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Background and Objectives. Chromosome band
11q23 is frequently deleted in various types of neo-
plasm. The region represented by yeast artificial
chromosome (YAC) clone 755b11 at 11q23 has
been shown to be the minimal common region of
deletion in mantle cell lymphoma (MCL) and B-cell
chronic lymphocytic leukemia (B-CLL). The aim of
the study was to determine the frequencies of 11q23
deletion in different lymphoma subtypes.

Design and Methods. We performed fluorescence in
situ hybridization (FISH) analysis with YAC755b11
on either peripheral blood or lymph node biopsy (LN)
specimens of patients diagnosed as having MCL
(47), CLL/small lymphocytic lymphoma (SLL) (62),
diffuse large cell lymphoma (DLCL) (17), follicular
lymphoma (FL) (9), and Hodgkin’s disease (HD) (11).
Fifteen cases of reactive or normal lymph node biop-
sies were studied as controls.

Results. Forty of the 161 (25%) samples exhibited
deletions in the region represented by YAC755b11.
The 11q23 deletion was found only in MCL (23,
49%), CLL/SLL (13, 21%) and DLCL (4, 24%). Three
cases were classified as Richter’s syndrome and
they all exhibited the deletion at 11q23. The deletion
frequencies in the blood specimens of typical CLL
(30%) and lymph node specimens of CLL/SLL (13%)
were remarkably different.

Interpretation and Conclusions. Our study demon-
strated that the 11q23 deletion is not common in
lymphomas other than MCL, CLL and DLCL. It also
showed the possible correlation of the 11q23 dele-
tion with the transformation of localized lymphoma
to CLL, and with the development of Richter’s syn-
drome.
©2000, Ferrata Storti Foundation
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Cytogenetic and loss of heterozygosity (LOH)
analyses have shown that chromosome band
11q23 is frequently deleted in numerous types

of neoplasm, such as breast,1 ovarian2 and colorectal
carcinomas,3 malignant melanomas,4 and in lym-
phoproliferative disorders.5 This region has been sug-
gested to harbor novel tumor suppressor gene/genes.
Recent results by comparative genomic hybridization
(CGH) and fluorescence in situ hybridization (FISH)
on mantle cell lymphoma (MCL)6,7 and B-cell chron-
ic lymphocytic leukemia (B-CLL)8,9 revealed that the
deletion at chromosome band 11q23 was frequent
in these two diseases (49% in MCL, 30% in B-CLL).
Stilgenbauer et al. narrowed the minimal common
region of deletion in B-CLL and MCL down to a 2-3
Mb region, including the region represented by yeast
artificial chromosome (YAC) clone 755b11. Among
the 43 cases studied, two had translocation break-
points within the region represented by YAC755b115

Monni et al. identified the minimal common region of
deletion in MCL to be the region represented by
YAC755b11.7 The probe YAC755b11 was also used to
identify a new subset of B-CLL characterized by exten-
sive nodal involvement and inferior prognosis.10 We,
therefore, chose YAC755b11 as a probe and per-
formed FISH analysis on 161 cases of lymphoprolif-
erative disorders in order to study the frequencies of
the occurrence of 11q23 deletion in other types of
lymphoma and to explore the usefulness of the 11q23
deletion as a clinical marker.

Design and Methods

Patients
FISH analysis was performed on 161 cases (Table

1), comprising 47 cases of MCLs, 62 CLL/SLLs
(small lymphocytic lymphoma), 17 DLCLs (diffuse
large cell lymphoma), 9 FLs (follicular lymphoma),
11 HDs (Hodgkin’s disease), and 15 reactive or nor-
mal lymph nodes. All cases in the study were col-
lected from cases that were sent to the chromosome
and molecular cytogenetic laboratory of Helsinki
University Central Hospital for routine analysis. Con-
secutive cases were collected for each histologic sub-
type. For MCL and CLL/SLL, the periods of case
gathering were longer than those for the other sub-
types. Forty-one of the cases of MCLs and 30 of the
CLL/SLL have been studied before.7,9

