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Apoptotic cell death plays a central role in the pa-
thogenesis and disease progression of cancer as well as in the
response to treatment. In the present work we investigated
the association between the presence of apoptotic peripheral
blood cells in breast and ovarian cancer progression. Apop-
tosis was analysed in blood cells of breast (n=82) and ovarian
cancer patients (n=79). Blood samples from age matched
healthy women served as control (n=70). The apoptotic
peripheral blood cells were detected by agarose gel electro-
phoresis. The apoptotic cells were identified in 83% (68/82)
of the breast cancers and in 65% of ovarian cancer patients
(51/79). The number of positive samples was significantly
higher among cancer samples than among control samples
(p<0.05). Additionally, there were significant differences
(p<0.05) in the presence of apoptosis between subgroups
assigned to histological stage. The high frequency of apop-
totic peripheral blood cells in breast and ovarian tumours
suggests a potential role of apoptosis in cancer appearance
and/or progression.

Introduction

Apoptosis is a process whereby cells die in a controlled
manner in response to specific stimuli and apparently ac-
cording to an intrinsic and specific program [13]. This
process plays an important role in cell-deletion in normal
homeostasis and embryogenesis, and contributes to retarda-
tion of tumour growth [33]. 

Apoptosis process is a frequent phenomenon both in
breast and in ovarian cancer [1, 7, 15, 19]. Ovarian cancer,
one of the most common gynaecological malignancies, has
an aggressive phenotype and a relatively poor prognosis;
peritoneal dissemination and/or retroperitoneal lymph node
metastases are found in two-thirds of patients at the time of
diagnosis [5]. The ability of ovarian cancer cells to metasta-

sise to different sites in the body is the major cause of
morbidity and mortality among ovarian cancer patients. It is
therefore important to identify high-risk or low-risk patients
by suitable markers. 

Breast cancer is one of the major killers worldwide. The
most important prognostic parameters for breast carcinomas
are tumour stage, histological subtype, grade, and residual
tumour after surgical treatment [11, 18]. However, these
factors present an incomplete picture of the tumour biology
of breast cancer. Therefore, investigation of other prognostic
factors is of special clinical relevance, particularly in view
of the unexpectedly progressive course of the disease and
frequent relapses in some cases. 

In the regulation of tumour mass, a balance between
rates of cell proliferation and cell loss is crucial. Cell loss by
cell death from cancers has begun to receive attention as a
possible indicator of tumour growth [33]. Among various
malignant tissues examined, morphological evidence of
apoptosis was commonly found and apoptosis demonstrated
in regressing tumours [12, 13]. Moreover, it was reported
that in vitro tumour cells can gain a selective growth advant-
age by blocking the apoptotic pathway [12, 13, 33]. These
findings show that apoptosis is a mode of cell death in
cancers and its frequency may serve as a useful variable to
characterise the behaviour of tumours.

Dysregulation of the normal programmed cell death mech-
anism plays an important role in the pathogenesis and progres-
sion of ovarian [1, 2, 19, 35] and breast cancer [14, 19, 34]. 

The BCL-2 family with its anti-apoptotic members
BCL-2, BCL-XL, MCL-1, and A1 and the growing subfam-
ily of death-promoting members BAX, BCL-XS, BAK,
BAD, BIK, BID, BIM, BOK, HRK, MTD, and BOO play a
central role in the regulation of apoptotic cell death [23, 24,
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29, 37]. In breast cancer patients, reduced BAX expression
correlates with a poor response to chemotherapy and shorter
overall survival [16, 27, 28, 30]. BCL-2 expression repre-
sents an independent prognostic predictor in stage III ovarian
cancer [1, 2].

In the present work, we addressed the question whether the
frequency of apoptosis detected by agarose gel electrophoresis
correlates with breast and ovarian cancer progression.

Material and Methods

Breast cancer samples

Blood was obtained from 82 women with node-negative
(n=34) and node-positive (n=48) ductal breast carcinoma
treated at the Department of Oncology of the Institute of

Polish Mother’s Memorial Hospital. No distant metastases
were found in patients at the time of treatment. Blood
samples were collected from 40 premenopausal women
(mean age±SD 41.33±4.72 years) and from 42 postmeno-
pausal women (mean age±SD 65.33±7.66 years). Median
follow-up of patients still alive at the time of analysis was 39
months (range: 2 - 71 months). The average tumour size was
20mm (range 17 - 32mm). All tumours were graded by a
method based on the criteria of Scarff-Bloom-Richardson
[6, 25]. There were 27 tumours of I grade, 29 of II grade and
26 of III grade in total. Steroid receptor status was not
determined in the study group. 

