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In contrast to primary central nervous system lym-
phomas (PCNSLs) that occur in immunocompetent
patients, most of those that occur in immunosup-
pressed patients are associated with Epstein-Barr
virus (EBV). BCL-2–related proteins either block or
promote cell death, forming homo- or heterodimers
with each other. LMP-1, EBV latent protein, has
been shown to upregulate BCL-2 and BCL-XL. This
observation suggests that these proteins may be in-
volved in the transformation process of EBV-
infected cells.

Twenty-three cases of PCNSLs were studied: 12 of
the patients were immunosuppressed, and 11 were
immunocompetent. For all cases, we collected clin-
ical information, histologic data, and immunophe-
notype and tested for the presence of EBV (EBER-1,
LMP-1). Apoptosis was assessed by the TdT-
mediated dUTP-biotin nick-end labeling method
and quantified by image analysis. In three cases,
electron microscopy was performed. The BCL-2
family proteins (BCL-2, BCL-X, MCL1, and BAX) and
p53 expression were studied by immunohistochem-
istry on paraffin slides.

All cases were classified as diffuse large B-cell
lymphomas. PCNSLs in immunosuppressed pa-
tients were characterized by EBV association, necro-
sis, important gliosis, and numerous macrophages.
There was no significant difference between the two
groups regarding the TdT-mediated dUTP-biotin
nick-end labeling staining (P 5 .08). In contrast,
PCNSLs in immunosuppressed patients were shown
to express high levels of BCL-2, BCL-X, and BAX in

more than 80% of tumor cells in 7, 10, and 11 cases,
respectively. In immunocompetent patients, only
one case showed a high level of BCL-2 expression in
more than 80% of the cells, whereas BCL-X and BAX
were overexpressed in two cases. These differences
are significant (P < .05). In contrast, there was no
significant difference between the two groups in
MCL-1 expression. Besides EBV association and ne-
crosis, PCNSLs related to immunosuppression are
characterized by an overexpression of BCL-2–re-
lated proteins, without dramatically modifying their
susceptibility for apoptosis.
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Immunosuppressed and immunocompetent pa-
tients exhibit different features in primary central
nervous system lymphomas (PCNSLs). PCNSLs are
mostly large B-cell lymphomas; those related to
immunosuppression often have immunoblastic
features (1). In contrast, most PCNSLs that occur in
immunocompetent patients show a centroblastic
polymorphic feature. Epstein-Barr virus (EBV) has
been shown to be associated with nearly all AIDS-
related PCNSLs (2, 3), whereas it has been de-
scribed only rarely in those that occur in immuno-
competent patients (4, 5). This difference in EBV
status in PCNSLs allows us to study morphologic
and immunohistochemical features that could be
related to EBV.

Mitochondrial BCL-2 oncoprotein has been
shown to be capable of blocking apoptosis (6). Be-
cause this protein efficiently blocks in different
models of apoptosis, it has been suggested that it
acts in a final common pathway. Recently, several
proteins (BCL-X, BAX, MCL-1, A1, BAK, BAD) that
share homology with BCL-2 have been described
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(BCL-2 family). They have been shown to interact
with each other, forming homo- or heterodimers
and either to promote (BAX, BCL-XS, BAK, BAD) or
to block (BCL-2, BCL-XL, MCL-1, A1) cell death,
depending on their relative quantity (7, 8).

The relationships between EBV proteins and
those related to BCL-2 remain unclear. Bcl-2 gene
transactivation by the viral protein LMP1 has been
described in vitro (9, 10). In AIDS-related PCNSLs,
we have found a correlation between the expres-
sion of both LMP1 and BCL-2 (11), which has been
confirmed in systemic lymphomas (12). However,
the lack of a consistent relationship between LMP1
and BCL-2 expression in human pathologic models
could be linked with a possible role of other mem-
bers of the BCL-2 family. LMP1 has been described
to upregulate BCL-X and MCL-1 (12, 13).

