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ABSTRACT

Background and Objective. Mantle cell lymphomas
(MCLs) comprise a rare but distinct clinicopatho-
logical entity usually associated with t(11;14). This
translocation is regarded as a primary event, but it
has been suggested that other as yet unidentified
genetic alterations are required for development and
progression of MCL.

Design and Methods. In order to identify recurrent
secondary changes that might point towards specif-
ic chromosomal regions contributing to the patho-
genesis of MCL we studied 43 MCL cases in which
clonal chromosomal abnormalities have been found
during cytogenetic analysis.

Results. In this series 83% of cases were charac-
terized by t(11;14) and in the majority of them the
t(11;14) was associated with multiple other chro-
mosomal aberrations. Recurrent secondary changes
were found in which imbalances of genetic material
prevailed, losses being more common than gains.
The former involved thirteen chromosomes, espe-
cially 13, 6q, 99, 11q, 8/8p, 10/10p, and 14, where-
as recurrent gains affected 3/3q. Non-randomly
occurring breakpoints were relatively infrequent. The
identified anomalies were also involved in aberra-
tions observed in the group of MCL not associated
with t(11;14). Some of them are shared with other
B-cell proliferations.

Interpretation and Conclusions. The data presented
here indicate that MCL is characterized by consis-
tently occurring secondary chromosome changes.
Their significance for the development and/or pro-
gression of MCL needs to be elucidated and con-
firmed by further investigations.
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antle cell ymphoma (MCL) represents up
to 4-10% of all non-Hodgkin’s lymphomas
(NHL) and is characterized by distinctive

immunophenotypic and genetic features.! MCL is
associated with the t(11;14)(g13;932) which is con-
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sidered as the primary molecular event. The translo-
cation results in deregulation of the BCL1 locus at
11913 by the regulatory sequences of the immuno-
globulin heavy (IgH) chain gene complex and overex-
pression of the cyclin D1 (CCND1/PRAD1) gene that
plays an important role in cell cycle progression, par-
ticularly at the G1/S phase transition. The t(11;14)/
BCL1 rearrangement and/or overexpression of cyclin
D1 can be identified in nearly all MCLs indicating a
crucial but as yet unidentified role of CCNDL1 in the
pathogenesis of this neoplasm.z¢ Experimental data
suggest that CCND1 has no oncogenic potential and
by itself is not sufficient for the malignant transfor-
mation of affected cells. Co-operation with other
oncogenes and/or tumor suppressor genes might be
critical for the generation of lymphomas.”# Recent
studies on the tumor suppressor genes coding for
pl5, pl6, p53 and pRb ruled out their common
involvement in the pathogenesis in MCL.%1# Involve-
ment of other genes may be revealed by chromosome
investigations. If consistently occurring changes are
found they may be indicative of further genomic
errors. However very few data concerning secondary
chromosomal aberrations associated with the
t(11;14) are available.’> This situation prompted us to
review the karyotypes of 43 MCL cases with clonal
chromosomal abnormalities collected in our institute,
in order to evaluate whether recurrent secondary
changes could be identified.

Design and Methods

During the past 10 years, 74 cases diagnosed as
mantle cell lymphoma were investigated cytogeneti-
cally. Of these 2 investigations failed, 29 cases had
anormal karyotype and 43 had clonal abnormalities.
The last group is the subject of this study. Cytoge-
netic analysis was carried out at the time of diagno-
sis in 31 cases and during the course of the disease
in the remaining 12.

Histopathology

The histologic material was reviewed in all cases.
Immunophenotyping was performed in 40/43 cases
using a panel of monoclonal antibodies including
CD5, CD10, CD23, IgM, IgD, k and \.
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Cytogenetics

Chromosome analysis was performed according to
standard protocols. Cells from lymph node and/or
spleen were cultured for 1 day without stimulation,
and bone marrow and peripheral blood cells were
cultured for 3 days with or without phorbol ester
(TPA) stimulation. Chromosomes were G- and/or R-
banded. Karyotypes were reviewed and presented in
accordance with the International System for Human
Cytogenetic Nomenclature (ISCN).26 Cases included
in previous studies'’2° are indicated in Table 1,
although, for most of them, a complete karyotype is
described for the first time.

