basic FGF (Fibroblast growth factor), VEGF 
(Vascular endothelial growth factor), PDGF (Platelet 
derived growth), TNF-a (Tumor necrosis factor), TGF-
b (Tranforming growth factor), the extracellular matrix 
metalloproteinase inducer EMMPRIN and also 
osteopontin. Many of these stimuli induce the 
expression and/or activation of c-fos and c-jun proto-
oncogene products, which heterodimerize and bind 
activator protein-1 (AP-1) sites within of MMP9 gene 
promoters. 

Localisation 
Peri/extracellular. 

Function 
Primary function is degradation of proteins in the 
extracellular matrix. It proteolytically digests decorin, 
elastin, fibrillin, laminin, gelatin (denatured collagen), 
and types IV, V, XI and XVI collagen and also 
activates growth factors like proTGFb and proTNFa. 
Physiologically, MMP-9 in coordination with other 
MMPs, play a role in normal tissue remodeling events 
such as neurite gowth, embryonic development, 
angiogenesis, ovulation, mammary gland involution 
and wound healing. MMP-9 with other MMPs is also 
involved in osteoblastic bone formation and/or inhibits 
osteoclastic bone resorption. 

Homology 
Homology in amino acid sequence is seen with the 
other members of Metalloproteinase family especially 
with MMP-2. 

Mutations 
Germinal 
Not yet reported. 

Implicated in 
Invasive and highly tumorigenic 
cancers 
Disease 
Elevated expression of MMP-9, along with MMP-2 is 
usually seen in invasive and highly tumorigenic cancers 
such as colorectal tumors, gastric carcinoma, pancreatic 
carcinoma, breast cancer, oral cancer, melanoma, 
malignant gliomas, chondrosarcoma, gastrointestinal 
adenocarcinoma. Levels are also increased in malignant 

astrocytomas, carcinomatous meningitis, and brain 
metastases. 

Oncogenesis 
MMPs promote tumor progression and metastasis in 
invasive cancers by degradation of the ECM 
(ExtraCellular Matrix), which consists of two main 
components: basement membranes and interstitial 
connective tissue. Though ECM comprises of many 
proteins (laminin-5, proteoglycans, entactin, 
osteonectin) collagen IV is the major element. MMP-2 
& MMP-9 efficiently degrade collagen IV and laminin-
5 thereby, assisting the metastatic cancerous cells to 
pass through the basement membrane. The degradation 
of ECM not only assists migration of metastatic 
cancerous cells, but also allows enhanced tumor growth 
by providing necessary space. Further, it is noteworthy 
that the ratio of active to latent form of MMP-9 
increased with tumor progression in invasive cancers. 
MMP-9, with its family members also promotes 
angiogenesis (a critical process required for tumor cell 
survival) by degrading the vascular basement 
membrane interstitium and also by releasing 
sequestered VEGF, which is a well know angiogenic 
molecule. Localization of MMP9 to the cell surface is 
required to promote tumor invasion and angiogenesis. 

Arthritis, autosomal recessive 
osteolysis disorder, coronary artery 
disease, pulmonary-emphysema and 
diabetic retinopathy 
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Identity 
Hugo: NF1 
Location: 17q11.2 

DNA/RNA 
Description 
60 exons (57 constitutive, 3 alternative); spans 280 kb; 
presence of 3 cryptic genes: OMGP, EVI2A, and 
EVI2B ('overlapping genes'), hidden (!) within NF1 
intron 27b with an opposite transcription direction. 

Transcription 
At least 4 alternate splicings; ~ 9.0 kb mRNA complete 
cds; coding sequence: CDS 198..8717. 

Protein 
Description 
The protein has been called neurofibromin; 2818 and 
2839 amino acids (type-1 and type-2 isoform). 

Expression 
Is tissue and development stage specific. 

Function 
GTPase activating protein (GAP) interacting with 
p21RAS �  tumour suppressor. 

Homology 
Other (GAP); IRA1 and 2, the yeast inhibitors of 
p21RAS. 
 
 
 
 

Mutations 
Germinal 
Large submicroscopic deletions in 5-10% of cases, 
translocations rare and point mutations in app. 85-90% 
of cases; widely dispersed, with no clustering, unusual 
splicing mutations yield difficulties in molecular 
genetic testing, truncating effect in large majority of 
cases. 

Somatic 
Second inactivating mutation occurs in the Schwann 
cell of benign neurofibromas; additional genetic 
alterations in this cell lead to malignant transformation; 
the spectrum of inactivating somatic mutation not fully 
elucidated, LOH owing to copy number loss and 
mitotic recombination, point mutations; another 
inactivating process may involve RNA editing (for the 
second allele), which gives rise to a truncated 
neurofibromin having lost it's GAP activity. 

Implicated in 
Neurofibromatosis type 1 
Disease 
Autosomal dominant cancer prone disease; 
neurofibromatosis type 1 (NF1: the same symbol is 
used for the disease neurofibromatosis type 1 and the 
gene neurofibromin 1) is an hamartoneoplastic 
syndrome. 
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Watson syndrome 
Disease 
Autosomal dominant disease with cardiac 
malformations, and, as is found in von Recklinghausen 
neurofibromatosis, low normal intelligence, café-au-lait 
spots, and neurofibromas but to a lesser extend. 

Oncogenesis 
In accordance with the two-hit model for neoplasia, as 
is found in retinoblastoma. 
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Identity 
Hugo: RCHY1 
Other names: PIRH2; ARNIP; CHIMP; RNF199; 
ZNF363; PRO1996; DKFZp586C1620 
Location: 4q21.1 

DNA/RNA 
Description 
The gene encompasses 32 kb of DNA; 9 exons. 

Transcription 
4.3 kb nucleotides mRNA. 783 bp open reading frame. 

Protein 
Description 
261 amino acids; 32 kDa protein. 

Expression 
RCHY1 expresses at higher level in liver, testis and 
heart. Lower expression is detected in lung, brain, 
muscle and spleen. RCHY1 is overexpressed in non-
small cell lung cancers. 

Localisation 
The localization of RCHY1 protein in human lung 
tumors was evaluated immunohistochemically. RCHY1 
protein was found primarily in the cytoplasm and 
membrane and a small portion in the nucleus of 
malignant cells. 

Function 
RCHY1 is an ubiquitin-protein E3 ligase that promotes 
p53 degradation. The RCHY1 gene encodes a RING-
H2 domain-containing protein with intrinsic ubiquitin-
protein ligase activity. It has been reported that 

RCHY1(Pirh2) physically interacts with p53 and 
promotes ubiquitination of p53 independently of 
Mdm2. RCHY1 was also reported to be transactivated 
by the p53 product in MEFs, murine proB cell BaF3 
and human BJT fibroblasts cells. Therefore, like 
MDM2, RCHY1 participates in an autoregulatory 
feedback loop that controls p53 function. Expression of 
RCHY1 decreased the level of p53 protein, while 
abrogation of endogenous RCHY1 expression 
increased the level of p53. Furthermore, RCHY1 
represses p53 functions, including p53-dependent 
transactivation and growth inhibition. RCHY1 is 
overexpressed in both human and murine lung cancers 
by comparing Pirh2 mRNA and protein level between 
lung neoplastic tissues and uninvolved adjacent lung 
tissue. The increased RCHY1 protein could cause 
degradation of wild type p53 and reduce the tumor 
suppression function in tumor cells. 
It has been reported that coexpression of 
RCHY1(ARNIP) and androgen receptor (AR) in COS-
1 cells reduces the interaction between AR N- and C-
terminus. The RING-H2 domain of the RCHY1 
functions as an ubiquitin-protein ligase in vitro in the 
presence of a specific ubiquitin-conjugating enzyme, 
Ubc4-1. Mutation of a single cysteine residue in the 
RCHY RING-H2 domain (Cys145Ala) abolished this 
E3 ubiquitin ligase activity. Fluorescent protein tagging 
studies revealed that AR-RCHY1 interaction was 
hormone-independent in COS-1 cells, and suggest that 
co-localization of both AR and RCHY1 to the nucleus 
upon androgen addition may allow RCHY1 to play a 
role in nuclear processes. 
It has been reported that wild-type RCHY1is an 
unstable protein with a short half-life and coexpression 
of TIP60 enhances RCHY1 protein stability and alters 
RCHY1 subcellular localization. In addition, MVP 
(measles virus phosphoprotein ) is able to specifically 
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Immunohistochemical detection of human RCHY1 protein in non-small cell lung cancers. (A) squamous cell carcinoma, and (B) large 
cell carcinoma. 
 

interact with and stabilize the RCHY1 by preventing its 
ubiquitination. It has been reported that the RCHY1 
also interacts with NTKL-BP1 (N-terminal kinase-like 
protein-binding protein 1) proteína. 

Homology 
It belongs to the ring finger ubiquitin protein E3 ligase 
family. Containing Conserved RING-finger Domain 
(residues 145-186) and CHY zinc finger (residues 20-
94). 

Mutations 
Note: Unknown. 

Implicated in 
Non-Small Cell Lung Cancer 
Disease 
Lung cancers are pathologically classified as small cell 
lung cancer and non-small cell lung cancer (non-small 
cell lung cancer includes large cell carcinomas, 
squamous cell carcinomas and adenocarcinomas). 

Oncogenesis 
RCHY1 protein is overexpressed in about 84% human 
lung cancers compared to uninvolved lung tissue. The 
RCHY1 protein was also elevated in about 93% of 
murine lung tumors. Because RCHY1 is an ubiquitin-
protein ligase that promotes p53 protein degradation, 

the increased RCHY1 expression could play an 
important role in lung tumorigenesis. 
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Clinics and pathology 
Phenotype / cell stem origin 
Pan-B antigens test positive. The immunophenotypic 
profile is CD10+, CD5-, sIg+ and the cell of origin is a 
germinal centre B-cell that has encountered the antigen. 

Epidemiology 
This lymphoma accounts for 30-40% of all lymphomas 
occurring in the adult population in western countries. 
Its peak incidence is in the fifth and sixth decade. 

Clinics 
The patients most often present widespead disease at 
diagnosis, with nodal and extranodal (bone marrow) 
involvement. Peripheral blood involvement is 
detectable by light microscopy in approximately 10% 
of the cases, but the majority of cases can be shown to 
have circulating malignant cells by sensitive molecular 
genetic methods. 
The disease usually runs an indolent course. Grade 3 
FL may be characterized by earlier relapse, especially 
if treated with regimens not including an anthracycline 
drug. 

Pathology 
The lymphoma is composed of a mixture of centrocytes 
and centroblasts with a follicular and diffuse pattern. 
Lymphoma grading by the number of large 
cells/centroblasts is recommended: three grades are 
recognized with incresing number of centroblasts. 

Treatment 
Depending on age and stage at presentation it may vary 
from a 'watch and wait' policy in initial stages to 
multiagent chemotherapy in advanced stages. 
Immunotherapy using chimeric anti-CD20 monoclonal 

antibody has an important role in combination with 
chemotherapy. Radioimmunotherapy has an important 
role in relapsed or refractory patients. 

Evolution 
The majority of patients cannot be cured by 
chemotherapy and eventually relapse. Histologic switch 
into high grade lymphoma may occur. A positive 
impact on long term disease free survival and overall 
survival is likely to derive from the introduction of 
monoclonal antibodies in association with multiagent 
chemotherapy. 

Prognosis 
Approximately 60% of the patients presenting with 
limited disease are alive at 10 years. Patients in stages 
III and IV were reported to have a median survival in 
the 8-12 years range. 

