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Effect of apoptosis and response of extracellular
matrix proteins after chemotherapy application
on human breast cancer cell spheroids
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Abstract. Multicellular Tumor Spheroid (MTS) represents a
three-dimentional structural form of tumors in laboratory
conditions, and it has the characteristics of avascular
micrometastases or intervascular spaces of big tumors. Recent
studies indicate that extracellular matrix (ECM) proteins play
a critical role in tumor metastasis, therefore normal and
cancer cells require an ECM for survival, proliferation and
differentiation. Doxorubicin and Docetaxel are widely used
in the therapy of breast cancer, as well as in in vivo and in vitro
studies. In this study, we examined the effect of apoptosis
and proliferation of cells on the human breast cancer cell
line, MCF-7, by using p53, bcl-2 and Ki67 gene expression,
and the tendency to metastasis with extracellular matrix
proteins, laminin and type IV collagen after chemotherapy in
the spheroid model. The apoptotic cell death in situ was
detected by TUNEL method. TUNEL-positive cells and
positive immunoreactivities of laminin, type IV collagen,
p53 and, bcl-2 were detected in the control group. There
was no laminin and type IV collagen immunoreactivities in
spheroids of drug groups. While TUNEL-positive cells and
p53 immunoreactivity were detected in Docetaxel, Doxo-
rubicin and Docetaxel/Doxorubicin groups, p53 immuno-
reactivity was not observed in the Docetaxel group. There was
no bcl-2 immunoreactivity in either drug group. In addition,
we did not detect Ki67 immunoreactivity in both control and
drug treatment groups. However, the absence of Ki67 protein
in MCF-7 breast multicellular tumor spheroids is possibly
related to the cells in GO or S phase. These chemotherapeutic
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agents may affect the presence of ECM proteins in this in vitro
model of micrometastasis of spheroids. These findings suggest
that the possible mechanism of cell death in Doxorubicin
and Docetaxel/Doxorubicin treatment groups is related to
apoptosis through the p53 pathway. However, we considered
the possiblity that there is another control mechanism for the
Docetaxel group.

Introduction

Breast cancer is known be one of the most common types of
cancer. Over half a million women develop breast cancer
every year and breast cancer accounts for almost 20% of all
malignancies world-wide (1). Many patients with metastatic
breast cancer, however, develop recurrences after an initial
response to chemotherapy. More than three quarters of patients
with metastatic breast cancer die within 5 years of diagnosis
(2). Discovery of new therapeutic regimens for such patients
is, therefore, most urgently required. The in vitro investigations
made for the diagnosis and therapy of breast cancer may lead
a way for further in vivo studies. Multicellular Tumor Spheroid
Model (MTS) is a model for in vitro monolayer cell cultures
and solid tumors (3). Spheroid cultures mimic both the three-
dimentional organization and differentiated function of intact
tissue to a much greater extent than do cell monolayers (4).
Another important advantage of 3-D cultures is that they have
a morphological shape of which every detail can be observed
easily. This morphological shape may give us the opportunity
to observe diffusing macromolecules and analyze the environ-
mental conditions.

The normal function of the mammary gland is dependent
on the action of hormones and growth factors, as well as
extracellular matrix (ECM) proteins (5,6). The laminin, a large
family of heterotrimeric glyco-proteins, are major components
of basement membranes (7) and mediate the attachment of
epithelial and neoplastic cells to type IV collagen (8-10).
Interactions with the basement membrane are crucial for cancer
progression, in that breaching of the basement membrane
by cancer cells is a prerequisite for malignant tumors (11).
Besides, some tumors may secrete laminin which may interact
with type IV collagen that takes place in the structure of the
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basement membrane. Terranova et al showed that the MCF-7
cells secrete laminin which is adhesive for basement membrane
in a study in 1983 (12). Moreover, lower concentrations of
all the ECM components induced the migration and invasion
of several cell lines. However, in the case of the SNB19 cell
line, laminin inhibited both migration and invasion in a
concentration-dependent manner (13).

The mechanism by which tumor cells become invasive
and eventually metastatic is a crucial question in cancer biology
and medicine (14,15). The metastatic process requires that
a cell acquire a motile phenotype to penetrate tissue and reach
the vasculature and lymphatics. Another step that is necessary
for cancer cells to metastase is their attachment to the basement
membrane. Multicellular spheroids are an in vitro model of
micrometastasis whose adhesive abilities have not been
elucidated (16). The ECM either in normal or malignant tissue
may play an important role in the progress of metastasis.
Recent studies indicate that normal and cancer cells require
an ECM for survival, proliferation and differentiation (17,18).

