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ABSTRACT:

 

We have studied 13 cases of histologically confirmed mantle cell lymphomas (MCL) com-
bining cytological-immunological features with conventional cytogenetics and in situ hybridization
(ISH) techniques. Peripheral blood smears and lymph node biopsies expressed the typical mantle zone
pattern with a B-cell phenotype. Most of the cases (11 of 13) had lymphomatous cells in the peripheral
blood. Chromosome analysis was carried out on lymphoid cells from peripheral blood and/or lymph
node biopsies. Phytohemagglutinin (PHA) and phorbol 12-myristate 13 acetate (TPA) were used as
mitogens. Biotin-labeled libraries of whole chromosomes implicated in complex karyotypes were used
to improve their interpretation. Clonal chromosome abnormalities were found in 10 of 13 patients
(77%); 7 of these had a complex abnormality. The most frequent recurrent structural abnormalities were:
t(11;14)(q13;q32), involvement of chromosome 1 (der[1], del[1], dup[1]), chromosome 2 (del[2], der[2]),

 

chromosome 9 (der[9], 

 

2

 

9), chromosome 13 (add[13], t[13q]), and chromosome 17 (add[17], der[17],
t[17q]). The most frequent numerical abnormalities were monosomy 21 and loss of the Y chromosome.
© Elsevier Science Inc., 1999. All rights reserved.

 

INTRODUCTION

 

Mantle cell lymphoma (MCL) is a malignant non-Hodgkin
disease of B-cell lineage derived from mature CD5

 

1

 

 virgin
B-cells of the follicular mantle zone [1]. This type of lym-
phoma was described by Gerard-Marchant et al. [2] as cen-
trocytic lymphoma and integrated as an entity in the Kiel
classification system [3–5]. Mantle cell lymphoma was
recognized by some American groups as an intermediate
differentiated lymphocytic lymphoma [6], by the Working
Formulation as diffuse small cleaved cell lymphoma [7]
and by the BNLI (British National Lymphoma Investigation
Group) classification as diffuse lymphocytic lymphoma [8].

Patients usually present themselves with extensive dis-
ease and B-cell symptoms, extranodal organ involvement
and splenomegaly, which predominantly affect middle-
aged to elderly males [9–11]. Clinically, MCL is consid-
ered a relatively aggressive lymphoma, with a median
overall survival of 2–5 years [1, 12].

In most cases, the tumor is composed exclusively of
small- to medium-sized lymphoid cells, usually slightly
larger than normal lymphocytes, with more dispersed
chromatin, scant cytoplasm, and inconspicuous nucleoli.
Generally, the nuclei are irregular or “cleaved”; however,
in some cases cells are nearly round, and in others they
may be very small and resemble small lymphocytes.

The tumor cells are SIgM
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, usually IgD

 

1

 

, 

 

l . k

 

, B-cell
associated antigen positive, CD5

 

1

 

, CD10

 

2

 

/

 

1

 

, CD23

 

2

 

,
CD43

 

1

 

 and CD11c

 

2

 

 [1].
The chromosomal translocation (11;14)(q13;q32) oc-

curs frequently (40–78%) in patients with MCL [13–18],
resulting in a rearrangement of the Ig heavy-chain locus
(located in the long arm of chromosome 14), the 

 

BCL-1

 

gene locus (located in the long arm of chromosome 11)
and overexpression of the cyclin D1 (

 

CCND1/PRAD1

 

) gene
[19–22]. This genetic event has an important role in the
pathogenesis of MCL.
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The most common cytogenetic abnormality associated
with MCL is t(11;14)(q13;q32), but other variants such as
t(11;22) have also been described [23]. Deletion 6q15 and
monosomy 13 are the most frequent secondary abnormali-
ties associated with t(11;14) [14].

The aim of the present study was to analyze the cytoge-
netic findings in a group of patients with MCL, emphasiz-
ing the most frequent secondary chromosomal aberrations
associated with t(11;14). We have studied 13 MCL pa-
tients, combining conventional cytogenetics with in situ
hybridization (ISH) techniques. A high incidence of differ-
ent clonal abnormalities, preferentially complex, with in-
volvement of chromosomes 1, 2, 9, 11, 13, 14, 17, 21, and
Y were recorded.