Cytogenetics 
Cytogenetics morphological 
Seventy-80% of the cases carry the t(14;18)(q32;q21) 
as the primary chromosome anomaly. Rare variant 
translocation t(2;18)(p11;q21) and t(18;22)(q21;q11) 
were described. Approximately 15% of the cases show 
a 3q27 break, half of which include the 
t(3;14)(q27;q32) and the variant translocations 
t(3;22)(q27;q11) and t(2;3)(p11;q27). 

Cytogenetics molecular 
The incidence of 6q21 deletion and 17p13/p53 deletion 
(see below) by interphase FISH analysis may be around 
60% and 20%, respectively. 

Additional anomalies 
Secondary chromosome changes are both numerical 
and structural. Trisomy 7, +8, +12, +3, +18, +X each 
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occur in 10-20% of the cases. There is an association 
between +7 and the presence of a large cell component, 
but no numerical anomaly has an independent impact 
on prognosis. 
Deletions of 6q23-26 occur at a 25-30% incidence; 17p 
anomalies are present in approximately 10% of the 
cases. The presence of these anomalies may have a 
correlation with disease transfornation and it was 
associated with an inferior prognosis. 
Rarely, histologic switch into a high grade lymphoma 
may be associated with the development of an 
additional t(8;14)(q24;q32). The clinical course in these 
cases is aggressive. 
The incidence of 6q21 deletion and 17p13/p53 deletion 
by interphase FISH analysis may be around 60% and 
20%, respectively. 
Other anomalies include 1p36 deletion in 10-12% of 
the cases, probably centered around the p73 gene; 
10q22-24 deletions in 10-13% of the cases and 9p21 
deletions/p16 deletions, associated with histologic 
transformation. 

Results of the chromosomal 
anomaly 
Fusion protein 
Description 
No fusion protein. The t(14;18) brings about the 
juxtaposition of BCL-2 with the Ig heavy chain joining 
segment, with consequent marked overexpression of 
the BCL2 protein product. The majority of breakpoints 
on 18q22 fall into two regions: the major breakpoint 
region (60-70% of the cases) and the minor cluster 
region (20-25% of the cases). 
In those cases with 3q27/BCL6 involvement the 
breakpoints on 3q27 are usually located in a different 
region with respect to high grade diffuse large cell 
lymphoma. This region is located 245 and 285 kb 5’ of 
BCL6 (alternative breakpoint cluster region). 

Oncogenesis 
BCL-2 overexpression prevents cell to die by 
apoptosis. BCL-2 forms heterodimers with BAX and 
the relative proportion of BCL-2 to BAX determines 
the functional activity of BCL-2. In vitro, BCL-2 
constitutive expression has a definite role in sustaining 
cell growth, whereas in vivo, BCL-2 transgenes induce 
a pattern of polyclonal proliferation of mature B-cells. 
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Clinics and pathology 
Disease 
MALT lymphoma is the extra-nodal presentation of 
marginal zone B-cell lymphomas (MZBCL). 

Phenotype / cell stem origin 
The morphologic and phenotypic characteristics of 
malignant cells correspond to those of lymphocytes 
belonging to the marginal zone, harbouring 
hypermutated IgV genes with the following 
immunophenotype: pan-B+; CD5-/+; CD10-; CD23-; 
CD11c+/-; cyIg+ (40% of the cells); sIgM+ bright; 
sIgD-. 

Epidemiology 
The incidence of extra-nodal MZBCL of MALT type in 
western countries is approximately 7% of all NHL 
diagnosed by histologic examination. 

Clinics 
Extra-nodal MZBCL of MALT type is an indolent 
disease involving most often the stomach, where it 
usually follows chronic gastritis due to Helicobacter 
pylori (HP) infection. The disease may also localize in 
the lung, the thyroid the salivary gland and in the orbit, 
where an association was documented with Chlamydia 
Psittaci infection. 
AS with other clinicopathological forms of MZBCL 
(i.e. splenic MZBCL and nodal MZBCL) 
transformation into high grade lymphoma may occur. 

Pathology 
The tumour consists of a cytologically heterogeneous 
infiltrate including centrocyte-like cells, monocytoid B-
cells small lymphocytes and plasma cells. Large cells 
and/or blast-like cells may be present. Typically, 
lymphoepithelial lesions are seen in the stomach. 

Treatment 
Low grade MALT with limited disease involving the 
stomach is usually HP+ and respond to eradication of 
the HP infection. Cases presenting at a more advanced 
stage or with transformation into high grade lymphoma 
require single-agent or multi-agent chemotherapy. 
Rituximab (anti-CD20 monoclonal antibody) is an 
effective treatment. Gastrectomy is indicated in non-
responding patients. 

Prognosis 
The patients usually have prolonged survival, as in 
other indolent lymphomas, but some cases may feature 
an aggressive disease. 

Cytogenetics 
Cytogenetics molecular 
The most common anomalies in extra-nodal MZBCL 
of MALT type include: 

The t(11;18)(q21;q21)/API2 -MLT fusion, having a 20-
50% incidence. The translocation is associated with 
low-grade MALT lymphoma of the stomach, and of the 
lung. Importantly, this translocation was associated 
with increased rates of persistent disease or recurrence 
after HP eradication therapy. 
The translocation t(14;18)(q32;q21)/IgH -MLT1 
fusion, leading to enhanced MLT1 expression may 
occur in 10-20% of all MALT lymphomas. It is 
associated with MALT lymphoma of the liver, skin, 
ocular adnexa, lung and salivary gland. It was not 
found in MALT lymphomas of the stomach, intestine, 
thyroid, or breast. 
The translocation t(1;14)(p22;q32) and/or the 
corresponding deregulation or rearrangement of BCL10 
at 1p22 is another recurrent chromosome aberration in 
a minority of cases (6% by molecular genetics, 
including cases with BCL10 mutations and small 
deletions not detectable by cytogenetics) and it appears 
to be more frequent in high grade-MALT than in low 
grade MALT lymphoma. 
The t(3;14)/IgH- FOXP1 fusion may occur in 10% of 
all MALT lymphomas. It is associated with MALT 
lymphoma of the orbit, of the thyroid and skin, whereas 
it was not found in MALT lymphoma of the stomach, 
of the salivary gland and in other forms of MZBCL. 
Trisomy 3 and trisomy 18 were reported in low-grade 
as well as high-grade MALT lymphoma. FISH studies 
found a 20-60% incidence for +3, the difference being 
possibly accounted for by the variable sensitivity of 
methods adopted in different studies and by 
heterogeneity of patient populations. At the present 
time, there is no evidence that +3 plays an important 
role in disease progression. Trisomy 18 was observed 
more frequently in high grade MALT than in low grade 
MALT lymphomas. 
BCL6 rearrangements were documented to occur in a 
minority of cases, especially in the presence of a high-
grade component. 

Probes 
BCL6 rearrangements and the API2-MLT fusion, 
encoded on the derivative chromosome 11 resulting 
form the t(11;18)(q21;q21), can be studied by FISH as 
well as by molecular genetic methods. 
IgH-FOXP1 and IgH-MLT1 fusions can be studied by 
FISH. 
BCL10 rearrangements associated with the t(1;14) can 
be detected by Southern blotting, whereas mutations or 
small deletion not associated with the t(1;14) can be 
studied by PCR-SSCP analysis and gene sequencing. 

Results of the chromosomal 
anomaly 
Fusion protein 
Oncogenesis 
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MALT1 overexpression and API2-MALT fusion 
confer constitutional NFkB activity. This, in turn, leads 
to enhanced proliferation and resistance to apoptosis by 
B lymphocytes. 
BCL10 functions in conjunction with intracellular 
proteins (Carma1 and MALT1), producing the 
ubiquitination of NFkB inhibitor, leading to NFkB 
activation. These findings, along with the documented 
role of BCL10 in promoting survival of antigen-
stimulated lymphocytes, suggest the IgH/BCL10 
translocation may contribute to lymphomagenesis by 
enhancing BCL10 function. 
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Clinics and pathology 
Disease 
Marginal zone B-cell lymphoma (MZBCL), including 
three distinct clinicopathological forms (Harris et al., 
1999), namely: 
1- extra-nodal MZBCL of mucosa-associated lymphoid 
tissue ( MALT ) type; 
2- splenic MZBCL, corresponding to splenic 
lymphoma with villous lymphocytes (SLVL); 
3- nodal MZBCL 

Phenotype / Stem. cell origin 
The morphologic and phenotypic characteristics of 
malignant cells correspond to those of lymphocytes 
belonging to the marginal zone, harbouring 
hypermutated IgV genes with the following 
immunophenotype: pan-B+; CD5-/+; CD10-; CD23-; 
CD11c+/-; cyIg+ (40% of the cells), sIgM+ bright; 
sIgD-. 

Epidemiology 
The global incidence of MZBCL in western countries is 
approximately 10% of all non Hodgkin lymphomas 
(NHL) diagnosed by histologic examination. 

Clinics 
Extra-nodal MZBCL of MALT type (7% of all NHL) is 
an indolent disease involving most often the stomach, 
where it usually follows chronic gastritis due to 
Helicobacter pylori (HP) infection. The disease may 
also localize in the lung, the thyroid the salivary gland 
and in the orbit, where an association was documented 
with Chlamydia Psittaci infection. 
Splenic MZBCL (1% of all NHL on histologic  
 

samples) usually, though not invariably, presents. 
Splenomegaly associated circulating villous 
lymphocytes and BM involvement. It runs an indolent 
course. 
Nodal MZBCL (2% of al NHL) is a low-grade 
lymphoma, frequently presenting with advanced-stage 
disease, but not with large masses. Early relapse after 
chemotherapy may be observed in some patients and 
survival is shorter that in MZBCL of MALT type. 
All subsets may transform into a high grade lymphoma. 

Pathology 
The tumour consists of a cytologically heterogeneous 
infiltrate including centrocyte-like cells, monocytoid B-
cells small lymphocytes and plasma cells. Large cells 
and/or blast-like cells may be present. In epithelial 
tissues (i.e. stomach) typical lymphoepithelial lesions 
are characteristically seen. In the spleen, involvement 
of the mantle zone and marginal zone of the white pulp 
occur, usually centered around a residual germinal 
centre. The red pulp is usually involved. 

Treatment 
Low grade MALT with limited disease involving the 
stomach is usually HP+ and respond to eradication of 
the HP infection. Cases presenting at a more advanced 
stage or with transformation into high grade lymphoma 
require single-agent or multi-agent chemotherapy. 
Rituximab (anti-CD20 monoclonal antibody) is an 
effective treatment. Gastrectomy is indicated in non-
responding patients. 
Splenic MZBCL and nodal MZBCL are treated using 
various forms of chemotherapy depending on the 
disease stage and patient's conditions. Splenectomy is 
an option for splenic MZBCL. 
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Prognosis 
The patients usually have prolonged survival, as in 
other indolent lymphomas, but some cases may feature 
an aggressive disease. 

