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Abstract

Local estradiol production within breast tissue is maintained by the aromatase cytochrome P450arom complex, which has been

localized primarily to the stromal component of tumors but also has been detected in the breast epithelial cells. Paracrine
interactions between stromal and epithelial components of the breast are critical to the sustained growth and progression of
breast tumors. Maintenance of the di�erentiated state, including hormone and growth factor responsiveness, requires

extracellular matrix proteins as substrata for cells. This research has focused on developing a cell culture system that more
closely mimics in vivo interactions in order to dissect actual paracrine signaling between these two cell types. Human ®broblasts
were isolated from breast tissue and were maintained in a cell culture system grown on plastic support or on a collagen I

support matrix. The collagen I matrix model supports cell maintenance and subsequent di�erentiation on collagen rather than
maximal proliferation, therefore allowing for a more accurate environment for the study of hormonal control and cellular
communication. Initial experiments compared aromatase activity of patient ®broblasts grown on plastic versus collagen I using
the tritiated water release method. Constitutive aromatase activity was found to be lower when cells were grown on a collagen

gel for 4±7 days (7.7 fold lower) using DMEM/F12 containing 10% dextran coated charcoal stripped serum. However,
®broblasts grown on collagen I appeared to be signi®cantly more responsive to stimulation by 100 nM dexamethasone (plastic:
6.0 fold induction, collagen: 33.2 fold induction) when pretreated for 12 h prior to measurement of aromatase activity. In an

e�ort to examine paracrine interactions between the stromal and epithelial cells in breast tissue, experiments using conditioned
media from ®broblast cultures were performed. Testosterone administration to ®broblasts results in the production of estradiol
into the media in su�cient concentrations to elicit an increase in pS2 expression when the conditioned media is administered to

MCF-7 cells. The addition of a potent aromatase inhibitor resulted in a complete suppression of ®broblast-derived estrogens and
showed only a modest increase in pS2 expression. Culturing breast ®broblasts and epithelial cells on extracellular matrix allows
for a more meaningful examination of the paracrine interactions between these cell types within the context of an appropriate
extracellular environment. This study highlights the need for evaluation of gene expression in cell culture systems that accurately

re¯ect the tissue microenvironment. # 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

Approximately two-thirds of newly diagnosed breast
cancer in the U.S. is hormone-dependent breast cancer,

requiring estrogen for tumor growth. Estrogen is con-
sidered important for the local stimulation of growing
malignancies in the breast. Estradiol, the most potent
endogenous estrogen, is biosynthesized from androgens
by the cytochrome P450 enzyme complex called
aromatase. The highest levels of aromatase enzymatic
activity are present in the ovaries of premenopausal
women, in the placenta of pregnant women and in the
peripheral adipose tissues of postmenopausal women
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and of men. Aromatase activity has also been demon-
strated in breast tissue in vitro [1±4]. Furthermore, ex-
pression of aromatase is highest in or near breast
tumor sites [2,5].

Estrogens exhibit many functions that include regu-
lation of growth, proliferation and di�erentiation as
well as metabolic processes. Many of these events are
estrogen receptor mediated through the complex regu-
lation of key genes that are expressed in a well con-
trolled temporal and tissue speci®c pattern [6].
Paracrine interactions, including cell-cell mediated
communication, are an important physiological process
by which surrounding cells can modulate other cells'
activity and maintain proper tissue integrity. Normal
tissue communication can become dysregulated in the
presence of malignancies. Tumor cells exhibit insensi-
tivity to regular cellular cues and setup an environment
that will maximize tumor growth. Tumor derived fac-
tors may stimulate expression of other factors which
may normally not be expressed and also tumors cells
fail to respond to contact inhibition, normally a signal
to halt cellular growth [7]. An additional level of or-
ganization is provided by the surrounding extracellular
matrix which provides the three dimensional frame-
work upon which the tissue is structured. These extra-
cellular matrix proteins interact via speci®c receptor
mediated events and alter transcriptional activity of
the cell [8].

