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Background and Objectives. B-cell chronic lympho-
cytic leukemia (B-CLL) results from the accumulation of
monoclonal CD5+ B cells. Despite its homogeneity at cel-
lular level, B-CLL is clinically heterogeneous. Clinical stud-
ies indicate that CD38+ B-CLL are characterized by a more
aggressive clinical course than are CD38− B-CLL. On the
basis of these studies and considering the established
correlation between specific chromosome aberrations and
the clinical course of B-CLL, it is possible that CD38+ B-
CLL cases are also characterized by specific subsets of
chromosomal alterations.

Design and Methods. Comparative genomic hybridiza-
tion (CGH) was performed on purified B-cells from periph-
eral blood of 52 patients with B-CLL in order to detect
chromosome imbalance. The immunophenotype of the
patients, including CD38 expression, was also determined
by flow cytometry. The results of CGH experiments were
then compared with CD38 expression.

Results. We found a clear correlation between the
presence of chromosomal imbalances and CD38 expres-
sion: 13/16 CD38+ cases had chromosome imbalances,
most of them (12/13) correlated with a poor prognosis.
Among the CD38− B-CLL patients, only 8/36 displayed
chromosome imbalances; the only three cases with loss
in 13q as a single aberration, considered a good prog-
nostic marker, were in this group. Moreover, we found
that cytogenetic alterations were also more complex in the
CD38+ B-CLL subset, since 9/10 with two or more aber-
rations were in the CD38+ group.

Interpretation and Conclusions. Collectively, the data
reinforce the value of CD38 as a prognostic factor and
indicate that genotypic/phenotypic features distinguish B-
CLL subsets.

Key words: B-CLL, molecular cytogenetics, chromosome
aberrations, immunophenotype, CD38.
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B-cell chronic lymphocytic leukemia (B-CLL) results
from the progressive accumulation of monoclonal
CD5-positive B cells. Despite its homogeneity at

cellular level, B-CLL is clinically heterogeneous since
some patients survive for a long time without therapy,
while others progress towards more advanced stages
and die despite aggressive treatment.1

These clinical observations have prompted numerous
studies aimed at determining reliable prognostic mark-
ers capable of predicting the progression and outcome
of the disease from its early stages. Following the initial
attempts which failed to detect reliable predictive mark-
ers, the advent of cellular and molecular biology
methodologies has made it possible to determine that
certain biological features of the neoplastic cells may be
strictly connected with their aggressive behavior in
vivo.2,3 For example, B-CLL that utilize mutated VH/VL Ig
genes have a better clinical outcome than those with
unmutated genes.3-5 B-CLL can also be subdivided into
two groups by CD38 staining, i.e. a group whose malig-
nant cells express high levels of CD38 and another group
with low CD38 expression. CD38+ and CD38− B-CLL cells
differ in a number of functional features including
propensity to spontaneous apoptosis in vitro and capac-
ity to respond to signals delivered through the B-cell
receptor (BCR).6,7 Moreover, a number of clinical studies
have found that CD38+ B-CLL have a more aggressive
clinical behavior than do the CD38− B-CLL, although
these data have not been confirmed by other investiga-
tors.3,4,8-18 Conventional cytogenetic studies reported
that half of B-CLL cases examined showed no chromo-
somal aberration.19 Indeed B-CLL cells exhibit low pro-
liferative activity and are very difficult to stimulate, even
using B-cell specific mitogens. Moreover metaphases
may arise from non-leukemic T-lymphocytes. In the last
decade, molecular techniques have been applied to B-
CLL to detect chromosomal aberrations in interphase
nuclei.20-22 Interphase fluorescence in situ hybridization
(FISH) revealed the presence of cell clones carrying chro-
mosomal aberrations in cases in which no aberrations
had been detected by classical cytogenetics.23 Using this
technique on a cohort of 325 B-CLL patients, Döhner20

showed that the overall frequency of patients with chro-
mosomal aberrations rose above 80%. In this study,
deletion in 13q was the most frequent aberration (55%)
followed by deletion in 11q (18%), while these aberra-
tions were almost inexistent by banding technique.24,25

Using FISH, a number of investigators have determined
the most frequent alterations in B-CLL,23 and also drawn
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some correlation between their presence and the
clinical course of the disease.20,26

However, FISH depends on prior knowledge of the
specific aberrations to be screened for. This limita-
tion does not apply to comparative genomic
hybridization (CGH), a molecular cytogenetic
method that allows indirect screening for copy
number aberrations throughout the genome in a
single hybridization. CGH is essential in cytogenet-
ic studies of solid tumors,27,28 but also has potential
clinical use in the diagnosis of recurrent chromo-
some aberrations in certain leukemias and lym-
phomas.21,29 Indeed, studies performed on B-CLL
patients using CGH together with classical cytoge-
netics and interphase FISH confirmed the ability of
CGH to identify chromosome imbalances.21,29-33 It is
noteworthy that, in a significant number of cases,
CGH and interphase FISH reveal chromosome
imbalances not detected by banding analysis, pos-
sibly because the malignant clone is not present in
the proliferating cell fraction.30,34,35 CGH is not able
to detect structural aberrations without loss or gain
of chromosomal material; this is not, however, a
major limitation in B-CLL, in which translocations
are poorly represented.2O

Recently, a correlation between the presence of
chromosomal abnormalities with known negative
prognostic value and CD38 expression has been
suggested.36,37

In the present work, we wanted to ascertain
whether chromosomal abnormalities detected by
CGH showed any correlation with CD38 expression.