Ovarian cancer samples

Blood samples of 79 postmenopausal women with
ovarian cancer treated at the Department of Surgical Gy-
naecology of the Institute of Polish Mother’s Memorial
Hospital were studied. The patients ranged in age from 59 to
82 years (mean age±SD 66 .43±6.68 years). All tumours were
staged according to the criteria of the International Federation
of Gynaecology and Obstetrics (FIGO). There were 25 tumours
of I stage, 30 of II stage and 24 of III stage in total.

Control samples

Blood samples from age matched healthy women
(n=70) served as control.

DNA isolation

The genomic DNAs were extracted from peripheral
blood samples collected in the morning in the presence of
EDTA. The blood sample was treated with an erythrocyte
lysis solution (155mM NH4CL, 10mM KHCO3 and 1mM
EDTA, pH 7.4) and then with extraction buffer (10mM
Tris-HCl, 100mM NaCl, 25mM EDTA, 0.5% SDS and
0.1mg/ml proteinase K, pH 8.2) at 57˚C, overnight. The
DNA was precipitated with 1.5M NaCl solution and ethanol.
After washing with 70% ethanol, the preparation was resus-
pended in water and the DNA concentration was obtained
by measuring absorbance at 260nm. Three micrograms of
the DNA was applied to a 1% agarose gel, using TBE (0.09M
Tris-borate, 2mM EDTA, pH 8.3) as electrophoresis buffer.
Electrophoresis was performed at approximately 5V/cm.
The gels were stained with 1mg/ml ethidium bromide and
viewed under UV light (Fig. 1).

Statistical analysis

None of the parameters recorded in tumour material
passed tests for being normally distributed (Smirnow-Kol-
mogorov test) and therefore nonparametric statistical tests
were used to analyse the results. P-values <0.005 were
considered as significant.

Fig. 1. Agarose gel electrophoresis of peripheral blood cell DNA
obtained from breast and ovarian cancer patients (panel A) and from
control (panel B). Note the characteristic apoptotic pattern present
in the peripheral blood cells from breast cancer subjects in the lanes
1 - 4 and from ovarian cancer patients in the lanes 5 - 8 presented
in panel A and indicated by the arrows. M1 - lambda-HindIII
markers (Qiagen, Hilden, Germany), M2 - 100bp ladder (Qiagen,
Hilden, Germany).
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Results

Apoptosis was determined in 82 infiltrating ductal
breast carcinoma samples, in 79 ovarian cancer samples and
in 70 control samples. Apoptotic peripheral blood cells in all
patients and healthy volunteers were detected by the agarose
gel electrophoresis. 

The presence of apoptosis in blood cells for breast
cancer patients and control are shown in Table 1. Sixty-eight
out of 82 carcinoma samples (83%) were positive for the
presence of apoptosis in blood cells and 13 out of 70 control
samples (19%) were positive for the presence of apoptotic
peripheral blood cells. The presence of apoptosis in cancer
samples was higher than in normal samples (p<0.05).
Among apoptosis-positive samples 32 were from premeno-
pausal and 36 from postmenopausal women. Analysis of
apoptosis in cancer samples obtained from premenopausal
and postmenopausal women showed no differences (Mann-
Whitney U test, p=0.051). 

The studies of the presence of apoptosis in the peripheral
blood cells for ovarian cancer patients are displayed in Table
2. Of the 79 ovarian cancer subjects, 51(65%) exhibited
apoptosis. In control samples, the presence of apoptotic cells
was lower (p<0.05) than in tumours; 13(19%) control sub-
jects exhibited apoptosis.

Dependencies of the distribution of frequencies of apop-
totic cells on the tumour grade evaluated according to Scarf-
Bloom-Richardson criteria in women with breast cancer and
according to FIGO criteria in ovarian cancer patients are
displayed in Table 3 and 4, respectively. There were signifi-
cant differences in the apoptotic effect between subgroups

assigned to histological grades (p<0.05). The histological
analysis of tumour grade showed a good relation between
grade III tumours and the number of patients presenting
apoptotic peripheral blood cells.

Discussion

Tissues undergoing modifications during em-
bryogenesis, tumour development or nontumoral rebuilding
are affected by cell proliferation and deletion, concomitant
phenomena which are often selective. In the wake of the
pioneering work of Kerr and Wyllie [12, 13], the importance
of cell loss through apoptosis (active cell death) and necrosis
(passive cell death) [8, 26] has been increasingly recognised,
and the focus is now on the balance between cell proliferation
and cell elimination. Apoptosis frequently occurs in human
tumours and seems to be a significant component of the
continuous cell loss that usually takes place during tumour
formation [13].

The development of breast and ovarian cancer is asso-
ciated with an accumulation of specific genetic alterations.
These genetic changes affect malignant transformation of
both dysregulation of cell proliferation and apoptosis. The
inhibition of apoptosis in cancer may contribute to tumour
growth and promote neoplastic progression [30].

