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Burkitt’s lymphoma and atypical Burkitt/Burkitt-like lymphoma (BL/
BLL) are considered highly aggressive B-cell lymphomas with a rapid
proliferative rate and high rate of apoptosis. The aim of the present
study was to confirm whether apoptotic and cell proliferative factors
affect BL/BLL clinical outcomes. We retrospectively analyzed the
relationship between the clinical and immunophenotypic features
of 43 BL/BLL patients by immunohistochemical staining for bcl-2
and double staining for Ki-67 plus caspase-3. In double staining
experiments, all patients were divided into high and low groups for
the expression of caspase-3, Ki-67, and both Ki-67 and caspase-3, by
using the medians of their percentages as limits. The 43 BL/BLL
patients were divided into high caspase-3 (n = 19) and low caspase-
3 (n = 24) groups. There was a significant difference in the overall
survival between the high (77%) and low caspase-3 (33%) groups; the
survival rate of patients in the low caspase-3 group who received
aggressive short-term chemotherapy (58%) was significantly better
than that of patients who received cyclophosphamide, doxorubicin,
vincristine and prednisolone (CHOP) therapy (17%). All patients
positive for bcl-2 were in the low caspase-3 group (high caspase-3
group, 0%; low caspase-3 group, 42%). The overall survival tended to
be better in the high caspase-3 and bcl-2-negative group (76%) than
in the low caspase-3 and bcl-2-negative (50%) group. In addition, the
low caspase-3 and bcl-2-positive group tended to show the worst
prognosis (16%). We suggest that caspase-3 may function as an
indicator of the prognosis of BL/BLL. Furthermore, intensive short-
term chemotherapeutic regimens may improve the prognosis of the
patients in the low caspase-3 group. (Cancer Sci 2008; 99: 1564–1569)

Apoptosis is an important programmed cell suicide
mechanism that regulates the cell cycle. Morphologically,

it is characterized by the shrinkage of cell volume and the
condensation of nuclear chromatin.(1–3) The caspase family
proteins play an essential role in apoptotic cell death.(4–6) In
particular, caspase-3 is the main effector caspase in the
apoptotic cascade in many apoptotic processes, including the
dismantling of cells and the formation of apoptotic bodies within
the cells.(5,7–9) Therefore, the immunohistochemical expression of
caspase-3 has been used for the detection of apoptotic cells in
some recent studies.(5,7) Burkitt’s lymphoma (BL) is considered
a subtype of highly aggressive mature B-cell lymphoma with a
rapid proliferative rate and high rate of apoptosis. Histop-
athologically, BL is characterized by a diffuse monotonous pattern
of medium-sized cells with round nuclei and clumped chromatin,
that is, a ‘starry sky’ appearance with numerous macrophages
and a cohesive pattern called the ‘jigsaw puzzle-like’ pattern.
Atypical Burkitt/Burkitt-like lymphoma (BLL) is defined as a
variant of BL in the new World Health Organization (WHO)

classification,(10) which includes greater pleomorphism in nuclear
size and shape with fewer and more prominent nucleoli. However,
in both BL and BLL, a starry sky pattern is generally present.
Morphologically, the starry sky pattern imparted by numerous
benign macrophages that have ingested apoptotic tumor cells is
compatible with an extremely high rate of both cell proliferation
and apoptosis.(11–13)

According to the new WHO classification, the presence of
c-MYC translocations is required to conclusively diagnose BL
and BLL. The c-MYC oncogene plays a central role in the
transcriptional regulation of a set of downstream genes that
controls diverse cellular processes, including cell cycle progression
and apoptosis.(14) Therefore, c-MYC translocation is considered
to induce rapid cell proliferation, leading to a highly aggressive
clinical course.(15)

In immunohistochemical analysis, the typical BL demonstrates
a proliferation (MIB-1) index of nearly 100%, and lack of
expression of bcl-2, which is an anti-apoptotic marker. The lack
of expression of bcl-2 reflects enhanced apoptosis, while the
overexpression of MIB-1 (Ki-67) signifies rapid cell proliferation
and increased mitosis in BL; however, it was reported that a
small part of BL and BLL expressed bcl-2.(12,16,17)

To confirm whether apoptotic factors and cell proliferative
factors affect the clinical outcomes of BL/BLL, we retrospec-
tively analyzed clinical and immunophenotypic features and clinical
outcomes of 43 patients with BL/BLL.

