
ABSTRACT

Background Methods and Purpose: The apoptotic
process is under the control of many regulatory genes that
have been identified to be involved in inducing apoptosis
e.g. p53, Bax and c-myc or inhibiting it e.g. Bcl-2 and
Bag. This work aimed at studying the expression of Bcl-
2, Bax, Bcl-x and p53 in various lymphoid malignancies
using immunohistochemistry inorder to find out whether
these oncoprotiens/tumour suppressor gene products have
a possible influence on disease progression and outcome
as regards to relapse and survival. Additionally, an immune-
electron microscopic study was done for proper intracel-
lular localization of Bcl-2.

Patients: The study was carried out prospectively on
60 patients with lymphoid malignancies of which 39 (31
Denovo and 8 cases in relapse) were acute lymphoblastic
leukaemia (ALL), and 21 were chronic lymphocytic
leukaemia (CLL).

Results: Results revealed a statistically significant
higher expression of Bcl-2 and Bax as compared to the
control group in ALL (p=0.03 & 0.045 respectively). No
correlation was found between Bcl-2 and response to
treatment or overall survival in both groups. Bcl-2 expres-
sion was significantly higher in stages III and IV as
compared to stages I and II in the CLL, thus suggesting
a possible role played by Bcl-2 in the poor outcome of
advanced disease. Bax showed no correlation to the re-
sponse of the cells to chemotherapy in both groups of
lymphoma studied. Bcl-x showed no statistically significant
difference as compared to the control group in both groups.
Expression of p53 was significantly higher in the CLL as
compared to the control group (p=0.015). There was a
significant positive correlation between Bcl-2/Bax ratio
and BM lymphocytes i.e. tumour burden (r=0.778, p<
0.01) in the CLL group. In the ALL, the eight relapsed
cases showed a statistically significant higher expression
of Bcl-2, and Bcl-x (p=0.006, and 0.013) and a statistically
lower expression of Bax (p=0.005) when compared to the
de novo ones. Immune electron microscopic localization
of Bcl-2 and the two-step indirect immune peroxidase
method was done. Bcl-2 was visualized in the outer and
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inner mitochondrial membranes, rough and smooth endo-
plasmic reticulum and the nuclear envelop.

Conclusion: From this study it can be concluded
that: First, Egyptian CLL (chronic lymphocytic leukaemia)
patients might be having a different disease biology since
they are having more Bcl-2 expression (81% compared
to the 73% in the Western CLL), less Bax (48% compared
to 96%), more p53 (43% compared to 15%), present at
younger age (age range in this study was 37-70y compared
to 60-90y in the Western CLL), and present at a more
advanced stage (Rai stages III & IV more than stages I &
II). Second, Bcl-2/Bax ratio can be used to monitor tumour
burden in chronic lymphocytic leukaemia owing to the
significant (r=0.778, p<0.01) positive correlation found
between this ratio and bone marrow lymphocytes. Third,
because Bcl-2 is expressed in 81% of CLL and because
all nine cases with positive Bcl-2 expression showed
evidence of apoptosis using the electron microscopy, the
mechanism of this apoptosis is suggested to be away from
the mitochondrial pathway, either through an extrinsic
pathway by passing the mitochondrial pathway or through
an alternate pathway. Fourth, having a statistically higher
expression of the prosurvival Bcl-2, and Bcl-x, and a
statistically lower expression of the proapopotic Bax, in
relapsed ALL compared to the denovo cases, might explain
the cause of relapse as a result of emergence of a resistant
clone expressing more prosurvival (Bcl-2 & Bcl-x) and
less pro-apoptotic (Bax) markers. Finally, Bcl-2 expression
in most of our CLL cases makes it an attractive target for
the therapeutic treatment, by using Bcl-2 oligonucleotide
antisense or the naturally available Genasense (Bcl-2
antisense).

Key Words: Bcl-2, Bax - Bcl-x - p53 - ALL & CLL - IHC
& immune-electron microscopy.