The extracellular matrix (ECM) generally consists of
at least 50 di�erent proteins, which provide a frame-
work of tissue throughout the body [9]. In the breast,
the basement membrane, which is a specialized form
of the extracellular matrix, surrounds epithelial cells
and other cell types and is primarily composed of
laminin, type IV collagen and proteoglycans. The
interstitial tissue matrix is made up of structural ECM
proteins, in addition to the stromal ®broblasts and the
adipocytes. The interstitial matrix of breast tissue is
composed primarily of collagen I and some ®bronectin
[10]. The role of the ECM appears to be more complex
than simply providing physical structure to the tissue.
Expression of speci®c genes is highly dependent on
receiving coordinated extracellular signals. These sig-
nals represent a cooperation of extracellular matrix sig-
nals with other regulatory molecules such as hormones
and growth factors.

The extracellular matrix proteins generally exert
their e�ect through transmembrane receptors, usually
from the integrin family [11]. The integrin receptors
are made up of an a and b chain; a wide variety of
speci®c receptors can be formed through variable as-
sociation of these a and b subunits. These receptors
generally have short cytoplasmic domains which inter-
act directly with cytoskeletal a-actinin and talin.
Generally, the cytoskeleton controls the shape of the
cell, the motility and gene expression [9]. The major

mechanism responsible for re-organizing the cytoskele-
ton is the polymerization and depolymerization of the
microtubules. It has been hypothesized that the altera-
tions in the cytoskeleton may be central to the acqui-
sition or loss of a di�erentiated phenotype [13]. The
exact link between ECM interaction with the integrin
receptor and alterations in gene expression is tentative.
In one model study, laminin provided an environment
where cultured mammary epithelial cells produced b
casein when stimulated with prolactin. The subsequent
addition of colchicine was able to inhibit the pro-
duction of b casein and also the transcription of the
mRNA [14]. Jackson and Cook showed in the early
1980s that the nuclear matrix was commonly associ-
ated with DNA being replicated and transcribed. They
suggested that the nuclear matrix was one part of the
active site of the transcription complex [15,16].

The collagen family of proteins is composed of 14
di�erent types representing homo- and heterotrimeric
complexes showing a wide range of structures and
functions [12]. Collagen I is a heterotrimeric helix of
a1(I),a2(I)1.These complexes are synthesized as propep-
tides and assembled extracellularly into crosslinked
®brils. The collagen I receptor is the integrin VLA-2
(a2,b1) transmembrane receptor. This receptor is com-
monly expressed on the surface of several cell types,
such as ®broblasts, breast epithelial cells and endo-
thelial cells. Collagen I has been shown to be a very
potent modulator of cellular function [17]. In vitro stu-
dies have shown that growing cells on a collagen I sub-
stratum can lead to alterations in rates of
proliferation, adhesion and migration, not only in
®broblasts but also in other cell types. Peripheral
blood monocytes which migrate through the intersti-
tium come into contact with collagen I. In vitro studies
have showed that collagen I markedly increases inter-
leukin-8 expression compared to cells grown on plastic
[18]. In all species, the milk proteins are speci®cally
expressed in the mammary gland under the control of
lactogenic hormones and the extracellular matrix [19].
A di�erent integrin, a3b1, is expressed on colon carci-
noma cells. Di�erentiation of these cells on collagen
gels has been observed. Additionally, the monoclonal
antibody against the b1 subunit interrupts this di�er-
entiation [20]. This suggests that the di�erentiated
state is dependent on collagen-integrin interactions.
The breast stromal ®broblasts normally deposit col-
lagen, but this becomes excessive in the presence of an
invasive tumor. There is usually an intense stromal
reaction (desmoplasia) to invasive tumors which results
in excessive collagen deposition and ®broblast prolifer-
ation and the signi®cance of this stromal reaction is
unclear.

The exact paracrine interactions between normal
epithelial and stromal cells remain unclear and the im-
portance of dysregulation of these interactions in can-
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cer is unknown. The studies reported here focus upon
the role of the extracellular matrix protein, collagen I,
on aromatase activity in breast stromal cells in culture.
Further experimentation evaluates the direct paracrine
interactions of soluble factors produced by the stroma
that can support tumor growth.

