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Correlation between apoptosis, proliferation and
bcl-2 expression in malignant non-Hodgkin's
lymphoma

S W Kiberu, J H Pringle, S Sobolewski, P Murphy, I Lauder

Abstract
Aim-To investigate whether clinical fea-
tures ofnon-Hodgkin's lymphomas, at the
time of first biopsy, correlate with studies
of cell proliferation and cell death as well
as with the level ofbcl-2 expression.
Methods-Bcl-2 expression, determined
by immunocytochemistry, was compared
with cell proliferation, measured using in
situ hybridisation for histone mRNA, and
cell death by apoptosis, measured using in
situ end labelling for DNA cleavage.
Results-Histone mRNA staining gave a
labelling index of 30% of cells for reactive
germinal centres, 5.2-13.5% of cells for
low grade non-Hodgkin's lymphoma and
12.1-50.5% of cells for high grade non-
Hodgkin's lymphoma. In situ end labelling
gave a labelling index of 5.0-10.0% of cells
for reactive germinal centres, 1.0-3.7% of
cells for low grade non-Hodgkin's lympho-
ma and 4.7-13.5% of cells for high grade
non-Hodgkin's lymphoma. There was a
positive correlation between apoptotic
index and proliferation index. More cases of
low grade than high grade non-Hodgkin's
lymphoma expressed bcl-2. There was no
correlation between apoptotic index and
bcl-2 expression for high grade non-
Hodgkin's lymphoma.
Conclusions-The molecular mechanisms
controlling cell proliferation and death in
non-Hodgkin's lymphoma are complex,
probably involving a range of genes,
including bcl-2. A better understanding of
resistance to cell death is needed if the
clinical goal of tailoring cancer treatment
to individual tumours is to be achieved.
(7 Clin Pathol: Mol Pathol 1996;49:M268-M272)
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Previous studies have shown that non-
Hodgkin's lymphomas in the same diagnostic
classification group can have radically different
clinical outcomes.' For oncologists and radio-
therapists the incentive has been to understand
the biological relations that could result in

improved treatment.' As part of an effort to
improve prognostic criteria this retrospective
study assessed the apoptotic and proliferation
indexes and bcl-2 expression in 20 low grade
and 20 high grade non-Hodgkin's lymphomas.
These parameters were related to histological
grade and, where appropriate, to each other.
The study of apoptosis by morphological

criteria is hampered by the fact that the process
is short-lived2 and after a few minutes the
apoptotic bodies are phagocytosed. In any
given tissue the process occurs asynchronously
and, therefore, can be very difficult to meas-
ure.2 The apoptotic state in the present study
was assessed using an in situ end labelling
technique which labels DNA breaks in apop-
totic cells using a digoxigenin-1 1-dUTP nucleo-
tide analogue introduced by a terminal deoxynu-
cleotidyl transferase.' Compared with previous
studies, which used a morphological count of
apoptotic bodies in haematoxylin and eosin
stained histological slides,3 the in situ end
labelling technique is more sensitive and detects
the early stages of nuclear breakdown during
apoptosis.-

Counting of mitotic figures has been the
traditional method of assessing cell prolifera-
tion and is derived by simple observation.
However, there are many problems in the
accurate measurement of the mitotic index
(MI)4 as mitosis is such a short component of
the cell cycle.5 The S phase of the cell cycle
lasts longer and the labelling index (LI) is thus
a higher index than the MI and is therefore, in
theory, a more accurate measurement. The LI
was first measured by tritiated thymidine
incorporation, but with the widespread use of
immunocytochemistry thymidine has been
replaced by 5-bromo-2'-deoxyuridine (BrdU),
a thymidine analogue.6
Thymidine and BrdU labelling both suffer

from the disadvantage that the DNA substrate
must be administered before detection, thus
precluding retrospective studies on archival
material. Previous studies have shown that S
phase cells can be detected by histone mRNA
expression.7 The cells can be detected reliably
using an in situ hybridisation method which is
quick and easy to perform, and can be used on
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Table 1 Clinicopathological details of the patients studied

Diagnosis Number of Age range Sex ratio Survival ratio
cases (years) (M:F) (alive:dead)

Low grade non-Hodgkin's lymphoma
ML lymphocytic 6 61-78 4:2 5:1
ML follicular 9 20-80 5:4 8:1

centrocytic/centroblastic
ML follicular/diffuse 2 48-64 1:1 2:0

centrocytic/centroblastic
ML PTCL Lennert's 1 55 0:1 1:0
lymphoma

ML T cell rich B cell 2 79-83 1:1 2:0
lymphoma

High grade non-Hodgkin's lymphoma
ML B centroblastic 13 45-84 9:4 8:5
MLB centroblastic 2 63-68 0:2 1:1

secondary
ML B immunoblastic 2 39-74 0:2 1:1
MLTcelllymphomaKi-1 1 81 1:0 1:0

positive
ML T cell peripheral 1 80 0:1 0:1
ML T lymphoblastic 1 4 0:1 1:0

ML = malignant lymphoma; PTCL = peripheral T cell lymphoma.

