


































































































































































































































































































































































































































7.2 Examination of spontaneous apoptosis and tlie effect of CD40L in CLL 

patient samples 

High rates of spontaneous apoptosis have been reported in ex vivo CLL cells 

indicating that the malignant cells are highly dependent on in vivo signals for survival 

(Younes et al., 1998). In order to investigate the responsiveness of CLL cells to Fas 

and TRAIL-induced apoptosis, it was important to determine the rates of spontaneous 

apoptosis, since this would impact on cytotoxicity assays. For these analyses, 

mononuclear cells were isolated from peripheral blood of CLL patients by 

centrifugation on a density gradient and used immediately in the assays. At the start of 

the experiment, the viability of CLL cells was determined by FACS analysis of PI 

exclusion and surface expression of CD40 was also determined by flow cytometry. 

CLL cells were also incubated in the absence or presence of trimeric CD40L 

(1 M-g/ml) or an agonistic CD40-specific antibody that activates the receptor (a-CD40) 

(5 ) L i g / m l ) . a-CD40 was used before CD40L became available. After 48 hours in 

culture, both stimulated and unstimulated samples were harvested and cell viability as 

well as surface expression of Fas was determined by FACS analysis. In parallel with 

this, the cells were plated in 96-well plates and treated with rTRAIL (500 ng/ml) or a -

Fas (500 ng/ml) in the absence or presence of CD40L or a-CD40 as above. Cell 

growth was measured after 48 hours using the MTS assay. FACS analysis of PI 

exclusion was used to measure cell viability and is based on a principle similar to 

trypan blue exclusion. Live cells with intact membranes do not take up the dye and 

show low levels of fluorescence. By contrast, cells whose membrane integrity has 

been compromised and are dead are permeable to the dye and display high levels of 

fluorescence. Thus, the numbers of dead cells at 48 hours were used to arbitrarily 

define CLL cells as susceptible to spontaneous apoptosis if they exceeded the numbers 

of dead cells at the start of the experiment by 25% or more. Similarly, CD40 ligation 

was arbitrarily considered to 'rescue' cells from spontaneous apoptosis, if CD40L or 

a-CD40 reduced cell death by 25% or more (compared to untreated cells). 

Maintenance of CLL cells in vitro resulted in spontaneous apoptosis in the 

majority of samples (82%) irrespective of their mutation status. By contrast, a single 

CLL sample from each group (mutated and unmutated) was unaffected. CD40 ligation 

resulted in decreased rates of spontaneous apoptosis in the majority of CLL cells tested 
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(70%) consistent with previous reports. Interestingly, CD40 ligation resulted in rescue 

of all unmutated samples otherwise susceptible to spontaneous apoptosis whereas in 

the mutated group, 2 out of 4 CLL samples were rescued. Treatment with a-CD40 also 

rescued one of three tested samples. The enhanced survival of CD40L-treated cells 

indicates that CD40 signals can enhance the viability CLL cells in vitro and may be 

one of the factors contributing to the extended life span of CLL cells in vivo. 

Representative FACS profiles of PI exclusion are shown in Figure 7.1 and the results 

from the viability assays are summarised in Table 7.1. 

Patient VH status Spontaneous 
apoptosis in vitro 

Rescue by 
CD40L 

1 Unmutated + + 

2* Unmutated + + 

3 Unmutated - -

4 Unmutated + + 

19 Unmutated + + 

10*' Mutated + -

11 Mutated + NA 

5 Mutated + + 

6* Mutated + -

7 Mutated + + 

8 Mutated - -

Table 7.1: Spontaneous apoptosis in ex vivo CLL cells and rescue by CD40L. 

'Mutated' and 'unmutated' CLL patient samples were maintained in vitro and the rates 

of spontaneous apoptosis were measured by FACS analysis of PI exclusion (* 

indicates the use of a-CD40 instead of CD40L, NA/ not analysed). 
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Figure 7.1: Spontaneous apoptosis in CLL patient samples and rescue 
by CD40L. CLL cells were maintained in vitro in the absence or 
presence ofCD40L (1 (ag/ml) or a-CD40 antibody (5 )J,g/ml) (indicated 
by *) or left untreated as controls. Viability was determined at 0 and 48 
hours by F ACS analysis of PI exclusion. 10000 events were acquired 
from each sample and analysed using CellQuest software with the Ml 
and M2 markers denoting areas of live and dead cells respectively as 
used in statistical analyses (the percentage of dead cells for each 
treatment is indicated in the upper right hand corner of each histogram). 
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7.3 Constitutive and induced expression of Fas on CLL patient samples 

