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We describe a case of leukemic mantle cell lymphoma (MCL) with complex karyotype and amplification of the CCND1/IGH
fusion gene. Testing for the presence of t(11;14), the hallmark of MCL, revealed multiple copies of the fusion signals. We
therefore conducted extensive molecular cytogenetic studies to delineate the nature and consequences of such an abnor-
mality. We localized the amplification to the der(14)t(11;14) and to a der(2) chromosome in a form of interspersed
chromosome 11 and 14 material. This resulted in high expression of cyclin D1 mRNA and the protein expressed independently
of the cell cycle phase. CGH analysis revealed that the overrepresentation on chromosome 11 included chromosomal band
11q23 in addition to the CCND1 locus at 11q13. The band 11q23 harbors the ataxia telangiectasia mutated (ATM) gene recently
proposed to be involved in the pathogenesis of MCL with high incidence of deletions in this locus. Using YAC 801e11,
containing the ATM gene, we demonstrated several hybridization signals, suggesting that this region also formed part of the
amplicon. This case also showed TP53 gene abnormalities: protein expression, monoallelic deletion, and a mutation in exon
5. The clinical course was aggressive, and the patient died within 6 months of presentation. This is to our knowledge the first
description of amplification of the CCND1/IGH fusion gene in a human neoplasm, which may have played a role in the
fulminating course of the disease in this patient. © 2002 Wiley-Liss, Inc.

Mantle cell lymphoma (MCL) is a distinct entity
of mature B-cell neoplasms genetically character-
ized by the presence of translocation t(11;14) which
causes juxtaposition of the cyclin D1 gene
(CCND1) located on the long arm of chromosome
11 (11q13) to the long arm of chromosome 14
(14q32) into the immunoglobulin heavy chain lo-
cus. This results in the expression of cyclin D1 in
the tumor cells, a protein not expressed in the
normal counterpart cell (Campo et al., 1999).
More than 50% of cases with t(11;14)(q13;q32)

show additional and often multiple chromosomal
abnormalities, including del(11q), del(13q), rear-
rangements of 3q,�12, and deletions of 6q, 1p, 9p,
and 17p. Translocations involving chromosomes 3,
8, 10, 13, and 17 are frequently encountered in
addition to the t(11;14) (Chaganti et al., 2000).
Comparative genomic hybridization (CGH) in
MCL showed gains at 3q26, 7p15, 8q24, 12q21, and
18q21, and losses at 1q22, 6q21, 9p21, 11q23,
13q14, and 17p13 (Bentz et al., 2000). The inci-
dence of CGH gains was significantly higher in the
blastoid form of the disease, particularly at 3q, 7p,
8q, and 12q (Bea et al., 1999).
We present a case of a MCL with a complex

karyotype and clustered amplifications of the

CCND1/IGH fusion located on the der(14)t(11;14)
and translocated onto chromosome 2. The amplifi-
cation cluster on der(2) included sequences from
cytogenetic band 11q23 as shown by CGH. The
ATM (ataxia telangiectasia mutated) gene, recently
postulated to play a role in the pathogenesis of
MCL through deletions and mutations, is located
in this locus. However, we found multiple copies of
a YAC containing this gene. As TP53 abnormalities
correlate with an aggressive clinical course in
MCL, we studied the TP53 gene status in this
patient.
A 58-year-old woman presented in August 1999

following a splenic infarct. Physical examination
showed massive splenomegaly, and blood test re-
vealed lymphocytosis. She was treated with
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chlorambucil and prednisolone. An infection and
pulmonary emboli complicated the clinical course.
She was referred to our center in December 1999
for diagnosis and advice concerning management.
The white blood cell count (WBC) was then 14.6�
109/l. Treatment with chlorambucil was continued,
and splenectomy was suggested as an option if
there was no response. The diagnosis of MCL was
made with tumor cells expressing CD5 and strong
surface immunoglobulins with light chain restric-
tion; CD23 was negative. In January 2000, the
disease progressed with rising WBC (187 � 109/l)
and further spleen and liver enlargement. The pa-

