
New chromosome abnormalities and lack of
BCL-6 gene rearrangements in Argentinean
diffuse large B-cell lymphomas

Diffuse large B-cell lymphoma (DLBCL) is the
most common form of non-Hodgkin lymphoma
(NHL) in Western countries, representing 40% of
all adult cases. This group of tumors encompasses
heterogeneous clinical, morphological, immuno-
phenotypic, cytogenetic, and molecular genetic
features that are reflected in a highly variable
clinical course. DLBCL may arise de novo (dn-
DLBCL) or, alternatively, may develop from the
transformation of a follicular lymphoma (FL). The
occurrence of such a transformation is usually
associated with a worse outcome and a rapidly

progressive clinical course refractory to treatment
and short survival. However, dn-DLBCL is aggres-
sive but potentially curable with multiagent che-
motherapy (1). Therefore, the knowledge of novel
biological prognostic markers for predicting treat-
ment outcome and risk assessment is needed.

Chromosomal analysis of NHL has enabled
establishment of associations between clonal kary-
otypic abnormalities and biological and clinical
features of the disease (2). However, the complexity
and sub-optimal chromosome morphology often
result in partially characterized karyotypes. Fluor-
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escence in situ hybridization (FISH) analysis con-
stitutes a useful tool to define these cytogenetically
unidentifiable marker chromosomes. Several recur-
ring translocations have been identified as single
alterations, associated with tumor histology, and
other cytogenetic abnormalities have been reported
to be of prognostic significance in different subtypes
of NHL (1, 3). However, few cytogenetic and FISH
studies describing structural and numerical aberra-
tions are available for DLBCL and the information
about the prognostic impact of karyotypic
abnormalities is also scarce (4–8). Approximately
50% of cases exhibit chromosomal translocations
including one of the Igs gene sites, which lead to
deregulated expression of a variety of genes.
Among them, translocations t(3;14)(q27;q32) and
t(14;18)(q32;q21) involving BCL-6 and BCL-2
genes are the most frequent (35% and 20–30%,
respectively) (9–12). The remaining cases display
diverse types of chromosomal rearrangements that
include translocations, deletions, and other types of
aberrations involving cytogenetically unidentifiable
chromosome segments and marker chromosomes.
Taking into account these issues, the purpose of

our study was to contribute to the understanding of
the genomic alterations associated with this group
of lymphomas. The combination of conventional
cytogenetics with FISH and molecular studies
allowed a more accurate definition of the genomic
aberrations involved in DLBCL. Novel chromo-
some rearrangements were found and recurrent
chromosomal gains and losses and specific break-
points are described. Interestingly, translocation
t(3;14)(q27;q32) and/or BCL-6 rearrangements
were not observed.

Materials and methods

Patients

The study group consisted of 30 patients with
DLBCL, 20 dn-DLBCL (10 men and 10 women,
median age: 57.8 yrs, range: 26–82 yrs), and 10
DLBCL secondary to an FL (S-DLBCL) (five men
and five women; median age: 56.2 yrs, range: 18–
78 yrs) admitted to our institute between 1996 and
2004. Only patients with chromosomal alterations
were included in this study. All patients were
histologically reclassified by a trained hematopa-
thologist according to the World Health Organiza-
tion classification (1) and staged by the Ann Arbor
staging system (13). Histologic examination
revealed a diffuse proliferation of large lymphoid
cells with vesicular nuclei with fine chromatin and
two- to four membrane-bound nucleoli. Immuno-
histochemical analysis included the following
monoclonal antibodies: CD20, CD3, CD10,

BCL-2 (DAKO, Carpinteria, CA, USA). B-cell
phenotype (CD20+) was confirmed in all patients.
None of dn-DLBCL patients had a prior history of
FL and their histopathological studies did not show
remnant follicular structures. Patients with
S-DLBCL had previous diagnosis of FL: grade 1
for cases 2 and 3, and grade 2 for the remaining
ones. Patients were studied at diagnosis for
dn-DLBCL and before therapy for S-DLBCL.
Age, sex, clinical stage at diagnosis, and time of
survival (months) are shown in Table 1. Eighty
percent of the patients had advanced clinical stages
(III and IV). Six cases presented with extranodal
disease: central nervous system (two cases), testis,
breast, buccal mucosa, and gastrointestinal tract
involvement were seen (one case each).