All lymphomas were classified according to the
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Revised European-American Classification of Lymphoid Neo-
plasms (REAL).11 In addition to morphology, immu-
nohistologic analysis was performed on each case.
MCL tumor cells were positive for CD20, CD5,
CyclD1, and negative for CD23. CLL/SLL tumor cells
were positive for CD20, CD5, and CD23. DLCL
tumor cells were positive for CD20. FL tumor cells
were positive for CD20 and about 80% of the cases
were positive for Bcl-2. Cases of Hodgkin’s disease
without lymphocytic predominance were CD30+ and
CD15+/- for large cells, and CD3+ for the majority of
small cells. Lymphocyte predominant HD were
CD20+, CD3-, CD15-, and CD30- for large cells,
CD20+ for most of the small cells in nodules, and
CD3+ for the cells surrounding large cells.

Preparation for FISH analysis
Forty-one MCL and 29 CLL/SLL samples were

embedded in paraffin, whereas all the others were
either blood or fresh tissue samples.

The nuclei from paraffin-embedded tissues were
extracted as described elsewhere with slight modifi-
cations.12,13 Briefly, four 30 µm sections were deparaf-
finized with xylene at 55°C (three times for 30 min,
once for 25 min) and at 67˚C for 20 min, which was
followed by treatment in 100%, 95%, 70%, and 50%
ethanol series and in water (twice) at room temper-
ature for 10 min each. After deparaffinization the sec-
tions were digested in 1 mL of Carlsberg’s solution
(0.1% Sigma protease XXIV, 0.1 M Tris, 0.07 M NaCl,
pH 7.2) for 1 h at 37˚C and vortexed vigorously for
20 min. The nuclear suspension was filtered through
nylon net (pore size 55 µm) and the nuclei yield was
checked microscopically.

Cells were separated from fresh tissue samples and
cultured overnight in RPMI media [80%RPMI 1640,
20% fetal calf serum, 0.29 mg/mL L-glutamine, 100
mg/mL streptomycin, 100 U/mL penicillin, 0.1
µg/mL colcemid (all from Gibco, Grand Island, NY,
USA)]. Peripheral blood of leukemia patients was col-
lected and mononuclear cells were isolated and cul-
tured with optimal mitogen stimuli as described pre-
viously.14 After harvesting, cells were hypotonically
treated (0.075 M KCl, 15 min, 37°C) and fixed with
methanol-acetic acid (3:1).

Fluorescence in situ hybridization
DNA probes. YAC clones 755b11 and 953a4 were

purchased from CEPH-Généthon (Paris, France).
Both YACs were tested by polymerase chain reaction
(PCR) with their corresponding markers. Their cor-
rect chromosomal locations were confirmed by FISH
analysis on normal lymphocyte metaphase prepara-
tions. The yeast was grown in AHC media for 4-6
days and DNA was extracted from the yeast using a
glass bead-phenol procedure.15

Fluorescence in situ hybridization (FISH). The probe was
labeled with biotin-14-dATP (Gibco BRL, Paisley, UK)
by nick translation and single-color FISH was per-
formed. We consider this to be sufficient because either
a control probe was used or G-banding, FISH, and/or
CGH analysis were performed. The hybridization mix-
ture contained approximately 1 µg labeled DNA, 25
µg human Cot-1 DNA (Gibco BRL), and 25 µg herring
sperm DNA (Sigma Chemical Co., Bornem, Belgium)
dissolved in 50% formamide and 10% dextran sulfate