archival material. The results also show excel-
lent agreement between the number of cells
detected by in situ labelling and the percentage
of cells in the S phase measured by incorpora-
tion of BrdU.' The proliferation state was
therefore assessed by in situ hybridisation for
histone mRNA using digoxigenin-1 1-dUTP
labelled oligonucleotide probes directed
against histone mRNA. Digoxigenin labels
were detected in both methods by anti-
digoxigenin alkaline phosphatase staining.
The bcl-2 oncogene was initially discovered

in relation to t(14:18) (q32;q21).9 '° This chro-
mosomal abnormality increases the expression
of the bcl-2 protein and is observed in a major-
ity of follicular non-Hodgkin's lymphomas and
20% of diffuse B cell non-Hodgkin's lympho-
mas. Increased expression is not confined to
cases with the translocation and previous
immunohistochemical studies have shown that
a broad spectrum of lymphoid malignancies
show positive staining for the gene product."
The role ofbcl-2 in tumorigenesis is thought to
involve cell survival by blocking signals that
would normally lead to apoptosis."2 13 Several
studies have shown that high concentrations of
bcl-2 protein reduce the level of apoptosis in
leukaemic cells treated with glucocorticoids
and multiple chemotherapeutic drugs. The
present study was undertaken to determine
whether expression of bcl-2 influences apopto-
sis in biopsy specimens of non-Hodgkin's
lymphoma.

Methods
CASE SELECTION AND DIAGNOSIS
Twenty cases each of low and high grade non-
Hodgkin's lymphoma, along with tonsil con-
trols, were selected randomly from the Pathol-
ogy archives of Leicester University and the
Leicester Royal Infirmary. Table 1 summarises
the clinicopathological details of the patients
studied. These cases were well defined by
histology, immunohistochemistry, light chain
immunoglobulin restriction, mRNA in situ
hybridisation, heavy chain immunoglobulin
rearrangements by PCR, and Southern blot
gene rearrangements.

CELL PROLIFERATION DETERMINED BY HISTONE
MRNA IN SITU HYBRIDISATION USING
DIGOXIGENIN- 11 -duTP LABELLED
OLIGONUCLEOTIDE PROBES
Histone mRNA in situ hybridisation was
carried out as described previously.7 Paraffin
wax sections (4 jum) of lymphoma tissue
were mounted on aminopropyltriethoxysilane
(APES) coated slides, rehydrated and pre-
treated with proteinase K. Oligonucleotide
probes complementary to H2, H3 and H4 his-
tone genes were labelled with digoxigenin as
described previously,7 applied to the sections
and incubated overnight at 37°C in a humidity
chamber. Controls included pretreated sec-
tions without the probe.

Following post-hybridisation washes, the in
situ hybridisation signal was detected by stand-
ard immunohistochemical techniques using
polyclonal sheep anti-digoxigenin Fab frag-
ments conjugated with alkaline phosphatase
and diluted 1 in 600 in blocking solution con-
taining bovine serum albumin and Triton
X-100. The S phase positive cells were
visualised by incubation for six to 18 hours
with nitroblue tetrazolium (NBT) and
5-bromo-4-chloro-3-indolylphosphate (BCIP)
in alkaline buffer (pH 9.5).

Brown/black staining of the cytoplasm indi-
cated that the cell was in S phase. A count of 10
fields was carried out at high power using a
Leitz microscope (x400 magnification) and by
means of a graticule. An average score per 100
nuclei was taken as an index of the prolifera-
tion state.

BcL-2 ANTIGEN DETECTION BY ANTIGEN
RETRIEVAL AND THE IMMUNOPEROXIDASE
METHOD
Sections (3 jim) of formalin fixed, paraffin wax
embedded lymphoma tissue were mounted on
APES coated slides. Antigen retrieval was car-
ried out as described previously.'4 This was fol-
lowed by a standard immunoperoxidase tech-
nique incorporating monoclonal mouse anti-
human bcl-2 antibody (Dako, High Wycombe,
UK), diluted 1 in 20 in Tris buffered saline
(TBS). A secondary, biotinylated rabbit anti-
mouse antibody, diluted 1 in 400 in TBS, was
then applied and the signal detected by
application of avidin conjugated horse radish
peroxidase. Sections were washed in water and
counterstained with haematoxylin and eosin.
The following grading scheme was used to

assess the degree of staining: 0 = no staining; 1
= slight staining; 2 = moderate staining; and 3
= strong staining.
Normal lymph node tissue served as a nega-

tive control, in which the germinal centres
showed few positive cells. Sections from
confirmed cases of lymphoma served as
positive controls, in which the follicular centres
stained strongly.

