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Introduction

Kinases play critical roles in cell signaling and their activities are substantially altered in 
many cancer cells, providing potential targets for drug development. Kinome profiling 
is an array-based method to identify activity of all kinases in cells by monitoring 
phosphorylation of consensus peptides. The modulation of B cell receptor (BCR) and 
CD40 signal transduction pathways represents a promising approach for altering the 
biological behavior of B cell malignancies. In this introduction, we present our current 
understanding of cell signaling regulation (BCR and CD40) and their involvement in 
deregulation in two kinds of small B cell lymphomas, chronic lymphocytic leukemia 
(CLL) and mantle cell lymphoma (MCL).

Kinome profiling 1.1   

Kinases are enzymes that transfer phosphate groups from high-energy donor 
molecules, such as ATP, to specific target molecules (substrates); the process is 
termed phosphorylation1. The largest group of kinases is formed by protein kinases, 
which direct the activity, localization and overall function of many proteins, and serve to 
orchestrate the activity of almost all cellular processes. Defective protein kinases can 
transform normal cells into malignant cells2-10. Up to now 518 different kinases have 
been identified in humans and many kinases have been already linked to diseases 
(http://www.cellsignal.com/reference/kinase_disease.html). Thus, the important role 
in cell malignancy signaling makes kinases attractive targets for drug design.

Kinome profiling is a high-throughput approach to identify the kinase activity in cells. 
Several studies have been published11-13 using a  pepchip  that contains 1024 
different substrates of about 7 amino acids long that can only be phosphorylated by  
specific kinases. This kinome profiling technique allows quantitative and qualitative 
analysis of about 200 kinases by adding cell lysates to the pepchip. Differentially 
regulated kinases can be identified by comparison of kinase activity in cell lysates 
before and after stimulation. The identification of differentially changed kinase activities 
provides the basis for a better insight in signal transduction. A schematic overview of 
the kinome profiling mechanism and procedure is shown in Figure 1.

BCR and CD40 signaling pathways in B cells1.2   

Cell signaling pathways involve changes of protein-protein interactions inside the cell 
induced by external signals. In short, the process starts from growth factors binding 
to receptors at the cell surface. Then, these receptors become phosphorylated 
and generate a binding site for a different protein and thus induce protein-protein 
interaction. In B cells, the ligands (anti-Ig or CD40L) bind to the B cell surface 
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receptors (B cell receptor complex or CD40) and activate the receptor complexes 
by phosphorylation of distinct components of these complexes. The phosphorylated 
receptor binds to an adaptor protein  which couples the signal to processes further 
downstream (Figure 2). 

BCR and CD40

The B cell receptor complex comprises of Ig, with uniform binding activity, associated 
with CD79a and CD79b.The cytoplasmic tails of CD79a/CD79b each contain an 
ITAM that serves as a docking site for kinases and adapter proteins that recruit 
downstream signaling molecules14;15 (Figure 2). In particular, phosphorylation of 
the BCR complex leads to recruitment and activation of the protein tyrosine kinase 
Syk, which, in turn, promotes the phosphorylation of PLCγ, Btk, BLNK and Vav14;16. 
Additionally, the Tec family member Btk is recruited to the plasma membrane where 
it is involved in activation of PLCγ. The SLP-65/BLNK adapter protein has recently 
been shown to play a role in BCR-induced recruitment and activation of key signal 
transducing effector proteins16. Downstream intermediate signaling proteins are 
also activated, like Ras, which ultimately leads to the activation of MAP kinases 
including ERK, JNK and p38. In addition, BCR signal transduction influences not 

Figure 1: Schematic overview of the kinome profiling mechanism and procedure.  
A: The substrate fixed on the glass slide is about 7 peptides long and can only be 
phosphorylated by specific kinases to detect the kinase activity. B: Duplication of the 
substrates in the pepchip. C: General protocol of the kinase array. D: An example of 
the pepchip array results (Figure reprinted with permission of Dr. S.H. Diks )
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only cellular selection, maturation, and survival, but are imperative in generating the 
ultimate effector function of B cells, i.e. antibody production17;18. Deregulation of the 
BCR signaling pathway can contribute to B cell malignancies19;20.

