
THE EGYPTIAN JOURNAL OF IMMUNOLOGY Vol. 16 (2), 2009
Page: 27-36

CD40 Ligand, Bcl-2 and Apoptosis in B-Chronic 
Lymphocytic Leukemia

¹Ola A. Hussein, ¹Alaa A. Omran, ¹Amina M. Elnaggar, ²Ayman Fathy

¹Clinical Pathology, ²Internal Medicine Departments, Faculty of Medicine, Zagazig 
University, Egypt.

Chronic lymphocytic leukemia (CLL) is a haematopoetic neoplasm caused primarily by defects in apoptosis 
mechanisms and complicated by progressive marrow failure, immunosupression and increased resistance 
to chemotherapy. The CD40-CD40 ligand (CD40L) interaction has been shown to significantly increase 
antigen presentation in normal and malignant B-cells and it is a powerful regulator of cell survival. Bcl-2 
expression is common in CLL and is associated with decreased overall survival. Our objective was to asses 
CD40 ligand (CD154) and Bcl-2 expressions and their correlation with clinical and laboratory features in CLL 
patients. This study was conducted on 40 subjects, including 10 healthy volunteers as the control group and 
30 patients presented with de novo chronic lymphocytic leukemia (CLL), all of them were subjected to 
thorough history taking, full clinical examinations, routine laboratory investigations and flowcytometric 
assessment of CD40L and Bcl-2 on lymphocytes. There was a highly significant increase in TLC, absolute 
lymphocytic count, serum LDH, B2-microglobulin and Bcl-2 expression (P<0.001); there was a significant 
increase in CD40L expression (P<0.05); whereas there was a highly significant decrease in hemoglobin 
concentration and platelets count between the study group (P<0.001). There was no significant difference as 
regard direct Coombs' test between both groups. There was no significant relation between CD154 
expression and clinical findings, Rai staging system and other laboratory parameters. CD40L expression is 
increased with staging of Modified Rai staging system but not reaching the significant level. There was no 
significant correlation between CD154 expression and some of clinical and laboratory parameters, whereas 
there was only significantly negative correlation between Bcl-2 expression and both haemoglobin 
concentration and platelets count (P<0.001). Combination of Bcl-2 antisense oligonucleotide with 
conventional chemotherapeutic drugs may enhance the cytotoxicity of these drugs and induces apoptosis.

hronic lymphocytic leukemia (CLL) is 
a unique lymphoproliferative disorder 
characterized by uncontrolled 

accumulation of a single clone of CD5+ B 
cells which did not retain the capacity to 
differentiate into functionally mature cells and 
to activate programmed cell death (Patel & 
Rai, 2005). The primary event in B-CLL is 
the malignant transformation of the CLL B 
cell; this progression is linked to an abnormal 
immune system in the host related to 
dysfunctional components of the host immune 
cellular arm (Bartik et al., 1998). Bcl-2 family 
of pro-and antiapoptotic proteins is key 
regulators of the apoptotic cascade
(Schhimmer et al., 2004)). 

Up regulation of Bcl-2 gene activity in 
leukemic B cells is not constitutive, and its 
overexpression is probably a secondary event 