tient was febrile, with no obvious infection, despite
antibiotic cover. She underwent an emergency
splenectomy but died shortly afterwards in met-
abolic acidosis. Spleen histology was consistent
with the diagnosis of MCL. Diagnostic inter-
phase fluorescence in situ hybridization (FISH),
carried out as described previously (Gruszka-
Westwood et al., 2001), using the t(11;14) detec-
tion probe set containing two Locus Specific
Identifiers (LSI) IgH / LSI CCND1 (Vysis,
Downers Grove, IL), revealed multiple copies of
this fusion (Fig. 1A) and prompted detailed mo-
lecular cytogenetic studies.

Figure 1. A: Interphase nuclei
hybridized with the t(11;14) detec-
tion probe showing multiple fusion
signals. B: Partial M-FISH karyotype
of representative chromosomes
from different metaphase spreads;
the following description incorpo-
rates all cytogenetic techniques: (i)
der(2)t(2;13)(p23;?q)t(2;der(14);
9)(q33;q32;?q1); the arrow indi-
cates the array of chromosomal
material from chromosomes 11 and
14, which is not well depicted by
this technique; (ii) der(3)t(3;7); (iii)
�mar.ish der(3)(wcp3�); (iv)
der(4)t(4;9)(q35;?); (v) der(9)t(3;
9)(?;?q1); (vi) der(11)t(11;14)(q13;
q32); (vii) der(14)t(11;14)(q13;q32);
the arrow indicates where the am-
plification of the CCND1/IGH fusion
is located, shown by this technique
as a wide glare region; (viii)
i(15)(q10); (ix) der(19)t(3;19)(q26;
p13). C: Metaphase chromosomes
hybridized with wcps for chromo-
somes 11 and 14 showing the pres-
ence of interspersed chromosome
11 and 14 material array on der(14)
and more prominently on a marker
chromosome. D: A metaphase with
multiple copies of the CCND1/IGH
fusion present on the der(14) and
on a marker chromosome. E: Meta-
phase FISH probed with cyclin D1
probe and YAC 801e11, mapping to
11q22.3-23.1 and containing the
ATM gene showing a normal signal
for both probes on chromosome
11, amplified for cyclin D1 and nor-
mal for 801e11 on der(14) and mul-
tiple signals for both probes on the
der(2).
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Cytogenetic investigations were performed at
stable and progressive stages of the disease accord-
ing to standard methods. Mitogens used included
TPA (phorbol 12-myristate 13-acetate; Sigma, St.
Louis, MO) and pokeweed mitogen (Gibco BRL,
Gaithersburg, MD). Slides were G-banded accord-
ing to standard methods and analyzed using the
Cytovision System (Applied Imaging Intl., Santa
Clara, CA).
Conventional karyotyping revealed a complex

karyotype with poor quality of chromosomes.
There was a long marker chromosome present in
10/11 abnormal metaphase cells, part of which was
identifiable as chromosome 2; however, its detailed
assignment was not possible. Other markers were
present, and the karyotype at presentation and pro-
gression was the same. The result from conven-
tional karyotyping was as follows: 43-45,XX,
der(2)add(2)(p23)add(2)(q33)[10],?add(3)(q21)[2],
del(3)(p11)[5],del(3)(q12)[5],?add(4)(p15)[2],del(7)
(q22)[3],-9[4],add(9)(q21)[3], t(11;14)(q13;q32)
[10],-13[6],i(15)(q10)[4],der(19)t(3;19)(q26;p13),-
22[4],�2-5mar[cp11]/46,XX[4].
We then used M-FISH to further the cytoge-

netic analysis. M-FISH was carried out following
the manufacturer’s instructions using the Spectra-
vysion probe (Vysis) and analyzed on the Cytovi-
sion System. M-FISH analysis disclosed partners
for translocations identified by G-banding and ex-
plained the derivations of the long marker. The
combined conventional and M-FISH karyotype was
established as: 43-45,XX,der(2)t(2;13)(p23;q?)t(2;11;
9)(q33;?;?q1),der(3)t(3;7)[14],der(4)t(4;9)(q35;?)
[10],del(7)(q22)[11],-9,der(9)t(3;9)(?;?q1),t(11;14)