CD40 is a member of the tumor necrosis factor receptor (TNFR) superfamily and 
is constitutively expressed in B lymphocytes (Figure 2). If a T cell recognizes the 
peptide presented by a B cell, the T cell will synthesize CD40L. CD40L binds to the 
CD40 receptor on the B cell and this leads to B cell activation21. CD40 itself lacks 
intrinsic kinase or other signal transduction activity but rather mediates its diverse 
effects via an intricate series of downstream adapter molecules, especially via various 
members of the TNFR-associated factor (TRAF) family of cytoplasmic proteins22-26. 
Signaling through CD40 activates the kinase NIK, which in turn activates IKKa 
complexes that phosphorylate C-terminal residues in NFkB p10027. Phosphorylation 

Figure 2: Schematic overview of BCR and CD40 signaling in B cells.  The B cell re-
ceptor complex comprises of Ig and is associated with CD79a and CD79b. Phospho-
rylation of the BCR complex leads to recruitment and activation of the protein tyrosine 
kinase Syk, which, in turn, promotes the phosphorylation of PLCγ, Btk, BLNK and 
Vav. CD40 is a member of the tumor necrosis factor receptor (TNFR) superfamily 
and is constitutively expressed on B lymphocytes. The BCR signaling pathway can 
activate all three MAPKs (ERK,JNK and p38), whereas CD40 signaling may utilize a 
limited set of elements in the ERK cascade but will mainly lead to the activation of p38 
and JNK. The active ERK dimer, JNKs and p38 can translocate to the nucleus where 
they phosphorylate a variety of transcription factors regulating gene expression. The 
transcription factors mainly include activator protein 1 (AP-1), early growth response 
1 (EGR1) and ELK1. 
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of NFkB p100 leads to its ubiquitination and proteasomal processing to NF-kB2 p52, 
creating transcriptionally competent NF-kB2 p52/RelB complexes that translocate 
to the nucleus and induce target gene expression28. Furthermore, downstream 
intermediate signaling proteins of CD40 also include the activated MAP kinases. 
However, activation of MAPK via CD40 is distinct from that stimulated by surface Ig 
on B cells29. CD40 signaling may utilize a limited set of elements in the ERK cascade 
but will mainly lead to the activation of JNKs, which is different from the BCR signaling 
pathway29-31. 

In general, activation of BCR or CD40 can cause the same downstream signaling - 
the Mitogen-activated protein kinases (MAPK) pathway, so we focused on the MAPK 
cascades (Figure 3).

MAPK cascades:

MAPK are a family of Ser/Thr protein kinases widely conserved among eukaryotes 
and critical to cell activation, proliferation and differentiation. MAPK signaling cascades 
are organized hierarchically into three-tiered modules. MAPKs are phosphorylated 
and activated by MAPK-kinases (MAPKKs), which in turn are phosphorylated and 

Figure 3: Schematic overview of MAPK cascades.  MAPK signaling cascades 
are organized hierarchically into three-tiered modules. MAPKs are phospho-
rylated and activated by MAPK-kinases (MAPKKs), which in turn are phospho-
rylated and activated by MAPKK-kinases (MAPKKKs). The MAPKKKs are in 
turn activated by interaction with other protein kinases, connecting the MAPK 
module to cell surface receptors, such as BCR and CD40. MAPK mainly inclu-
ded ERK1/2, p38 and JNK1/2, which are all critical to cell growth, differentiation, 
Ig class switching and apoptosis.
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activated by MAPKK-kinases (MAPKKKs). The MAPKKKs are in turn activated by 
interaction with other protein kinases, connecting the MAPK module to cell surface 
receptors or external stimuli. To date, ERK1/2, JNKs and p38 are amongst the most 
frequently studied kinases in B cells. Different from ERK, JNKs and p38 have MLK3 
as the same upstream activator32. 

ERKs: ERK1 and ERK2 are ubiquitously expressed in human tissues and have 85% 
similarity in sequence identity33. They were found during a search for protein kinases 
that are rapidly phosphorylated after activation of cell surface tyrosine kinases. Upon 
stimulation, a sequential three-part protein kinase cascade is initiated, consisting of 
Raf, mitogen-activated protein kinase kinase (MEK) 1/2  and ERK1/2 34;35. MEK1 and 
MEK2 activate ERK1/p44 and ERK2/p42 through phosphorylation of activation loop 
residues Thr202/Tyr204 and Thr185/Tyr187, respectively. 