 

MATERIAL AND METHODS

Patients

 

Thirteen cases diagnosed as MCL between 1993 and 1997
were studied cytogenetically (Tables 1 and 2). All were di-
agnosed as diffuse MCL except cases 7, 11, and 13, which
were diagnosed as a blastoid variant of MCL. In the
present series, we included only patients in whom the di-
agnosis was histologically confirmed; all of them expressed
B-cell markers and were negative for those of T-cells. In all
cases, immunophenotyping was performed using the fol-
lowing monoclonal antibodies: CD3, CD5, CD19, CD23,
SIg, 

 

k

 

, and 

 

l

 

 (Table 3).
The patients included in our study were predominantly

males (10 males/3 females). The median age was 63 years,
with a range of 43–88 years. The mean hemoglobin was

11.3 g/L, the mean platelet count was 121 

 

3

 

 10

 

9

 

/L and the
mean WBC count was 22.5 

 

3

 

 10

 

9

 

/L. Eight of 13 patients
presented adenopathies, 8 splenomegaly, and 3 hepato- and
splenomegaly. Ten patients were treated with CHOP and
none achieved complete remission. Three of 13 have died
(1, 12, and 87 months after being diagnosed) (Table 4).

 

Cytogenetic Studies

 

Cytogenetic studies were performed in all patients at diag-
nosis prior to any treatment. Chromosome analysis was
carried out on lymphoid cells from peripheral blood (cases
1, 4–13) and lymph nodes (cases 2 and 3). Cultures were es-
tablished with 2 

 

3

 

 10

 

6

 

 cells per mL in 5 mL of RPMI 1640
supplemented with 17% fetal calf serum, 2% L-glutamine,
and 1% penicillin-streptomycin. Phytohemagglutinin (PHA)
was used as a mitogen in nine cases and phorbol 12-
myristate 13 acetate (TPA) in two (Table 1). Cultures were
incubated for 72 hours at 37

 

8

 

C. Colcemid was added at a
final concentration of 0.15 

 

m

 

g/mL for the last 2 hours of
culture, and cells were fixed in methanol:acetic acid (3:1)
after 30 minutes of hypotonic treatment in 0.075 M KCl at
37

 

8

 

C. G-banding was performed after treating the prepara-
tions in a slide warmer at 100

 

8

 

C for 1 hour, and they were
then stained with Wright solution [24]. Karyotypes were
described according to the International System for Hu-
man Cytogenetic Nomenclature, ISCN 1995 [25].

 

In Situ Hybridization (ISH) Techniques

 

In three patients with a complex karyotype (cases 1, 3, and
7), chromosomal in situ suppression hybridization was
performed with biotin-labeled libraries of whole chromo-

 

Table 1

 

Cytogenetic abnormalities in 13 mantle cell lymphomas (MCL)

 

Case

 

a

 

Karyotype Mitogen
Whole chromosome
probes applied Modified karyotype

1 46,XY,der(2),der(3),t(11;14)(q13;q32)[14]/46,XY[34] PHA 2,3,11,14,17,20 46,XY,der(2),

 

1

 

3,t(11;14)(q13;q32),
add(17)(p12),

 

2

 

20
2 45,X,

 

2

 

Y,del(2)(q11),der(6),der(10)t(10;?)(q26;?)t(11;14)
(q11;q32),

 

2

 

19,

 

2

 

22,

 

1

 

mar[21]/46,XY[9]
PHA — —

3 44

 

z

 

46,XY,del(1)(q32),dup(1)(q25q44),add(4)(p16),
add(7)(p22),der(9),

 

2

 

10,t(11;14)(q13;q32),der(12),
add(17)(p13),

 

2

 

21[10]/45

 

z

 

46,

 

1

 

dup(1)(q25;q44),
del(14)(q24)[10]

PHA 1,4,7,9,12,14 id.,t(4;9)(p16;q12),inv(12)

4 46,XY[52] PHA — —
5 46,XY,del(7)(q32)[8]/46,XY[15] PHA — —
6 46,XY,der(1),der(2),t(11;14)(q13;q32)[5]/46,XY,del(7)

