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11INTRODUCTION

CLL: CLINICAL AND PATHOLOGICAL FEATURES

Chronic lymphocytic leukemia (CLL) is a lymphoproliferative disorder characterized 
by monoclonal small, mature CD5+/CD19+ B cells which continue to accumulate in the 
peripheral blood (PB), bone marrow (BM) and lymphoid organs1. There is a remarkable 
clinical variability in patients with CLL2. Following diagnosis, some patients have 
asymptomatic disease that may not progress for many years. Others are diagnosed 
with advanced-stage disease, or have early-stage disease that progresses rapidly 
and requires treatment. Clinical symptoms include peripheral blood lymhocytosis, 
lymphadenopathy and hepatosplenomegaly. When the disease progresses many 
patients develop hypogammaglobulinemia and neutropenia, resulting in an increased 
susceptibility to bacterial infections. Furthermore, up to 25% of the patients develop 
autoimmune cytopenias, mostly autoimmune hemolytic anemia and/or autoimmune 
thrombocytopenia. The clinical variability is associated with the following molecular 
markers: cytogenetic abnormalities3, immunoglobulin VH gene mutational status4;5, 
ZAP-70 expression6;7 and CD38 expression8. How these factors infl uence the biology 
of CLL is still subject of intensive research. Immunoglobulin gene mutational status 
and ZAP-70 expression are associated with the capacity of CLL cells to respond 
to signals delivered through the B-cell receptor (BCR)9. Loss of 17p10 or 11q11 may 
cause dysfunction of p53 DNA damage pathways12.
Classically, CLL cells were thought to derive from naive B lymphocytes and to behave 
as inert cells that passively accumulate13. However, mRNA studies showed that at the 
level of gene expression both IgVH mutated and unmutated CLL cells are most similar 
to memory B cells14;15. Moreover, stable isotope labeling studies with deuterated water 
(D2O) have shown that CLL cells divide at a considerable rate, suggesting a more 
dynamic disease than previously appreciated16. Survival and proliferation of the CLL 
cells are infl uenced by interactions with non-leukemic cells in the microenvironment 
of lymph nodes (LN), bone marrow and spleen1;17;18. Still, deregulated apoptosis 
is considered to be a key factor and a major barrier to effective treatment of CLL. 
Understanding apoptosis pathways and the impact of the microenvironment on 
these pathways is therefore clinically relevant, because it may open new avenues to 
effective treatment of CLL. 
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12 THERAPY IN CLL

Extensive discussion of the treatment of CLL is beyond the scope of this thesis. 
Detailed reviews have recently been published19;20. Past and current therapeutic 
approaches to CLL will be summarized here.

About twenty years ago, treatment consisted of alkylating agents, usually chlorambucil. 
Remission rates were variable (50 – 70%). However, complete remission was rarely 
obtained21. Combination treatment, such as CVP (cyclophosphamide, vincristine 
and prednisone) and CHOP (cyclophosphamide, doxorubicine, vincristine and 
prednisone), did not improve overall survival22. The introduction of the purine analog 
fl udarabine has brought new impulse to the research of CLL treatments. Clinical trials 
showed fl udarabine to induce higher complete remission rates and longer progression 
free survival. Again, no survival advantage was achieved21. Until recently, the goal of 
therapy has been palliation with minimal toxicity. Introduction of new therapies and 
novel combinatorial approaches have initiated a paradigm shift and made potential 
cure the goal of therapy. Three randomized trials, comparing FC (fl udarabine + 
cyclophosphamide) with fl udarabine alone, have been published, all showing higher 
response rates with prolongation of progression-free survival in the FC arm23-25. 
Nevertheless, thus far no overall survival benefi t was obtained. Studies with the 
most potent combination FC + Rituximab (anti-CD20 chimeric monoclonal antibody) 
showed high overall and complete remission rate and prolonged progression-free 
survival, in both previously untreated26 and relapsed27 CLL patients. Alemtuzumab 
(anti-CD52 humanized antibody) has been shown to be effective also in the treatment 
of p53 dysfunctional CLL patients28. Finally, Reduced Intensity allogeneic Stem cell 
Transplantation (RIST) or ‘mini transplants’ have broadened the use of allogeneic stem 
cell transplants in CLL patients. By this approach a long-term relapse-free survival 
has been achieved 29, but the associated morbidity remains a serious obstacle for 
wide application30;31. Thus, despite recent progress there remains a strong need for 
novel effective and less toxic treatment options.