INTRODUCTION

The control of cell number and type in multi-
cellular biological system is extremely necessary
for maintaining quantitative and functional
homeostasis at the cellular level. This control
of cell number is maintained through a balance
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between cell proliferation and cell death. Each
cell possesses its own self-induced destruction
which is called programmed cell death [1].
Apoptosis- a matter of programmed cell death-
is an active, gene-directed, self-inflicted process.
It is associated with characteristic morphological
& biochemical changes that ends in dissociation
of a cell into membrane- bound apoptotic bodies,
which are then engulfed by the local phagocytic
system [2].

Failure of the cells to undergo apoptosis
leads to many diseases e.g. viral infections,
autoimmune diseases and cancer. CLL is con-
sidered a disease with progressive accumulation
of lymphocytes failing to undergo apoptosis.
ALL, on the other hand, is a disorder due to
uncontrolled increase in proliferation [3]. The
apoptotic process is under the control of many
regulatory genes, some are involved in inducing
apoptosis e.g. p53, Bax and c-myc, others are
inhibiting apoptosis e.g. Bcl-2 and Bag [4].

This work aimed at studying the expression
of Bcl-2, Bax, Bcl-x and p53 in the two distinct
groups of lymphoid malignancies, one with
increased proliferation and the other with de-
fective apoptosis using immunohistochemistry,
in order to find out whether these oncopro-
tiens/tumour supperssor gene products have a
possible influence on disease progression and
outcome as regards to relapse and survival.
Additionally, immune-electron microscopic
study was done for proper intracellular local-
ization of Bcl-2.

PATIENTS AND METHODS

Patients:
The study was carried out prospectively on

60 patients with lymphoid malignancies of
which: 39 were acute lymphoblastic leukaemia
and 21 were chronic lymphocytic leukaemia.
The age range was from 3-80 years in ALL
group and 37-70 years in the CLL group. Male:
female ratio was 1.5: 1.0 in both groups. Addi-
tionally, age- and sex-matched subjects were
taken as controls. The patients presented to the
National Cancer Institute, Cairo University and
subjected to full clinical examination, CBC and
BM examination. Immunophenotyping was
done for proper lineage affiliation as well as
immunohistochemical detection of Bcl-2, Bax,
Bcl-x, and p35 using their corresponding mon-
oclonal antibodies. Immune-electron microscopy

was done for selected cases (nine CLL and two
ALL) with high Bcl-2 expression.

Methods:
Mononuclear cell separation and test for

viability were done according to Perper et al.
[5] and Weir [6] respectively.

Immunohistochemistry was done according
to Bisgaard and Pluzek [7]. The monoclonal
antibodies used were as follows:

Bcl-2, Boehringer Mannheeim, Cat. No1624
989.

Bcl-x, Pharmingen BD, Cat. No 66461 A.

Bax, Zymed Laboratories Incorporation,
Cat. No 18- 0218.

P53, Dako, Denmark, Cat. No M 7001.

The detection system was Dako Envision+
system, peroxidase, for mouse monoclonal an-
tibodies and DAB as a chromogen, Cat. No
4007.

Interpretation of results:
At least 500 cells were counted for each

monoclonal antibody. Negative cells appear
homogeneously green while positive cells ap-
pear as brown black positivity on the cell. The
results are expressed as % of positivity. A cut-
off ≥ 5% of the tumour cells with unequivocal
positivity in the cytoplasmic membrane and
nuclear periphery was used for Bcl-2, Bax, and
Bcl-x while a cut-off of ≥ 1% of the lymphoid
cells with strong nuclear staining was used for
p53 [8].

Bcl-2/ Bax ratio was calculated by dividing
the number of cells positive for Bcl-2 by the
number of cells positive for Bax.

Immune-electron Microscopy: [9]

Immunoelectron Microscopy:
Mononuclear cells were fixed with 4%

paraformaldhyde in PBS for 20 min., centrifuged
at 200xg for 5 min., washed three times in PBS
and stained using two-step indirect immunop-
eroxidase method. Following two washes, cells
were fixed with 2% glutaraldehyde in PBS for
30 min and post fixed with 1% osmium tetroxide
in PBS. After 2 washes, cells were stained with
1% uranyl acetone in PBS for 10 min, dehydrat-
ed and embedded in Epon 812 according to
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routine procedures. Ultra thin sections were
prepared and examined in a Joel electron mi-
croscope.