(q22),add(11)(p15)[1]/46,XY[23]
PHA — —

7 43,X,

 

2

 

Y,der(1),

 

2

 

9,t(11;14)(q13;q32),der(17),t(?;17)
(?;p13),

 

1

 

der(18)t(?;18)(?;q23)[11]/46,XY[4]
PHA 1,9,11,13,14,17,18 id.,t(13;17)(q12;p13),dup(13),der(17)

8 46,XY[27] PHA — —
9 46,XY,t(11;14)(q13;q32)[5]/46,XY[43] PHA — —

10 45,XY,add(1)(p36),dup(1)(q25q44),dic(9;14)
(p24;p13),add(13)(q?34),der(20)t(9;20)(q12;p13),

 

2

 

21,

 

1

 

mar[3]/46,XY[9]

TPA — —

11 46,XX[13]/46,XX,

 

2

 

1,

 

2

 

2,add(3)(q29),del(6)(q12),t(11;14)
(q13;q32),add(13)(q?34),

 

1

 

mar1,

 

1

 

mar2[4]
NM — —

12 46,XX[22] NM — —
13 46,XX,del(16)(q22)[8]/46,XX[30] TPA — —

 

Abbreviations

 

: PHA, phytohemagglutinin; TPA, phorbol 12-myristate 13 acetate; NM, no mitogen.

 

a

 

Peripheral blood: cases 1, 4–13; lymph node: cases 2 and 3.
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somes (Cambio, UK). The chromosome probes used were
libraries of chromosomes 1–4, 7, 9, 11–14, 17, 18, and 20.

In situ hybridization was performed on cultured pe-
ripheral blood or lymph node cells. Slides were pretreated
with RNase/2 

 

3

 

 SSC (10 ng/mL) for 1 hour at 37

 

8

 

C, Pep-
sin/HCl (0.1–1 mg/mL) for 5 minutes, and formaldehyde-
free acid (1%) in PBS/MgCl

 

2

 

 for 10 minutes at room tem-

perature. After being dehydrated in ethanol series and air
dried, slides were denatured in 70% formamide solution
at 70

 

8

 

C for 2 minutes. Biotin-labeled whole chromosome
probes were denatured for 5–10 minutes at 72

 

8

 

C. Five mi-
croliters of the probe solution were added to each slide,
which was covered by a coverslip. The preparations were
hybridized at 37

 

8

 

C overnight in a humid chamber. Posthy-

 

Table 2

 

Numerical and structural cytogenetic abnormalities in 13 mantle cell lymphomas (MCL)

 

Monosomies (%) Trisomies (%)
Structural
abnormalities Breakpoints

 

2

 

Y (15)

 

1

 

3 (8)

 

2

 

21 (15)

 

1

 

5 (8) t(11;14) (54%) 14q32 (61%)

 

2

 

1 (8) der(1) (23%) 11q13 (54%)

 

2

 

2 (8) dup(1) (15%) 1q25-q44 (15%)

 

2

 

9 (8) der(2) (15%) 13q34 (15%)

 

2

 

10 (8) add(13) (15%) 1q32 (8%)

 

2

 

19 (8) add(17) (15%) 2q11 (8%)

 

2

 

20 (8) del(1) (8%) 3q29 (8%)

 

2

 

22 (8) del(2) (8%) 4p16 (8%)
der(3) (8%) 6q121 (8%)
t(4;9) (8%) 7p22 (8%)
del(6) (8%) 7q32 (8%)
der(6) (8%) 9p24 (8%)
add(7) (8%) 9q12 (8%)
del(7) (8%) 10q26 (8%)
der(9) (8%) 11q11 (8%)

dic(9;14) (8%) 13q12 (8%)
der(10) (8%) 14q13 (8%)
t(10;?) (8%) 14q24 (8%)

inv(12) (8%) 16q22 (8%)
dup(13) (8%) 17p12 (8%)
t(13;17) (8%) 17p13 (8%)
del(14) (8%) 18q23 (8%)
del(16) (8%) 20p13 (8%)
der(17) (8%)

der(18)t(?;18) (8%)
der(20) (8%)