Materials and Methods

Patient selection and materials. We selected 43 BL/BLL patients
diagnosed between October 1984 and May 2007 from a list of
lymphoma files in the Departments of Pathology of Fukuoka
and Kurume Universities. The ages of the patients ranged 3–
85 years (median, 49 years), including 17 patients who were less
than 16 years of age and 15 patients who were 60 years of age
or over. Some patients had been previously reported by us.(18) In
the current study, the histological findings of all patients were
reviewed by four experienced hematopathologists (T. Y., K. O.,
S. N. and M. K.) according to the criteria of the new WHO
classification. Biopsy was performed after obtaining informed
consent from all patients. None of the cases with BL/BLL
that were included in this study had AIDS, post-transplant
lymphoproliferative disorder or other immunodeficiency. All
clinical and laboratory data of the patients along with the
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follow-up data were obtained from the medical records of the
respective institutions.

Immunohistochemical staining. Paraffin sections from each
specimen were immunostained using monoclonal antibodies
against CD3, CD20, CD10, bcl-2, Ki-67 (MIB-1) and TdT. All
immunohistochemical reactions and analyses were performed in
a single laboratory, as described previously.(19)

To understand the relationship between apoptosis and cell
proliferation in BL/BLL, we performed immunohistochemical
double staining for Ki-67 plus caspase-3 in this study. The
paraffin sections from each specimen were immunostained with
antibody cocktails of monoclonal antibodies against Ki-67 and
polyclonal antibodies against caspase-3 (Ki-67 + caspase-3
pre-diluted double stain antibody). In the antibody cocktails,
cleaved caspase-3 detects the endogenous levels of the large
fragment (17/19 kDa) of activated caspase-3. Activation of
caspase-3 requires proteolytic processing of its inactive zymogen
into the activated p17 and p12 subunits. The cleavage of caspase-3
requires aspartic acid at the P1 position. This antibody does not
cross-react with other cleaved caspases.(7) All immunohistochemical
double stainings were performed in a single laboratory, as described
previously,(20) by following the protocol manual provided by
Biocare Medical (Concord, CA, USA). Briefly, the first reaction
products, which were brown, were developed by incubation with
diaminobenzidine (DAB), while the subsequent red reaction
products were developed using new fuchsin after an alkaline
phosphatase reaction (Fig. 1).

Immunohistological scoring. For immunohistochemistry analysis,
two experienced hematopathologists (K. O. and M. K.) counted
200 cells and calculated the number of cells that stained
positively at three sites. The average of the percentages of cells
that stained positive for Ki-67 was calculated to yield the
immunohistological score of 0–100% (MIB-1 index). With
regard to bcl-2 expression, the categorization was performed as
follows: negative (positively-stained tumor cells, <40%) and
positive (positively-stained tumor cells, ≥40%).

In the double staining for caspase-3 and Ki-67, we calculated
the average percentage of tumor cells that were positive for
caspase-3 and Ki-67 from the total number of tumor cells.
Furthermore, to evaluate the proportion of cells that underwent

both apoptosis and cell proliferation, we analyzed the percentages
of cells positive for both Ki-67 and caspase-3 to those that were
positive only for caspase-3.

We divided all patients who stained positive for caspase-3 and
Ki-67 into either the high or low group by using the medians of
these percentages as the limits. The categorization was performed
as follows. The low group comprised cases where tumor cells
positive for caspase-3 were 30% or less, those positive for Ki-67
were 95% or less and those positive for both Ki-67 and caspase-3
were 55% or less; the high group comprised cases where tumor
cells positive for caspase-3 were more than 30%, those positive
for Ki-67 were more than 95% and those positive for both were
more than 55%.