in 2×SSC. The hybridization mixture was denatured at
75˚C for 5 min. To remove excess cytoplasm, the sam-
ple slides were pre-treated with pepsin (0.01 mg/mL in
0.01 M HCl; Sigma, St. Louis, MO, USA) at 37°C for
7 min and dehydrated in 70%, 85%, and 100% ethanol
for 5 min each. The slides were denatured in 70%
formamide/2×SSC (pH 7) at 65°C for 2 min, followed
by dehydration in 70%, 85%, and 100% ethanol for 2
min each. The paraffin-embedded samples were treat-
ed in 1 M sodium thiocyanate at 70°C for 15 min, fol-
lowed by treatment with pepsin (5 mg/mL in 0.05 M
HCl) at 37°C for 20 min and dehydrated in 70%, 85%,
and 100% ethanol for 5 min each. The slides were
denatured in 70% formamide/2×SSC (pH 7) at 75°C
for 5 min, followed by dehydration in 70%, 85%, and
100% ethanol for 2 min each. After applying the dena-
tured hybridization mixture onto the slides, the slides
were incubated at 37°C for 2 days. 

Detection and analysis. Probes labeled with biotin
were visualized by fluorescein-isothiocyanate (FITC;
Sigma). Only slides with high hybridization efficien-
cy, indicated by clear and strong signals in more than
90% of the nuclei, were analyzed. From each prepa-
ration a minimum of 200 morphologically intact and
non-overlapping nuclei and metaphase spreads were
scored. Images were captured using an Olympus flu-
orescence microscope (Tokyo, Japan) connected to
a cooled charge coupled device (CCD) camera and
the ISIS digital image analysis system (MetaSystems
GmbH, Altlussheim, Germany). 

Controls. The cut-off level was defined by the mean
value plus three times the standard deviation (SD) of
the frequency of control cells exhibiting only one sig-
nal (mean 7.8%; SD 3.3%; cut-off level 17.7%). In
addition, paraffin-embedded tissues were tested by a
chromosome copy number control probe YAC953a4
mapped to 11p13. Fresh preparations were karyo-
typed and abnormalities of chromosome 11 were
taken into consideration in the interpretation of the
results. 

Results
Out of the 161 samples studied, 40 (25%) had dele-

tions in the region represented by YAC755b11. Twen-
ty-three out of the 47 MCL cases (49%) had deletions.
There was no difference in frequencies among blas-
toid variant cases and cases with normal morpholo-
gy. Out of the 62 CLL/SLL cases studied, 13 (21%)
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Table 1. FISH results and clinical data from patients with
lymphoproliferative disorders and the controls.

No. of Age  F/M No. of 11q23 
cases (average) deletion 

cases (%)

MCL 47 45-90 (65) 19/28 23 (49%)
CLL/SLL - Blood  30 48-79 (64) 8/22 9 (30%)
CLL/SLL - Lymph node 32 38-84 (63) 9/23 4 (13%) 
DLCL 17 40-83 (65) 9/8 4 (24%)
FL 9 41-75 (59) 6/3 0 (0%)
HD 11 10-76 (37) 7/4 0 (0%)
Reactive or normal lymph  node 15 12-54 (29) 6/9 0 (0%)

F/M: no. of females/males; MCL: mantle cell lymphoma; CLL: chronic lym-
phocytic leukemia; SLL: small lymphocytic lymphoma; DLCL: diffuse large
cell lymphoma; FL: follicular lymphoma; HD: Hodgkin’s disease. 



910

Haematologica vol. 85(9):September 2000

had deletions. One of the patients with the deletion
later developed DLCL. This patient is considered to
have Richter’s syndrome. Four out of the 17 (24%)
DLCL were found to have deletions. The disease his-
tory of these patients showed that two of them had
previously been diagnosed as having CLL.  They are
also Richter’s syndrome patients. None of the 9 FLs,
11 HDs or the 15 reactive or normal lymph node spec-
imens had the deletion. The percentage of cells show-
ing deletions ranged from 22% to 95% (mean, 72%).
The FISH results are summarized in Table 1.

Table 2 summarizes the chromosome imbalances
detected by G-banding, FISH, and/or CGH analysis
of the patients with the 11q23 deletion. 