Results

Histopathologic data

All cases reviewed were confirmed as MCL with a
typical cytomorphology in 31 cases and a blastoid vari-
ant with aberrant morphology, including large pleo-
morphic cells as well as blast-like cells, in the remain-
ing 12 cases. Light chain restriction and IgM expres-
sion were confirmed in all cases associated with the
expression of IgD in 33/40 and CD5 in 34/40 cases.

Cytogenetic data

Complete karyotypes are shown in Table 1. In most
of the analyzed cases (36/43) abnormal cell clones
had a pseudodiploid or near diploid chromosome
number ranging from 43 to 48. Polyploid cells were
found in 6 cases, including one with hyperdiploid and
polyploid subclones. The t(11;14)(q13;932) was
found in 36/43 (83%) cases. In two of them (# 35
and 36) with der(14)t(11;14), poor quality of the
chromosomes did not allow further identification.
The t(11;14) translocation occurred as the sole
abnormality in 3 cases (#1-3), including one in which
a subclone with a der(3)t(3;3)(p24;913) was identi-
fied (#3). In the remaining 31 cases 1 to 2 addition-
al chromosomal abnormalities (#4-14), or complex
chromosomal rearrangements (#15-34) were present.
Karyotypic abnormalities occurring in addition to a
t(11;14) consisted of numerical chromosomal
changes as well as structural aberrations including
reciprocal and nonreciprocal translocations, inver-
sions, isochromosomes, deletions and unidentified
marker chromosomes. The following chromosomal
rearrangements were found as single secondary
abnormalities in addition to the t(11;14): del(2)
(931g33), trisomy 3, der(3)t(3;3)(p24;q13), mono-
somy 6, del(9)(q12g22), del(10)(p13), and der(11)
1(3;11)(g21;p13) (cases #3-9). In Table 2, we listed
the secondary chromosomal changes that were found
in at least two cases among the 34 associated with
t(11;14). They were subdivided into two categories:
one according to recurrent chromosomal break-
points, one with imbalances of chromosomal mater-
ial (losses and gains). The latter occurred as a conse-
quence of numerical changes, deletions and non-rec-
iprocal translocations.

Seven patients (#37-43) with abnormal karyotypes
showed no t(11;14). All these cases were character-
ized by complex rearrangements affecting more than
5 chromosomes. Involvement of chromosomal
regions where immunoglobulin genes loci are located
(IGK/2p12 and IGH/14q32) was observed in three
cases (#40, 41, 43), characterized by add(14)(g32),
1(2;12)(p12;p13), and dic(3;14)(q13;932). Recur-
rent chromosomal abnormalities included a break in
11p11 (2x), losses of chromosomes 6q (3x), 1/1p
(2x), 79 (2%), 11 (2x), 14 (2x), and complete or par-
tial gain of chromosome 3/3q (3x).

In 6 cases of our series (#2, 16, 27, 31, 38, 41)
successful cytogenetic analysis was performed on
consecutive samples. In 3 cases (#16, 31, 38) the
same chromosomal aberrations were found in the
involved tissues analyzed after 13, 1, and 2 and 3
months, respectively. In case #2, in which t(11;14)
occurred as the sole abnormality in cells from a
splenectomy specimen, all analyzed metaphases from
a bone marrow (BM) aspirate, taken two weeks lat-
er, showed a complex karyotype with three addition-
al chromosomal changes. The latter clone was found
in three consecutive BM samples obtained after 5,
14, and 22 months. In cases #27 and 41 lymph
nodes analyzed at the time of diagnosis already
showed the presence of two related subclones: a pre-
dominant main one, and a less frequent second sub-
clone with an additional chromosome abnormality
or with a polyploid chromosome number. In further
consecutive samples investigated 10 and 11 months
later, all analyzed cells presented the second subclone
with a more complex karyotype.

Correlation between pathology and cytogenetic
data showed that approximately 15% of the cases
with t(11;14) lacked either CD5 or IgD expression
and 2 cases were double negative (#17 and 13). Of
the 12 cases with blastoid morphology, 5 had poly-
ploid metaphases, while only 1 case with typical mor-
phology had a similar chromosome number range.
Of the eleven cases with -13/del(13)(q), 5 had blas-
toid features. In 4 cases with del(17)(p) only one had
blastoid features reminiscent of a lymphoblastic lym-
phoma. In cases with consecutive biopsies (#16, 31,
41) no intercurrent changes were observed in terms
of morphology or immunophenotype.