Cytogenetic, FISH and Molecular Studies

Tumor samples were obtained from: lymph nodes
(14 patients), bone marrow (15), and buccal
mucosa (1) (Table 1). Cytogenetic analysis was
performed by standard methods using 24–48 h
unstimulated culture in RPMI 1640 medium
(GIBCO BRL, New York) with 15% of fetal calf
serum and l-glutamine. Metaphase chromosomes
were banded by the GTG (G-banding-Trypsin-
Giemsa) method. Karyotype data were described
according to the International System for Human
Cytogenetic Nomenclature (ISCN) (14).

FISH analysis was performed according to manu-
facturer’s protocols. Abnormalities found in G-
banded metaphases were subsequently confirmed
using an extensive panel of total chromosomes and
alpha satellite DNA probes (CAMBIO, Cambridge,
UK; Vysis, Downers Grove, IL, USA). For each
case, five to 10 metaphases were analyzed using the
Quips Pathvision (Applied Imaging, Santa Clara,
CA, USA). An LSI IGH/BCL-2 (14q32/18q21) dual
fusion, LSI BCL-6 (3q27) dual fusion break apart,
LSI BCR/ABL (9q34/22q11) extra signal, and LSI
p53 (17p13) probes (Abbott Vysis, Downers Grove,
IL, USA) were also used. A minimum of 400
interphase nuclei were scored to evaluate the locus-
specific probes in patients and controls. The cut-off
for positive values (mean of normal con-
trol + 3 SD), determined from samples of 10 cyto-
genetically normal individuals, was 0.9%, 1.3%, and
1% for fusion signals of an LSI IGH/BCL-2, LSI
BCL-6 and LSI BCR/ABL probes, respectively, and
5.4% for monosomy of LSI p53 probe.

Genomic DNA was isolated from fresh tissues by
conventional phenol–chloroform extraction and
ethanol precipitation. PCR detection for the
MBR (Major Breakpoint Region)-JH (consensus
J region of the immunoglobulin heavy chain locus)
and mcr (minor cluster region)-JH rearrangements
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of the t(14;18) translocation were performed by
nested and long distance-PCR (LD-PCR) as previ-
ously described (15). Primers described by Gribben
et al. (16) and Akasaka et al. (17) were used for
nested and LD-PCR, respectively.

Results

G-band/FISH karyotypes are presented in Table 1.
In all cases, the chromosome complement was close
to 46, ranging from 44 to 51 chromosomes. Forty
percent of S-DLBCL and 30% of dn-DLBCL
showed complex karyotypes with three or more

alterations detected by cytogenetic, FISH, or
molecular analysis.

Cytogenetic results showed a total of 37 different
structural chromosomal rearrangements corres-
ponding to: 27% translocations, 54% deletions,
and 19% other alterations (Table 2). Chromosomes
8 (16.2%), 6 (13.5%), 2 and 9 (10.8% each) were
the most frequently affected. Translocation t(14;18)
and deletions: del(6)(q21), del(6)(q25), del(7)(q32),
del(9)(q11), and del(17)(p11) were recurring abnor-
malities in our series (‡2 cases). Trisomies of
chromosomes 12 and 18 were the most frequent
numerical alterations (Table 1). Translocation

Table 1. Clinical features and cytogenetic findings in 30 cases of DLBCL

Case Age/sex Clinical stage at diagnosis Sample Combined karyotypes (GTG and FISH) Survival (months)

Diffuse large B-cell lymphoma arising from a follicular lymphoma (FL)
1 64/M IIIA LNB 46, XY, der(6)t(1;6)(q21;p12).ish der(6)(wcp6+)[5]/46,XY[10] 111d

2 18/F IIIA LNB 46,XX,t(2;21)(p11;q22)[3]/46,XX[7] 89d

3 78/F IIIB LNB# 46–47,XX,)1,+2,+3,)4,del(6)(q21),+12,t(14;18) (q32;q21)[cp14] 120d

4 67/F IVA BM# 46,XX,t(2;8)(p12;q24),t(14;18)(q32;q21).ish t(14;18)(wcp18+;wcp18+)[8]/46,XX[8] 58d