APOPTOSIS

Programmed cell death or apoptosis, is essential for tissue homeostasis, and disturbed 
regulation of this process underlies many diseases, including cancer. Activation of 
apoptosis is important for the removal of infected, transformed or damaged cells. 
Apoptotic cells are defi ned according to morphological characteristics such as cellular 
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13shrinkage, nuclear condensation, membrane blebbing and eventually fragmentation 
into membrane bound apoptotic bodies32. During apoptosis, asymmetry of the cell 
membrane results in exposure of phosphatidylserine (PS) on the cell surface. PS 
functions as an ‘eat me’ signal on apoptotic cells which results in direct recognition, 
engulfment and degradation by phagocytes33. 

Caspases
Apoptosis involves a family of aspartate-specifi c cysteine proteases, called caspases34. 
Caspases are synthesized as precursors (pro-caspases), and are converted into 
mature enzymes upon apoptosis signals. Caspases can be divided into three groups 
based on their structure and role in apoptosis. First, initiator caspases, consisting of 
caspase-2, -8, -9 and -10 that cleave inactive pro-forms of effector caspases, leading 
to activation. Second, effector caspases, consisting of caspase-3, -6 and -7, which in 
turn cleave other protein substrates within the cell resulting in the apoptotic process35. 
Finally, a third group of caspases is described, caspase-1, -4 and -5, which are not 
directly involved in apoptosis execution, but play important roles in infl ammatory 
cytokine activation and release36.

Pathways of apoptosis induction
Two major apoptotic signaling pathways are recognized in mammals: the extrinsic 
or death receptor mediated pathway and the intrinsic or mitochondrial pathway. Key 
players in the apoptosis signaling pathway are outlined in Figure 1. 

The extrinsic pathway is activated upon ligand binding to the tumor necrosis receptor 
(TNF-R) family members such as Fas (CD95/APO-1), TNF-R and TRAIL-R. This 
results in receptor trimerization and recruitment of intracellular adaptor proteins, 
TRADD or FADD, leading to the assembly of the death-inducing signaling complex 
(DISC)37;38, and subsequent recruitment and assembly of initiator caspase-8. Caspase- 
10 can also be recruited to the DISC in a similar manner, but it cannot functionally 
substitute for caspase-839;40. Subsequently, activated caspase-8 is released into the 
cytosol where it can activate effector caspases. In addition, caspase-8 can process 
the BH3-only Bcl-2 family member Bid to the truncated form tBid41. Subsequently, 
tBid can translocate to the mitochondria to exert its pro-apoptotic activity41;42.

The intrinsic pathway is initiated in response to cellular signals resulting from DNA 
damage, cell cycle defects, growth factor withdrawal, hypoxia, or other types of severe 
cell stress and is tightly regulated by Bcl-2 family of proteins. Progression through the 
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14 pathway leads to mitochondrial outer membrane permeabilization (MOMP), resulting 
in cytochrome c release and assembly of the apoptosome complex. The apoptosome 
is a multimeric holoenzyme consisting of apoptotic protease-activating factor 1 (Apaf1), 
pro-caspase-9 and dATP43. Other apoptosis promoting factors are also released 
from the mitochondria, including Smac/DIABLO, Omi/HtrA2, endonuclease G and 
apoptosis inducing factor (AIF). Smac/DIABLO and Omi/HtrA2 promote caspase 
activation by interacting with inhibitors of apoptosis (IAP) family44;45. Endonuclease G 
and AIF translocate to the nucleus and induce DNA degradation46;47.