Discussion

In this study we analyzed clonal chromosomal aber-
rations occurring in 43 MCL cases. Translocation
t(11;14)(q13;932), the most common cytogenetic
feature of MCL (19, 21-23) was found in 83% of cas-
es. Karyotypes of t(11;14)-positive cases showed a
variable degree of complexity ranging from the
translocation as the sole abnormality to karyotypes
with a highly complex pattern.

Our analysis of chromosomal abnormalities asso-
ciated with t(11;14) allowed for the identification of
several recurrent secondary changes. The most fre-
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Table 1. Results of cytogenetic analysis.

Case # Source Status Karyotype

1* LN P/44 46,XY,1(11;14)(913;q932)[17]

2% S D 46,XY,t(11;14)(q13;932)[3]

BM D 47 XY,1(1;5)(q25;p15),inv(2)(p22921),+3,t(11;14)(q13;q32)[12]/46,XY[4]
BM P/6 47 XY,1(1;5)(q25;p15),inv(2)(p22921),+3,t(11;14)(q13;q32)[1]/46,XY[14]
BM p/17 47 XY,1(1;5)(g25;p15),inv(2)(p22q21),+3,t(11;14)(q13;q32)[2]/46,XY[8]
BM P/22 47 XY,1(1;5)(q25;p15),inv(2)(p22g21),+3,t(11;14)(q13;q32)[5]/46,XY[5]

3 BM D 46,XY,1(11;14)(q13;q32)[2]/46,idem,der(3)t(3;3)(p24;q13)[2]/46,XY[2]

4 BM D 46,XY,del(2)(931g33),t(11;14)(q13;932)[2]/46,XY[27]

5 S D 47 XY,+3,t(11;14)(q13;932)[2]/46 XY[13]

6* LN P/73 45,XY,-6,t(11;14)(q13;932)[2]/46,XY[1]

7* S D 46,XY,del(9)(912¢22),t(11;14)(q13;932)[8]/46,XY[10]

8* BM p/42 46,XX,del(10)(p13),t(11;14)(q13;932)[7[/46,XX[1]

9* PBL D 46,XY,der(11)t(3;11)(q21;p13),t(11;14)(q13;q32)[8] /46 ,XY[17]

10* BM P/28 45 X,-Y,del(1)(p31p13),t(11;14)(q13;932)[1]/43,idem,add(4)(p16),-9,-12,del(13)(q13g22)[3]/46,XY[4]

11*  PBL D 46,XY,add(8)(p11),del(9)(q21q32),t(11;14)(q13;q32)[3]1/46,XY[12]

12 IN P/104 46,XY,del(6)(q15),t(11;14)(q13;q32),add(15)(q26)[17]/46,XY[8]

13 S P/23 45,XX,t(11;14)(g13;932),add(11)(q22),-13[3]/46,XX[2]

14 LN D 46,XY,add(9)(q34),t(11;14)(q13;g32),add(15)(q26)[8]/46 XY[3]

15 LN P/64 46,XX,del(3)(p21),t(11;14)(913;932),add(15)(p11),add(19)(q13)[7]/46,XX[1]

16* N P/21 47 XY,der(11)del(11)(q14023)t(11;17)(q13;921),t(11;14)(q13;932),der(17)t(11;17)(q13;021),+12[11]/46,XY[6]

LN P/34 47 XY,der(11)del(11)(q14023)t(11;17)(q13;921),t(11;14)(q13;932),der(17)t(11;17)(q13;021),+12[5]

17* N D 46,XY,-3,del(4)(p14),+der(6)t(6;?;3)(q12;?;q11),t(11;14)(q13;932),del(18)(q21),add(22)(q13)[2]/47 idem,~
+add(14)(q32)[3]/46,XY[2]

18*  PBL p/11 46,XY,-8,add(9)(p24),t(11;14)(q13;032),add(11)(q21),add(12)(q24),+mar[3]/46 idem,del(6)(q23q34)[ 7]/46,XY[4]

BM P/11 46,XY,-8,del(6)(q23934),add(9)(p24),t(11;14)(q13;032),add(11)(q21),add(12)(q24),+mar[4]/46 XY[ 7]