Cytogenetic and molecular genetic analysis. We used the LSI MYC
Dual Color Break Apart Rearrangement probe (Vysis, Downers
Grove, IL, USA) to detect the c-MYC translocation by performing
routine fluorescence in situ hybridization (FISH) analysis on
frozen and paraffin sections, as described previously.(18,21,22)

In this study, we detected c-MYC translocation in all the 43
cases of BL/BLL.

Statistical analysis. The survival curves were constructed by
the Kaplan–Meier method, and the level of significance of the
differences in the survival rates were tested using the
generalized log–rank test. The correlations between the two
groups were examined using the χ2-test and Student’s t-test, and
differences were considered significant at P < 0.05.

Clinical analysis. As our previous study,(18) all relevant data
were available, including the individual risk factors that
constitute the International Prognostic Index (IPI; age, clinical
stage, performance status, lactate dehydrogenase [LDH] level,
and the number of extranodal disease sites). The IPI score ranged
0–5 and, based on it, the cases were classified as low risk (IPI
score, 0–2) or high risk (IPI score, 3–5). Clinical staging was based
on the Ann Arbor classification. With regard to chemotherapy,
we could obtain the clinical information regarding the treatment
modalities of 40 of the 43 BL/BLL patients. To eliminate
disparity caused by the use of different treatment modalities,
we divided the patients with BL/BLL into two groups, namely,
groups A and B. Group A included patients treated with the
cyclophosphamide, doxorubicin, vincristine and prednisolone
(CHOP) regimen, which is the standard chemotherapeutic
regimen for diffuse large B-cell lymphoma (DLBCL), or with
the modified CHOP regimen. Group B included patients treated
with intensive short-term chemotherapeutic regimens used for
children with BL; for example, cyclophosphamide, vincristine,
doxorubicin and high-dose methotrexate (CODOX-M) and
ifosfamide, etoposide and high-dose cytarabine (IVAC).

Results

Table 1 shows the characteristics of 43 patients with BL/BLL
according to the proportion of cells positive for caspase-3; that
is, characteristics of patients in the high caspase-3 group (n = 19)
and those of patients in the low caspase-3 group (n = 24). The
median ages of the patients in the high and low caspase-3
groups were 13 and 64.5 years, respectively. The high caspase-3
group comprised a significantly higher percentage of patients
who were less than 16 years of age as compared to the low
caspase-3 group (high caspase-3 group, 63%; low caspase-3
group, 21%; P = 0.005). With regard to the chemotherapeutic
regimen, significantly more patients of the high caspase-3 group
(84%) received the intensive short-term regimen (Group B) than
those of the low caspase-3 group (38%) (P = 0.003). We could
not detect significant differences between the high and low
caspase-3 groups with regard to clinical features, including sex,
performance status, site, clinical stage and IPI.

To confirm the relation between the proportion of cells positive
for caspase-3 and the clinical outcome, we analyzed the overall

Fig. 1. Double staining for Ki-67 plus caspase-3 on Burkitt’s lymphoma
or atypical Burkitt/Burkitt-like lymphoma (BL/BLL). Caspase-3-positive
cells (red) are intermingled in the proliferation of Ki-67-positive cells
(brown). A proportion of proliferating cells, which are Ki-67-positive,
are also simultaneously stained as apoptotic cells, which are caspase-
3-positive (red + brown, arrows). In this case, the percentage of cells
positive for caspase-3 is approximately 25% (low caspase-3 group).
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survival rates of patients in the high and low caspase-3 groups and
found a significant difference in the overall survival (high caspase-
3 group, 77%; low caspase-3 group, 33%; P = 0.029) (Fig. 2a).

Furthermore, to eliminate disparity caused by the use of
different treatment modalities, we compared the overall survival
rates of patients in the high and low caspase-3 groups by dividing
them into treatment groups A and B (Fig. 2b) and found a sig-
nificant difference (high caspase-3: group A, 67% and group B,
79%; low caspase-3: group A, 17% and group B, 58%; P = 0.042).