The ERK cascade plays an important role in the prevention of apoptosis and the 
induction of cell cycle progression, but the function depends on the cell type. Richard 
36et al found that MEK-ERK inhibition did not block BCR-induced growth arrest or 
apoptosis of WEHI-231 cells or apoptosis of immature splenic B cells, but suppressed 
BCR-induced proliferation of mature splenic B cells. Therefore, activation of the MEK-
ERK pathway is only necessary for a subset of B cell responses to Ag, especially 
mature B cells. Furthermore, aberrant activation of this pathway is commonly observed 
in malignantly transformed cells37-40. Thus, it is an appropriate pathway to target for 
therapeutic intervention. In non-Hodgkin’s lymphoma (NHL) cell lines, Rituximab can 
interrupt the ERK1/2 signaling pathway not only by inhibiting the kinase activity of 

MEK1/2, but also by upregulating Raf-1 kinase inhibitor protein (RKIP) expression41. 
RKIP exerts its suppressive effects via physical association with Raf-142-46, which 
results in the incapability to relay the signal to downstream molecules (MEK1/2, 
ERK1/2). Recently, a number of scaffolding proteins and endogenous inhibitors for the 
ERK pathway have been identified, and their important roles in regulating signaling 
through this pathway are now emerging47. Thus, the  inhibition of the ERK1/2 pathway 
by different methods and mechanisms can enhance the  chemosensitization of NHL 

B cells48;49.

JNKs: JNK1 and JNK2 are ubiquitously distributed. By contrast, JNK3 is found mainly in 
neuronal tissue and testis50;51. This kinase is activated by various cell stimuli, especially 
by stress and inflammatory cytokines, such as TNF-alpha and UV radiation25;52;53. The 
core signaling unit is composed of one of the mixed lineage kinases (MLKs), typically 
MLK3, which phosphorylate and activate MKK4-7, which then phosphorylate and 
activate the SAPK/JNK kinase through phosphorylation of Thr183/Tyr185 site 54-56. In 
B cells, JNKs  can be activated by the  ligation of CD4057. Even while it only results 
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in limited activation, JNK  is essential for the anti-IgM-induced apoptosis in  B cells58. 
Takada 59et al examined the kinetics of anti-IgM-induced activation of MAP kinases and 
established cell lines (CH31 and WEHI-231) overexpressing a dominant-negative (dn) 
mutant form of JNK1 (dnJNK1). Following anti-IgM stimulation, dnJNK1 prevented a 
decline in mitochondrial membrane potential and diminished procaspase-3 activation, 
which led to a decreased rate of apoptosis. Retroviral transduction of BimL into WEHI-
231 cells overexpressing dnJNK1 resulted in a comparable level of apoptotic cells to 
control cells, which suggested that JNKs activation for anti-IgM-induced apoptosis 
is mediated by upregulation of BimL60. Bim can inhibit the anti-apoptotic function of 
BCL-2 by binding to its BH3 domain. Furthermore, a recent study61 demonstrated that 
IFN-alpha induces cell death through activation of JNK in human Daudi B lymphoma 
and U266 myeloma cells. Moreover, Daudi cells overexpressing the constitutively 
active or dominant-negative form of JNK were substantially susceptible or resistant to 
anti-IgM-induced apoptosis. 

In addition to its role in apoptosis, JNK signal transduction is also important for cell 
survival. Disruption of JNK1 in mice causes defective transformation and failure to 
survive of pre-B cells and the effect of JNK1 deficiency can be rescued by transgenic 
expression of BCL-258. Several human B lymphomas and cell lines were found to 
constitutively express high levels of the activated form of JNK. JNK-specific small 
interfering RNA (siRNA) inhibited the growth of B lymphomas by downregulating 
c-Myc and Egr-1, which are important for B-lymphoma survival and growth62. Taken 
together, these results indicate that JNK is a very important factor in B cell apoptosis 
as well as in cell survival.

P38:  Four isoforms of p38 MAP kinase (α/β/γ/δ) have been identified and can be 
activated by a variety of cellular stresses including osmotic shock, inflammatory 
cytokines, lipopolysaccharides (LPS), UV light and growth factors63 . MKK3, MKK6 
and SEK activate p38 MAP kinase by phosphorylation at Thr180 and Tyr182 64;65. p38 
MAPK is important for CD40-induced proliferation in B lymphocytes66. Cross-linking 
of CD40 rapidly stimulates p38 MAPK and inhibition of p38 MAPK activity in vivo 
with the specific cell-permeable inhibitor SB203580 strongly perturbed CD40-induced 
tonsillar B cell proliferation. In contrast, the same inhibition strongly potentiated anti-
IgM-mediated tonsillar B cell proliferation. Thus, p38 MAPK can have either a positive 
or a negative role in cell proliferation depending on the cell type and stimulus64;67-70. 
By investigating different kinds of B cell lymphoma cell lines, Ogasawara71 et al found 
that ERK and p38 MAPK were constitutively active in all lines whereas JNK kinase 
activity was not observed in any cell line, which suggests that ERK and p38 play a 
role in the oncogenesis of B cell malignancies independent of JNK. Recent studies 
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72;73 also revealed  that p38 kinases activity plays an important role in the biology of 
follicular lymphoma. Thus, inhibition of the p38 pathway could be explored in novel 
therapies for follicular lymphoma 74.