Statistical analysis was done according to
Ingelfinger et al. [10] and Knapp and Miller
[11]. Survival analysis and curves were done
according to Kaplan Miere method. Log rak
test was used for comparing survival. Signifi-
cance level of 0.05 and 0.01was used throughout
all statistical tests in the study.

RESULTS

Survival:
Median overall survival for two years of the

CLL group was studied among Bcl-2, Bax, Bcl-
x and p53 positive cases as compared to negative
ones. Bcl-2 positive cases had a significantly
shorter survival as compared to Bcl-2 negative
ones (p=0.049). Bax, Bcl-x and p53 had no
impact on the survival (p=0.46, 0.84, and 0.87
respectively). These data are shown in Fig. (1).

Immunoelectron Microscopy:
Immunoelectron microscopy was carried

out for intracellular localization of Bcl-2 protein.
Lymphoid cells from an acute lymphoblastic
leukaemia case showed lymphoblastoid features
characterized by a large nucleus & scarce cyto-

plasm. In the cytoplasm, abundant mitochondria,
smooth & rough endoplasmic reticulum were
observed. This is different from the chronic
lymphocytic leukaemia case in which cell had
sparse intracellular organelles. In both cases,
immunoreactivity with anti-bcl-2 antibody was
detected prominently in the mitochondria in
both outer & inner mitochondrial membrane
i.e. in between cisternea, smooth & rough en-
doplasmic reticulum membrane & in the nuclear
membrane. These findings are shown in Figs.
(4-6). Some apoptotic changes in the form of
increased vesicles, dilated endoplasmic reticu-
lum and condensation of heterochromatin were
seen in Fig. (4).

Table (2): Expression of different markers in relation to response to treatment among ALL cases and CLL cases respectively.

Bcl-2
Bax
Bcl-x
P53
Bcl-2/Bax

0.112±0.172
0.080±0.164
0.013±0.046
0.038±0.064
5.32±9.29

CR+PR
Mean% ± SD

0.136±0.225
0.062±0.093
0.096±0.169
0.068±0.102
0.27±0.42

Resistant
Mean% ± SD p-value

0.805
0.820
0.090
0.442
0.377

0.375±0.227
0.098±0.142
0.111±0.219
0.046±0.072
8.581±11.31

CR+PR
Mean% ± SD

0.220±0.309
0.034±0.076
0.038±0.085
0.066±0.064
0.059±0.001

Resistant
Mean% ± SD

0.265
0.359
0.489
0.595
0.507

p-value

Table (5): Expression of different markers in Egyptian and Western CLL cases.

Bcl-2
Bax
Bcl-x
P53

* Logdon et al. (1993).          ** Cordone et al. (1998).

*73%
*96%
?
**15%

Western CLL

81%
48%
33%
43%

Egyptian CLL

Table (3): Expression of different markers in de novo and
relapsed cases among ALL group.

Bcl-2
Bax
Bcl-x
P53

7/31
5/31
3/31
12/31

Denovo
n=31

8/8
3/8
5/8
4/8

Relapse
n=8

Table (4): Expression of different markers in relation to
disease stage among CLL cases.

Bcl-2
Bax
Bcl-x
P53
Bcl-2/Bax

I & II III & IV
p-value

0.019*
0.450
0.534
0.080
0.121

SD
00.25
00.13
00.20
00.07
17.45

Mean%
0.38
0.07
0.09
0.04
14.5

0.10
0.08
0.22
0.24
1.53

SD
0.11
0.12
0.15
0.16
1.05

Mean%

* Significant.

* Significant.

Table (1): Expression of different markers among ALL,
CLL and control cases.

Control (n=10)

4 (40%)
1 (10%)
2 (20%)

0

4 (40%)
1 (10%)
2 (20%)

0

p value

0.47
0.47
0.67
*0.06

*0.03
*0.045
0.38
*0.015

ALL (n=39)

23 (59%)
7   (18%)
8   (21%)
11 (28%)

17 (81%)
10 (48%)
7   (33%)
9 (43%)

Marker

Bcl-2
Bax
Bcl-x
P53

Bcl-2
Bax
Bcl-x
P53

Control (n=10) p valueCLL (n=21)Marker
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Fig. (1): (A, B, C) Overall survival of the ALL group in relation to Bcl-2, Bax and p53. ºComplete + censored p value =
0.54, 0.9 and 0.7 respectively. (D,E,F) Overall survival of the CLL group in relation to Bcl-2, Bax and p53 º
Complete + Censored p value = 0.049*, 0.46 and 0.87 respectively.

