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Apoptosis is a process whereby cells die in a con-
trolled manner in response to specific stimuli and ap-
parently according to an intrinsic and specific program
[1]. This process plays an important role in cell-dele-
tion in normal homeostasis and embryogenesis, and
contributes to retardation of tumor growth [1, 2].

Apoptosis process is a frequent phenomenon both
in breast and in ovarian cancer [3–6]. Ovarian cancer,
one of the most common gynaecological malignancies,
has an aggressive phenotype and a relatively poor prog-
nosis; peritoneal dissemination and/or retroperitoneal
lymph node metastases are found in two-thirds of pa-
tients at the time of diagnosis [7]. The ability of ovarian

Received: May 12, 2003.
*Correspondence: Fax: +48-42 271 14 21;

e-mail smolbea@wp.pl
Abbreviations used:  Bcl-2 — gene identified in B-cell lymphoma cells;
PBC — peripheral blood cells; PCR — polymerase chain reaction.

APOPTOSIS OF PERIPHERAL BLOOD CELLS IN PATIENTS
WITH BREAST OR OVARIAN CARCINOMA AND ITS RELATIONSHIP

TO TUMOR GRADE
B. Smolarz1,*, H. Romanowicz-Makowska1, E. Kozlowska1, M. Zadrozny2, K. Szyllo3, A. Kulig1

1Laboratory of Molecular Genetics, Department of Pathology,
Institute of Polish Mother’s Memorial Hospital, Lodz, Poland

2Department of Oncology, Institute of Polish Mother’s Memorial Hospital, Lodz, Poland
3Department of Gynaecology, Institute of Polish Mother’s Memorial Hospital, Lodz, Poland

ÀÏÎÏÒÎÇ ÊËÅÒÎÊ ÏÅÐÈÔÅÐÈ×ÅÑÊÎÉ ÊÐÎÂÈ ÁÎËÜÍÛÕ
ÐÀÊÎÌ ÌÎËÎ×ÍÎÉ ÆÅËÅÇÛ È ßÈ×ÍÈÊÀ È ÅÃÎ ÑÂßÇÜ

ÑÎ ÑÒÀÄÈÅÉ ÎÏÓÕÎËÈ
Á. Ñìîëàæ1,*, Ã. Ðîìàíîâè÷-Ìàêîâñêà1, E. Êîçëîâñêà1, M. Çàäðîæíè2, K. Çèëëî3, A. Êóëèã1

1Ëàáîðàòîðèÿ ìîëåêóëÿðíîé ãåíåòèêè, îòäåë ïàòîëîãèè,
Èíñòèòóò ãîñïèòàëÿ ïîëüñêîé ìàòåðè, Ëîäçü, Ïîëüøà

2Îòäåë îíêîëîãèè, Èíñòèòóò ãîñïèòàëÿ ïîëüñêîé ìàòåðè, Ëîäçü, Ïîëüøà
3Îòäåë ãèíåêîëîãèè, Èíñòèòóò ãîñïèòàëÿ ïîëüñêîé ìàòåðè, Ëîäçü, Ïîëüøà

Apoptotic cell death plays a central role in the pathogenesis and disease progression of cancer as well as in the
response to treatment. In present work we investigated the association between presence of apoptotic peripheral
blood cells and breast or ovarian cancer progression. The apoptosis 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 electrophoresis. The apoptotic cells were iden-
tified in 83% (68/82) of the breast cancers and in 65% 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 presence of apoptosis between subgroups assigned to histological stage.
Key Words: apoptosis, breast cancer, ovarian cancer, agarose gel electrophoresis, prognostic marker.