5 63/M IVA BM 46,XY,+8[5]/46,XY[8] 48
6 65/M IVB LNB# 46,XY,del(6)(q25),t(14;18)(q32;q21)[7]/46,XY, del(6)(q25),t(9;22)(q34;q11),

t(14;18)(q32;q21).ish t(9;22) (ABL+;BCR+,ABL+)[3]1
6d

7 61/F IVB BM# 44–45,XX,)18,)19[cp6]/46,XX[5] 31d

8 33/M IVB LNB# 47–48,XY,+2, del(4)(p11), del(5)(q13q21), del(6)(q21),+del(7)(q32),+del(9)(q11),
+r(12)(p13q24),)13, t(14;18)(q32;q21),del(17)(p11), t(12;19)(p13;q13).ishr(12)(wcp12+),
psu dic (19;12)(q13;p13) (wcp19+; wcp12+),del(17)(p11)(p53))[cp13]2

40

9 61/M IVB BM 46,XY,del(1)(q42)[5]/46,XY[7] 39
10 52/F IVB LNB 46,XX,del(9)(q11)[8] 26
de novo-DLBCL
11 50/F IA LNB 46,XX,ins(1)(q11p22p36.3),i(7)(q10).ish 1(wcp1+)[10]/46,XX[2] 55
12 36/M IIA BM# 46,XY.ish X(wcpX+)[5]/47,XXY.ish X(wcpXx2)[12] 66
13 71/F IIA LNB 51,XX,+del(4)(q21),+5,+7,+8,+12,+dmin[6] 44
14 44/M IIA BM 46,XY[4]/47,XY,+mar[4] 10d

15e 54/F IIA LNB 45,XX,del(2)(q31),del(11)(q21),)20.ishdel(11)(wcp11+)[7]/46,XX,
del(2)(q31),del(11)(q21)x2,)20.ish del(11)(wcp11x2)[3]

75d

16 72/M IIA LNB 49,XY,+7,t(8;9)(q22;p24),+9,+12,t(14;18)(q32;q21).ish
t(8;9)(wcp8+, wcp9+; wcp8+, wcp9+)[6]

19d

17 26/F IIIA LNB 46,XX,del(2)(q35),del(6)(q25)[cp4]/46,XX[7] 39
18 69/M IIIB LNB 47,XY,t(8;18)(q24.1;p11.3),+12[6] 15d

19 68/F IVA LNB# 48,XX,+6,del(7)(q32),del(8)(p11),der(16)(12;16)(q13;q24),
+21.ish der(16)(wcp12+,wcp16+)[10]/46,XX[3]

151d

20 75/F IVA BM 46,XX.ish 11(D11Z1x2)[24]/47,XX,+11.ish 11(D11Z1x3)[4]3 42
21 69/F IVA BM 46,XX,del(5)(p15),del(7)(q32)[cp9]/46,XX[9] 12d

22e 62/M IVA BM# 46,XY.ish Y(wcpY+)[4]/47,XYY.ish Y(wcpYx2) [7]/48,XYY,+22[3] 24d

23e 56/M IVA BM 44–45,X,)Y,)8[cp5]/46,XY[5] 96
24e 66/F IVA BM 46,XX,del(6)(q27)[6]/46,XX[6] 11d

25 82/F IVA BM 47,XX,+del(5)(q13),der(16)t(12;16)(q13;p13).ish der(16)(wcp12+,wcp16+)[6]/46,XX[4] 33d

26 37/M IVA BM 46–47,XY,del(8)(q11),+18[cp9]/46,XY[4] 27
27 40/F IVB LNB 45–49,XX,t(4;8)(q33;q12),del(6)(q23),)8,del(9)(q13)x2,add(11)(q23),

t(14;18)(q32;q21)x2,+18,add(19) (q13).ish t(4;11;19;8)(q33;q23;q13;q12)
(wcp4+,wcp8+;wcp4+,wcp11+;wcp11+;wcp8+),
del(9)(wcp9·2), t(14;18)(wcp14·2,wcp18·2;wcp14·2,wcp18·2),18(wcp18+)[cp10]

150d

28e 50/M IVB BUM# 47–49,XY,)6,)13,+14,+16,del(17)(p11),+del(17)(q11q21),+18,)22.ishdel(17)(p13)(p53))[cp12]4 6d