The apoptotic process can be triggered by an intracellu-
lar mechanism that seems to be dependent on the p53 protein,
or by external factors such as hormones, cytokines and
anti-tumour drugs. p53 can act as transcriptional regulator of
the BAX gene, and part of the tumour-suppressor properties
of the p53 gene can be mediated by transcriptional activation

TABLE 1
The proportion of breast cancer patients presenting or not
apoptotic peripheral blood cells

Breast cancer patients (n=82) Control (n=70)

Apoptosis Apoptosis

Positive Negative Positive Negative

68(0.83)a 14(0.17) 13(0.19) 57(0.81)
ap<0.05 as compared with controls

TABLE 2
The proportion of ovarian cancer patients presenting or not
apoptotic peripheral blood cells 

Ovarian cancer patients (n=79) Control (n=70)

Apoptosis Apoptosis

Positive Negative Positive Negative

51(0.65)a 28(0.35) 13(0.19) 57 (0.81)
aP<0.05 as compared with controls

TABLE 3
The proportion of breast cancera patients presenting or not
apoptotic peripheral blood cells in relation to tumour grade

gradeb I (n=27) II (n=29) III (n=26)
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Negative 13 0.48 17 0.59 9 0.35

Positive 14 0.52 12 0.41 17 0.65
an=82; baccording to Scarf-Bloom-Richardson criteria

TABLE 4
The proportion of ovarian cancera patients presenting or not
apoptotic peripheral blood cells in relation to tumour grade

gradeb I (n=25) II (n=30) III (n=24)
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Negative 12 0.48 16 0.53 8 0.33

Positive 13 0.52 14 0.47 16 0.67
an=79; baccording to FIGO criteria
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of the BAX gene [16, 20, 21, 22]. In breast cancer a defect in
expression of the BAX mRNA and the BAX protein is a key
promoter of apoptosis [4]. Restoration of BAX expression
in breast cancer cell lines inhibited tumorigenicity [3] and
increased sensitivity to cytotoxic drug therapy [32, 36]. In
this line, reduced BAX expression was shown to be a nega-
tive prognostic factor in diffuse aggressive non-Hodgkin
lymphoma [10], ovarian cancer [31] and pancreatic cancer
[9]. p53, and especially the combination of p53 and BCL-2
expression data, represents an independent prognostic pre-
dictor in stage III ovarian cancer. Despite their role in the
apoptotic process, p53 and BCL-2 do not seem to be clini-
cally useful predictors of response to combination che-
motherapy in these patients [2].

Apoptotic cell death plays a central role in the pathogen-
esis and disease progression of cancer. In an attempt to
determine if tumour cells from breast and ovarian cancer are
under control of apoptosis, genomic DNA was extracted from
blood samples obtained from patients diagnosed at the Polish
Mother’s Memorial Hospital. The patients included in the study
received no chemotherapy or hormone therapy. DNA analysis
by agarose gel electrophoresis using peripheral blood cells from
the patients showed the characteristic pattern of DNA fragmen-
tation. Figure 1 represents an agarose gel electrophoresis of
representative patients (panel A) and healthy volunteers (panel
B), where the DNA fragmentation profile is quite clear. Eighty-
-three per cent of breast cancer patients and 65% of ovarian
cancer patients presented such profile, which is a hallmark of
the apoptosis process; while 13 of the blood samples from 70
healthy individuals (19%) showed this pattern. The observation
of the apoptotic profile in patient blood cells suggests that these
cells might be dying massively. 

The histological analysis of tumour grade showed a
good relation between grade III tumours and the number of
patients presenting apoptotic peripheral blood cells. Seven-
teen out of 26 breast cancer patients with grade III tumours
were positive for the presence of apoptosis in blood cells
(Table 3); 16 out of 24 ovarian cancer patients with grade III
tumours were positive for the presence of apoptosis in blood
cells. The grade corresponds to the tumour aggressiveness
and is correlated with patient survival. Patients with grade I
tumours have better survival than those with grade II and III.

The detection of apoptosis by gel electrophoresis ini-
tially involved the use of static gel electrophoresis for assess-
ing DNA fragmentation to nucleosomes and nucleosome
multimers [8]. In this work we demonstrated that apoptosis
might be successfully detected by agarose gel electro-
phoresis in blood samples. 

Recent studies have suggested that genetic alterations,
including p53 mutations, loss of heterozygosity, and micro-
satellite instability, can be detected in breast and ovarian
cancer [17]. Our findings provide additional evidence that
genetic alterations, including apoptotic cell death, may occur

as relatively early events in the development of breast and
ovarian cancer. Our study implies that it is possible that the
apoptosis process may be involved in the appearance and/or
progression of both breast and ovarian cancers. Further
studies, conducted on a larger population, are required to
clarify this point. 
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