2. Materials and methods

2.1. Cell cultures

Cell cultures were maintained using a supplemented
DMEM media (Gibco), without phenol red and con-
taining 1.5� essential amino acids, 1.5� vitamin and
2� nonessential amino acids. The sterilized liquid
media was prepared by the OSU Comprehensive
Cancer Center by dissolving the powder into water
containing sodium chloride (8.3 mM), pyruvic acid
(1.25 mM) and sodium bicarbonate (17.5 mM). Cells
were maintained at 378C, 5% CO2 and 85±95%
humidity (Forma model 3052) using Corning culture
¯asks and plates. Cells were grown to 80% con¯uence
and split as needed for experiments using a typsin
(0.5%) EDTA mixture (Gibco). MCF-7 cells (#22-
HTB; breast adenocarcinoma, ER+) were obtained
from The American Type Culture Collection (ATCC)
and were stored in liquid nitrogen (ÿ1968C) until
needed. The passage number for the MCF-7 cell line
was monitored and cells discarded after 10 serial pas-
sages (155±165) when used in gene expression studies.

Primary breast ®broblasts were isolated from patient
breast tissues obtained through the Tissue
Procurement facility of the OSU Comprehensive
Cancer Center. Samples (0.5 g each) were obtained
from patients undergoing reduction mammoplasty or
mastectomy. Tissue was stored in DMEM without
serum at 48C until used. Samples were then ascepti-
cally minced and extraneous fat and connective tissue
removed. Minced tissue was incubated with 1% col-
lagenase type III (Gibco) with shaking at 378C for 12±
15 h or until all of the pieces were digested. Samples
sat for 30 min to let any undigested fragments settle.
The supernatant was recovered and centrifuged at
1500 g for 5 min. Lipid accumulated at the top and
was removed with the supernatant. Cells were resus-
pended in media and centrifuged for 1 min at 300±500
g. Under these conditions epithelial cells pellet and the
resulting ®broblast enriched supernatant was plated in
T-75 culture ¯asks in DMEM/F-12 Ham's mixture
(Gibco) containing 10% fetal calf serum was added, in
addition to L-glutamine (5 mM) and gentamicin
(0.025%). Cultures were grown until they reached near
con¯uence and then used in experiments. Under the
conditions described, any contaminating epithelial

component will not plate and will be washed away
with regular media changes.

Fetal calf serum was obtained from Gibco and was
used at 10% in all media unless noted. Serum was
stripped of endogenous steroids by two treatments
with a dextran coated charcoal mixture. A suspension
(5 ml) of dextran coated charcoal (0.5% charcoal,
0.05% dextran and 0.14 M NaCl) was added to 100
ml of serum and incubated at 508C for 30 min. This
method has been shown to remove 98% of endogen-
ous steroids from the serum [21]. Stripped serum was
used in experiments where cells could not be exposed
to endogenous estrogens. Collagen I coated plates
were prepared in the following way. Rat tail collagen I
was purchased from Collaborative Biomedical
Products at a concentration of 4 mg/ml. The ®nal col-
lagen concentration in the gel is 1mg/ml in PBS. This
concentration provides a gel of su�cient strength to
allow media to be removed and added without the
loosing integrity of the gel. The following mixture was
used for 1 ml of collagen I mixture (85 ml 10� PBS;
210 ml 1N NaOH; 450 ml H2O and 250 ml of collagen
I). A volume of 0.8 ml of the collagen mixture was
added to 6 well plates (Corning) and placed at 378C
for 30 min to allow gel to form. Cells were plated
directly on top of the gel.

2.2. cDNA probes

The cDNA sequences were used as cDNA probes
for Northern analysis. Plasmids for pS2 (#57136),
36B4 phophoriboprotein PO (#65917) and vimentin
(#59161) were purchased from ATCC stocks. PCR pri-
mers were synthesized by Oligo's Etc (Wilsonville, OR)
which would amplify regions of each of these genes to
be used as cDNA probes for Northern analysis. The
primer sequences for pS2 were 5 '-ATC CCT GAC
TCG GGG TCG CCT TTG-3 ' (sense, bases 1±25)
and 5 '-CAA TCT GTG TTG TGA GCC GAG GCA
CAG-3 ' (antisense, bases 408±434). Ampli®cation
using these primers produces a 0.434 kB cDNA pro-
duct for Northern analysis. The primer sequences for
36B4 were 5 '-AAA CTG CTG CCT CAT ATC CG-3 '
(sense, bases 306±325) and 5 '-TTT CAG CAA GTG
GGA AGG TG-3 ' (antisense, bases 848±867).
Ampli®cation using these primers produces a 0.562 kB
cDNA product for Northern analysis. The vimentin
ATCC plasmid was transformed into competent DH5a
cells (Gibco BRL) and plated onto LB plates with
ampicillin. Positive colonies were isolated for large
scale midi-preps and plasmids were isolated. Plasmids
were digested with EcoR1 and the 1.1 kB fragment
corresponding to 331±1431 bp was isolated using the
Quiagen band prep system. Radiolabeled cDNA
probes were prepared by the random priming method
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(Rad Prime Labeling Kit, Gibco BRL) using 50 mCi of
[a-32P]-dCTP.