(q13;q32),i(15)(q10)[6],der(19)t(3;19)(q26;p13),-
22[12],�mar.ish der(3)(wcp3�)[4][cp16] (Fig. 1B).
FISH was applied for additional characterization

of the observed abnormalities. Probes included
whole chromosome paints (wcps): 11 and 14
(wcp11 from Cambio, wcp14 from Oncor, Gaithers-
burg, MD), t(11;14) detection probe set, LSI p53
(Vysis) for detection of TP53 deletion in conjunc-
tion with centromere 17 probe (CEP 17, Vysis).
Analyses of these experiments were executed us-
ing the Vysis Smart Capture system. Metaphase
FISH probing with wcps11 and 14 showed the
presence of a zebra-like pattern of hybridization
consisting of material from these two chromosomes
on der(14) and a section of the long marker chro-
mosome (Fig. 1C). The der(14) interspersed wcp
11 and 14 hybridization was less prominent. Thus,
the final classification of the marker chromosome
was as follows: der(2)t(2;13)(p23;?q)t(2;der(14);
9)(q33;q32;?q1). We then applied the t(11;14) de-
tection kit on metaphase cells, and a cluster of
several copies of the CCND1/IGH fusion was iden-
tified on the der(14)t(11;14) and on the der(2) (Fig.
1D). Nuclei were diploid for chromosome 17, and
TP53 was hemizygously deleted in 64% of cells at
presentation and 80% of cells (Fig. 4A) when dis-
ease became progressive.
Further molecular cytogenetic delineation was

conducted with the use of CGH utilizing DNA
from cells from the time of acceleration. CGH was
performed as described previously (Summersgill et
al., 1998) and analyzed using the Vysis Smart Cap-
ture System and Quips CGH analysis software.
Table 1 shows the summary of chromosomal gains

TABLE 1. Summary of Results Obtained by Different Cytogenetic Methods Displayed by Chromosomes

Chromosome Conventional cytogenetics [cp11] M-FISH [cp16]

CGH

Gains Losses

2 der(2)add(2)(p23)add(2)(q33)[10] der(2)t(2;13)(?p;?q)t(2;11;9)(?q;?;?q1)[16] 2p15-25
2q31-37

3 ?add(3)(q21)[2],del(3)(p11)[5],
del(3)(q12)[5]

der(3)t(3;7)[14],�mar.ish
der(3)(wcp3�)[4]

3q21-29 3q11-13

4 ?add(4)(p15)[2] der(4)t(4;9)(?q35;?)[10]
7 del(7)(q22)[3] del(7)(?q)[11]
9 �9[4],add(9)(q21)[3] �9[16],der(9)t(3;9)(?;?q1)[16] 9p24-9q22
11 t(11;14)(q13;q32)[10] t(11;14)(q13;q32)[16] 11q12-23 11q23-25
13 �13[6] 13q21-32 13p13-13q14
14 t(11;14)t(q13;q32)[10] t(11;14)(q13;q32)[16] 14q24-32
15 i(15)(q10)[4] i(15)(q10)[6] 15q21-26
19 der(19)t(3;19)(q26;p13)[11] der(19)t(3;19)(?q;p?)[16]
22 �22[4] �22[12] 22q12-13
Markers �2-5mar Not applicable
No 43-45 43-45 Not applicable
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and losses. Gains were found within the following
regions: 3q21-29, 11q12-23, 13q21-32, 14q24-32,
and 15q21-26 and losses: 2p15-25, 2q31-37, 3q11-
13, 9p24-q22, 11q23-25, 13p13-13q14, and 22q12-
13. Overrepresentation at 11q12-23 and 14q24-32 is
consistent with amplification of the CCND1/IGH
fusion gene (Fig. 2). Prompted by the presence of
gain at 11q23, ATM gene copy number was tested
by FISH. CEPH YAC 801e11, mapping to
11q22.3-23.1, containing the ATM gene (Stilgen-
bauer et al., 1999), gave multiple hybridization sig-
nals on interphase nuclei, and on metaphases nor-

