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There is increasing evidence that bcl6 and CD10
expression may be related to apoptosis and cell cy-
cle progression. Therefore, 79 cases of de novo dif-
fuse large B-cell lymphomas were studied for the
expression of bcl6 and CD10 proteins in relation to
1) the apoptotic index; 2) the proliferation-
associated proteins Ki67, cyclin A, and cyclin B1;
and 3) the expression of the bcl2, p53, Rb, p16, and
p27 proteins. Expression of bcl6, CD10, and bcl2
proteins was found in 54/79 (68%), 28/79 (35%), and
47/74 (63%) cases, respectively. The bcl6/CD10 pat-
terns were as follows: bcl6�/CD10� (26 cases, 32%),
bcl6�/CD10- (28 cases, 33%), bcl6�/CD10� (23
cases, 31%), and bcl6�/CD10� (2 cases, 4%). Signif-
icant positive correlations were found between
bcl6/Ki67 (r � .328, P � .003), bcl6/cyclin A (r �
.265, P � .018), bcl6/apoptotic index (r � .327, P �
.010), CD10/Ki67 (r � .296, P � .008), and CD10/
apoptotic index (r � .397, P � .001). In addition,
high expression of bcl6 showed significant correla-
tion with negative (null/low) bcl2 expression (�2

test, P � .002). The above findings indicate that
increased expression of the bcl6 and CD10 proteins
is associated with increased apoptosis and prolifer-
ation in diffuse large B-cell lymphomas. The asso-
ciation between increased bcl6 expression and en-
hanced apoptosis might be due, at least in part, to
the null/low bcl2 expression because previous in
vitro data showed that bcl6 overexpression induces
apoptosis accompanied by bcl2 and bcl-xl down-
regulation. Moreover, significant correlation was
found between increased apoptotic index and the

bcl6�/CD10� pattern (t test: P � .014, Mann-
Whitney test: P � .046). This finding and the posi-
tive correlation of the apoptotic index with bcl6 and
CD10 expression may be related to previous results
showing that the expression of these proteins has
favorable effects on the clinical outcome of diffuse
large B-cell lymphomas.
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Normal tissue homeostasis is maintained by the
regulation of cell proliferation and death. This reg-
ulation may be achieved, in part, by coupling the
process of cell cycle progression and apoptosis by
using and controlling a shared set of factors includ-
ing, among others, the oncosuppressor genes p53
and Rb, the dominant oncogene c-Myc and various
cyclin–dependent kinase inhibitors (CDKIs) (1, 2).
There is now a body of evidence to suggest that the
impairment of various regulators of the cell cycle
progression and apoptosis plays a crucial role in
oncogenesis (1–3).
Diffuse large B-cell lymphomas represent the

most common type of non-Hodgkin’s lymphomas
in Western countries and are characterized by het-
erogeneous clinical, immunophenotypic, and ge-
netic features (4–10). Given their biological hetero-
geneity, alterations of several cell cycle and
apoptosis regulators have been identified in diffuse
large B-cell lymphomas by using immunohisto-
chemical and molecular biology techniques (5–10).
Recently, the global gene expression profile of

diffuse large B-cell lymphomas has been analyzed
by means of cDNAmicroarrays (8, 9). Alizedeh et al.
(8) have identified two molecularly distinct groups
of diffuse large B-cell lymphomas, the germinal
center B-like diffuse large B-cell lymphomas and
the activated B-like diffuse large B-cell lymphomas.
This was confirmed by Rosenwald et al. (9) who, in
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addition to the germinal center B-like diffuse large
B-cell lymphomas and the activated B-like diffuse
large B-cell lymphomas, have also described the
type 3 diffuse large B-cell lymphomas. The germinal
center B-like diffuse large B-cell lymphomas were
characterized by the expression of genes of the
normal germinal center B-cells, the activated B-like
diffuse large B-cell lymphomas were characterized
by the expression of genes that are normally in-
duced during in vitro activation of peripheral blood
B-cells and the Type 3 diffuse large B-cell lympho-
mas did not express either set of genes at a high
level (8, 9). The gene expression signature of the
germinal center B-like diffuse large B-cell lympho-
mas included several known germinal center differ-
entiation markers (e.g., bcl6, CD10, CD38) and a
host of new genes (e.g., BCL-7A, LMO2; 8). The gene
expression signature of the activated B-like diffuse
large B-cell lymphomas included a gene that is
translocated in lymphoid malignancies, IRF4
(MUM1/LSIRF), and two noteworthy genes whose
products inhibit apoptosis, FLIP and bcl2 (8). More-
over, these molecularly distinct types of diffuse
large B-cell lymphomas were also found to be dis-
tinct with respect to prognosis. The patients with
germinal center B-like diffuse large B-cell lympho-
mas had more favorable clinical outcome than
those with activated B-like diffuse large B-cell lym-
phomas (8, 9).

