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INTRODUCTION & SCOPE

INTRODUCTION
The tumor microenvironment and chronic lymphocytic leukemia
In many types of cancers, the tumor microenvironment (TME) is increasingly recognized as 
a critical factor to drive tumor progression1. Engagement with surrounding local cells can 
induce direct survival and therapy resistance of malignant cells, but can also aid indirectly 
in tumor support via mechanisms such as tissue remodeling, immunosuppression, 
angiogenesis and supporting tumor cell invasion1,2. 
Chronic lymphocytic leukemia (CLL) is considered a typical malignancy that depends 
on interactions with the lymph node (LN) microenvironment. CLL develops from a pre-
malignant stage called monoclonal B cell lymphocytosis (MBL), which is characterized 
by low numbers of clonal B cells with a CLL-like phenotype3. MBL can be detected in 
approximately 3% of the general population over age 40 and progresses to CLL at a rate 
around 1-2% per year3. The pathogenesis of MBL and its progression towards CLL have 
not been fully elucidated, but a number of recurring genetic aberrations are considered 
to be drivers of the disease4. The affected genes play roles in several pathways, including 
inflammatory pathways (MYD88), B cell receptor signaling (CARD11), mRNA processing 
(SF3B1), and DNA damage control (TP53 and ATM)4.

Although these findings strongly indicate that CLL pathogenesis is genetic, progression 
of the disease is thought to depend on microenvironmental factors. CLL cells are provided 
with essential survival and proliferative signals after interaction with bystander cells such 
as stromal cells, T cells and macrophages within the LN5. In addition, as malignant cells 
require changes in metabolism for proliferation and survival6, recent evidence suggests 
that TME signals could induce CLL cell metabolism7. The survival signals converge on 
B-cell lymphoma 2 (BCL-2) family members and LN-residing CLL cells have increased 
levels of these pro-survival proteins8. Next to these bystander cell-derived signals, B cell 
receptor activation in CLL cells provides survival and adhesion signals via downstream 
tyrosine kinases LYN, Spleen tyrosine kinase (SYK) and BTK9. 

Mechanisms of CLL support by the TME
We have previously shown that T cell-mediated survival induction is largely governed via 
tumor necrosis factor (TNF) family member CD40L10 and that this effect depends on NF-κB 
signaling8. Other survival-inducing factors secreted by T cells include interferon (IFN)-γ11 
and interleukin (IL)-412. Next to their role in survival induction, T cells can induce antigen-
independent CLL cell proliferation via CD40L in combination with IL-2110.

The contribution of monocyte-derived cells (MDCs) in CLL support is less well-known, 
but the level of circulating monocytes in CLL patients correlates with worse prognosis13,14. 
The pivotal role of macrophages has recently been confirmed in a mouse study; 
the Eµ-TCL1 mouse model for CLL, in which oncogene T-cell leukemia/lymphoma protein 
1 (TCL1) is overexpressed under control of the B cell specific immunoglobulin heavy 
enhancer, develops clonal B lymphoproliferative disease at around 12 months of age15. 
Depletion of MDCs by treatment of these mice with clodronate containing liposomes led 
to a better overall survival16. Depending on the extracellular signals MDCs receive, they 
can differentiate to a number of phenotypes, including M1 (immunogenic) and M2 (tissue 
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repair) macrophages17. The supportive capacity of macrophages has been suggested to 
depend on this differentiation, as across different tumor types only an increased number 
of M2-skewed macrophages correlates with worse prognosis17. Several factors have been 
implicated in macrophage-mediated CLL cell survival. In vitro, CLL cell-differentiated 
monocytes (called Nurse-like cells, NLCs) can induce survival via cytokines such as CXC 
motif chemokine ligand (CXCL)1218, A Proliferation-Inducing Ligand (APRIL), and B-Cell-
Activating Factor (BAFF)19. It has furthermore been shown that macrophages can induce 
CLL cell migration20 and cause immune suppression16,21-24. This latter effect is thought to 
occur via secretion of immunosuppressive cytokines such as IL-1021 but also via stimulation 
of immune checkpoint receptors such as Programmed cell death protein 1 (PD-1) on 
immune cells16,22-24.