 

Table 3

 

Immunological markers in 13 mantle cell lymphomas (MCL)

 

Case Sample Kappa Lambda CD19/20 IgS CD5 CD10 CD23

1 PB

 

1 2 1 111 1

 

ND

 

2

 

2 LN ND ND

 

1

 

ND

 

1 2 2

 

PB

 

1 1

 

3 LN ND ND

 

1

 

ND

 

1

 

a

 

2 2

 

4 LN ND ND

 

1

 

ND

 

1 2

 

ND
5 PB

 

2 11 1 111 1

 

ND

 

2

 

6 LN ND ND

 

1 111 1 2 2

 

PB ND ND

 

1 111 1 2 2

 

7 LN

 

1 2 1 111 1 2 2

 

PB

 

1 2 1 111 1 2 2

 

8 PB

 

1 2 1

 

ND

 

1 2 2

 

9 PB ND ND

 

1

 

ND

 

1

 

ND

 

2

 

10 PB

 

2 1 1

 

ND

 

1 2 2

 

11 PB

 

2 1 1

 

ND

 

1 2 2

 

12 PB

 

1 2 1 111 1 2 2

 

13 PB

 

1 2 1 111 1 2 2

 

Abbreviations

 

: PB, peripheral blood sample; LN, lymph node sample; ND, not done.

 

a

 

Cytospin sample.



 

Cytogenetics of Mantle Cell Lymphoma 

 

95

 

bridization washings consisted of three changes of 5 min-
utes each with 50% formamide solution at 45

 

8

 

C and three
changes of 5 minutes each with 0.1 

 

3

 

 SSC at 60

 

8

 

C. The bi-
otinylated probes were detected using the immunoperoxi-
dase method [26]. Ten metaphases per probe and case
were analyzed with a light microscope.

 

RESULTS

 

Mitoses were obtained in all patients. Ten of 13 patients
(77%) showed clonal karyotypic abnormalities, and 6 pre-
sented a complex karyotype (Table 1). Structural aberra-
tions with no numerical abnormalities were observed in 4
patients, 6 others showing both numerical and structural
abnormalities. Structural rearrangements were detected in
10 patients, the most frequent of which was involvement
of chromosomes 11 and 14 implicated in t(11;14)(q13;q32).
Other chromosomes frequently involved in structural rear-
rangements were 1, 2, 13, and 17 (Table 2). Structural
changes as a sole abnormality were found in 3 patients, 1
of whom showed t(11;14)(q13;q32) and another del(7)
(q32). The last one presented with del(16)(q22).

The most frequent numerical abnormalities were 

 

2

 

Y
(patients 2 and 7) and 

 

2

 

21 (patients 3 and 10); however,
other numerical changes such as 

 

1

 

3, 

 

1

 

5, 

 

2

 

1, 

 

2

 

2, 

 

2

 

9,

 

2

 

10, 

 

2

 

19, 

 

2

 

20, and 

 

2

 

22 were detected in low frequency
(Table 2).

With regard to the relative frequency of the different cy-
togenetic abnormalities, chromosome 14 was involved in
eight patients, chromosome 11 in seven, chromosome 1 in
five, chromosomes 2 and 17 in four and chromosomes 3,
9, and 13 in three patients. The chromosomal breakpoints
11q13 and 14q32 were found in seven and eight patients,
respectively (Table 2).

 

DISCUSSION

 

In the present study, we describe the cytogenetic findings
in 13 patients with MCL. The overall incidence of clonal
chromosome abnormalities in our series was 77%. Brito-