19* LN D 44 X,-Y,add(1)(g32),del(1)(p11),i(6)(p10),der(11)add(11)(q13)t(11;14)(q13;q32),-13,der(14)t(11;14)(q13;q32)~
[11]/746,XY[2]

20* IN D 43,Y,-X,add(8)(p23),-9,-9,-10,t(11;14)(q13;032),add(11)(q22),-13,+2mar[12]/46,XY[2]

21* LN D 48,XY,del(2)(q31935),-5,del(6)(q21g25),+der(6)t(6;16)(p11;p11),add(10)(p15),der(11)t(11;14)(q13;932), -
add(13)(q34),-14,der(14)t(14pter->14q32::11913->q21::?::11g21->qter),-15,-6,+r,+4mar[11]/48,idem, -
t(1,5)(p23,q33)[2]

22 LN D 43XY,+X,-10,-11,del(11)(q21),-13,der(14)t(11;14)(q13;932),-18,-20,+mar[1]/46,XY[2]

23 LN D 46-47 XX,4(7;17)(p11;p11),t(11;14)(913;932),-13,-14,+2-3mar[cp10]

24 LN D 46,XY,add(1)(p36),-4,del(6)(q21),t(11;14)(q13;q32),-14,-16,+3mar[9]/46,XY[1]

25% N D 88-92,XXYY,-1,-1,del(3)(p25p23),+5,+i(5)(p10),-6,-10,t(11;14)(q13;q32),+der(11)t(11;14)(q13;932),~
add(12)(q24), -13,der(13)t(1;13)(p13;q14),-14,-16,add(17)(p11),+19,add(20)(q13)[cp6]/46,XY[2]

26% S D 86-89,XXYY,-5,+6,-11,-11,-13,-14,der(14)t(11;14)(q13;q32),+15,+21,+21,inc[10]

27 LN D 48,XY,-1,add(2)(p25),del(6)(q23),del(7)(q22932),t(11;14)(q13;932),+3mar[11]/81-83,idem,~
-11,-11,-13,-13,inc[5]/46 XY[5]

BM P/10 81-83,XXY,-1,add(2)(p25),del(6)(q23),del(7)(q22932),-11,-11,t(11;14)(q13;g32),-13,-13,+3mar,inc[2]/46,XY[23]

28 LN D 80-89,XXY,-X,dup(3)(q12929),t(11;14)(q13;g32),i(17)(q10),inc[8]

29 LN D 68-75,XX,-Y,add(11)(p15),add(11)(p11),t(11;14)(q13;932),add(17)(q21),add(19)(q13),+8mar,inc[10]

30 BM D 45,XY,der(1)inv(1)(p21q42)dic(1;6)(p21;q12),-8,der(11)del(11)(q13914)t(11;14)(q13;q32),der(14)~
1(11;14)(q13;932),der(19)t(8;19)(q13;p13.1), der(19)t(8;19)(q13;p13.3)[10]

31 LN D 45,X,-Y,del(9)(q13934.1),t(11;14)(q13;q32),der(16)t(11;16)(q13;q24)[6]

S P/1 45,X,-Y,del(9)(q13934.1),t(11;14)(q13;q32),der(16)t(11;16)(q13;q24)[1] /46 XY[1]

32 LN D 46,XY,der(11)del(11)(q23)t(11;14)(q13;q32),der(14)t(11;14)(q13;q32),-19,+mar[8]/46,XY[2]

33* IN D 46,X,-X,add(3)(q29),add(7)(p22),-9,del(10)(q22¢24),t(11;14)(q13;932),-13,der(14)t(14;17)(p11;p11),~
-17,+1,+3mar[19]/46 XX[1]

34 LN D 44-47 XY,dic(3;13)(q11;934),-8,-9,t(11;14)(q13;932),-15,+1-3mar[cp5]

35 LN D 45,XY,der(14)t(11;14),inc[3]/46,XY[2]

36 LN D 85-91,XXY,der(14)t(11;14),inc[2]

37 LN D 44 XY,-1,der(5)t(3;5)(p14;p15),del(6)(q15),-9,-13,-14,-21,-22,+r,+4mar[10]/46,XY[3]

38* BM P/19 44 XX,del(1)(p31p11),t(4;9)(q13;q13),add(10)(p15),-11,-12,-14,-15 ,-20,-22, +4 mar[1]/46,XX[8]