Apoptosis is a physiologically programmed mechanism
of cell death and it is regulated by several additional genes,
which potentate (p53, Bax, c-myc) or inhibit (Bcl-2, Bel xL,
sentrin) programmed cell death. One of the major proteins
involved in this process is the tumor suppressor protein, pS3,
which mediates either cell cycle arrest or induction of apoptosis
(19). Cancer cells also adapt survival mechanisms, thereby
avoiding apoptosis (20). Two major pathways mediating
drug-induced apoptosis have been characterized; one requires
the activation of cell surface receptors, whilst the other
directly targets mitochondria (21). Bcl-2 is a pro-oncogene
protein. One of the most accepted inhibitors of apoptosis is
the proto-oncogene Bcl-2 family, and extensive studies have
demonstrated that bcl-2 acts as a negative regulator of apoptosis
(22).

Doxorubicin is a member of the anthracyclin group that
inhibits topoisomerase II, and Docetaxel is one of the micro-
tubul inhibitors. Both antineoplastics are widely used in the
therapy of breast cancer, as well as in in vivo and in vitro
studies. In this study, the effect of Doxorubicin and Docetaxel
in the spheroidal model consisting of the MCF-7 cell line
was shown using immunohistochemical techniques. The
effect of these two drugs or their combination on apoptosis
and the influence of laminin and type IV collagen on
metastases and invasion after chemotherapy is discussed.

Materials and methods

Cell line and cell culture. The human breast cancer cell line,
MCF-7, was kindly provided by Dr J.R. Bertino from the
Memorial Sloan-Kettering Cancer Center, New York, USA.
This tumor cell line is maintained in culture as adherent cells
and cultured in RPMI-1640 (Sigma Chemical Co., St Louis,
MO) plus 10% heat inactivated fetal calf serum (FCS) (Sigma),
added to 1% L glutamin (Sigma), 1% non-essential amino
acids (Sigma), 10.000 units/ml penicillin (Sigma), and 10 mg/
ml streptomycin (Sigma). The cell line was grown in a
humidified atmosphere at 37°C in 5% CO,. When the tumor
cell lines were used as target cells, they were treated with
tyripsin-EDTA (Sigma), washed, and resuspended in complete
medium. Dimethylsulfoxide (DMSO) and trypan blue dye
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were purchased from Sigma (Sigma). Stock solutions of
the reagents were prepared in PBS, medium or DMSO as
appropriate.

Determination of the cytotoxicity of Doxorubicin and Docetaxel
on MCF-7 cells. Target tumor cells were resuspended in
medium at 1x10° cells/ml after verifying cell viability by
trypan blue dye exclusion assay. MCF-7 cells were treated with
a final concentration of Doxorubicin as 0.01-0.1-0.5-1.0 pg/ml
and Docetaxel as 2.5-5-10-15-20 pg/ml in 6-well-plates.
After 72-h incubation the cells were trypsinized and the
cytotoxicity was determined by trypan blue dye exclusion test.
To determine ICs,, 1/10 dilutions were applied. Experiments
were performed at least three times and representative data
are presented.

Spheroid culture. MCF-7 human breast cancer cells were
cultured at 37°C in a humidified atmosphere (5% CO, in air) in
RPMI-1640 medium supplemented with 10% heat-inactivated
fetal bovine serum (FBS) and antibiotics, and passaged weekly.
Spheroids were obtained by inoculating 10°¢ cells in 10 ml of
RPMI-FBS 10% in Petri dishes on a thin layer of agar (10 ml of
a 0.75% (w/v) solution of agar in RPMI-FBS 10%). Spheroids
(approximately 2000-4000 cells per spheroid) were harvested
by gentle repeated transfer with a micropipette of individual
spheroids into the wells of a 24-well culture plate. MTS were
then individually placed into the wells of a 24-well culture
plate containing 1 ml of RPMI-FBS 10% on a layer of 1 ml
of 0.75% (w/v) agar in the same medium. Every 7 days, 0.5 ml
of RPMI medium was gently removed from each well and
the wells were then filled with the same amount of fresh
medium.