Fig. (2): Correlation between Bcl-2/Bax ratio vs BM
lymphocytes in CLL cases Correlation: r=0.77800
p-value <0.01.

Fig. (3): Correlation between Bax vs. Bcl-x in CLL cases.
Correlation: r=0.69 p value <0.05.
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DISCUSSION

Cell division and survival are tightly linked
to assure genomic integrity and tissue homeo-
stasis. Failure to apoptose results in propagation
of the damaged DNA and the survival of super-
fluous and potentially harmful cells [12]. Apop-
tosis or programmed cell death is a physiolog-
ical, active, gene-directed, self-inflicted process
by which normal and tumour cells are believed
to die [1].

Apoptosis occurs in 3 phases: Initiation,
effector phase, and degradation. Susceptibility
of a cell to apoptotic signals appears to be
regulated, in part, by the relative levels and
dimerization between Bcl-2 family members,
which act on the effector stage of apoptosis, as
well as on the competition for other cellular
factors involved in the death pathway [13].
Bcl-2 family members can be divided into 3
groups: anti-apoptotic as Bcl-2 and Bcl-xL, pro-
apoptotic as Bax and BH3 only proteins as Bid
[14]. Another protein involved in apoptosis is
the tumour suppressor gene, p53, which is in-
volved in cell cycle arrest and induction of
apoptosis in genetically damaged cells [15].

In our study, Bcl-2 was expressed in 23/39
(59%) in ALL, in 17/21 (81%) in CLL and in
4/10 (40%) in the control group. A statistically
significant higher expression of Bcl-2 as com-
pared to the control group was found in the
ALL (p=0.03) but not in the CLL group (p=
0.47). This might be attributed to the relatively
small number of CLL subjects studied, increas-
ing the number of CLL cases would bring such
borderline difference to the statistical level. Our
results are in agreement with Papakonstantinon
et al. [16] who found a higher expression of Bcl-
2 in mature B-cells of CLL/SLL and follicle
center cell lymphoma (FCC) than in the imma-
ture B-cells of diffuse large B-cell lymphoma.

In our results, Bcl-2 expression of 81% in
the CLL group is slightly higher than Logsdon
et al. [17] who found Bcl-2 in 73% of FCC
lymphoma by IHC. However, both Johnston et
al. [18] and Gaballa et al. [19] found Bcl-2 in all
cases of B-CLL/SLL by Western Blot (WB)
technique.

Bcl-2 was detected in 59% of our ALL cases.
This was higher than Gascoyne et al. [20] who
reported an incidence of 24% using IHC and

Fig. (4): Immunoelectron micrograph for Bcl-2 in a lym-
phocyte showing the distribution of Bcl-2 in
mitochondria and nuclear membrane (empty
arrow: Nuclear membrane, white arrow: Mito-
chondria). Mild apoptotic changes in the form
of condensation of heterochromatin and increased
vesicles. X15 000.

Fig. (5): Immunoelectron micrograph for Bcl-2 in a lym-
phocyte showing the distribution of Bcl-2 inside
the mitochondrial cisternea (white arrow: Mito-
chondria) X20 000.