Bcl6 protein is a POZ/zinc finger sequence-
specific transcriptional repressor that was found to
be required for germinal center formation, antibody-
affinity maturation, and T-helper-2-mediated re-
sponses (11–13). Bcl6 inhibits lymphocyte activa-
tion by inhibiting the expression of CD69 and CD44
and inhibits differentiation of germinal center B
cells toward plasma cells by inhibiting the expres-
sion of Blimp-1 gene, which is important for plas-
macytic differentiation (13). Chromosomal translo-
cations involving the 5' noncoding domain of the
bcl6 gene at band 3q27 are observed in about 40%
of diffuse large B-cell lymphomas and 10–15% of
follicular B-cell lymphomas, juxtaposing the gene
to promoters from a variety of partner chromo-
somes (most commonly in immunoglobulin heavy
chain loci; 13, 14–20). Mutations within the 5' non-
coding domain of the bcl6 gene occur frequently in
germinal center and post- germinal center lympho-
mas, including diffuse large B-cell lymphomas, fol-
licular B-cell lymphomas and Burkitt lymphomas
(13, 20–23). Expression of the bcl6 protein occurs
almost always in follicular B-cell lymphomas and
frequently in diffuse large B-cell lymphomas and
Burkitt lymphomas, but it appears that bcl6 protein
expression is not associated with alterations of the
bcl6 gene (20, 24–32).

CD10 protein is a cell surface metalloproteinase
that reduces cellular response to peptide hormones

(28, 33). Identified substrates are largely neural or
humoral oligopeptide agonists and the enzyme
functions to terminate signaling by degrading the
ligand (33). Among hematopoietic cells, CD10 is
expressed by immature B and T cells, by the germi-
nal center B cells, by granulocytes, and by cells of a
number of lymphoid malignancies (4, 5, 10, 33).
Regarding B-cell non-Hodgkin’s lymphomas, CD10
protein is expressed in almost all Burkitt lympho-
mas, in most follicular B-cell lymphomas, and in a
proportion of diffuse large B-cell lymphomas,
whereas marginal zone/mucosa associated lym-
phoid tissue (MALT) lymphomas and mantle cell
lymphomas are CD10 negative (10, 24, 27–35).

There is increasing evidence that bcl6 and CD10
expression may be related to apoptosis and cell
cycle progression. Indeed, data from in vitro studies
indicate that the role of bcl6 as promotor or inhib-
itor of apoptosis or proliferation may depend on the
cellular context and the experimental approach
(36–46). In addition, in vitro studies and studies of
normal lymphoid tissue and lymphoid malignan-
cies showed that the expression of CD10 protein is
associated with apoptosis and proliferation (4, 5, 10,
47–51). However, to the best of our knowledge,
there is no detailed histological information about
the relation of bcl6 and CD10 expression status with
apoptosis and proliferation in diffuse large B-cell
lymphomas. Therefore, we have investigated the
immunohistochemical expression of the bcl6 and
CD10 proteins and the bcl6/CD10 expression pat-
terns in relation to (1) the apoptotic index, (2) the
proliferation profile (expression of Ki67, cyclin A,
and cyclin B1 proteins), and (3) the expression of
major regulators of the cell cycle and/or the apo-
ptosis such as bcl2, p53, Rb, p16, and p27 proteins
in 79 cases of de novo diffuse large B-cell
lymphomas.

MATERIALS AND METHODS

Materials
Seventy-nine cases of de novo diffuse large B-cell

lymphomas (37 nodal and 42 extranodal) classified
according to the Revised European-American clas-
sification of lymphoid neoplasms (REAL classifica-
tion) (4) were selected from the files of the Depart-
ment of Pathology of the University of Ioannina on
the basis that complete clinicopathological param-
eters were available.

