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Adipocyte differentiation influences the proliferation and
migration of normal and tumoral breast epithelial cells
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Abstract. Stromal tissue regulates the development and
differentiation of breast epithelial cells, with adipocytes being
the main stromal cell type. The aim of the present study was to
evaluate the effect of adipocyte differentiation on proliferation
and migration, as well as to assess the activity of heparanase
and metalloproteinase-9 (MMP-9), in normal (NMuMG) and
tumoral (LM3) murine breast epithelial cells. NMuMG and
LM3 cells were grown on irradiated 3T3-L1 cells (stromal
support, SS) at various degrees of differentiation [preadipo-
cytes (preA), poorly differentiated adipocytes (pDA) and
mature adipocytes (MA)] and/or were incubated in the pres-
ence of conditioned medium (CM) derived from each of these
three types of differentiated cells. Cells grown on a plastic
support or in fresh medium served as the controls. Cell prolif-
eration was measured with a commercial colorimetric kit, and
the motility of the epithelial cells was evaluated by means
of a wound-healing assay. Heparanase activity was assessed
by quantifying heparin degradation, and the expression of
MMP-9 was determined using Western blotting. The results
indicate that cell proliferation was increased after 24 and 48 h
in the NMuMG and LM3 cells grown on preA, pDA and MA
SS. In the NMuMG cells cultured on SS in the presence of
all three types of CM, proliferation was enhanced. LM3 cell
migration was increased in the presence of all three types of
CM and in cells grown on preA SS. Heparanase activity was
increased in the NMuMG cells incubated with all three types
of CM, and in the LM3 cells incubated with the CM from pDA
and MA. Both the NMuMG and LM3 cell lines presented
basal expression of MMP-9; however, a significant increase in
MMP-9 expression was observed in the LM3 cells incubated
with each of the three types of CM. In conclusion, adipocyte
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differentiation influences normal and tumoral breast epithelial
cell proliferation and migration. Heparanase and MMP-9
appear to be involved in this regulation. The experimental
model presented in this study is in keeping with the charac-
teristics of the physiological environment of breast epithelial
cells, in terms of both the soluble and insoluble factors present
and the stromal structure per se.

Introduction

Breast tissue changes throughout a woman's life, mainly
during the periods of fertility and pregnancy. Breast epithelial
cells consequently undergo constant growth, development and
differentiation. The stromal compartment plays a key role in
the regulation of these changes through soluble factors that
are released into the environment, as well as through insoluble
factors that are present in the stroma itself. Adipocytes are
highly active endocrine cells that not only secrete a host of
soluble factors, but also contribute very significantly to the
unique make-up of the extracellular matrix (ECM) (1). In the
microenvironment of mammary tissue, adipocytes are among
the predominant stromal cell types (1), and are present in the
form of preadipocytes, mature adipocytes and adipocytes
in intermediate differentiation states (poorly differentiated
adipocytes) (2). Although numerous studies have attempted to
elucidate adipocyte-ECM interactions, they have yet to clarify
the essential role of adipose tissue in the development and
function of the mammary gland (3). The preadipocyte cell line
3T3-L1, derived from the parent 3T3 fibroblast cell line, has
previously been used to study adipocyte differentiation (4-6).
Until recently, adipocytes were mainly considered to be an
energy storage depot; however, there is now clear evidence
indicating that fat tissue is an endocrine organ that produces
hormones, growth factors, adipokines and other molecules,
which may affect normal duct development as well as tumor
growth and metastasis (2).

An organ's function depends on the cell types of which it is
composed as well as on its global organization. Loss of tissue
architecture is a prerequisite for most types of cancers, while
normal architecture in an organ may act as a potent tumor
suppressor, preventing malignant phenotypes even in cells with
significant genomic abnormalities (7,8). Worldwide, breast
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cancer is currently the most common cancer affecting women
(9). Tumoral progression occurs within a microsystem where
cancer and stromal cells exchange proteinases, cytokines and
other soluble compounds that promote cell growth. In addition
to the release of these components into the environment,
a reciprocal influence between the two cell types by means
of direct cell to cell contact (10) and through modifications
in the ECM (11) has been proposed. The invasion of healthy
tissue by tumor cells is promoted by local ECM proteolysis.
This indicates that the ECM, besides being a support system,
plays a key role in the regulation of cell size, transport and
migration, and in the expression of specific genes (12,13). To
date, little is known regarding the specific mechanisms by
which tumor cells activate stromal tissue, or how the stroma
regulates the biology of carcinogenesis (14).