Immunohistochemical staining. Spheroids which were treated
with Doxorubicin, Docetaxel and drug combination were
gently removed from the surface of the solidified agarose.
For immunohistochemical analysis for light microscopic
observations, the spheroids were fixed in 4% paraform-
aldehyde (Sigma) in phosphate-buffered saline (PBS, pH 7.4)
for 24 h at 4°C, then washed in PBS. Following fixation the
spheroids were dehydrated through graded ethanol (80, 95
and 100% sequentially), cleared in xylene, embedded in
paraffin, and 5 ym coronal sections were cut on microtome
(Leica MR 2145). Sections were floated in a sterile bath,
collected on poly-L-lysine-coated glass slides and dried at
room temperature. For immunohistochemistry, sections were
incubated at 60°C overnight and then dewaxed in xylene for
30 min. After soaking in a decreasing series of ethanol, sections
were washed with distilled water and PBS for 10 min and then
treated with 2% trypsin in 50 mM Tris buffer (pH 7.5) at 37°C
for 15 min and washed with PBS. Sections were delineated
with a Dako pen (Dako, Glostrup, Denmark) and incubated
in a solution of 3% H,O, for 15 min to inhibit endogenous
peroxidase activity. Then, sections were washed with PBS
and incubated with primary antibodies to bcl-2 (1:100 dilution;
MS-123, Neomarkers, Fremont, CA), p53 (1:100 dilution;
MS-186, Neomarkers), Ki67 (1:100 dilution, RB-081-A1l,
Neomarkers) monoclonal anti-collagen type IV (1:100 dilution,
Dako) and laminin (1:100 dilution, Novocastra, Newcastle,
UK). Next, the sections were incubated with biotinylated IgG
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Figure 1. TUNEL method was used for in situ apoptotic cell death staining was done with DAB and counter staining was performed in Mayer's hematoxylin.
A, TUNEL positive cells were detected in control (ct) group and microscopic ductus formation (d) of breast is existing on spheroids (x100). B, Positive (p)
immunostained and negative (n) immunostained cells on Doxorubicine group (x100). C, Docetaxel/Doxorubicin group (dd) have least Tunel positive cell
number (x40). D, All of the cells were negative stained (n) on Docetaxel group (x100).

and then with streptavidin-peroxidase conjugate (Histostain-
Plus Bulk Kits; Zymed, South San Francisco, CA). Then, the
sections were washed with PBS. p53, bcl-2 and Ki67 were
incubated with a solution containing 3-amino-9-ethylcarbazole
(AEC), and laminin and collagen type IV were incubated
with diaminobenzidine (DAB) for 5 min to visualize immuno-
staining. Finally, sections were counterstained with Mayer's
hematoxylin. Control samples were processed in the same
manner except that the primary antibodies were omitted.

Detection of apoptotic cell death in situ using the TUNEL
method. The in situ apoptosis detection kit (DeadEnd Colori-
metric TUNEL system, Promega G7130) was used in order
to detect apoptosis. Five ym sections were cut from the paraffin
blocks of the samples. The sections were deparaffinized in
xylene, rehydrated and incubated with 20-u g/ml proteinase K
for 10 min and rinsed in distilled water. Endogenous peroxidase
activity was inhibited with 3% hydrogen peroxide. The sections
were then incubated with equilibration buffer for 10-15 sec
and TdT-enzyme in a humidified atmosphere at 37°C for
60 min. They were subsequently put into pre-warmed working
strength stop/wash buffer at room temperature for 10 min and
incubated with antistreptavidin-peroxidase for 45 min. Each
step was separated by careful washing in PBS. Staining was
performed with DAB and counterstaining was performed in
Mayer's hematoxylin.

Evaluation of sections. All sections were analyzed under a
light microscope (Olympus BX40, Tokyo, Japan). Staining
intensity was graded independently by 2 observers blinded to
the experimental conditions on the following scale: mild (+),
moderate (++) and strong (+++). Approximately 100 TUNEL-

positive cells per case were counted using randomly chosen
fields. The percentage of apoptotic cells stained brown was
determined. Cells in areas with necrosis, poor morphology or
in the margins of sections were not analysed.

Results

Cytotoxic effects of chemotherapy drugs on MCF 7 cells. The
doubling time of MCF-7 cells in our culture conditions is
found to be 72 h. MCF-7 cells were incubated with final
concentrations of Doxorubicin and Docetaxel. Significant
growth inhibition was observed in cells incubated with
increasing concentrations. ICy, of Doxorubicin is found to be
0.1 pg/ml at 72 h, and ICs, of Docetaxel is found to be 5 ng/ml.

Drug-induced apoptosis in human breast cancer cell spheroids.
To understand the cell death mechanism on MCF-7, spheroids
were used to determine differences in their sensitivity in the
molecular process triggered by Doxorubicin, Docetaxel and
drug combination. While TUNEL-positive cells were
detected in the control (Fig. 1A), Doxorubicin (Fig. 1B), and
Docetaxel/Doxorubicin groups (Fig. 1C), there were no
TUNEL-positive cells in the Docetaxel group (Fig. 1D). In
the control group, there were more TUNEL-positive cells
than in the Doxorubicin- and Docetaxel/Doxorubicin-treated
cell lines.