Immunohistochemistry
Immunostainings were performed on formalin-

fixed, paraffin-embedded tissue sections by the la-
beled streptavidin avidin biotin method using
monoclonal antibodies directed against bcl6 (dilu-
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tion 1:10, clone PG-B6p, Dako SA, Glostrup, Den-
mark), CD10 (dilution 1:10, clone 56C6, Novocastra,
Newcastle upon Tyne, UK), and bcl2 proteins (di-
lution 1:10, clone 124, Dako SA, Glostrup, Den-
mark). Pretreatment of the sections with the buffer
Dako-code S3308 in microwave oven twice for 5
minutes each was performed for the bcl6 immuno-
staining. Pretreatment of the sections with 10 mM

sodium citrate buffer (ph 6.0) in a microwave oven
was performed for the CD10 and bcl2 immuno-
staining as we described elsewhere (52). The mono-
clonal antibodies directed against Ki67, cyclin A,
cyclin B1, p53, Rb1, p16, and p27 proteins, the
corresponding positive controls, and the evaluation
approach for the expression status of these proteins
were reported in detail elsewhere (53). Briefly, pos-
itive expression of p53 was considered when the
expression of this protein in large neoplastic cells
was higher than the maximum value of the expres-
sion in lymphoid cells in the reactive lymphoid
tissues. Positive expression of p27 was considered
when the expression of this protein in large neo-
plastic cells was higher than the maximum value of
the expression in large lymphoid cells in the reac-
tive lymphoid tissues. Rb- or p16-negative expres-
sion (partial or total) was considered when the large
neoplastic cells were negative and interspersed nu-
clei of reactive cells (small lymphocytes, endothelial
cells) were positive. For the counting of immunopo-
sitive bcl6, CD10, and bcl2 cells a continuous score
system was adopted by using the 40� objective lens
and counting at least five fields selected on the
basis that they contained immunopositive cells.
The number of immunopositive cells was divided
by the total number of the counted cells, and the
expression was defined as the percentage of posi-
tive cells in the total number of the counted cells.
Three groups of immunoexpression were defined:
less than 10%: null/low, 10–29%: intermediate, and
at least 30%: high expression. Positive expression of
bcl6, CD10 and bcl2 proteins was considered the
intermediate/high expression and negative expres-
sion was considered the null/low expression. Inter-
nal positive control was required and reactive
lymph nodes and normal thymuses from our pre-
vious studies were also used as positive controls
(53, 54). Negative controls were included and con-
sisted in the same immunohistochemical method
with omission of the primary antibody.

TUNEL Method
The TdT (terminal deoxynucleotidyl-transferase)-

mediated in situ labeling technique (TUNEL; Apo-
tag kit, Oncor, Gaithersburg, MD) was carried out as
we described in details in a previous study (55).
Positive and negative controls were included in ev-
ery staining. Reactive lymph nodes and thymuses

served as positive controls. Negative controls con-
sisted in the same method with omission of the TdT
reaction step. The evaluation of the results was
performed as we described previously (54, 55).
Briefly, morphologically intact TUNEL-positive
cells and apoptotic cells in hematoxylin-eosin
stained slides (defined as cells with condensed, hy-
perchromatic, ring-like, crescentic, or beaded chro-
matin and often surrounded by a clear halo) were
considered as positive and are referred to as apo-
ptotic cells. Areas of obvious necrosis were ex-
cluded from counting. The number of apoptotic
cells was recorded by using the 40� objective lens
and by counting the apoptotic cells in at least 10
randomly selected fields, corresponding to a total of
2000 to 3000 cells. The apoptotic index was deter-
mined as the number of apoptotic cells expressed
as a percentage of the total number of counted
cells.

Statistical Analysis
The t test and Mann-Whitney test (for compari-

son of two groups of cases on one variable), �2 test
(for comparison of categorical data), and Spear-
man’s correlation test (for assessment of correla-
tion between two continuous variables) were used.
The values of the Spearman’s correlation coefficients
are presented as r values. The results were consid-
ered as statistically significant when P � .05. The
program SPSS for Windows Release 10 was used for
statistical analysis.