Based on the above notions, we can speculate that there are many double-edged 
functions (apoptosis and proliferation) of the three MAP kinases- ERK, JNKs and 
p38. Likely, the exact function of these kinases depends on the cell type and nature 
of the stimulus. Secondly, there is much cross-talk between JNK/SAPK and ERK/
MAPK pathways75. Furthermore, the function of JNK leading to apoptosis may result 
in the inhibition of the ERK/MAPK pathway. Thirdly, the complex and sometimes 
opposed functions of these kinases may also be due to the effect on two important 
downstream signaling pathways –nuclear and mitochondrial signaling pathways. 
This will be discussed in more detail below.

Nuclear signaling of MAPKs: 

 The active ERK dimer, JNKs and p38 can translocate to the nucleus where they 
phosphorylate a variety of transcription factors regulating gene expression. In B 
cells the transcription factors mainly include activator protein 1 (AP-1), early growth 
response 1 (EGR1) and ELK1 as well as cAMP response element-binding protein 
(CREB) (Figure 2).

AP-1: The JNKs and p38 are the dominant kinases that can phosphorylate AP-1 
in response to environmental stresses and inflammatory stimuli76;77. The AP-1 
transcription factor is mainly composed of Jun, Fos and CREB /ATF protein dimers78. 
Studies in genetically modified mice and cells have highlighted a crucial role for 
AP-1 in a variety of cellular events involved in normal development or neoplastic 
transformation causing cancer79;80. Phosphorylation of c-Jun or ATF2 within their trans-
activation domains lead to enhanced trans-activity. The JNKs can phosphorylate the 
c-Jun trans-activating domain at Ser63 and Ser7381. Mutation of Ser63/73 renders 
c-Jun non-responsive to mitogenic and stress-induced signaling pathways, which 
indicates that phosphorylation of these serines is essential for stimulation of c-Jun 
activity and for cooperation with H-ras in oncogenic transformation82;83. The p38 and 
JNKs can phosphorylate ATF2 at Thr69 and Ser71 in the trans-activation domain84;85. 
Hayakawa86 et al showed that JNK-dependent phosphorylation of ATF2 plays an 
important role in drug resistance.  JNK may be a rational target for sensitizing tumor 
cells to DNA-damaging chemotherapy agents.

ELK1 and ERG1: The transcription factor Elk-1 is a component of the ternary 
complex factor (TCF) that binds the serum response element (SRE) and mediates 
gene activity in response to serum and growth factors 87;88.  ERK1/2, as well as JNKs 
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can phosphorylate two critical residues in ELK-1 (Ser383, Ser389)89;90. This enhances 
the binding of TCFs to the SRF and thereby elevates trans-activation at the SRE, 
which  contributes to the c-fos induction91;92. EGR1 is an early growth response gene 
that displays fos-like induction kinetics following mitogenic stimulation. EGR1 was 
first identified as a putative G0/G1 switch regulatory gene in human blood lymphocyte 
cultures and named G0S3093. It links B-cell antigen receptor (BCR) signals to 
downstream activation events through the regulation of the lymphocyte homing and 
migration protein CD44 by binding at the bp -301 of the human CD44 promoter 94. 
Furthermore, ERK1/2 and JNKs also play an important role in BCR-induced down-
regulation of EGR1 protein expression in immature B lymphoma cells 95. 

CREB: CREB is a bZIP transcription factor that activates target genes through cAMP 
response elements. CREB is able to mediate signals from numerous physiological 
stimuli, resulting in regulation of a broad array of cellular responses. CREB is activated 
by phosphorylation at Ser133 by various signaling pathways including ERK, JNKs and 
p38 signaling96-100.  p38 can also phosphorylate CHOP/GADD153 (CREB homologous 
protein (CHOP) / growth arrest and DNA damage-153(GADD153)), which is a bZIP 
transcription factor of the CREB family101. ATFs, including ATF2, are also members of 
the CREB subfamily and AP-1 heterodimers containing ATF transcription factors can 
also bind to CREB77.

MAPK signaling in or on mitochondria: 

 Mitochondria have long been neglected as potential sites of signal transduction. 
The recognition over the past decade of this organelle as the master gate keeper of 
programmed cell death has caused cell biologists to be more open-minded regarding 
signaling and mitochondria. 