We report our studies on the expression of BCL-2
family proteins and their effect on apoptosis in two
groups of PCNSLs, with opposite EBV status. Al-
though there was no significant difference in the
rate of apoptosis, proteins of the BCL-2 family
(BCL-2, BCL-X, and BAX) were overexpressed in
PCNSLs that occurred in immunosuppressed pa-
tients.

MATERIALS AND METHODS

Patients and Material
Twenty-three PCNSLs were studied: 12 in immu-

nosuppressed patients (11 patients with AIDS and 1
renal transplant recipient) and 11 in immunocom-
petent patients. All cerebral samples were obtained
from biopsy. The following clinical information was
collected for each patient: sex, age, cerebral local-
ization, number of tumors, corticoid treatment be-
fore biopsy, and type of biopsy (surgical, stereotax-
ic). In all cases, hematoxylin-eosin and Giemsa
stainings were performed after 4% formaldehyde
fixation and paraffin embedding.

Lymphomas were classified according to the Re-
vised European American Lymphoma classification
(14). Necrosis and presence of vascular thrombosis
were searched for on hematoxylin-eosin–stained
sections. Importance of astrogliosis and macro-
phage density was assessed as follows: no or few
reactive astrocytes/macrophages versus marked as-
trogliosis or macrophage accumulation (easily seen
using a 253 objective). The number of CD3-positive
reactive lymphocytes allowed a classification into
two groups: CD31 lymphocytes representing more
or less than 50% of the whole lymphoid population.

Detection of Epstein-Barr Virus
In all cases, EBV was detected by in situ hybrid-

ization on paraffin sections, using a fluorescein iso-

thiocyanate–labeled oligonucleotide complemen-
tary to small nuclear EBV encoded RNA1 (EBER1;
Dakoppatts, Glostrup, Denmark). An alkaline
phosphatase/anti-alkaline phosphatase mouse sys-
tem was used for detection. LMP1 (Table 1) was
detected on paraffin sections, using a standard
avidin-biotin-peroxidase method and microwave
pretreatment.

EBER and LMP1 positivity were scored semi-
quantitatively as previously described (15): 0 5 no
positive cell, 1 5 scattered positive cells in a low
power field using a 103 objective, 2 5 few positive
cells per medium power field using a 253 objective,
3 5 positive cells easily seen in each medium power
field, 4 5 many positive cells in each medium
power field.

Apoptosis
Apoptosis was assessed in 21 cases by TdT-

mediated dUTP-biotin nick-end labeling (TUNEL).
Deparaffinized and rehydrated sections were
treated with proteinase K (0.5 mg/mL) for 10 min,
then incubated with Caco-cobalt Bio-11dUTP and
TdT at 37° C for 60 min. After being washed and
endogenous alkaline phosphatase activity was in-
hibited, sections were incubated with streptavidin/
alkaline phosphatase (1/1000 dilution) for 30 min at
room temperature. They were washed, and revela-
tion was performed with 5-bromo-4-chloro-3-in-
dolyl-phosphatase/Nitroblue tetrazolium for 30
min before being counterstained. We assessed
TUNEL positivity by image analysis. A LEITZ DMR
(Leica, Heerbrugg, Switzerland) microscope was
used with a 403 objective, operating with a 3CCD
Color Video Camera (DXC.93OP, Sony, Japan).
Analysis was performed using the ANALYSIS soft-
ware (SIS Soft Imaging Software Corp., Reutlingen,
Germany). For each case, we analyzed three high
power fields (403 objective), avoiding the vicinity
of necrosis. There were significant areas of necrosis
in some of the immunosuppressed group of pa-
tients. In two cases, this limited the analysis to one
high power field and in four cases limited it to two

TABLE 1. Panel of Antibodies Used for

Immunohistochemistry on Paraffin Sections

Specificity Clone Dilution Source

CD20 L26 1/1000 Dakopattsa

CD3 Polyclonal 1/1000 Dakopattsa

LMP1 CS1-4 1/50 Dakopattsa

p53 DO-1 Prediluted Immunotechb

BCL-2 124 Prediluted Dakopattsa

BCL-X Polyclonal 1/800 Pharmingenc

MCL-1 Polyclonal 1/800 Pharmingenc

BAX Polyclonal 1/800 Pharmingenc

a Glostrup, Denmark
b Luminy, France
c San Diego, CA
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high power fields. Results were expressed as a per-
centage of positive surface.