29 51/M IVB BM 46,XY,del(6)(q25)[6]/46,XY[6] 9
30e 82/M IVB BM 48,XY,+12,+i(17)(q10)[8]/46,XY[3] 3d

F, female; M, male; d, death patient; BM, bone marrow; LNB, lymph node biopsy; BUM, buccal mucosa; e, extranodal disease; cp, composite karyotype; ND, non-determined;
Bold, new alterations; #, FISH and/or molecular BCL-2/IgH analysis; MBR-JH+, cases 3, 6, 7, 12, 22, and 28; mcr-JH+, cases 4, 8, and 19; Case 9 Bcl-2/IgH negative.
1FISH BCR/ABL: 25%.
2FISH TP53: 30%.
3FISH CEP11: 12%.
4FISH TP53: 11.7%.
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t(3;14)(q27;q32) and/or BCL-6 gene rearrange-
ments were not detected either by cytogenetic
analyses or by FISH studies.
To the best of our knowledge, 15 (40.5%) of

these chromosomal alterations have not been
reported in this histological subtype (2). Among
them, 66.7% were unbalanced rearrangements and
33.3% corresponded to the balanced translocations
(Table 2). Translocations t(2;21)(p11;q22) and
t(8;18)(q24.1;p11.3) were observed as single struc-
tural abnormalities (cases 2 and 18) (Table 1).
Chromosomes 12 and 8 (three cases each) and 1
and 4 (two cases each) were the most commonly
involved in this group of new anomalies.
Translocation t(14;18)(q32;q21) and/or BCL-2

gene rearrangement were the genomic alterations
most frequently observed by combined cytogenetic,
FISH, and molecular analysis in the whole series.
Forty percent of S-DLBCL and 10% of dn-DLBCL
showed this rearrangement by cytogenetic studies.
In S-DLBCL, FISH analysis on interphase nuclei
revealed a cryptic BCL2/IgH translocation in case 7
(15% of cells). Molecular studies in this subtype of
NHL showed an MBR-JH rearrangement in cases
3, 6, and 7 and the mcr breakpoint in patients four
and eight, the first one detected by an LD-PCR.
Case 9 was negative for both rearrangements. In
dn-DLBCL, four cases showed the BCL-2/IgH
fusion by LD-PCR: MBR-IgH in cases 12, 22,
and 28 and mcr-IgH in case 19. Combined
studies gave a total of 50% cases with this
alteration in S-DLBCL and 30% in dn-DLBCL.
By cytogenetic analysis, balanced translocations
were usually observed as secondary changes of

t(14;18) translocation (4/6 cases): t(8;9)(q22;p24),
t(4;11;19;8)(q33;q23;q13;q12), t(2;8)(p12;q24), and
t(9;22)(q34;q11). Translocation t(9;22)(q34;q11)
was confirmed by FISH using BCR/ABL probe
(25% of cells). The other patients with t(14;18)
showed unbalanced rearrangements as secondary
changes, being deletions the most common abnor-
malities.

Structural rearrangements showed a total of 70
breakpoints located at 49 different chromosomal
bands (Fig. 1). The most frequent recurring break-
points were 18q21 and 14q32 (8.6% each), followed
by 6q25 and 7q32 (4.3% each), 6q21, 9q11, 12p13,
12q13, 17p11, and 19q13 (2.9% each). Chromo-
somes 8 (12.2%), 1 and 6 (10.2% each), and 2 and 9
(8.2% each) presented the greatest number of
different breakpoints.

Losses and gains of chromosome regions as
concerns the karyotypes (Table 1) were also ana-
lyzed (Fig. 2). In our series, losses (68.4%) were
noted more frequently than gains. Chromosomes 2,
5, 6, 7, 8, 9, and 16 were the most commonly
involved in partial losses. Overall, the long arm of
chromosome 6 was the most frequently affected
(26.9%). Eight regions of common cytogenetic
losses (‡2 cases) were identified: 6q27-qter was the
most frequent, followed by 6q25-qter, 6q23-qter,
6q21-q23, 2q35-qter, 7q32-qter, and 9q13-qter.
Moreover, we found four regions of recurring
cytogenetic gains: 12q13-q24 was the most fre-
quent, followed by 12q13-qter, 12p13-q13, 7q10-
q32, and 17q22-qter (Fig. 2).