CLL cells constitutively express low levels of Fas and treatment with CD40L 

frequently upregulates it. However, the upregulation of Fas however is not predictive 

of biological responsiveness (Younes et a l , 1998), (Wang et al., 1997), (Chu et al., 

2002). Prior to determining the responsiveness of CLL cells to a-Fas, I investigated 

the constitutive and CD40L-induced levels of Fas on CLL patient samples with or 

without VH gene mutations. To confirm the specificity of CD40L, I also examined the 

expression of CD40 on the malignant cells by indirect immunofluorescence staining 

and FACS analysis. Jurkat or IB4 cells and the BL cell line Akata 6 were used as 

positive controls for Fas and CD40 expression respectively in each analysis (data not 

shown). Cells were arbitrarily defined as positive for CD40 or Fas expression if the 

corresponding RFI values were higher than 1.5. Fas-positive cells were further divided 

into two groups according to these values: RFI values below 3 were defined as 

corresponding to low levels whereas RFI values in excess of 3 were defined as 

corresponding to high levels of Fas. 

CD40 expression is a common feature of B cells including CLL cells 

(Buhmann et al., 1999) and this was confirmed here as all CLL samples tested were 

CD40 positive. On the other hand, expression of Fas was restricted; 4 out of 11 CLL 

samples displayed low levels of Fas (Table 7.2 and Figures 7.2, 7.3). Following 

stimulation via CD40, the pre-existing levels of Fas increased and previously Fas-

negative CLL cells became positive. CD40L treatment resulted in upregulation of Fas 

in 7 out of 11 samples (65%); this included three out of five (60%) unmutated and four 

out of six (67%) mutated samples. a-CD40 antibody also induced Fas expression in 

two out of three tested samples. However, Fas expression on CLL cells was 

consistently lower compared to Jurkat or IB4 cells analysed as positive controls (data 

not shown). Furthermore, following the 48-hour incubation period, the numbers of 

cells binding antibody in a non-specific manner increased probably due to extensive 

spontaneous apoptosis in these cells resulting in loss of membrane integrity (Figures 

7.2 and 7.3, upper left regions of each plot). 
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Figure 7.2: Representative FACS profiles of CD40 and Fas expression 
on CLL patient samples with unmutatedig VHgenes. (A) CD40 surface 
expression was determined at 0 hours. Following this cells were 
maintained in vitro in the absence (B) or presence (C) of CD40L (1 
p.g/ml) or a-CD40 antibody (5 )Lig/ml) (denoted by *) for 48 hours before 
analysis of Fas expression. CD40 and Fas surface expression were 
measured by indirect immunofluorescent staining and FACS analysis 
using CD40- and Fas-specific mouse monoclonal antibodies. Cells were 
also stained with an isotype-matched antibodies as controls for non-
specific staining. 10000 cells/sample were acquired and analysis was 
performed using CellQuest software. Percentages of CD40 and Fas-
positive cells are shown in the upper right hand comers. 
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Figure 7.3: Representative FACSprofiles of CD40 and Fas surface 
expression in CLL patient samples with mutated VHgenes. (A) CD40 
expression was determined at 0 hours. Cells were also maintained in 
vitro in the absence (B) or presence (C) of CD40L (1 p.g/ml) or a-CD40 
antibody (5 jJ-g/ml) (denoted by *) for 48 hours prior to the analysis of 
Fas expression. CD40 and Fas surface expression were measured by 
indirect immunofluorescent staining and FACS analysis using CD40-
and Fas-specific mouse monoclonal antibodies. Cells were also stained 
with isotype-matched antibodies as controls for non-specific staining. 
10000 cells/sample were acquired and analysis was performed using 
CellQuest software. The percentages of CD40 or Fas-positive cells are 
indicated in the upper right hand comers. 
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Patient CD40 Constitutive Fas expression after 
expression expression of Fas stimulation with 

CD40L 
1 + L H 

2* + L H 

3 NA L -

4 + - H 

19 + - -

10* + - -

11 + - -

5 + - L 

6* + - L 

7 + L H 

8 + - H 

Table 7.2: CD40 and Fas surface expression in CLL patient samples. CD40 and Fas 

expression was measured by FACS analysis and the RFI values were used to 

determine expression levels (H/ high, L/low, NA/not analysed, * indicates the use of 

a-CD40). 