Design and Methods

Clinical features of patients
Fifty-two patients with B-CLL (32 males and 20

females) were studied. Their characteristics are
described in Table 1. The patients were numbered
when the analyses were performed, irrespectively of
their presentation. Only 8 patients were examined
at diagnosis. The mean age at diagnosis was 60
years (median, 61; range, 36-81). The male to
female ratio was 1.6:1. Patients were staged at
diagnosis according to the Rai and Binet classifica-
tion.38,39 Eighty-five percent of patients had Rai
stage 0, I or II disease, and 89% of patients had
Binet stage A or B disease. Thirty-one patients had
received no previous treatment. Seventeen patients
had received a chemotherapeutic regimen before
CGH and CD38 analysis. Clinical data were incom-
plete for 4 patients.

Cell preparation, fluorescent staining and
flow cytometry analyses

Peripheral blood mononuclear cells (PBMC) were
separated from heparinized venous blood by densi-
ty gradient centrifugation using Ficoll-Hypaque
(Pharmacia LKB Biotechnology, Piscataway, NJ,

USA). PBMC were cryopreserved and thawed at the
time of analysis. B cells were purified from PBMC
by removing monocytes and CD3+ T cells by adher-
ence to plastic surfaces and magnetic beads,
respectively.6 Flow cytometry analysis was per-
formed to analyze the purified B-CLL cells. The fol-
lowing conjugated antibodies were used in double
or single immunofluorescence: FITC-CD3/PE-DR,
PE-CD5/FITC-CD19, PE-CD23/FITC-CD22, PE-CD10,
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Table 1. Characterization of B-CLL patients: clinical data and
chromosome aberrations.

Patient Sex Stage Follow Aberrations
No. (Rai/Binet) up (years)*

CD38+ B-CLL
3 F II/A 7 +12, -Xp
5 F I /A 3 +7,+12,-16
12 F IV /C 4 -6q(q15-qter),-11q(q22)+12q(q23-qter)
15 F III 1 +12
17 F I /B 8 −

23 M I /A 15 +3q(q26.3-q27)
24 F II /B 4 -6q(q21-qter)-11q(q14-q22)
28 M 0/A 7 −

33 M n.a. n.a. -11q(q22-q23)
38 M 0-I/B 5 +12, +18
42 M IV /C 6 +12
43 M 0/A 8 −

47 F I /A 3 +12, +18
49 M II /B 0,5 -4p(p13-pter); -17p(p12-pter)
50 M A 10 +12; +18
51 M I/B 0.25 -13q(q14-q22); -11q(q21-q23)

CD38- B-CLL
1 M 0/A 21 −

2 M n.a. n.a. −

4 F II /A 15, dead −

6 F II /B 9 −

7 M I /A 8 −

8 M I 8 −

9 M I /A 7 −

10 F I 5 −

11 F IV/C 30 - X
13 M I /A 2 -13q(q14-q21)
14 M I /B 6 −

16 F II /B 12 −

18 M II /A 7 +12
19 M n.a. n.a. −

20 M 0/A 10 −

21 M I 2 −

22 F 0/B 9 −

25 M II /B 4 −

26 M 0/A 3 −

27 M IV /C 2 -11q(22-q23)
29 M 0/A 2 −

30 M III/A 3 −

31 M 0/A 18 −

32 M 0/A 23 −

34 F I /A 13 −

35 F n.a. n.a. -13q(q14-q22)
36 M I /A 13,dead -X
37 F 0/A 13 −

39 M II /B 1 -13q(q21-q31)
40 M 0/A 19 −

41 F IV /C 16 −

44 M 0/A n.a. −

45 M 0/A n.a. −

46 F 0/A 14 −

48 F 0/A 4 −

52 F II /B 14 -3p(p21-pter); -8p(p11.1-pter)

n.a. data not available; *from diagnosis.
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from Becton Dickinson (San Josè, CA, USA), FITC-
IgM, FITC-IgD, FITC-CD68 from Dakopatts (Glostrup,
Denmark) and FITC-CD44 from Pharmigen. Stained
cells were analyzed on a FACS sort (Becton Dickin-
son Immunocytometry Systems).

The Cellquest Software System was used to
acquire and to analyze data. This phenotypic analy-
sis showed that purified B-CLL cells from all the 52
cases comprised more than 95% of double positive
CD5+/CD19+ cells and less than 5% of CD3+ or CD68+

cells. The cells were also CD23+, CD44bright,
CD22dim/negative, CD10−, IgM and IgDdim/negative. CD38
expression on purified B-CLL cells was studied
using double immunofluorescence FITC-CD19/PE
-CD38. B-CLL cases were considered CD38+ when
the percentage of CD38+ cells exceeded 30%.