RAF-1/BAD: Over the past decade, several investigators reported that a fraction 
of the RAF kinases are recruited to the mitochondria102-105. Raf-1 can protect cells 
from apoptosis, independently of its signals to MEK and ERK, by translocating to 
the mitochondria where it binds BCL-2 and displaces BAD, which is a pro-apoptotic 
member of the BCL-2 family. On the other hand, the mitochondrial localized RAF-1 
can control apoptosis independent of BCL-2, which may account for its interaction 
with VDAC and inhibition of cytochrome c release from mitochondria106;107. A recent 
study revealed that certain cannabinoids, including Delta9-tetrahydrocannabinol 
(THC), induce apoptosis in leukemic cells by down-regulation of  the RAF-1/ERK/
RSK pathway leading to translocation of BAD to mitochondria108.

JNK/p38/BAX: Bax is a key component for cellular induced apoptosis through 
mitochondrial stress109 . Recent studies110;111 revealed that  BAX can be phosphorylated 
at Thr(167) by JNK and p38 kinase, and can also be activated  and translocated 
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to the mitochondria  after treatment with staurosporine. Through interactions with 
pore proteins on the mitochondrial membrane, BAX increases the membrane’s 
permeability, which leads to the release of cytochrome c from mitochondria, activation 
of caspase-9 and initiation of the caspase activation pathway for apoptosis 112-114.  It 
has also been  reported 115 that local activation of JNK in the mitochondria can protect 
against necrotic cell death associated with ROS production, facilitating the growth of 
neural tumor cells subjected to serum deprivation.

In summary, it is now clear that the plasma membrane does not represent the only 
platform for MAPK signaling. MAPKs also play an important role in the regulation 
of translation and transcription by its nuclear location after cytosolic activation. 
Furthermore, signaling on internal membranes was found in mitochondria, which are 
organelles that play a central role in apoptosis. Thus, the MAPK pathway represents 
a clear example of compartmentalized signaling.

More studies about the MAPK signaling on endomembranes will help us to understand 
the physiologic significance of compartment-specific signaling. Elucidation of the 
spatial complexity of signaling networks in a physiologic context should be one of 
the next frontiers in signal transduction research116.

CLL1.3   

CLL is characterized by the accumulation of almost non-proliferating mature 
lymphocytes in blood, bone marrow, lymph nodes, and spleen. It is the most common 
leukemia in the western world, but is rare in Asian and Japan117. The disease mainly 
occurs in elderly persons, with a male to female ratio of 2:1. Until now the cause of 
CLL is unknown, it seems to neither to be associated with chemicals nor irradiation. 
Patients with familiar occurrence has been noted118. 

 Morphology, Immunophenotype and Chromosomal abnormalities1.3.1   

CLL cells can be divided into two subtypes based on morphology: typical and 
atypical. Typical morphology is found in a majority of cases, which is defined as 
small mature-appearing lymphocytes with a large nuclear to cytoplasmic ratio, 
condensed chromatin with rare nucleoli and with less than 10% atypical cells.  
Approximately 15% of patients show atypical morphology reflected by an increased 
(>10%) number of circulating prolymphocytes or an increased (>15%) number of 
circulating lymphoplasmacytic and cleaved cells, designated ‘atypical’ CLL119;120. 
The percentage of atypical cells e.g. prolymphocytes and/or paraimmunoblasts is 
especially important because it predicts prolymphocytic transformation 121.

CLL cells have an immunophenotype that resembles antigen-experienced memory 
B cells122. The typical CLL phenotype is CD5+, CD23+, weak expression of surface 
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Ig (sIg) and weak or absent expression of membrane CD20, CD22 and CD79b. 
Furthermore, CLL cells uniformly expressed CD27, which is a memory B cell 
marker.  Because no single marker is specific for CLL, a composite phenotype 
considering this set of 5 or 6 markers compounded into a scoring system helps to 
distinguish CLL from the other B-cell malignancies. 

Chromosome abnormalities are detectable in 80% of CLL cases123;124. The most 
frequently observed abnormalities are deletions in band 13q14, followed by 
deletions in 11q22-q23, 17p13 and 6q21. The most common gains of chromosomal 
material are trisomies 12, 8 and 3. Until now a single abnormality that may be 
considered as the primary oncogenic event in B-CLL has not been identified.

Prognostic markers1.3.2   

From a prognostic point of view, CLL represents a heterogeneous disorder. 
Indolent versus aggressive forms of the disease can be discriminated by clinical 
and  laboratory parameters 119;125;126.

Clinical staging is very important for assessing the prognosis of CLL127. Patients 
with Binet stage A have a median survival of more than 10 years, those with 
intermediate-risk Binet stage B have a median survival of about 7 years, and those 
patients with high-risk disease Binet stage C have a median survival of about only 
2 years (Table 1).