There was no difference in the deletion frequencies
between males and females (MCL, p=0.86; CLL/SLL,
p=0.74; DLCL, p=1.00, chi-square test or Fisher’s
exact test). Similarly, there was no difference in age
at diagnosis between those with the deletion and
those without the deletion in any of the histologic
types of lymphoma (MCL, p=0.89; CLL/SLL, p=0.17;
DLCL, p=0.82, the Mann-Whitney test).

The deletion was clearly more common in MCL than
in the other types of lymphoma (MCL vs. CLL/SLL:
p=0.0021, chi-square test; MCL vs. DLCL: p=0.069,
chi-square test). The deletion was as common in
CLL/SLL as in DLCL (p=1.00, Fisher’s exact test).

Discussion
Our study shows that the 11q23 deletion is fre-

quently present in MCL (49% of cases), less so in
CLL/SLL (21%) and in DLCL (24%), and absent in FL
and HD. However, for HD, we ought to consider that
the analysis was not conducted exclusively on Reed-
Sternberg cells that are considered to be the malig-
nant cell population.16 Previous studies on MCL and
CLL have shown similar results, with deletion fre-
quencies of 46% in MCL17 and 20% in CLL.10 The fre-
quencies of 11q23 deletion are now reported for the
first time for DLCL, FL and HD.

Patients with CLL can sometimes develop DLCL
and they are then said to have Richter’s syndrome.
Our study included three Richter’s syndrome cases.
One was diagnosed as having CLL at the time of this
study and clinical follow-up showed that this patient
later developed DLCL. The other two were diagnosed
as DLCL at the time of study and their records
showed them to have been previous CLL patients.
Interestingly, all of them had the deletion. Although
the material is small, the current results suggest that
the deletion is associated with the transformation of
CLL into DLCL. CLL patients whose tumor cells have
deletions in this region could be more prone to devel-
op Richter’s syndrome. Genes that cause the trans-
formation might reside in this particular region.

CLL and SLL are considered one disease entity
because the tumor cells are morphologically and
immunohistochemically similar. In the present study,
we analyzed 30 blood specimens of typical CLL and
32 lymph node specimens of CLL/SLL. The difference
in the frequencies of the deletion was clear between
blood and lymph node specimens. Nine out of 30
(30%) blood specimens of the typical CLL cases had
11q23 deletions, whereas only 4 lymph node speci-
mens out of 32 (13%) CLL/SLL cases had the dele-

tion. The differences in the deletion frequencies
between blood and lymph node specimens in
CLL/SLL suggest that the deletion is related to the
transformation of local lymphoma into a general
hematologic disease, such as CLL. Our hypothesis
finds support also in a recent study, which demon-
strated a differential expression pattern of function-
ally relevant adhesion molecules and cell signaling
receptors on CLL cells with or without 11q22.3-
q23.1 deletion.18 Sembries et al. suggested that the
11q deletion may have impaired several cellular path-
ways in CLL cells, changing the migratory properties
of these cells within lymphoid organs and in periph-
eral blood. Unfortunately, our limited archival mate-
rial did not allow us to carry out a more detailed
study on paired specimens of cases of CLL and
Richter’s syndrome, or on paired blood and lymph
node specimens from patients with CLL/SLL.

The 11q deletion was detected in almost half of
the MCL cases, which makes the 11q23 deletion a
candidate diagnostic marker for MCL and suggests
that the deletion is associated with the pathogenesis
of MCL. However, a previous study7 showed that
there may not be any association between the pres-
ence of the deletion and clinical parameters, such as
blastoid transformation, survival, International Prog-
nostic Index score, and Ann Arbor stage. We did not
perform any clinical correlation analysis in the pre-
sent study because of difficulties in obtaining clinical
data and the fact that our material is, after all, too
limited to allow a proper statistical analysis. In the
future, the newly developed tissue microarray tech-
nique19 will be able to be applied to a large number
of tumor samples and further insights will be gained
on the clinical implication of the 11q23 deletion.