IN SITU END LABEI,ING
In situ end labelling was carried out as
described previously.'6 Paraffin wax sections (4
gm) were rehydrated and pretreated with
proteinase K. The exposed 3' ends of nuclear
DNA were labelled by homopolymer tailing
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Figure 1 (A) Haematoxylin and eosin stained section of a low grade non-Hodgkin's lymphoma (follicular centroblasticicentrocytic). The lymphoma is
composed of small cells with irregular vesicular nuclei and indistinct cytoplasm. (B) Low grade non Hodgkin 's lymphoma shown in (A) stained for histone
mRNA. Positive cells in S phase are seen in a proliferation centre. (C) Low grade non-Hodgkin s lymphoma shown in (A) stained using in situ end
labelling Very few apoptotic bodies are present.

using digoxigenin-1 1-dUTP nucleotides and
terminal deoxynucleotidyl transferase (Tdt).
The incorporated digoxigenin-1 1-dUTP was
detected by applying polyclonal sheep anti-
digoxigenin alkaline phosphatase conjugate
and the signal was visualised by applying NBT
and BCIP in alkaline buffer (pH 9.5) for six
hours.

STATISTICS
Quantitative data from two groups were
analysed using a Mann Whitney non-
parametric two-sided rank test. Correlation
regression analysis was carried out assuming a
linear model; p < 0.05 was considered signifi-
cant.

Results
CELL PROLIFERATION ASSESSMENT BY MRNA
HISTONE STAINING
Positive cells were identified by brown/black
staining of their cytoplasm. Figures lB and 2B
show positive cells in low and high grade lym-
phomas, respectively, compared with the corre-
sponding haematoxylin and eosin stained

Table 2 Bcl-2 expression on low and high grade non-Hodgkin's lymphoma

Diagnosis Number of Proliferation Apoptotic Bcl-2 positive
cases index (range) index (range)

Low grade non-Hodgkin's lymphoma
MLlymphocytic 6 5.2-12.0 1.2-3.5 4
MLfollicular 9 6.7-12.9 1.6-3.7 6

centrocytic/centroblastic
MLfollicular/diffuse 2 13.2-13.8 1.6-3.4 2

centrocytic/centroblastic
ML PTCL Lennert's 1 11.4 2.1 1
lymphoma

ML B cell rich T cell 2 12.1-13.0 2.0-2.2 0
lymphoma

Mean 20 9.9 2.4 14
High grade non-Hodgkin's lymphoma

ML B centroblastic 13 17.3-50.5 5.3-13.5 4
ML B centroblastic 2 13.7-50.0 13.3-13.5 2

secondary
ML B immunoblastic 2 20.5-24.5 4.7-5.4 0
MLTcelllymphomaKi-l 1 12.1 4.5 1

positive
ML T cell peripheral 1 36.4 11.8 1
ML T lymphoblastic 1 43.4 6.8 0
Mean 20 28.4 8.8 8

ML = malignant lymphoma; PTCL = peripheral T cell lymphoma.

sections shown in figs lA and 2A. In the low
grade lymphoma a small number of cells in S
phase can be seen in a proliferation centre (fig
1B). In the high grade lymphoma large
numbers of S phase cells are distributed
diffusely throughout the sections. Table 2
shows the results of the proliferation index
measurements. High grade tumours had the
highest levels of cell proliferation with a mean
(range) of 28.4% (12.1-50.5%) of cells stain-
ing. The low grade tumours had significantly
lower indexes, with 9.9% (5.2-13.5%) of cells
staining (p < 0.0001).

APOPTOTIC INDEX AS ASSESSED BY IN SITU END
LABELLING
Black stained nuclei were seen at apoptotic
sites. Figures 1C and 2C show positive apopto-
sis in low grade and high grade lymphomas,
respectively, compared with the corresponding
haematoxylin and eosin stained sections shown
in figs 1A and 2A. Few apoptotic bodies
stained in the low grade variant (fig 1 C). In the
high grade lymphoma both apoptotic bodies
and tingible body macrophages can be seen
throughout the tissue. As shown in table 2 the
high grade tumours had the highest mean
(range) apoptotic count: 8.8% (6.8-13.3%).
The low grade tumours had a mean apoptotic
count of 2.4% (1.0-3.7%). These results were
highly significant when the Wilcoxan non-
parametric test was applied (p < 0.0001).