7.4 Analysis of CLL cell sensitivity to Fas and TRAIL-induced apoptosis 

To extend the current understanding of the responsiveness to death receptor-

mediated apoptosis in CLL and in the two disease subsets in particular, I determined 

the sensitivity of CLL patient samples to a-Fas and rTRAIL-induced apoptosis using 

MTS assays. The biological effect of CD40L-induced upregulation of Fas was also 

examined. Since there was no evidence for an interaction between the TRAILR and 

CD40-triggered pathways, the effect of the combination of rTRAIL and CD40L 

treatments was not investigated. a-Fas and TRAIL-sensitive Jurkat cells were included 

in these assays as positive controls. In experiments parallel to the ones described here, 

the effect of CD40L on CLL cell growth was analysed by S. Langham as part of an 

ongoing study using the same experimental methods and MTS assays for measurement 

of cell growth. According to these analyses, CD40L treatment enhanced cell growth in 
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the majority of samples tested to variable degrees, although never in excess of 100% 

relevant to untreated cells. 

CLL cells were considered sensitive to a-Fas if the growth reduction caused by 

a-Fas exceeded the growth reduction (due to spontaneous apoptosis) in untreated cells 

by 25%. The cells were also incubated with IgM antibody as a control for a-Fas, but 

contrary to the previous observation in BL cell lines, IgM treatment did not affect CLL 

cell growth (data not shown). Agonistic stimulation with a -Fas inhibited cell growth 

in more than 60% of CLL samples including mutated (80%) and unmutated (50%) 

samples. Simultaneous treatment with CD40L or a-CD40 did not have an effect on 

cell sensitivity to a-Fas with the exception of one sample where CD40L reversed the 

Fas sensitive phenotype (Patient 19) (Table 7.3). Thus consistently with some previous 

studies CD40 ligation did not significantly alter CLL cell responses to a-Fas. 

However, a significant proportion of CLL cells were constitutively sensitive to Fas-

induced cell death in this study. Interestingly, a-Fas killed 3 CLL samples identified 

as Fas negative by FACS analysis (Patient-19, 5 and 6), indicating that low levels of 

Fas (below the threshold value of 1.5) are perhaps sufficient to induce cell death in a 

responsive cell line. Furthermore, CD40L-induced upregulation of Fas on the cell 

surface did not reflect in the cells' sensitivity to the biological effects of a-Fas. 

Therefore, the control of sensitivity to Fas-mediated apoptosis was independent of 

receptor levels in certain CLL patient samples. 

To examine CLL cell sensitivity to TRAIL-mediated apoptosis, cells were 

treated with rTRAIL (500 ng/ml) or left untreated as a control and cell growth was 

measured by the MTS assay. Surprisingly rTRAIL had no effect on CLL cell growth 

even though the growth reduction in Jurkat cells consistently exceeded 60% 

(compared to controls) (Figure 7.5 and Table 7.3 and data not shown). Unexpectedly, 

CLL cells that responded to a-Fas were resistant to rTRAIL indicating that CLL cells 

may lack functional TRAIL receptors or that they express inhibitors specific for the 

TRAIL pathway. Unfortunately not enough patient samples were available for FACS 

analyses of TRAILR expression at the time therefore this was not determined. 

Finally, it should be noted that CLL cell growth rates (as indicated by 

absorbance values), were consistently lower compared to Jurkat cells analysed in 

parallel, despite the fact that CLL cell numbers in each well were doubled. Low 
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absorbance values were probably a reflection of the resting phenotype of the malignant 

B cells. 
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Figure 7.4: a-Fas-mediated growth inhibition of CLL cells. J7nmutated 
(A) or mutated (B) CLL patient samples were treated witha-Fas (500 
ng/ml) in the absence or presence of CD40L (1 p.g/ml) ofa-CD40 (5 
)j.g/ml) (denoted by *) or left untreated for 48 hours. Cell growth was 
measured by the MTS assay. Data points represent the average of 
corrected absorb ance values of duplicate wells +/- standard error. Some 
errors are too small to show. 
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Figure 7.5: rTRAIL-mediated growth inhibition of CLL celb. Unmutated 
(A) or mutated (B) CLL patient samples were treated with rTRAIL (500 
ng/ml) or left untreated for 48 hours. Cell growth was measured by the 
MTS assay. Data points represent the average of corrected absorbance 
values of duplicate wells +/- standard error. Some errors are too small to 
show. 
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Patient Growth reduction Growth reduction Growth reduction 
(g-Fas) (g-Fas + CD40L) (rTRAIL) 

1 + -t- NA 
2* + + NA 
3 + + 
4 - - -
19 + 
10* 
11 - - N A 
5 + + 
6* + + 
7 + + NA 

Table 7.3: Sensitivity to rTRAIL and a-Fas-induced cell death and the effect of 

CD40L in CLL patient samples. CLL cells were treated with a-Fas with or without 

CD40L (or a-CD40, indicated by *) or rTRAIL and cell growth was measured by the 

MTS assay (NA/ not analysed). 