Expression of p53, bcl-2 and Ki67. After immunohistochemical
evaluation of sections, positive immunoreactivity of pS53 was
detected in control (Fig. 2A), Doxorubicin- (Fig. 2B) and
Docetaxel/Doxorubicin- (Fig. 2C) treated cell lines. The
expression of p53 was moderate (++) in control cell lines and
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Figure 2. The tumor suppressor protein, p53, was examined using immunohistochemistry. Staining was performed with AEC and counterstaining was
performed in Mayer's hematoxylin. A, Positive immunoreactivity of p53 was detected in the control (pc) group (x100). B, Doxorubicine group (px)
(x100). C, Docetaxel/Doxorubicine-treated cells (p). D, There was negative immunoreactivity (n) on Docetaxel-treated cells. The expression of p53 was
moderate (++) in cell lines from control and after treatment with Doxorubicine, mild (+) expression was detected after treatment with Docetaxel/Doxorubicine-
treated cells (x100).

Figure 3. After immunohistochemical evaluation of sections, mild (+)  Figure 5. Positive immunoreactivity of Laminin was demonsrated on the
expression of bcl-2 was only detected in the control group (b). Negative  control group (1). Negative expression was detected on Doxorubicin,
expression of bcl was detected on Doxorubicin, Docetaxel and drug Docetaxel and drug combination groups (x100).

combination-treated groups (x100).

) o o ) Figure 6. Positive immunoreactivity type IV collagen were demonsrated on the
Flgure 4. K167 lmr.nunorea.ctwlty was not shown in any of the groups (n) on control group (c) although type IV collagen immunoreactivity was not shown
immunohistochemical sections (x100). in the other drug treatment groups on immunohistochemical sections (x100).
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Table I. Expression of p53, bcl-2 genes and Ki67, and
detection of apoptotic cell death in situ using the TUNEL
method.

pS53 Bcel-2  Ki67  TUNEL
Control ++ ++ - +++
Doxorubicine ++ - - 4+
Docetaxel/Doxorubicine + - - +

Docetaxel - - - -

after treatment with Doxorubicin, whereas mild (+) expression
was detected after treatment with Docetaxel/Doxorubicin
(Table I). In contrast, mild (+) expression of bcl-2 was only
detected in the control group (Fig. 3). Neither p53 (Fig. 2D)
nor bcl-2 immunoreactivity was detected in Docetaxel-treated
cell lines. Ki67 immunoreactivity was not shown in any of
the groups on immunohistochemical sections (Fig. 4).

Dispersion of laminin and type IV collagen and response to
chemotherapy. Positive immunoreactivity of laminin (Fig. 5)
and type IV collagen (Fig. 6) were demonsrated in the control
group. However, negative expression was detected in the
Doxorubicin, Docetaxel and drug combination groups. Neither
laminin nor type IV collagen immunoreactivity was detected
in Doxorubicin-, Docetaxel- and drug combination-treated
spheroids.

Discussion

Human breast carcinomas are biologically heterogeneous,
and their clinical course may vary from one which is indolent
to one which rapidly progresses (23). The studies performed
with spheroids present the distribution of cells in the spheroid
either at the resting stage or in proliferation, the expression of
antigens, the gradient of pH and oxygen and also the probable
ways of penetrating the growth factors in in vivo tumors and
spheroidal models. The comparative studies performed with
monolayer cell cultures have shown that all the known
cytotoxic agents used on the monolayer cell line are less
effective on developing cancer cells than in spheroidal models
(24). In a previous study, we demonstrated that Doxorubicin
causes cell death with apoptosis and Docetaxel with necrosis
in the MCF-7 monolayer cell line (25). In this study, we aimed
to determine which pathway was controlling the apoptosis in
these cell lines after treatment in an MCF-7 tumor spheroid
model. More TUNEL-positive cells were detected in the
control group than other groups, and also there were positive
immunoreactivities of p53 and bcl-2 in the control group.
This finding shows that apoptosis was controlling the
expression of both p53 and bcl-2 and using cell death and
survive signalling pathway together in control group. TUNEL-
positive cells and pS3 immunoreactivity were detected in
Doxorubicin- and Docetaxel/Doxorubicin-treatment groups,
but immunoreactivity of p53 was found more in the
Doxorubicin group. However, it seems that in Doxorubicin
and Docetaxel/ Doxorubicin groups, apoptosis was controlled
by the expression of p53 because of the detection of the
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intense immunoreactivity of p53 but no bcl-2 expression,
although there were more TUNEL-positive cells and higher
expression of p53 in the Doxorubicin group, confirming that
this treatment could give positive results of controlling cell
death via apoptosis. We have confirmed that there were no
TUNEL-positive cells or expression of pS3 and bcl-2 in the
Docetaxel group. Therefore, treatment with this drug in the
cell line was not controlled using the apoptotic pathway.