RESULTS

Immunohistochemical expression of the bcl6
(Fig. 1), CD10 (Fig. 2), and bcl2 proteins was found
in 54/79 (68%), 28/79 (35%), and 47/74 (63%) cases,
respectively (Table 1). The bcl6/CD10 patterns were
as follows: bcl6�/CD10� (26 cases, 32%), bcl6�/
CD10� (28 cases, 33%), bcl6�/CD10� (23 cases,
31%) and bcl6�/CD10� (2 cases, 4%; Table 2). The
apoptotic index (54) could be evaluated in 62 cases
(range, 0.26–9.7%, mean value 2.79% � 1.97%; Fig
3). The expression of p27, p53, Rb, p16, Ki67, cyclin
A, and cyclin B1 proteins was reported in details
previously (53). Briefly, positive expression of p27
and p53 proteins was observed in 22/79 (28%) and
38/79 (48%) cases, respectively. Negative expres-
sion of Rb and p16 proteins was mutually exclusive
and was observed in 5/79 (7%) and 14/79 (18%)
cases, respectively. The expression of cyclin A and
cyclin B1 was high (at least 30% of neoplastic cells
positive) in 44/79 (56%) and 22/79 (27%) cases,
respectively, and was intermediate/low in the re-
maining cases.

The immunoexpressions of the bcl6, CD10, Ki67,
cyclin A, cyclin B1, bcl2, p53, Rb, p16, and p27 pro-
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teins and the apoptotic index were analyzed as con-
tinuous variables and significant positive correlations
were found between bcl6/Ki67 (r � .328, P � .003),
bcl6/cyclin A (r � .265, P � .018), bcl6/apoptotic

index (r � .327, P � .010), CD10/Ki67 (r � .296, P �
.008), and CD10/apoptotic index (r � .397, P � .001).

The expression status (positive versus negative
cases) of bcl6 and CD10 proteins was analyzed in

FIGURE 2. High CD10 immunohistochemical expression in neoplastic cells of diffuse large B-cell lymphomas (magnification 400�).

FIGURE 1. High bcl6 immunohistochemical expression in neoplastic cells of diffuse large B-cell lymphomas (magnification 400�).

474 Modern Pathology



relation to the expression status (positive versus
negative cases) of the bcl2, p27, p53, Rb, and p16
proteins (Tables 3 and 4). Significant correlation
was found between high expression of the bcl6
protein and negative expression status of the bcl2
protein (Fisher’s �2 test: P � .002; Table 4).

Because both bcl6 and CD10 were positively cor-
related with apoptosis and proliferation, the bcl6�/
CD10� expression pattern (versus the other bcl6/
CD10 patterns) was analyzed in relation to the
values of the apoptotic index (Table 5) and in rela-
tion to the expression status of Ki67, cyclin A, cyclin
B1, bcl2, p27, p53, Rb, and p16 proteins (Table 6).
Significant correlation was found between bcl6�/
CD10� pattern and increased apoptotic index (t test:
P � .014, Mann-Whitney test: P � .046; Table 5).

Correlation with Clinicopathological Parameters
No significant correlation was found between tu-

mor localization (nodal versus extranodal) or tumor
stage (I–IV) and expression status of bcl6, CD10 or
bcl6/CD10 patterns.

DISCUSSION

The main finding of the present study was that
increased expression of the bcl6 and CD10 proteins
is associated with increased apoptosis and prolifer-
ation in diffuse large B-cell lymphomas. With re-
spect to bcl6, the data in the literature indicate that
its role as promotor or inhibitor of apoptosis may
depend on the cellular context and the experimen-
tal approach (37, 41–46). Some studies reported
that bcl6 may protect cells from apoptosis (41, 43,
45). Kumagai et al. (41) used a differentiation-
inducible mouse myogenic cell line and found that
adenovirus-mediated overexpression of bcl6 en-