Babapulle et al. [13] studied six patients affected with
MCL, the most frequent aberration being t(11;14) (50%). It
is interesting to note the incidence of del(13q) in two pa-
tients. In the recent series of Argatoff et al. [15], they stud-
ied 31 patients affected with MCL; in 13 the cytogenetic
analysis revealed a normal karyotype or no metaphases
were obtained, 14 presented t(11;14)(q13;q32) and 4 showed
an abnormal karyotype without t(11;14)(q13;q32). Taking
into account the cytogenetically analyzed patients, 18
(58.1%) showed cytogenetic abnormalities among whom,
14 (77.8%) had t(11;14). Other aberrations were involve-
ment of chromosome 9 (monosomy 9 in 2 cases and struc-
tural abnormalities in 9q in 3) and involvement of chro-
mosome 17 (monosomy 17 in 2 cases and disruption of
17p11 because of balanced translocations with chromo-
somes 3 and 15 in 2 cases). In the recent series of Decau-
din et al. [16] a typical t(11;14)(q13;q32) was found in 8
cases (40%), a t(11;18)(p11;p11) associated with del(11)
(q13q14) in 1, and a normal karyotype in 11 of a total of 20
cases studied.

In our series, the chromosomes most frequently in-
volved were, in decreasing order, chromosome 14 in 8 pa-
tients, chromosome 11 in 7, chromosome 1 in 5, chromo-
somes 2 and 17 in 4, and chromosomes 7, 9, and 13 in 3
patients. Among 13 patients, 7 (50%) showed t(11;14)(q13;
q32), but among those who showed an abnormal karyo-
type, the incidence of t(11;14) was 70%. Up to 73% of
MCL patients have been shown to harbor detectable 

 

BCL-1

 

rearrangements when analyzed with multiple breakpoint
probes [27]. Most of the breaks have been reported as oc-
curring within the MTC (major translocation cluster) re-
gion, although literature data suggest strong variations of
positivity rates for MTC rearrangements [28–31]. The 

 

BCL-
1

 

 locus at 11q13 has been sporadically reported to also be
involved in recurrent translocations to 14q32 in B-cell
chronic lymphocytic leukemia (CLL), chronic prolympho-
cytic leukemia (CPL), hairy cell leukemia (HCL), and mul-
tiple myeloma (MM). In MCL, the breakpoints on 11q13
are clustered in the MTC region, whereas rearrangements
involving this region are rare in other lymphoproliferative

 

Table 4

 

Analytical and clinical features in 13 mantle cell lymphomas (MCL)

 

Case Sex/age Hb (g/dL) WBC (10

 

9

 

/L) Plat (109/L) AD H/S T RT
Survival
(months)

1 M/73 13.7 16.2 88 2 2/1 NDA NDA NDA
2 M/77 13 6.4 198 11 2/2 NDA NDA NDA
3 M/65 10 6 107 2 1/1 CHOP PR 87
4 M/53 15.4 13.6 285 11 2/1 CHOP PR 132
5 M/62 14 12 NDA NDA NDA NDA NDA NDA
6 M/67 10 94 42 1 2/1 CHOP PR 124
7 M/63 13 41 45 1 1/1 CHOP NR 12
8 M/66 12 4.1 50 1 2/1 CHOP NR 132
9 M/59 8.3 4.8 55 1 1/1 CHOP PR 142

10 M/88 8.2 61 69 2 2/2 CHOP NR 1
11 F/53 9.3 8.1 92 1 2/2 CHOP PR 142
12 F/51 9.3 11 260 2 2/2 CHOP IT 12
13 F/43 10.7 15 164 1 2/1 CHOP PR 118

Abbreviations: AD, adenopathies; H/S, hepato/splenomegaly; T, treatment; RT, response to treatment; NDA, no data available; PR,
partial remission; NR, no remission; IT, in treatment, no valorable response.
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disorders showing the t(11;14)(q13;q32). However, the
presence of BCL-1 rearrangements in other B-cell lym-
phoproliferative disorders (CLPD) indicates that these en-
tities share a biological background and that the t(11;14) is
indeed the crucial step in tumorigenesis of these CLPD, ir-
respective of cytomorphologic variations [31].

Johansson et al. [14] reviewed the recurrent secondary
chromosomal abnormalities in NHL in relation to primary
aberrations and morphology. They found that secondary
abnormalities in MCL are nonrandomly distributed
throughout the genome and reported that the chromosome
band most frequently involved in secondary changes asso-
ciated with t(11;14) was 6q15; monosomy 13 was the most
frequent numerical abnormality associated with t(11;14).
In our series, the involvement of chromosome 6q was
found in two patients, and chromosome 13 in three pa-
tients, but none showed monosomy. We observed involve-
ment of chromosomes 1, 2, 9, 13, and 17 as the most fre-
quent secondary aberrations.