CGH
To increase the sensitivity of the CGH, B cells were

purified from PBMC by removing monocytes and
CD3+ T cells by adherence to plastic surfaces and
magnetic beads, respectively. DNA extraction and
CGH were performed as described elsewhere.28

Briefly, normal human genomic DNA (control DNA)
was labeled with digoxigenin-11-deoxyuridine
triphosphate (dig-11-dUTP, Roche Diagnostics,
Milan, Italy), and B-CLL cell DNA (test DNA) was
labeled with biotin-16-deoxyuridine triphosphate
(bio-16-dUTP, Roche Diagnostics) by a standard
nick translation reaction. The concentration of
DNase I was adjusted to result in an average frag-
ment size of 200 to 1500 bp. Then, 250 ng of
labeled test DNA, 250 ng of labeled control DNA,
and 30 µg of human Cot-1 DNA (GIBCO-BRL-Life
Technologies) were co-hybridized to slides with
metaphases prepared from the blood of a healthy,
male donor. After hybridization for 3 days and post-
hybridization washes, test and control DNA were
detected with fluoresceinated (FITC)-avidin (Vector,
Burlingame, USA) and anti-dig rhodamine (TRITC)-
conjugated antibody, respectively (Roche Diagnos-
tics). Chromosomes were counterstained with 4,6-
diamidino-2phenylindole (DAPI), resulting in a Q
banding-like pattern that was used for chromo-
some identification.

Digital image analysis
Image acquisition, processing, and evaluation

were performed as described elsewhere.28 Images
were acquired using an epifluorescence microscope
(Provis AX70, Olympus, Italy) equipped with a dig-
ital CCD camera (C4742 Orca II, Hamamatsu,
Japan). DAPI, FITC and TRITC images of metaphase
cells were acquired with selective single-bandpass
filters. Ratio profiles of individual chromosomes
were obtained with dedicated software (Cromodig-
it, Casti Imaging, Italy). For each experiment, the

mean ratio profiles of ten metaphase cells were cal-
culated. Thresholds for the identification of imbal-
ances were defined as 0.75 (lower threshold) and
1.25 (upper threshold). Chromosomes or chromo-
some regions with a fluorescence ratio outside this
interval were considered to be over- or under-rep-
resented, respectively.

Results

Identification of two groups of B-CLL
according to CD38 expression

The purified malignant B-CLL cells from 52
patients were double stained with CD38 and CD19
monoclonal antibodies. Two groups of B-CLL, i.e.
CD38+ and CD38− B-CLL, were identified using the
cut-off limit of 30%, already utilized in previous
studies.3,4 The typical flow cytometry profiles
observed in one CD38− and in one CD38+ case are
shown in Figure 1a, while the results of all the cas-
es are summarized in Figure 1b. The two groups of
patients did not differ significantly for age, sex or
Rai/Binet staging using Fisher's exact test or Cox
analysis (data not shown).

Chromosome aberrations and CD38 expression in B-CLL

Figure 1. a) Flow cytometry profiles of CD38 expression on
purified B-CLL cells. Purified B-CLL cells from two different
representative cases were analyzed for the expression of
CD38 and CD19 by flow cytometry. The percentages of
CD19+, CD38+ cells are reported in the upper-right quad-
rant region of each dot plot; b) Percentages of
CD38+/CD19+ purified B-CLL cells in the 52 cases.
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CGH analysis
Chromosome imbalances were detected by CGH.

Two examples of merged CGH images and the rel-
ative mean profiles of ten metaphases with chro-
mosomal imbalances are shown in Figure 2. Twen-
ty-one out 52 patients (40%) showed chromosome
imbalances (Table 1). Of these, 11 had a single aber-
ration (21.2%), 8 showed 2 aberrations (15.4%) and
2 had a complex karyotype (3.8%). The most fre-
quent aberration was gain of chromosome 12 (9
cases), followed by a loss in 11q (5 cases), a loss in

13q (4 cases), gain of chromosome 18 (always asso-
ciated with a gain of chromosome 12) (3 cases),
the loss of X-chromosome (3 cases), and a loss in
6q (2 cases). The following aberrations were detect-
ed only once: loss in 3p, 4p, 8p and 17p, loss of
chromosome 16, gain of chromosomes 7 and gain
in chromosome 3q. The complete CGH data are list-
ed in Table 1 and summarized in Figure 3. The
patients in Table 1 were subdivided into two groups
according to CD38 expression. When CD38+ and
CD38− B-CLL cases were considered separately, it

Figure 2. Examples of merged images of CGH (left) and mean profiles of ten metaphases (right). a) DNA from patient n. 35,
female (green signal), was hybridized with control male DNA (red signal). Arrows: loss in 13q; b) DNA from patient n. 33, male
(green signal), was hybridized with control female DNA (red signal). Arrows: loss in 11q.
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was found that only 3/31 cases without aberrations
were CD38+ (Table 1 and Figure 4). Among the 21
samples with chromosome imbalances, 13 were
CD38+: 4 of them showed a single aberration (in 2
cases a trisomy of chromosome 12, in 1 case a loss
in 11q and in 1 case a gain in 3q). Furthermore, all
but one of the cases with more than one chromo-

some imbalance were detected in CD38+ patients (9
out of 10). Seven out 8 cases with chromosome
imbalance and a low percentage of CD38 cells
showed a single aberration (in 3 cases a loss in 13q,
in 2 cases a loss of X chromosome, in 1 case gain
of chromosome 12 and in 1 case a loss in 11q) while
1 case showed losses in 3p and 8p. When the per-
centages of CD38+ B-CLL cells in the groups with-
out and with chromosome imbalances were com-
pared, statistically significant differences were
found (p=0.0001, two-sided Fisher’s exact test;
Table 2).

