
General discussion 
 

 

Lymphomas form a group of heterogeneous malignancies characterized by the 

uncontrolled growth of lymphocytes.1 Several pathways are important in development 

and maintenance of these malignant lesions. These processes involve the hallmarks 

of cancer, such as self-sufficiency in growth signals, irresponsiveness to anti-growth 

signals, limitless replicative potential and evasion of apoptosis.2 Disruptions of the 

apoptosis pathway determine the capacity of tumor cells to withstand therapy and 

thus determine prognosis in patients.3 In this thesis the focus lies on understanding 

disregulation of the mechanisms involved in regulation of apoptosis in B-cell 

lymphomas and how these disruptions may influence disease outcome. 

Primary nodal and cutaneous large B-cell lymphomas are heterogeneous lymphoma 

entities. Predicting prognosis remains difficult, although based on genome wide 

expression profiling  several groups have now been distinguished within large B-cell 

lymphomas with differential prognosis.4,5 Importantly, complete pathways involved in 

regulation of apoptosis can be recognized, thereby increasing our knowledge on 

development and chemotherapy resistance of lymphomas.6 This knowledge should 

eventually lead to individualized specific treatment strategies, improving disease 

outcome. 

 

In the first micro-array study performed on DLBCL4, BMI1 was among the genes 

identified as highly expressed in patients with poor outcome. BMI1 is part of the 

family of Polycomb genes which are primarily involved in the epigenetic regulation of 

gene expression.7,8 Recently other functions of Polycomb genes have been 

identified, including stem cell maintenance,  regulation of cell cycle, senescence and 

apoptosis9,10,11 

Prolonged co-expression of Polycomb proteins such as BMI1 and EZH2 in 

hematological malignancies appears to be aberrant.8 Relative high levels of co-

expressed  BMI1 and EZH2 are associated with aggressieve behavior in DLBCL12, 

and high BMI1 expression levels are correlated with poor prognosis. (chapter 4) 

Although in all cells of the germinal center components of both PRC1 and PRC2 

were found, co-expression of BMI1 and EZH2 in non-malignant tonsillar tissue was 



only found in a small group of dividing cells in germinal center cells, this group 

probably is a transient population of cells. (chapter 2) This may imply that aberrant 

expression of Polycomb complexes as seen in various B-cell lymphomas (12,13 and 

chapter 3) and thus deregulation of the normal functions of Polycomb genes (such as 

epigenetic silencing) may be a factor involved in lymphoma genesis. 

As initially shown in mice, BMI1 negatively regulates p16INK4a/p14ARF expression 

in normal tissue, thereby interfering with cell cycle regulation and the capacity of a 

cell to undergo senescence.14 In HL and DLBCL, high BMI1 expression was not 

necessarily found to be correlated with low p16INK4a/p14ARF expression or vice 

versa. (chapter 3 and 4) This does not rule out that in HL and DLBCL BMI1 has an 

effect on p16INK4a/p14ARF expression, and thereby inhibition of cell death,. Other 

factors may also influence activity of the CDKN2A locus and thereby masking the 

effect BMI1. 

Via the CDKN2A locus BMI1 contributes to self-renewal and senescence in murine 

embryonic cells.15 In the germinal center BMI1 may have a similar function as 

germinal center cells and stem cells belong to an exclusive club of cells capable of 

self-renewal.16 Indeed, both in CD34+ hematopoietic stem cells from the bone 

marrow17 as well as in a small portion of the cycling cells of the germinal center 

(chapter 2) expression of BMI1 was observed. If self renewing cells are indeed 

characterized by co expression of BMI1 and markers for proliferation, this may 

implicate that BMI1 positive tumor cells are the cells which are responsible for 

maintenance and expansion of tumor load. 

In contrast to hematological malignancies, in solid tumors (mamma and prostate 

carcinomas) EZH2 expression levels were correlated to poor prognosis and degree 

of disease.18,19 This discrepancy could be explained by other factors involved in gene 

silencing in different types of tissue. This may interfere with Polycomb function and 

therefore the expression of a certain Polycomb gene may not have the same effect in 

every tissue type. Alternatively, the aberrant expression patterns of Polycomb genes 

may interfere with other processes rather than gene silencing: pathways involved in 

signal transduction or apoptosis/cell cycle regulation may be affected by the 

observed Polycomb expression patterns. Examples of this include the previously 

reported involvement of EZH1 in T-cell receptor signaling10 and EZH2 in integration 

of estrogen receptor and Wnt signaling pathways.20 Both mechanisms are involved in 

cell survival and cell cycle progression. 



From the micro array study of DLBCL by our group5 it was found that high expression 

of apoptosis regulating factors is correlated with poor prognosis. Notably not only the 

expression of anti-apoptotic but also pro-apoptotic genes is elevated in cases with 

poor prognosis, indicating a downstream disruption of the apoptosis pathways 

involved in apoptosis induction by chemotherapeutics. In line with this study is our 

finding that expression of the anti-apoptotic factor TRAF2 is correlated with poor 

prognosis in DLBCL. (chapter 5) TRAF2 functions at the cell membrane where it 

prevents apoptosis induction of tumor cells by the immune system by recruitment of 

TRAF1 cIAP1 and cIAP2 to death receptors of the TNF receptor superfamily.21 

TRAF2 also is capable of inhibiting apoptosis caused by the unfolded protein 

response from the endoplasmic reticulum. This intracellular stress mechanism 

induces apoptosis via IRE mediated caspase 12 activation, TRAF2 binds the IRE 

receptor and prevents cleavage of procaspase 12 into its active form.22 TRAF2 can 

also induce the expression of various downstream inhibitors of apoptosis via the 

activation of NF�B. The role of TRAF2 in NF�B activation in DLBCL is hard to prove 

as in it is well known that the B-cell receptor pathway is constitutively activated in the 

tumor cells, resulting in activation of NF�B.23 Thus, high expression of TRAF2 may 

be the cause of insensitivity of tumor cells to apoptosis induction by both infiltrating 

cytotoxic T-lymphocytes as well as chemotherapeutics. At first sight the cause of this 

likely lies in activation of NF�B, resulting in expression of anti-apoptotic factors. 