The CLL-T cell-macrophage triad
Next to the signals directed towards CLL cells, it has become evident that TME 
interactions are reciprocal in nature, and that signals derived from CLL cells could induce 
changes in bystander cells to drive tumor progression25. Furthermore, CLL cells can coopt 
the physiological interactions taking place between immunological cells such as T cells 
and macrophages for their own benefit. The ensuing exchange of signals between CLL 
cells, T cells and macrophages, can thus lead to formation of a tumor-supportive triad 
between these cells in a mechanism called coevolution, which resembles the phenomenon 
occurring in nature26. 

Development of CLL therapies
Until recently, standard therapy for CLL was comprised of a combination of cytotoxic 
compounds fludarabine and cyclophosphamide with CD20 antibody rituximab (FCR)27. 
Although FCR therapy leads to high response rates, it is not curative27. Based on insights 
in the pathological mechanisms of CLL, several new compounds have been developed 
that are now being tested in clinical trials. First, as CLL cell survival induction is governed 
via upregulation of BCL-2 family members, compounds directed against these proteins 
have been developed, including venetoclax28,29. Second, the recent insights into 
immune checkpoint activation via the PD-1/PD-L1 axis, has spurred the development of 
inhibitors directed against this axis, showing efficacy in the TCL1 mouse model30. Third, 
as microenvironmental BCR signaling activates several survival pathways in CLL cells25, 
targeted compounds against downstream kinases such as idelalisib31 and ibrutinib32,33 
have shown promising results. It was recently found however, that the inhibition of BCR 
signaling via ibrutinib does not reduce cell survival, but rather reduces BCR-dependent cell 
adhesion resulting in CLL cell egress from the LN34. These results verify the dependence of 
CLL cells on TME signals, and indicate that mechanistic knowledge of supportive signals 
could lead to the development of therapeutic compounds. 

SCOPE
Despite recent advances in the understanding of the TME, the exact nature of TME 
interactions is at present however still not fully understood, particularly with respect to 
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MDCs. Moreover, most studies have addressed one-directional signals between bystander 
cells and CLL cells, but did not take into account the reciprocal signals between these 
cells. Lastly, the effects on CLL cell metabolism of these bystander cells have not been 
investigated.

In this thesis, we have therefore studied:

1. polarization of MDCs and recruitment towards the TME

2. the impact of MDCs on CLL cell survival and metabolism

3. whether T cells affect the interaction between MDCs and CLL cells 

4. how reciprocal signals within this triad contribute to CLL support

In chapter 2, we investigate via which mechanisms monocytes are recruited towards the CLL 
TME. Using a novel overexpression coculture system, we then investigate in chapter 3 
the contribution of APRIL in macrophage-mediated CLL cells survival. Our findings are 
then discussed in chapter 4 in light of the role of APRIL in normal B cell biology. In chapter 
5, we compare the effects of macrophage and T cell signals on survival and the expression 
of BCL-2 family members in CLL cells. Next, we use gene expression profiling to 
mechanistically study these effects and explain the differences between macrophage and 
T cell effects. In chapter 6, the microarray analyses of the previous chapter are extended by 
studying whether macrophages influence metabolism in CLL. Lenalidomide is a clinically 
effective drug with several immunomodulatory effects, including effects on macrophages. 
Although it has no cytotoxic effects on CLL cells, recent findings indicate that its efficacy 
could also result from other effects on CLL cells, which we investigate in chapter 7. Lastly, 
we review our own findings in context of current literature in chapter 8 to explore how 
interactions between different bystander cells contribute in the formation of a supportive 
microenvironment, focusing on the role of the CLL cell.
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