BM P/21 44 XX,del(1)(p31p11),t(4;9)(q13;q13),add(10)(p15),-11,-12,-14,-15 ,-20,-22, +4 mar[3]/46 XX[2]
BM P/22 44 XX,del(1)(p31p11),t(4;9)(q13;q13),add(10)(p15),-11,-12,-14,-15 ,-20,-22, +4 mar [1]/46,XX[12]

39* S p/42 46-48 XY,add(5)(p15),-6,der(14)t(7;14)(p11;p11),+1-3mar[cp3]/46-48, -
idem,del(3)(p21),add(6)(q25)[cp8]/46,XY[5]

40 LN D 43-46 X,-Y,add(1)(gq21),+dic(3;11)(q15;p15),-5,add(6)(q27),del(6)(q23),add(14)(q32),+mar[cp10]/46,XY[6]

41* N D 47 XY,-2,4(2;12)(p12;p13),+3,+15,add(17)(p11)[6]/47 idem,t(2;9)(q22;p21)[5]/46,XY[1]

LN P/11 47 ,XY,-2,1(2;9)(q22;p21),t(2;12)(p12;p13),+3,+15,add(17)(p11)[6]
42*  BM D 47 XY,del(7)(q22932),inv(11)(p11g23),+mar[2]/46,XY[63]
43*  BM P/68 46,XX,t(1;11)(p21;p11),dic(3;14)(q13;q31),+der(3)t(3;3)(p25;q13),del(5)(q11934) [2]/46,idem, =

del(7)(q21931)[3]/46,XX[3]

*Cases included in previously published studies; LN: lymph node; BM: bone marrow; PBL: peripheral blood; D: diagnosis; P: progression.
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Table 2. Recurrent secondary chromosomal changes in
MCL.

Frequency

Type of recurrent  t(11;14)-positive  t(11;14)-negative  Entire series
abnormalities group (34 cases)  group (7 cases) (41 cases)

Breakpoints
3q11
10p15
11913
11g21*
11g22
12q24
13g34
15026
17g21
19q13

NN NDNDNDNDNDWNDDN
NN NNDNDNNWWN

Imbalances
Losses
1/1p

2q*

9/9g*
10/10p*
11g*
13/13q
14
17/17p
Y

-
o)

NI NN ~NWN A
N

N
S
i
= =
R NDo0oar~rSwonvo®

B o
PR NREN

Gains
3/3q* 5 3 8

*Anomalies occurred as the only additional change in association with t(11;14).

guent were losses of chromosomal material involving
thirteen different chromosomes, especially chromo-
somes 13 (10/34), 6q (7/34), 9q (7/34), 11q (6/34),
8/8p (5/34), 10/10p (5/34), 14 (5/34), 1/1p (4/34)
and Y (4/34). In the category of chromosomal gains,
the only recurrent gain was that of chromosome 3
material (with the commonly over-represented region
at 3g25-qter) found in 5/34 cases, including three
cases in which this aberration occurred as the only
additional abnormality associated with t(11;14). Tri-
somy 3 was previously observed in 18% of cases with
at(11;14) reviewed by Johansson et al.2* and was pre-
sent in karyotypes of 3/9 MCL cases published more
recently by Nowotny et al.> Our cytogenetic findings
of non-random chromosomal losses and gains in
MCL remain in agreement with results of the CGH
analysis of 27 MCL cases very recently reported by
Monni et al.2¢ The authors detected frequent gains of
30/3926.1-27 (52%), 8q (30%) and 15q (26%), and
recurrent losses of 13q (41%), 1p (33%), 6q (30%)
and 119/11922 (30%) material. Differences in inci-
dence of particular DNA copy number changes

observed in our cases and the MCL series reported by
Monni et al.?6 can be explained by a higher sensitivity
of CGH when compared with conventional chromo-
some analysis.