Loss of the Y chromosome was observed in two pa-
tients. This cytogenetic abnormality has also been found
in healthy elderly males [32]. If it is associated with other
cytogenetic abnormalities, the coexistence with normal
metaphases in the same patient suggests that this aberra-
tion is not age-related.

Regarding chromosome 7 in MCL karyotypes, we found
changes in two patients: one with add(7)(p22) (case 3),
and another with del(7)(q32) (case 5) as a sole abnormal-
ity. The finding of 7q deletion as a sole abnormality is par-
ticularly interesting. Deletion (7)(q32) is seen in several
categories of NHL; the majority are low-grade lymphomas
with circulating lymphoid cells showing plasmocytoid
features. Hernández et al. [33] reviewed del(7q) in chronic
B-cell lymphoid disorders and found that del(7q) is asso-
ciated with a subset of mature small B-cell lymphoprolif-
erative disorders of which some, but not all, showed lym-
phoplasmocytic features. In the majority of NHLs there are
multiple karyotypic abnormalities other than del(7q). We
previously described del(7)(q32) as a new chromosomal
anomaly associated with mature B-cell chronic lympho-
proliferative disorders [34]. In our series of 19 splenic
marginal zone B-cell lymphoma (SMZBCL), 1 patient
showed a del(7)(q32) as a sole abnormality [35].

Involvement of 17p was observed in three patients
(17p12 in case 1, 17p13 in cases 3 and 7); two of them
have died (12 and 87 months of survival, respectively).
The Tp53 gene is located in 17p region, and Tp53 muta-
tions are related to a poor prognosis [36, 37].

In our study, the blastoid variant of MCL was diag-
nosed in three patients (cases 7, 11, and 13) two of whom
showed a complex diploid karyotype [38]. Ott et al. [31]
described an interesting finding about the tendency of
blastoid MCL subtypes to harbor chromosome metaphases
in the tetraploid range. Hernández et al. [36] and Zoldan
et al. [37] observed a poor prognosis related to TP53 gene
mutations and its protein overexpression in this variant.

Interestingly, cytogenetic studies performed on lymph
nodes yield more complex karyotypes than those carried
out on peripheral blood. It would be of interest to compare
cytogenetic findings obtained from lymph nodes and pe-

ripheral blood. Cytogenetic methods are especially ham-
pered by mature-looking cells with a low mitotic index,
poor quality of chromosomes, or absence of mitoses. For
this reason, there are only a few series that include a rela-
tively large number of MCL patients studied cytogeneti-
cally. Conventional cytogenetic techniques performed pref-
erentially on infiltrated tissues will probably yield more
satisfactory results.

Monteil et al. [39] proposed a molecular diagnosis of
t(11;14) in MCL using two-color interphase fluorescence
in situ hybridization. Recently, Takashima et al. [40] de-
scribed an in situ hybridization method to detect t(11;14)
in interphase nuclei using a 14q32.33 probe. With these
methods, it should be possible to detect a higher inci-
dence of translocations than with conventional cytoge-
netic methods that are dependent on culture conditions.
However, molecular techniques inform of the presence/
absence of selected rearrangements. Secondary aberra-
tions detected by conventional cytogenetics could be in-
teresting to correlate with lymphoma progression. For this
reason, the combination of conventional cytogenetics with
molecular studies is the most useful strategy for studying
the genetic changes in patients with lymphoma.

Complex karyotypes deserve some comments. In these
cases, the chromosomal in situ suppression hybridization
of DNA, the recently described multicolor spectral karyo-
typing [41] and comparative genomic hybridization [42]
methods permit a definitive karyotype to be defined cor-
rectly. In MCL patients, especially in those with complex
karyotypes, these methods are highly recommended.

In conclusion, t(11;14)(q13;q32) is the most frequent
cytogenetic abnormality associated with MCL. The in-
volvement of chromosomes 1, 2, 9, 13, and 17 in second-
ary changes needs to be confirmed in larger series.
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