For the 12 immunosuppressed patients, part of
the biopsies were fixed in glutaraldehyde and a
semi-thin 0.5 mm section stained by Toluidine blue
was studied. In three cases, the semi-thin section
showed adjacent necrosis, so ultrathin sections
were stained with uranyl acetate and examined for
apoptotic changes and lysis features using a JEOL
100CX2 transmission electron microscope operat-
ing at 80kV.

Immunohistochemical Analysis
Avidin-biotin-peroxidase method was performed

on paraffin sections, using a commercially available
kit (Vectastain; ABC Vector Laboratories, Burlin-
game, CA) and the monoclonal antibodies (B- and
T-cell markers, LMP1, p53, BCL-2 family) as de-
tailed in Table 1. Briefly, tissue sections were depar-
affinized, subjected to microwave treatment (three
times for 5 min), then incubated in 3% H2O2 in 70%
methanol for 20 min and preblocked with bovine
serum albumin for 30 min before incubation with
the primary antibody. The complex was visualized
with diaminobenzidine, and the nuclei were coun-
terstained with hematoxylin.

For p53 protein, a highly expressing p53 colon
carcinoma section was used as a positive control
and expression was assessed as follows: 0 when
fewer than 10% of tumor cells were positive, 1
when 10 to 30% of positive cells were seen, 11
when more than 30% of the cells were positive.

For BCL-2–related proteins, mAbs were incu-
bated overnight at room temperature, and normal
kidney tissue and reactive lymph nodes were used
as positive controls. All of the series was performed
on the same day. Two different experiments were
done for BCL-X, BAX, and MCL-1. Expression was
considered as follows: 0 5 no expression, 1 5 faint
expression or in fewer than 80% of tumor cells, 11
5 strong expression in more than 80% of tumor
cells.

Statistical Analysis
Comparison between the two groups for histo-

logic and immunohistochemical features was
tested using the Fisher’s exact test. For assessing
TUNEL positivity, the Wilcoxon test was used. P ,
.05 was considered significant.

RESULTS

Clinical Findings
The immunosuppressed patients predominantly

were young men. For both groups, tumors were
primarily supratentorial. Most patients received

corticoid treatment a few days before biopsy. All 11
immunocompetent patients received corticoid
treatment before biopsy. Of these, five received it
for more than 1 week. Eleven of the immunosup-
pressed patients also received corticoid treatment.
Seven of those received one bolus on the day before
biopsy (Table 2).

Histopathologic Findings
All PCNSLs of immunocompetent patients were

classified as diffuse large B-cell lymphomas accord-
ing to the Revised European American Lymphoma
classification (14), showing in eight cases features
corresponding to the so-called centroblastic poly-
morphic lymphomas, according to the Kiel updated
classification (16). In immunosuppressed patients,
all cases were classified as diffuse large B-cell lym-
phomas; six cases showed immunoblastic mor-
phology with plasmacytic features.

In tumors that occurred in immunosuppressed
patients, we found necrosis in nine cases (Fig. 1),
reactive astrogliosis in eight cases, and numerous
foamy macrophages in seven cases (Table 3). These
observations were significantly higher than in the
immunocompetent patients, in which no necrosis
was seen (Fig. 2). Vascular thrombosis was found in
six immunosuppressed patients and in one immu-
nocompetent patient (P 5 .068). We looked for a
possible linkage between corticoid treatment (pres-
ence versus absence) and the following features:
necrosis, vascular thrombosis, and gliosis. There
was no significant difference (P . .05).