Two of our 30 cases (cases 12 and 22) showed
constitutional chromosome abnormalities (CCA).
Both patients presented with dn-DLBCL and had
mosaic karyotypes with sex chromosome anomal-
ies, i.e. 46,XY/47,XXY and 46,XY/47,XYY,
respectively. In addition to the CCA, case 22
showed a trisomy 22 as an acquired chromosome
abnormality. Both cases were previously published
(18).

Discussion

We present the G banding and FISH analyses of
30 DLBCL patients, complemented in some cases
with molecular studies. To the best of our know-
ledge, it would be the first series of DLBCL
patients cytogenetically studied from a South
American country. Although, the patient sample
is rather limited, interestingly our patients did not
show t(3;14)(q27;q32) and/or BCL-6 gene rear-
rangements. The literature refers different frequen-
cies for these alterations. The large series of
Cigudosa et al. (4) and Jerkerman et al. (5) found
chromosomal abnormalities involving 3q27 in
14% and 7.5% of cases, respectively. Studies using

Table 2. Structural chromosomal rearrangements identified in DLBCL patients

Type of Abnormality (No of Cases)

Translocation Deletion Other rearrangements

t(2;8)(p12;q24) del(1)(q42) ins(1)(q11p22p36.3)
t(2;21)(p11;q22) del(2)(q31) i(7)(q10)
t(4;11;19;8)(q33;q23;q13;q12) del(2)(q35) r(12)(p13q24)
t(8;9)(q22;p24) del(4)(p11) i(17)(q10)
t(8;18)(q24.1;p11.3) del(4)(q21) psu dic(19;12)(q13;p13)
t(9;22)(q34;q11) del(5)(p15) dmin
t(14;18)(q32;q21) (6) del(5)(q13) marker chromosome
der(6)(t(1;6)(q21;p21) del(5)(q13q21)
der(16)t(12;16)(q13;p13) del(6)(q21) (2)
der(16)t(12;16)(q13;q24) del(6)(q23)

del(6)(q25)(3)
del(6)(q27)
del(7)(q32)(3)
del(8)(p11)
del(8)(q11)
del(9)(q11)(2)
del(9)(q13)
del(11)(q21)
del(17)(p11)(2)
del(17)(q11q21)

Bold: novel chromosome abnormalities.
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spectral karyotyping have detected frequencies of
9.5% (19), 25% (6) and 28% of patients (7) with
these anomalies. Moreover, by Southern blot
analysis, a low incidence of BCL-6 rearrangements
was found in Taiwanese (14.8%) (20) and Japan-
ese patients (14.1%) (21) with DLBCL. These
findings would suggest other loci involved in
lymphomagenesis in this subtype of NHL and/or
geographical differences in the frequency of this

alteration. Furthermore, we have compared our
cytogenetic findings with those of 60 DLBCL
patients with 3q27 alterations reported at Mitel-
man Catalog (2). No differences either in the
frequency of balanced and unbalanced chromoso-
mal rearrangements or in the pattern of affected
chromosomes were found. The only exception was
chromosome 1, which showed a significantly
greater involvement in the published cases. It

Fig. 1. Ideogram showing the distribution of the 70 chromosomal breakpoints detected in diffuse large B-cell lymphoma
cases.
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would suggest a similar distribution of secondary
alterations in both groups of DLBCL.
Fifteen novel cytogenetic alterations were found.

Chromosomes 8 and 12 were the most commonly
involved, the former in balanced translocations and
the latter as part of unbalanced rearrangements.
Among these novel anomalies, t(2;21)(p11;q22) and
t(8;18) (q24.1;p11.3) were the only ones that
appeared as sole structural abnormalities. The
incidence of cases with single abnormalities was
similar to that of Cigudosa et al. (4) (6.7% vs. 7%,
respectively). These findings are noteworthy taking
into account that they have significance because
they are considered to be primary changes involved
in the genesis of the disease. Both breakpoints 8q24
and 18p11 as well as 2p11 and 21q22 have been
implicated as regions containing genes involved in
different hematologic neoplasms (2). In addition,
t(8;18)(q24.1;p11.3) was observed in a patient with
rapid progression of the disease and short survival
(<2 yrs) whereas the other translocation was not
associated with a poor prognosis. Six of these novel
chromosomal alterations have been previously
reported in other types of mature B-cell neoplasias
(Table 3), suggesting a role of these structural
abnormalities, though at low frequency, in the
development and/or progression of these lymphoid
malignancies. The remaining aberrations (40%)

have not been described yet in any tumor. The
analysis of these novel abnormalities permitted us
to identify four novel regions of losses: 5q13-q21
and 2q35-qter (both recurrent in our series) and

Fig. 2. Summary of chromosomal imbalances detected in 30 patients with DLBCL as concerns the karyotypes.