Discussion

Samples from 52 patients with typical B-CLL,
diagnosed according to morphology and surface
phenotype, were subjected to CGH analysis in order
to obtain a comprehensive view of chromosomal
gains and losses and to identify copy number aber-
rations specific for this pathology. To increase the
sensitivity of CGH, we purified B-cells from the
peripheral blood of B-CLL patients when there were
less than 90% B cells. Twenty-one out of 52 (40%)

Figure 3. Summary of chromosome imbalances detected by CGH in 52 cases of typical B-CLL. Losses and gains of chromoso-
mal material are indicated by lines to the left and to the right of the ideograms, respectively.

Table 2. Correlation between CD38 expression and chro-
mosome imbalances in B-CLL patients.

without imbalances with imbalances Total

CD38+ 3 13 16
6% 25% 31%

CD38- 28 8 36
54% 15% 69%

Total 31 21 52
60% 40% 100%

The two-sided p value is 0.0001, considered extremely significant.
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patients showed chromosome imbalances; 11/21
had single imbalances, whereas the remaining 10
patients had two or more chromosome alterations.
Thirty-three per cent of patients had received
chemotherapy before cytogenetic analysis.

The presence of patients subjected to therapy in
the cohort can hardly be avoided in this kind of
study. As an example, a recent study based on a
large cohort of patients included a similar percent-
age of treated patients as did our study.20 Although
this is not an ideal situation, it seems reasonable to
include the treated patients in a study in order not
to reduce the number of the studied group exces-
sively, unless there are indications that this inclu-
sion might flaw the conclusions of the study. In our
case, the frequency of chromosome imbalances in
the group of treated patients and in the group of
untreated patients was not statistically different
(not shown). Moreover, all the alterations found,
with the exception of 4p-, have been previously
described in B-CLL,24,26 thus making it unlikely that
they might have been induced by treatment itself.
We, therefore, found no apparent reasons to
exclude the treated patients from our study.

Imbalances involving chromosomes 11, 12, 13 and
17 are among the most important factors in pre-
dicting survival: patients with 17p deletions are
those with the worst prognosis, followed by
patients with 11q deletion, those with 12q trisomy,
and those with normal karyotypes, whereas patients
with 13q deletions as the sole abnormality have the
longest estimated survival times.20,24 The most fre-
quent chromosomal aberration in our study was tri-
somy 12, followed by loss in 11q. Loss in 13q was
detected in 4 cases (8%). It has been extensively

demonstrated that the frequency of loss in 13q is
underestimated by CGH, probably because of the
small size of the deletion,21,31 while the sensitivity of
CGH in detecting the imbalances involving chro-
mosomes 11 and 12 is the same as that of inter-
phase FISH.29,31 Loss in 17p13 was observed in only
one of our cases, while it appears to have been more
frequent in other cohorts.

This finding is possibly explained by the fact that
our cohort included only patients with typical mor-
phology/immunophenotype and that there were
fewer patients with advanced stage disease. It has
been demonstrated that atypical morphology and
advanced stage disease correlate with loss in 17p.37

Taking into account the value of specific aberra-
tions as independent predictors of disease progres-
sion/survival, and the sensitivity of CGH in detect-
ing specific imbalances (see above), we thought
that the advantage offered by CGH in screening
simultaneously for all the different imbalances in
the genome without any choice of specific probes
(interphase FISH depends on accurate information
about candidate regions) could overcome the dis-
advantage in underestimating the loss in 13q, an
aberration associated with a favorable outcome.

The B-CLL cases in this study could be subdivid-
ed into two groups according to the surface expres-
sion of CD38 by the malignant cells. This confirms
previous findings from our laboratory and is also in
line with data reported by others.14-18 The notion
that CD38 staining is capable of distinguishing B-
CLL subsets is not, however, accepted by all inves-
tigators, since some are apparently unable to dis-
tinguish B-CLL subsets based on the percentage or
the intensity of staining of the malignant cells with
CD38 monoclonal antibodies. The reasons for these
discrepancies, which have generated considerable
debate, are not readily apparent and the issue is
made even more complicated by differences in the
reagents and the staining procedures used. 