Epstein-Barr Virus
No PCNSL of an immunocompetent patient was

associated with EBV, as shown by in situ hybridiza-
tion (EBER1) and LMP1 immunohistochemistry. In
contrast, all 12 tumors in the immunosuppressed

TABLE 2. Clinical and Histologic Features

Clinical Features
Immunocompetent

Patients (N 5 1)
Immunosuppressed

Patients (N 5 12)

Sex
Male 3 (27%) 11 (92%)
Female 8 (73%) 1 (8%)

Mean age (range) 59 (30–80) 39 (24–59)
Cerebral localization

Supratentorial 9 (82%) 11 (92%)
Infratentorial 1 (9%) 0
Both 1 (9%) 1 (8%)

Number of tumors
Unifocal 5 (45%) 7 (58%)
Multifocal 6 (55%) 5 (42%)

Corticoid treatment
No treatment 3 (27%) 1 (8%)
,1 week 3 (27%) 7 (58%)
$1 week 5 (46%) 4 (34%)

Type of biopsy
Surgical 3 (27%) 0
Stereotaxic 8 (73%) 12
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patients were associated with EBV. Eleven showed a
strong nuclear positivity with the EBER1 in situ
hybridization, and LMP1 was expressed in 11 cases
(Table 4). One case (Patient 23) showed large sheets
of necrosis, representing more than half of the sam-
ple, and was considered as negative by in situ hy-
bridization, whereas it expressed LMP1.

Apoptosis
Mean percentages of positive surface with

TUNEL (Fig. 3) studied by image analysis were
0.76% (60.33) and 0.89% (60.52) for immunosup-
pressed and immunocompetent patients, respec-
tively. Although the rate of apoptosis was slightly
higher in immunocompetent patients than in im-
munosuppressed patients, this difference was not
significant (P 5 .08).

In the three cases studied by electron micros-
copy, three main features were found. Most of the
cells showed morphologic changes of lysis (“necro-
sis”) characterized by marginal clumping of loosely

textured nuclear chromatin and swollen cytoplasm.
A minority of cells showed patches of condensed
chromatin in a clear cytoplasm, a feature consid-
ered “secondary necrosis” (17), whereas a few oth-
ers exhibited chromatin condensation and margin-
ation with cytoplasmic condensation, considered
the morphologic hallmark of apoptosis.

Immunohistochemical Study
All cases were of B-cell lineage tumor cells ex-

pressing a high level of CD20 at their membrane. A
variable number of reactive lymphocytes, highly
expressing CD3 in their cytoplasm, were found
scattered between tumor cells or around the
perivascular space (Tables 4 and 5). Only two cases
were found to have numerous CD3-positive reac-
tive cells, representing the majority of lymphoid
cells (Table 3).

The p53 protein was expressed in tumors of four
immunocompetent patients and four immunosup-
pressed patients. Among them, only two immuno-
competent patients showed p53 expression in more
than 30% of the tumor cells.

BCL-2 was expressed in the cytoplasm of tumor
cells in 10 cases of PCNSLs in immunosuppressed
patients and in 5 cases of immunocompetent pa-
tients (P 5 .09). BCL-2 was overexpressed in more
than 80% of tumor cells (11) in seven immuno-
suppressed patients and one immunocompetent
patient. This difference was significant (P 5 .03).
BCL-X was strongly expressed (11) in 10 immuno-
suppressed patients and 2 immunocompetent pa-
tients (P 5 .003). MCL-1 expression was found in 10
immunocompetent patients and all immunosup-
pressed patients, without significant difference
when analyzing cases with overexpression (11).
BAX, a dominant inhibitor of BCL-2, was expressed

FIGURE 1. Area of necrosis in a case of primary central nervous
system lymphoma in an immunosuppressed patient.

FIGURE 2. Primary central nervous system lymphoma in an
immunocompetent patient (1003). Most tumor cells are centroblasts
(arrows). Apoptotic bodies are scattered among tumor cells
(arrowhead).