Mutated Unmutated 
(%) (%) 

Spontaneous apoptosis 84 80 

Rescue by CD40L 40 100 

Constitutive Fas expression 67 60 

Fas expression after CD40L 17 60 
stimulation 

Sensitivity to a-Fas-induced 80 50 
apoptosis 

Sensitivity to a-Fas after 60 50 
CD40L stimulation 

Sensitivity to rTRAIL- 0 0 
induced apoptosis 

Table 7.4; Summary of sensitivities to spontaneous and induced apoptosis in 11 CLL 

patient samples. The percentages of responsive cells in each subset of CLL (mutated 

and unmutated) are shown. Fas expression is also shown. 
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7.5 Expression of TRAIL receptors and other molecular determinants of 

apoptotic sensitivity in CLL patient samples 

Resistance to a-Fas-induced cell death was receptor independent in some CLL 

patient samples. In addition, the entire panel of cells tested were resistant to rTRAIL. 

To begin to investigate the molecular determinants that control death receptor-induced 

cell death in CLL, I examined the expression of FADD and caspase 8 as well as BCL-

2 in a small number of samples. DR4 and DR5 expression was also investigated by 

western blotting. Unfortunately, not all patient samples could be examined due to 

restricted availability. IB4 cells were used as a positive control for BCL-2, FADD and 

caspase 8 analysis whereas rhFc:DR4 and rhFc:DR5 were used to confirm the 

specificity of the antibodies used in analyses of DR4 and DR5 expression. 

FADD was easily detectable in the CLL samples tested whereas the expression 

of caspase 8 was more variable (Figure 7.6). One CLL sample (Patient 17) completely 

lacked caspase 8 whereas low levels of the protein were detected in two more samples 

(Patient 5 and Patient 8). Between these two samples, one (Patient 5) responded to a-

Fas in the MTS assays whereas the other (Patient 8) was resistant. The difference in 

caspase 8 levels was not due to protein loading as indicated by Ponceau staining of the 

nitrocellulose filters but also by the signals from BCL-2 and DR5 blots (Figure 7.7). 

Analysis of PCNA, used as loading control in BL cell lines, was not appropriate for 

CLL cells as this antigen is expressed in actively proliferating cells, whereas CLL cells 

are predominantly arrested in the Go phase of the cell cycle. CLL cells are known to 

overexpress BCL-2 (Kitada et al., 1998) and this was confirmed here as BCL-2 

expression levels in the majority of samples examined were higher compared to IB4 

cells where BCL-2 expression is controlled by EBV (Finke et al., 1992). BCL-2 was 

expressed at similar levels in most CLL patient samples with few exceptions (Patients 

1 and 2). 

To investigate the basis of resistance to rTRAIL, I examined DR4 and DR5 

expression. Due to the limited availability of CLL samples, the nitrocellulose filters 

were initially probed with the DR5-specific antibody and re-probed without stripping 

with the DR4-specific antibody. The signals from the recombinant receptor controls 

confirmed that there was no cross-reactivity associated with the antibodies used or at 

least the anti-DR5 antibody did not cross-react with DR4 (Figure 7.7). Since the 

antibodies were produced in the same host, the signal from DR5 was also detected 

215 



when the filters were probed with the anti-DR4 antibody. However, the size difference 

between DR4 and DR5 facilitated the interpretation of the results. DR5 was detected 

in all cells tested. Re-probing showed a higher molecular weight band corresponding 

to DR4, with a more restricted expression pattern, expressed in Patient 1, 4 and 3. 

Since the CLL patient samples tested expressed at least one pro-apoptotic TRAIL 

receptor, the resistant phenotype of CLL patient samples appears to be receptor-

independent. FACS analysis of surface expression would be needed to confirm this. In 

addition, there was no correlation between responsiveness to Fas and/or TRAIL-

induced apoptosis and expression of FADD, caspase 8 and/or BCL-2 in CLL patient 

samples. 
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Figure 7.6: Western blotting analysis of BCL-2, FADD and caspase 8 in 
CLL patient samples. 40 )Lig ofprotein from each patient sample and IB4 
cells (used as controls) were resolved on 12% polyacrylamide gels and 
transferred onto nitrocellulose. Filters were probed with BCL-2 and 
FADD-specific mouse monoclonal and caspase 8-specific rabbit 
polyclonal antibodies. Filters were also stained with Ponceau solution 
as a loading control The position of the molecular weight markers is 
indicated (KDa). 
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Figure 7.7: Western blotting analysis of TRAIL signalling receptors in 
CLL patient samples. 40 fj.g of protein from IB4 cells and each CLL 
sample and 50 ngofrecon±)inantproteins (rhFc:DR4 and rhFc;DR5) 
were resolved on 10% polyacrylamide gels and transferred onto 
nitrocellulose. Filters were probed with DR4 and DR5-specific goat 
polyclonal antibodies. The filters were also stained with Ponceau 
solution to estimate loading. The position of the molecular weight 
markers is indicated (KDa) 
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Spontaneous Rescue by C M O U n d u c c d Cel ideatF CeHdeath " " " c ^ d e a t h 

status apoptosis CD40L expression Fas expression (a-Fas) (a-Fas + CD40L) (rTRAIL) 