BcL-2 STAINING
The results of bcl-2 staining are shown in table
2: eight of 20 high grade lymphomas (grades
1-3) and 14 of 20 low grade lymphomas
stained positively (grades 1-3). More of the
low grade lymphomas showed stronger bcl-2
staining: eight of 20 exhibited strong staining
(grade 3) compared with two of 20 high grade
lymphomas.
There was a positive correlation (correlation

coefficient r = 0.606) between the apoptotic
and proliferation indexes. More of the low
grade lymphomas expressed bcl-2 (fig 3).
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Figure 2 (A) Haematoxylin and eosin stained section of high grade non-Hodgkin's lymphoma (centroblastic). The tumour is composed of large cells with
open vesicular nuclei with prominent multiple nucleoli and indistinct cytoplasm. There are numerous mitotic figures. (B) High grade non-Hodgkin's
lymphoma shown in (A) stainedfor histone mRNA. Positive cells in S phase are seen in a proliferation centre. (C) High grade non-Hodgkin's lymphoma
shown in (A). Staining by in situ end labelling highlights the tingible body macrophages and apoptotic cells.

classification and give an indication of tumour
c High

grade bcl-2 negative growth, in addition to morphological data. Our
o Low

grade bcl-2 negative results show that proliferation and apoptosis
* HLgh grade bcl-2 positive were loosely correlated, the low grade lympho-
* Low grade bcl-2 positive mas being more tightly grouped, with low lev-
_o els of these activities, while the high grade

specimens showed much greater variability.
o Previous studies by Leoncini et al,' 18 19 based

on morphological assessment of mitosis and
0° * apoptosis, showed a non-linear positive corre-

lation, with a similar distinction between high
and low grade disease.

° We found the in situ end labelling technique
.*+ + used in this study to be more sensitive than the

0 o 0O * morphological methods3 8and other end label-
- MD 00zzling methods'9 used previously to identify
0o0 * 0 apoptotic cells. We were able to identify cell

death in various stages of nuclear breakdown-
o 20 40 60 80 100 120 140 that is, the production of apoptotic bodies, tin-

Apoptotic index (in situ end labelling positive cells/1000 cells) gible bodies and phagosomes in macrophages.
Correlation between the apoptotic andproliferation indexes in non-Hodgkin's The apoptotic index therefore was much
showing distribution of histological grade and bcl-2 status. higher when determined by in situ end

labelling than by morphology alone and prob-
There was no correlation between the apop- ably represents a much more accurate estimate
totic index and bcl-2 expression for high grade of total cell death. Morphological assessment
lymphomas. of cell death may therefore underestimate the

level of apoptosis, especially in low grade lym-
SURVIVAL phomas. However, the in situ end labelling
There was a significant association between technique does not, of course, provide infor-
bcl-2 expression and patient survival (p < mation regarding the signals producing the
0.04). However, this was difficult to separate characteristic morphological changes nor the
from grade, as the majority of those who died mechanisms that induce DNA damage.
in this limited, short term study had high grade We also determined the bcl-2 status of the
non-Hodgkin's lymphoma. tumours to see whether expression of the bcl-2

gene influences apoptosis in non-Hodgkin's
Discussion lymphoma. The results show that expression of
In the management of patients with bcl-2 is not necessarily related to low levels of
lymphoma, it would clearly be useful to have apoptosis as some bcl-2 positive high grade
information which would form the basis of tumours also had high levels of apoptosis.
reliable prognostic criteria. There have been a However, the majority of lymphomas express-
variety of classifications of non-Hodgkin's ing bcl-2 had average levels of apoptosis. Simi-
lymphoma, all of which claim to have prognos- lar results have been observed in gastrointesti-
tic value. The definition of broad categories of nal lymphomas ofmucosa associated lymphoid
disease within non-Hodgkin's lymphoma has tissue." These results suggest that bcl-2
certainly been useful but in individual patients independent apoptosis is an important factor
it can be unreliable. 7 A proliferation and apop- influencing cell death in many non-Hodgkin's
totic index for each lymphoma might aid lymphomas. Therefore, further analysis of
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other members of the bcl-2 gene family known
to influence the functional status of bcl-2 is
required. The importance of this gene has
recently been demonstrated by studies of prog-
nostic significance in non-Hodgkin's lympho-
ma where it has been shown to have an
independent affect, predictive of poor disease-
free survival.20

Overall, there was a surprisingly good
delineation between the high and low grade
lymphomas, suggesting that the approach
adopted in this study may be helpful in
evolving objective criteria for high and low
grade disease. Assessment of bcl-2 status may
have prognostic implications, but these could
not be linked to a reduced level of apoptosis in
biopsy specimens of high grade lymphomas.
This study is now being extended to investigate
larger numbers of high grade non-Hodgkin's
lymphomas to determine the importance of
apoptosis or genes associated with apoptosis in
prognosis and survival.
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