Fig. (6): Immunoelectron micrograph for Bcl-2 in a lym-
phocyte showing the distribution of Bcl-2 in the
nuclear membrane and endoplasmic reticulum
(empty arrow: Nuclear membrane) X15 000.
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lower than both Campana et al. [21] who detected
Bcl-2 in all their adult ALL cases, Hogarth and
Hall [22] who detected Bcl-2 in all their cases
by WB technique, and Papakonstantinou et al
[16] who found gene rearrangement in 85% of
disseminated lymphoblastic lymphoma by PCR.
In the latter study, they found no correlation
between gene rearrangement and protein expres-
sion as some Bcl-2 translocations may fail to
express Bcl-2 protein as a result of mutations
in the open reading frame of the translocated
Bcl-2 gene leading to absent or diminished Bcl-
2 production. On the other hand, Bcl-2 protein
expression may be absent in some cases with
translocation, suggesting that mechanisms other
than translocation can lead to Bcl-2 over-
expression. This suggestion was also empha-
sized by Almasri et al. [23] in their study on 28
Jordanian NH lymphoma cases. Accordingly,
Bcl-2 protein expression (by either Western
Blot or Immunocytochemistry) is far more im-
portant than gene rearrangement analysis. Vari-
ations in the level of Bcl-2 expression in differ-
ent studies may be due to different cut-offs used
as well as variations among techniques in terms
of sensitivity and specificity, its detection sig-
nifies its overexpression regardless of the un-
derlying molecular mechanism.

Although Uckum et al. [24] found a signifi-
cant association between high Bcl-2 and low
WBC count and Gascoyne et al. [20] with high
S.LDH, our results showed no significant cor-
relation as regards age, gender, lab. prognostic
features (Hb, Platelet count, S.LDH) and immu-
nophenotype. However, both Salomon et al.
[25], Srinnivas et al. [8], and Campos et al. [26]
found similar results.

No correlation was found between Bcl-2
and response to treatment in ALL or CLL
groups. This was consistent with that of Logsdon
et al. [17] and Mekki et al. [27] who found no
correlation between Bcl-2 and drug resistance
or treatment outcome. In contrast to these stud-
ies, Baghdassarian et al. [28] found that high
Bcl-2 expression was linked to poor response
to cytotoxic drugs and both Maung et al. [29]
and Tang et al. [30] reported a greater intensity
of Bcl-2 staining in cells from ALL patients
who failed to achieve complete remission than
those who responded to treatment. Other studies
concluded that low level of Bcl-2 was related
to poor response and shortened survival in

childhood ALL [31] and myelodysplastic syn-
drome [32]. The discrepancy between the results
may be related to the presence of other Bcl-2
family proteins as Bax & Bcl-x modulating the
effect of Bcl-2. Variability to the response to
treatment could also be attributed to the vari-
ability in the drugs used or the presence of drug
resistance. Moreover, Alderson et al. [33] report-
ed that Bcl-2 expression may be associated with
a mutant p53 gene, thereby conferring the re-
sistant phenotype.

In our study, no statistically significant dif-
ference was found between Bcl-2 expression
and overall survival in the ALL group. Similar
results have been reported by many authors
[26,34,35,36]. In contrast, Gascoyne et al. [20]
reported a significant difference in overall sur-
vival in DL cases. Variations among studies
may be due to differences in the uniformity of
the patients selected, tumour bulk, or treatment
given. A longer follow-up may also reveal more
significant results.

Bcl-2 expression has a statistically worse
survival in our CLL group. This is not in agree-
ment with both Prowit-MacDonald et al. [31]
and Lepelley et al. [32] as both reported that
low Bcl-2 level was associated with shortened
survival or Robertson et al. [37] who reported
that high Bcl-2 expression is associated with
adverse outcome.

Bcl-2 expression is significantly higher in
stages III and IV as compared to stages I and
II in the CLL suggesting a possible role played
by Bcl-2 in poor prognosis and advanced dis-
ease.

The conformational changes of Bcl-2 and
interaction between different family member
may contribute to the different levels of Bcl-2
protein expression and the different effects and
correlation of Bcl-2 protein with the clinical
and laboratory prognostic factors. There is an
evidence that post-transcriptional modifications
regulate the function of Bcl-2 and possibly other
family members [20]. This post-transcriptional
modification might be the cause of discrepancy
between Bcl-2 gene rearrangement and protein
expression. Several studies have suggested that
phosphorylation of Bcl-2 affects its function,
although there have been conflicting reports
that this may enhance [38,39] or reduce [40] its
ability to suppress apoptosis. It is also possible
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Magda M.A. Assem, et al. 71

that mutations may alter the function of these
proteins by, for example, affecting protein sta-
bility [20]. Also, Bcl-2 expression may be af-
fected by infection with EBV [41] and human
CMV [42]. IL-5 [43] and IL-10 [44] have also
been reported to induce Bcl-2 expression.