Table 3. Novel structural chromosomal rearrangements in DLBCL. Comparison with
published cases in other mature B cell neoplasms

Present study Published cases

Chromosome
abnormality Histology References

der(6)t(1;6)(q21;p21) Nodal marginal zone
B-cell lymphoma

Ott et al. (22)

B-cell lymphoma–Mature
B-cell neoplasm

Shimazaki et al. (23)

Multiple myeloma Fiedler et al. (24)
del(2)(q35) Multiple myeloma Sawyer et al. (25)

FL Horsman et al. (26)
CLL Morgan et al. (27)
CLL Asou et al. (28)
Hairy cell leukemia Brito-Babapulle et al. (29)

del(4)(p11) FL Berger et al. (30)
del(5)(q13q21) Multiple myeloma Lloveras et al. (31)
del(5)(q13) CLL Buhmann et al. (32)

FL Mohamed et al. (33)
FL Whang-Peng et al. (34)
Lymphoplasmacytic lymphoma Bello et al. (35)
Mature B-cell neoplasm, NOS Hashimoto et al. (36)

del(17)(q11q21) Mature B-cell neoplasm Tsukadaira et al. (37)

NOS, no other specification.
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4p11-p12 and 17q11-q12 observed in one case each
(2). These findings could be important for further
studies about sites of candidate tumor suppressor
genes. In solid tumors, Comparative Genomic
Hybridization (CGH) and loss of heterozygosity
(LOH) studies have suggested the presence of
putative tumor suppressor genes at 2q35-qter (38,
39). In hematological neoplasms, loss of 5q13
region was observed in myeloid malignancies,
refractory myelodysplasias, and hairy cell leukemi-
as. Recently, Liang et al. (40) have characterized a
candidate tumor suppressor gene at 5q13.3, SSBP2
(single-stranded DNA-binding protein 2), involved
in regulation of hematopoietic growth and differ-
entiation. In addition, molecular studies in neuro-
fibromatosis type 1 (NF1) have shown the
inactivation of both NF1 alleles during tumorigen-
esis, supporting the tumor suppressor hypothesis
for the NF1 gene located at band 17q11.2 (41).

Among the remaining alterations, four deletions
del(4)(q21), del(6)(q27), del(8)(q11), and
del(9)(q11) were observed only once by G-banding
in DLBCL (2) and appear to be recurrent in this
histological subtype from our data.

Translocations affecting one of the Ig gene sites
(14q32, 22q11, and 2p12) were noted in 20% of our
cases by cytogenetic studies, in contrast to 51% of
cases reported by Cigudosa et al. (4), possibly
because of the fact that the studied populations
were different in the proportion of S-DLBCL and
dn-DLBCL patients. By M-FISH, 55–56.5% of
DLBCL cases presented IgH gene rearrangements,
corresponding to 11–25% of them having a
t(14;18)(q32;q21) (6, 7). Our combined cytogenetic,
FISH, and molecular analysis showed that 36.7%
of our patients had t(14;18) with a higher frequency
in S-DLBCL (50%) than in dn-DLBCL (30%).
Recent data from microarray studies (42) have
shown different gene expression signatures in post-
transformation DLBCL compared with dn-DLBCL
samples, being post-transformation DLBCL pro-
files similar to those observed in an FL. In addition,
López-Guillermo et al. (43) found a correlation
between the BCL-2 breakpoint and the clinical
outcome in indolent FL, with a poor prognosis for
germline patients and a higher percentage of
histologic transformation in BCL-2 negative cases
than those observed for patients with MBR or mcr
breakpoints.