Ãèáåëü êëåòîê ïóòåì àïîïòîçà èãðàåò öåíòðàëüíóþ ðîëü â ïàòîãåíåçå è ïðîãðåññèè ðàêà, à òàêæå â ýôôåêòèâíîñòè
òåðàïèè. Â ðàáîòå èññëåäîâàíà àññîöèàöèÿ óðîâíÿ àïîïòè÷åñêèõ êëåòîê ïåðèôåðè÷åñêîé êðîâè (ÊÏÊ) è ïðîãðåññèåé
îïóõîëåé ìîëî÷íîé æåëåçû è ÿè÷íèêà ÷åëîâåêà. Îáðàçöû ÊÏÊ áîëüíûõ ðàêîì ìîëî÷íîé æåëåçû (n = 82) è
áîëüíûõ ðàêîì ÿè÷íèêà (n = 79) áûëè ïðîàíàëèçèðîâàíû ñ ïîìîùüþ ìåòîäà àãàðîçíîãî ãåëü-ýëåêòðîôîðåçà â
ñðàâíåíèè ñ ÊÏÊ çäîðîâûõ äîíîðîâ (n = 70). Àïîïòè÷åñêèå êëåòêè áûëè âûÿâëåíû ó 83% (68/82) è 65% (51/79)
áîëüíûõ ðàêîì ìîëî÷íîé æåëåçû è ÿè÷íèêà ñîîòâåòñòâåííî. ×èñëî ïîëîæèòåëüíûõ îáðàçöîâ ÊÏÊ áûëî çíà÷èòåëüíî
âûøå ó áîëüíûõ ðàêîì, ÷åì ó çäîðîâûõ äîíîðîâ (P < 0,05). Êðîìå òîãî, çíà÷èòåëüíûå ðàçëè÷èÿ (P > 0,05) ïî
ýòîìó ïðèçíàêó áûëè îáíàðóæåíû ìåæäó ïîäãðóïïàìè áîëüíûõ ñ ðàçëè÷íûìè ñòàäèÿìè ðàêà.
Êëþ÷åâûå ñëîâà: àïîïòîç, ðàê ìîëî÷íîé æåëåçû, ðàê ÿè÷íèêà, àãàðîçíûé ãåëü-ýëåêòðîôîðåç, ïðîãíîñòè÷åñêèé ìàðêåð.

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

Breast cancer is an increasingly important cause of
illness and death among women. The most important
prognostic parameters for breast carcinomas are tumor
stage, histological subtype, degree of malignancy, and
residual tumor after surgical treatment [8, 9]. However,
these factors present an incomplete picture of the tumor
biology of breast cancer. Therefore, investigation of other
prognostic factors is of special clinical relevance, par-
ticularly in view of the unexpectedly progressive course
of the disease and frequent relapses in some cases.

In the regulation of tumor 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 tumor growth [2]. Among vari-
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ous malignant tissues examined, morphological evidence
of apoptosis was commonly found and apoptosis demon-
strated in regressing tumors [1]. Moreover, it was repor-
ted that in vitro tumor cells can gain a selective growth
advantage by blocking the apoptotic pathway [1, 2]. These
findings show that apoptosis is a mode of cell death in
cancers and its frequency may severe as a useful vari-
able to characterise the behaviour of tumors.

Dysregulation of normal programmed cell death
mechanism plays an important role in the pathogene-
sis and progression of ovarian [4, 5, 10, 11] or breast
cancer [4, 12, 13].

The BCL-2 family with its anti-apoptotic members
BCL-2, BCL-X L, MCL-1, and A1 and the growing sub-
family of death-promoting members BAX, BCL-X S,
BAK, BAD, BIK, BID, BIM, BOK, HRK, MTD, and BOO
play a central role in the regulation of apoptotic cell death
[14–17]. In breast cancer patients, reduced BAX ex-
pression correlates with a poor response to chemo-
therapy and shorter overall survival [18–21]. BCL-2
expression represents an independent prognostic pre-
dictor in stage III ovarian cancer [5, 10].

In present work, we addressed the question as to
whether the frequency of apoptosis detected in periphe-
ral blood cells (PBC) by agarose gel electrophoresis
correlates with breast and ovarian cancer progression.

MATERIALS AND METHODS
Blood and tumor tissue samples. Blood samples

were obtained from 82 women with node-negative (n =
34) and node-positive (n = 48) ductal breast carcinoma
treated at Department of Oncology of the Institute of
Polish Mother’s Memorial Hospital (Lodz, Poland). No
distant metastases were found in patients at the time of
treatment. Blood samples were collected from 40 pre-
menopausal women (mean age ± SD 41.33 ± 4.72 years)
and from 42 postmenopausal 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 tumor size was 20 mm (range
17–32 mm). All tumors were graded by a method based
on the criteria of Scarff — Bloom — Richardson [22, 23].
There were 27 tumors of I grade, 29 of II grade and 26 of
III grade in total. Steroid receptor status was not deter-
mined in the investigated group.

