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ABSTRACT

Background: Diffuse large B-cell Lymphoma (DL-
BCL) represents the most frequent type of non-Hodgkin
lymphoma (NHL). Although combination chemotherapy
has improved the outcome, long-term cure is now possible
for approximately 50% of all patients, making the search
for parameters identifying patients at high risk particularly
needed. The presence of bcl-2 gene rearrangement in de
novo DLBCL suggests a possible follicle center cell origin
and perhaps a distinct clinical behavior. This study inves-
tigated the frequency and prognostic significance of
t(14;18) translocation and bcl-2 protein overexpression
in a cohort of patients with de novo nodal DLBCL who
where uniformly evaluated and treated.

Material and Methods: A total of 40 patients with de
novo nodal DLBCL treated at National Cancer Institute
(NCI), Cairo University were investigated. Formalin–
fixed, paraffin-embedded sections were analyzed for:
1) bcl-2 gene rearrangement including major break point
region (mbr) and minor cluster region (mcr) by polymerase
chain reaction (PCR), and 2) bcl-2 protein expression by
immunohistochemistry using Dako 124 clone. Results
were correlated with the clinical features and subsequent
clinical course.

Results: Bcl-2 gene rearrangement was detected in 8
cases (20%), 2 cases at mbr, and 6 cases at mcr. Bcl-2
protein (>10%) was expressed in 24 cases (60%), irrespec-
tive of the presence of t(14;18) translocation. The t(14;18),
and bcl-2 protein overexpression were more frequently
associated with failure to achieve a complete response to
therapy (p=0.008, and 0.04, respectively). DLBCL patients
with t(14;18), and bcl-2 protein expression had a signifi-
cantly reduced 5-year disease free survival (p=0.04, and
0.01, respectively).

Conclusion: The t(14;18) translocation, and bcl-2
protein expression define a group of DLBCL patients with
a poor prognosis, and could be used to tailor treatment,
and to identify candidates for therapeutic approaches.
Geographic differences in t(14;18) may be related to the
difference in distribution of bcl-2 breakpoints.
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INTRODUCTION

Diffuse large B-cell lymphoma is a generic
term for a clinically and biologically heteroge-
neous group of tumors, comprising 30-40% of
newly diagnosed NHL in Western countries [1].
In Egypt it constitutes 49% of NHL cases at
National Cancer Institute Pathology Registry
[2]. Approximately half of all patients can be
cured by conventional chemotherapy regimens.
The remainder have tumors that are either re-
fractory to currently available treatment or have
a relapse after a period of remission, and most
of these patients will die of the disease. It is
possible that alternative therapeutic strategies
such as the use of antibody and chemotherapy
combinations or more intensive primary therapy
with stem cell rescue may be effective in some
of these patients. It is therefore important to be
able to identify these patients at presentation
to allow effective trials to be designed.

The formulation of an International Prog-
nostic Index (IPI) has provided a widely accept-
ed set of criteria to predict the evolution of
aggressive lymphomas [3,4]. IPI takes into ac-
count factors that are mostly linked to the pa-
tient's characteristics or to the disease extension
and growth including age, lactate dehydrogenase
level, performance status, clinical stage, and
number of extranodal sites. However, one lim-
itation of this prediction strategy is that IPI
does not encompass molecular abnormalities
of tumor cells, which may play a critical role
in determining profoundly different clinical
outcomes in patients within the same group
defined by IPI. Also patients defined as IPI high
risk include elderly patients, or patients with
poor performance status who may be unable to
tolerate a more aggressive treatment.



Gene expression studies using cDNA mi-
croarrays have identified molecularly distinct
subgroups in DLBCL. However, because this
technology is still expensive and not generally
available, a more widely available method is
needed in routine clinical practice [5].