mal signals on chromosome 11 and der(14)t(11;14),
but extra hybridization spots on the der(2) (Fig. 1E).
To establish the consequences of CCND1/IGH

fusion amplification on RNA and protein levels,
competitive reverse-transcription polymerase chain
reaction (RT-PCR) and flow cytrometric protein
assays were completed. RNA was extracted using
an RNAeasy kit (Qiagen, Chatsworth, CA); RT and
competitive RT-PCR were performed as described
previously (Cross et al., 1993; Uchimaru et al.,
1997). A sample from another MCL patient was
included as control. Strong cyclin D1 RNA expres-

Figure 2. A CGH profile based on analysis of seven good-quality metaphase cells. The average CGH
profile is shown (blue line) with 95% confidence level (yellow line). A copy number change is indicated when
the profile falls outside the ratios of 0.8 and 1.2, indicated by parallel vertical lines on either side of the
midline, which represents a ratio of 1.

Figure 3. Cyclin D1 expression assessment by RT-PCR and flow
cytometry. Gel images showing RT-PCR product of cyclins D1, D2, and
D3 and corresponding flow cytometry contour plots showing cyclin D1
expression (Y axis) in relation to DNA content measured by intake of

propidium iodide (PI, X axis) by the cells. Plots 1 and 2 correspond to
lanes 1 and 2 on the RT-PCR gels; 1: patient with classical t(11;14), 2:
patient with the CCND1/IGH fusion gene amplification, M: molecular
marker.
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sion was detected by RT-PCR. RNA for cyclins D2
and D3 was also observed (Fig. 3). Cyclin D1
protein expression was tested with monoclonal an-
tibody 5D4 (Coulter, Hialeah, FL) using a pub-
lished method (Elnenaei et al., 2001). The same
additional MCL case was included for comparison.
Analyses were carried out on a FACScan flow cy-
tometer (Becton Dickinson, San Jose, CA). Cyclin
D1 was strongly expressed in the patient’s cells
(Fig. 3) throughout the cell cycle and not restricted
to the G1 phase.
As TP53 deletion was disclosed, protein expres-

sion and direct sequencing were performed on
samples from disease progression to search for mu-
tations in this gene. TP53 protein expression was
assessed as described previously (Gruszka-West-
wood et al., 2001) using monoclonal antibody clone
DO1 (Novocastra) and analyzed on a FACScan
flow cytometer. TP53 protein expression was de-
tected (Fig. 4B). Direct sequencing of all 11 exons
of TP53 was executed by PCR amplification of

exonic sequences from genomic DNA followed by
fluorescent automated cycle sequencing of both
DNA strands (Fig. 4C). Details concerning prim-
ers, PCR, and sequencing reaction conditions and
analysis are described elsewhere (Gruszka-West-
wood et al., 2001). The exon with mutation was
resequenced from a different PCR product. A point
mutation was detected in exon 5. It was a transver-
sion of thymidine to guanine in codon 173 causing
an amino acid change (valine to glycine).
We describe a case of MCL with complex cyto-

genetics and an amplification of the CCND1/IGH
fusion gene. Complex karyotypes are not infre-
quent in B-cell lymphomas, but an amplification of
a fusion gene has not been previously reported.
Generally, DNA amplifications were considered a
rare abnormality in B-cell lymphomas until the
advent of techniques like CGH, which specifically
detect imbalances of particular chromosomal re-
gions. Reported gene amplifications in lymphomas
include: BCL2 (Monni et al., 1997) and REL proto-
oncogene (Houldsworth et al., 1996) in diffuse
large cell lymphoma and BCL2 in MCL (Bentz et
al., 2000).
Cyclin D1 is a protein product of the PRAD1/

