
ORIGINAL ARTICLE

Molecular heterogeneity in chronic lymphocytic leukemia is dependent on BCR
signaling: clinical correlation
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Chronic lymphocytic leukemia (CLL), the most frequent form of
adult leukemia in Western countries, is characterized by a
highly variable clinical course. Expression profiling of a series
of 160 CLL patients allowed interrogating the genes presuma-
bly playing a role in pathogenesis, relating the expression of
functionally relevant signatures with the time to treatment.
First, we identified genes relevant to the biology and prognosis
of CLL to build a CLL disease-specific oligonucleotide micro-
array. Second, we hybridized a training series on the CLL-
specific chip, generating a biology-based predictive model.
Finally, this model was validated in a new CLL series. Clinical
variability in CLL is related with the expression of two gene
clusters, associated with B-cell receptor (BCR) signaling and
mitogen-activated protein kinase (MAPK) activation, including
nuclear factor-jB1 (NF-jB1). The expression of these clusters
identifies three risk-score groups with treatment-free survival
probabilities at 5 years of 83, 50 and 17%. This molecular
predictor can be applied to early clinical stages of CLL. This
signature is related to immunoglobulin variable region somatic
hypermutation and surrogate markers. There is a molecular
heterogeneity in CLL, dependent on the expression of genes
defining BCR and MAPK/NF-jB clusters, which can be used to
predict time to treatment in early clinical stages.
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published online 5 July 2007
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Introduction

Chronic lymphocytic leukemia (CLL), the most frequent form of
adult leukemia in Western countries, is characterized by a
highly variable clinical course. Almost one-third of patients
present relatively stable forms of the disease, with long survival
and no requirement for treatment, another one-third of patients
progress after an indolent period and the rest of the patients have

aggressive forms of the disease and progress quickly from the
initial diagnosis to death from disease-related causes within a
few years.1,2 Several clinical and biological prognostic factors
have been identified, such as the Rai and Binet clinical staging
systems,3–5 specific cytogenetic alterations,6 mutational status
of immunoglobulin (Ig) genes7,8 and the expression level of
CD38, ZAP70 and LPL.9–16 The implication of these biological
predictor factors with the molecular pathogenesis of the CLL is
still under investigation, and an eventual therapeutic application
is not yet developed. The recognition of novel molecular
variables identified through the use of high-throughput mole-
cular analytical techniques could contribute to a better know-
ledge of the disease pathogenesis, the development of more
accurate biological predictive factors, the adjustment of
therapies to the specific risk, and the identification of new
therapeutic targets in CLL. Initial expression-profiling analysis in
CLL suggests that CLL cases could be considered as a single
entity with a homogeneous signature, in opposition to the
heterogeneity suggested by immunoglobulin variable region
(IgVH) and ZAP70 findings.17,18

We have performed genome-wide expression profiling in a
large series of CLL patients, under the hypothesis that a
comparative analysis of cases with different outcome would
depict functional clusters of genes reporting on the most relevant
cell functions regulating cell survival.

To demonstrate the reproducibility of the data generated, the
analysis was performed in three steps: first, we identified genes
relevant to the biology and prognosis of CLL to build a disease-
specific oligonucleotide microarray. We then hybridized a new
series of cases on the CLL-specific chip, generating a biology-
based predictive model capable of defining three different risk
groups. Gene clusters included in the final model were involved
in B-cell receptor (BCR) signaling and mitogen-activated protein
kinase (MAPK)/nuclear factor-kB (NF-kB) activation, highlight-
ing the role of these pathways in pathogenesis and prognosis of
CLL. Finally, this predictive statistical model was validated in a
new and independent series of CLL patients.

Materials and methods

Patients and samples
A series of 160 consecutive untreated patients with diagnosis of
CLL according to National Cancer Institute-sponsored Working
Group criteria19 was obtained from two institutions: Hospital
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Universitario Puerta de Hierro, Madrid, Spain and Hospital
Marqués de Valdecilla, Santander, Spain, under the supervision
of the local Ethical Committees. The series was divided into a
training set (98 patients from Hospital Universitario Puerta de
Hierro) and a validation set (62 patients from Hospital Marqués
de Valdecilla). Mononuclear cells were isolated by density-
gradient centrifugation from peripheral blood samples at
diagnosis. Additional B-cell selection was performed in 20
cases from the training set using anti-CD19 microbeads
(Miltenyi Biotec, Bergisch Gladbach, Germany).