closely related to the imbalance among 
different T-cell subsets and secretion of 
various sets of cytokines (Vitale et al., 2003). 
CD40L is a member of the TNF superfamily 
and is predominantly expressed on activated 
CD4+ T cells. It is encoded by a gene on X 
chromosome; CD40L protein is a type II 
transmembrane protein and is expressed at the 
surface as a trimere (Luigi et al., 2006). CD40 
is a type I transmembrane molecule 
constitutively expressed on the surface of B 
lymphocytes, dendritic cells and 
macrophages. Engagement of the extracellular 
region of CD40 by CD40L leading to signal 
transduction and mediates B cell survival and 
differentiation (Abbas & Lichtman, 2004). In 
non transformed B cells CD40 ligation results 
in inhibition of apoptosis, survival, 
differentiation and expression of activation 
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antigens including B7, CD23 and CD95 (Fas) 
(Rothstein et al., 1995). CD40-mediated 
survival signals, occur as a function of nuclear 
translocation and activation of NF-B 
proteins resulting in transcription of the 
antiapoptotic Bcl-2 related proteins Bcl-x and 
Bfl-1 (Grumont et al., 1999). In some cases of 
B-CLL the tumor cells express both CD40 
and its ligand CD154. Schattner, (2000) had 
detected CD154 at the CLL cell surface in 
>1/3 of the CLL cases analyzed and suggested 
that aberrant CD154 expression by CLL 
tumor cells might be a factor in the 
development of autoimmunity in some 
patients with CLL due to differentiation and 
Ig secretion in nearby autoreactive B cells. 
These processes might be affected by other T 
cell-derived IL-4, which promotes CLL 
survival and which can inhibit Fas-mediated 
apoptosis in B cells under some circumstances 
(Foote et al., 1998).

CD40 plays a critical role in 
immunoregulation and CD40 ligation is being 
investigated as a therapy for hematologic 
malignancies (Dancescu et al., 1992). In CLL, 
the efficacy of adenosine analogues such as 2-
chlorodeoxyadenosine and 2-Fluoro-ara-
AMP, both of which deplete the CD4+ T cells 
for prolonged periods may be due to 
elimination of CD4+ T cells that are "driving" 
the B cell tumor by providing CD154 and 
thereby inducing NF-B (Dancescu et al.,
1992). In CLL, antibody to CD154 might be 
beneficial at two levels: first, it might be 
useful in patients with CLL and autoimmune 
sequelae who would not otherwise need 
therapy for their disease. Second, this strategy 
might facilitate death of malignant cells in 
patients with advanced disease by blocking 
CD154 mediated survival signals (Luigi et al.,
2006). Intravenous infusion of autologous 
chronic lymphocytic leukemia cells 
transduced with an adenovirus encoding 
CD40-ligand caused rapid reduction in 
leukemic cell counts and lymph node size 

(Dicker et al., 2006). High expression of Bcl-
2 protein has also been associated with a poor 
response to chemotherapy. Modulation of 
Bcl-2 gene expression has been shown to 
affect chemosensitivity. Bcl-2 is an attractive 
target for novel therapeutic agents (Chiorazzi
et al., 2005). The aim of this study was to spot 
the light on CD40 ligand and Bcl-2 
expressions in patients with B-chronic 
lymphocytic leukemia and correlate each of 
them with their clinical status and laboratory 
parameters.

Subjects and Methods
Subjects 

The present study was conducted in the Internal 
Medicine (Medical Oncology & Haematology Unit) 
and Clinical Pathology Departments, Zagazig 
University Hospitals. 

The study was performed on two groups; group I 
comprised ten apparently healthy individuals served as 
the control group; their ages ranged from 44 to 70 years 
(meanSD=56.25.6), they were 6 males and 4
females.

Group II consisted of thirty patients presented with 
de novo chronic lymphocytic leukemia. Their ages 
ranged from 45 to 72 years (meanSD=57.37.8), they 
were 19 males and 11 females. The patient’s group was
divided according to Rai staging system into the 
following: 11 patients at stage II of disease, 6 patients 
were at stage III and 13 patients were at stage IV. They 
were also divided according to the modified Rai staging 
into intermediate risk group (stage I, II) 11 patients and 
high risk group (stage III, IV) 19 patients. Full clinical 
history of patients was taken. Clinical examinations 
were done particularly for pallor, purpuric eruption, 
hepatomegaly, splenomegaly and lymphadenopathy. In 
addition, radiological examination in the form of chest 
x-ray, abdominal ultrasound and CT scan were done 
whenever needed for proper clinical staging. All study 
participants were adequately informed about the aim of 
the study and they were consented to donate blood 
sample for research purposes.