Bcl-2 was the first protein to be clearly associated with
apoptosis inhibition. Several independent signal transduction
pathways leading to cell death converge in a final common
effect or mechanism in which bcl-2 acts as a dominant
repressor (26). This protein localizes to the mitochondrial
membrane, nuclear envelope and endoplasmic reticulum
(27). The imbalance between cell survival and apoptosis could
be crucial in the progression of breast cancer, allowing the
accumulation of genetic alterations (28), and tumor suppressor,
p53, functions as a transcriptional factor that regulates the cell
cycle and apoptosis (29). In this study, decreased expression
of p53 and the number of TUNEL-positive cells were observed
after treatment with the combination of Doxorubicin and
Docetaxel. When using this drug combination there was more
less cell death with apoptosis, compared to Doxorubicin alone.
From this result, we conclude that to combine Doxorubicin
with another drug to induce apoptosis might be of great
benefit to clinical cancer therapy.

Ki67 is a nuclear protein that is expressed throughout the
cell cycle. The absence of Ki67 protein is a marker for non-
proliferating cells that have entered GO phase and, therefore,
provides a means of monitoring whether cell cycle exit might
contribute to growth arrest (30). In unshown data for the
Ki67 immunohistostaining with MCF-7 breast multicellular
tumor spheroids, we did not observe positive immuno-
reactivity of Ki67 in either group. Therefore, we conclude
that the absence of the Ki67 protein in MCF-7 breast multi-
cellular tumor spheroids is related to the cells in GO or S phase.

In carcinomas, the cellular organization is dramatically
changed and the stroma is extensively modified. The basement
membrane is penetrated in a process of degradation and/or
decreased synthesis, and direct contact between tumor cells
and the surrounding stroma coincides with neovascularization,
inflammatory cell influx and extensive remodeling of extra-
cellular matrix (31). Malignant tumors consist of both neo-
plastic cells and non-neoplastic cellular elements, including
fibroblasts, endothelial cells, lymphocytes and macrophages,
surrounded by an extracellular matrix (ECM) (32). This
study was intended to examine the influence of the ECM
components that may act as natural barriers to tumor cell
invasion on MCF-7 spheroids after chemotherapy. Interactions
between neoplastic cells and the surrounding microenvironment
are crucial to each step of tumorigenesis. The extracellular
matrix also consists of the interstitium and the basement
membrane. A crucial step for invasion and metastasis is the
destruction of biological barriers such as the basement
membrane, and this requires activation of proteolytic enzymes
(33,34). ECM proteins, which include type IV collagen and
laminin, affect the in vitro growth, morphology, survival,
and differentiation of normal and malignant cells via their
interactions with integrins (16). This in vitro study, researching
the relationship of ECM-invasion-metastasis, used a spheroid
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model with cellular interactions compatible to the in vivo
tumor model.

Multicellular spheroids are an in vitro model of micro-
metastasis. Cellular interaction with fibronectin, laminin and
collagen provides a possible mechanism by which cancer
cells adhere, invade and metastasize, and inhibition of cellular
adhesion to the matrix reduced the invasive potential of
breast cancer cell lines (35). The affinity of MCF-7 cells for
type-1V collagen was greater than for fibronectin, suggesting
that type-IV collagen contributes to the higher rate of adhesion
of MCF-7 cells to the subendothelial ECM. MCF-7 cells
appeared to adhere more efficiently to exposed subendothelial
ECM when they were associated with multicellular aggregates
containing platelets and trapped in a fibrin thrombus (36).
The results of this study show that positive immunoreactivities
of laminin and type IV collagen were detected in the control
group although these immunoreactivities were negative
after chemotherapy. This suggests that chemotherapy might
be effective via preventing expression of type IV collagen
and laminin in metastatic biology. There was no type IV
collagen and laminin immunoreactivity in either drug group.
In conclusion, the results from the present study demonstrate
that apoptosis is detected in all groups except the Docetaxel-
treated group, but apoptosis particularly controlled the p53
signalling pathway after chemotherapy, and Doxorubicin
treatment gave positive results of controlling cell death via
apoptosis. In further studies, each of these two drugs will
investigate preponderants to each other using different
laboratory techniques.
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