The B-cell leukemia-lymphoma 2 (bcl-2)
gene was initially discovered by virtue of its
association with the t(14;18) chromosomal trans-
location in which the bcl-2 gene at 18q21 is
juxtaposed with the Ig heavy chain locus at
14q32, resulting in deregulation of transcription
of bcl-2 protein [6]. The cytogenetic abnormality
t(14;18) is found in a variable number (10-40%)
of DLBCL [7]. It has been suggested that there
are differences in the frequency of the t(14;18)
which might point to a real underlying biologic
behavior according to geographic factors [8].
Also previous studies of its clinical significance
have been hampered by patient selection, non-
uniform treatment strategies, variable method-
ology, detection only of mbr, and the inclusion
of patients with antecedent follicular lymphoma.
Thus the purpose of this study was to determine
the frequency and clinical utility of bcl-2 gene
rearrangement (both major breakpoint region,
and minor cluster region) and bcl-2 protein
expression in a carefully selected cohort of
Egyptian patients with de novo nodal DLBCL
to improve the risk stratification of patients at
presentation.

MATERIAL AND METHODS

This study included 40 cases of nodal diffuse
large B-cell lymphoma diagnosed between 1998
and 2003 at National Cancer Institute, Cairo
University. Eligibility criteria were adequate
histologic material for analysis, available clinical
and follow-up data, no prior or concomitant
history of follicular lymphoma, and no follicular
structures were seen morphologically or by
immunostaining for follicular dendritic cells.

In all cases the diagnosis was confirmed by
histopathologic review and by positivity of
tumor cells for B-cell marker CD20. Classifi-
cation was done according to the World Health
Organization classification [1].

Immunohistochemistry:
Five micron paraffin sections were dewaxed

in xylene and alcohol and then microwaved for
10min in antigen retrieval solution (0.01M

citrate buffer, pH 6.0). After cooling, they were
immunostained with streptavidin-biotin perox-
idase detection system (Dako, Denmark) using
diaminobenzidine as a chromogen. Antibodies
were used against bcl-2 (clone 124, Dako),
CD20 (clone L26, Dako), and CD21 (clone 1F8,
Dako).

Bcl-2 was considered positive only when
there was cytoplasmic staining in >10% of
neoplastic cells [9]. Normal human lymph node
served as a positive control. For negative con-
trols, the primary antibody was omitted and
replaced with normal serum.

t(14;18) (bcl-2) Gene Rearrangements:
DNA Extraction: Three 25µm paraffin sec-

tions were deparaffinized in xylene, and the
fragments were recovered by centrifugation.
They were washed in absolute ethanol. The
pellet was incubated overnight at 40°C with
200µg/ml proteinase K, 50mM Tris-HCL pH
8.3, 0.5% Tween 20, 1mM EDTA. The protein-
ase K was inactivated by incubation for 10min
at 95°c. Centrifugation was carried out and the
supernatant was transferred into a new tube.
Phenol-chloroform extraction and ethanol pre-
cipitation was done [10]. DNA concentration
and purity was estimated by agarose gel elec-
trophoresis and spectrophotometry. The quality
of DNA samples was further checked by PCR
amplification of a target DNA within a β-globin
gene fragment.

Polymerase Chain Reaction: PCR detection
for the mbr-JH and mcr-JH rearrangements of
the t(14;18) translocation was performed in
50µL of final volume using 1-1.5µg of genomic
DNA, 1µM of each oligonucleotide primer
(Table 1), 25µL PCR master mix (200µM
dNTPs, 10mM Tris-HCL pH 8.8, 50mM KCL,
2mM MgCL2, 0.01% gelatin, IU Taq poly-
merase of Qiagen Operon). Nested PCR reac-
tions were performed as described by Gribben
et al. [11]. The original amplified product was
reamplified by a second PCR reaction using a
second set of oligonucleotide primers internal
to the oligonucleotides used for the initial am-
plification.

The first PCR reaction consisted of 25 cy-
cles that included 1min at 94°C, 1min at 55°C
for mbr or 58°C for mcr, and 1 min at 72°C,
followed by 10min at 72°C for tailing. The
second round of PCR was performed on 5µL
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of the first product and consisted of 30 cycles
that included 1min at 94°C, 1min at 58°C, and
1min at 72°C, followed by 10min at 72°C for
tailing (Robocycler gradient 96, Stratagene).
PCR products were analyzed by 2% agarose
gel electrophoresis. Specific PCR products
give bands at 150-200bp for mbr-JH and at
200-300bp for mcr-JH. Each experiment in-
cluded the clinical samples, a positive control
(known positive case of follicular NHL), and
a negative control DNA. These control reac-
tions detect PCR product contamination, avoid
false negativity caused by suboptimal PCR
efficiency, and standardize the variation in
PCR efficiency.