Heparan sulphate (HS) is the main proteoglycan component
of cell membranes and the ECM. HS chains interact through
specific attachment sites with the main protein components of
the basement membrane and ECM. Heparanase is an endo-f3-
D-glucuronidase capable of cleaving heparan sulphate on the
cell surface and ECM. This activity is strongly implicated in
tumor metastasis and ECM remodeling (15-17). Nevertheless,
at present, the regulatory mechanisms of heparanase
expression are unknown. Increased expression of heparanase
mRNA and protein has been reported in a variety of metastatic
cell lines and human tumoral tissue, whereas adjacent normal
tissue does not exhibit detectable levels of heparanase (16).

ECM proteoglycans are cleaved by proteases. A balance
between the synthesis and removal of matrix components is
essential for the maintenance of ECM function. Additionally,
tumor progression requires ECM degradation and tissue
remodeling. These processes involve metalloproteinases
(MMPs), which are members of an endopeptidase family
that cleaves ECM components, as well as different cell
modulators secreted by or present on the cell surface (18).
Under physiological conditions, MMP activity is regulated
by transcription levels, precursor activation, interaction with
other ECM components and inhibition by endogenous inhibi-
tors. Abnormal MMP activity induces various pathologies,
including arthritis, fibrosis, nephritis, and tumoral growth
and metastasis (18). Researchers have found that increased
MMP-2 and -9 expression in human breast tumors is asso-
ciated with an unfavorable patient prognosis. These two
metalloproteinases are capable of degrading type IV collagen
(9), which is abundant in basement membranes and which
separates epithelial cells from the underlying stroma. Thus,
increased expression and activity of MMP-2 and -9 in tumors
leads to the degradation of the basement membrane, which is
an essential step in tumor invasion.

The aim of this study was to evaluate the effect of
various types of stromal support (insoluble factors) and/or
conditioned media (soluble factors) obtained from distinct
adipocyte differentiation states on the proliferation and
migration of normal (NMuMG) and tumoral (LM3) murine
breast epithelial cells. Additionally, changes in heparanase
activity and MMP-9 expression were quantified in both the
epithelial cell lines previously incubated with the three types
of 3T3-L1 cell conditioned media, in order to evaluate the
possible involvement of these proteins in the observed cell
proliferation and migration.
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Materials and methods

Reagents. Reagents were obtained from Sigma Chemical
Co. (St. Louis, MO, USA). All tissue culture flasks, dishes
and multi-well plates were from Falcon (Orange Scientific,
Graignette Business Park, Belgium).

Cell lines and culture. 3T3-L1 murine preadipocytes were
obtained from the American Type Culture Collection
(Rockville, MD, USA). Cells were cultured in T-75 flasks in
DMEM-F12 medium with 10% fetal bovine serum (FBS)
in a 5% CO, atmosphere at 37°C. NMuMG (also from the
American Type Culture Collection) and LM3 murine breast
epithelial cells (kindly provided by Dr Elisa Bal de Kier Joffé,
Instituto Roffo, Buenos Aires, Argentina) were cultured under
the same conditions as the 3T3-L1 cells.

Differentiation of 3T3-LI cells. 3T3-L1 cells in three differen-
tiation states were used for stromal support (SS), and were also
used to produce the three types of conditioned medium (CM).
The stages of differentiation were i) preadipocytes (preA),
grown to 80% confluence; ii) poorly differentiated adipo-
cytes (pDA), grown to 100% confluence for 48 h followed by
posterior incubation with differentiation medium for 48 h; and
iii) mature adipocytes (MA), grown to 100% confluence for
48 h then treated to achieve accelerated differentiation (since
3T3-L1 cells take 10-20 days to spontaneously differentiate
into MA) as follows: 2 days after reaching confluence, the cells
were cultivated for 48 h with differentiation medium (0.5 mM
3-isobutyl-1-methylxanthine and 0.1 yM dexamethasone)
(4-6). Subsequently, fresh medium containing 2 mM insulin
was added to the culture. Within 2-3 days of this treatment,
90-100% of the cells had differentiated into adipocytes, with
increasing triglyceride content and the formation of lipidic
vacuoles visible under a light microscope. Cells were cultured
in T-75 flasks and incubated in a 5% CO, atmosphere at 37°C.