Sample Collection

Five ml volumes of venous blood were aseptically 
withdrawn and were as follow; 2ml in a vacutainer tube 
containing EDTA for complete blood count, and direct 
Coombs' test, 2-ml volume of blood was placed in a 
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vacutainer tube, serum was separated and used for 
biochemical profiles. One ml of blood was added to 
sterile tube containing EDTA for flowcytometric 
assessment of Bcl-2 and CD40 ligand (CD154).

Methods

All patients and controls were subjected to the 
following:

- Complete blood count using automated cell counter; 
Sysmex SF 3000(Roche-Diagnostics, Manheim, 
Germany).

- Direct antiglobulin test (Coombs' test).

- Liver and kidney function tests, serum lactate 
dehydrogenase (LHD) and serum B2-microglobulin 
using ADVIA 1650 chemistry autoanalyzer (Bayer 
Diagnostic).

- Immunophenotyping by flowcytometry (Becton 
Dickinson) using a wide panel of monoclonal 
antibodies purchased from Dako Cytomation 
(Denmark) include: CD3, CD5, CD7, CD10, CD19, 
CD20, CD22, CD23, HLA-DR, FMC7, kappa and 
lambda light chains and CD79b. Appropriate isotype 
controls for FITC, RPE conjugated monoclonal 
antibodies were used. Cells were considered positive 
for a marker when >20% of the cells expressed that 
marker.

- Assessment of Bcl-2 and CD40 ligand (CD154) 
expression using monoclonal antibodies purchased 
from Dako (Denmark). 

The surface staining was done by adding 100µl 
from the peripheral blood with 10µl of mAbs against 
CD19 & Bcl-2 in one tube and CD19 & CD154 in 
another tube; the tubes were incubated for 30 minutes 
at 4ºC. After labeling with the antibodies, the 
suspensions were washed 3 times with phosphate 
buffered saline (PBS) and resuspended with 0.5 ml 
PBS and were ready for flowcytometric analysis. Cells 
labeled with irrelevant isotype-matched mAb served as 
negative control. Gate on lymphocytes was done 
according to their forward and side scatter distribution. 
Data on at least 10000 cells were collected using a 
FACScan flowcytometry {Becton Dickinson (BD), San 
Joes, Ca, USA} and analyzed using CellQuest 
software.

Statistical Analysis

The results were expressed as mean± standard 
deviation for continuous variables and percentage for 
categorical variables. The student-t test and Chi-square 
tests were used for statistical comparisons between two 
groups of patients' parametric data. Correlation analysis 

was performed with Pearson's correlation coefficient 
(for parametric data) and Rank correlation coefficient 
(for non parametric data). For Bcl-2 the result were 
expressed as a percentage of cells showing positivity; 
the cutoff value for positivity was set at 10% (Srinivas 
et al., 2000) and the cut-off value for CD40 ligand 
positivity was set at 5% as determined by receiver 
operative characteristic (Roc) curve analysis. P-values 
below 0.05 were considered significant. Data were 
entered, checked and analyzed using SPSS program 
package version 10 (SPSS Inc. Checago, USA).

Results

The results of the studied parameters 
were tabulated and illustrated in the 
following tables (1-4) and figures (1-3).

There was a highly significant increase in 
TLC, absolute lymphocytic count, serum 
LDH, B2-microglobulin and Bcl-2 
expression. There was a highly significant 
decrease in hemoglobin concentration and 
platelets count (P<0.001), there was a 
significant increase in CD40L expression 
(P<0.05) between the study groups. There 
was no significant difference as regard Direct 
Coombs'test between both groups (Table 1). 

There was no significant association 
between CD40L expression and all of the 
clinical and laboratory parameters according 
to a cut-off value of 5% (Table 2).

Bcl-2 expression is increased in both 
intermediate and high risk groups, 
CD40L expression is increased with 
staging being higher in high risk group 
than intermediate risk group, both not 
reaching the significant level (P= 0.18 & 
P= 0.15, respectively) (Table 3).