Figure 1. See color fi gures. The two main pathways leading to apoptosis. The extrinsic pathway is 
triggered by ligation of cell surface receptors, such as Fas, resulting in activation of caspase-8. The 
intrinsic pathway is activated by cytotoxic stimuli, such as DNA damage, which leads to the release of 
apoptosis promoting factors from the mitochondria. In the cytosol, cytochrome c results in the activation 
of caspase-9. This pathway is regulated by the Bcl-2 family of proteins. Activated caspase-8 and -9 in 
turn activate effector caspase-3, -6 and -7. Cross-talk between the pathways occurs through Bid, which is 
cleaved by caspase-8 and then can activate the intrinsic pathway. 
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15Apoptosis regulators

Bcl-2 family
The Bcl-2 (B cell lymphoma 2) family in mammals consists of pro- and anti-apoptotic 
proteins. An overview of the Bcl-2 family protein members is presented in Table 
1. They all share at least one conserved Bcl-2 homology (BH) domain and are 
considered to act mainly on the mitochondria48. Based on structural and functional 
features, they can be divided into three subfamilies: the anti-apoptotic subfamily 
comprising of Bfl -1, Bcl-2, Bcl-W, Bcl-xL and Mcl-1 (Myeloid-cell leukemia sequence 
1) and two other subfamilies which promote cell death: the Bax-like death family 
and BH3-only family (in Table 1 also several ‘BH3-only contenders’ are mentioned). 
Members of the Bax-like death family include Bax (Bcl-2-associated X protein), Bak 
(Bcl-2-antagonist/killer) and Bok (Bcl-2-related ovarian killer), which contain three 
BH domains. The BH3-only protein family includes at least 8 members including Bad 
(Bcl-2-antagonist of cell death), Bik (Bcl-2-interacting killer), Bid (Bcl-2 interacting 
domain), Hrk (Harakiri, also known as DP5), Bim (Bcl-2-interacting mediator of 
cell death), Noxa, Puma (p53-upregulated modulator of apoptosis) and Bmf (Bcl-
2-modifying factor). They all have only a short BH3 motif. Biochemical studies 
demonstrated that BH3-only proteins interact selectively and with varying affi nities 
with anti-apoptotic counterparts. Whereas Bim and tBid bind avidly to all the pro-
survival proteins, the other BH3-only proteins associate only with selected subsets. 
For example Noxa binds to Mcl-1 and Bfl -1, while Bad binds to Bcl-2, Bcl-XL and 
Bcl-W49. For Noxa, however, others reported that Mcl-1 is the only binding partner50. 
Promiscuous binders, like Bim, are much more potent killers than those that cannot 
engage all the pro-survival proteins49. This indicates that the multiple anti-apoptotic 
proteins all have a different function. 
It is the complex interplay between the three Bcl-2 subfamilies that determines the 
commitment of MOMP and subsequent apoptosis51. However, the detailed molecular 
mechanism remains controversial. The BH3-only proteins act upstream of Bax and 
Bak, because they cannot induce apoptosis in cells lacking both Bax and Bak52. How 
they induce activation of Bax and Bak is addressed by two distinct models. The direct 
activation model proposes that the BH3-only proteins termed ‘activators’ (Bid, Bim 
and perhaps Puma) are capable of binding to and enabling the conformational change 
and pore formation of Bax/Bak50;53-57. Other BH3-only proteins, termed ‘sensitizers’ 
(e.g. Noxa and Bad), can displace the activators from anti-apoptotic proteins. In 
this model, which suggests the existence of a functional hierarchy within the BH3-
only subfamily, survival is the default. The indirect activation model (also referred as 
displacement model), on the other hand, suggests that all BH3-only proteins bind to 
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16 their specifi c anti-apoptotic relatives, which are inactivated, thus indirectly enabling 
the Bax/Bak lethal function. Based on this model, in which death is the default, Bim, 
Bid and Puma are the most potent apoptosis inducers simply because they are the 
only ones able to engage all pro-survival proteins49;54;58;59. A strong argument for this 
scenario was made using murine cells without Bim and Bid, and containing reduced 
Puma. These cells were still capable of undergoing apoptosis55, something which is 
hard to reconcile with the direct activation model. 
So far most of this work has been done in artifi cial systems in vitro using isolated 
mitochondria56, gene ablated murine cells, and transfected or virally transduced cell 
lines49. These approaches leave open the important matter: how these proteins and 
pathways function in human healthy tissues and primary cancer cells.  