The striking finding of this study was the clear
correlation existing between the presence of chro-
mosomal abnormalities and CD38 expression by the
malignant cells. Thirteen out of 16 CD38+ patients
also had chromosomal abnormalities, whereas,
among the 36 CD38− patients only 8 displayed
chromosomal imbalances. These differences are
highly significant (p=0.0001). Three out of the 8
CD38− patients with chromosomal alterations had
a loss in 13q as a single aberration, which general-
ly correlates with a good prognosis, 3 patients had
rare alterations, the prognostic value of which
remains to be determined, while the remaining 2
patients had aberrations correlated with a poor
prognosis (-11q; +12). Twelve of 13 CD38+ patients
with chromosomal alterations displayed aberrations
that are correlated with a poor clinical outcome (-
11q; +12; -17p), whereas one patient had a gain in

Figure 4. Percentages of CD38+/CD19+ purified B-CLL cells
among cases without and with chromosome imbalances. ◊
cases without imbalances; � cases with -13q as the sole
imbalance; � cases with chromosome imbalances of
unknown prognostic significance only; � cases with chro-
mosome imbalances with poor prognostic significance.
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chromosome 3q, which is rarely found in B-CLL and
is hence of undetermined prognostic value. More-
over, of the 10 patients with two or more chromo-
some imbalances (another marker of poor progno-
sis) detected in this study, 9were within the CD38+

group. Remarkably, among the cases with the high-
est values of CD38 expression, 3 cases had simul-
taneous gain of chromosomes 12 and 18. Gain of
chromosome 18 never appeared alone, but was
always associated with gain of chromosome 12.
Although this association has already been
described in B-CLL by classical cytogenetic stud-
ies,24,40 its significance and real frequency are not
well documented. This is, in part, because most of
the studies on chromosomal aberrations in large
cohorts of B-CLL patients were performed with FISH
using a panel of probes not including the chromo-
some 18 probe.

Our data are in keeping with the recent observa-
tions that the unbalanced distribution of genomic
aberrations in IgVH high mutation and low mutation
subgroups might point toward a distinct biological
background in such B-CLL subgroups and may in
part, explain their different behaviors.14 In the study
by Kröber et al.,14 genomic aberrations and VH muta-
tion status appeared to have a complementary role
in estimating prognosis. Although CD38 expression
has been proposed as an easily performed surro-
gate of VH mutational status analysis4 its prognos-
tic value is not completely clarified. Moreover, the
relationship between CD38 expression and chro-
mosomal aberrations has not been extensively stud-
ied. In a recent paper, Chevallier et al.37 studied the
prognostic value of CD38 expression and chromo-
somal abnormalities in a cohort of 125 patients (98
with typical and 21 with atypical morphology). They
found the 11q deletion to be the only alteration
associated with CD38+ phenotype. They also
observed a significant correlation of trisomy 12
with progression, but not with survival. Oscier et
al.36 showed that advanced stage, male sex, atypi-
cal morphology, CD38 expression higher than 30%,
trisomy 12, 11q deletion, loss or mutation of p53
gene and unmutated IgVH genes were all poor prog-
nostic factors in a univariate analysis, but only loss
or mutation of p53 gene and unmutated IgVH genes
retained prognostic significance in a multivariate
analysis. Surprisingly, even the 11q deletion did not
emerge as an independent prognostic factor.

Concerning the prognostic significance of CD38
expression in multivariate analysis, the authors sug-
gested that a much larger group of patients was
needed. Oscier et al.36 showed that the mean sur-
vival of patients with loss in 17p was the shortest
(47 months). In the present study the groups of
patients with and without chromosomal alterations
do not differ in terms of survival (not shown) prob-
ably since all but 2 patients are still alive. Howev-

er, the simple patient in our cohort with loss in 17p
at diagnosis was followed for only 1 year and was
experiencing a poor clinical course.

The different biological properties showed by B-
CLL cells, including the expression of CD38, can help
to explain the differences in the patients’ outcomes.
Recent studies, including those from our laborato-
ry,7,41 demonstrated that CD38+ B-CLL cells with
unmutated VH/VL region genes have a viable IgM ini-
tiated signal transduction pathway. This pathway
can lead to proliferation/differentiation or apopto-
sis depending on co-signals received by the cells in
vitro. In contrast, most of the CD38− mutated B-CLL
cells do not respond to signals delivered to surface
Ig. Therefore, the interaction between the cells and
the environment via B-cell receptor is much less
marked in CD38− mutated cases than in CD38+

unmutated cases. These data suggest that CD38+ B-
CLL cells are likely to be continuously stimulated via
surface Ig.

This is related to the fact that surface Ig, encod-
ed by unmutated VH/VL genes, retain natural anti-
body activity and hence can react continuously with
autoantigens in vivo. In the case of surface CD38-
negative, mutated B-CLL cells, it is unlikely that the
B-cell receptor can exert a promoting role on cell
expansion since there is a not a viable IgM signal
transducing pathway. Moreover, Ig encoded by
mutated VH/VL genes rarely have natural antibody
activity and, therefore, can rarely encounter the
appropriate foreign antigen. Collectively, these con-
siderations raise the issue of whether antigenic
stimulation in B-CLL continues to exert a promot-
ing effect on the growth of the malignant cells fol-
lowing transformation, and whether this is the rea-
son for the clinical differences in B-CLL. Finally, it
is unlikely that CD38 is solely a marker of cellular
differentiation and clinical course. It is more prob-
able that it also functions as a signaling molecule
and, therefore may be directly involved in differ-
ences in disease severity. CD38 is known to play a
role as an accessory molecule in B-cell receptor
mediated signal transduction,42,43 as well as regu-
lating cell apoptosis in certain normal B-cell sub-
sets.44,45 Further studies will be necessary to clarify
this topic.