However, not in all cases with activation of NF�B TRAF2 is detectable and therefore 

one might question whether TRAF2 is important at all in NF�B activation in DLBCL. 

Constitutive activation of (members of) the BCR pathway is much more likely to be 

responsible for NF�B activation, as this mechanism has already been proposed 

previously.24,25,26 Since no other pathway has been described in DLBCL of being able 

to inhibit the response to endoplasmic stress, we would like to propose that TRAF2 

plays an important role in inhibition of the unfolded protein response in DLBCL cells 

and thereby in poor prognosis following chemotherapy. 

Concluding, TRAF2 is thought to be involved NF�B activation in at least a part of the 

ABC like DLBCL cases studied. It is expected that the development of I�B inhibiting 

drugs will improve disease outcome in these patients. Since TRAF2 is involved in 

several other processes involving inhibition of cell death27,28, merely inhibiting NF�B 

activation may not be sufficient to completely abolish TRAF2’s negative effects. 

Selectively targeting TRAF2 via either a small molecule inhibitor or even RNAi might 



be a viable strategy29 since it has been shown that other members of the TRAF 

family can take over TRAF2 functions in normal cells.27 

  

PCLBCL and DLBCL are related malignancies as both tumor types are large B-cell 

entities. The main difference between these lymphoma types is the location: primary 

nodal DLBCL arises in lymph nodes while PCLBCL arises in the skin. PCLBCL is 

separated in two entities based upon histology of the tumor cells and location of the 

primary tumor. Patients with PCLBCL, LT (tumor in most patients located on the leg) 

have poor prognosis while those with PCFCL (tumor in most patients on the scalp 

and trunk) have good prognosis.30,31 In primary nodal DLBCL two major groups can 

be distinguished based upon gene expression analysis: activated B-cell (ABC) like 

with a poor prognosis and germinal center B-cell (GCB) like DLBCL with better 

prognosis.4 Using micro-array analysis of PCLBCL cases it was determined that gene 

expression signature of PCLBCL, LT was similar to that of ABC-like DLBCL while 

PCFCL gene expression patterns were similar to GCB-like DLBCL.32 Thus not only 

clinical outcome but also gene expression patterns of these two groups of 

lymphomas were similar. 

Clustering in an unsupervised way using all genes available on the micro-array, nodal 

DLBCL yields a group of ABC-like and GCB-like DLBCL cases4, a third group of non-

ABC and non-GCB was identified in another clustering analysis.33 Since the 

expression of apoptosis regulating genes is thought to be important in resistance to 

chemotherapy, clustering has also been performed using only apoptosis regulating 

genes.5 This clustering method also yields 3 groups in primary nodal DLBCL with 

distinct differential survival. In PCLBCL disruption of genes involved in apoptosis 

regulation had already been correlated to prognosis: CDKN2A disruption by either 

deletion or hypermethylation of the locus as well as amplification of the BCL2 locus 

was found in the majority of PCLBCL, LT patients.34 Indeed we showed that 

clustering of PCLBCL using expression data of genes involved in induction and 

execution of apoptosis was able to segregate the cases into two groups with 

differential prognosis and greatly overlapping currently used stratification strategies, 

which are primarily based upon tumor location and (immuno-)histological properties 

of the tumor cells. Neutralizing the function of apoptosis-inhibiting proteins which are 

hyper-activated in PCLBCL, LT might be an effective future therapeutic strategy. 

(chapter 6)  



New treatment strategies are currently being developed or evaluated in clinical 

settings to combat large B-cell lymphomas. With the advent of Rituximab 

supplemented CHOP therapy regimens (R-CHOP) in the treatment of DLBCL35 and 

PCLBCL36 it will be interesting to see which of the identified groups of patients will 

benefit most from this new treatment. 

 

Our observations on disruption of apoptotic pathways in lymphomagenesis may lead 

to even more promising treatment possibilities. Currently various specific small 

molecule antagonists of apoptosis regulators are being developed, while several are 

already undergoing clinical testing at this moment.37 Restoring apoptotic pathways by 

these antagonists may play an important role in future eradication of these 

malignancies. The development of inhibitors targeting various genes of the apoptosis 

cascade allows individual highly specific treatment schemes. In order for such 

treatments to be successful, it will be essential to know which apoptosis pathways 

are disrupted in individual patients. 

 

 
Figure 4. Overview of pathways involved in lymphomagenesis and/or poor response 

to therapy in DLBCL patients as discussed in this thesis. Indicated are the influences 

of over expression of BMI1 and TRAF2, while also the more general disruption of 

apoptotic pathways in PCLBCL is shown. All alterations identified cause reduced 

sensitivity to induction of apoptosis via the intrinsic, extrinsic and endoplasmic 

reticulum pathway. This results in increased resistance to cellular and drug-induced 

cytotoxicity.
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