The Bcl-2 family is subdivided in three main categories: Anti-apoptotic Bcl-2-like proteins (A), pro-apoptotic 
Bax-like proteins (B) and BH3-only proteins (C). Members for which solid evidence has been obtained are 
reviewed in detail elsewhere58;60. In addition, other ‘candidates’, containing at least a conserved BH3-only 
or BH3-like domain have been described and are presented in (D). (Adapted from Alves61) 

Prosurvival Pro-apoptotic BH3-like 
contenders

(A) Bcl-2-like (B) Bax-like (C) BH3-only (D)
Bfl -1 Bak Bad Bcl-G(S)
Bcl-2 Bax Bik BRCC2
Bcl-W Bok Bid MAP-1
Bcl-XL Hrk Mule
Mcl1 Bim NIP3

Noxa Nix
Puma Spike
Bmf

IAPs
The human IAP family has been implicated in cell division, cell cycle progression, 
signal transduction62 and consists of at least 8 members, and includes XIAP, cIAP1, 
cIAP2, NIAP, and survivin. Overexpression of several IAPs has been detected in 
various cancers63. Of all IAPs, XIAP is most probably the only actual inhibitor of 
caspases64. IAP1 and -2 associate with TNF-receptor family members and recent 
data have demonstrated that their presence in fact blocks NF-κB signaling. When 
unleashed, this pathway leads to TNF production which can kill cancer cells in an 
autocrine fashion65. Survivin has been implicated in both apoptosis and cell division, but 
compelling evidence now points to a specifi c role in chromosome segregation66;67. 

Table 1. Overview of Bcl-2 family members and relatives
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17FLIP
c-FLIP (c-FLICE-inhibitory protein) is a family of alternatively spliced protein variants, 
and primarily exists as long (c-FLIPL) and short (c-FLIPS) isoforms in human cells. 
c-FLIPL is homologous to caspase-8 but cannot become actived. Both FLIP variants 
can be recruited to the DISC, where they can block pro-caspase-8 activation and 
protect cells from death receptor mediated apoptosis68. 

APOPTOSIS DEREGULATION IN CLL

Apoptosis regulatory proteins
In CLL several mechanisms contribute to resistance towards apoptosis. First, 
Bcl-2 is expressed 1.7 – 25-fold higher in CLL than in normal lymphocytes, and 
CLL cells isolated from patients refractory to standard chemotherapy show an 
increased Bcl-2/Bax ratio69;70. The high expression of Bcl-2 has been postulated to 
be related to deletions of two Bcl-2 suppressing miRNAs, miR-15a and miR-16-1, 
located in a cluster at 13q14.3, which is deleted in ∼65% of the CLL patients71;72. 
Furthermore, a polymorphism in the promoter region of the BCL-2 gene (-938C>A) 
was reportedly associated with inferior clinical course and with increased expression 
of Bcl-273. However, these initial fi ndings could not be corroborated in two follow-up 
studies74;75. Secondly, high Mcl-1 levels were found to be associated with a failure to 
achieve complete remission following chemotherapy in CLL76. Furthermore, Mcl-1 
downregulation correlated with in vitro apoptosis induced by various therapeutics 
in CLL77-79. Signifi cant Mcl-1 upregulation and subsequent protection against 
spontaneous apoptosis was induced upon in vitro co-culture of CLL cells with CD40 
ligand (CD154) expressed on fi broblasts80 and with follicular dendritic cells (FDC)81. 
Thirdly, a nucleotide polymorphism, -248G>A, in the 5’ promoter region of Bax 
was found in CLL, causing a reduced protein expression82. However, the outcome 
of the disease did not seem to be infl uenced by this polymorphism, and, thus the 
clinical impact was uncertain83. Finally, IAPs such as XIAP, cIAP1 and cIAP2 may 
also be overexpressed in CLL84. XIAP inhibitors, which can potentially de-repress 
caspase activity in malignant cells, are currently viewed as promising novel treatment 
options85. 