Cytogenetics 
Cytogenetics morphological 
The most common anomalies in extra-nodal 
MZBCL of MALT type include: 
The t(11;18)(q21;q21) / API2 - MLT fusion, having a 
20-50% incidence. The translocation is associated with 
low-grade MALT lymphoma of the stomach and of the 
lung. Importantly, this translocation was associated 
with resistance to HP eradication therapy. 
The translocation t(14;18)(q32;q21) / IgH - MLT1 
fusion, leading to enhanced MLT1 expression may 
occur in 10-20% of all MALT lymphomas. It is 
associated with MALT lymphoma of the liver, skin, 
ocular adnexa, lung and salivary gland. It was not 
found in MALT lymphomas of the stomach, intestine, 
thyroid, or breast. 
The translocation t(1;14)(p22;q32) and/or the 
corresponding deregulation or rearrangement of BCL10 
at 1p22 is another recurrent chromosome aberration in 
a minority of cases (6% by molecular genetics, 
including cases with BCL10 mutations and small 
deletions not detectable by cytogenetics) and it appears 
to be more frequent in high grade-MALT than in low 
grade MALT lymphoma. 
The t(3;14) / IgH - FOXP1 fusion may occur in 10% of 
all MALT lymphomas. It is associated with MALT 
lymphoma of the orbit, of the thyroid and skin, whereas 
it was not found in MALT lymphoma of the stomach, 
of the salivary gland and in other forms of MZBCL. 
Trisomy 3 and trisomy 18 were reported in low-grade 
as well as high-grade MALT lymphoma. FISH studies 
found a 20-60% incidence for +3, the difference being 
possibly accounted for by the variable sensitivity of 
methods adopted in different studies and by 
heterogeneity of patient populations. At the present 
time, there is no evidence that +3 plays an important 
role in disease progression. Trisomy 18 was observed 
more frequently in high grade MALT than in low grade 
MALT lymphomas. 
The most common anomalies in splenic MZBCL 
include: 
7q deletions or unbalanced 7q translocations, usually 
involving a relatively large segment, centred around the 
7q22-q32 region. The incidence is 10-30%, but as 
many as 40% of the cases may harbour a sub-
microscopic deletion of this region. The commonly 
deleted segment spans a region between 7q32.1 to 
7q32-3. 
Total or partial trisomy 3, involving the 3q21-23 and 
3q25-29 chromosome regions. The incidence of +3q 
falls in the 30-50% range. 

Total or partial trisomy 12, found in 20-30% of the 
cases. 
17p- involving the p53 gene, found in 10-30% of the 
cases. This aberration is associated with a more 
aggressive clinical course. 
A recurrent translocation t(11;14)(p11;q32) was found 
in a minority of cases featuring a relatively aggressive 
disease with PB involvement by a blast-like cell 
component. 
The classical t(11;14)(q13;q32) was found in some 
cases of splenic lymphoma with villous lymphocytes 
(Oscier et al, 1993), but more recent studies did not 
detect this translocation in histologically documented 
splenic MZBCL. 
Nodal MZBCL: 
At the present time there is insufficient data to establish 
whether nodal MZBCL has a distinct cytogenetic 
profile. Trisomy 12 may be more frequent in nodal 
MZBCL, but there is evidence that this disease subset 
may share clinicopathologic and cytogenetic features 
with other forms of MZBCL. 
In the 3 principal clinicopathological subsets of 
MZBCL, BCL6 rearrangements were documented to 
occur in a minority of cases, especially in the presence 
of a high-grade component. 

Probes 
The most frequently occurring DNA gains or losses 
which can be studied by interphase/metaphase 
fluorescence in situ hybridisation (FISH) are the 
following: 
Deletions: a 5cM segment at 7q31, defined by the 
D7S685 and D7S514 markers; 17p/p53. 
Total/partial trisomies: 3q21-23; 3q25-29; 5q13-15; 
12q15-21. 
BCL6 rearrangements and the API2-MLT fusion, 
encoded on the derivative chromosome 11 resulting 
form the t(11;18)(q21;q21), can be studied by FISH as 
well as by molecular genetic methods. 
IgH-FOXP1 and IgH-MLT1 fusions can be studied by 
FISH. 
BCL10 rearrangements associated with the t(1;14) can 
be detected by Southern blotting, whereas mutations or 
small deletion not associated with the t(1;14) can be 
studied by PCR-SSCP analysis and gene sequencing. 

Genes involved and Proteins 
Oncogenesis 
MALT1 overexpression and API2-MALT fusion 
confer constitutional NFkB activity. This, in turn, leads 
to enhanced proliferation and resistance to apoptosis by 
B lymphocytes. 
BCL10 has a pro-apoptotic action on cell lines. 
However, it functions in conjunction with intracellular 
proteins (Carma1 and MALT1), producing the 
ubiquitination of NFkB inhibitor, leading to NFkB 
activation. These findings, along with the documented 
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role of BCL10 in promoting survival of antigen-
stimulated lymphocytes, suggest that IgH/BCL10 
translocation may contribute to lymphomagenesis by 
enhancing BCL10 function. 
P53 is a key tumour suppressor gene having an 
established role in disease progression in a number of 
hematologic and extra-hematologic neoplasias, 
including MZBCL. 
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Identity 
FAB criteria AML M3: 
Great majority of cells are abnormal promyelocytes, 
with a characteristic pattern of heavy granulation. 
Characteristic cells contain bundles of Auer rods 
('faggots'). 
FAB criteria AML M3v: 
Minimal granulation, relative scarcity of cells with 
heavy granulation and cells containing multiple Auer 
rods. The nucleus of every cell in the peripheral blood 
is bilobed, multilobed or reniform, but the majority of 
cells are either devoid of granules or contain only a few 
fine azurophil granules. However, at least a few cells 
with all the cytoplasmic features of typical AML M3 
are present. If these are overlooked, the cases are likely 
misdiagnosed as atypical monocytic leukemia. The 
atypical morphology is mainly a feature of the 
peripheral blood cells - bone marrow morphology is 
closer to that of typical AML M3. 
Both subtypes show a very strong myeloperoxidase 
reaction and a negative reaction for non-specific 
esterase. 
Immunophenotype: 
Characteristic but not diagnostic myeloid phenotype. 
CD33 positive, HLA-DR is generally absent. 
In M3 but not M3v: characteristic light scatter pattern, 
strong unspecific fluorescence signal. 
WHO classification: 
Distinct entity in category AML with recurrent genetic 
abnormalities: Acute promyelocytic leukemia (AML 
with t(15;17)(q22;q12) (PML / RARA) and variants). 
 

Clinics and pathology 
Epidemiology 
Rare: 5-8 % of ANLL, incidence higher in Spain, Italy 
and Latinos; occurs at any age, predominantly adults in 
mid-life accounting for aprox. 5% of treatment related 
leukemias (t-AML). 

Clinics 
Low WBC in AML M3, high WBC in AML M3v; 
frequently associated with disseminated intravascular 
coagulation (DIC) and hyperfibrinolysis. 

Cytology 
The cytomorphology of APL blasts is obviously 
different in the two subtypes: in AML M3, the 
abnormal promyelocytes show a heavy granulation and 
bundles of Auer rods; in AML M3v blasts have a non- 
or hypogranular cytoplasm or contain fine dustlike 
cytoplasmic granules that may not be apparent by light 
microscopy. Furthermore, M3v blasts show a typical 
bilobed nuclear configuration. This latter morphologic 
phenotype, together with missing granulation, often 
resulted in the misleading diagnosis of acute monocytic 
or myelo-monocytic leukemia before the cytogenetic 
correlation of both AML M3 and M3v with 
t(15;17)(q22;q12) was observed. AML M3v accounts 
for approximately 1/3 of APL cases. 

Prognosis 
Favourable if treated with an ATRA (all trans-retinoic 
acid) and anthracycline containing regimen: CR in 
>80% of cases, med survival: in most studies with  
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ATRA treatment not reached yet, adverse prognosis 
factors: high WBC, FLT3 - internal tandem duplication 
(ITD), bleeding episodes. 

Cytogenetics 
Cytogenetics morphological 
t(15;17)(q22;q12) leading to a PML-RARA-
rearrangement on the molecular level. 
Variant translocations involving one ore more 
chromosomes in addition to 15 and 17 are found in 2-
5% of cases with PML-RARA-rearrangement. 
Cytogenetically cryptic PML-RARA-rearrangements 
are observed in 2-3% of APL cases. 

Additional anomalies 
Are observed in 35-45% of cases, most frequent: +8, 
del(9q), ider(17)(q10)t(15;17). 

Variants 
3 variant translocations involving RARA: 
t(11;17)(q23;q12) leading to a fusion of RARA and 
PLZF; t(5;17)(q23;q12) leading to a fusion of RARA 
and NPM; t(11;17)(q13;q12) leading to a fusion of 
RARA and NuMA. The cases with variant 
translocation have initially been reported as having 
APL morphology. However, morphological differences 
exist. Clinically important is that APL variant with 
t(5;17)(q12;q12) seems to respond to ATRA, while 
APL variant with t(11;17)(q23;q12) does not. 
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Identity 
Note: must not be confused with the t(10;11)(p12;q23) 
involving AF10 in 10p12 and MLL, or the 
t(10;11)(p13;q14-21), also involving AF10, but with 
CALM on chromosome 11. 

Clinics and pathology 
Disease 
Acute non lymphoblastic leukemia (ANLL). 

Phenotype / cell stem origin 
M4/M5. 

Epidemiology 
Only three cases reported to date: all infants (2M/1F). 

Clinics 
Two boys aged 2 and 8 months respectively, achieved 
complete remission (1 years+, 5 years+), the newborn 
girl died soon for infection during induction. 

Cytogenetics 

 
 

A. Partial Q-banded karyotype showing the t(10;11)(p11.2;q23), derivative chromosomes are on the right. 
B. FISH using RP13-31H8 (ABI1) shows one signal on the normal chromosome 10 and the another one split between the p arm of 
der(10) (arrowheads) and the q arm of der(11) (arrow). The BAC clone was provided by Prof. M.Rocchi.
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Genes involved and Proteins 
ABI-1 
Location: 10p11.2 

DNA / RNA 
Different splicings. 

Protein 
Possesses a SH3 domain; cell growth inhibitor. 

MLL 
Location: in 11q23 

DNA / RNA 
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' ABI1; fusion at MLL exon 6-7. 
The breakpoint of ABI1 gene is the same in the two  

cases studied (nucleotide 433), while the breakpoint of 
MLL can be located either in exon 6 or 7. 

Fusion protein 
Description 
1727 amino acids (1406 from MLL and 321 from ABI-
1); NH2-AT-hook, DNA methyltransferase, and 
transcriptional repression domain of MLL, fused to the 
homeodomain homologous region and the SH3 domain 
of ABI-1 in COOH. 
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Clinics and pathology 
Disease 
Atypical chronic myeloid leukemia (a-CML). 

Epidemiology 
Only one case to date with ascertainment of the genes 
involved (another case was a 18 year old female patient 
with a M2 acute non lymphocytic leukemia (ANLL) 
and a t(7;11)(p15;p15) ; the t(5;14) appeared at relapse, 
5 months before death, 27 months after diagnosis). 

Clinics 
The sole case of t(5;14)(q33;q32) with certain 
PDGFRB/KIAA1509 involvement was a 42 year old 
male patient, BCR-ABL negative, treatad with 
imatinib, and maintained in complete remission 18 
mths after diagnosis. 

Genes involved and Proteins 
PDGFRB 
Location: 5q33 

Protein 
PDGFRB is the receptor for PDGFB (platelet-derived 
growth factor-b); Ig like, transmembrane and tyrosine 
kinase domains; membrane tyrosine kinase; can 
homodimerize. 

KIAA1509 
Location: 14q32 

Protein 
Poorly known; 1935 amino acids; possess a coiled coil 
domain. 
 
 

Results of the chromosomal 
anomaly 
Hybrid gene 
Description 
5' KIAA1509 - 3' PDGFRB; breakpoint in PDGFRB 
intron 10, identical to most PDGFRB breakpoints. 

Fusion protein 
Description 
934 amino acids composed of the 355 amino acids 
from KIAA1506 in N-term and 579 amino acids from 
PDGFRB C-term. 