CCND1 gene locus on chromosome 11 and, to-
gether with its cyclin dependent kinase, is respon-
sible for the transition to the S phase of the cell
cycle (Donnellan et al., 1998). Overexpression of
cyclin D1 results from gene amplification, presence
of translocations (particularly the t(11;14) and its
rare variant t(11;22) (Komatsu et al., 1994)), and
through disturbance of regulatory mechanisms
(Donnellan et al., 1998). Cyclin D1 amplifications
have been found in several solid tumors (Donnel-
lan et al., 1998). Recently, cyclin D1 amplification,
accompanied by extra copies of chromosome 11,
was documented in some cases of multiple my-
eloma (Hoechtlen-Vollmar et al., 2000).
The formation of t(11;14)(q13;q32) is mediated

via the mechanism of V(D)J recombination for the
break on chromosome 14 with features of precise
cleavage and via double-strand staggered breaks for
the breakpoint on chromosome 11. In addition,
because point mutations, deletions, and insertions
are present in the regions surrounding the break-
points, template-dependent error-prone DNA syn-
thesis must occur at the time of illegitimate joining.
Occasionally, small duplications (1–27 nucleotides)
of the BCL1 sequences take place (Welzel et al.,
2001).
The presence of t(11;14) leading to cyclin D1

overexpression may not be sufficient for lym-
phomagenesis, as shown by a transgenic mouse

Figure 4. TP53 abnormalities. A: Monoallelic deletion of TP53 in
cells diploid for chromosome 17 detected by FISH probing with a
TP53-specific probe (red signal) in conjunction with probe for centro-
mere 17 (green signal). B: A flow cytometric histogram of TP53 protein
expression detected with monoclonal antibody clone DO1. C: Frag-
ment of exon 5 sequence analysis; arrows indicate a single base substi-
tution mutation of transversion type (T3G) in codon 173 causing
amino acid change (valine to glycine).
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experimental model in which mice do not develop
spontaneous lymphomas (Lovec et al., 1994). Per-
haps this is due to preservation of the periodic
oscillation of this G1 protein despite its unsched-
uled expression in the mantle zone cell, as shown
by Lukas et al. (1994a,b). In cell lines and patients
with t(11;14) studied by those authors, cyclin D1
expression was restricted to the G1 phase (Lukas et
al., 1994a,b). In contrast, cyclin D1 expression
throughout the cell cycle was found in some solid
tumor cell lines (Juan et al., 1996). Cells from our
patient had expression throughout the cell cycle,
suggesting that the clone was no longer under con-
trol of regulatory mechanisms preserved in patients
with classical t(11;14).
The presence of a mutation in the TP53 gene

may have been one of the contributing factors
towards the aggressive course of the disease. TP53
mutations in exon 5 have been described in aggres-
sive MCL cases (Gandini et al., 1996; Hernandez
et al., 1996).
Interestingly, in contrast to recent reports (Stil-

genbauer et al., 1999; Schaffner et al., 2000), our
patient displayed a high-level amplification at
11q22-23. This locus harbors the ATM gene, which
is thought to contribute to the pathogenesis of
MCL. However, the YAC probe used contains a
large insert (1.2 Mb) from 11q22-23 material, and
the ATM gene is 146 kb in size. Thus, it is possible
for the ATM deletion to remain undetected by
FISH with YAC 801e11 (Stilgenbauer et al., 1999).
The use of a smaller probe and mutational studies
of the ATM gene would be required to determine
whether or not the function of this gene was dis-
turbed.
To our knowledge, there have been no reports of

the CCND1/IGH fusion gene being associated with
amplification. The formation of gene amplification
is underlaid by DNA duplication followed by se-
quential unequal crossing-over increasing the gene
copy number. Actual mechanisms involved in this
process include extra replication, unequal sister-
chromatid exchange, double-stranded breaks at
fragile sites, and erroneous repair (Schwab, 1999).
Recently, a similar abnormality was described in
primary tumor material from two cases of chronic
myelogenous leukemia with clusters of BCR/ABL
fusion gene amplified and inserted into chromo-
some 17 (Metzke-Heidemann et al., 2001). Other
fusion gene amplifications are described in solid
tumors, e.g., the PAX7/FKHR fusion gene, arising
as a result of chromosomal translocation t(1;
13)(p36;q14) or more rarely amplification of PAX3/
FKHR associated with most alveolar rhabdomyo-