A number of conclusions can be drawn from this
study. First, considering the increasing recognition
of the importance of chromosome alterations in
predicting the clinical outcome of B-CLL, the obser-
vation that chromosomal alterations are signifi-
cantly more frequent within the CD38-positive cas-
es lends further support to the prognostic value of
the surface marker, CD38. Second, the finding that
CD38+ cases can be subdivided into two groups (i.e.
with and without chromosomal alterations) may
lead to the delineation of further prognostic subsets
of B-CLL. Third, the paucity of chromosomal alter-
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ations observed in the CD38− B-CLL may indicate
that this group is more homogeneous, although a
multiple marker study may help to dissect out a
subset of cases characterized by special clinical fea-
tures also in this category.

References

1. Rozman C, Monserrat E. Chronic lymphocytic leukemia. N
Engl J Med 1995;333:1052-7. 

2. Molica S. Prognostic factors in chronic lymphocytic leukemia.
In: Cheson BD, editor. Chronic Lymphoid Leukemias, 2nd ed.
New York: Dekker M Inc., 2001. p. 231-60. 

3. Chiorazzi N, Ferrarini M. Immunoglobulin variable region
gene characteristics and surface membrane phenotype define
B-CLL subgroups with distinct clinical courses. In: Cheson
BD, ed. Chronic Lymphoid Leukemias, 2nd edition. New York:
Dekker M Inc., 2001. p. 63-81. 

4. Damle RN, Wasil T, Fais F, Ghiotto F, Valetto A, Allen SL, et
al. IgV gene mutation status and CD38 expression as novel
prognostic indicators in chronic lymphocytic leukemia. Blood
1999;94:1840-7. 

5. Hamblin TJ, Davis Z, Gardiner A, Oscier DG, Stevenson FK.
Unmutated IgVH genes are associated with a more aggres-
sive form of chronic lymphocytic leukemia. Blood 1999;94:
1848-54.

6. Zupo S, Isnardi L, Megna M, Massara R, Malavasi F, Dono M,
et al. CD38 expression distinguishes two groups of B-cell
chronic lymphocytic leukemias with different responses to
antiIgM antibodies and propensity to apoptosis. Blood 1996;
88:1365-74. 

7. Zupo S, Massara R, Dono M, Rossi E, Malavasi F, Cosulich E,
et al. Apoptosis or plasma cell differentiation of CD38-pos-
itive B-chronic lymphocytic leukemia cells induced by cross-
linking of surface IgM or IgD. Blood 2000;95:1199-206. 

8. Matrai Z, Lin K, Dennis M, Sherrington P, Zuzel M, Pettitt AR,
et al. CD38 expression and Ig V genes mutation in B-cell
chronic lymphocytic leukemia. Blood 2001;97:1902-3. 

9. Thunberg U, Johnson H, Roos G, Thoern I, Tobin G, Sallstrom
J, et al. CD38 expression is a poor predictor for VH gene
mutational status and prognosis in chronic lymphocytic
leukemia. Blood 2001;97:1892-3.

10. Fais F, Ghiotto F, Damle R, Wasil T, Chiorazzi N, Zupo S, et al.
Immunoglobulin V genes and CD38 expression analysis in B-
cell chronic lymphocytic leukemia. Blood 2001;97:1893-4. 

11. Benet I, Terol MJ, Marugan I, Martinez-Climent JA, Sarsotti
E, Ivars C, et al. CD38 expression defines clinical and biolog-
ical characteristics in B-CLL. Blood 2000;96:370a[abstract].

12. Chang C-C, Liu CZ. Prognostic implications of CD38 and
myeloid associated markers expression in B-CLL. Blood
2000;96:372a[abstract].

13. Oscier DG, Gardiner A, Mould S, Glide S, Davis Z, Corcoran
MA, et al. The mutation status of immunoglobulin V genes is
the most important prognostic factor in B-CLL. Blood
2000;96:366a[abstract].

14. Kröber A, Seiler T, Benner A, Bullinger L, Brückle E, Lichter P,
et al. VH mutation status, CD38 expression level, genomic
aberrations and survival in chronic lymphocytic leukemia.
Blood 2002;10:1410-6.

15. Ibrahim S, Keating M, Do KA, O’Brien S, Huh YO, Jilani I, et
al. CD38 expression as an important prognostic factor in B-
cell chronic lymphocytic leukemia. Blood 2001;98:181-6.

16. D’Arena G, Musto P, Cascavilla N, Dell’Olio M, Di Renzo N,
Perla G, et al. CD38 expression correlates with adverse bio-
logical features and predicts poor clinical outcome in B-cell
chronic lymphocytic leukemia. Leuk Lymphoma 2001;42:
109-14.