Preparation of conditioned medium. To prepare the three
types of CM, fresh medium with 1% SFB was added to the
3T3-L1 cells (1.5x10%ml) in the preA, pDA and MA states
(achieved as described above), and the cells were incubated
for an additional 24 h. Subsequently, the supernatants were
collected and the cells removed by centrifugation. The cell-free
conditioned medium was used directly in the experiments.

Preparation of stromal support. In order to evaluate the inter-
action between different cell types, we previously developed
a method that generates a layer of cells which attaches to the
culture capsule, thus permitting modification according to the
experimental requirements (20). This method consists of first
plating the cells on a culture plate that serves as the ‘feeder
layer’, or material which is attached to the substrate (substrate-
attached material, SAM). Once the cells reach confluence, the
medium is removed and the cells are washed with PBS, then
the plate is placed in a plastic bag, sealed to maintain sterility
and submitted to two cycles of 2 min each of microwave
oven irradiation at 650 W. This method ensures a variation in
the choice of matrices according to the requirements of the
experiment. SAM was produced for the 3T3-L1 cells in each
of the three differentiation states described above.
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Cell proliferation assay. To determine the extent of cell
proliferation, NMuMG and LM3 cells were respectively
co-cultured with the irradiated 3T3-L1 cells in the three states
of differentiation (preA, pDA or MA SS) and/or in the pres-
ence of the CM derived from the preA, pDA and MA 3T3-L1
cells. Cells grown on a plastic support or in the absence of
CM served as the controls. Following culture, both cell lines
were individually plated on 96-well plates in the presence of
complete DMEM-F12 medium, and cell proliferation was
measured using a commercial colorimetric kit (CellTiter 96
AQueous One Solution Cell Proliferation Assay, MTS;
Promega). Results were expressed as the percentage of color
intensity measured using a spectrophotometer, with 100%
corresponding to the value obtained for the controls.

Adhesion of cells grown on stromal support. To determine the
initial adhesion of the NMuMG and LM3 cells to the stromal
supports, the cell lines were individually incubated at concen-
trations of 1x103 and 5x103 cells/ml on preA, pDA or MA SS
for 30 min at 37°C. Non-attached cells were then removed,
fresh medium was added, and the attached cells were quanti-
fied using the MTS assay as described above. Results were
expressed as the percentage of color intensity measured using
a spectrophotometer, with 100% corresponding to the value
obtained for the control.

Cell migration (wound-healing) assay. The effect of the preA,
pDA and MA SS and of the CM from the preA, pDA and
MA 3T3-L1 cells on the motility of the epithelial cell lines
was evaluated by means of a wound-healing assay. In the
first experiment, the NMuMG and LM3 cells were plated at
1.5x10° cells/ml on the preA, pDA and MA SS or on a plastic
support (as a control) in 10% FBS medium. Once 100%
confluence was achieved, ~400-ym-wide parallel wounds
were formed in both cell lines with a plastic micropipette tip.
In the second experiment, the NMuMG and LM3 cells were
plated on 24-well plates and grown to 100% confluence, then
~400-pum-wide parallel wounds were formed with a plastic
micropipette tip. CM from the preA, pDA and MA 3T3-L1
cells or fresh medium (as a control) was then added to the
epithelial cells. Images were captured with an Olympus
SC35 Type 12 camera at 0 and 6 h after wound formation in
order to determine the degree of healing. An image-analysis
program (Imagel; NIH, Bethesda, MD, USA) was used to
quantify the differences, observed in comparison with the
controls.