We observed one case with the rare combination
of translocations t(14;18)(q32;q21) and
t(2;8)(p12;q24) that involved two of the Ig gene
sites and resulted in BCL-2 and MYC rearrange-
ments. To the best of our knowledge, this is the
second DLBCL patient with both translocations to
be described (44). Previous studies have indicated
that MYC rearrangements are detectable in 5% to

15% of DLBCL patients (4, 45) associated with the
translocation t(8;14)(q24;q32). Different authors
(46, 47) have suggested an MYC deregulation as a
genetic event associated with the progression of a
BCL-2 deregulated FL to DLBCL, as occurred in
our patient. This translocation was always found
with other secondary alterations in the karyotype.
According to the literature (4), balanced trans-
locations were the most frequent secondary aber-
rations to t(14;18)(q32;q21). This is in accordance
with the concept that t(14;18)(q32;q21) is necessary
but not sufficient by itself for cancer development
and other genomic changes are required to reach
the neoplastic phenotype (48). Interestingly, among
these alterations, we found translocation
t(9;22)(q34;q11), the cytogenetic hallmark of chro-
nic phase of chronic myeloid leukemia (CML), that
is very uncommon in DLBCL, with only two cases
reported (49, 50). Our patient represents the first
one in which t(9;22)(q34;q11) is associated with
t(14;18)(q32;q21), a rearrangement probably rela-
ted with progression of the disease, as was observed
in this case that showed a very short survival
(6 months).

Breakpoint analysis identified 70 breaks that
were located at 49 bands and only 11 (22.4%) of
them were recurrent. Each of these 11 bands has
previously been reported to be involved in lym-
phoid tumors (2) and they cannot be considered
specific of DLBCL. As reported by Cigudosa et al.
(4), breaks at 14q32 and 18q21 corresponding to
t(14;18)(q32;q21) were also the most frequent
breakpoints in our series. The other recurrent
breakpoints (at least 2 each) 6q21, 6q25, 7q32,
and 17p11 were mainly related to deletions. These
regions are regarded as common sites for secondary
rearrangements in lymphomas. Breakpoints 2q35,
8q11, and 9q11 also involved in deletions were
reported only once in DLBCL, and appear to be
recurrent from our data [2], particularly,
del(9)(q11).

Complete chromosome gains or losses may
represent secondary changes that are associated
with progression rather than genesis of the disease.
According to the literature, trisomies of whole
chromosomes 12 and 18 were the most frequent
numerical alterations and always observed as
secondary changes (2, 4, 6, 7). Trisomy 12 is a
common numerical alteration in different histo-
logical subtypes of NHL, such as chronic lymph-
ocytic leukemia, FL and DLBCL, suggesting that
this chromosome may contain genes that are
important in lymphomagenesis. As for trisomy 18,
a recent article (51) has reported that 18q gains are
associated with particular clinicopathologic fea-
tures of the patients at presentation, progression of
the diseases, and more aggressive behavior.
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In reference to chromosome imbalances, most
common gains involved chromosome regions
12q13-q24, 7q10-q32, and 17q22-qter, whereas 6q
was the most frequently deleted region in agree-
ment with previous studies (4, 51–53), followed by
losses 2q35-qter, 7q32-qter, and 9q13-qter. Com-
parative genomic hybridization studies in DLBCL
found that the most frequent changes were gains at
X, 12, 7, 3, and 18, whereas 6q was the most
frequently lost, followed by 1p, 8p, and 17p (51–
53).
Finally, two DLBCL patients showed sex chro-

mosome abnormalities as CCA, an association that
was rarely observed in the literature. In fact, a
number of XYY and XXY males with hematolog-
ical malignancies have been reported, most of them
with leukemia or myelodysplastic syndromes (54).
Conversely, only sporadic cases with NHL have
been described (55–59). Previous results of our
laboratory in a series of patients with hematological
disorders (14) did not find differences when the
incidence of sex chromosome abnormalities was
compared with that of the overall population,
indicating that this type of CCA does not predis-
pose to hematological malignancies.
In summary, our findings confirmed the presence

of genetic instability manifested at the cytogenetic
level in DLBCL, and emphasize the importance of
studies combining molecular cytogenetics with a
conventional G-banding technique in this subtype
of NHL. We identified novel chromosomal altera-
tions, some of them recurrent and found several
regions of cytogenetic deletion pointing to sites of
candidate tumor suppressor genes of potential
importance in lymphomagenesis. Finally, we did
not find rearrangements involving 3q27, considered
the most frequent alteration in primary DLBCL.
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