With regard to the correlation of caspase-3 and bcl-2, which
inhibit apoptosis, we compared the percentage of patients who
were negative for bcl-2 in the high and low caspase-3 groups
(Table 2). In this study, the high caspase-3 group had a signifi-
cantly larger proportion of patients who were negative for bcl-2
than the low caspase-3 group (high caspase-3 group, 100%; low
caspase-3 group, 58%; P < 0.005).

Figure 3(a) shows the correlation between caspase-3 and bcl-2
in BL/BLL. Because all patients in the high caspase-3 group
were negative for bcl-2, we divided the 43 BL/BLL patients into

three groups according to the percentage of cells that were positive
for caspase-3 and the presence of bcl-2: (i) the HN group, high
caspase-3 and bcl-2-negative (n = 19; caspase-3-positive cells,
40.1 ± 5.6%); (ii) the LN group, low caspase-3 and bcl-2-
negative (n = 14; caspase-3-positive cells 20.2 ± 8.3%); and
(iii) the LP group, low caspase-3 and bcl-2-positive (n = 10;
caspase-3-positive cells, 15.3 ± 10.8%).

To confirm whether caspase-3 and bcl-2 – that is, the apoptosis-
associated factors – influenced the clinical outcome of BL/BLL,
we analyzed the overall survival in HN, LN and LP groups
(Fig. 3b). The overall survival tended to be the best in the HN
group (76%), intermediate in the LN group (50%) and the worst
in the LP group (16%); however, we could not detect a significant
difference due to a small study population (P = 0.0528).

Discussion

The starry sky appearance, which is a characteristic of BL/BLL
in histopathological findings, indicates that the tumor cells of

Table 1. Characteristics of patients with classified Burkitt and Burkitt-like lymphoma (BL/BLL) according to the proportion of positive cells for caspase-3

BL/BLL High caspase-3 group† Low caspase-3 group‡ P-value

Age n = 19 n = 24
Median (range) 13 years (3–64) 64.5 years (5–85)
Child: ≤15 years 12 (63%) 5 (21%) 0.005
Senior: ≥60 years 1 (5%) 14 (58%) <0.001

Sex n = 19 n = 24 0.92
Male 9 (47%) 11 (46%)
Female 10 (53%) 13 (54%)

PS§ n = 19 n = 24 0.35
2–4 9 (47%) 8 (33%)

Site n = 19 n = 24 0.09
Extranodal 15 (79%) 13 (54%)

Stage n = 19 n = 24 0.977
III/IV 11 (58%) 14 (58%)

IPI score¶ n = 19 n = 24 0.515
High risk 10 (53%) 15 (63%)

Treatment n = 19 n = 21††† 0.003
Group A†† 3 (16%) 13 (62%)
Group B‡‡ 16 (84%) 8 (38%)

bcl-2 n = 19 n = 24 0.001
Negative 19 (100%) 14 (58%)

Ki-67 n = 19 n = 24 0.058
Median percentage (range) 97.5% (95–100) 94% (82.5–100)
High group§§ 11 (58%) 7 (29%)

Both Ki-67 and caspase-3 n = 19 n = 24 0.001
Median percentage (range) 65% (50–80) 50% (35–80)
High group¶¶ 14 (74%) 6 (25%)

†High caspase-3 group: positively-stained tumor cells for caspase-3, >30%. ‡Low caspase-3 group: positively-stained tumor cells for caspase-3, ≤30%. 
§PS: performance status. ¶IPI: International Prognostic Index (age, clinical stage, performance status, lactate dehydrogenase level, and the number 
of extranodal disease sites): high risk (score, 3–5). ††Group A: patients with BL/BLL treated with cyclophosphamide, doxorubicin, vincristine and 
prednisolone (CHOP) or the modified CHOP regimen. ‡‡Group B: patients with BL/BLL treated with intensive short-term chemotherapeutic regimen. 
§§High group of Ki-67: stained tumor cells, >95%. ¶¶High group both Ki-67 and caspase-3: stained cells for both Ki-67 and caspase-3, >55%. †††We 
were able to obtain clinical information of treatment from 21 of 24 low caspase-3 group in BL/BLL.