Statistics:

Complete response to therapy was defined
as complete disappearance of all measurable
tumor for at least 3 month. Partial remission
required at least 50% reduction in the product
of the maximal tumor diameter and its perpen-
dicular, lasting at least 1 month. Therapeutic
response lasting less than 1 month was defined
as progressive disease. Disease free survival
was calculated as the interval between diagnosis
and relapse, progression, or treatment-related
death. Follow-up was censored at other causes
of death and at end of follow-up if the patient
was relapse/progression free.

The relationship between the clinico-
pathologic data and t(14;18), and bcl-2 protein
expression was analyzed using chi-square and
Fisher exact test whenever appropriate. Survival
curves were calculated by the method of Kaplan
and Meier. Statistical comparison between
curves was made by the log-rank test. All direc-
tional p values were two-tailed and a p value
of < 0.05 was considered significant [12]. Stat-
View 5 software was used for the data analysis.

RESULTS

The mean age of the 24 men and 16 women
was 50 years (range, 19-74 years, SD± 14).
According to Ann Arbor staging system 19 cases
(47.5%) were of early clinical stage (stages I
or II). Systemic manifestations of fever, sweat
and weight loss were present in 15 cases
(37.5%). International Prognostic Index scores
were low (0-2) in 20 cases (50%), and high (3-
5) in 20 cases (50%).

During follow-up (range 3-60 month; median
15 month), 27 cases (67.5%) achieved a com-
plete response to therapy. Relapse/progression
was encountered in 10 cases (25%), and death
in 8 cases (20%).

Eight cases (20%) were found to bear bcl-
2 rearrangement. This included 2 cases (5%)
with mbr, and 6 cases (15%) with mcr. The
positive bands were detected at 150-200bp for
mbr and between 200-300bp for mcr (Figs. 1,2).
The relationship between clinical factors and
the presence of bcl-2 gene rearrangement was
shown in table (2). Bcl-2 rearrangement did not
correlate significantly with age, sex, B-
symptoms, stage, or IPI (p>0.05).

The differences in complete response to
therapy and the 5-year disease free survival
were statistically significant demonstrating a
worse outcome for t(14;18) positive cases (p=
0.008, and 0.04, respectively). These data are
shown in table (2), and Fig. (3).

Positivity for bcl-2 (> 10%) was detected
in 24 (60%) cases (Fig. 4). The clinical features
of the bcl-2 positive and bcl-2 negative cases
were compared in table (3). Bcl-2 immunoreac-
tivity was found not to be related to age, sex,
B-symptoms, stage, or IPI (p>0.05).

Bcl-2 expression proved to be a statistically
significant prognostic factor. Thirteen (54.2%)
of the bcl-2 positive cases, achieved complete
response to therapy, whereas 14 (87.5%) of the
bcl-2 negative cases showed complete response,
p=0.04. Also bcl-2 immunopositivity was asso-
ciated with a shorter disease free survival,
p=0.01 (Fig. 5).

As shown in table (4), no correlation was
found between t(14;18) translocation and bcl-
2 protein expression, p=0.44.
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Table (1): The sequences of oligonucleotide primers for
nested PCR.

Nucleotide sequences
5’ → 3’Primers

Mbr external

Mbr internal

Mcr external

Mcr internal

JH external

JH internal

CAGCCTTGAAACAATGATGG

ATGGTGGTTTGACCTTTAG

CGTGCTGGTACCACTCCTG

CCTGGCTTCCTTCCCTCTG

ACCTGAGGAGACGGTGACC

ACCAGGGTCCCTTGGCCCCA
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Fig. (1): Ethedium bromide-stained/UV light-illuminated
gels of nested PCR amplified products at mbr.
Lane 1 represents ladder marker; lane 2 negative
control; lane 3 positive control; and lanes 5 & 7
represent the positive cases.

Table (3): Clinicopathologic parameters in relation to bcl-
2 expression.