Oncogenesis 
The coiled coil domain may mediate PDGFRB 
homodimerization and constitutive activation. 
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Clinics and pathology 
Disease 
Atypical chronic myelogenous leukemia (a-CML) 
(BCR-ABL negative chronic myeloproliferative 
disease). 

Epidemiology 
Only one case to date, a 79 year old male patient. 

Prognosis 
The disease was sensitive to imatinib, but the patient 
developped resistance to imatinib and died 14 months 
after diagnosis. 

Genes involved and Proteins 
PDGFRB 
Location: 5q33 

Protein 
PDGFRB is the receptor for PDGFB (platelet-derived 
growth factor-b); Ig like, transmembrane and tyrosine 
kinase domains; membrane tyrosine kinase; can 
homodimerize. 

TP53BP1 
Location: 15q22 

Protein 
Component of the cellular response to DNA damage. 

Results of the chromosomal 
anomaly 
Hybrid gene 
Description 
5' TP53BP1 - 3' PDGFRB; breakpoint in PDGFRB 
intron 10, identical to most PDGFRB breakpoints; exon 

23 of TP53BP1 fused in frame to PDGFRB exon 11; 
reciprocal product not detectable. 
Fusion protein 
Description 
247 kDa; composed of the N-term TP53BP1 including 
the coiled coil domains and the kinetochore binding 
domain from TP53BP1 fused to the transmembrane and 
the tyrosine kinase domains of PDGFRB C-term. 

Oncogenesis 
The coiled coil domains from TP53BP1 may mediate 
PDGFRB homodimerization and constitutive activation 
of its tyrosine kinase activity; on the other hand, the 
DNA damage response of TP53BP1 may be perturbed. 
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Clinics and pathology 
Disease 
Acute myeloid leucemia (AML) and 8p11 
myeloproliferative syndrome (EMS). 
Chromosome band 8p11 has been implicated in 
recurrent chromosome rearrangements associated either 
with acute myeloid leukemia (AML) or with a peculiar 
myeloproliferative disorder named 8p11 
myeloproliferative syndrome (EMS). The latter is 
characterized by generalized lymphadenopathy and 
marked eosinophilia, rapid evolution to AML, and 
frequent association with non-Hodgkin lymphoma. The 
FGFR1 gene is constantly involved in EMS, often 
evolving to AML. 

Phenotype / cell stem origin 
AML-M4 (EMS). 

Clinics 
1 case to date, a female patient aged 49 yrs. The 
differential WBC count suggested a chronic MPD. 
Examination of a bone marrow smear showed 44% 
blasts, hypoplasia, and eosinophilia. The 
immunophenotypic characterization revealed the 
coexistence of two distinct components, a 
myelomonocytic part along with a lymphoid 
population. A diagnosis of AML-M4 was established. 

Treatment 
Induction therapy was started with daunorubicin, 
cytosine arabinoside, and etoposide. 

Evolution 
The patient died of sepsis during aplasia on day 20. 
 

Cytogenetics 
Probes 
See figure below 

Additional anomalies 
None 

Genes involved and Proteins 
TRIM24 
Location: 7q34 
Note: Alias TIF1 

DNA / RNA 
See figure a. Transcript: 2 variants. For details see the 
specific NCBI page. 

Protein 
TIF1 encodes a nuclear protein, transcription 
intermediary factor 1a displaying an RBCC motif 
(RING finger, B-BOX, and coiled-coil domains, also 
called tripartite motif, TRIM) in its N-terminus and 
PHD and bromo domains at the C-terminus (figure b). 

FGFR1 
Location: 8p11 

DNA / RNA 
See figure c. Transcript: various isoforms. For details 
see the specific NCBI page. 
Protein 
The FGFR1 gene encodes the fibroblast growth factor 
receptor 1, a transmembrane receptor with a tyrosine 
kinase (TK) domain in the intracellular C-terminus, a 
transmembrane (TM) domain, and 3 immunoglobulin-
like C-2 type extracellular domains. 



t(7;8)(q34;p11) Belloni E et al. 
 
 
 
 
 

Atlas Genet Cytogenet Oncol Haematol. 2006;10(3)  191 

 
 

Genomic clones and genes in the FGFR1 (8p11) and TIF1 (7q34) regions. To the left are shown the positions of the RPCI11- 350N15 at 
8p11 and of the 2 adjacent genomic clones, RPCI11-513D5 and 675F6 (vertical white bars, genes in the genomic region of interest). On 
the right are the positions of the 4 clones that span the TIF1 locus (indicated by a vertical white bar) at 7q34 (RPCI11-18L16, 256C24, 
199L18, and 269N18). 
 

 
Genomic structure (not drawn to scale) of the TIF1 loci (numbered black boxes, exons) in figure a. The corresponding protein are 
represented in figure b. 

 

 
 

Genomic structure (not drawn to scale) of the FGFR1 loci (numbered black boxes, exons) in figure c. The corresponding proteins are 
represented in figure d. 
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Results of the chromosomal anomaly 
Hybrid gene 
Note: TIF1-FGFR1 and FGFR1-TIF1: see figure e. 
 

 
Fusion protein 
Note: TIF1-FGFR1 and FGFR1-TIF1: see figure f. 
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Identity Note: Subtle cytogenetic abnormality, easy to confuse 
with a del(21)(q22), may be missed in poor quality 
metaphases. 

 
 

Partial GTG-banded karyotype of t(1;21)(p36;q22). 
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Clinics and pathology 
Disease 
Acute non lymphocytic leukemia (ANLL or AML: 
acute myeloid leukemia) and myelodysplastic 
syndromes (MDS); 2 of 5 cases at least are secondary 
to toxic exposure. 
Note: Only 5 cases described so far one with features 
identical to a case of TXT t(18;21)(q21;q22), and a 
case of t(19;21)(q13.4;q22). 

Etiology 
Two of the reported cases are therapy-related, in 

another case, ANLL occurred about 50 years after 
radiation exposure from nuclear explosions. 

Prognosis 
Poor; median survival 6 months. 

Cytogenetics 
Probes 
AML1/ETO dual-color, dual-fusion probe. 

Additional anomalies 
-7, del(7q). 

 
 

FISH analysis using RUNX1 (red) probe. Three signals for RUNX1 are observed; on the normal chromosome 21, and on the derivative 
chromosomes 1 and 21. 
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Schematic representation of RUNX1 and PRDM16 (fusion) genes. 
Upper panel: normal genomic structures of PRDM16 and RUNX1 (non-coding parts in bleu). A cryptic exon, residing within intron 1 of 
PRDM16, is indicated in green (speckled). 
Lower panel: structure of RUNX1-PRDM16 fusion transcripts. Exons are numbered on the basis of consensus gene sequences. Exon 
sizes are not to scale. 
 

Genes involved and Proteins 
PRDM16 
Location: 1p36 
Note: This gene is also involved in the t(1;3)(p36;q21) 
(AML/MDS). 

Protein 
Zinc-finger protein, containing two DNA binding 
domains and a PRDI-BF1 (positive regulatory domain I 
binding factor 1/ RIZ (retinoblastoma-interacting zinc 
finger protein) homologous (PR) domain at the N-
terminus. 

RUNX1/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. 

Results of the chromosomal 
anomaly 
Hybrid gene 
Note: Two different chimeric transcripts have been 
identified. One contains the exon 1 to 6 of RUNX1 
including the runt domain, fused to sequences derived  

from intron 1 of PRDM16. The other fusion transcript 
contains exons 1 to 6 of RUNX1 and almost the entire 
PRDM16 coding region (see figure above). 

Description 
5' RUNX1 - 3' PRDM16. 
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Clinics and pathology 
Disease 
B cell non Hodgkin lymphoma (NHL). 

Epidemiology 
Only 3 cases so far. 

Clinics 
The 3 patients had diffuse large B cell lymphoma 
(DLBCL); 2 of 2 patients were male patients, one 
presented with a history of follicular small cleaved cell 
lymphoma 15 years ago, when aged 47 year. This 
patient died 6 months later of progressive disease. 

Cytogenetics 
Additional anomalies 
2 out of 2 cases had a t(14;18)(q32;q21) and both 
patients presented with MAKA (major karyotypic 
anomalies). 

Genes involved and Proteins 
BCL6 
Location: 3q27 

DNA / RNA 
Spans on 25 kb;. 11 exons. 

Protein 
Sequence-specific DNA binding transcriptional 
repressor. 

MHC2TA 
Location: 16p13 
 
 
 
 

Protein 
Non-DNA-binding transcriptional coactivator; 
transactivator of the major histocompatibility complex 
(MHC) class II genes. 

Results of the chromosomal 
anomaly 
Hybrid gene 
Description 
5'-MHC2TA/BCL6-3' fusion transcripts but also the 5'-
BCL6/MHC2TA-3' fusion transcripts. 
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Clinics and pathology 
Disease 
T-cell lymphoma of the small intestine of low grade 
malignancy. 

Phenotype / cell stem origin 
CD3, CD4, TCR A-B phenotype. 

Epidemiology 
Only 1 case to date, a 28 year old male patient. 

Cytogenetics 
Cytogenetics morphological 
Sole anomaly. 

Genes involved and Proteins 
IL2 
Location: 4q26 

DNA / RNA 
6 exons. 

Protein 
Role in mediation of the immune system; member of 
the IL2 family of cytokines; binds to and signals 
through a receptor complex consisting of IL2Ralpha, 
IL2Rbeta, and gamma chain; T-cell growth factor. 

TNFRSF17 
Location: 16p13.1 

DNA / RNA 
3 exons. 
Protein 
Role in mediation of the immune system; member of 
the TNF-receptor superfamily; binds to 
TNFSF13B/BAFF/BLys and TNFSF13/APRIL; 
promotes B-cell survival. 

Results of the chromosomal 
anomaly 
Hybrid gene 
Description 
5' IL2 - 3' TNFRSF17; breakpoint in intron 3 of IL2. 
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Clinics and pathology 
Disease 
pro-B acute lymphoblastic leukemia (L2). 

Epidemiology 
One case described (42 years); male. 

Clinics 
The patient presented with fever and chills for 10 days. 
He had multiple 0.5 to 1.0 cm lymph nodes on bilateral 
necks, axillary and inguinal areas. He had no 
hepatosplenomegaly. His initial blood counts were HB 
10.3 gm/dL, WBC 579.0 x 109L with 97% blasts, and 
platelet 37.0 x 109L. 

Cytology 
Bone marrow smear showed 99% blasts (FAB L2), 
which were negative for myeloperoxidase and 
exhibited diffuse fine granular patterns for PAS and 
acid phosphatase stains. Immunophenotypic analysis 
showed that the blasts were positive for CD19, CD33, 
CD34, HLA-DR and cyCD79; and negative for CD10, 
CD7, CD2, CD13, and cyMPO. 

Treatment 
The patient refused chemotherapy. 

Cytogenetics 
Cytogenetics morphological 
Cytogenetic analysis was not performed. 
 
 
 

Genes involved and Proteins 
MLL 
Location: 11q23 

Protein 
431 kDa; contains two DNA binding motifs (a AT 
hook, and Zinc fingers), a DNA methyltransferase 
motif, and a SET [Su(var)3-9, enhancer of Zeste, and 
trithorax] doamin. 

MAPRE1 
Location: 20q11.2 

Protein 
MAPRE1 encoding EB1 which contains a microtubule-
binding domain, a dynactin-binding domain (DBD), 
and an APC-binding domain that is overlapped to 
DBD; localized at cytoplasmic microtubule tips, 
centrosomes, and spindle microtubules, and interacts 
with APC or dynein/dynactin complex to regulate 
microtubule dynamics, cell polarity, and chromosomal 
stability. 