TABLE 3. Histologic Features

Histological
Characteristics

Immuno-
competent

Patients
(N 5 11)

Immuno-
suppressed

Patients
(N 5 12)

p (Fisher’s
exact test)

Necrosis
Absence 11 3 (25%) ,.001
Presence 0 9 (75%)

Vascular thrombosis
Absence 10 (91%) 6 (50%) NS (0.068)
Presence 1 (9%) 6 (50%)

Astrogliosis
Scattered 9 (82%) 4 (33%) 0.03
Numerous 2 (18%) 8 (67%)

Macrophages
Scattered 10 (91%) 5 (42%) 0.03
Numerous 1 (9%) 7 (58%)

CD31 lymphocytes
,50% 10 (91%) 11 (92%) NS
.50% 1 (9%) 1 (8%)
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in all cases but one with a variable intensity. It is
surprising that BAX was overexpressed (11) in 11
PCNSLs related to immunosuppression, often
showing strong cytoplasmic positivity (Fig. 4b com-
pared with Fig. 4a), whereas it was overexpressed in
only 2 immunocompetent PCNSLs (P , .001).

DISCUSSION

The expression of BCL-2–related proteins was
studied in two groups of PCNSLs, that were either

related or unrelated to immunosuppression. The
first group (11 cases) consisted of PCNSLs that oc-
curred in immunocompetent patients. Although
their frequency is increasing (18), this is a relatively
rare disease that occurs in patients during their fifth
or sixth decade. They usually are diffuse large B-cell
non-Hodgkin’s lymphomas and are not associated
with EBV (4). The second group consisted of 12
PCNSLs in immunosuppressed patients. Eleven
were AIDS related, and one was a transplant recip-
ient. As described previously (2, 3), these lympho-
mas were associated with EBV. Because of these
distinct characteristics, this model seems suited for
analyzing features and expression of proteins that
could be related to EBV.

TABLE 4. Expression of BCL-2–Related Proteins, p53, and Association with Epstein-Barr Virus

Cases BCL-2 BCL-X MCL-1 BAX p53 EBER LMP1

Immunocompetent patients
1 0 1 11 1 0 0 0
2 0 0 11 0 0 0 0
3 1 1 1 1 0 0 0
4 0 11 11 1 0 0 0
5 1 1 11 1 0 0 0
6 11 11 11 1 1 0 0
7 0 1 0 1 11 0 0
8 1 1 11 11 1 0 0
9 0 1 1 11 11 0 0

10 1 1 1 1 0 0 0
11 0 0 1 1 0 0 0

N (11) 5 9 10 10 4 0 0
Immunosuppressed patients

12 11 11 11 11 0 3 4
13 0 11 11 11 0 3 3
14 1 1 1 11 0 3 2
15 11 11 11 11 1 1 3
16 11 11 1 11 1 3 2
17 0 1 11 11 0 1 4
18 11 11 11 11 1 2 1
19 1 11 11 11 0 2 0
20 1 11 11 11 0 3 3
21 11 11 11 1 0 3 3
22 11 11 11 11 0 2 4
23 11 11 11 11 1 0 2

N (12) 10 12 12 12 4 11 11

BCL-2–related proteins were considered as follows: 0, no expression; 1, expression of less than 80% of tumor cells or faint expression; 11, strong
expression of more than 80% of cells. The p53 expression was assessed as follows: 0, ,10% of positive cells; 1, 10 to 30% positive cells; 11, .30% positive
cells. EBER and LMP1 were assessed as follows: 0, no positive cell; 1, scattered positive cells in a low power field (103); 2, few positive cells per medium
power field (253); 3, positive cells easily seen; 4, many positive cells in each medium power field.

FIGURE 3. TdT-mediated dUTP-biotin nick-end labeling method.
Numerous positive nuclei are observed in a case of primary central
nervous system lymphoma occurring in an immunocompetent patient.

TABLE 5. Comparison between the Two Groups for

Immunohistochemical Features and Apoptosis

Immuno-
competent

Patients
(N 5 11)

Immuno-
suppressed

Patients
(N 5 12)

p

BCL-2 (11 vs 0,1) 1 (9%) 7 (58%) 0.03a

BCL-X (11 vs 0,1) 2 (18%) 10 (83%) 0.003a

MCL-1 (11 vs 0,1) 6 (55%) 10 (83%) NSa

BAX (11 vs 0,1) 2 (18%) 11 (92%) ,.001a

TUNEL 0.89% (60.52) 0.76% (60.33) NS (0.08)b

BCL-2 family proteins were considered as overexpressed when more
than 80% of tumor cells were strongly positive (11).