Blood samples of 79 postmenopausal women with
ovarian cancer treated at the Department of Surgical
Gynaecology of the Institute of Polish Mother’s Memori-
al Hospital were studied. The patients ranged in age from
59 to 82 years (mean age ± SD 66.43 ± 6.68 years). All
tumors were staged according to the criteria of the In-
ternational Federation of Gynaecology and Obstetrics
(FIGO). There were 25 tumors of I stage, 30 of II stage
and 24 of III stage in total.

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

DNA laddering. 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 (155 mM NH4CL, 10 mM
KHCO3 and 1 mM EDTA, pH 7.4) and then with extrac-

tion buffer (10 mM Tris-HCl, 100 mM NaCl, 25 mM
EDTA, 0.5 % SDS and 0.1 mg/ml proteinase K, pH 8.2)
at 57 °C, overnight. DNA was precipitated with 1.5 M
NaCl solution and ethanol. After washing with 70% etha-
nol, the preparation was resuspended in water and the
DNA concentration was obtained by measuring absor-
bance at 260 nm. 3 µg of the DNA was applied to a 1%
agarose gel, using TBE (0.09 M Tris-borate, 2 mM EDTA,
pH 8.3) as electrophoresis buffer. Electrophoresis was
performed at the voltage approximately 5 V/cm. The gels
were stained with 1 mg/ml ethidium bromide and viewed
under UV light.

Statistical analysis . None of the parameters re-
corded in tumor material passed tests for being nor-
mally distributed (Smirnov — Kolmogorov test) and
therefore nonparametric statistical tests were used for
analysing the results. P-values  < 0.05 were considered
to be significant.

RESULTS
Apoptosis was determined in 82 infiltrating ductal

breast carcinoma samples, in 79 ovarian cancer sam-
ples and in 70 control samples. Apoptotic peripheral
blood cells in all patients and healthy volunteers was
detected by the agarose gel electrophoresis (Figure).

Figure.  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 — λHindIII markers (Qiagen,
Hilden, Germany), M2 — 100 bp ladder (Qiagen, Hilden, Germany)

a

b
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The presence of apoptotic blood cells for breast can-
cer patients and healthy donors was registered in 68 of
82 samples (83%) and 13 of 70 samples (19%) respec-
tively (Table 1). The apoptosis rate in PBC from cancer
patients was higher than that from healthy donors (P <
0.05). Among apoptosis-positive samples 32 were from
premenopausal and 36 from postmenopausal women.
Analysis of apoptosis rate in PBC from premenopausal
and postmenopausal women with breast cancer showed
no differences (Mann — Whitney U test, P = 0.051).

The presence of apoptosis in the PBC was revealed
in 51 (65%) samples from 79 samples. In the samples
from healthy donors, the presence of apoptotic cells
was 13 (19%) and was lower (P < 0.05) than in that
from cancer patients.

The distribution of apoptotic frequency in tumor cells
in dependence from tumor grade evaluated according
to Scarf — Bloom — Richardson criteria for patients
with breast cancer and according to FIGO criteria for
ovarian cancer patients are displayed in Table 2. There
were significant differences between apoptotic rates in
subgroups assigned to histological grades (P < 0.05).
The good relation between grade III tumors and the
number of patients presenting apoptotic peripheral
blood cells has been revealed.

DISCUSSION
Tissues undergoing modifications during embryo-

genesis, tumor development or nontumoral rebuilding
are affected by cell proliferation and deletion, concomi-
tant phenomena which are often selective. In the wake
of the pioneering work of J. Kerr and A. Wyllie [1, 24],
the importance of cell loss through apoptosis (active cell
death) and necrosis (passive cell death) [25, 26] has
been increasingly recognised, and the focus is now on
the balance between cell proliferation and cell elimination.
Apoptosis frequently occurs in human tumors and seems
to be a significant component of the continuous cell loss
that usually takes place during tumor formation [2, 24].