hanced the viability of the differentiating myocytes
preventing apoptosis. Kojima et al. (43) used bcl6-
deficient mice, and they showed that bcl6 may play
a role as a stabilizer in protecting spermatocytes
from apoptosis induced by stressors such as heat
shock. Baron et al. (45) used the Epstein-Barr virus–
negative Burkitt lymphoma BJAB cell line express-
ing high levels of bcl6, and they found that the
human programmed cell death-2 (PDCD2) gene is a
target of bcl6 repression. Moreover, they showed by
immunohistochemical studies of human tonsils
that the localization of PDCD2 expression is in-
versely related to that of bcl6 in germinal center and
follicular mantle cells. Therefore, they suggested
that bcl6 may down-regulate apoptosis by means of
its repressive effects on the human programmed
cell death-2 (PDCD2) gene. However, some other
studies noted that high expression of bcl6 may in-
duce apoptosis (37, 42, 44, 46). Indeed, Zhang et al.
(44) found that overexpression of bcl6 induces ap-
optosis in murine fibroblast NIH3T3 cells and
showed that a 17 aminoacid sequence in the middle
portion of bcl6 is responsible for inducibility of
apoptosis in these cells. Albagli et al. (37) used the
human osteosarcoma cell line U2OS stably trans-
fected with bcl6 and found that bcl6 induces dose-
dependent growth suppression which was corre-
lated with delayed S phase progression and
triggering of apoptosis. Yamoshi et al. (42) found
that viability of CV1 and HeLa cells infected by a
recombinant adenovirus expressing bcl6 was mark-
edly reduced due to apoptosis. Bcl6 overexpression
induced apoptosis which was preceded by down-
regulation of bcl2 and bcl-xl, and it was suggested
that bcl6 might regulate the expression of these
apoptosis repressors (42). In keeping with the latter
study (42), Tang et al. (46) showed that the forkhead
transcription factor AFX activates apoptosis by in-
duction of bcl6 which directly binds to and sup-
presses the promoter of the antiapoptotic gene bcl-
xl. Our data could be relevant to the results of
Yamoshi et al. (42) because we found that high
expression of bcl6 showed significant correlation
with negative (null/low) bcl2 expression status (P �
.002). Moreover, Larocca et al. (25) showed that in
most cases of primary central nervous system dif-
fuse large B-cell lymphomas with increased bcl6
expression, the bcl2 protein was undetectable. On
the basis of the aforementioned results it could be
hypothesized that the association between in-
creased bcl6 expression and increased apoptosis in
diffuse large B-cell lymphomas might be due, at
least to some extend, to bcl2 downregulation in-
duced by bcl6 overexpression. However, it is also
possible that, at least in a portion of diffuse large
B-cell lymphomas, bcl6 may exert its proapoptotic
function independently of bcl2 downregulation and
possibly through bcl-xl downregulation (42, 46), be-

TABLE 1. Expression Status of bcl6, CD10, and bcl2

Proteins

Expression Status Bcl6 CD10 Bcl2

High expression 24 (30%) 7 (9%) 43 (58%)
Intermediate expression 30 (38%) 21 (26%) 4 (5%)
Total positive cases 54 (68%) 28 (35%) 47 (63%)
Negative expression 25 (32%) 51 (65%) 27 (37%)
Total cases 79 79 74

High expression: at least 30% of neoplastic cells positive.
Intermediate expression: 10–29% of neoplastic cells positive.
Negative expression: less than 10% of neoplastic cells positive.

TABLE 2. Expression Patterns of bcl6 and CD10 Proteins

Patterns Number of Cases

bcl6�/CD10� 26 (32%)
bcl6�/CD10� 28 (33%)
bcl6�/CD10� 2 (4%)
bcl6�/CD10� 23 (31%)
Total 79
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cause nine cases in our study and four cases in the
study Larocca et al. (25) with increased bcl6 expres-
sion also expressed bcl2 protein in a substantial
proportion of neoplastic cells (range of bcl2 expres-
sion 10–90%). Clearly, further studies are required

to elucidate the relation between bcl6 and apopto-
sis in diffuse large B-cell lymphomas.

In the present study, bcl6 expression showed sig-
nificant positive correlation with the proliferation-
associated proteins Ki67 and cyclin A. It appears
from the literature that there is no simple correla-
tion between bcl6 and proliferation (36–40). Some
in vitro studies reported that bcl6 expression was
associated with impaired cell cycle progression and
decreased proliferation (37, 39). Indeed, Albagli et
al. (37) showed that bcl6 mediates growth suppres-
sion associated with impaired S phase progression
in human U2OS osteosarcoma cells. Moreover,
Hosokawa et al. (39) established Ba/F3 pro-B cells
carrying a human bcl6 transgene and showed that
induced bcl6 protein down-regulates the expres-
sion of cyclin A2 and inhibits cell proliferation.
However, Shaffer et al. (38) showed that bcl6 may
promote cell cycle progression and maintain pro-
liferation by repressing the expression of the CDKI
p27 and by blocking blimp-1 expression which re-
presses c-myc expression. Moreover, Allman et al.
(36) showed that bcl6 protein expression was 34-
fold higher in the rapidly proliferating germinal
center B-cells than in the resting B-cells. Interest-
ingly, a recent study has linked bcl6 expression,
senescence response and proliferative capacity of
primary human B cells (40). Indeed, Shvarts et al.
(40) showed that bcl6 overrides the senescence re-
sponse downstream of p53 through a process that
requires cyclin D1 expression and significantly ex-