Heparanase activity assay. In order to evaluate the enzymatic
activity of heparanase, heparin degradation was quantified
in the NMuMG and LM3 cells incubated with CM from the
preA, pDA and MA 3T3-L1 cells (21). Briefly, 15 pl each of
the NMuMG or LM3 cells (5x10° cells/ml) were incubated
with commercial heparin (2 pg/5 pl) at 37°C for 48 h. After
incubation, 6 pl of 4X sample buffer was added, and the
samples were loaded on a non-denaturing 20% PAGE gel
and stained with Rubipy (a cationic dye). Heparin (0.4 pg/
1) was used as the loading control. The magnitude of heparin
degradation was assessed by densitometric analysis of the
gels using Imagel software. Differences were observed in
comparison with the control.
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MMP-9 activity assay. The expression of MMP-9 was
determined using Western blotting. NMuMG and LM3 cells
incubated with CM from the preA, pDA and MA 3T3-L1 cells
were washed twice with ice-cold PBS and scraped in lysis
buffer [SO mM Tris (pH 7.4), 250 mM NaCl, 5 mM EDTA, 1%
NP40, 0.1% SDS, 0.5% sodium deoxycholate and 1 mM phenyl-
methylsulphonyl fluoride] containing 1% protease inhibitor
cocktail (Calbiochem). Lysates were obtained by centrifuga-
tion at 13,000 rpm for 10 min at 4°C, and protein concentration
was determined using the Bradford Protein Assay kit (Pierce,
Rockford, IL, USA). Total protein (20-40 pg) was subjected
to SDS-PAGE, transferred to a Hybond-C extra nitrocellulose
membrane (Amersham Biosciences, Little Chalfont, UK) and
probed with anti-MMP-9 (H-129) primary antibodies (Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA), followed
by HRP-conjugated secondary antibodies. MMP-9 protein
was detected by enhanced chemiluminescence (Amersham
Biosciences). Experiments were repeated in triplicate. B-actin
protein (H-19) (Santa Cruz Biotechnology, Inc.) was used as
the internal control.

Statistical analysis. Data were expressed as the means + SEM.
Statistical significance between two mean values obtained
from different experimental conditions was determined using
the Student's t-test. The criterion for significance was P<0.05.

Results

Proliferation of NMuMG and LM3 cells grown on stromal
support and/or incubated with conditioned medium. The
effect of adipocyte differentiation on the growth of NMuMG
and LM3 cells cultured on preA, pDA or MA stromal support
and/or with conditioned media from the preA, pDA or MA
3T3-L1 cells was first evaluated. After 24 and 48 h of incuba-
tion, a significant increase in cell proliferation was obseved
in the NMuMG cells grown on the three types of SS or with
the three CM, with the exception of cells grown with CM
from preA after a 24-h incubation (Fig. 1A-C). The increase
in cell proliferation was significantly higher in cells grown
on pDA or MA SS (P<0.001), compared to cells incubated in
the presence of CM from pDA or MA (P<0.05) (Fig. 1B and
C). Moreover, after 48 h of incubation, enhanced prolifera-
tion was observed in the NMuMG cells grown on preA, pDA
and MA SS in the presence of each of the three types of CM,
in comparison to cells grown on SS in the absence of CM.
These results indicate that soluble factors (CM) as well as
insoluble factors (SS) produced by the adipocytes stimulated
NMuMG cell growth. LM3 cell proliferation was signifi-
cantly increased in cells grown on preA, pDA and MA SS
for 24 or 48 h. However, no change in growth was observed
in the presence of the conditioned media (Fig. 1A-C). This
indicates that the growth of LM3 cells was only stimulated
by insoluble factors present in the three types of stromal
support.

Adhesion of NMuMG and LM3 cells grown on stromal
support. In order to verify that the increased proliferation
observed in the epithelial cell lines grown on preA, pDA and
MA SS was not due to an increase in the initial adhesion of
the cells to the supports, we evaluated the adhesion of two
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Figure 1. Effect of conditioned medium (CM) and/or stromal support (SS) on the proliferation of epithelial NMuMG and LM3 cells. Epithelial cells were
grown on preA (A), pDA (B) or MA (C) 3T3-L1 irradiated cells or on plastic, in the presence or absence of CM, for 24 and 48 h. Cell proliferation was
quantified using the MTS assay. Data are shown as the means + SEM (n=5-6, each experiment performed in five replicates). "P<0.05 or **P<0.001 compared to
growth on plastic or with fresh medium, respecively; #P<0.05 compared to growth on SS without CM.
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Figure 2. Adhesion of NMuMG (A) and LM3 (B) cells grown on preA, pDA or MA 3T3-L1 stromal support (SS) cells. Epithelial cells (1x10° or 5x10%/ml)
were grown on preA, pDA or MA SS. After 30 min, cell attachment was quantified using the MTS assay. Data are shown as the means + SEM (n=3, each
experiment performed in five replicates). “P<0.05 compared to growth on plastic (control).