2.3. Aromatase activity in primary ®broblasts

Fibroblasts were grown on either collagen I gels or
plastic and cells were plated at a concentration of
5 � 105 cells/well in 6-well plates. Aromatase activity
was determined by measuring the release of tritiated
water from [1b-3H]-androst-4-ene-3,17-dione following
published procedures [22,23]. Cells were given fresh
media (3 ml) and were incubated with 2 mCi/well of
[1b-3H]-androst-4-ene-3,17-dione (80 nM total andro-
gen concentration) with an incubation time of 12 h.
Separate blank samples were used for the plastic and
collagen wells which had no cells plated. After 12 h,
the media was removed and extracted with chloroform
three times. Aliquots (500 ml) of the media were trans-
ferred into 12 � 75 mm culture tubes, treated with 1%
dextran coated charcoal (500 ml) and centrifuged at
2600 g for 10 min. Aliquots (500 ml) of the aqueous
solutions were removed, added to scintillation cocktail
and radioactivity measured on a liquid scintillation
counter.

2.4. Thymidine incorporation

The measurement of tritiated thymidine incorpor-
ation allows for a correlation to growth of cells. The
incorporation of thymidine was carried out using pri-
mary breast ®broblasts which were grown on either
plastic or collagen I. Cells were plated at 5 � 105 cells/
well and separate ¯asks were used for each of the
seven days. Thymidine (1 mC/well) was added to each
plate in triplicate for each time point. Incubation was
performed for eight hours at 378C. After the incu-
bation, cells were washed two times and then lifted
using either trypsin:EDTA or collagenase type III
depending on which type of plate was used. Cells were
centrifuged and washed twice using PBS. The superna-
tent was decanted and 1 ml of 5% TCA solution was
added and left at 48C overnight. The mixture was cen-
trifuged at 3000 � g for 10 min at 48C and the super-
natant decanted. A 1 ml mixture of 0.1N NaOH and
1% Triton N101 was added to each pellet and vor-
texed vigorously. An aliquot of 270 ml of mixture was
added to 5 ml of cocktail which had been acidi®ed
with 31 ml of 1N HCl. Amount of radioactive thymi-
dine incorporated into the cellular DNA was counted
using a scintillation counter.

2.5. RNA isolation and northern analysis

RNA isolation was performed using a modi®cation
of the method described by Chomczynski [19]. MCF-7
cells in 6-well plates were washed with phosphate buf-

fered saline and 500 l of guanidine isothyanate (3 M)
solution was added to each well. The lysate was
sheared with a 26 gauge needle and transferred to a
phase lock gel tube (5 '-3 ', Boulder, CO). Fifty microli-
ters of 3 M sodium acetate (pH 5.0), 500 ml of phenol
(pH 5.0) and 200 m1 of chloroform:isoamyl (28:1) were
added separately. The tubes were centrifuged at 12,000
g for 2 min to separate the phases and the extraction
was repeated. The supernatant was combined with an
equal volume of isopropanol and allowed to precipi-
tate at ÿ208C for 2 to 16 h. The precipitate was centri-
fuged at 14,000 g for 30 min and the resulting pellet
washed twice with 70% ethanol and once with 95%
ethanol. The RNA was reconstituted in RNAse-free
water and absorbance measured at 260 nm to quantify
total RNA.