Bcl-2
Positive
n = 24

Bcl-2
Negative

n = 16

Age (years):
< 50
≥ 50

Sex:
Male
Female

B-symptoms:
Present
Absent

Ann Arbor stage:
I-II
III-IV

IPI:
Low (0-2)
High (3-5)

Complete response
to therapy:

Yes
No

9
15

15
9

9
15

11
13

12
12

13
11

No.

37.5
62.5

62.5
37.5

37.5
62.5

45.8
54.2

50
50

54.2
45.8

%

6
10

9
7

6
10

8
8

8
8

14
2

No.

37.5
62.5

56.3
43.7

37.5
62.5

50
50

50
50

87.5
12.5

%

> 0.99

0.75

> 0.99

> 0.99

> 0.99

0.04

p
value

Table (2): Clinicopathologic parameters in relation to
t(14;18).

t(14;18)
Positive

n = 8

t(14;18)
Negative

n = 32

Age (years):
< 50
≥ 50

Sex:
Male
Female

B-symptoms:
Present
Absent

Ann Arbor stage:
I-II
III-IV

IPI:
Low (0-2)
High (3-5)

Complete response
to therapy:

Yes
No

1
7

5
3

3
5

3
5

3
5

2
6

No.

12.5
87.5

62.5
37.5

37.5
62.5

37.5
62.5

37.5
62.5

25
75

%

14
18

19
13

12
20

16
16

17
15

25
7

No.

43.8
56.2

59.4
40.6

37.5
62.5

50
50

53.1
46.9

78.1
21.9

%

0.22

>0.99

>0.99

0.70

0.69

0.008

p
value

Table (4): Relationship between t(14;18) and bcl-2 protein
expression.

t(14;18)
Positive

n = 8

t(14;18)
Negative

n = 32

Bcl-2 positive

Bcl-2 negative

0.44

p
value

56.2

43.8

%

18

14

No.

75

25

%

6

2

No.

Table (5): Bcl-2 rearrangement in DLBCL from different
geografical regions.

Bcl-2 rearrangement
(%)

United States:
Jacobson et al. [15]

Gascoyne et al. [16]

Pooled data

Europe:
Lee et al. [17]

Volpe et al. [18]

Pooled data

South America:
Noriega et al. [19]

Jordan:
Almasri et al. [20]

Present study

9 (20)
14 (14)
23 (15)

1 (10)
13 (18)
14 (17)

3 (13)

8 (35)

8 (20)

Total

2 (4)
3 (3)
5 (3)

0 (0)
1 (1)
1 (1)

1 (4)

2 (9)

6 (15)

Mcr

7 (16)
11 (11)
18 (12)

1 (10)
12 (17)
13 (16)

2 (9)

6 (26)

2 (5)

Mbr

Number of
patients

45
102
147

10
70
80

23

23

40



DISCUSSION

In the present study, bcl-2 gene rearrange-
ment and bcl-2 protein expression were inves-
tigated in a carefully selected cohort of patients
with Egyptian nodal DLBCL. This work has
focused attension on clinically de novo DLBCL
by excluding all cases with either a past history
of lymphoma, or in which the pathologic spec-
imen contained areas of follicular architecture
seen morphologically or by immunostaining
for follicular dendritic cells. Also the patient
group was treated with a standardized manner
at a single institution.

The fact that primary DLBCL with the
t(14;18) has gene expression profiles similar to
normal germinal center B cells suggests that
the t(14;18) plays an important role in the patho-
genesis of this subset of DLBCL, just as it does
in follicular lymphoma. The t(14;18) occurs as
a rare random event in naive B cells, probably
during the D/J rearrangement of the immuno-
globulin heavy chain gene. Such a B-cell may
encounter the appropriate antigen in the context
of dendritic and T-cells in the paracortical region
of a lymph node. The stimulated B-cell then
migrates to and proliferates in a germinal center.
Overexpression of bcl-2 protein protects the
cell and its progeny from apoptosis even when
the affinity of the antibody is not very high.
Repeated cycles of proliferation from subse-
quent antigenic encounters expand this clone
and result in additional genetic abnormalities.
Different secondary genetic alteration lead to
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Fig. (5): Disease free survival of 40 patients with DLBCL
according to bcl-2 expression.
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Fig. (3): Disease free survival of 40 patients with DLBCL
according to t(14;18) translocation.