different concentrations of NMuMG and LM3 cells after
30 min of contact with the stromal supports compared to the
plastic support. Fig. 2 shows that initial cell adhesion was not
increased in the epithelial cells grown on the stromal supports
compared to the plastic. On the contrary, adhesion was signifi-

cantly lower in the cells grown on MA SS. Therefore, the
observed increase in the proliferation of the cell lines grown
on all three types of stromal support was due to a stimula-
tion of the substrate-attached material per se, and not to an
increased initial adhesion to the substrates.
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Figure 3. Effect of conditioned medium (CM) (A) or stromal support (SS) (B) on the migration of NMuMG and LM3 cells. Epithelial cells were grown to conflu-
ence on preA, pDA or MA 3T3-L1 SS (B) or on plastic (B, control) with complete DMEM-F12 medium. Wounds (400 ym-wide) were formed, and complete
DMEM-F12 medium (A, control) or CM (A) was added. Images were captured at O and 6 h after wounding. In order to quantify the differences observed in the area
of the wounds, an image analysis program was used (ImageJ). “P<0.05 compared to baseline. Inserts: Images captured at 0 and 6 h after wounding (magnification
x400). (A) LM3 incubated with preA CM (column 1), pDA CM (column 2) and MA CM (column 3). (B) LM3 incubated with preA SS (column 1).
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Figure 4. Heparanase activity in NMuMG or LM3 cells incubated with con-
ditioned medium (CM) from preA, pDA or MA 3T3-L1 cells. Commercial
heparin was incubated for 24 h with NMuMG or LM3 cells that had previ-
ously been incubated for 48 h in the presence of each of the three types of
CM. Samples were subjected to electrophoresis, and gels were stained with
Rubipy. Images were analyzed by densitometry. Data were normalized with
respect to heparin without epithelial cells. Histograms represent the means
+ SEM of two independent experiments. "‘P<0.05 compared to baseline.
Insert: Images of a non-denaturing gel stained with Rubipy. (A) Heparin
(control, lane 1), NMuMG + fresh medium with heparin (lane 2), NMuMG +
preA CM with heparin (lane 3), NMuMG + pDA CM with heparin (lane 4),
NMuMG + MA CM with heparin (lane 4). (B) As in A, but with LM3 cells.

Migration of NMuMG and LM3 cells grown on stromal
support or incubated with conditioned medium. The motility
of the NMuMG and LM3 cells grown on preA, pDA and
MA SS or in the presence of CM from preA, pDA and MA
was next evaluated. After wounding with a pipette tip, the
NMuMG cells showed no significant differences in migration
(wound-healing) 6 h after the initial wounding under any
of the assay conditions (Fig. 3A and B). By contrast, LM3
migration was increased in the epithelial cells grown with
all three types of CM, as wound healing occurred in 75+3%
(preA), 53+4% (pDA) and 39+4% (MA) of cells after a 6-h
incubation (P<0.05) (Fig. 3A). In LM3 cells cultured on
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Figure 5. Expression of MMP-9 in NMuMG or LM3 cells incubated with con-
ditioned medium from preA, pDA or MA 3T3-L1 cells, or with fresh medium
as a control (C). Samples were subjected to SDS-PAGE with a primary anti-
body specific for MMP-9. 3-actin protein was used as the internal control.
Images were analyzed by densitometry. Histograms represent the means +
SEM of three independent experiments. “P<0.05 and “P<0.01 compared to
basal levels of MMP-9.

stromal support, migration was observed only in cells grown
on the preA SS (33+3%) (P<0.05), with respect to baseline
conditions (Fig. 3B).

Heparanase enzymatic activity of NMuMG and LM3 cells
incubated with conditioned medium. In order to evaluate the
effect of heparanase on NMuMG and LM3 cell proliferation
and migration, heparin degradation was assessed in the two
cell lines previously incubated with CM from preA, pDA and
MA. Fig. 4 shows a significant decrease in heparin band inten-
sity in the NMuMG cells incubated with the three types of
CM, which corresponds to an increase in heparanase activity.
By contrast, LM3 cells incubated with the three types of CM
exhibited enzymatic activity. None of the cell lines presented
basal heparanase activity (Fig. 4).
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Expression of MMP-9 in NMuMG and LM3 cells incubated
with conditioned medium. The expression of MMP-9 in
NMuMG and LM3 cells incubated with CM from preA,
pDA and MA was evaluated. Both cell lines presented basal
expression of MMP-9. This basal expression was not altered
in NMuMG cells previously incubated with the three types
of CM (Fig. 5). By contrast, a significant increase in MMP-9
expression was observed in the LM3 cells previously incubated
with the conditioned media, the highest value being in LM3
cells incubated in the presence of CM from preA (Fig. 5).