The development of breast and ovarian cancer is
associated with an accumulation of specific genetic al-
terations. These genetic changes affect malignant
transformation of both dysregulation of cell prolifera-
tion and apoptosis. The inhibition of apoptosis in can-
cer may contribute to tumor growth and promote neo-
plastic progression [19].

The apoptotic process can be triggered by an intra-
cellular mechanism that seems to be dependent on the
p53 protein, or by external factors such as hormones,
cytokines and anti-tumor drugs. p53 can act as tran-
scriptional regulator of the BAX gene, and part of the
tumor-supressor properties of the p53 gene can be me-
diated by transcriptional activation of the BAX gene [20,
27–29]. In breast cancer a defect in expression of the
BAX mRNA and the BAX protein is a key promoter of
apoptosis [30]. Restoration of BAX expression in breast
cancer cell lines inhibited tumorigenicity [31] and in-
creased sensitivity to cytotoxic drug therapy [32, 33]. In
this line, reduced BAX expression was shown to be a
negative prognostic factor in diffuse aggresive non-Hod-
kin lymphoma [34], ovarian cancer [35] and pancreatic
cancer [36]. p53, and especially the combination of p53
and BCL-2 expression data, represents an indepen-
dent prognostic predictor in stage III ovarian cancer. De-
spite their role in the apoptotic process, p53 and BCL-2
do not seem to be clinically useful predictors of response
to combination chemotherapy in these patients [10].

Apoptotic cell death plays a central role in the patho-
genesis and disease progression of cancer. In an at-
tempt to determine if tumor cells from breast and ova-
rian 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 characteristics pat-
tern of DNA fragmentation. Figure represents an aga-
rose gel electrophoresis of cancer patients (panel A)
and healthy volunteers (panel B), where the DNA frag-
mentation profile is quite clear. 83% breast cancer pa-
tients and 65% ovarian cancer patients presented such
profile which is a hallmark of the apoptosis process;
while 13 of the blood samples from 70 healthy indivi-
duals (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 tumor grade showed a
good relation between grade III tumors and the number
of patients presenting apoptotic peripheral blood cells.
17 of 26 breast cancer patients as well as 16 of 24 ova-
rian cancer patients with grade III tumors were positive
for the presence of apoptosis in PBC (see Table 2).

The detection of apoptosis by gel electrophoresis
initially involved the use of static gel electrophoresis for
assessing DNA fragmentation to nucleosomes and nu-
cleosome multimers [25]. In this work we demonstrated
that apoptosis might be successfully detected by aga-
rose gel electrophoresis in peripheral blood samples.

Table 1.  Apoptot ic rate in peripheral blood cells from cancer patients a nd 
healthy donors 

Apoptosis Groups of pat ients 
positive negative 

Breast cancer patients (n = 82) 68 (0.83)* 14 (0.17) 
Ovarian cancer patients (n = 79) 51 (0.65)* 28 (0.35) 
Control (n = 70) 13 (0.19) 57 (0.81) 
*P < 0.05 as compared with controls. 

Table 2. Number of cancer* patients present ing or not apoptotic peripheral 
blood cells in relation to tumor grade 

Grade I Grade II Grade I II  
Number Fre-

quency 
Number Fre-

quency 
Number Fre-

quency 
Breast cancer patients ( n = 82)* 

 (n = 27) (n = 29) (n = 26) 
Apoptosis negative 13 0.48 17 0.59 9 0.35 
Apoptosis positive 14 0.52 12 0.41 17 0.65 
Ovarian cancer patients (n = 79)** 

 n = 25 n = 30 n = 24 
Apoptosis negative 12 0.48 16 0.53 8 0.33 
Apoptosis positive 13 0.52 14 0.47 16 0.67 
*Grade according to Scarf — Bloom — Richardson criteria; 
** Grade according to FIGO criteria. 
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Recent studies have suggested that genetic altera-
tions, including p53 mutations, loss of heterozygosity,
and microsatellite instability, can be detected in breast
and ovarian cancer [37]. Our findings provide additional
evidence that genetic alterations, including apoptotic cell
death, may occur as relatively early events in the deve-
lopment of breast and ovarian cancer. Our study implies
that it is possible that the apoptosis process may be in-
volved in the appearance and/or progression both breast
or ovarian cancer. Further studies, conducted on a lar-
ger population, are required to clarify this point.
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