The median age at diagnosis was 63 years (range, 33–88
years) for the training set and 73 years (range, 37–87 years) for
the validation set. The median follow-up time was 61 months
(range, 2–112 months) and 79 months (range, 4–209 months) in
the training and validation sets, respectively. First-line treatment19

needed to be initiated in 47/98 patients of the training set and in
40/62 patients of the validation set (range times to treatment
from diagnosis of 1–85 and 1–135 months, respectively). These
series were considered to reflect a reasonable variability of CLL
patients, diagnosed in different institutions along specific time
intervals, thus assuring the applicability of these results to other
CLL patients. Patients were treated when active disease
developed, according to National Cancer Institute-sponsored
Working Group criteria using standard therapies, including
alkylating agents and purine analogs, alone or in combination.
Additional clinical and biological characteristics are listed in
Supplementary Table 1.

Gene-expression profiling
RNA was extracted as described previously20,21 and hybridized
for gene-expression profiling on the Agilent Human 1A 22K
Oligonucleotide Microarray (23 cases) and on the CLL-specific
1.9K. Oligonucleotide Microarray (160 cases) following manu-
facturer’s instructions (Agilent, Santa Clara, CA, USA). Briefly,
1mg of total RNA was amplified and fluorescence-labeled with
Agilent’s Low RNA Input Fluorescence Linear Amplification kit
(Agilent Technology). cRNA product was hybridized following
the manufacturer’s instructions. Universal Human Reference
RNA (Stratagene, La Jolla, CA, USA) was used as a reference.
Scanning was carried out using the Agilent G2565AA Micro-
array Scanner System (Agilent Technologies) and data were
collected with Feature Extraction v7.1 software (Agilent
Technologies). Inconsistent duplicates were discarded, all
consistent duplicates were averaged and genes for which
complete data were not available were excluded from further
analysis (http://asterias.bioinfo.cnio.es).

Raw data from CLL-specific microarray hybridizations were
normalized using a set of 526 genes that exhibited low
variability of expression (range, �0.15 to þ 0.15) in more than
30% of cases of the first-step process. Gene expression of the
training and validation sets was compared with the median
expression level of the training set in order to provide a measure
of the variability of expression throughout the series.

Genes associated with CLL and progression: gene
selection
We used a multistep approach to develop a predictive model for
progression in CLL. First, a high-throughout analysis was
performed in a previous series of 23 cases of CLL21 using the
Agilent Human 1A 22K Oligonucleotide Microarray, identifying
88 genes statistically associated with survival (adjusted
P-valueo0.2). After a comprehensive literature search, we also
selected all the genes previously described as being associated

with pathogenesis and prognosis of CLL, 409 genes derived from
23 publications.

In total, 497 genes (Supplementary Table 5) were obtained
from the first step and the literature search and were included in
the CLL-specific oligonucleotide microarray. For control pur-
poses, 58 of these selected genes were printed in duplicate or
triplicate on the microarray. The 526 genes with a low
variability of expression in the 23 cases hybridized in the first
step were included as normalization genes. Oligonucleotide
sequences as internal controls of hybridization (323 sequences)
were also incorporated. Finally, 1900 sequences were printed in
known positions on the microarray using an eight-pack
microarray format. The array description has been submitted
to ArrayExpress (accession number: A-MEXP-328).

This CLL-specific microarray was then used to generate a
predictive model in a training set of 98 patients. To eliminate the
inherent variability of the different proportion of T cells in the
peripheral blood of CLL patients (Supplementary Table 2), only
genes found to be expressed by sorted B cells in a previous
analysis performed on CD19-positive B-CLL cells were con-
sidered (413 genes), including ZAP70 and other genes co-
expressed by B cell and other cell subsets. Cluster analysis was
used separately with genes that were positively and negatively
associated with progression in order to identify groups of
coregulated genes. These groups were then used to build a
predictive model, as explained in the next section. Finally, the
predicted model from the training set was confirmed in the
validation series, a new and independent series of 62 patients.
Details of these processes are described below.

Statistical analysis
A Cox univariate analysis using the Pomelo and SAM statistical
tools was performed to identify genes associated with survival
(false discovery rate, FDRo0.2 and q-valueo0.2, respectively)
in the first-step process (http://pomelo2.bioinfo.cnio.es and
http://www-stat.stanford.edu/~tibs/SAM/index.html).