Several genes located at 11q23 have been found
to be involved in tumorigenesis. The ATM gene has
been shown to have a pathogenic role in MCL17 and
CLL.20 The ATM gene is about 1.8 Mb proximal to the
region represented by YAC755b11. Therefore we pre-
sume that other genes may also be involved. The
PPP2R1B gene, which has been shown to be mutat-
ed in some colon and lung carcinomas,21 is located
very close to the region represented by YAC755b11.
So far, its possible involvement in lymphomas has
not been reported. The gene encoding the protein
radixin, RDX, is also located in this area. Radixin
belongs to the ERM (ezrin/radixin/moesin) protein
family. Radixin and the rest of the ERM family mem-
bers act as links between the plasma membrane and
actin cytoskeleton. These proteins are involved in a
variety of cell functions, such as cell adhesion, migra-
tion, and the organization of cell structure, and are
highly homologous, both in protein sequence and
functional activity, with merlin/schwannomin, a neu-
rofibromatosis-2-associated tumor-suppressor pro-
tein.22,23 However, a recent report showed that radix-
in is not expressed in human blood lymphocytes,
monocytes, or neutrophils.24

In conclusion, we screened 161 specimens by FISH
analysis with YAC755b11 as a probe. The region rep-
resented by YAC755b11 is the most frequently delet-
ed in MCL. The deletion also occurs in CLL/SLL and
DLCL, but not in FL or HD. All three Richter’s syn-
drome cases had the deletion. The deletion frequen-
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cies in the blood specimens of typical CLL and lymph
node specimens of CLL/SLL were remarkably differ-
ent. These findings provide functional clues towards
the search for novel cancer-related genes in this area
and may have diagnostic and prognostic value.
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Table 2. Chromosome imbalance detected by G-banding, FISH, and/or comparative genomic hybridization (CGH) analysis of the
patients with 11q23 deletion evaluated by FISH analysis with YAC755b11 as the probe.*

Patient No.sex/age FAB Chromosome imbalance by G-banding, FISH, and/or CGH analysis

1 M/54 CLL/SLL(B) 46,XY,del(11)(q14q24)[1]/46,idem, del(13)(q?14q?32)[1]/46,idem,
t(3;10)(p13-21;q25-26), del(13)(q?14q?32)[6]/46,XY[6]

2 M/64 CLL/SLL(B) 46,XY,del(7)(q32q36), del(11)(q21q23)[6]/46,idem, del(6)(q?21q?24)[4]/46,XY[7]
3 M/72 CLL/SLL(B) 47,XY,+12[2]/46,XY[25]
4 F/69 CLL/SLL(B) 46,XX,del(11)(q13q23), del(13)(q12q21)[7]/46,XX[9]
5 M/68 CLL/SLL(B) 46,XY,+8,del(6)(q?23), del(11)(q?14), del(13)(q?14q?22), -20[cp9]/46,XY[5] 
6 M/71 CLL/SLL(B) 46,XY,del(11)(q?22q?24)[2]/46, XY[18]
7 M/62 CLL/SLL(B) 46,XY,del(11)(q?13), del(13)(q?14)[2]/46, XY[15]
8 M/67 CLL/SLL(B) 46,XY[20]
9 F/77 CLL/SLL(B) 46,XX[2]
10 F/71 CLL/SLL(L) 46, XX, +?2, -4, +2mar, inc

rev ish enh(5q)
11 F/71 CLL/SLL(L) 46, XX
12 M/50 CLL/SLL(L) 46, XY

rev ish dim (11q21q23, 13q14q22)
13 F/83 DLCL 45, XX, add(1)(p?32), -4, +7, -11, -18, +1 mar, inc [7]/45, XX, -1, -2, +7, 