Ten microgram samples of total RNA were run on
1.2% agarose gel at 90 V for 90 min and transferred
to Nytran Plus membranes (Schleicher and Schuell,
Keene, NH). The membranes were baked for 1 h at
808C, prehybridized with a solution containing 50%
formamide, 5� Denhardts solution, 5� SSPE, 2%
SDS and salmon sperm DNA (100 mg/ml) for 2 h at
428C. Membranes were hybridized with randomly
labeled (RadPrime kit, GIBCO BRL) [a-32P]-dCTP
pS2 (2 � 106 cpm/ml) and 36B4 (1 � 106 cpm/ml)
cDNA probes in a solution containing 50% forma-
mide, 5� Denhardts solution, 5� SSPE, 1% SDS and
salmon sperm DNA (100 mg/ml) for 16±20 h at 428C.
Final wash was done at 658C with 0.1� SSPE and 1%
SDS. Membranes were scanned with a radioanalytical
imaging detector (Ambis Inc., San Diego, CA) and the
signals quanti®ed according to pS2 to 36B4 ratios to
control for RNA loading discrepancies. All exper-
iments were carried out in duplicate ¯asks and repli-
cated; results represent the average of four data points.
Statistical analysis was performed using the Student t-
test (unpaired).

3. Results

3.1. Aromatase activity of primary ®broblasts

Primary normal stromal ®broblasts cells obtained
from breast tissue samples from twelve female patients
of varying age (16±80 yr) were evaluated for aromatase
activity when grown under di�erent culturing con-
ditions. The e�ect of the extracellular matrix protein,
collagen I, on aromatase activity was investigated.
Aromatase plays a critical role in regulating levels of
the estrogen in the breast and collagen I is the major
ECM protein in the breast stroma. Therefore, investi-
gations on the e�ects of collagen I on the regulation of
this enzyme is warranted. Although several studies
have examined ®broblast aromatase activity, no study
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has used an appropriate substratum which mimics in
vivo conditions.

Constitutive aromatase activity was measured in cul-
tured primary stromal ®broblasts (Fig. 1).
Additionally, the ability of these cells to respond to
dexamethasone was determined. Normal ®broblasts
utilize promoter I.4 which has a glucocorticoid respon-
sive element located upstream of the untranslated exon
I.4, making them responsive to treatment with 100 nM
dexamethasone. Constitutive aromatase activity was
found to be lower when cells were grown on a collagen
gel for 4±7 days (6.0 fold lower) using DMEM/F12
containing 10% dextran coated charcoal stripped
serum. Fibroblasts grown on collagen I also appeared
to be signi®cantly more responsive to stimulation by

100 nM dexamethasone (plastic: 7.0 fold induction,
collagen: 33.2 fold induction) when pretreated for 12 h
prior to measurement of aromatase activity. Thus, cul-
turing primary ®broblasts on a collagen I matrix
resulted in a decrease in constitutive aromatase ac-
tivity. This decrease corresponded to a six-fold re-
duction in activity compared to cells cultured on
plastic support. These values were corrected for the
number of cells so this reduction is not a re¯ection of
di�erences in the number of cells.

Signi®cant variability of aromatase levels in response
to dexamethasone induction existed in the stomal cell
culture of this patient group. Figure 2 presents this
data as individual patients rather than as a group.
Varying levels of induction have also been reported in
the literature and loosely correlate with age [24,25].

3.2. Expression of vimentin in ®broblasts grown on
collagen

The expression of vimentin mRNA was measured
by Northern analysis in order to evaluate the e�ect of
collagen I on ®broblasts. Vimentin is an intermediate
®lament protein which is expressed by ®broblasts and
cells of mesenchymal origin. Fibroblasts were cultured
for four days and the levels of steady state mRNA
were measured using Northern analysis and a cDNA
probe speci®c to vimentin. No signi®cant di�erence in
the expression of vimentin was observed when ®bro-
blasts were grown on collagen I compared to plastic
(Fig. 3).

3.3. Thymidine incorporation

The relative growth rates of ®broblasts grown on
plastic and collagen I were evaluated by monitoring
the incorporation of radiolabeled thymidine.

Fig. 1. Aromatase activity in breast stromal cells cultured on varying

support matrix. Cells were cultured on plastic or on collagen I gels

in the absence or presence of 100 nM dexamethasone. N= 10

patients.

Fig. 2. Comparison of aromatase activity in cultured breast stromal

cells among individual patients. Cells were cultured on plastic or on

collagen I gels in the absence or presence of 100 nM dexamethasone.

