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We recently established and characterized two rat endometrial adenocarcinoma cell lines which we
called RUCA-I and RUCA-II. Despite high estrogen receptor levels neither cell line responded to
estradiol in conventional cell culture conditions on plastic and in the presence of charcoal stripped
fetal calf serum. We further demonstrated that culturing of these cells on a reconstituted basement
membrane induced the estrogen responsiveness for both proliferation and gene expression. Particu-
larly, the expression of components of the complement C3 system, which represent major estradiol
inducible proteins in the rat uterus in vivo, were found to be under the control of estrogens and
antiestrogens. In this paper the search for estrogen repressed proteins is reported. For this purpose
secretory proteins of RUCA-I cells were metabolically labelled with *S-methionine and tested for
the presence of estrogen-repressed, antiestrogen-inducible protein species. Analyzing cell culture
supernatants of RUCA-I cells by polyacrylamide gel electrophoresis under reducing conditions a
protein with an apparent size of approx. 250-270 kDa became conspicious. The formation and
secretion of this protein was suppressed by estradiol and induced by the antiestrogen ICI 164384. Gel
electrophoresis performed under non-reducing conditions and hyaluronidase digestion showed that
this estrogen-repressed protein represents a dimeric glycoprotein. By immunoprecipitation this
glycoprotein was identified as fibronectin. Investigations of steady state mRNA levels of fibronectin
by rtPCR suggested a post-transcriptional regulation of this molecule by estradiol. This is the first
report on repression of components of the extracellular matrix by estradiol and induction by the
complete antiestrogen ICI 164384. The consequences of this finding in regard to growth and invasion
of endometrial tumors are discussed.
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INTRODUCTION conditions, none of the cell lines responded to estradiol
treatment and only limited to treatment with the anti-
estrogen tamoxifen. Using matrigel as substrate, in
order to provide a more organotypical surrounding for
RUCA-I cell cultures, we were able to induce func-
tional differentiation of these cells. Both proliferation
and gene expression could be modulated in response to
estrogens and antiestrogens. Particularly striking was
the inductory effect of estrogens and the inhibitory
effect of the antiestrogen ICI 164384 on the expression
of complement C3 components [6], which represent
major estrogen inducible proteins in the immature rat
uterus i vive [7, 8].

The hormone, particularly estrogen, dependency of
*Correspondence to G. Vollmer. the expression of components of the complement C3
Received 4 Jan. 1995; accepted 15 Mar. 1995. system in the rat uterus is well studied and documented
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The number of suitable cell culture models to study
hormonal functions in endometrial cancer cells is rather
limited, because either endometrial tumor cell lines of
human and rodent endometrial adenocarcinoma do not
express steroid hormone receptors or if they express
e.g. the estrogen receptor (ER) in vitro, they respond to
estrogens and antiestrogens rather marginally [1-4].
Recently we described the establishment and charac-
terization of two ER-positive rat endometrial adenocar-
cinoma cell lines, which we named RUCA-I and
RUCA-II [5]. If cultured under standard cell culture
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[9-12]. Components of the complement C3 system
have therefore to be regarded as highly valuable marker
molecules to study molecular mechanisms of estrogen-
dependency of gene expression in the rat uterus and
endometrium. However, little is known about estrogen-
repressed functions in endometrial tissue. There are
some reports in the literature on the repression of
gene expression by steroid hormone receptors, vitamin
receptors or other members of the superfamily of
ligand dependent transcription factors. The most ex-
tensively studied example is the repression of the rat
TRPM-2 gene by androgens in the ventral prostate
(13, 14]. Additionally, there exists a single report on
estrogenic repression of gene expression. By differen-
tia] hybridization analysis the MGTI] gene was shown
to be estrogen repressed in T47]D) mammary carcinoma
cells [15].

In this paper we report on the search for estrogen-
repressed proteins in RUCA-I rat endometrial adeno-
carcinoma cells using **S-methionine labelling of cell
culture supernatants prior to gel electrophoresis. We
report that the formation and secretion of a dimeric
glycoprotein with an apparent molecular weight of
250-270 kDa per subunit is repressed by estradiol. By
immunoprecipitation we identified this protein as
fibronectin.

MATERIALS AND METHODS
Cell culture

From RUCA-I cells large quantities of cells of
passages 10, 30 and 50 were grown, frozen and sub-
sequently stored in liquid nitrogen. This enabled us to
use the same stocks of cells for all experiments. Prior
to experimental use, RUCA-I cells were precultured
for one passage in DMEM/F12 medium without phe-
nol red containing 10°, fetal calf serum and for two
passages in the above medium containing charcoal
stripped serum. Thereafter cells were harvested and
200,000 cells were seeded on top of a layer (300 ul) of
ECM-substrate (Harbour matrix; Cell Systems,
Germany) per well of a 24-well plate in the presence
of 2ml serum-free defined medium (SFDM). The
SFDM was composed of DMEM/F12 and contained
additionally 2 pg/ml insulin, 4mM glutamine,
40 ug/ml  transferrin, 107*M  hydrocortisone,
2 x 10"* M sodium selenite, and 1 ug/ml putrescine.
The cells were cultured in a humidified 5°, CO,
atmosphere at 37°C and medium was changed twice
a week except for matrigel cultures, which were fed
daily.