      Table 1 Clinical stage and prognosis:

stage Binet Classification for CLL median 
survival 
(years)

A < 3 involved areas, Hb > 10g%, Plt > 100G/L >10

B > 3 involved areas, Hb > 10g%, Plt > 100G/L 7

C any number of involved areas, Hb < 10g%,

Plt < 100G/L

2

However, there is heterogeneity in the course of the disease and the clinical system 
can not predict if there will be disease progression within the early-stage of the 
patient. Recent studies have focused in particular on identifying new molecular 
markers to help predict the most effective and adapted treatments128. 

VH mutation and ZAP-70 expression status are presently common used prognosis 
markers for CLL. In 1999, two reports129;130 showed that CLL cases with unmutated 
IgH genes, i.e. homology of ≥98% with germ line sequences, are associated with a 
more aggressive form. Due to the difficulties in VH sequencing, many studies are 
focused on identifying “surrogate” markers.  Later on, two reports 131;132 showed that 
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CLL cases with unmutated IgH genes have a distinct gene expression profile and are 
frequently ZAP-70 positive, i.e.  ≥20% of the circulating B-CLL cells are ZAP-70+ by 
flow-cytometric analysis. By immunohistochemical analysis in CLL paraffin tissues, 
ZAP-70 expression status also correlate with immunoglobulin heavy-chain variable 
region gene mutational status and prognosis 133-135. In B-CLL cases analyzed by 
flow cytometry discordance of ZAP-70 and IgH mutation status has been reported 
in 9%-20% 131;136;137. In CLL cases analyzed by immunohistochemistry about 10% of 
the cases showed inconsistent results133-135. It is known that B-CLL cases with both 
mutated and unmutated VH3-21 germline sequences are usually ZAP-70 positive 
and are characterized by a bad prognosis independent of geographic origin and 
mutation status 138-141. Therefore, ZAP-70 may be a stronger predictor than VH 
mutation status136.

CD38 is another important prognostic marker for CLL142. In 1999, Damle129 et al 
correlated the CD38 expression level with the VH gene mutation status. Later 
on, Hamblin143 et al reported that the CD38 expression level can change during 
the course of the disease and suggested that additional studies are required for 
comparing CD38 expression with other prognostic factors. More and more studies 
showed that CD38 should be combined with Ig V mutation, ZAP-70 expression and 
other prognostic markers to predict disease progression144-149. CD38 can be induced 
by IL-2 or CD40L and IL-4 stimulation, which resulted in prolonged cell survival and 
induced the appearance of plasmablasts in CLL patients150;151. CD38 expression in 
tissues is higher in proliferation centers and associated with an increased number 
of CD31 (+) vascular endothelial cells, which also provide an explanation for the 
association between CD38 expression and adverse outcome in CLL and suggests 
that its expression can be regulated by the microenvironment of the tumor152 .

Genomic aberrations are also important prognosis markers in CLL128. Interestingly, 
it seems that the presence of certain genomic aberrations is correlated with the VH 
mutation status. The unfavorable aberrations (deletion of 11q,17p) mostly happen 
in the VH unmutated group; the favorable aberration (deletion of 13q) is more 
frequently found in the VH mutated group147. On the other hand, some cases in the 
VH unmutated group did not show the unfavorable aberrations. VH mutation status, 
17p deletion, 11q deletion, age, WBC, and LDH were identified as independent 
prognostic factors by multivariate analysis147.

Recent studies showed that microRNAs are new players with clinical significance 
in CLL153. Several studies154-157  showed that miRNA expression is deregulated in 
B-CLL and that this may have clinical (prognostic) significance. Calin 154;155 et al 
reported miRNA profiles in B-CLL using microarrays and found altered expression 
in comparison to normal CD5+ B-cells, a putative counterpart of  CLL. Later on, 
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two reports 156;157 also demonstrated that miR-155  and miR-150 are differentially 
expressed between patients with different clinical outcomes  by a  miRNA cloning and 
sequence approach. There are some discrepancies between these studies, which 
might be explained by the different methods of detecting miRNA expression (chapter 
6).  

Protein kinase signaling in CLL1.3.3   

The (de)regulation of BCR signaling pathway has been studied extensively. In 1995, 
Lankester 158et al reported that a subgroup of B-CLLs  show absence of mitogenic 
responses upon BCR cross-linking, with a diminished induction of BCR-associated 
protein tyrosine kinase activity and lower levels of Syk expression. In 2002, Chen159 
et al revealed that increased BCR signaling is associated with ZAP-70 expression. 
However, Deglesne160 et al reported that the survival response to B-cell receptor 
ligation is restricted to progressive chronic lymphocytic leukemia cells, irrespective 
of ZAP70 expression. As for the tyrosine kinase function of ZAP-70 in CLL, two 
groups161;162 found that there is absent or inefficient kinase activity of ZAP-70 in CLL, 
which suggested that ZAP-70 most likely acts as an adapter protein that facilitates 
B-cell receptor (BCR) signaling in CLL cells. Interestingly, Syk, ERK, and Akt  kinase 
activities are usually higher in the ZAP-70+ group161;162. Furthermore, ERK and Akt 
are important downstream signaling molecules of Syk, so the kinase function of Syk 
in CLL needs to be further studied.