Fig. (4): DLBCL strongly positive for bcl-2 (x 400).

Fig. (2): Ethedium bromide-stained/UV light-illuminated
gels of nested PCR amplified products at mcr.
The arrows point to the positive cases.
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the development of a primary DLBCL or a
follicular lymphoma. Further genetic changes
occurring during the course of follicular lym-
phoma will give rise to a secondary DLBCL in
some cases [13].

The chromosomal breakpoint on bcl-2 have
been shown to cluster at two main regions, the
major breakpoint region in the 3' untranslated
region of the third exon of the bcl-2 gene, and
the minor cluster region in a DNA stretch ap-
proximately 30 kb downstream of the bcl-2
locus. On chromosome 14, breakpoints are
predominantly found within the joining region
(JH) of the IgH gene [14]. In this study using
nested PCR technique i.e. two amplifications
have been used with oligonucleotide primers
including variable sequences of the bcl-2 on
one side and sequences of the IgH on the other
side, 20% of cases were found positive bearing
bcl-2 rearrangement.

The reported frequency of t(14;18) in DL-
BCL documented by cytogenetics and/or mo-
lecular genetics is highly variable in different
studies [7]. Not surprisingly, those studies that
include patients with transformed follicular
lymphoma report higher frequencies of bcl-2
gene rearrangement. Also the inclusion of ex-
tranodal tumors, the use of various probes (mbr,
mcr, or both), different molecular techniques
(southern blot analysis, PCR, or fluorescence
in situ hybridization), and differences in fixation
were responsible for this heterogeneity. The
majority of previous studies that have used PCR
to evaluate bcl-2 rearrangements have analyzed
only mbr breakpoints. Hill et al. [7] reviewed
the literature and reported a cumulative frequen-
cy of 204 of 1030 (19.8%), with a range of 10%
to 40%. This included their own published work
from the British National Lymphoma Investiga-
tion Study using only mbr primers.

The frequencies of bcl-2 gene rearrangement
from different geographic areas in which mbr
and mcr were evaluated, and the data of the
present study are shown in table (5). These
findings support the preferential breakage of
bcl-2 in Egyptian tumors outside mbr. This
explains the low frequency (7%) of bcl-2 rear-
rangement in DLBCL in the Egyptian series of
Fahmy [21] by using only mbr primers.

Bcl-2 rearrangement in this study did not
correlate significantly with age, sex, B-

symptoms, stage, or IPI (p>0.05). Similarly the
IPI factors were evenly distributed between
t(14;18) positive versus negative groups in the
series of Gascoyne et al. [16], with the exception
that t(14;18) positive cases tended to be younger.
Also Barrans et al. [22] found no association
between the presence of t(14;18), and IPI. In
contrast, Kramer et al. [23] stated that bcl-2
rearrangements were associated with dissemi-
nated disease since none of 40 patients with
stage I disease showed a rearrangement.

A significant difference in complete response
to therapy (p=0.008) and disease free survival
(p=0.04) was demonstrated in this work based
on the presence of bcl-2 rearrangement. These
differences cannot be explained simply by dif-
ferences in the clinical features of these patients
because there was no association between the
presence of the translocation and the IPI. Prior
studies have reached varying conclusions re-
garding the prognostic significance of bcl-2
rearrangement in DLBCL. Decreased survival
in patients having rearrangement was reported
by Barrans et al. and Tang et al. [22,24]. The
data in the study of Hill et al. [7] did not exclude
the possibility that mbr rearrangement may have
some influence on relapse rate, in so far as
actuarially approximately 85% of the mbr pos-
itive patients have relapsed by 6 years, although
this was not significantly different from the
relapse rate of patients without an mbr rear-
rangement. They suggested that this failure to
detect a significant difference could be due to
the small number of patients with an mbr rear-
rangement, and a much larger study could re-
solve this issue. In contrast, the majority of
published series have shown no effect [16,23,25-
28], and the poor outcome or resistance to treat-
ment has been attributed by some authors to
the expression of bcl-2 protein, rather than the
presence of the translocation [7,16,23,26]. Other
studies suggested that patients with bcl-2 gene
rearrangement had better survival [29,30].