Results of the chromosomal 
anomaly 
Hybrid gene 
Description 
5' MLL - 3' MAPRE1, with fusion of MLL exon 6 to 
MAPRE1 exon 5; the reciprocal in-frame MAPRE1-
MLL is also transcribed. 
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Partial nucleotide and deduced amino acid sequence of the break junctions of MLL-MAPRE1 and MAPRE1-MLL fusion transcripts. 
Vertical lines indicate break junctions. 

 
 

Schematic representation of MLL-EB1 and EB1-MLL fusion proteins. AT-H, AT hooks; MT, DNA methyltansferase motif; Zn-F, zinc 
finger domain; SET, [Su(var]3-9, enhancer of zeste, and trithorax] domain; En, microtubule-binding domain; ABD, APC-binding domain; 

numbers indicate amino acids of each protein. 
 

Detection protocole 
cDNA panhandle PCR. 

Fusion protein 
Description 
NH2-AT hook and DNA methyltransferase motif from 
MLL fused to APC-binding domain of EB1. 
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Identity 
Other names: Hepatocellular adenoma; Liver cell 
adenoma 

Clinics and pathology 
Disease 
Hepatocellular adenomas (HA) are rare benign liver 
tumors, most frequently occurring in women using oral 
contraception. HA are single or more rarely multiple 
nodules; the presence of more than ten nodules in the 
liver indicates a specific nosological entity: liver 
adenomatosis. 

Etiology 
In 90% of the cases, adenomas are sporadic and only 
rare cases are developed in a familial context (Familial 
liver adenomatosis). Patients with an inherited mutation 
in one allele of TCF1/HNF1a may develop maturity 
onset diabetes of the young type 3 (MODY3) and 
familial liver adenomatosis, when the second allele is 
inactivated in hepatocytes by somatic mutation or 
chromosome deletion. 

Epidemiology 
Hepatocellular adenomas are usually related to oral 
contraceptive use. The other risk factors are: glycogen 
storage diseases and the androgen therapy. HA are rare 
tumours: their estimated incidence in France is 
approximately one case per 100,000 women. Over the 
past fifteen years, their incidence has seen a sustained 
decline in industrialised countries; this trend is 
probably linked to the reduction in ethinylestradiol 
doses in oral contraceptives. 

Pathology 
These tumours result from a benign proliferation of 
hepatocytes which destroy the normal architecture of 
the liver. They are usually hyper-vascularised and 

typical adenoma corresponds to a proliferation of 
benign hepatocytes, intermingled with numerous thin-
walled vessels, without portal tracts. 

Treatment 
Surgery is usually proposed for lesion of more than  
3 cm. 

Evolution 
Hepatocellular adenoma may bleed, or rarely, undergo 
malignant transformation. 

Prognosis 
The molecular and pathological classification of 
hepatocellular adenomas permits the identification of 
strong genotype-phenotype correlations and suggests 
that adenomas with beta-catenin activation have a 
higher risk of malignant transformation. 

Genetics 
Note: Germline TCF1/HNF1A mutation can 
predispose to familial liver adenomatosis. 

Genes involved and Proteins 
Note: Half of the adenoma cases are mutated for TCF1 
gene encoding HNF1a. These mutations are 
inactivating and both allele are mutated in tumors. 
Patients with an inherited mutation in one allele of 
HNF1a may develop maturity onset diabetes of the 
young type 3 (MODY3) and familial liver 
adenomatosis, when the second allele is inactivated in 
hepatocytes by somatic mutation or chromosome 
deletion. Mutations of CTNNB1 activating the beta-
catenin was also found in 15% of the HA cases. The 
molecular and pathological classification of 
hepatocellular adenomas permited the identification of 
strong genotype-phenotype correlations and suggested 
that adenomas with beta-catenin activation have a 
higher risk of malignant transformation. 
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TCF1 
Location: 12q24.31 
Note: Alias: HNF1A, hepatocyte nuclear factor 1 
alpha, HNF1, LFB1, M57732, MODY3. 
More than 50 different HNF1a mutations have been 
identified in HA. These mutations are distributed 
mainly from exon 1 to 6. Point mutations, small 
deletions and insertions were identified. Gene deletions 
are less frequent. 

CTNNB1 
Location: 3p22.1 
Note: Description: catenin (cadherin-associated 
protein), beta 1. 
Activating mutations are amino-acid substitution in 
exon 3 or in-frame deletion including part or all exon 3. 

Protein 
Beta-catenin is an adherens junction protein. Adherens 
junctions are critical for the establishment and 
maintenance of epithelial layers, cells adhesion, signal 
communication, anchorage of the actin cytoskeleton. 
CTNNB1 has important functions in the E-cadherin-
mediated cell-cell adhesion system and also as a 
dowstream signaling molecule in the Wnt pathway. 
Cytoplasmic accumulation of b catenin allows it to 
translocate to the nucleus to form complexes with 
transcription factors of the T cell factor-lymphoid 
enhancer factor (Tcf-Lef) family. b-catenin is assumed 
to transactivate mostly unknown target genes, which 
may stimulate cell proliferation (acts as an oncogene) 
or inhibit apoptosis. The b-catenin level in the cell is 
regulated by its association with the adenomatous 
polyposis coli (APC) tumor suppressor protein, axin 
and GSK-3b. Phosphorylation of b-catenin by the APC-
axin-GSK-3b complex leads to its degradation by the 
ubiquitin-proteasome system. 
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Identity 
Note: Birt-Hogg-Dubé syndrome (BHDS) is 
characterized by renal oncocytic tumors, benign skin 
tumors (fibrofolliculomas and trichodiscomas), and 
spontaneous pneumothorax. The first description of an 
affected family was provided by Birt, Hogg, and Dubé 
in 1977. 
Inheritance: Autosomal Dominant with variable 
expressivity. Prevalence is estimated at about 
1/200,000. 

Clinics 
Phenotype and clinics 
BHDS is a genodermatosis characterized by the triad of 
benign tumors of the hair follicle, spontaneous 
pneumothorax and kidney tumors. These 
manifestations do not have to be simultaneously 
present in the same individual in order to establish a 
diagnosis of BHDS, since the phenotype is variable and 
penetrance is not complete. Patients may also suffer 
from colonic polyps and colorectal cancer. Cutaneous 
tumors are fibrofolliculomas, trichodiscomas and/or 
acrochordons. Fibrofolliculomas and trichodiscomas 
tend to appear in the third or fourth decade of life as 
small white or skin-colored multiple papules on the 
face, neck and upper trunk. Acrochordon is a non 
specific designation for small and soft skin tags. 
Multiple angiofibromas, lipomas and collagenomas 
have also been reported. Affected individuals have a 
high chance of developing cysts in the lungs and 
spontaneous pneumothorax. Although almost all 
patients who have BHDS have lung blebs (90%), but 
only a fifth will have spontaneous pneumothorax. The 

strong association of spontaneous pneumothorax with 
BHDS suggests that the presence of spontaneous 
pneumothorax in a member of a BHDS family could be 
used as a criterion for the diagnosis of BHDS. 

Neoplastic risk 
Approximately 27% of BHDS patients develop renal 
tumors of different histological type: 
- chromophobe (34%), 
- hybrid chromophobe/oncocytic (50%), 
- oncocytoma (5%), and 
- clear cell renal carcinoma (9%). 
Hybrid tumors are most characteristic of this condition, 
and several lesions initially diagnosed as oncocytomas 
or chromofobe tumors have been defined as hybrid 
tumors upon reappraisal. Multiple histological types of 
kidney tumors can be found in the same BHDS family, 
in the same patient or even in the same kidney. 
Although colonic tumors have been observed in some 
families, it is not clear whether they represent a 
manifestation of BHDS. 

Treatment 
No specific medical treatment exists for the cutaneous 
lesions of BHDS. Surgical removal has provided 
definitive treatment of solitary perifollicular fibromas 
and electrodesiccation may be helpful in removal of 
multiple lesions, but these can recur.· 
High-resolution CT scan is required in order to identify 
lung cysts. 
Individuals at risk or affected by BHDS should be 
radiographically screened for renal tumors at periodic 
intervals and they are best treated with nephron sparing 
surgical approaches. 
Colonoscopy should be considered. 
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Multiple trichodiscomas of the neck. 
 

Prognosis 
Prognosis depends on the number, type and age at 
diagnosis of kidney tumors. Hybrid and chromophobe 
tumors have malignant potential, while pure renal 
oncocytomas are benign. Mean age at diagnosis of 
kidney tumors is 50.7 years. 

Genes involved and Proteins 
FLCN 
Location: 17p11.2 

DNA/RNA 
Description: Total gene size: 24971 bp. 
Transcription: Alternative splicing results in two 
transcript variants encoding different isoforms. mRNA 
is expressed in a variety of tissues, including the skin, 
the kidney, the lung, the pancreas, parotid gland, and 
the brain. Tissues with reduced expression of FLCN 
mRNA include heart, muscle and liver. FLCN mRNA 
is not expressed in renal tumors from BHDS patients. 

Protein 
Folliculin. 
Description: The protein contains a conserved SLS 
potential phosphorylation site, a glutamic acid-rich 
coiled-coil domain, an N-glycosylation site, and 3 
myristoylation sites. Its function is yet unknown. 

Mutations 
Cytosine insertions or deletions in a mononucleotide 
repeat tract containing 8 cytosines within exon 11 are 

the most frequent constitutional mutations found, being 
detected in approximately 50% of BHDS families. 
These mutations result in an abnormally small, non 
functional folliculin protein. Other mutations located 
elsewhere in the coding sequence are heterogeneous. 
Overall, point mutations in the FLCN gene are found in 
approximately 80% of BHDS cases. 

References 
Birt AR, Hogg GR, Dubé WJ. Hereditary multiple 
fibrofolliculomas with trichodiscomas and acrochordons. Arch 
Derm 1977;113:1674-1677. 

Weintraub R, Pinkus H. Multiple fibrofolliculomas (Birt-Hogg-
Dubé) associated with a large connective tissue nevus. J 
Cutan Pathol 1977;4:289-299. 

Fujita WH, Barr RJ, Headley JL. Multiple fibrofolliculomas with 
trichodiscomas and acrochordons. Arch Derm 1981;117:32-35. 

Starink TM, Kisch LS, Meijer CJLM. Familial multiple 
trichodiscomas: a clinicopathologic study. Arch Derm 
1985;121:888-891. 

Ubogy-Rainey Z, James WD, Lupton GP, Rodman OG. 
Fibrofolliculomas, trichodiscomas, and acrochordons: the Birt-
Hogg-Dubé syndrome. J Am Acad Derm 1987;16:452-457. 

Rongioletti F, Hazini R, Gianotti G, Rebora A. 
Fibrofolliculomas, tricodiscomas and acrochordons (Birt-Hogg-
Dubé) associated with intestinal polyposis. Clin Exp Derm 
1989;14:72-74. 

Shapiro PE, Kopf, AW. Familial multiple desmoplastic 
trichoepitheliomas. Arch Derm 1991;127:83-87. 

Roth JS, Rabinowitz AD, Benson M, Grossman ME. Bilateral 
renal cell carcinoma in the Birt-Hogg-Dubé syndrome. J Am 
Acad Derm 1993;29:1055-1056. 

Chung JY, Ramos-Caro FA, Beers B, Ford MJ, Flowers F. 
Multiple lipomas, angiolipomas, and parathyroid adenomas in a 



Birt-Hogg-Dube Syndrome (BHD) Toschi B, Genuardi M 
 
 
 
 
 

Atlas Genet Cytogenet Oncol Haematol. 2006;10(3)  205 

patient with Birt-Hogg-Dubé syndrome. Int J Dermatol 
1996;35:365-367. 