sarcomas (Barr et al., 1996; Weber-Hall et al., 1996).
PAX7/FKHR is amplified on the double minute
chromosomes found in this disorder (Weber-Hall et
al., 1996). Amplification arrays of interspersed se-
quences from two or more chromosomes are de-
scribed in solid tumors and are frequently associ-
ated with formation of ring chromosomes (Naeem
et al., 1995; Pedeutour et al., 1995, 1999), but not in
hematological malignancies.
Of note also is the agreement of the results

obtained by different molecular cytogenetic tech-
niques used in this study and their utility for solv-
ing difficult karyotypes (Table 1). Without
M-FISH, the identification of the different chro-
mosomes contributing to the long marker chromo-
some would have been impossible. However, the
use of this technique for detection of interspersed
amplification clusters is limited, as shown by the
M-FISH pattern of the der(2) chromosome, in
which only chromosomal material from chromo-
some 11 was detected. This most likely reflects the
fact that the amplified fragment of chromosome 11
was larger than that of 14. As CGH does not detect
structural abnormalities but chromosomal imbal-
ances, no abnormalities were detected by this
method on chromosomes 4, 7, and 19, which are
involved in translocations. Only one of the gains
previously reported in MCL was found in this
patient—at 3q26 and two of the losses: at 9p21 and
13q14 (Bea et al., 1999; Bentz et al., 2000).
The order of genetic events leading to chromo-

somal abnormalities is hard to establish, as the
cytogenetics at presentation and progression were
the same. However, the –9, der(2), t(11;14), der(9),
and der(19) were present in all metaphase cells
analyzed by M-FISH and in 10/11 by conventional
karyotyping, suggesting that these abnormalities
happened first.
The patient described here died within 6

months from diagnosis. Median survival for pa-
tients with MCL is 2.5–4.5 years (Campo et al.,
1999), although the presence of three or more chro-
mosomal aberrations in addition to the BCL1 rear-
rangement significantly decreases the survival rate
(Cuneo et al., 1999). The number of chromosomal
changes in the presented case, including a muta-
tion in the TP53 gene, makes it difficult to ascer-
tain which one of these abnormalities was more
responsible for the aggressive clinical course.

ACKNOWLEDGEMENTS

The authors thank G. John Swansbury, Ricardo
M. Morilla, Patrick D. Thornton of the Academic
Department of Haematology and Cytogenetics,

211CCND1/IGH FUSION AMPLIFICATION IN MCL



Professor Peter Isaacson of the Department of His-
topathology, University College London, and Zo-
riana Salamanchuk of the Department of Hematol-
ogy, Collegium Medicum Jagiellonian University,
Krakow, Poland, for their contributions to this
work, and Claus L. Andersen of the Cancercytoge-
netics Laboratory, Aarhus University Hospital,
Denmark, for helpful discussions.

REFERENCES

Barr FG, Nauta LE, Davis RJ, Schafer BW, Nycum LM, Biegel JA.
1996. In vivo amplification of the PAX3-FKHR and PAX7-FKHR
fusion genes in alveolar rhabdomyosarcoma. Hum Mol Genet
5:15–21.

Bea S, Ribas M, Hernandez JM, Bosch F, Pinyol M, Hernandez L,
Garcia JL, Flores T, Gonzalez M, Lopez-Guillermo A, Piris MA,
Cardesa A, Montserrat E, Miro R, Campo E. 1999. Increased
number of chromosomal imbalances and high-level DNA ampli-
fications in mantle cell lymphoma are associated with blastoid
variants. Blood 93:4365–4374.

Bentz M, Plesch A, Bullinger L, Stilgenbauer S, Ott G, Muller-
Hermelink HK, Baudis M, Barth TF, Moller P, Lichter P, Dohner
H. 2000. t(11;14)-positive mantle cell lymphomas exhibit complex
karyotypes and share similarities with B-cell chronic lymphocytic
leukemia. Genes Chromosomes Cancer 27:285–294.