NS, not significant.
a Fisher’s exact test was used.
b Wilcoxon test was used.
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The young age and male predominance in the
group of PCNSLs related to immunosuppression is
probably related to risk factors usually associated
with HIV infection. We chose to analyze only cere-
bral biopsies to avoid postmortem artifacts. How-
ever, biopsies allowed us to analyze only part of the
tumor. We collected information concerning corti-
coid treatment before biopsy, which could be con-
sidered a confusing factor in the study of cell death
and the expression of proteins involved in the con-
trol of apoptosis. In both groups, most patients
underwent a corticoid treatment of variable dura-
tion. We found no linkage between corticoid treat-
ment and necrosis, vascular thrombosis, or astro-
gliosis. These results suggest that corticoid
treatment is not a major confusing factor in the
study of histologic features.

A majority of cases related to immunosuppres-
sion were characterized by necrotic areas of vari-
able severity. Although apoptosis has been mor-
phologically defined in opposition to “necrosis”
(17), recent observations lead us to consider these
two patterns of cell death as part of a continuum.
The same death stimuli lead to both necrosis and
apoptosis (19), depending on the intensity of the

stimulus and the availability of apoptogenic pro-
teases (20). In this study, we addressed the question
of whether the extensive cell death leading to ne-
crosis observed in EBV-related PCNSLs involved
apoptotic process. The cell’s susceptibility to apo-
ptosis was studied by the TUNEL method. Although
the number of apoptotic cells tended to be slightly
higher for immunocompetent patients, there was
no statistical difference between the two groups.
When analyzing the edge of necrotic areas by
TUNEL, few nuclei were positive, agreeing with the
few apoptotic bodies found by electron micros-
copy. These results suggest that the apoptotic
mechanism does not play a major role in the exten-
sive cell death leading necrosis that characterizes
EBV-related PCNSLs.

The mechanisms of tissue necrosis and vascular
damage in EBV-associated lymphoproliferative disor-
ders are still unknown. Recent works, focusing on the
chemokine interferon-g-inducible protein-10 and the
monokine induced by interferon g expression, sug-
gest that these molecules would be responsible (21).
However, the exact role of these molecules has not yet
been studied in EBV-related PCNSLs.

High expression of BCL-2–related proteins in nu-
merous systemic lymphomas has been shown pre-
viously (12). This could suggest that proteins in-
volved in the control of programmed cell death may
also have a role in lymphoma pathogenesis. EBV
has been shown to induce, through its latent pro-
tein LMP1, upregulation of the antiapoptotic mol-
ecule BCL-2 in vitro (9, 10). In vivo studies showed
a correlation of expression of LMP1 with BCL-2 and
BCL-X in human non-Hodgkin’s lymphomas (11,
12), whereas all EBV-positive cases were described
to be positive for BCL-X in Hodgkin’s disease (12).
From these observations, it has been suggested that
EBV, through transactivation of antiapoptotic pro-
teins, may block apoptosis and then have a role in
lymphomagenesis. However, the exact pathologic
role of BCL-2–related proteins in human tumors,
proteins that are widely expressed in normal tissues
(22, 23), is still uncertain.

Our observations confirm that PCNSLs related to
immunosuppression are characterized by high ex-
pression of BCL-2, as compared with PCNSLs unre-
lated to EBV. BCL-X is a BCL-2 homologue, which in
its long form is able to block apoptosis whereas in its
short form favors programmed cell death. As demon-
strated in systemic lymphomas (12), BCL-X was sig-
nificantly more highly expressed in EBV-related lym-
phomas. Although the polyclonal antibodies in use
are unable to distinguish between the long and the
short forms of BCL-X, previous works showed that the
antiapoptotic long form of BCL-X was the most fre-
quently expressed (8, 24). MCL-1, widely expressed in
both groups of PCNSLs, was shown in vitro to be
induced by LMP1 (13) in a transient manner. The