Kovacs G, Akhtar M, Beckwith BJ, Bugert P, Cooper CS, 
Delahunt B, Eble JN, Fleming S, Ljungberg B, Medeiros LJ, 
Moch H, Reuter VE, Ritz E, Roos G, Schmidt D, Srigley JR, 
Störkel S, Van Den Berg E, Zbar B. The Heidelberg 
classification of renal cell tumors. J Path 1997;183:131-133. 

Le Guyadec T, Dufau J.-P, Poulain J.-F, Vaylet F, Grossin M, 
Lanternier G. Multiple trichodiscomas associated with intestinal 
polyposis. Ann Derm Venereol 1998;125:717-719. 

Weirich G, Glenn G, Junker, K, Merino M, Störkel S, Lubensky 
I, Choyke P, Pack S, Amin M, Walther MM, Linehan WM, Zbar 
B. Familial renal oncocytoma: clinicopathological study of 5 
families. J Urol 1998;160:335-340. 

Liu V, Kwan T, Page EH. Parotid oncocytoma in the Birt-Hogg-
Dubé syndrome. J Am Acad Dermatol 2000;43:1120-1122. 

Khoo SK, Bradley M, Wong FK, Hedblad MA, Nordenskjold M, 
Teh BT. Birt-Hogg-Dubé syndrome: mapping of a novel 
hereditary neoplasia gene to chromosome 17p12-q11.2. 
Oncogene 2001;20:5239-5242. 

Schmidt LS, Warren MB, Nickerson ML, Weirich G, Matrosova 
V, Toro JR, Turner ML, Duray P, Merino M, Hewitt S, Pavlovich 
CP, Glenn G, Greenberg CR, Linehan WM, Zbar B. Birt-Hogg-
Dubé syndrome, a genodermatosis associated with 
spontaneous pneumothorax and kidney neoplasia, maps to 
chromosome 17p11.2. Am J Hum Genet 2001;69:876-882. 

Khoo SK, Giraud S, Kahnoski K, Chen J, Motorna O, Nickolov 
R, Binet O, Lambert D, Friedel J, Lévy R, Ferlicot S, 
Wolkenstein P, Hammel P. Bergerheim U, Hedblad MA, 
Bradley M, Teh BT, Nordenskjold M, Richard S. Clinical and 
genetic studies of Birt-Hogg-Dubé syndrome. J Med Genet 
2002;39:906-912. 

Nickerson ML, Warren MB, Toro JR, Matrosova V, Glenn G, 
Turner ML, Duray P, Merino M, Choyke P, Pavlovich CP, 
Sharma N, Walther M, Munroe D, Hill R, Maher E, Greenberg 

C, Lerman MI, Linehan WM, Zbar B, Schmidt LS. Mutations in 
a novel gene lead to kidney tumors, lung wall defects, and 
benign tumors of the hair follicle in patients with the Birt-Hogg-
Dubé syndrome. Cancer Cell 2002;2:157-164. 

Pavlovich CP, Walther MW, Eyler RA, Hewitt SM, Zbar B, 
Linehan WM, Merino MJ. Renal tumors in the Birt-Hogg-Dubé 
syndrome. Am J Surg Path 2002;26:1542-1552. 

Zbar B, Alvord WG, Glenn G, Turner M, Pavlovich CP, Schmidt 
L, Walther M, Choyke P, Weirich G, Hewitt SM, Duray P, 
Gabril F, Greenberg C, Merino MJ, Toro J, Linehan WM. Risk 
of renal and colonic neoplasms and spontaneous 
pneumothorax in the Birt-Hogg-Dubé syndrome. Cancer 
Epidemiol. Biomarkers Prev 2002;11:393-400. 

Warren MB, Torres-Cabala CA, Turner ML, Merino MJ, 
Matrosova VY, Nickerson ML, Ma W, Linehan WM, Zbar B, 
Schmidt LS. Expression of Birt-Hogg-Dubé gene mRNA in 
normal and neoplastic human tissues. Mod Pathol 
2004;17:998-1011. 

Pavlovich CP, Grubb RL 3rd, Hurley K, Glenn GM, Toro J, 
Schmidt LS, Torres-Cabala C, Merino MJ, Zbar B, Choyke P, 
Walther MM, Linehan WM. Evaluation and management of 
renal tumors in the Birt-Hogg-Dubé syndrome. J Urol 
2005;173:1482-1486. Erratum in J Urol 2005;174:796. 

Schmidt LS, Nickerson ML, Warren MB, Glenn GM, Toro JR, 
Merino MJ, Turner ML, Choyke PL, Sharma N, Peterson J, 
Morrison P, Maher ER, Walther MM, Zbar B, Linehan WM. 
Germline BHD-mutation spectrum and phenotype analysis of a 
large cohort of families with Birt-Hogg-Dubé syndrome. Am J 
Hum Genet 2005;76:1023-1033. 

This article should be referenced as such: 
Toschi B, Genuardi M. Birt-Hogg-Dubé Syndrome (BHD). Atlas 
Genet Cytogenet Oncol Haematol.2006;10(3):203-205.  

 

 

 



 
 
 
 

 
 

Cancer Prone Disease Section 
Mini Review 
 

Atlas Genet Cytogenet Oncol Haematol. 2006;10(3)  206 

Atlas of Genetics and Cytogenetics 
in Oncology and Haematology                          

                         OPEN ACCESS JOURNAL AT INIST-CNRS 

Neurofibromatosis type 1 (NF1) 
Katharina Wimmer 

Abteilung Humangenetik des Klinischen Instituts für Medizinische und Chemische Labordiagnostik 
(KIMCL), Medizinische Universität Wien, Wien, Austria 

Published in Atlas Database: February 2006 

Online updated version: http://AtlasGeneticsOncology.org/Kprones/NF1ID10006.html  
DOI: 10.4267/2042/38337 

This article is an update of: Huret JL. Neurofibromatosis type 1 (NF1). Atlas Genet Cytogenet Oncol Haematol.1997;1(1):36-37. 
 
This work is licensed under a Creative Commons Attribution-Non-commercial-No Derivative Works 2.0 France Licence. 
© 2006 Atlas of Genetics and Cytogenetics in Oncology and Haematology 

 

Identity 
Other names: Von Recklinghausen neurofibromatosis; 
Peripheral neurofibromatosis 
Inheritance: autosomal dominant with almost 
complete penetrance; frequency is 30/105 newborns 
(and 1 of 200 mentally handicapped persons): one of 
the most frequent genetically inheritable disease; 
neomutation in 50%, mostly from the paternal allele; 
highly variable expressivity, from very mild to very 
severe; expressivity is also age-related. 

Clinics 
NF1 is an hamartoneoplastic syndrome; hamartomas 
are localized tissue proliferations with faulty 
differenciation and mixture of component tissues; they 
are heritable malformations that have a potential 
towards neoplasia; the embryonic origin of dysgenetic 
tissues involved in NF1 is ectoblastic. 

Phenotype and clinics 
Diagnosis is made on the ground of at least 2 of the 
following: 
- café-au-lait spots (no 6 or more with 0.5 cm of 
diameter (in pre-puberty)); 
- 2 neurofibromas or 1 plexiform neurofibromas 
(mainly cutaneous); 
-  2 Lisch nodules (melanocytic hamartomas of the 
iris); 
- freckling in the axillary/inguinal region (Crowe's 
sign); 
- glioma of the optic nerve; 
- distintive bone anomalies (scoliosis, pseudoarthroses, 
bony defects (orbital wall)...); 
- positive family history. 
Other features: 

- macrocephaly; 
- epilepsy; 
- mental retardation in 10 %; learning diabilities in half 
patients; 
- sexual precocity and other endocrine anomalies; 
- hypertension (renal artery stenosis). 

Neoplastic risk 
- 5% of NF1 patients experience a malignant neoplasm; 
- neurofibromas, especially the plexiform variety;  
polyclonal (benign) proliferation; may be present at 
birth or appear later, may be a few or thousands, small 
or enormous, occur in the skin and in various tissus and 
organs; neurofibromas localized to the spine are 
extremely difficult to manage. 
- neurofibrosarcomatous transformation (malignant) of 
these in 5-10 %; 
- optic nerve gliomas; 
- childhood MDS (myelodysplasia) and ANLL, often 
with monosomy 7 (monosomy 7 syndrome, 'juvenile 
myelomonocytic leukaemia'): risk, increased by X 200 
to 500, is still low, as JMML is rare; M>F; most often 
before the age of 5 years; no increased risk of 
leukaemia in the adult. 
- pheochromocytomas; 
- various other neoplasias, of which are 
rhabdomyosarcomas 

Treatment 
Early diagnosis, lifetime monitoring and surgery are 
essential 

Cytogenetics 
Inborn condition 
No special feature. 
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Cancer cytogenetics 
According to the cancer type in most cases  
JMML: monosomy 7. 

Genes involved and Proteins 
NF1 
Location: 17q11.2 

Protein 
Description: the protein has been called neurofibromin; 
GTPase activating protein (GAP); tumour suppressor. 

Mutations 
Germinal: mainly nucleotide substitutions (splicing 
defects, nonsense mutations, missense mutations) and 
frameshift alterations, microdeletions (5-10%), some 
intragenic copy number changes on one allele. 
Somatic: the second allele is often lost in the neoplatic 
cell owing to copy number loss and mitotic 
recombination events, but also minor lesion mutations 
are found. 
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Identity 
Other names: Familial hepatic adenomas 
Note: Liver adenomatosis is a rare disease defined by 
the presence of multiple adenomas within an otherwise 
normal hepatic parenchyma. In 2002, frequent bi-allelic 
inactivation of TCF1 /HNF-1alpha, was identified in 
hepatocellular adenomas. In 80% of the cases both 
mutations were of somatic origin. However, in the 
remaining cases, one heterozygous germline mutation 
has been found in patients revealing a relation between 
liver adenomatosis and maturity-onset diabetes of the 
young (MODY3). MODY3 is a rare dominantly 
inherited subtype of non-insulin-dependent diabetes 
mellitus characterized by early onset, usually before the 
age of 25, and a primary defect in insulin secretion. In 
1996, heterozygous germline mutations of 
TCF1/HNF1a have been linked to the occurrence of 
MODY3 in humans. 
Inheritance: autosomal dominant disorder with low 
penetrance. 

Clinics 
Phenotype and clinics 
To date, all familial liver adenomatosis cases described 
are related to TCF1/HFN1a constitutional mutation. 
Genotype-phenotype correlation analysis showed that 
TCF1/HNF1a benign lesions were steatotic. 

Neoplastic risk 
Among MODY3 patients only a very small minority 
will develop liver adenomatosis. Cases of malignant 
transformation are uncommon. 

Evolution 
Patients presenting TCF1/HNF1a mutated 
adenomatosis are at risk of tumor hemorrhagic rupture. 
 

Genes involved and Proteins 
Note: HNF1a is a homeodomain containing 
transcription factor that is implicated in hepatocyte 
differentiation and is required for the liver-specific 
expression of several genes, including ß-fibrinogen, 
albumin and a1-antitrypsin. 

TCF1 
Location: 12q24.31 

DNA/RNA 
Description: 10 coding exons. 

Protein 
Description: hepatocyte nuclear factor 1 alpha, HNF1A 
Function: transcription factor. 
Homology: Homeodomain, pou family. 