To identify genes expressed exclusively by B cells and to
exclude information derived from non-B cells, we performed a
comparative analysis of sorted B cells from a subset of 20
consecutive cases with the remaining unsorted samples from the
training set. A permutation-based t-test (http://pomelo2.bioinfo.
cnio.es) was used to compare the average expression of
B-cell-sorted and -unsorted cases, using a value of FDRo0.2.
We selected only genes expressed by B cells for further analysis.

To generate the predictive model, we used a new web tool,
http://signs.bioinfo.cnio.es, which uses a combination of statis-
tical gene selection, clustering and survival model building,
adapted from the described method by Dave et al.22 First, we
identified 50 genes associated with disease progression
(Po0.01) in the training set using a univariate Cox analysis.
These genes were classified as good- or poor-prognosis genes if
expression levels were associated with long or short treatment-
free survival (TFS), respectively. Prognosis genes were then
separately clustered by a complete-linkage hierarchical method
to identify associations with the expression patterns that could
represent gene-expression signatures. A correlation coefficient
of r40.6 and a cluster size of 2–10 genes were chosen as the
criteria for this analysis.

For each group of genes or signature, the average expression
value was calculated and used as a new explanatory variable to
construct a multivariate Cox model for progression, assigning a
progression-predictive score to each patient. The linear pre-
dictor of this multivariate model served to determine a
predictive score, a higher score corresponding to a poorer
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prognosis. The predictive model was applied in the validation
set to confirm the reproducibility of our results. Finally, we
recalculated the risks of the model in the complete series
including training and validation sets.

We used the SPSS program to obtain the relative risk of
progression, to derive Kaplan–Meier curves and to estimate TFS
with regard to three different risk-score groups of patients. All
microarray data were submitted to the ArrayExpress (accession
number: E-TABM-80; username: e-tabm-80, password: UHrt7Edi).

Results

Progression-predictive model in CLL based on
expression profiling
A multistep gene expression analysis was performed, identifying
11 clusters of genes associated with the clinical course, and

yielding a model composed of two clusters whose expression
was independently associated with variations in the time to
treatment.

We performed genomic-scale gene-expression profiling of a
series of 160 untreated CLL patients using the original CLL-
specific microarray. This was divided between a training set (98
patients) to create a predictive model and a validation set (62
patients) from a different Institution to corroborate the results.
The Cox model identified 50 genes associated with TFS
(Po0.01) in the training set (Supplementary Table 3). These
progression-predictive genes were classified as unfavorable or
favorable genes if expression levels were associated with short
or long TFS, respectively. Both sets of genes were separately
hierarchically clustered according to the correlation between
expression patterns, as described in the experimental proce-
dures. Unfavorable or favorable genes were grouped in seven
and four clusters, respectively (Figures 1 and 2; Table 1).

Figure 1 Prognosis gene clusters. Clustering of the 50 genes found to be significantly predictive of clinical course. Genes were clustered based on
the following criteria: Po0.01, correlation coefficient across gene expression of training samples 40.6 and maximum and minimum number of 10
and 2 genes, respectively. Distance across gene expression is measured as 1-correlation, dashed line represent 1–0.6 (significant clusters have
r values 40.6).
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Expression levels of genes within a cluster were averaged for
each sample. Different combinations of the 11 gene-expression
averages were tested to create a multivariate model for TFS. The
final statistical model (Po0.001) included two clusters, namely
the P14 (LPL and WSB2) and N6 (NF-kB1, IL6, OASL, MAP3K8
and RIPK2) signatures, which were associated with shorter or
longer time to treatment, respectively. The relative risks

associated with the expression of the clusters N6 and P14 are
shown in Table 2. This model was used to assign a progression-
predictive score to each patient in the training set: (2.41� P14
cluster average) þ (�3.29�N6 cluster average). Patients with
higher scores also had higher rates of progression. Dividing the
series into three terciles, we identified three different risk-score
groups of patients with TFS probabilities of 87, 57 and 20% at 5

Figure 2 Heat map of prognosis genes. Identification of the signatures associated with variation in time to progression in training series. The series
has been divided into terciles. Cases with increased expression of the genes associated with BCR signaling have a shorter time to progression, while
cases with greater expression of MAPK/NF-kB genes have a more favorable outcome. Gene expressions are represented as median center values.