Fig. 3. Relative expression of vimentin mRNA in breast stromal cells

cultured on varying support matrix. Cells were cultured on plastic or

on collagen I gels. N= 5 patients.
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Fibroblasts were grown on plastic or collagen I for 1
to 7 days. Radiolabelled thymidine was added to sep-
arate plates every day. The incorporation of thymidine
can be related to the growth rates of these cells (Fig.
4). The ®broblasts which were grown on collagen I
showed a signi®cant reduction in the incorporation of
thymidine from day 1 to day 5. The cells that were
grown on plastic had a faster growth rate and reached
con¯uence at around day 5. These cells grown on plas-
tic halted growth at con¯uence due to contact inhi-
bition, resulting in the drastic decrease in tritiated
thymidine incorporation after 5 days for the cells
grown on plastic support. Thus, breast ®broblast cells
exhibited a delay in growth of three days when cul-
tured on collagen I support matrix.

3.4. Conditioned media experiments

In order to investigate further the potential import-
ance of stromal aromatase activity in breast tissue, ex-
periments were performed with MCF-7 cells using
conditioned media from ®broblasts cultured under a
variety of conditions. Soluble factors secreted by the
®broblasts into the media would then be able to inter-
act with the epithelial MCF-7 cells. Additionally, con-
version of androgen precursor administered to the
stromal cells to estrogen would elicit an estrogen-
mediated response in the epithelial cells if estrogen
levels were of su�cient magnitude.

MCF-7 cells are known to express a small trefoil
protein, known as pS2. This is a small 84 residue pro-
tein, containing at its amino terminus a signal peptide
characteristic of secreted proteins, which was isolated
from a human breast carcinoma cell line.
Transcriptional activation of the pS2 gene is a primary
response to estrogens in the MCF-7 cell line [26,27].
The proximal 5 ' ¯anking region of the pS2 gene con-
tains a transcriptional enhancer estrogen responsive el-
ement, a 13 base pair imperfect palindromic sequence.

Cells which are estrogen deprived for 48 h show a low
level of this message and it becomes markedly stimu-
lated by the addition of estradiol. The increase in pS2
message is rapid, with an increase in mRNA ex-
pression after 12 h of treatment and a maximum after
48 h.

If the ®broblasts were producing estrogens from
provided precursor, then the estrogen responsive
MCF-7 cells would respond by an increase in pS2 gene
expression. The pS2 mRNA levels are an indirect
measure of the estrogen produced at levels that are
able to elicit a response in a neighboring cell.

Conditioned media from ®broblasts supplemented
with 100 nM testosterone as the provided androgen or
with vehicle only was administered to MCF-7 cells
which had been estrogen deprived for 48 h. Other
®broblast cultures received testosterone, dexametha-
sone and/or 7a-APTADD, which would inhibit con-
version of testosterone. Following incubations, RNA
was isolated and mRNA for pS2 and 36B4 were ana-
lyzed by Northern analysis (Fig. 5). The control ¯asks,
which were deprived of estrogen for the course of the
experiment, showed a pS2 expression which was 9.6%
of the maximal response of pS2 (normalized to 100%
for estradiol at 10 nM). Conditioned media from ®bro-
blasts showed an increase in pS2 expression corre-
sponding to 36.4% of the value for 10 nM estradiol.

The addition of 100 nM testosterone resulted in a

Fig. 4. Thymidine incorporation in breast stromal cells cultured on

varying support matrix. Cells were cultured on plastic (R) or on col-

lagen I gels (Q). N = 6 wells.

Fig. 5. Northern analysis of the e�ect of ®broblast-derived con-

ditioned media on pS2 mRNA expression in MCF-7 cells. (A)

Control media. (B) Media containing 10 nM estradiol. (C)

Conditioned media from untreated breast stromal cells. (D)

Conditioned media from breast stromal cells treated with 100 nM

testosterone. (E) Conditioned media from breast stromal cells treated

with 100 nM testosterone and 100 nM dexamethasone. (F)