H " 

H + + N A 

1 + + L 

1 
2* + + L 

a 3 

4 + + 

L 

19 + + — 

10* + - -

11 + N A 

1 5 

6* 

+ 
+ 

+ -

7 + + L 

+ -f-

H 

N A 

L + + _ 

L + + _ 

H + + N A 

H _ _ _ 

Table 7.5: q/'rAe q/'ce// grow/A M CLI ce/k. The VH gene mutation and Fas expression status is shown (IV low level H/hieh level 
NA/not analysed, * indicates the use of a-CD40) 
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7.6 Discussion 

To investigate responsiveness to Fas and TRAIL-mediated apoptosis in CLL, I 

examined the sensitivity of 11 CLL patient samples to a -Fas and rTRAIL. CD40 

signals provide an additional stimulus that modulates the growth, differentiation and 

apoptosis of B cells in vivo. CD40 also regulates Fas sensitivity in CLL cells. I 

therefore investigated the effect of CD40 ligation on susceptibility to spontaneous 

apoptosis as well as sensitivity to a-Fas in CLL cells. Although CLL cells are 

characterised by prolonged survival in vivo, they die rapidly in culture. Thus, 

significant rates of spontaneous apoptosis were observed in ex vivo CLL cells 

following a 48-hour culture period. The susceptibility to spontaneous apoptosis 

indicates that survival signals from the malignant cell microenvironment may be 

controlling their prolonged survival in vivo. 

In this study, CD40L or agonistic a-CD40 antibody substantially reduced the 

levels of spontaneous apoptosis in 60% of the CLL cells tested. However, it failed to 

rescue a significant number of cells (37%) indicating that although it can provide a 

strong survival signal in vitro and perhaps in vivo, it is not a 'universal' survival 

stimulus. The reason may be that the in vitro stimulus in not strong enough to detect 

all responsive cells in this system. In addition, CD40L may be one of a number of 

micro-environmental factors able to promote growth in CLL and since CLL is a 

diverse group of diseases, different/additional requirements may exist. Interestingly, 

CD40L-mediated rescue was more pronounced in the unmutated subset with complete 

reversal of spontaneous apoptosis in all tested samples (Table 7.4). By contrast only 

40% of mutated samples were rescued by CD40L. This indicates that the unmutated 

subset may be more dependent on CD40 signals for survival. However, the limited 

scope of this study should be emphasized, as analysis of a larger number of patient 

samples is required for any conclusions to be drawn. 

CLL cells have also been reported to be Fas negative or to express low levels 

of Fas and reduced responsiveness to Fas signalling, whereas in vitro stimulation with 

B cell mitogens can upregulate Fas in some cases. Consistent with previous reports. 

Fas was constitutively expressed on a small percentage of cells at low density (RFI 

values up to 3) but was upregulated upon CD40 stimulation in the majority of cells. 

Surprisingly, a small number of samples previously identified as Fas-negative by 
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FACS analysis, were found to be sensitive to a -Fas in the MTS assays (Table 7.5). 

This indicated that low levels of the receptor, below the set threshold for Fas 

expression were sufficient to induce apoptosis in these cells. The high concentration 

(relevant to previous studies) of activating antibody may have enhanced cell death. 

Interestingly, treatment with CD40L did not alter the Fas-responsive profiles of CLL 

cells even though it induced an increase in receptor levels both in terms of cell 

numbers (data not shown) as well as antigen density. Thus, consistently with the 

previous analyses in BL cell lines, CLL can also display receptor-independent control 

of Fas-mediated apoptosis. 

The lack of responsiveness in Fas-expressing CLL cells was indicative of an 

inhibitory mechanism. The small-scale analysis of signalling components performed 

here, did not show any evidence for defects in FADD and/or caspase 8 that may 

correlate with resistance. Although surprisingly low levels of caspase 8 were detected 

in a Fas-sensitive sample (Patient 5), this was deemed an indication that such low 

levels may be sufficient for apoptosis, particularly as B cells have been described as 

type II cells (where the original signal is amplified at the mitochondria) (Scaffidi et al , 

1998). Interestingly, a very recent study reported that CLL cells although initially 

resistant to Fas signalling become sensitive after prolonged culture (longer than 72 

hours) in the presence of CD40L possibly through shifts in the balance of FADD and 

FLIP (Chu et a l , 2002). The expression of c-FLIP as well as other inhibitors may be 

investigated in the future. 