Monosomy 13, del(6)(q), del(9)(q), and -Y found
in our series of MCL had been listed among common
secondary changes occurring in t(11;14)-positive
hemopathies by Johansson et al.2427 It is noteworthy
that deletion 11g and 13q have been frequently found
in chronic lymphocytic leukemia (CLL),23° whereas
del(6)(q) has been observed in different subtypes of
NHL and acute leukemia.30-33 These abnormalities
have been the subject of intensive molecular studies
aimed at detecting target tumor suppressor genes
(TSG) involved in lymphomagenesis.3441 Specific loss
of 139q14/D13S272 sequences representing the small-
est deleted region in CLL was very recently detected by
FISH in 51% of B-CLL and 70% of MCL cases by Stil-
genbauer et al.,3 indicating that the same putative
tumor supressor gene may play a role in the patho-
genesis of both these malignancies. Molecular data
and the finding of a normal expression of pRb in ana-
lyzed MCL cases®® suggest that the RB gene is not
affected in this type of lymphoma. In contrast to a
relatively frequent del(13)(q) in our series of MCL,
loss of 17p material was observed in only 3 t(11;14)-
positive cases: two cases with blastoid features and one
with typical morphology, but with a polyploid kary-
otype. Similar observations of the rare del(17p) and
p53 mutations in MCL usually associated with aggres-
sive clinical course and/or blastoid morphology have
been previously reported by other groups.10-12

Structural aberrations associated with t(11;14)
affected almost all chromosomes. Ten recurrent
breakpoints could be identified in the present series
but their frequency was low. These breakpoints have
been occasionally reported in NHL and only a few of
them can be associated with the vicinity of known
oncogenes. Overall, the most frequently affected chro-
mosome in our series was chromosome 11. Approxi-
mately 30% (11/34) of patients with a t(11;14)
showed one or two additional structural aberrations
affecting either the same chromosome or the second
chromosome 11.

Karyotypes of seven patients of the present series
without demonstrable t(11;14) or other abnormali-
ties of 11q13 nevertheless showed typical morpholo-
gy of MCL and classical immunophenotype. Southern
blot analysis demonstrated a germline configuration
of BCL1 in these cases (data not shown). No com-
mon chromosomal abnormality could be detected in
these non-t(11;14) lymphomas. Instead, involvement
of the same chromosomes as those identified as
undergoing frequent recurrent secondary changes in
the group of t(11;14)-positive MCL was noted (see
Table 2). These aberrations included gain of chro-
mosome 3 and loss of chromosome 1/1p, 6q, 7q, 9,
13,11, 14,17p and Y. Interestingly, some similar kary-
otypic features were found in two t(11;14)-negative
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MCLs recently reported by Argatoff et al.*?

With regard to ploidy, most cases of the present
series had a near diploid chromosome number and
polyploid cell clones were observed in a minority of
cases. Ott et al.*® noted a strong correlation between
blastoid variant of MCL and polyploidy, demonstrated
by cytogenetics and/or interphase FISH. We observed
polyploidy less frequently and this may be due to the
fact that these cells were not identified by classical
cytogenetics, because part of less numerous subclones.
One group found an association between polyploidy
and leukemia presentation of MCL.* None of our poly-
ploid cases showed peripheral blood involvement.

Cytogenetic analysis of consecutive samples from 6
patients showed either no evolution of karyotype, or
overgrowth by the pre-existing subclone with more
complex chromosomal abnormalities. No sequential
gain of chromosomal aberrations was detected.

In summary, our study of so-called secondary chro-
mosome changes in 43 MCL cases shows that the
most frequent recurrent abnormalities resulted in
genomic imbalances. Chromosomal losses regarded
as a hallmark of the site of a tumor suppressor gene
were more frequent than chromosomal gains, while
recurrent structural aberrations occurred infrequent-
ly. Occurrence of non-random secondary aberrations
in MCL points towards specific chromosomal regions
contributing to the pathogenesis of this subtype of
lymphoma. Our data, supported by the very recent
findings of molecular cytogenetic studies of MCL,
indicate that particular attention should be focused
on the gain of chromosome 3/3q and loss of chro-
mosome 13q, 6q, 9q, 11q, 8/8p, 10/10p, and 14,
that have been observed as the only additional
abnormalities associated with t(11;14), and as sec-
ondary changes frequently present in complex kary-
otypes of MCL. The significance of these abnormali-
ties for the development and/or progression of MCL
needs to be elucidated and confirmed by further
investigations.
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