add(9)(p?), -11, -17, -18, +2mar, inc [5]/45, XX, -1, -9, -11, -18, +r(?), +2 mar, inc [3]/46, XX
14 M/40 DLCL/Richter’s 46, XY, -8, -9, -9, -11, -11, -14, +21, +5 mar, inc

rev ish enh(8q22qter), dim(11q22) 
15 M/67 DLCL/Richter’s 46-48, XY, del(6)(q?), del(11)(q?), -18, +1-2 mar, inc [cp10]
16 F/74 DLCL 46-49, XX, t(1;?)(p?;?), +8, t(10;?)(p?11;?), +15, 2-4 mar, inc [cp15]/92-96, 

idem× 2 [cp5] 
rev ish enh(8,15), amp(8q22qter, 10p), dim(1p11p32)

17 M/53 MCL arev ish normal
18 F/73 MCL 46, XX

rev ish normal
19 M/55 MCL 45, XY, t(3;?)(q2;?), del(6)(q?21), t(11;?)(q?;?), -12, -13,-14, der(13q14q), -18, 

+3-5 mar, inc [cp13]/46, XY [3] 
rev ish enh(3q21qter), dim(17p12pter)

20 F/68 MCL 46-47, XY, t(11;14)(q13;q32), 4-5 mar, inc/92-94 idemx2
rev ish enh(7pterq32, 15q15qter), dim(11q14q23, 15q11q15)

21 F/53 MCL ish t(3)(wcp3+)
rev ish enh(3q23qter), dim(17p)

22 M/71 MCL 47, XY, +Y, ?del(6)(q?), mar, inc
ish t(3)(wcp3+)
rev ish enh(Y, 3q13, 15q22q24), dim(6q14qter, 11q22)

23 F/63 MCL 40-45, 2-3 mar, inc [10]
24 M/45 MCL ish t(11;14)(wcp11+)

rev ish dim(1p13p22, 9pterq22, 11q22, 13q21qter)
25 M/63 MCL 46, XY 

rev ish dim(1p22p31, 6q15qter, 9pterq22, 11q22q23)
26 F/75 MCL rev ish dim(1p22, 9,13)
27 F/80 MCL 46, XX, t(11;14)(q13;q32), 2-3 mar, inc 

rev ish dim(13q21q22)
28 M/60 MCL rev ish dim(6q21-qter, 11q22)
29 M/63 MCL 46, XY, del(1)(p?), t(11;14)(q13;q32), del(6)(q?), del(13)(q?), inc

rev ish dim(1p21p22, 6q21q22, 13q21q32)
30 M/63 MCL 46, XY, t(11;14)(q13;q32), inc

ish t(11;14)(q13;q32)(wcp11+)
rev ish enh(7p), dim(11q22)

31 M/65 CLL/SLL(L) Not studied.
32 M/87 MCL Not studied
33 F/86 MCL Not studied
34 M/78 MCL Not studied
35 M/60 MCL Not studied
36 F/74 MCL Not studied
37 M/69 MCL Not studied
38 F/63 MCL Not studied
39 F/61 MCL Not studied
40 M/62 MCL Not studied

*Cytogenetic changes are described according to the International System for Human Cytogenetic Nomenclature (ISCN). CLL/SLL(B): blood specimen from a  patient
with chronic lymphocytic leukemia / small lymphocytic lymphoma; CLL/SLL(L): lymph node specimen from a patient with chronic lymphocytic leukemia / small lym-
phocytic lymphoma; DLCL: diffuse large cell lymphoma; Richter’s: Richter’s syndrome; MCL mantle cell lymphoma; M: male; F: female.
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Potential implications for clinical practice
♦ The high frequency of 11q23 deletion in MCL

suggests that 11q23 deletion can be used as a
diagnostic marker for MCL. Its prognostic use in
MCL should be studied further. 

♦ The possible correlation of the 11q23 deletion
with the transformation of localized lymphoma
to CLL and with the development of Richter’s syn-
drome may also be useful in the prognosis of
these diseases.