Table 1 Identification and predictive power of the clusters of genes associated with variations in the TFS in the training series

Cluster of genes Risk of progression (95% CI) P-value

Clusters of genes associated with longer TFS
N2: ICAM1, MCL1, BCL2A1 0.65 (0.48�0.86) 0.003
N5: TNFAIP3, IER3, IL1B 0.62 (0.48�0.79) o0.001
N6: NF-kB1, IL6, OASL, MAP3K8, RIPK2 0.36 (0.19�0.68) 0.002
N8: TNFSF10, TNFRSF6 0.37 (0.19�0.71) 0.003

Clusters of genes associated with shorter TFS
P2: BLNK1, GAB1 3.7 (1.93�7.1) o0.001
P4: CD79B, BTK, TNFRSF7 (CD27), SYK, TCL1A 2.11 (1.37�3.25) 0.001
P8: CDC10, CSNK2A1 4.88 (2.2�10.9) o0.001
P9: PRKCB1, PRKCZ, RUVBL1, TRAF5, CDC16, CHN2 2.90 (1.68�4.99) o0.001
P12: CSNK2B, FAF1 2.81 (1.35�5.86) 0.006
P14: LPL, WSB2 2.02 (1.57�2.61) o0.001
P15: PAWR, MGC3234 2.26 (1.41�3.62) 0.001

Abbreviations: CI, confidence interval; TFS, treatment-free survival.
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years from diagnosis (Figure 3a). This model was validated in a
new independent series of 62 patients, where the model also
identified three risk-score groups of patients with TFS probabili-
ties of 70, 46 and 19% at 5 years (Figure 3b). Finally, risk of
progression obtained by the generated model in the training set
was recalculated in the complete series of the training and
validation sets of patients. Kaplan–Meier analysis of the three
risk-score groups gave TFS probabilities at 5 years of 83, 50 and
17% (Figure 3c). This biological predictive score was indepen-
dent of all the clinical and cytogenetic variables found to predict
clinical course. An analysis of the model for the patients
diagnosed at Binet stage A gave TFS probabilities of 90, 75 and
26% at 5 years from diagnosis (Po0.001), thus confirming the
applicability of the model to patients diagnosed in early stages
(Figure 3d).

The genes here found were analyzed using Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) pathways classification
(Supplementary Table 4). In the group of genes associated with
progression, the main pathways are B-cell receptor signaling

and Wnt signaling pathways. In the case of genes associated
with no progression, the main pathways are MAPK signaling
pathway and apoptosis. The MAPK pathway includes NF-kB1
(Table 3).

To compare this multigene prognostic score with the already
existing biological markers, we analyzed the predictive power of
the mutational status of immunoglobulin genes (IgVH), ZAP-70
and CD38 expression in the validation series using a univariate
Cox regression analysis. IgVH mutational status (mutated if
germ-line sequence homology was o98%, unmutated if
homology was X98%) and expression of CD38 and ZAP-70
(measured by flow cytometry, with a threshold of 20% for both
variables) were found to predict TFS in this series (Po0.01).
There was a strong correlation between the described multigene
prognostic score and IgVH mutational status, with most of cases
(44/55, Po0.001) exhibiting a positive correlation between the
expression of the BCR signaling genes and unmutated IgVH
genes. Thus, IgVH was found mutated in 25/29 good prognosis
patients whereas IgVH was unmutated in 19/26 bad prognosis

Table 2 Final predictive model. Predictive power of the two clusters after multivariate analysis

Gene cluster Training series Validation series Total (training+validation) series

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

N6 0.04 (0.01�0.45) 0.01 0.04 (0.00�0.56) 0.017 0.03 (0.01�0.2) o0.001
P14 11.15 (3.95�31.41) o0.001 4.58 (1.81�11.57) 0.001 6.82 (3.52�13.19) o0.001

Abbreviations: CI, confidence interval; HR, hazard ratio.
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Figure 3 CLL survival analysis. Kaplan–Meier analysis estimates TFS probabilities with regard to the three different risk-score groups in the
training set (a), validation set (b), total series (c) and Binet stage A patients (d). Cases were divided into terciles using the progression-predictive
score (2.41�P14 cluster average)þ (�3.29�N6 cluster average).
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patients (Supplementary Figure 1). Multivariate analysis identi-
fied the prognosis score, CD38 and ZAP-70 as independent
variables predicting time to progression (Table 4).

Discussion

The study here performed identifies multiple biological pro-
gnostic markers, illustrating the complexity of this condition and
recognizes BCR signaling and aspects of NF-kB regulation as
major determinants of CLL cell survival. A predictor model
based on these multiple biological markers allowed the division
of a training series of CLL patients into three groups with TFS
probabilities of 87, 57 and 20% at 5 years from diagnosis. This
finding is independent of any clinical and molecular variable
and was reproduced in a blind series of CLL patients. It is
particularly applicable to patients diagnosed in early clinical
stages of CLL (Binet stage A), where the analysis identified three
terciles with TFS at 5 years of 90, 75 and 26%. This result differs
only slightly from that obtained for the whole series and suggests
that this subset of early-stage CLL patients with progressive
disease could be more accurately identified.