There was no significant correlation 
between CD40L expression and certain 
clinical and laboratory parameter. There was a 
highly significant negative correlation 
between Bcl-2 expression and both of the 
hemoglobin concentration and platelets count 
(P<0.001) (Table 4).
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Table 1. Laboratory data of the Chronic Lymphocytic Leukemia (CLL) Patients and Control Group.

parameters
CLL patients

(n=30)

control

(n=10)
P value

TLC (x 109/l)

Mean ± SD 85.8 ± 46.6 7.8 ± 1.4
<0.001 

Range 25-215 5.7-10.0

Absolute lymphocytic count(x 109/l)

Mean±SD 81.5 ± 8.7 3.3 ± 3.9
<0.001*

Range 60-95 2.6-4.0

Hb(g/dl)

Mean ± SD 9.7 ± 2.4 12.5 ± 0.6
<0.001*

Range 4.3-13 11.7-13.4

PLT(x 109/l)

Mean ± SD 126.1 ± 71.2 238 ± 58.5
<0.001*

Range 27-320 170-350

LDH(u/L)

Mean ± SD 577.6 ± 165.7 273 ± 49
<0.001*

Range 350-1300 190-350

B2 microglobulin (u/L)

Mean ± SD 3.1 ± 1.1 1.1 ± 0.5
<0.001*

Range 1.2-5.8 0.3-1.7

Direct Coombs'test(+ve) 4(13.3%) 0.0 (NS)

Bcl-2%

Mean ± SD 76.4 ± 13.7 4.9 ± 2.2
<0.001*

Range 47-95 2-8

CD40L%

Mean ± SD 16.2 ± 17.9 2.2 ± 1.5
0.017

Range 2-55 0.1-4.6

* Significant difference of CLL data in comparison to control results.

P value >0.05 is not significant.     NS= Not significant.
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Table 2. Relation between CD40L Expression and Clinical & Laboratory Parameters according to a cut-off Value of 
5% in Chronic Lymphocytic Leukemia (CLL) patients.

Parameters
<5% (negative)

No.=14
>5% (positive)

No.=16
P value

Age
Mean±SD
Range

58.5 ± 7.7
45-72

54.8 ± 6.1
45-63

NS

Sex M/F 9/5 12/4 NS
Splenomegaly 10 (71%) 13 (81%) NS
Hepatomegaly 2 (14%) 6 (38%) NS

Rai staging

II
III
IV

6 (42%)
3 (21%)
5 (35%)

5 (31%)
3 (18%)
8 (50%)

NS

TLC(x 109/l)
Mean±SD
Range

76.3 ± 45.2
25-160

94.2±47.4
52-215

NS

Absolute lymphocytic count (x109/l)
Mean±SD
Range

80.3±9.7
60-93

82.6±7.9
70-95

NS

Hb(g/dL)
Mean±SD
Range

9.7 ± 2.7
4.6-13

9.7 ± 2.2
(4.3-12.5)

NS

PLT (x 109/l)
Mean±SD
Range

113.5 ± 52
30-184

137.2 ± 84.7
27-320

NS

Direct Coombs' test (+ve) 2 (14%) 2 (12 %.) NS

LDH(u/L)

Mean±SD
Range

546.8 ± 81.9
400-730

604.6±213
350-1300

NS

B2 - microglobulin (/L)

Mean±SD
Range

3.0 ± 0.9
1.8-5.0

3.3 ± 1.4
1.2-5.8

NS

P value >0.05 is not significant.     NS= Not significant.

Table 3. Relation between Bcl-2, CD40L Expressions and Modified Rai Staging.