Bax was expressed in 7/39 (18%) of the
ALL, 10/21 (48%) of the CLL, and in 1/10
(10%) of the control group. Bax expression was
significantly higher than the control group (p=
0.045) in the ALL.

Bax had a range of 0-53% and this was
comparable to that of Srinivan et al. [8] who
reported a range of 1-60%. Bax expression in
the CLL was lower than that reported by Logs-
don et al. [17] who detected an expression of
96% in FCC by IHC.

In the present study, Bax expression in the
ALL was lower than Hogarth & Hall [20] who
detected Bax in all their childhood ALL cases
by WB technique. Differences in the level of
expression of Bax may be due to the cut-off
used, sensitivity of the monoclonal antibody
and the sensitivity of the WB technique used
to assess the level of Bax.

Bax showed no correlation to the response
of the cells to chemotherapy in both groups of
lymphoid malignancies studied and this was in
agreement with both Hogarth & Hall [22] and
Srinivas et al. [8] on their paediatric ALL cases.

Bcl-x was expressed in 8/39 (21%) of the
ALL, 7/21 (33%) of theCLL, and in 2/10 (20%)
of the control group. Bcl-x showed no statisti-
cally significant difference as compared to the
control group both in the CLL and ALL.

Bcl-x used in this study had a common
epitope for both Bcl-xl (anti-apoptotic) and Bcl-
xs (pro-apoptotic). So, our results were difficult
to interpret as due to presence of Bcl-xl or Bcl-
xs. However, and in view of the significant
positive correlation between Bcl-x and Bax in
the homogenous group of CLL, a possible pre-
dominance of Bcl-xs (pro-apoptotic) effect
could be elucidated in the antibody used (r=
+0.58, p< 0.05). Simonian et al. [13] found that
in FL5.12 lymphoid cell lines, the expression
of both Bcl-2 and Bcl-xl has been implicated
in the drug resistance of the tumour to therapy
and Bcl-xl was better able than Bcl-2 to protect
the cells from death induced by certain chemo-

therapeutic drugs. The study concluded that
Bcl-xl expressing tumour cells may be more
likely to escape initial destruction by certain
chemotherapeutic agents than neoplasms ex-
pressing Bcl-2 and thus increasing the likelihood
of relapse. In view of the above, and in view
of the presence of complete remission in 5 of
the relapsed ALL cases expressing Bcl-x i.e.
none was resistant to chemotherapy (data not
shown) provide a 2nd support of a Bcl-xs effect
(pro-apoptotic) of the Bcl-x used in the present
work.

P53 was expressed in 11/39 (28%) of the
ALL, 9/21 (435%) of the CLL and in none of
the control group. Expression of p53 was sig-
nificantly higher in the CLL as compared to the
control group (p=0.015).

The level of p53 expression was variable in
the different reports. While it was 43% of our
CLL cases, Cordone et al.  [15] reported a 15%
expression in CLL using IHC. Similarly, p53
was expressed in 28% of our ALL as compared
to the 38% expression reported by Srinivas et
al. [8] using ELISA. This variability may be due
to different cut offs used and/ or sensitivity of
the methods used for p53 detection as ELISA
is known to be a more sensitive quantitative
technique.

Bcl-2/Bax Ratio:
In the CLL, there was a significant positive

correlation between Bcl-2/Bax ratio and BM
lymphocytes i.e. tumour burden (r= 0.778, p<
0.01). This finding may correlate with both
Thomas et al. [45] and Hogarth & Hall [22] who
reported that increased Bcl-2/Bax ratio correlates
with tumour burden and in-vitro resistance to
drug-induced apoptosis. However, and in con-
trast to their results, we could not find any
significant correlation between Bcl-2/Bax ratio
and in vivo response to therapy.

Expression of the Different Markers in Relapsed
Cases:

In the ALL group, the eight relapsed cases
showed a statistically significant higher expres-
sion Bcl-2, Bax, and Bcl-x as compared to the
de novo ones (p= 0.006, 0.005, and 0.013 re-
spectively).