This analysis in CLL takes advantage of the fact that these
patients have not been treated until required, and this permits to
compare strictly groups of homogeneously staged patients,
without taking into consideration individual variations in the
response to treatment.

Tumoral cells in high-risk patients exhibit a molecular
signature composed of genes mainly implicated in BCR
signaling, such as those defined in the clusters P4, P2, P8 and
P9. At the same time, this subset of patients with a shorter time
to treatment showed increased expression of negative regulators
of the NF-kB pathway, such as those included in clusters P15
and P12. These observations are consistent with the interpreta-
tion that stimulatory and growth signals, delivered by the BCR,
allow CLL cells to avoid apoptosis and proliferate, thus
constituting the driving force for CLL survival.2,23The genes
whose expression appears associated with more aggressive
behavior are all functionally related. Thus, genes expressed
within the P4 component, such as CD79B, BTK, TNFRSF7
(CD27) and SYK, are all members of the BCR complex or
molecules activated by BCR signaling. This also applies to BLNK
and GAB1, which are genes identified in the P2 cluster, a
correlated cluster. The Gab1 docking protein links the B-cell
antigen receptor to the phosphatidylinositol 3-kinase/Akt signal-
ing pathway and to the SHP2 tyrosine phosphatase.24 Addition-
ally, the regulation of CSNK2A1 (CK2), the P8 cluster, plays a
role in CD5-dependent antigen-receptor activation in B cells.25

Aggressive CLL cases also show increased expression of a cluster
of genes that are comprised of several PKCs, such as PRKCB1
and PRKCZ, which are included in the P9 cluster. PRKCB (PKC-
beta) is required for BCR-mediated NF-kB activation.26 Targeted
disruption of PRKCZ results in phenotypic alterations in
secondary lymphoid organs reminiscent of those observed in
TNFR1 or LTB receptor gene-deficient mice. Although with a
slightly lower level of significance, these aggressive CLL cases
also showed increased expression of PKCI, the second atypical
PKC. The lack of zetaPKC in embryonic fibroblasts impairs NF-
kB-dependent transcriptional activity as well as cytokine-
induced phosphorylation of p65.27 TRAF5, another component
of the same cluster (P9), also plays a role as an adapter protein in

Table 3 KEGG pathway annotation for 50 genes associated with TFS

KEGG pathways Genes No. of genes

Genes associated with shorter time to progression
B-cell receptor signaling pathway BTK, CD79B, BLNK, NFATC1 and SYK 5
Wnt signaling pathway CCND2, CSNK2B, RUVBL1, CAMK2D and NFATC1 5
Tight junction PRKCZ, CSNK2B, PRKCI and CLDN15 4
Focal adhesion CCND2, SOS1 and ILK 3
Insulin signaling pathway SOS1, PRKCZ and PRKCI 3
Calcium signaling pathway CD38, CAMK2D and NFATC1 3
T-cell receptor signaling pathway SOS1 and NFATC1 2
Jak–STAT signaling pathway CCND2 and SOS1 2

Genes associated with longer time to progression
MAPK signaling pathway GADD45B, MAP3K8, IL-1B, TNFRSF6, NF-kB1 and AKT3 6
Apoptosis IL-1B, TNFRSF6, TNFSF10, NF-kB1 and AKT3 5
Toll-like receptor signaling pathway IL-6, IL-1B, NF-kB1 and AKT3 4
Cytokine–cytokine receptor interaction IL-6, IL-1B, TNFRSF6 and TNFSF10 4
T-cell receptor signaling pathway FYN, MAP3K8, NF-kB1 and AKT3 4
Focal adhesion FYN and AKT3 2
Hematopoietic cell lineage IL-6 and IL-1B 2
Adipocytokine signaling pathway NF-kB1 and AKT3 2
B-cell receptor signaling pathway NF-kB1 and AKT3 2
Jak-STAT signaling pathway IL-6 and AKT3 2

Abbreviations: KEGG, Kyoto Encyclopedia of Genes and Genomes; TFS, treatment-free survival.