Notably, CLL cells appear to be one of limited cell types displaying resistance 

to TRAIL-mediated apoptosis. To my knowledge, the only available study on this 

subject reported a modest sensitivity to rTRAIL in CLL, which was significantly 

enhanced by the translation inhibitor actinomycin D, indicating the presence of a labile 

inhibitory factor, probably c-FLIP (Olsson et al., 2001). However, although more 

extended analysis is required, the study presented here has shown widespread 

resistance to rTRAIL which appeared to be receptor-independent, as both DR5 and 

DR4 (in some cells) were detected by western blotting. The reason for the discrepancy 

with the previous report is not clear. However, the observations in CLL cells support 

the previous findings of receptor-independent resistance to rTRAIL in BL. Since some 

of the TRAIL-resistant cells were killed by a-Fas, an inhibitory mechanism possibly 

specific for the TRAIL pathway is suggested similarly to the LCLs. In addition, a 
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previous study has reported functional expression of TRAIL on CLL cells, suggesting 

that CLL cells may use TRAIL as a mechanism of 'immune counter-attack' (Zhao et 

a l , 1999). Thus, CLL cells would be expected to develop strategies for self-protection 

from apoptosis induced in an autocrine manner. 

Therefore, this study identified receptor-independent resistance to Fas and 

TRAIL-induced apoptosis, confirming the results of previous analyses in BL cell lines. 

However, it failed to find any correlation between susceptibility to death receptors and 

VH mutation status. A larger sample size needs to be examined for useful conclusions 

to be made and for the existing results to be validated. However, the results imply that 

rTRAIL-based therapeutic regimens are unlikely to be successful in CLL treatment. 

On the contrary, there is potential for Fas and CD40L-based treatments if the issue of 

systemic toxicity is resolved. 
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Summary 

This study has examined death receptor-mediated apoptosis in malignant B lymphocytes 

including BL cell lines and ex vivo CLL cells and has demonstrated the following: 

0 EBV negative BL cell lines are sensitive to TRAIL-niediated apoptosis whereas the 

majority of EBV positive BL cells are resistant. Resistance is independent of TRAIL 

receptor levels and does not correlate with EBV transcription programmes. EBV is 

unlikely to be independently responsible for resistance as isogenic clones with varying 

EBV status displayed similar responsiveness to rTRAIL. 

1 Fas surface expression correlated with EBV status and transcription programme in BL cell 

lines. Thus EBV negative and EBV positive BL cells with a group I phenotype (except 

Louckes) were Fas negative. EBV positive group III BL cells that express the full set of 

EBV latent genes as well as Raji cells (group II), were Fas positive. Fas-positive group II 

and III cell lines were resistant to a-Fas whereas the LCLs (which express the same set of 

EBV genes as group III cells) were sensitive. Resistance to a-Fas in Raji and III BL cells 

was therefore Fas and EBV-independent. 

2 Fas and the TRAIL signalling receptors, DR4 and DR5, do not play a major role in 

CDDP-induced apoptosis in BL40 and IB4 cells nor do they co-operate or enhance 

CDDP-induced apoptosis. Downregulation of the anti-apoptotic protein, MCL-1, during 

CDDP-induced apoptosis in both cell lines coincided with PAR? cleavage. 

3 There was no evidence for a role of mutations in the DD of Fas, defects in the signalling 

components FADD and caspase 8, expression of the inhibitory molecules FLIPL and 

FAP-1 or soluble receptor molecules in determining resistance to a-Fas in group III BL 

cell lines. 

4 There was no evidence for a role of p53, EBV, decoy or soluble receptors, defects in 

FADD and caspase 8 expression or FLIPL in determining resistance to rTRAIL-induced 

apoptosis in BL cell lines with a group I phenotype. 

5 Ex vivo CLL cells are susceptible to spontaneous apoptosis in vitro, a large proportion is 

sensitive to a-Fas but all tested samples were resistant to TRAIL-induced apoptosis. 

Resistance to rTRAIL and in certain cases to a-Fas-induced apoptosis was receptor 

independent in CLL samples. 
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Chapter 8. Discussion and future directions 

The study presented here has examined death receptor-mediated apoptosis and 

the mechanisms of its regulation in B cell malignancies, concentrating primarily on 

Burkitt 's lymphoma but also examining chronic lymphocytic leukaemia. The function 

of two death receptor pathways, Fas and TRAIL, was examined since they provide 

essential signals for the maintenance of homeostasis in haematopoietic cells as well as 

being part of the causative mechanisms of carcinogenesis. Of equal importance is the 

involvement of death receptor pathways in existing anti-cancer therapies as well as 

their potential in the development of novel treatments. 