Conditioned media from breast stromal cells treated with 100 nM

testosterone and 100 nM a potent aromatase inhibitor (7a-
APTADD). Each bar is the mean of four samples, with the err bars

representing the standard err of the mean (S.E.M.).
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further increase in pS2 expression over the conditioned
media alone, producing 68.8% of control. The e�ect
of adding dexamethasone is dependent on the length
of treatment. In short term treatments (i.e. less than 24
h), dexamethasone increases aromatase activity in
®broblasts, as was shown earlier in this study.
However, a report evaluating the result of longer dexa-
methasone treatment determined that long-term treat-
ment of greater than 36 h decreases aromatase activity
and decreases glucocorticoid receptor levels [28]. In
this study, dexamethasone was added at the beginning
of the 3-day treatment and resulted in a reduction of
pS2 expression at 44.3%. There was no statistical
di�erence in the pS2 expression between conditioned
media alone and the testosterone plus dexamethasone
treatment. The addition of 7a-APTADD, a potent
enzyme-activated irreversible aromatase inhibitor [29],
results in a reduction in pS2 expression to 18.3%.
These observations suggest that testosterone is being
converted into estradiol by aromatase present in the
stromal cells.

An estrogen-independent increase in pS2 expression
was observed in MCF-7 cells given conditioned media
alone (Fig. 5). Factors produced by the ®broblasts that
cause increased pS2 expression in these experiments
are not known at this time. Reports in the literature
suggest that cytokine IL-6 and growth factors TGF-a
and insulin-like growth factor IGF-1, when added to
¯asks of astrocytes and MCF-7 cells, were able to
induce a pS2 increase [30,31]. Interestingly, normal
®broblasts have been shown to express large amounts
of IGF-1 [32], while ®broblasts isolated directly from
the tumor seem to express large amounts of IGF-2
and no IGF-1 [33]. The ®broblasts themselves do not
become genetically altered in breast tumors but the se-
creted factors are markedly a�ected by the presence of
the tumor. IGF-2 has not been shown to increase pS2
expression.

4. Conclusions

A collagen I matrix has a measurable a�ect on the
aromatase activity of primary breast ®broblasts. The
levels of aromatase activity were signi®cantly increased
by a short-term treatment of 100 nM dexamethasone,
demonstrating that these primary ®broblast grown on
a collagen I matrix retain their hormone responsive
state. No alteration in the intermediate ®lament pro-
tein vimentin in primary ®broblasts cells grown on
either plastic or collagen I support was observed.
Collagen I reduced incorporation of radiolabelled thy-
midine in cultured ®broblasts compared to ®broblasts
on plastic support and culturing cells on collagen I

may allow for a more di�erentiated phenotype as a
consequence of slowed growth. This data supports the
speci®c interaction of the ®broblast VLA-2 integrin
receptor with a collagen I matrix, possibly resulting in
chromatin alterations which a�ect gene transcription.

Historically, cell culture systems have been opti-
mized for maximal growth. Since growth and di�eren-
tiation are two mutually exclusive cellular functions, a
cell culture system that o�ers maintenance of cells
rather than supporting maximal proliferation may be
more representative of in vivo conditions. The ration-
ale of growing cells on a collagen I substratum was
that this would provide a more relevant model for con-
ditions in the breast. It is critical that measurement of
gene expression and enzyme function be carried out
under circumstances seen in the normal breast in order
to determine the importance of the stromal ®broblasts
to the growing tumor.

In an e�ort to examine paracrine interactions
between stromal and epithelial cell types, investigations
using conditioned media from ®broblast cultures were
performed. These experiments demonstrated that se-
creted products from ®broblasts can induce pS2 ex-
pression in MCF-7 cells. First, estrogen-independent
factor(s) are released into the media and are capable
of stimulating pS2 expression. Second, testosterone ad-
ministration to ®broblasts results in the production of
estradiol by aromatase into the media in su�cient con-
centrations to elicit an increase in pS2 expression when
the conditioned media is administered to MCF-7 cells.
The addition of an aromatase inhibitor resulted in a
complete suppression of ®broblast-derived estrogens
and signi®cant decrease in pS2 expression.

These experiments highlight the need for evaluation
of gene expression in cell culture systems that accu-
rately re¯ect the tissue environment. In the discussion
of the importance of the local production of estrogens
in the breast, it seems necessary to take into consider-
ation the relative aromatase activity of the two major
cell types. The ®broblasts, based on previous cell cul-
ture data, were thought to have the majority of the es-
trogen producing capabilities. If, however, in vivo they
have lower levels constitutively, their role may not be
singularly paramount. Furthermore, the potential for
high aromatase activity in breast stromal cells may
more critically depend on tumor-derived factors.
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