Campo E, Raffeld M, Jaffe ES. 1999. Mantle-cell lymphoma. Semin
Hematol 36:115–127.

Chaganti RS, Nanjangud G, Schmidt H, Teruya-Feldstein J. 2000.
Recurring chromosomal abnormalities in non-Hodgkin’s lympho-
ma: biologic and clinical significance. Semin Hematol 37:396–
411.

Cross NC, Hughes TP, Feng L, O’Shea P, Bungey J, Marks DI,
Ferrant A, Martiat P, Goldman JM. 1993. Minimal residual dis-
ease after allogeneic bone marrow transplantation for chronic
myeloid leukaemia in first chronic phase: correlations with acute
graft-versus-host disease and relapse. Br J Haematol 84:67–74.

Cuneo A, Bigoni R, Rigolin GM, Roberti MG, Bardi A, Piva N,
Milani R, Bullrich F, Veronese ML, Croce C, Birg F, Dohner H,
Hagemeijer A, Castoldi G. 1999. Cytogenetic profile of lymphoma
of follicle mantle lineage: correlation with clinicobiologic features.
Blood 93:1372–1380.

Donnellan R, Chetty R. 1998. Cyclin D1 and human neoplasia. Mol
Pathol 51:1–7.

Elnenaei MO, Jadayel DM, Matutes E, Morilla R, Owusu-Ankomah
K, Atkinson S, Titley I, Mandala EM, Catovsky D. 2001. Cyclin
D1 by flow cytometry as a useful tool in the diagnosis of B-cell
malignancies. Leuk Res 25:115–123.

Gandini D, Moretti S, Latorraca A, De Angeli C, Lanza F, Cuneo A,
Castoldi G, del Senno L. 1996. p53 exon 5 mutations in two cases
of leukemic mantle cell lymphoma. Cancer Genet Cytogenet
86:120–123.

Gruszka-Westwood A, Hamoudi R, Matutes E, Tuset E, Catovsky
D. 2001. p53 abnormalities in splenic lymphoma with villous
lymphocytes. Blood 97:3552–3558.

Hernandez L, Fest T, Cazorla M, Teruya-Feldstein J, Bosch F,
Peinado MA, Piris MA, Montserrat E, Cardesa A, Jaffe ES, Campo
E, Raffold M. 1996. p53 gene mutations and protein overexpres-
sion are associated with aggressive variants of mantle cell lym-
phomas. Blood 87:3351–3359.

Hoechtlen-Vollmar W, Menzel G, Bartl R, Lamerz R, Wick M,
Seidel D. 2000. Amplification of cyclin D1 gene in multiple
myeloma: clinical and prognostic relevance. Br J Haematol 109:
30–38.

Houldsworth J, Mathew S, Rao PH, Dyomina K, Louie DC, Parsa
N, Offit K, Chaganti RS. 1996. REL proto-oncogene is frequently

amplified in extranodal diffuse large cell lymphoma. Blood 87:25–
29.

Juan G, Gong J, Traganos F, Darzynkiewicz Z. 1996. Unscheduled
expression of cyclins D1 and D3 in human tumour cell lines. Cell
Prolif 29:259–266.

Komatsu H, Iida S, Yamamoto K, Mikuni C, Nitta M, Takahashi T,
Ueda R, Seto M. 1994. A variant chromosome translocation at
11q13 identifying PRAD1/cyclin D1 as the BCL-1 gene. Blood
84:1226–1231.

Lovec H, Grzeschiczek A, Kowalski MB, Moroy T. 1994. Cyclin
D1/bcl-1 cooperates with myc genes in the generation of B-cell
lymphoma in transgenic mice. EMBO J 13:3487–3495.

Lukas J, Jadayel D, Bartkova J, Nacheva E, Dyer MJ, Strauss M,
Bartek J. 1994a. BCL-1/cyclin D1 oncoprotein oscillates and sub-
verts the G1 phase control in B-cell neoplasms carrying the t(11;
14) translocation. Oncogene 9:2159–2167.