Several classes of BL cell lines were used in this analysis; this permitted the 

examination of important aspects of this system without genetic manipulation, namely 

the consequence of EBV infection and latency programmes for the biological function 

of death receptor pathways. By contrast, the number of CLL samples analysed was 

limited and did not allow definitive conclusions to be made, however it served to 

illustrate features that are shared with BL cells. The results from these analyses 

demonstrated receptor-independent regulation of Fas and TRAIL-mediated apoptosis 

in both types of malignancies. Furthermore, it was shown that sensitivity to Fas-

mediated apoptosis does not necessarily correlate with responsiveness to rTRAIL in B 

cells including BL cell lines, ex vivo CLL cells and immortalised B cell lines (LCLs). 

In addition, the ability of the majority of BL cell lines to readily undergo DNA 

damage-induced apoptosis indicated that apoptosis can b e initiated by mechanisms 

distal to the death receptors, whereas the effector mechanisms carrying it out to 

completion are intact. Furthermore, in contrast to a number of reports from other cell 

systems, this study failed to detect a major role for death receptor pathways in 

apoptosis induced by the DNA-damaging drug, CDDP, in a BL cell line with wild 

type p53. 

To address the basis for the lack of biological function of Fas and TRAIL 

receptors in receptor-positive BL cell lines, I examined the expression of several 

molecular determinants acting upstream of caspase activation and believed to inhibit 
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death receptor-mediated apoptosis in other cell systems. The lack of clear correlation 

between inhibitor expression and the observed patterns o f sensitivity to either a - F a s 

and/or rTRAIL indicated cell type-specific function of such inhibitory mechanisms as 

well as illustrating the complexity of the pathways examined. Thus, by indicating the 

potential for death receptor-based treatments but also the need for prior determination 

of apoptotic responsiveness for each disease entity, this study has contributed to the 

better understanding of apoptosis regulation in B cell malignancies. 

Although resistance to a-Fas in group III BL cells had been previously 

described (Falk et al., 1992) (Gutierrez et al., 1999) (Tepper and Seldin, 1999), this 

study has been more extensive in terms of examining a large panel of BL cell lines 

and using a reliable assay of apoptosis to support the existing evidence. The use of an 

isotype control for a -Fas (IgM) has been useful in helping to evaluate the results from 

these analyses and in indicating that the non-specific cytotoxicity observed may be an 

underlying reason for some inconsistencies in the literature. Furthermore, this is one 

of the first studies to examine TRAIL-induced apoptosis both in BL and in CLL and 

to demonstrate distinct responsiveness to Fas and TRAIL-induced apoptosis. TRAIL-

induced apoptosis in particular, has so far been more extensively described in 

melanoma cell systems (Griffith et al., 1998), (Thomas et al., 2000; Zhang et al., 

1999; Zhang et al., 2000a), but not much is known about the biological function of 

TRAIL in lymphoid cells with few exceptions (Jeremias et al., 1998; Zhao et al., 

1999). Although TRAIL receptors and Fas share structural and functional properties, 

they also appear to have unique properties. The distinct patterns of responsiveness 

have indicated that additional signalling components and/or inhibitory mechanisms 

may be involved in TRAIL-induced apoptosis and that TRAIL receptor pathways do 

not necessarily mirror signalling events downstream of Fas. This information may be 

useful in future analyses. To my knowledge comparative analysis of the two pathways 

has been described by one publication (Mariani et al., 1997). In addition, this is one of 

a limited number of studies to examine most of the ma jo r molecular determinants 

controlling death receptor-mediated apoptosis in lymphocytes. 
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Contrasting with the oldest and most extensively studied death receptor family 

member, TNFRl , a great deal is lacking from the current knowledge of Fas and 

TRAILR signalling pathways. The TRAIL-activated pathways in particular, constitute 

a relatively novel research area. At the start of this investigation, death receptors were 

believed to have a distinctively pro-apoptotic function contrasting with the more 

complex function of TNF receptors. TRAIL-induced apoptosis, in particular, was an 

exciting but largely unexplored field with simplistic prevailing views regarding the 

mechanisms of its regulation; i.e. the decoy receptors were considered the main 

regulators of resistance (Degli-Esposti et al., 1997a; Degli-Esposti et al., 1997b; Gura, 

1997; MacFarlane et al., 1997; Marsters et al., 1997; Pan et al., 1997a; Sheridan et al., 