Human bcl-2 is a 239 amino acid 25 kDa
protein that localizes primarily to mitochondrial,
nuclear, and cytoplasmic membranes. The bcl-
2 protein is expressed in the progenitor and
long-lived cells in tissues characterized by
apoptotic cell death. It can prevent programmed
cell death without promoting proliferation [31].
High level of bcl-2 protein is believed to play
an important role in lymphomagenesis and in
the development of drug resistance.
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The frequency of bcl-2 expression in this
series (60%) was in the mid-range of that in
prior studies which report figures from 24% to
79% [32,33,34]. The variation is at least in part
likely to represent differences in technique, but
the most recent series (including this one), using
similar antibodies and methods point to a true
figure of 50% to 60%.

In this work, no statistical significant corre-
lation was found between bcl-2 expression and
patient age, sex, B-symptoms, stage, or IPI
(p>0.05). In accordance, some investigators
found no association between IPI, or compo-
nents of IPI, and bcl-2 expression [16,35,36].
Others reported that bcl-2 positive cases were
associated with an elevated serum LDH [16],
stage III-IV disease [37,38,39], or high IPI [38,39].

Some reports of the prognostic significance
of bcl-2 protein expression in DLBCL failed to
show any impact on survival [24,28,40]. This was
explained by Hill et al. [7] by smaller number
of cases or the differing patient populations,
treatments, and follow up time. Other groups
[7,36,37] using similar techniques and thresholds
of bcl-2 immunopositivity have reported that
bcl-2 positive cases have a worse disease free
or cause specific survival, although none were
able to demonstrate a significant difference in
overall survival.

Barrans et al. [35] revealed that bcl-2 was
associated with decreased 2-year overall surviv-
al. In their series using IPI alone they identified
8% of patients as high risk. Expression of bcl-
2 in the intermediate IPI group identified a
further 28% of patients with an overall survival
comparable to the high IPI group. In the series
of Biasoli et al. [41], bcl-2 expression was inde-
pendent poor prognostic factor and identified
a subgroup of patients within the high risk IPI
category who had a dismal outcome.

Drug resistance related to bcl-2 function has
been proposed as the underlying basis for worse
clinical behavior in bcl-2 positive lymphoma.
Evidence has accumulated that many and per-
haps all agents of cancer chemotherapy affect
tumor cell killing in vitro as well as in vivo by
inducing apoptosis [42]. Tumors that are intrin-
sically resistant to chemotherapy are unable to
activate the apoptotic machinery and may there-
fore be fundamentally resistant to chemothera-
peutic cell death. Many cancer cells circumvent

the normal apoptotic mechanisms to prevent
their self destruction. The bcl-2 protein, because
of its antiapoptotic effects is considered to be
an important multidrug resistance agent.

In keeping with previous published reports
[7,13,16,23], our data demonstrate that cases with
a molecular rearrangement may fail to express
the protein. This may be explained by mutations
in the open reading frame of the translocated
bcl-2 gene leading to absent or diminished
production of bcl-2 protein, or genetic events
developing during tumor progression may ab-
rogate the need for bcl-2. Also the expression
of bcl-2 protein in cases laking t(14,18) was
detected [7,16], and suggests that mechanisms
other than translocation can lead to increased
levels of bcl-2 such as activation of the nuclear
factor-kB pathway or an increased copy number
of the bcl-2 gene [43,44]. So the presence of bcl-
2 gene rearrangement is not synonymous with
overexpression of bcl-2 protein and vice versa.

In conclusion, assessment of t(14;18) trans-
location, and bcl-2 protein expression can be
introduced as part of the routine investigation
in patients with DLBCL for risk-adjusted
therapy, and to identify patients who may require
different treatment. The comparison of our
results of bcl-2 gene rearrangement with data
of the literature suggests that some of the epi-
demiologic difference may be related to the
distribution of bcl-2 breakpoints.
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