With respect to CD40 signaling in CLL cells, there are some contradictory reports. 
Whereas the expression of CD40 on CLL cells was found to be similar to that of 
normal B cells, a defective CD40 signaling pathway in CLL might account for  the 
reported CD40 ligand deficiency 163. Activation of CD40 on CLL cells using soluble 
anti-CD40 mAb did not influence survival or apoptosis, which is different from the 
effect on normal B cells164. However, Romano165 et al reported that CD40 triggering 
in vivo by the anti-CD40 monoclonal antibody (MoAb) G28-5 could counteract the 
apoptotic effect of fludarabine on CLL cells by activating NF-kappaB/Rel. Later on, an 
in vitro study166 showed that  stimulation by CD40-CD40L resulted in increased viability 
and cell cycle progression of CLL cells, as did stimulation with IL-4.  Furthermore, 
Grdisa 166et al also revealed that CD40L and /or IL-4 stimulation can not prevent 
Fludarabine-induced apoptosis. In addition, different antibodies against CD40 may 
have the different effects and the CD40 signaling pathway functions in CLL need to 
be further studied.

Mantle cell lymphoma1.4   

Mantle cell lymphoma (MCL) is a relatively rare type of non-Hodgkin lymphoma 
(NHL), comprising about 6% of all cases. The ratio of males to females is about 4:1. At 
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diagnosis, the typical patient is in its 60s and has advanced disease. MCL is a subtype 
of CD5 positive small B cell lymphoma, originating from naive pre-germinal center B 
cells. MCL was first described as “centrocytic lymphoma” in the Kiel classification, but 
renamed mantle cell lymphoma in the REAL classification (1994). This was prolonged 
in the 2001 WHO classification167. MCL cells generally over-express cyclin D1 due to 
the t(11:14) chromosomal translocation. Except for allogeneic stem cell transplantation, 
until now there is no suitable treatment method and intensive treatment strategies do 
not provide superior outcomes in mantle cell lymphoma168.

Morphology, Immunophenotype and Chromosomal abnormalities1.4.1   

MCL cells can be divided into two subtypes based on morphology: typical and 
blastoid. Typical morphology is found in more than 80% of the cases, and is defined 
by the presence of small to intermediate sized cells with irregular nuclei. Blastoid 
variants can be split up in cases that resemble lymphoblastic lymphoma wich have 
intermediate nuclei, relatively course chromatin and numerous mitotic figures, and 
a (pleomorphic) variant with larger nuclei that contain prominent nucleoli, more 
reminiscent of diffuse large B cell lymphoma. Yin 169 et al identified five patients with 
typical MCL who subsequently developed the blastoid variant. By sequence analysis 
of the VDJ regions of the rearranged IgH allele, they proved clonal identity in each 
set of paired samples, which supports the concept that blastoid MCL can represent 
histologic transformation.

The typical MCL phenotype is CD20, CD79a strong+, sIgM strong+, CD5+, CD23- (or 
weakly positive), and most importantly Cyclin D1+. Occasional cases are cyclin D1 
negative and do not have the chromosomal translocation t(11;14). These extremely rare 
Cyclin D1-negative mantle cell lymphomas exhibited the characteristic morphologic 
features and had overexpression of cyclin D2 or D3170;171. A recent study showed 172 
specific overexpression of Sox11 mRNA and nuclear protein in both cyclin D1-positive 
and - negative MCL compared with other lymphomas and benign lymphoid tissue, so 
Sox 11 may be useful for the diagnosis of MCL as a complement to cyclin D1.

The most frequently observed genomic abnormality is the t(11;14) translocation, 
which due to juxtaposition to the IgH enhancer, leads to Cyclin D1 overexpression. In 
addition to t(11;14), secondary chromosome changes are very common  in mantle cell 
lymphoma, and are even more frequent in blastoid variants 173;174. In fact, cytogenetic 
studies revealed that MCL is one of the malignant lymphoid neoplasms with the highest 
level of genomic instability175;176. In addition to chromosomal imbalances, tetraploid 
clones are common in pleomorphic and blastoid variants, perhaps because of the 
sequestration of p27Kip1 protein by cyclin D1177-179. As reported above, the rare cyclin 
D1-negative mantle cell lymphoma exhibit the unique gene expression signature of 
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MCL but lack t (11; 14) (q13; q32). Upregulation of cyclin D2 or D3 by chromosomal 
translocation may substitute for cyclin D1 in the pathogenesis of MCL 170;171;180.