Death receptors
CLL cells express barely detectable levels of Fas on their surface, although transcripts 
for both Fas and FasL (CD178) are commonly detected. Several stimuli have been 
shown to up-regulate Fas expression, e.g. IFN and CD40-ligation, although CLL cells 
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18 remain resistant to Fas-mediated apoptosis86. However, CLL cells become sensitive to 
Fas-mediated apoptosis upon prolonged stimulation with CD40 ligand, concomitantly 
with FLIP down-regulation and up-regulation of FADD87.
Death-inducing receptors for TNF-related apoptosis-inducing ligand (TRAIL), TRAIL-
R1, TRAIL-R2, TRAIL-R3 and TRAIL-R4 are expressed on primary CLL cells at 
a low level. Nevertheless, CLL cells are resistant to TRAIL-induced apoptosis. In 
correlation with low TRAIL receptor surface expression, DISC formation is hampered 
and further caspase-8 activation is prevented88. Sensitivity to TRAIL was induced 
when CLL cells were pretreated with nontoxic concentrations of histone deacetylase 
(HDAC) inhibitors89. Furthermore, CD40 ligation induces expression of the pro-
apoptotic BH3-only protein Bid and TRAIL-R5. Death receptors CD95 and TRAIL-
R5 can act synergistically to induce caspase-dependent apoptosis of CLL cells and 
Bid can facilitate cross-talk between mitochondrial-dependent and death receptor 
inducing pathways90.

p53
p53  plays a protective role in normal somatic tissues by preventing division of damaged 
cells91;92. The locus of the p53 gene is 17p13.1. The p53 protein acts in many cellular 
processes, including cell-cycle checkpoints, DNA repair, senescence, apoptosis and 
the surveillance of genomic integrity93;94. Stress stimuli such as DNA-damaging drugs 
rapidly induce a transient increase in p53 protein95. Wild type (wt) p53 inhibits cancer 
development by inducing transcription of a number of target genes involved in cell 
cycle arrest and apoptosis. A p53-inducible gene involved in cell cycle arrest is p21 
(also Cyclin-dependent kinase inhibitor 1A, CDKN1A). On the other hand, p53 can 
trigger apoptosis via Bax96, Puma-97;98 and Noxa-99 gene transcription. 
Deletions of p53 occur in about 10-15% of the CLL cases10;100. However, p53 
dysfunction can also occur via alternative mechanisms, such as the inactivation of 
ataxia telangiectasia mutated (ATM) gene12. ATM, encoded at chromosome 11q22.3, 
is a kinase controlling p53 activation in response to DNA double-strand breaks. 
Dysfunction of p53 by inactivation of ATM accounts for an additional abnormality in 
15-20% of the patients101;102. In general, defects in p53 function occur in approximately 
20% of CLL patients101. However, the frequency of p53 dysfunction increases to 
nearly 50% as the disease progresses following initial therapy103;104. CLL patients with 
p53 dysfunction do not respond to conventional therapy and tend to have a rapidly 
progressive disease3. 
Many therapeutic strategies require an active p53. Consequently, loss of p53 function 
results in a selective resistance to DNA-damaging therapies, including alkylating 
agents and fl udarabine103. Therefore, an important area of research is devoted to 
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19the identifi cation of new treatment strategies that function independently of the p53 
pathway.