FIGURE 3. Staining of apoptotic cells by the TUNEL method (magnification 400�).

TABLE 3. Relation of bcl6 and CD10 with p53, Rb, p16,

and p27 Expression Status

bcl6�
(n � 54)

bcl6�
(n � 25)

CD10�
(n � 28)

CD10�
(n � 51)

p53� (n � 38) 25 13 13 25
p53� (n � 41) 29 12 15 26

Rb� (n � 74) 51 23 26 48
Rb� (n � 5) 3 2 2 3

p16� (n � 65) 46 19 25 40
p16� (n � 14) 8 6 3 11

p27� (n � 22) 15 7 7 15
p27� (n � 57) 39 18 21 36

Chi-Square tests: bcl6 vs p53 (P � 0.409), bcl6 vs Rb (P � 0.509), bcl6
vs p16 (P � 0.245), bcl6 vs. p27 (P � 0.593), CD10 vs p53 (P � 0.506), CD10
vs Rb (P � 0.585), CD10 vs p16 (P � 0.185), CD10 vs p27 (P � 0.443).

TABLE 4. Relation between bcl6 and bcl2 Protein

Expression Status

bcl6 Expression
Bcl2 Expression

Total Cases
High/Intermediate Negative

High 9 15 24
Intermediate/negative 38 12 50
Total cases 47 27 74

Chi-square test: P � 0.002.
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tends the replicative lifespan of primary human B
cells in culture. They suggested that bcl6 acts as an
immortalizing oncogene by rendering cells unre-
sponsive to antiproliferative signals emanating
from the p19 (ARF)-p53 pathway during the senes-
cence response. On the basis of the aforementioned
results it could be hypothesized that the association
between bcl6 and proliferation in diffuse large
B-cell lymphomas might be due, at least to some
extent, to the possibility that bcl6 confers resistance
to antiproliferative signals from the p19 (ARF)-p53
pathway and to down-regulate the expression of
the CDKI p27. In this context, the occurrence of
aberrations in the p27 expression status and in the
p19 (ARF)-p53 and/or Rb-p16-cyclin D growth-
inhibitory pathways (1, 2), which are frequent
events in diffuse large B-cell lymphomas (53, 56–
58), might further enhance the proliferative activity
of neoplastic cells. Our recent findings are relevant
to this assumption because we have shown that low
p27 expression combined with altered p53/Rb/p16
expression status is significantly associated with
enhanced proliferation in diffuse large B-cell lym-
phomas (53). In this regard, we asked the question
whether bcl6 expression was associated with al-
tered expression of the major cell cycle regulators
p27, p53, Rb and p16. However, no significant cor-

relations were found, thereby suggesting that fur-
ther studies are required to elucidate the mecha-
nisms explaining the association between bcl6 and
proliferation in diffuse large B-cell lymphomas.

In addition to bcl6, CD10 expression was also
positively correlated with the apoptotic index and
the proliferation-associated protein Ki67 in the
present study. There are several lines of evidence
indicating a positive correlation of CD10 expression
with proliferation and apoptosis in both normal
and malignant B-cells. Indeed, (1) germinal center
cells are characterized by high proliferation and
have the propensity to undergo apoptosis and up-
regulate CD10 expression on apoptotic induction,
whereas CD10 is absent on other subsets of mature
B-cells that are not characterized by high apoptosis
(47, 48, 51), (2) Burkitt’s lymphoma cells that are
characterized by high proliferation and apoptosis
almost constantly express CD10 (4, 5, 10), and (3)
CD10-positive B-acute lymphoblastic leukemia
cells were cycling cells with elevated c-myc and
propensity to apoptosis, whereas CD10-negative
B-acute lymphoblastic leukemia cells had lower cy-
cling capacities and c-myc levels and were resistant
to apoptosis (50). Moreover, human postthymic
and thymic T-cells express CD10 when undergoing
apoptosis (49). To explain the relations between