17. Del Poeta G, Maurillo L, Venditti A, Buccisano F, Epiceno AM,
Capelli G, et al. Clinical significance of CD38 expression in
chronic lymphocytic leukemia. Blood 2001;98:2633-9.

18. Hamblin T, Orchard JA, Ibbotson RA, Davis Z, Thomas PW,
Stevenson F, et al. CD38 expression and immunoglobulin

variable region mutations are independent prognostic vari-
ables in chronic lymphocytic leukemia, but CD38 expression
may vary during the course of the disease. Blood 2001;99:
1023-9.

19. Juliusson G, Oscier DG, Fitchett M, Ross FM, Stockdill G,
Mackie MJ, et al. Prognostic subgroups in B-cell chronic lym-
phocytic leukemia defined by specific chromosomal abnor-
malities. N Engl J Med 1990;323:720-4.

20. Döhner H, Stilgenbauer S, Bennar A, Leupolt E, Kröber A,
Bullinger L, et al. Genomic aberrations and survival in chron-
ic lymphocytic leukemia. N Engl J Med 2000;343:1910-6.

21. Bentz M, Huck K, du Manoir S, Joos S, Werner CA, Fischer K,
et al. Comparative genomic hybridisation in chronic B-cell
leukemias shows a high incidence of chromosomal gains and
losses. Blood 1995;85:3610-8.

22. Novak U, Opplinger Leibundgut E, Hager J, Mühlematter D,
Jotterand M, et al. A high resolution allelotype of B-cell
chronic lymphocytic leukemia (B-CLL). Blood 2002;100:1787-
94.

23. Brito-Babapulle V, Garcia-Marco J, Maljaie SH, Hiorns L,
Coignet L, Conchon M, et al. The impact of molecular cyto-
genetics on chronic lymphoid leukaemia. Acta Haematol
1997;98:175-86.

24. Juliusson G, Merup M. Cytogenetics in chronic lymphocytic
leukemia. Semin Oncol 1998;25:19-26.

25. Neilson JR, Auer R, White D, Bienz N, Waters JJ, Whittaker
JA, et al. Deletions at 11q identify a subset of patients with
typical CLL who show consistent disease progression and
reduced survival. Leukemia 1997;11:1929-32.

26. Döhner H, Stilgenbauer S, Döhner K, Bentz M, Lichter P. Chro-
mosome aberrations in B-cell chronic lymphocytic leukemia:
reassessment based on molecular cytogenetic analysis. J Mol
Med 1999;77:266-81.

27. Du Manoir S, Speicher MR, Joos S, Schröck E, Popp S, Döhn-
er H, et al. Detection of complete and partial chromosome
gains and losses by comparative genomic in situ hybridisa-
tion. Hum Genet 1993;90:590-610.

28. Kallioniemi OP, Kallioniemi A, Piper J, Isola J, Waldman FM,
Gray JW et al. Optimising comparative genomic hybridisation
for analysis of DNA sequence copy number changes in solid
tumors. Genes Chromosom Cancer 1994;10:231-43.

29. Kahru R, Knuutila S, Kallioniemi OP, Siitonen S, Aine R, Vilpo
L, et al. Frequent loss of the 11q14-24 region in chronic lym-
phocytic leukemia: a study by comparative genomic
hybridization. Genes Chromosome Cancer 1997;19:286-91.

30. Werner CA, Döhner H, Joos S, Trumper LH, Baudis M, Barth
TFE, et al. High-level DNA amplifications are common genet-
ic aberrations in B-cell neoplasms. Am J Pathol 1997;151:
335-42.

31. Bentz M, Plesch A, Bullinger L, Stilgenbauer S, Ott G, Mueller-
Hermelink HK, et al. t(11;14)-positive mantle cell lymphomas
exhibit complex karyotypes and share similarities with B-cell
chronic lymphocytic leukemia. Genes Chromosom Cancer
2000;27:285-94.

32. Odero MD, Soto JL, Matutes E, Martin-Subero JI, Zudaire I,
Rao PH, et al. Comparative genomic hybridization and amplo-
typing by arbitrarily primed PCR in stage A B-CLL. Cancer
Genet Cytogenet 2001;130:8-13.

33. Beà S, Lòpez-Guillermo A, Ribas M, Puig X, Pinyol M, Carriò
A, et al. Genetic imbalances in progressed B-cell chronic lym-
phocytic leukemia and transformed large-cell lymphoma
(Richter's syndrome). Am J Pathol 2002;162:957-68.

34. Dönher H, Pohl S, Bulgay-Morschel M, Stilgenbauer S, Bentz
M, Lichter P. Trisomy 12 in chronic lymphoid leukemias: a
metaphase and interphase cytogenetic analysis. Leukemia
1993;4:516-20.

35. Stilgenbauer S, Döhner H, Bulgay-Morschel M, Weitz S, Bentz
M, Lichter P. High frequency of monoallelic retinoblastoma
gene deletion in B-cell chronic lymphoid leukemia shown by
interphase cytogenetics. Blood 1993;81:2118-24.