Our finding of higher Bcl-x in relapsed cases
(5/8, 63%) than de novo ones (3/31, 10%) is in
agreement with Findley et al. [46] Additionally,
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Datta et al. [47] and Minn et al. [48] found that
Bcl-xl over expression in murine cells and
histiocytic lymphoma cells was associated with
increased resistance to chemotherapeutic agents
in vitro. However, and in contrast to his results,
our cases were not drug resistant (five of eight
entered complete remission) and the only one
with partial remission, showed resistance to
chemotherapy and was negative for Bcl-x. This
could be attributed to-as mentioned previously-
to a Bcl-xs rather than a Bcl-xl effect.

Correlation between Bcl-2 and p53:
Expression of Bcl-2 is down-regulated by

the tumour suppressor gene p53. The relative
expression and function of these molecules may
therefore determine the extent of apoptosis [49].
Although, such correlation in our cases was
found insignificant, yet it may give an attention
to the relationship between Bcl-2 and p53 be-
cause only those with high level of Bcl-2 are
associated with mutant p53 expression. Several
authors reported similar results; Findley et al.
[46] on paediatric ALL, Pezzela et al. [50] on
NHL, and Hader et al. [51] on cancer breast.
These findings could be attributed to the fact
that there are p53-dependent and p53-
independent apoptotic pathways as well as the
heterogenity of the lymphoma group as regards
apoptosis. It is worth mentioning that our p53
negative cases were either wild-type or null-
type further explaining the insignificant corre-
lation. Also Hussein et al. [52] reported that
lymphoproliferative lesions had some peculiar
clinicopathologic features and that Bcl-2 and
p53 proteins are altered in the lymphoprolifer-
ative lesions in upper Egyptain cases.

Bcl-2 Localization by Immune Elelctron Micros-
copy:

Immune electron microscopic localization
of Bcl-2 and the two-step indirect immune
peroxidase method was done. Bcl-2 was visu-
alized in the outer and inner mitochondrial
membranes, rough and smooth endoplasmic
reticulum and the nuclear envelop. This coin-
cides with the findings previously reported by
Yurihiro et al. [53] using the same method and
by Lombardi et al. [54] using immune gold
electron microscopy method on lymphoblastoid
cell line.

The pleotropic distribution of Bcl-2 protein
argues against the likelihood that mitochondrial
function per se is involved in the apoptosis-

blocking activity of Bcl-2. Additionally, Bcl-2
may also protect different organelles in the
cytoplasm by the same mechanism. Bcl-2 has
been suggested to be involved in the antioxidant
pathway [55] as most of the reactive oxygens
are produced in the mitochondria, nuclear en-
velop and endoplasmic reticulum [56]. Luciano
et al. [57] suggested-through their work on lym-
phoblastoid cell line using immune gold tech-
nique- that Bcl-2 is associated with the nuclear
pore and mitochondrial functional complexes;
where the inner and outer membranes of these
DNA containing organelles come into contact.
This location of the Bcl-2 protein suggests that
Bcl-2 - at least in part- acts as an adapter protein
that targets cytosolic Raf kinase and p23-R-Ras
to critical substrates. This is based on the re-
ported data that revealed the association between
Bcl-2 and p27 raf-1, [58] a serine/ threonine-
specific protein kinase and with p23- R- Ras,
[59] a Gtpase member of the Ras family.

Conclusion:
• Egyptian CLL cases might be having a differ-

ent disease biology when compared to the
Western ones.

• Bcl-2/ Bax ratio had a significant positive
correlation with BM lymphocytes in CLL
possibly a reflection of tumour burden.

• Because Bcl-2 is expressed in 81% of the CLL
cases and because all nine cases with positive
Bcl-2 expression showed evidence of apopto-
sis using EM, the mechanism of such apoptosis
is suggested to be away from the mitochon-
drial pathway i.e. extrinsic or alternate path-
ways.

• In relapsed ALL, Bcl-2 and Bcl-x were signif-
icantly higher while Bax was significantly
lower as compared to the de novo ones, pos-
sibly explaining the emergence of relapse
from a resistant clone expressing the prosur-
vival markers (Bcl-2 and Bcl-x).

• Bcl-2 expression in most Egyptian CLL cases
makes it an attractive target for Bcl-2 oligo-
nucleotide antisense or the naturally available
Genasense (Bcl-2 antisense).
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