ROLE OF THE MICROENVIRONMENT IN CLL

Although CLL cells show characteristics consistent with a defect in programmed 
cell death and exhibit prolonged survival in vivo, during in vitro culture CLL cells 
isolated from peripheral blood can rapidly undergo spontaneous apoptosis105;106. 
This dichotomy highlights the relevance of an in vivo microenvironment capable of 
delivering survival signals. Survival-supporting factors might rescue leukemia cells 
from cytotoxic therapy107;18 and this may be the basis for subsequent relapse.
The CLL proliferating compartment is represented by focal aggregates of proliferating 
lymphocytes that give rise to the so-called pseudofollicles or proliferation centers. In 
the LN of CLL patients, the pseudo-follicles represent the histological hallmark, as 
well as in the white pulp of the spleen and in the BM. Immunohistochemistry studies 
have shown that pseudofollicles are clusters of CD5+ Ki67+ B cells surrounded by 
new vessels108;109. In the LN and BM there are CD3+ T cells, most of them belonging to 
the CD4+ T helper subset. The CD4+ T cells tend to concentrate around and within the 
proliferating pseudofollicles and many of them express CD40L implying that they are 
in an activated state. CLL cells retain the capacity to respond to CD40L, expressed 
by the CD4+ T cells, thus resulting in their activation110. Furthermore, CLL cells 
purifi ed from LN and PB constitutively express mRNA for T cell attracting chemokines 
(namely CCL17 and CCL22) and the same holds true for CLL cells stimulated by in 
vitro CD40-crosslinking110. These fi ndings indicate that physiological signals in the 
tumor microenvironment, such as CD40L, give CLL cells chemo-attracting capacity to 
activated CD4+ T cells, which in turn are able to deliver survival signals to the CLL cells. 
Other accessory cells, such as bone marrow stromal cells111, FDCs81 and so-called 
nurse-like cells112 that can be obtained from peripheral blood, may also be involved in 
cross-talk between malignant cells and the microenvironment. Furthermore, various 
pro-survival cytokines (IL-2, IL-4, IL-8, TNF-α, IFN-α, IFN-γ and VEGF) and their 
respective receptors are found on CLL cells (reviewed in Kay 2002113). However, they 
remain unresponsive to most mitogens that induce proliferation of normal B cells. 
The pro-survival signaling pathways elicited in CLL appear to depend on both paracrine 
and autocrine mechanisms. In some cases it is unclear whether the signal comes 
entirely from the cell in the microenvironment or as a consequence of deregulation 
in the CLL cells themselves. Alterations in several signaling pathways have been 
suggested in CLL. 
For example, NF-κB is a transcription factor that can promote survival through the 
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20 induction of several anti-apoptotic proteins, such as Bfl -1, Bcl-XL, IAPs and Flip114. 
Higher levels of constitutive NF-κB are seen in unstimulated CLL cells compared to 
healthy peripheral blood B cells115. Engagement with the TNF-superfamily members 
CD40L, BAFF (B cell-activating factor of tumor necrosis factor (TNF) family, also 
known as BlyS) and APRIL (A proliferation-inducing ligand), enhances this activity115;116. 
However, whilst it has been shown that APRIL is overexpressed in some cases of 
CLL117, the APRIL driving pro-survival signaling is also derived from nurse-like cells 
in the tumor niche118. The activation of the canonical NF-κB pathway also contrasts 
with the alternative pathway in response to BAFF116, which also suggests intrinsic 
deregulation of the responses to certain cytokines. Additionally, recent studies 
showed an association between the expression of NF-κB subunit Rel A and in vitro 
survival of CLL cells119. 
Also, the PI3K/AKT, Raf/MEK/ERK and JNK/STAT signaling pathways are essential 
for cell survival, and are frequently deregulated in malignancy120. They control 
expression and function of many proteins, including apoptosis regulatory proteins. 
Several studies done in CLL suggested that also these pathways may contribute to 
survival of the malignant cells121;122;123. Relatively new in the CLL fi eld is the nonreceptor 
tyrosine kinase c-Abl. Oncogenic fusion versions of c-Abl drive malignancy in chronic 
myeloid leukemia, and are the target for successful therapy with kinase inhibitors120. A 
recent study highlighted the importance c-Abl itself in CLL survival124 and furthermore 
it was reported that c-Abl becomes active upon CD40 triggering125. The relevance of 
these signaling events for the in vivo biology of CLL, and especially in the context of 
survival niches, is an important aspect that remains to be established. 