36. Oscier DG, Gardiner AC, Mould SJ, Glide S, Davis Za, Ibbot-
son RE, et al. Multivariate analysis of prognostic factors in
CLL: clinical stage, IGVH gene mutational status, and loss or
mutation of the p53 gene are independent prognostic fac-
tors. Blood 2002;100:1177-84.



Chromosome aberrations and CD38 expression in B-CLL

haematologica/journal of hematology vol. 88(07):july 2003 777

37. Chevallier P, Penther D, Avet-Loiseau H, Robillard N, Ifrah N,
Mahé B, et al. CD38 expression and secondary 17p deletion
are important prognostic factors in chronic lymphocytic
leukemia. Br J Haematol 2002;116:142-50.

38. Rai KR, Sawitsky A, Cronkite EP, Chanana AD, Levy RN,
Pasternack BS. Clinical staging of chronic lymphocytic
leukemia. Blood 1975;46:219-34.

39. Binet JL, Auquier A, Dighiero G, Chastang C, Piguet H, Goas-
guen J, et al. A new prognostic classification of chronic lym-
phocytic leukemia derived from a multivariate survival analy-
sis. Cancer 1981;48:198-206.

40. Hernandez JM, Mecucci C, Criel A, Meeus P, Michaux L, Van
Hoof A, et al. Cytogenetic analysis of B-cell chronic lymphoid
leukemias classified according to morphologic and immuno-
phenotypic (FAB) criteria. Leukemia 1995;9:2140-6. 

41. Lanham S, Hamblin T, Oscier D, Ibbotson R, Stevenson F,
Packham G. Differential signaling via surface IgM is associ-

ated with VH gene mutational status and CD38 expression
in chronic lymphocytic leukemia. Blood 2003;101:1087-93. 

42 Lund FE, Yu N, Kim KM, Reth M, Howard MC. Signaling
through CD38 augments B cell antigen receptor (BCR)
responses and is dependent on BCR expression. J Immunol
1996;157:1455-67.

43 Santos-Argumedo L, Teixeira C, Preece G, Kirkham PA, Park-
house RM. A B lymphocyte surface molecule mediating acti-
vation and protection from apoptosis via calcium channels.
J Immunol 1993;151:3119-30.

44 Zupo S, Rugari E, Dono M, Taborelli G, Malavasi F, Ferrarini
M. CD38 signaling by agonistic monoclonal antibody pre-
vents apoptosis of human germinal center B cells. Eur J
Immunol 1994;24:1218-22.

45 Funaro A, Morra A, Colosso L, Zini MG, Ausiello CM, Malavasi
F. Role of the human CD38 molecule in B cell activation and
proliferation. Tissue antigens 1997;49:7-15

Pre-publication Report & Outcomes of
Peer Review

Contributions
LO, SV, AZ performed the CGH studies and wrote

the paper; SZ performed the immunophenotyping
analysis; ER and MS performed clinical studies of
patients; AA and MF were responsible for the study
design. All the authors participated in the conception
of the study and the interpretation of the data, and
all critically revised the article. Primary responsibil-
ity for the paper, Tables 1and 2 and Figures 2-4: LO;
primary responsibility for Figure 1: SZ.

Funding
This work was partially supported by Ministero

Sanità (12438480), CARIGE Foundation, Cofin 2000
MM06017817_006, AIRC.

Disclosures
Conflict of interest: none.
Redundant publications: no substantial overlap-

ping with previous papers.

Manuscript processing
This manuscript was peer-reviewed by two exter-

nal referees and by Dr. Andrew Pettitt, who acted as
an Associate Editor. The final decision to accept this
paper for publication was taken jointly by Dr. Pettitt
and the Editors. Manuscript received December 10,
2002; accepted May 13, 2003.

In the following paragraphs, Dr. Pettitt summarizes
the peer-review process and its outcomes.

What is already known on this topic
Many cell biological factors have now been iden-

tified in CLL that predict for adverse clinical out-
come. Among these, the most important are relative
lack of VH gene mutation, expression of ZAP-70,
abnormalities of the p53 pathway, certain chromo-
somal abnormalities (17p13 deletion, 11q23 dele-
tion and trisomy 12) and, somewhat controversially,
CD38 expression. Associations have previously been
reported between unmutated VH genes and CD38
expression, and between unmutated VH genes and
adverse karyotype. However, these associations are
imperfect, and there is relatively little existing infor-
mation concerning the relationship between CD38
expression and karyotypic abnormalities. 

What this study adds
Using the technique of comparative genomic

hybridisation, the present study helps to establish
this missing link by demonstrating a much higher
frequency of adverse chromosomal aberrations (pre-
dominantly 11q23 deletion and trisomy 12) among
the one third of patients whose tumor cells express
CD38 (using a 30% cut-off value). This important
new observation adds weight to the notion that
CD38 expression really is an adverse prognostic fac-
tor in CLL, and reinforces the idea that unmutated VH
genes, CD38 expression and adverse karyotype are
mutually associated with one another.