TABLE 5. Relation of the bcl6/CD10 Patterns with the Apoptotic Index

bcl6/CD10 Patterns n
Apoptotic Index

Mean � SD
Apoptotic Index

Mean Ranks

bcl6�/CD10� 23 3.59% � 2.52% 37.46%
bcl6�/CD10�, bcl6�/CD10� and bcl6�/CD10� 39 2.32% � 1.39% 27.29%
Total cases 62 2.79% � 1.97%

T-test: P � 0.014, Mann-Whitney test: P � 0.046.
Mean ranks: the summary of the ranks divided by the number of cases.

TABLE 6. Relation of the bcl6/CD10 Patterns with p53, Rb, p16, p27, bcl2, cyclin A, and cyclin B1 Expression Status

bcl6�/CD10� Pattern
(n � 26)

bcl6�/CD10�, bcl6�/CD10� and
bcl6�/CD10� Patterns (n � 53)

p53� (n � 38) 13 25
p53� (n � 41) 13 28

Rb� (n � 74) 24 50
Rb� (n � 5) 2 3

p16� (n � 65) 23 42
p16� (n � 14) 3 11

p27� (n � 22) 6 16
p27� (n � 57) 20 37

bcl2� (n � 47) 14 33
bcl2� (n � 27) 11 16

Cyclin A high expression (n � 44) 14 30
Cyclin A intermediate/low expression (n � 35) 12 23

Cyclin B1 high expression (n � 22) 11 11
Cyclin B1 intermediate/low expression (n � 57) 15 42

Chi-square tests: bcl6/CD10 patterns vs p53 (P � 0.501), vs Rb (P � 0.535), vs p16 (P � 0.248), vs. p27 (P � 0.351), vs bcl2 (P � 0.240), vs cyclin A (P �
0.502), vs cyclin B1 (P � 0.062).
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CD10 and apoptosis it was suggested that CD10
might degrade cytokines that reach the cell when
apoptosis has already started (49). Because a variety
of cytokines may play a protective role in B- and
T-cell apoptosis, CD10 expression may potentiate
the apoptotic ability of B and T cells, by inhibiting
the protective signals. As suggested by Cutrona et
al. (49), this could be consistent with the capacity of
CD10 to hydrolyze a variety of active peptides, in-
cluding growth and chemotactic factors. It is pos-
sible that CD10 participates in the process of selec-
tion in the germinal center and the thymus by
increasing the threshold of cytokines required to
prevent B and T-cell apoptosis, respectively.

The present findings that bcl6 and CD10 expres-
sion is positively correlated with the apoptotic in-
dex and that the bcl6�/CD10� pattern is associ-
ated with increased apoptotic index may be related
with the results of recent studies reporting that the
expression of these proteins has favorable effects
on the clinical outcome of diffuse large B-cell lym-
phomas (8, 9, 23, 31, 34, 59). Therefore, it could be
hypothesized that diffuse large B-cell lymphomas
expressing CD10 and bcl6 proteins may be more
susceptible to apoptosis and, as a consequence,
may be more sensitive to treatment.

In conclusion, the present study shows (1) that
increased expression of the bcl6 and CD10 proteins
is associated with increased apoptosis and prolifer-
ation in diffuse large B-cell lymphomas and (2) that
high expression of bcl6 is associated with negative
(null/low) bcl2 expression status. The association
between increased bcl6 expression and enhanced
apoptosis might be due, at least in part, to the
null/low bcl2 expression because previous in vitro
data showed that bcl6 overexpression induces ap-
optosis accompanied by bcl2 and bcl-xl downregu-
lation. Moreover, the positive correlation of both
bcl6 and CD10 expression with apoptosis and the
association of the bcl6�/CD10� pattern with in-
creased apoptosis may be related to recent results
showing that the expression of these proteins has
favorable effects on the clinical outcome of diffuse
large B-cell lymphomas. Therefore, it could be hy-
pothesized that diffuse large B-cell lymphoma cells
expressing CD10 and bcl6 proteins may be more
susceptible to apoptosis and, as a consequence,
may be more sensitive to treatment.
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