THERAPEUTIC APROACH TO ATTACK THE 
MICROENVIRONMENT

As mentioned above, despite improvements in treatment effects for CLL by a 
combination of chemo- and immuno-therapy, the disease will invariably relapse. 
Clearly, the clearance of the CLL peripheral blood pool which usually occurs is 
not suffi cient. The likely hypothesis is that the proliferation centers in LN, BM and 
spleen constitute “germinative” foci, afford resistance to drugs, and will replenish the 
peripheral blood after a successful cycle of therapy. 
Therefore, drugs that target bystander cells and/or their protective effects on CLL 
cells in the microenvironmental “niche”, would provide more effi cacious options to 
the treatment of CLL patients. Accordingly, the microenvironment may be targeted 
by interfering with various cytokines or by modulating immune effector cells. Clinical 
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21trials in refractory or relapsed CLL cases have reported encouraging results with 
immunomodulating agents, i.e. thalidomide and its analog lenalidomide. Although the 
exact antitumour activity of such compounds remains uncertain, they do not exert a 
direct cytotoxic effect on CLL cells126;127. In addition, therapies aiming to target CLL 
cells in the protective “niches” by counteracting the pro-survival changes provided at 
these sites, could be a novel and potentially effective strategy. In this regard, small-
molecule BH3 mimetics such as ABT-737 which is a potent and specifi c Bcl-2/Bcl-XL/
Bcl-W inhibitor are now in preclinical or clinical development128.
To conclude, CLL cells possess and rely on various different ways to escape 
apoptosis. Direct cell-to-cell contact between CLL cells and bystander cells creates a 
microenvironment in which both membrane-bound and soluble factors collaborate in 
protecting CLL cells from apoptosis. Learning how to manipulate the microenvironment, 
or to specifi cally target the leukemic cells residing in these niches, may reveal new 
strategies for restoring apoptosis sensitivity and improving therapeutic outcome.
 

SCOPE 

The aims of this thesis are:
1. To gain insight into the mechanism of action of potential novel drugs with activity 
independent of the p53 pathway, with emphasis on effects on apoptosis regulatory 
molecules.
2. To obtain insight into the molecular basis of apoptosis (dys-) regulation and survival 
of CLL cells both in peripheral blood and in the lymph node microenvironment in 
connection with drug sensitivity.

In Chapters 2 and 3 the apoptosis pathway of two p53-independent drugs are 
investigated; the cyclin dependent kinase (CDK) inhibitor roscovitine (Seliciclib, 
cyc202), and a novel proteasome inhibitor. In the following section the infl uence of 
the microenvironment on CLL survival is addressed. In chapter 4 a comparative study 
of CLL cells in the peripheral blood and the lymph node compartments with respect 
to mRNA and protein expression levels of various apoptosis regulatory molecules is 
presented. In Chapter 5, in order to model the in vivo LN setting of CLL, the infl uence 
of the CD40-signaling on the expression of apoptosis regulatory proteins is studied, in 
relation to sensitivity to various current and novel chemotherapeutic drugs. In chapter 
6 we describe an approach to overcome CD40L induced drug resistance in CLL using 
cAbl kinase inhibitors. Finally, in chapter 7 an integrated discussion is presented and 
future directions are suggested.
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