1997). Since this study began, however, a more complex picture has emerged with 

survival pathways emerging as part of both Fas and TRAIL receptor pathways. For 

instance, PKC, JNK and NF-kB have been implicated in Fas and TRAIT, receptor-

induced signalling events in murine and human cells (Mueller and Scott, 2000), 

(Degli-Esposti et al., 1997a), (Micheau et al., 2001), (Choi et al., 2002), (Rivera-

Walsh et al., 2000), (Baetu et al., 2001). Their significance is unclear but their 

involvement further complicates the task of elucidating the molecular mechanisms 

controlling responsiveness. FADD has also emerged as a dual function component, 

participating in mitogenic as well as apoptosis pathways (Newton et al., 1998). 

Furthermore, the physiological role of the TRAIL/TRAILR system is still unclear and 

although TRAIL appears to play a role in immune system homeostasis, it may also 

have a function in areas outside the immune system. Elucidation of the essential 

function of the TRAIL receptors may also help reveal the mechanisms that control 

apoptosis. 

In addition, new evidence has highlighted the qualitative differences in the 

study approaches employed so far. Variation in the reagents used in analyses of Fas 

signalling may have been responsible for the observed differences in cell responses, 

for instance the use of FasL may result in different stoichiometry and/or composition 

of the DISC compared with the use of various Fas-activating antibodies (Thilenius et 

al., 1997). Moreover, the newly-emerged model of the PLAD domain that describes 

receptor pre-association highlights the need for elucidation of the structure of 
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Fas/FasL complexes (Chan et al., 2000). Furthermore, a large part of the available 

evidence at the start of this investigation was based on overexpression studies, an 

approach now seen as likely to provide erroneous results due to unpredicted 

aggregations of DD, DED and CARD-bearing molecules. 

Therefore, in contrast to previous beliefs, death receptor-mediated apoptosis 

may not be actively suppressed by the expression/overexpression of a single 

inhibitory molecule, but may be the result of an established equilibrium involving the 

simultaneous or sequential activation of both apoptotic and survival pathways. 

Therefore, the understanding of the regulatory pathways tha t influence the outcome of 

Fas and TRAIL receptor activation in BL and CLL cells would benefit f rom 

additional work that may include: 

Examination of DISC formation following a - F a s and/or rTRAIL treatment. IP 

analyses would elucidate the recruitment of FADD and/or caspase 8 to the DISC 

and determine caspase 8 activation proximally to the receptors. This approach 

would also help determine whether the inhibitory molecules FAP-1 and FLIPL are 

recruited to the Fas DISC or whether DAPS and FLIPL participate in DISC 

formation downstream of the TRAIL receptors in BL cells. The presence of the 

short isoform of c-FLIP, FLIPS, can now be examined since specific antibodies 

have now become available. 

If the analysis of DISC formation suggests that efficient processing of caspase 8 is 

inhibited by one of the above mentioned inhibitory molecules, anti-sense 

expression constructs may be introduced in Fas or TRAIL-resistant cell lines and 

their effect on cell viability assessed. 

The integrity of the primary structure of DR4 and DR5 m a y also be investigated i.e. 

by screening for mutations in the death domains of either receptor by SSCP, 

similarly to the analyses of Fas DD. 

If caspase 8 is activated at the DISC following the addition of a-Fas, it may be 

useful to determine which category (with respect to the events downstream of Fas 

activation) BL cells fall into; Type I or 11. This can be investigated by analysis of 

BID cleavage and /or cytochrome c release from the mitochondria by western 
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blotting and flow cytometry analyses respectively. Examination of the timing of 

these events would also be required, for example does BID cleavage and 

cytochrome c release precede or follow downstream caspase activation and 

cleavage of caspase targets? Caspase activation can b e determined by either f low 

cytometric analysis, e.g. caspase 3 or by western blotting e.g. caspases 6 and 7. 

Analysis of a larger number of CLL cell samples is required to confirm and extend 

the findings of this report. Preliminary studies have already been carried out with 

additional CLL patient samples and these may be completed and extended to 

include the analysis of signalling components and inhibitory molecules. 

However, since a larger number of molecular determinants and regulatory 

mechanisms that play a role in the control of death receptor signalling have become 

known, making the detailed examination of each a time-consuming task, it is felt 

that novel approaches may be more suitable, for instance genetic screening. 

Functional screening of a Fas and/or TRAIL sensitive cell line transfected with a 

cDNA library from a Fas and/or TRAIL-resistant B L cell line may enable the 

identification of a perhaps novel molecular determinant that is specifically 

responsible for attenuation of Fas and/or TRAIL-mediated apoptosis in BL. 
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