Prognostic markers in MCL1.4.2   

The International Prognostic Index (IPI) is the most commonly used prognostic model 
for mantle cell lymphoma (MCL). However, its prognostic value is limited due to the 
fact that most patients are relatively old and present with an advanced stage. Recently, 
Hoster181 et al reported a new prognostic index (MCL international prognostic index, 
MIPI) of overall survival (OS) by using data of 455 advanced stage MCL patients 
treated in 3 clinical trials. According to the MIPI, patients were classified into low risk 
(44% of patients, median OS not reached), intermediate risk (35%, 51 months), and 
high risk groups (21%, 29 months), based on the 4 independent prognostic factors: 
age, performance status, lactate dehydrogenase (LDH), and leukocyte count. The 
MIPI is the first prognostic index particularly suited for MCL patients and may serve 
as an important tool to facilitate risk-adapted treatment decisions in patients with 
advanced stage MCL. 

Considering MCL cell morphology, blastoid variants (BV) are more aggressive in 
nature and usually have a bad prognosis. Parrens 182 et al showed that BV-MCL 
cases were characterized by a combined high percentage of cells expressing cyclin 
D1 and/or CDK4 with a proliferation (MIB-1-Ki67) index above 50%. However, the 
reproducibility of this morphologic distinction is poor. Ki-67 has the central role in 
the prognosis and is superior to all other histomorphological and clinical criteria 183. 
Katzenberger 184 et al reported median survival times of about one year for patients 
with 61-90% Ki-67 and nearly 4 years for 5-20% Ki-67 index. Determann 185et al  
showed that different Ki-67 indexes of less than 10%, 10% to less than 30%, and 
30% or more were associated with a significantly different overall survival in patients 
treated with CHOP (P = .001) as well as in patients treated with CHOP in combination 
with anti-CD20 therapy (R-CHOP, P = .013) in 249 advanced-stage MCL patients 
treated in randomized trials. Minichromosome maintenance protein 6, a proliferation 
marker superior to Ki-67, is an independent predictor of survival in patients with 
mantle cell lymphoma186. 

Although originated from the pre-germinal center B cells, 15–40% of MCLs may carry 
some degree of somatic hypermutations. In some studies, VH mutated MCL tended to 
have a  favourable clinical outcome187;188. Huiet al 189;190 reported that high expression 
of ZAP-70 or high expression of CDC2 correlates with worse clinical outcome. Recent 
studies showed that cytogenetic abnormalities additional to t(11;14) also correlate 
with clinical features in leukaemic presentation of mantle cell lymphoma, and may 
influence prognosis191;192. A recent report 193 revealed that there was a significant 
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association between lower expression levels of RAF-1 and a prolonged progression 
free survival (PFS), which suggests that RAF-1 can also be a prognostic marker.

Protein kinase signaling in MCL1.4.3   

With respect to deregulation of cell signaling in MCL, the cell cycle and DNA damage 
pathways have been studied most194. Several in vitro studies have consistently 
provided evidence for the idea that CD40-CD40L signaling plays an important role in 
enhancing cell cycle progression and malignant progression of MCL cells. Andersen 
195et al reported that  there is a significant time- and dose-dependent induction of DNA 
synthesis when  mantle cell lymphoma (MCL) cells were cultured in the presence of 
recombinant human CD40L trimer (huCD40LT). Castillo 196et al found that CD40L 
and/or IL-4 stimulation  of  MCL cells can  result in the improvement of cell viability, 
upregulation of Ki-67, and induction of the proliferating cell nuclear antigen (PCNA). 

Syk, a tyrosine kinase involved in B-cell receptor signaling, was overexpressed at 
protein levels in a small subset of mantle cell lymphoma samples197. The Jeko-1 MCL 
cell line that is overexpressing Syk, is more sensitive to the Syk inhibitor piceatannol 
than MCL cell lines with low expressing levels of Syk, which suggests that Syk 
inhibition can be explored as a new therapeutic strategy.

Based on the notion that overexpression  of RAF-1 at mRNA level is associated 
with a shorter progression free survival of MCL patients193, it would be interesting to 
know whether there is any deregulation of the kinase activity of Raf-1 in MCL. In that 
case, Sorafenib, an oral multi-kinase inhibitor that targets RAF-1 kinase would be an 
interesting compound for treatment of mantle cell lymphoma. 

                                                                        

 Figure 1-3 designed by Lydia Visser
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