Table 2. Correlation between caspase-3 and bcl-2 in 43 Burkitt and Burkitt-like lymphoma (BL/BLL)

High caspase-3 group† Low caspase-3 group‡

n = 19 n = 24
bcl-2-negative 19 (100%) 14 (58%) P = 0.00132

†High caspase-3 group: positively-stained tumor cells for caspase-3, >30%. ‡Low caspase-3 group: positively-stained tumor cells for caspase-3, ≤30%.



Nomura et al. Cancer Sci | August 2008 | vol. 99 | no. 8 | 1567
© 2008 Japanese Cancer Association

BL/BLL have enhanced cell proliferation and apoptosis. Though,
according to the new WHO classification, BLL is defined as a
variant of BL, we did not distinguish between BL and BLL
in this study for the following reasons: (i) it is known that
the histopathological distinction of high-grade mature B-cell
lymphomas with Burkitt-like morphology has less reproduc-
ibility and concordance rate between diagnosticians; (ii) the
number of patients in this study is small; and (iii) both BL and
BLL exhibit a starry sky appearance.

To investigate these processes, we performed an immunohis-
tochemical analysis for Ki-67, bcl-2 and caspase-3. Ki-67 is a
known cell proliferation marker,(23) and BL/BLL patients typically
have a very high Ki-67 proliferation index. In this study, Ki-67
expression did not have a significant effect on the survival of
BL/BLL patients (data not shown). Furthermore, though we
analyzed the relation between Ki-67 expression and the overall
survival, including the factor of chemotherapy regimen, we could
not detect a significant difference in this study (data not shown).

It is possible that the results of the statistical analysis associ-
ated with Ki-67 were influenced by the fact that all the patients
in this study had a relatively high index of Ki-67.

Bcl-2 has anti-apoptotic functions in that it inhibits the pathway
for programmed cell death,(23) and is usually absent in BL/BLL.
Caspase-3 is a marker of the early phase of apoptosis,(24) and is
essential for certain processes associated with the formation of
apoptotic bodies.(8) Hakimelahi et al. reported that one mechanism
underlying the anti-apoptotic function of bcl-2 had been shown
to operate via its inhibitory effect on the activation of the caspase
cascade.(25) They also suggested that bcl-2 might function by

directly binding to the adaptor proteins, thus inhibiting the
activation of the caspase cascade.

Many investigators have described that frequent apoptosis in
BL may stem from the rearrangement of the c-MYC oncogene,
which plays a critical role in cell cycle regulation, including
proliferation, differentiation and apoptosis.(12–14,26,27) The overex-
pression of c-MYC in primary cells results in cell cycle arrest or
apoptosis induced by p53-dependent and p-53-independent
pathways.(14,27) Hecht et al. also suggested that bcl-2 protects
cells against both p53-dependent and p-53-independent apop-
totic pathways induced by c-MYC.(14) In this study, there were no
significant differences in the correlation between caspase-3 and
Ki-67 (data not shown). The reason for the absence of significant
differences might be that all the patients in this study had c-MYC
rearrangement.

The cells that express both Ki-67 and caspase-3 involve a
contradiction in the method of cell proliferation, because these
cells undergo both proliferation and apoptosis simultaneously.
However, accidental cell death often leads to compensatory
proliferation because organ growth is highly dependent on the
balance between cell proliferation and apoptotic cell death.(28–30)

For instance, a cyclic remodeling process characterized by high
rates of proliferation and atresia is observed in ovarian follicular
development.(31) In their study on Drosophila, Hyung et al.

Fig. 2. Comparison of the overall survival rates in Burkitt/Burkitt-like
lymphoma (BL/BLL) with regard to the proportion of cells that are
positive for caspase-3 and response to chemotherapy. (a) Overall survival
rate of the high caspase-3 group (positively-stained tumor cells, >30%) and
the low caspase-3 group (positively-stained tumor cells, ≤30) in BL/BLL.
(b) Overall survival rate of the patients in the high and low caspase-3
groups when treated with cyclophosphamide, doxorubicin, vincristine and
prednisolone (CHOP) or modified CHOP (group A) and with highly
intensive short-term chemotherapeutic regimens (group B).