Table 4 Multivariate analysis of the predictor score together with
ZAP70, CD38 expression and IgVH mutational status performed in the
validation series

Variable Validation series

HR (95% CI) P-value

ZAP70 3.44 (1.37�8.63) o0.05
CD38 3.26 (1.22�8.72) o0.05
PP-score 1.84 (1.05�3.26) o0.05
IgVH status F NS

Abbreviations: CI, confidence interval; HR, hazard ratio; IgVH,
immunoglobulin variable region; NS, not significant; PP-SCORE,
progression-predictor score.
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the signal transduction pathway of CD27 that leads to the
activation of NF-kB and MAPK8/JNK.28 Interestingly, three of
the genes identified here (RUVBL1, CHN2 and CDC10) have
recently been found to be overexpressed in advanced-stage
DLBCL.29 Negative regulators of the NF-kB pathway, such as
PAWR (PAR4), have been shown to interact with and inhibit
atypical protein kinase C isoforms, functioning as a negative
regulator of the NF-kB pathway.30 Additionally, Fas-associated
factor-1, FAF1, inhibits NF-kB activity by interfering with
nuclear translocation of the RelA (p65) subunit of NF-kB.31

This group of patients is also recognized by the expression of the
genes defined in the P14 cluster: LPL, WSB2. LPL could play a
role in lipid-raft formation or stabilization, a biological process
known to be important in B-cell activation.15 This gene has been
reported to be associated with absence of IgVH somatic
mutations and shorter TFS in CLL patients.14–16Although with
a lower level of significance, these patients have increased
expression of CD38 and ZAP70, two genes whose expression is
associated with adverse outcome in B-CLL.8,9

This analysis also identified a group of patients with a more
indolent variant of the disease and subsequent longer time to
treatment, whose CLL cells express the genes in the N2, N8, N5
and N6 clusters. Genes defining this group of patients are
essentially NF-kB genes (NF-kB1), NF-kB upstream regulators
(IL6, FAS, RIPK2), NF-kB partners (MAP3K8) and NF-kB targets,
such as MCL1, ICAM1, MCL1, BCL2A1 and TNFAIP3, IER3,
IL1B or TRAIL. The existence of a subset of CLL cases with an
increased level of NF-kB activation and a better outcome has
already been described in a different series of patients.21

Nevertheless, data here obtained need to be interpreted
with caution when considering that other NF-kB subunits
are not differentially expressed between the CLL patients, and
there is a striking cross talking between NF-kB and other
regulatory transcription factors. Nevertheless, it appears that
CLL cases with more aggressive behavior carry a balanced
molecular signature made up of BCR and BCR signaling
genes and components of the MAPK/NF-kB pathway. This
equilibrium determines the final status of the activation of NF-
kB and other transcriptional regulators. This finding is consistent
with the slight clinical benefit observed in CLL patients treated
with NF-kB inhibitors, and implies that BCR signaling
could lead to the activation of other transcription factors
responsible for B-cell survival. The increased expression of
TCL1, an AKT activator, and GAB1 strongly suggests that these
cases could be characterized by PKB/AKT activation. This
increased expression of TCL1 also establishes a link with the role
of microRNAs in the pathogenesis of CLL, as demonstrated by
Croce et al.32

The interpretation of the data here provided needs to take into
consideration a potential caveat, since the study could not
potentially completely eliminate the impact of the variable
presence of T cells on the expression of genes co-expressed
simultaneously by both B and T cells. Nevertheless, the main
data and conclusions here provided are supported by the
multivariate analysis performed, and by the previous analysis
done on peripheral blood B cells, showing that increased BCR
signaling genes and the genes involved in the MAPK/NF-kB
pathway are expressed by the tumoral B cells.21,33

These findings confirm that the already identified hetero-
geneity of CLL cases, when considering IgVH somatic mutation
or the expression of surrogate markers, can be extended to the
molecular signatures of CLL, this allowing to assign CLL patients
to specific risk groups depending on the degree of activation of
BCR signaling genes, and some genes involved in the MAPK/NF-
kB pathway.

When these data are considered in the context of the
previously available information about other prognostic indica-
tors in CLL,33 it becomes clear that tumors characterized by the
overexpression of genes associated with BCR signaling have a
lower rate of somatic hypermutation of the IgVH genes and an
increased expression of CD38 and ZAP70, and may allow
to propose that both IgVH-unmutated sequence and ZA70
expression could merely be surrogate markers for increased
BCR signaling dependent on the recognition of unknown
antigens.33,34

Conclusion

This study recasts CLL as a disease with a wide pathogenic
spectrum, whose recognition may have a twofold clinical
benefit, through a more precise stratification of patients, and
the ability to identify multiple potential therapeutic targets.
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