Stage I-II

(n=11)

Stage III -IV

(n=19)
P value

Bcl-2%

Mean ± SD

Range

72.1±12.2

55-90

78.9±14.2

47-95
NS

CD40L%

Mean ± SD

Range

9.1±8.3

2-25

20.4±20.8

2-55
NS

P value >0.05 is not significant.     NS= Not significant
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Table 4. Correlation between CD40L, Bcl-2 Expressions and Selected Clinical and Laboratory Parameters.

Parameters
CD40L Bcl-2

r P r P

age 0.14 NS 0.03 NS

TLC (x 109/l) 0.26 NS 0.03 NS

Absolute lymphocytic count (x 109/l) 0.07 NS 0.2 NS
Hb(g/dL) -0.15 NS -0.57 <0.001
PLT (x 109/l) -0.01 NS -0.43 <0.001
LDH (u/L) 0.18 NS 0.1 NS
B2 microglobulin (u/L) 0.16 NS 0.09 NS
Bcl-2% 0.11 NS
P value >0.05 is not significant.     NS= Not significant

r = -0.57, P<0.001
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Figure 1. Correlation between Bcl-2 Expression 
and Hb Concentration.

Figure 2. Correlation between Bcl-2 
Expression and PLT Count.

                       

a b c

Figure 3. Flowcytometric Analysis of a Case of CLL Showing: (a) Dot plot of Negative Isotypic Control. (b) Dot Plot of 
CD19-FITC Versus CD154-PE Showing that 18% of the Gated Cells were Positive for CD154 Only (c) Dot Plot of 
CD19-FITC Versus Bcl-2-PE Showing that 70% of the Gated Cells Coexpress both Markers.
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Discussion

Chronic lymphocytic leukemia (CLL) is a 
disorder of morphologically mature but 
immunologically less mature lymphocytes 
and is manifested by progressive 
accumulation of these cells in the blood, bone 
marrow, and lymphatic tissues. In some 
patients, CLL has an indolent course and does 
not require treatment for many years (Amrein 
et al., 2007). It represents a low grade B 
lymphoproliferative disease that is the most 
common leukemia in adult. The neoplastic 
cell is an autoreactive CD5, CD23 B-
lymphocyte (Khandelwal et al., 2006). In our 
study we found that the mean age of the 
patients was 57.3±7.8 years and the male to 
female ratio was 2.3/1, this was in agreement 
with (Kampalath et al., 2003) who stated that 
the disease typically occur in older patients 
with the highest incidence being in those aged 
50 to 60 years and affect men as twice as
women. In this study, the most common 
clinical finding was lymphadenopathy and 
was found in all cases (100%), followed by 
splenomegaly was found in 23/30 (77%) and 
hepatomegaly which was found in 8/30 
(27%).These findings mismatched with 
(Kipps, 2001) who stated that nearly 85% of 
all CLL patients had non tender 
lymphadenopathy at diagnosis. 
Approximately 50% of CLL patients 
presented with abdominal fullness due to mild 
to moderate splenomegaly and they also 
stated that patients less frequently developed 
hepatomegaly. 

There was a decrease in the mean values of 
haemoglobin concentration and platelets 
count, while serum lactate dehydrogenase 
(LDH) and B2 microglobulin were 
significantly increased in patients than in 
control groups.

These results were in accordance with 
those of (Sari et al., 2004) who also reported
that TLC, absolute lymphocytic count, B2 

microglobulin and serum LDH are important 
prognostic factors in cases of CLL and reflect 
the burden of the tumor. 

As regard direct Coombs' test it was 
positive in 13.3% of patients with no 
significant difference between the two study 
groups; in agreement with our result, Kipps,
(2001) stated that about 20% of CLL patients 
had positive direct Coombs' test.