Fig. 3. Correlation of the proportion of cells positive for caspase-3 and
bcl-2 in Burkitt/Burkitt-like lymphoma (BL/BLL). (a) BL/BLL patients are
divided into three groups according to the proportion of cells positive
for caspase-3 (high caspase-3 group, positively-stained tumor cells, >30%;
low caspase-3 group, positively-stained tumor cells, ≤30) and bcl-2; high
caspase-3 and bcl-2-negative (HN), low caspase-3 and bcl-2-negative (LN),
low caspase-3 and bcl-2-positive (LP). No patients in the high caspase-3
group were bcl-2-positive. (b) Overall survival rate of BL/BLL patients
with regard to the proportion of cells positive for caspase-3 (high
caspase-3 group, positively-stained tumor cells, >30%; low caspase-3 group,
positively-stained tumor cells, ≤30) and bcl-2; groups HN, LN and LP.
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reported that apoptotic cells activate the signaling cascades for
compensatory proliferation.(32) We did not observe this mechanism
in this study; however, the ability of these cells to proliferate
might be induced by the signaling cascades of the apoptotic
cells surrounding them. In addition, although this study could
not show a significant correlation between the percentage of
cells positive for both Ki-67 and caspase-3 and the survival of
patients in BL/BLL, the percentage of cells positive for both
Ki-67 and caspase-3 could be used as a means to distinguish
between BL/BLL and DLBCL because the percentage of these
cells was significantly higher in BL/BLL than in DLBCL (data
not shown).

Hickman described how the cytotoxicity of many chemother-
apeutic agents is determined by their ability to induce apoptosis
in tumor cells.(33) In this study, we found a significant difference
in the overall survival between the high and low caspase-3
groups. Except bcl-2-positive patients, which has an atypical
immunohistochemical reaction in BL/BLL, the patients in the
high caspase-3 group tended to better survive than those in the
low caspase-3 group, although we could not detect a significant
difference in this study. This result suggests that an increase in
caspase-3 may indicate an increase in cell apoptosis and effective
response to chemotherapy, resulting in a favorable outcome in
patients with ordinary BL/BLL. In addition, Daniels et al. in
their study using human BL cell lines, suggested that rituximab
could kill human B cells via a caspase-independent form of
programmed cell death, and that this pathway might be relevant
to the clinical efficacy of rituximab in BL patients.(34)

Recently, the survival rates of patients with BL/BLL have
improved following the use of aggressive short-term chemotherapy,
particularly in children and adolescents,(35) and several studies

have reported high cure rates following the use of similar chem-
otherapeutic protocols in adults with BL or Burkitt’s leukemia.(36,37)

We previously reported that BL/BLL patients who received
aggressive short-term chemotherapy showed better overall survival
than those who received CHOP or CHOP-like chemotherapy.(18)

In this study, while the patients in the low caspase-3 group
showed significantly worse overall survival than those in the
high caspase-3 group, intensive short-term chemotherapeutic
regimens improved the overall survival in the patients in the low
caspase-3 group. Therefore, it is possible that the use of aggressive
short-term chemotherapy may improve the prognosis of the
patients in the low caspase-3 group who demonstrated less
apoptosis than those in the high caspase-3 group. Moreover,
in this study, the median of age distribution among the high
caspase-3 group and the low caspase-3 group is apparently
different (13 and 64.5 years, respectively). Therefore, we have
hypothesized that the better response to chemotherapy in
children with BL/BLL is because a large number of BL/BLL
patients in the high caspase-3 group were considerably younger
than those in the low caspase-3. However, this study was per-
formed retrospectively and the number of patients was small.
A large prospective study is required in the future to verify our
results.

Our results suggest that caspase-3 may play the role of an
indicator for the prognosis of BL/BLL. We conclude that
caspase-3 expression should be confirmed in patients with
BL/BLL.
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