Mutations 
Germinal: at least 6 different mutations were found in 
familial adenomatosis: R229X, R272S, P291fs (2 
cases), G55fs, IVS2 +1 G>T. 
Somatic: inactivation of the second allele in adenoma 
tumors is by gene deletion or mutation. 
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Abstract 
The history of medical ethics has provided, at various junctures, focus on major principles such as justice, fidelity, 
autonomy, beneficence, etc. When deontological (rule-based) perspectives received competition from utilitarian (results-
based) methods of analysis in the 19th century, changes in emphasis helped pave the way for ethical assessment of the 
Darwinian, Mendelian, Freudian and Einsteinian revolutions. Modern frameworks in medical ethics have returned to 
principalism (which has its roots in the ancient Greek philosophical tradition that directs our attention to the Good, the 
True and the Beautiful). This in turn has conditioned much of the underpinning of genetics counseling, with emphases 
on justice, beneficence and autonomy. The recent opening up of oncogenetics offers an opportunity to revisit the 
insights of the past and refine them for clinical oncology settings. There are important problems and issues which arise 
in several contexts: intrafamilial dynamics, economic concerns, professional qualifications, research settings, and most 
recently reproductive decision-making. 

 

Introduction 
As modern scientific insights deepen and strengthen 
our abilities to discover and apply knowledge of the 
fundamental biological processes involved in malignant 
neoplasia, there is a concurrent need for us to mine the 
humanistic and philosophical meaning of the cancer 
experience and its social context. This essay will 
explore some philosophical and theological 
foundations, and modern applications, of medical 
ethics. The descriptive aspects of oncogenetics (e.g. 
tumor-suppressor genes, proto-oncogenes, DNA 
mismatch repair genes, autosomal dominant inheritance 
patterns with incomplete penetrance and variable 
expressivity, genetic heterogeneity) are discussed 
elsewhere in the encyclopedia, and a basic knowledge 
of those scientific materials is presumed in this 
treatment. 

Historical overview of ethics 
Ethics is the systematic study of norms and practices 
governing interactions between persons, who are moral 
agents with rights and obligations. The ethicist asks 
how people should act. While it may seem ideal to 
articulate timeless answers to these questions, the 

process of addressing them is usually conditioned by 
cultural and social context of the inquiring philosopher, 
so that practical results typically are expressed in ways 
that reflect the religious traditions and foundational 
assumptions of the writer. 
The roots of modern ethics can be traced to early 
religious traditions that began to take form in written 
documents nearly 3000 years ago. During what has 
been called the “axial age”, a relatively short period of 
several centuries, leading thinkers independently 
reached very similar new insights regarding the role of 
the human agent, the conscience, and the notions of 
duty, honor and responsibility. They rejected the 
animistic magical explanation of events and the notion 
that divine agencies are capricious or vindictive. They 
promoted the notion that individuals are obliged to 
maintain a relationship axis by which they experience 
and participate in creativity and righteousness. Thus the 
Hebrew prophets (Isaiah, ca. 770-685 BC; Micah, ca. 
760-700; Jeremiah, ca. 650-580 BC; Ezekiel, ca. 620-
570 BC, etc.) in the Mediterranean basin, Siddhartha 
Gautama (ca. 563-483 BC) in the Indian subcontinent, 
and Han Fei-Tzu (ca. 551-483 BC) in China expressed 
convergent ideas without having had any opportunity to 
know of each others’ teachings. 
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Soon thereafter, in another region of the Mediterranean 
basin, Socrates (ca. 470-399 BC), his student Plato 
(429-347 BC), and his student Aristotle (384-322 BC) 
developed strong intellectual foundations for ethical 
thinking, probably without having any awareness of the 
teachings of those earlier thinkers. The more religiously 
motivated teachings of Jesus (ca. 4 BC-29 AD) and 
Mohammad (570-632 AD) were founded largely on the 
same cultural tradition to which Isaiah and the other 
Hebrew prophets had made their contributions. As 
Europe languished in relative intellectual quiescence, 
the Islamists preserved and treasured ancient Greek 
philosophical writings. Then, while their culture was 
slipping into fundamentalism, Aristotle’s works were 
“rediscovered”. The Jewish scholar/scientist/physician 
Moses Maimonides (1135-1204) conducted seminal 
study and reflection on these materials. A conscious 
and systematic effort to incorporate them into a 
Christian hermeneutic was undertaken by several 
people at about that time, most importantly Thomas 
Aquinas (1225-1274). He and Maimonides were, 
however, still unaware of the Buddhist and Confucian 
lines of thought. 
Rene Descartes (1596-1650) posited, as a starting point 
in his search for a reliable method in moral philosophy, 
that all persons believe themselves to enter every 
debate with an adequate deposit of common sense. In 
other words, we can and should assume that on entering 
any debate, each participant begins with good will and 
an interest in reaching a well reasoned and “correct” 
conclusion. When we find this difficult to achieve, he 
believes, it is not due to ill will or poor motivation, but 
rather to differences in perspective. A modern reader 
might be tempted to think that Descartes was 
expressing cynicism, but apparently he took this 
presupposition seriously. It is intriguing to contemplate 
how different much human discourse might be if we all 
genuinely and habitually employed this as a starting 
point for familial, professional and political 
interactions! 
Immanuel Kant (1724-1804) is the supreme adherent to 
deontology, the normative ethical framework which is 
based on adherence to universal rules of behavior, often 
received as religious revelation or dogma. He perceived 
two things that consistently inspire awe and respect: the 
starry heavens above, and the moral law within. He 
derived for us the “categorical imperative” whereby a 
moral agent should never engage in any activity unless 
s/he is convinced that all moral agents should always 
choose the same course of action. This lofty 
expectation is, of course, not lightly achieved. Yet none 
of the serious thinkers in religious or philosophical 
arenas has ever offered us easy virtue. Plato’s eternal 
search for the Good, True and Beautiful is always 
demanding. Gautama Buddha requires that the yogin, 
having achieved enlightenment, return from blissful 
contemplation to the marketplace and manifest 
compassion on others by teaching them to enjoy the 

same accomplishment. Jesus demands self-sacrificial 
love. Mohammad mandates inclusiveness and a radical 
option for the poor and oppressed. 
Nineteenth century utilitarianism incorporated into the 
mainstream of ethical dialogue some of the practical 
religious thinking embodied in the tradition of 
“casuistry” that had been employed by 17th and 18th 
century Jesuits (an order of Roman Catholic priests 
famed for scholarship) to meet the challenges of the 
confessional. Casuistry has to do with discerning 
probable, but not always certain, approximations of 
virtue in the application of ethical principles to daily 
ongoing decision-making. The utilitarians evolved an 
ethical analysis in which the greatest good for the 
greatest number became the ruling principle. Seeking 
the greatest pleasure and the least pain (not for the 
agent personally [hedonism], but for the whole 
population of those involved in the decision and its 
outcomes) became the normative heuristic. Out of this 
emerged the notion that the ends might justify the 
means, a formula that is not attractive to most 
deontologists. However, consistent utilitarianism also 
makes demands on the individual, who may be called 
upon for great personal sacrifice. Popular 20th century 
American culture found this expressed dramatically and 
explicitly in Mr. Spock’s suicidal actions to save the 
entire crew of the Enterprise in the movie Star Trek II: 
Revenge of Khan. It has, however, long been part of 
the high lore of warfare and chivalry, whenever one 
soldier lays down his life to preserve the lives of his 
comrades. 
A broadly based perspective that can take advantage of 
all these traditions was possible only in the past 
century, when syncretistic approaches to diverse 
cultural traditions could be achieved as a result of 
improved transportation and communication. Albert 
Schweitzer (1874-1964), a giant of theological and 
scientific scholarship as well as professional and 
personal sacrifice, proposed an overall ethic of 
reverence for life that sought to incorporate the 
strengths of a wide variety of preceding thinkers. 
Syncretism always hazards being criticized for failing 
to adhere to or achieve the highest purity in any given 
system of thought. Twentieth century popes, 
theologians, and philosophers of many religious and 
secular schools, and sincere secular-minded 
practitioners of health care with strong interest in 
seeking the Good, have elaborated a broad and deep 
literature addressing the challenges of ethics in a world 
imbued with techno-scientific instruments and 
opportunities. Many of them strive to avoid any 
attenuation of their specific cultural and religious 
contexts in that process. 
Principalism has offered, in this context, a modern 
reconsideration of normative ethical foundations 
applied to apparently new problems posed by 
technology. The mantra of the principalist is 
“beneficence, non-malfeasance, justice and respect for 
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autonomy (the right to know about one’s risk factors, 
and the right not to know things that one prefers not to 
address)”. This heuristic has achieved broad acceptance 
in the community engaged in “bioethics”. These four 
pillars for ethical analysis have found an important 
application in genetic counseling, a paramedical 
profession which arose during the third quarter of the 
century and which is focused on genetic decision 
making processes. Today most professionals engaged 
in genetic counseling are masters-level people with 
training in both psychosocial fields and applied 
genetics; most others are medical geneticists (most 
MD, some PhD, some both). 

Counseling 
Someone once noted facetiously that genetic 
counseling has been with us as long as there have been 
in-laws anxious to assert “that never happened in our 
family.” The more subtle, and so more readily 
overlooked, errors in application of science to human 
challenges will often take a form such as “the risk is 
only 6%, so you should not waste any sleep over it.” If 
the empiric risk for some adverse event is “only 6%”, 
the meaning (medical, social, psychological, spiritual) 
for the person at risk remains a function of the relative 
impact of the problem in question. A 6% risk for a 
fractured finger is not equivalent to a 6% risk for 
metastatic ovarian tumor. A 6% risk for male breast 
cancer associated with carrier status of a mutation in 
the BRCA2 gene may be a matter of great concern 
because such tumors often blind-side the patient who 
assumes his risk to be essentially zero, so that he may 
have advanced disease before appreciating a need for 
medical attention. 
Consequently, effective genetic counseling must not 
only quote the most scientifically based risk factors and 
explain the technical aspects of heredity, but also travel 
the notoriously complex passages of self-image, 
religious conviction, social obligation, and reproductive 
goals. All of these can inhabit the psyche of the person 
at risk for (or already affected by) such a distressing 
health problem as cancer. The effective genetic 
counselor knows of all these hazards and develops the 
skills to assist patients in navigating the troubled waters 
between them. Always and everywhere, the genetic 
counselor maintains the self-discipline to avoid 
directing the decisions to those that might best manifest 
his or her worldview, helping the patient to express 
personal perspective and values in the process. The 
question “What would you do in my situation?” is 
consistently met with the response “I do not know, but 
let us explore how you might express your own views 
and needs in a decision that fits your life.” Few 
physicians and nurses have had the training 
opportunities to develop this peculiar skill, which is 
central to the training of the genetic counselor and 
helps define that specific profession. It also requires 

serious investment of time for the conversation, so that 
it can occur in the full context of explicitly appreciating 
the patient’s courage in facing the challenges involved. 
Avoiding directiveness in genetic counseling is 
motivated by dedication to the principle of autonomy, 
but it represents a utilitarian bias because it eschews 
adherence to any pre-existing dictum or moral rule by 
which decisions must be reached. So, a deontologist 
finds it difficult to provide genetic counseling in the 
form that most modern medical professionals have 
learned to perceive it. The closest most geneticists will 
allow ourselves to come to directives and deontologic 
paradigms is that we will not perform any action that 
appears to us to be malevolent or unjust. For example, 
seldom will be agree to test minors for conditions that 
have late adult onset and lack preventive strategies. 
Further, we are fairly strict in following protocols for 
consultation and testing. For example, an unaffected 
person concerned about risk for inheriting mutations in 
BRCA1 or BRCA2 will be urged to first engage an 
affected relative in the process, to maximize the chance 
of identifying a specific mutation in the family, but also 
minimize the risk that the affected person might later 
learn of risk factors that s/he preferred not to address. 
Thus, we always approach the issues at hand as being 
familial rather than only individual matters; this has the 
advantage of building a communal context for the 
conversation, but the dangers of being embroiled in 
long-standing familial disputes. 