Discussion

Breast epithelial cells undergo constant development and
differentiation throughout a woman's life. Stromal tissue plays
a key role in the regulation of these changes, as well as in the
regulation of breast cancer cell growth. Preadipocytes, mature
adipocytes and those in intermediate differentiation states
are the main stromal cell types in breast tissue. In this study,
we demonstrated that the state of adipocyte differentiation
influences normal and tumoral breast epithelial cell prolifera-
tion and migration. Heparanase and MMP-9 are potentially
involved in this regulation (22).

The proliferation of NMuMG cells was significantly
increased in cells incubated with the three types of condi-
tioned media, as well as in cells grown on the preA, pDA and
MA 3T3-L1 stromal support cells. Moreover, the increase in
NMuMG cell proliferation was enhanced when cells were
grown on SS in the presence of CM. Therefore, both soluble
factors (CM) and insoluble factors (SS) from adipocytes stim-
ulated the growth of the NMuMG cells, although the effect of
insoluble factors was apparently significantly greater.

In addition, the results indicate that CM derived from
the preA, pDA and MA 3T3-L1 cells stimulated hepara-
nase activity in the NMuMG cells. Therefore, the observed
increase in NMuMG cell proliferation in cells incubated
with CM may at least in part be due to the stimulation of
this enzyme's activity. An increase in heparanase activity has
previously been described in relation to an increase in the
metastatic activity of tumor cells (8); however, our findings
indicate that heparanase may also be involved in the prolifera-
tion of normal breast epithelial cells (22). In terms of MMP-9
activity, basal expression was observed in the NMuMG cells,
and was not modified following incubation with any of the
three types of CM.

LM3 proliferation was significantly increased in the
epithelial cells grown on the preA, pDA and MA SS. No
changes were observed in cells incubated in the presence of
any of the three types of CM. Thus, it is likely that insoluble
factors present in the preA, pDA and MA SS stimulated the
proliferation of tumor cells. Chamras et al (23) demonstrated
that proliferating preadipocytes, but not mature adipocytes,
stimulate breast cancer cell growth, while we observed an
increase in tumoral cell growth in cells grown on preA, pDA
and MA SS. These differences may be due to the different
types of stromal support employed in the studies. Whereas
Chamras et al co-cultivated stroma with epithelial cell lines,
we studied the epithelial stromal interaction by seeding the
epithelial cells on natural ECM obtained through the micro-
wave-irradiation of stromal cells.
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In terms of LM3 cell migration (wound healing), migra-
tion was significantly increased in the presence of all three
types of CM, with the highest values obtained for CM from
preA, as compared to CM from pDA and MA. However, in
LM3 cells cultured on preA, pDA and MA SS, migration was
observed only with the preA SS. LM3 cells did not exhibit
basal heparanase activity; however, when the cells were incu-
bated with CM from pDA and MA, enzymatic activity was
detected. By contrast, LM3 cells presented basal expression of
MMP-9, and this expression increased significantly when the
cells were incubated with the three types of CM. This signifi-
cant increase was particularly notable in the presence of CM
from preA. Therefore, one or more soluble factors present in
CM from pDA and MA may stimulate heparanase activity and
MMP-9 expression in LM3 cells, thus increasing the migration
of these cells, while MMP-9, but not heparanase, is involved
in the increase in LM3 cell migration in cells incubated with
CM from preA.

In conclusion, our results demonstrate that adipocyte
differentiation influences normal and tumoral breast epithelial
cell proliferation and migration. Heparanase and MMP-9
apprear to be involved in this regulation. These results broaden
the view of cancer, which is at present focused on oncogenes
and tumor suppressor genes, to include the viewpoint that
the tumoral microenvironment co-evolves and interacts in a
dynamic and reciprocal way with mutated epithelium (24,25).
The experimental model presented is in keeping with the char-
acteristics of the physiological environment of breast epithelial
cells in terms of both the soluble and insoluble factors present
and the stromal structure per se. Further research is required
to identify the stimulatory factors that play a role in the para-
crine interaction between normal or tumoral breast cancer
cells and the surrounding stroma. The identification of these
factors may provide novel strategies for the regulation of the
development of normal breast tissue and/or for the prevention
and treatment of breast cancer.
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