Lukas J, Pagano M, Staskova Z, Draetta G, Bartek J. 1994b. Cyclin
D1 protein oscillates and is essential for cell cycle progression in
human tumour cell lines. Oncogene 9:707–718.

Metzke-Heidemann S, Harder L, Gesk S, Schoch R, Jenisch S,
Grote W, Siebert R, Schlegelberger B. 2001. Integration of am-
plified BCR/ABL fusion genes into the short arm of chromosome
17 as a novel mechanism of disease progression in chronic myeloid
leukemia. Genes Chromosomes Cancer 31:10–14.

Monni O, Joensuu H, Franssila K, Klefstrom J, Alitalo K, Knuutila S.
1997. BCL2 overexpression associated with chromosomal ampli-
fication in diffuse large B-cell lymphoma. Blood 90:1168–1174.

Naeem R, Lux ML, Huang SF, Naber SP, Corson JM, Fletcher JA.
1995. Ring chromosomes in dermatofibrosarcoma protuberans are
composed of interspersed sequences from chromosomes 17 and
22. Am J Pathol 147:1553–1558.

Pedeutour F, Simon MP, Minoletti F, Sozzi G, Pierotti MA, Hecht
F, Turc-Carel C. 1995. Ring 22 chromosomes in dermatofibrosar-
coma protuberans are low-level amplifiers of chromosome 17 and
22 sequences. Cancer Res 55:2400–2403.

Pedeutour F, Forus A, Coindre JM, Berner JM, Nicolo G, Michiels
JF, Terrier P, Ranchere-Vince D, Collin F, Myklebost O, Turc-
Carel C. 1999. Structure of the supernumerary ring and giant rod
chromosomes in adipose tissue tumors. Genes Chromosomes
Cancer 24:30–41.

Schaffner C, Idler I, Stilgenbauer S, Dohner H, Lichter P. 2000.
Mantle cell lymphoma is characterized by inactivation of the
ATM gene. Proc Natl Acad Sci USA 97:2773–2778.

Schwab M. 1999. Oncogene amplification in solid tumors. Semin
Cancer Biol 9:319–325.

Stilgenbauer S, Winkler D, Ott G, Schaffner C, Leupolt E, Bentz M,
Moller P, Muller-Hermelink HK, James MR, Lichter P, Dohner
H. 1999. Molecular characterization of 11q deletions points to a
pathogenic role of the ATM gene in mantle cell lymphoma. Blood
94:3262–3264.

Summersgill B, Goker H, Weber-Hall S, Huddart R, Horwich A,
Shipley J. 1998. Molecular cytogenetic analysis of adult testicular
germ cell tumours and identification of regions of consensus copy
number change. Br J Cancer 77:305–313.

Uchimaru K, Taniguchi T, Yoshikawa M, Asano S, Arnold A, Fujita
T, Motokura T. 1997. Detection of cyclin D1 (bcl-1, PRAD1)
overexpression by a simple competitive reverse transcription-
polymerase chain reaction assay in t(11;14)(q13;q32)-bearing B-
cell malignancies and/or mantle cell lymphoma. Blood 89:965–
974.

Weber-Hall S, McManus A, Anderson J, Nojima T, Abe S, Prit-
chard-Jones K, Shipley J. 1996. Novel formation and amplification
of the PAX7-FKHR fusion gene in a case of alveolar rhabdomyo-
sarcoma. Genes Chromosomes Cancer 17:7–13.

Welzel N, Le T, Marculescu R, Mitterbauer G, Chott A, Pott C,
Kneba M, Du MQ, Kusec R, Drach J, Raderer M, Mannhalter C,
Lechner K, Nadel B, Jaeger U. 2001. Templated nucleotide
addition and immunoglobulin JH-gene utilization in t(11;14) junc-
tions: implications for the mechanism of translocation and the
origin of mantle cell lymphoma. Cancer Res 61:1629–1636.

212 GRUSZKA-WESTWOOD ET AL.