FIGURE 4. A, BAX immunohistochemistry (high magnification) of an
immunocompetent patient without overexpression. B, BAX
immunohistochemistry (high magnification) of an immunosuppressed
patient, showing a strong cytoplasmic overexpression.
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absence of difference regarding MCL-1 expression in
our study is consistent with that found in systemic
lymphomas (12) and could perhaps be partly ex-
plained by this short-term effect. BAX was expressed
in nearly all cases of PCNSLs, whether associated with
immunosuppression or not. It is surprising that cases
that showed more than 80% of positive tumor cells
(11) were significantly higher in immunosuppressed
patients. This contrasts with results in systemic lym-
phomas (12), but another scale took into account all
positive cases.

Another point of interest is the consequence of
overexpression of all of these proteins with oppo-
site effects on apoptosis. The antiapoptotic effect of
BCL-2 may be balanced by the activity of other
molecules that belong to the same family. For ex-
ample, BCL-2 requires formation of heterodimers
with BAX. Thus, the equilibrium between BCL-2:
BAX heterodimers (inhibitors of apoptosis) and
BAX:BAX (which promotes apoptosis) seems to be
important in the regulation of apoptosis. A balance
between the activity of different BCL-2 family pro-
teins would determine the cells’ susceptibility to
apoptosis. Prediction of cellular susceptibility to
apoptosis by knowing the relative level of expres-
sion of each protein of the BCL-2 family is difficult
because the interaction of BCL-2–related proteins is
complex and not fully understood. Also, analyzing
the levels of expression does not imply analyzing its
function. For example, it was recently shown that
BCL-2 is able to be cleaved by caspases to a Bax-like
death effector (25). Moreover, a recent article (26)
described in hematopoietic malignancies that BAX,
the main protein of the BCL-2 family that promotes
cell death, can display mutations that are associ-
ated with a loss of function.

In this study, cells’ susceptibility to apoptosis was
analyzed using the TUNEL method and no differ-
ence between the two groups was found, despite an
overexpression of BCL-2, BCL-X, and BAX in immu-
nosuppressed patients. One may hypothesize that
BAX expression counteracts the antiapoptotic effect
of BCL-2 and BCL-X.

In this article, we have shown that there is no
major difference regarding the rate of apoptosis
between PCNSLs whether they are related to EBV or
not. In contrast, PCNSLs related to EBV are charac-
terized by large areas of necrosis; numerous reac-
tive cells; and overexpression of BCL-2, BCL-X, and
BAX proteins. These findings suggest that upregu-
lation of the BCL-2 family in EBV-related lympho-
mas is not restricted to antiapoptotic proteins and
has no major effects on tumor cells’ susceptibility
to apoptosis.
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11. Camilleri-Broët S, Davi F, Feuillard J, Bourgeois C, Seilhean
D, Hauw JJ, et al. High expression of latent membrane pro-
tein 1 of Epstein-Barr virus and BCL-2 oncoprotein in ac-
quired immunodeficiency syndrome-related primary brain
lymphomas. Blood 1995;88:432–5.

12. Schlaifer D, Krajewski S, Galoin S, Rigal-Huguet F, Laurent
G, Massip P, et al. Immunodetection of apoptosis-regulating
proteins in lymphomas from patients with and without hu-
man immunodeficiency virus infection. Am J Pathol 1996;
149:177– 85.

13. Wang S, Rowe M, Lundgren E. Expression of the Epstein Barr
virus transforming protein LMP1 causes a rapid and tran-
sient stimulation of the Bcl-2 homologue Mcl-1 levels in
B-cell lines. Cancer Res 1996;56:4610 –3.

14. Harris NL, Jaffe ES, Stein H, Banks PM, Chan JK, Cleary ML,
et al. A revised European-American classification of lym-
phoid neoplasms: a proposal from the international lym-
phoma study group. Blood 1994;84:1361–92.

15. Hamilton-Dutoit S, Rea D, Raphaël M, Sandvej K, Delecluse
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