Family dynamics 
A woman with a strong personal and family history of 
breast and/or ovarian cancer, who has already 
undergone bilateral mastectomy and/or oophorectomy 
to manage her personal risks, will sometimes present 
for genetic counseling and testing in order to provide 
useful information to her daughter, sister, or other 
relative at risk of inheriting the same predisposing 
mutation (if, in fact, such a mutation is demonstrable). 
The genetics professional, having noticed that her 
personal management has been well directed and 
thorough, does not repel her questions, but honors her 
stated interests. Meanwhile, s/he makes it a habit to 
focus first on the patient’s own medical care, and then 
derivatively on the potential benefits to those beloved 
relatives. Thus beneficence and justice are honored 
along with respect for autonomy. 
The core material of all ethical discourse is 
interpersonal relationships. This has been paradigmatic 
since the axial age, when the early sages taught that the 
quality of relations among persons is the foundation of 
upright living, and reflects the stance an individual 
assumes before a loving but demanding deity. It is not 
surprising, then, that genetic counseling for cancer risk 
factors is directed often and intently on intrafamilial 
communication. Principalism can be encountered as a 
bland recitation of four intuitively apparent truths about 
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human interaction, but in the pursuit of one principle 
the counselor sometimes encounters collisions with the 
others. 
Personal autonomy enshrines the right of the individual 
to ask questions for whatever reason she wishes (as 
noted above), and also to keep confidential the fact that 
s/he carries a deleterious mutation posing high 
probability of tumorigenesis. However, the principle of 
justice motivates informing relatives who are at risk for 
inheriting the same factor. Counselors sometimes 
experience moral dissonance. As a prime example, a 
proband may refuse to contact, or to grant permission 
for others to contact, relatives with whom s/he has been 
at odds over a family dispute. The path of wisdom is 
not always evident to the casual observer, but it is 
essential to find a balance between nondirectiveness on 
the one hand and an instinctive sense of obligation to 
invite an anger-harboring consultand to contemplate the 
larger contexts of benevolence. In their monumental 
documentation of geneticists’ attitudes around the 
world, Wertz and Fletcher (2004) surveyed many 
hundreds of practicing medical geneticists and genetics 
counselors in 36 countries. They found (pp. 54 and 
393) that 47% of American respondents would respect 
autonomy in the setting of a mutation for Li-Fraumeni 
cancer-family syndrome and remain silent, while 30% 
would divulge to at-risk relatives without permission of 
the proband if asked, and 12% even if not asked. 
Worldwide, the results were 36%, 32% and 17%, 
respectively. 
Genetic counseling then overlaps with psychological 
counseling, as the notions of forgiveness and the 
healing of relationships become a part of the discussion 
that began with explanation of the technical 
significance of frame-shift mutations and probabilistic 
analysis of variable expressivity with incomplete 
phenotypic penetrance. So we learn to uphold and 
acknowledgement the patient’s suffering, insight and 
foresight, generosity and creativity in seeking 
knowledge that may better inform her own care and 
also the decisions faced by her relatives. 
Another challenge in this arena arises when familial 
relations are strained in regard to the desire to 
investigate risk factors. A woman anxious to know her 
status for an important mutation that has been 
documented in her maternal aunt may find that her 
mother (who biologically attaches her to that aunt) 
wants nothing to do with genetic testing. If the 
consultand is tested and found to harbor the mutation, 
its route to her must have passed through her non-
consenting mother, whose blindness to the testing 
outcome is almost impossible to achieve if the two 
have any contact. So the daughter’s autonomy violates 
the mother’s and an injustice is perpetrated. 
A woman preparing to determine whether she carries a 
predisposing mutation, having grasped the importance 
of alerting the extended family to the risk factor, asked 
what she ought to do about a cousin who is not actually 

at risk since he was adopted…but does not know this 
detail of his own origins and so presumes himself to be 
at risk. This is, of course, a special case of the broader 
problem of non-paternity which is sometimes 
inadvertently exposed when extended families are 
subjected to genetic testing in the pursuit of risk 
factors. Aside from leaving him to continue behaving 
as though his risk is elevated, it is difficult to discern 
what course of action could be chosen justly and 
beneficently but still honor his autonomy. 
Personal autonomy (the right to know about one’s risk 
factors, and the right not to know things that one 
prefers not to address), the demands of justice, the 
allure of beneficence, all converge in this arena and 
challenge the counselor who confronts hard realities of 
individuals with psychosocial difficulties, and families 
broken by old wounds. Thus, directiveness prevails in 
our custom of arguing vigorously for communication 
with at-risk relatives when a person has learned of a 
mutation but expressed disinclination to advise siblings 
or others who are clearly at risk. We do this in the hope 
of escaping the conflict of simultaneous dedication to 
the principles of autonomy and justice. 

Economics 
In venues that do not have universal health care 
coverage as a right of citizenship, the cost of molecular 
testing in search of mutations that place their carriers at 
high risk for malignancy is very significant. Even when 
universal coverage is afforded, this may be adumbrated 
by policy decisions which set the bar fairly high for 
determining eligibility.  
The problem is exacerbated in those situations which 
involve patents or other proprietary aspects of the 
testing process. The ethical debate over appropriateness 
of patenting human genes or the processes for testing 
them is not addressed in this essay, but is clearly 
worthy of considerable attention; the present author 
considers such patents highly inappropriate and 
contrary to the public good. 
Significant efforts are sometimes demanded, from 
patients and caregivers, to secure authorization under 
third party (insurance) payers. Absent reliable 
insurance coverage of some kind, or unusual disposable 
income that obviates concern about cost, there are 
important economic barriers to seeking the presumably 
useful information that may be available in the 
laboratory. Every time such a barrier exists, it 
constitutes a violation of the foundational ethical 
principle of justice, since it prevents access of the poor 
to benefits of technology enjoyed by the well endowed. 
Overcoming such injustice has innumerable practical as 
well as theoretical challenges, but no ethical analysis is 
complete without acknowledging this problem. Such 
problems are not specific to cancer genetics, however, 
but are found in every aspect of health care. Indeed, 
distributive justice is an arena of concern in all settings 
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where there are populations or individuals facing 
disadvantage in enjoyment of the world’s resources. 

Professionalism 
As in any highly specialized area of medical practice, 
consultations for discussion and testing pertaining to 
genetic risk factors associated with high probability of 
developing cancer should be undertaken only by 
persons who have a thorough background in the field, 
and also the ability to maintain familiarity with ongoing 
changes in that field. Change and growth of pertinent 
materials in this area are unusually rapid. 
Consequently, such consultations should not be 
undertaken by general practitioners, just as one would 
not wish to have an appendectomy or cesarean section 
performed by someone who only has occasion to do 
them once or twice annually. 
Board certification by national or regional examination, 
with appropriate continuing education, should be 
considered essential. A specialist in clinical genetics, 
working with a nurse or counselor with expertise in 
genetics or oncology or both, should be considered the 
highest standard. A counselor or nurse with genetics 
credentials, collaborating with an oncologist, would be 
the next best. Accepting less might flirt with the 
principles of non-malfeasance and justice, whereby 
professionals have a duty to provide the best reasonably 
possible care; in this setting that calls for a high level of 
familiarity with the field and its ongoing developments. 
There are several reasons for the above perspective. 
One is the importance of thorough and insightful 
documentation of family history; without a background 
in genetics, many would overlook the significance of 
an endometrial tumor in a member of a family with 
several cases of colon carcinoma. Another is the 
adequate preparation of the patient for testing, since a 
wide range of emotional states may accompany results 
which reveal elevated personal health risks and/or 
material that should be communicated to relatives. Yet 
another is the complexity of the testing itself, and the 
delicacy of explaining test results when they are 
confusing, technically complex, or anxiety-provoking.  
Such considerations revolve around the fact that 
genetic tests for cancer predisposition are highly 
complex not only in terms of laboratory expertise (as 
reflected by their high cost) but also in terms of their 
impact on the patient and the patient’s family. Thus the 
preparation for these tests is proportionately more 
painstaking, whereas a routine blood count, or 
monitoring serum level of antibiotics of 
anticonvulsants, calls for very little advance discussion. 

Research 
The usual issues of informed consent apply to this field 
of investigation, as do the usual safeguards of privacy 
and of guarded access to results that have not been 
certified by a licensed clinical laboratory. The special 

case of inadvertent exposure of non-paternity is vexing 
but has already been considered in other genetics 
arenas. Ethical issues that pertain specially to cancer 
genetics research are not numerous. It is difficult to 
imagine, for example, any committee for the protection 
of human subjects to allow any genetics research to 
interfere with or postpone appropriate therapeutic 
interventions. 
Existing literature and ongoing debate about the use of 
archived specimens applies in the cancer genetics 
arena, but this arena does not introduce new ethical 
concerns that are not already under consideration from 
other avenues of discussion. 
Probably the greatest danger of inappropriate 
professional action in the cancer-genetics field is the 
premature release of new information which might 
mislead the general public about availability of 
predictive, diagnostic, or therapeutic modalities based 
on molecular genetic factors. Again, however, this is 
not unique to cancer genetics. 

Reproductive decisions 
Many middle-aged and elderly persons are seen for 
consultation and testing to determine whether a 
predisposing mutation is associated with their tumors. 
Often they express their interest as being motivated by 
concern for clarification of risk factors facing their sons 
and daughters (though the clinician’s first interest must 
always be the utility of this kind of information to 
guide treatment and surveillance decisions for the 
patient him/herself). 
When those offspring learn that they have 50% risk of 
having inherited a genetic risk factor, or when the 
proband is a person still in the reproductive age range, 
one encounters the opportunity to apply the new 
information to decisions about child bearing. Some 
people faced with such materials will opt to forego 
offspring; some might turn to gamete “donors” and/or 
surrogate parents. Few will give serious consideration 
to termination of pregnancy after prenatal diagnosis of 
transmission of the mutation (since such a termination 
involves an otherwise presumably normal fetus whose 
risk for ill health is remote and poorly defined). Some 
who have the resources and the motivation might 
employ in vitro fertilization followed by 
preimplantation genetic diagnosis so that only embryos 
lacking the mutation are transferred; this cleanly moves 
around the problem of termination for many people 
concerned about maximizing the health of future 
children, but it still opens the window on potential 
abuse of technology for election of traits that have 
nothing to do with disease risks (“designer babies”). 
Personal autonomy, which is always a central concern 
in seeking informed consent for testing and for 
treatment, is especially important when reproductive 
decisions are at issue. The beneficent practice of 
medicine might motivate professionals to guide patients 
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into decisions deemed of higher moral content by the 
professional, but genetic counseling has a consistent 
emphasis on autonomy as the overarching principle in 
such settings. This emphasis beckons us into troubling 
territory when families elect to test a pregnancy for 
mutations that pose an increased risk for cancer in the 
fourth and fifth decades of life;  
All of these considerations are highly personal and 
sensitive. They open the entire field of potentially 
controversial use of high technology and seeking to 
control health risks by selecting genetic features in 
planned offspring. This does not absolve professionals 
working in the cancer genetics arena from introducing 
patients to the questions and working with them to 
achieve answers compatible with their values and  

goals. In fact, the delicacy of this material highlights 
the importance of all the other ethics concerns in cancer 
genetics being treated with respect. 
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