In our study, we found that Bcl-2 protein 
was expressed at high levels in all CLL 
patients at the time of diagnosis; this was in 
agreement with Kipps (2001) and Klobusicka 
et al. (2002) who reported that all CLL cases 
were Bcl-2 positive. Menendez et al. (2004) 
also reported that overexpression was found 
in 77 % of CLL patients. This was also in 
agreement with Marschitz et al. (2000) who 
stated that patients with CLL appeared to 
accumulate genetic abnormalities with time 
and Bcl-2 overexpression was found early in 
the course of the disease and also correlate 
with poor prognosis and resistance to 
chemotherapy. This was also in agreement 
with Rabizadeh et al. (2001) who stated that 
CLL represent examples of human 
malignancies in which the neoplastic cell 
expansion can be attributed primarily to failed 
programmed cell death rather than rapid cell 
division. Our results go hand in hand with that 
of Schimmer et al. (2004) who reported that 
overexpression of Bcl-2 is common and 
represent the most striking feature of CLL.

In our study, a significant increase of 
CD40L expression in CLL patients was 
noticed when compared with control group. 
Schattner et al. (1998) observed that freshly 
purified B cells from a significant proportion 
of CLL cases express CD40L and can induce 
antibody production by target nonmalignant B 
cells in a process that is partially blocked by 
antibody against CD40L and explained that 
CD154 would promote CLL cell survival. 
Nusslein et al. (1993) reported that CLL B-
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cells can express CD154 and have the 
capacity for immunoglobulin production by 
non-malignant B cells in the presence of IL-4.

In a similar sudy, Cerurtti et al. (1996)
analyzed human B cells and noted CD40L 
expression at levels similar to what we have 
observed in human CLL cells and showed that 
CD154 may enhance the in vivo accumulation 
of some elements of the CLL clone. Ranheim 
et al. (1995) reported that CLL B cells express 
both CD27 and its ligand CD70 and 
expression of these molecules in the CLL 
cells is affected by ligation of CD40; this 
ligation results in NF-B activation and 
increased NF-B activity in cells. Transient 
expression of CD40L by the CD40 expressing 
tumor cell may have profound effects on 
tumor cell growth, differentiation and 
apoptosis. Schattner, (2000) has established 
that in some cases of CLL, the malignant cells 
express both CD40 and CD154; antibody to 
CD154 might be beneficial at two levels: 
First, it might be useful in patients with CLL 
and autoimmune sequelae who would not 
otherwise need therapy for their disease. 
Second, this strategy might facilitate death of 
malignant cells in patients with advanced 
disease by blocking CD154 mediated survival 
signals. Jablonska et al. (2005) found that 
sCD154 concentrations is a more sensitive 
tumor marker than TNF-alpha in patients with 
CLL. In contrast to our result Brugnoni et al.
(1995) stained non-T-cells from the peripheral 
blood of CLL patients and could not detect 
CD154 expression in those cells; it is possible 
that these negative results were due to the 
heterogeneity of CD154 expression in CLL
and its subtle expression in most cases. They 
also considered the possibility that aberrant 
expression of CD40L by B-CLL cells might 
provide a pathway by which leukemic cells 
could be auto-stimulated. Also, in contrast to 
our result Hulkkonen et al. (2002) showed 
that most cells in most CLL cases were 
negative for CD154. 

There was a significant negative 
correlation between Bcl-2 expression and 
haemoglobin and platelets (P<0.001). This 
denoted that expression of Bcl-2 was 
associated with poor prognosis and decreased 
overall survival.

In conclusion, a multiparametric 
flowcytometric assay of Bcl-2 and CD40L 
expression allows the reliable and sensitive 
measurement of both in the tumour cell. 
Assessment of CD40L and Bcl-2 of the 
tumour is important to develop a therapeutic 
plane for a given patient. Combination of Bcl-
2 antisense oligonucleotide, arsenic trioxide 
or a butyric acid derivative, AN-9, with 
conventional chemotherapeutic drugs enhance 
the cytotoxicity of these drugs and induce 
apoptosis and should be considered as a 
promising target in possible future 
combination therapy in CLL. 

The promise of CD154 as a tumor 
therapeutic agent may be achieved by 
inoculating cancer vaccines of autologous 
cancer cells that have been transduced ex vivo 
with CD154.
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