Hormonal treatment

For hormonal treatment we used estradiol (1077 -
10~ " mol/l) as agonistic ligand, as antiestrogen we used
ICI 164384 (kindly provided by Dr A. E. Wakeling,
Zeneca Chemicals, Macclesfield, U.K.) in concen-
tration from 5 x 107° to 5 x 10 " mol/l. This means
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hormonal components were used in approximately
equipotent concentrations because of the relative bind-
ing affinity of ICI 164384 to the ER which is approx.
5-fold weaker than that of estradiol [16]. Prior to
hormonal treatment, cells were seeded on ECM in the
above numbers and precultured in SFDM on the
substrate for 24—48 h. Thereafter cells were incubated
for 48 h with estradiol or ICI 164384. Control cultures
received ethanol, which was used as a vehicle. Medium
was changed daily and hormonal treatment was re-
peated. In some experiments additional controls were
included by culturing RUCA-I cells in 24-well plates
on plastic in the presence of DMEM/F12 medium
containing 5%, fetal calf serum or SFDM and the above
concentrations of hormone or anti-hormone.

Metabolic labelling of secretory proteins and immunopre -
cipitation

After 48 h of hormonal stimulation, secretory pro-
teins were labelled metabolically with **S-methionine.
During labelling cells were cultured for another 16 h in
the above media and under the hormonal conditions
described above, including the following modifications:
the methionine content of the medium was reduced
by 90°,, instead the medium was substituted with
200 uCi/ml *S-methionine. The volume of the cell
culture medium per well was reduced to 150 ul. At the
end of the incubation period cell culture supernatants
containing the de nrovo synthesized metabolically-
labelled secretory proteins were aliquoted in a 15 ul
aliquot and an aliquot containing the remainder. From
the 15 ul aliquot the incorporation rate of the radio-
active amino acid was determined, the remainder was
used for SDS-PAGE electrophoresis. Total synthesis
of secretory proteins was determined in triplicate by
precipitating proteins out of 3 ul cell culture super-
natant with TCA.

In order to determine whether or not investigated
proteins represent glycoproteins, cell culture super-
natants were digested at room termperature for 12 h
with 10 mg/ml, 1 mg/ml or 0.1 mg/ml of hyaluronidase
(Boehringer Mannheim, Germany) prior to electro-
phoretic separation.

Prior to immunoprecipitation cell culture super-
natants were preabsorbed for 1 h with Sepharose 4B
(Pharmacia, Freiburg, Germany). In order to immuno-
precipitate fibronectin the following reagents were sub-
sequently added to labelled cell culture supernatants:
a polyclonal anti-rat fibronectin antiserum (GIBCO,
Eggenstein, Germany) giving a final dilution of 1:400
or 1:2000 overnight at 4°C, 5 ul of a goat anti-rabbit
IgG antiserum (Dianova, Hamburg, Germany) for
1h at 4°C, and finally 100 ul protein-A-Sepharose
overnight at 4°C (Pharmacia, Freiburg, Germany). To
controls we added 125 ug of unlabelled rat fibronectin
(Sigma, Deissenhofen, Germany) to prelabelled cell
supernatants and prior to the immunoprecipitation
procedure.
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Electrophoresis

Electrophoresis was performed according to stan-
dard protocols using a discontinuous system [17], re-
ducing and non-reducing conditions and either 5 or
7.5%, polyacrylamide gels. Loading of the gel was
performed after the amount of acid precipitable protein
had been determined. For each experimental condition
the same number of counts, meaning the same amount
of protein bound **S-methionine was loaded on the gel.
After electrophoresis the gels were fixed, incubated in
En®Hance (DuPont, Germany), dried and the gel bands
were visualized by fluorography.

rt PCR of fibronectin mRNA

The expression of fibronectin and of cyclophilin,
which was used as a constitutively expressed control
gene, was assessed on the mRNA level with a rtPCR
method. Reversed transcription was performed
according to the manufacturers instruction using a
standard kit (Gibco, Eggenstein, Germany). The
primer sequences used for amplification of fibronectin
ssDNA were forward 5SGTGTTATGACGACGG-
GAAGACCT; reverse 5 CTGTAGGGGTGGG-
CTTTGAGGTC giving rise to a 466 bp fragment.
The sequences used for amplification of cyclophilin
were forward 5’GGATTCATGTGCCAGGGTGG;
reverse S'CACATGCTTGCCATCCAGCC (pro-
vided by Dr R. Knauthe, Schering AG, Berlin), giving
rise to a 213 bp fragment. Single stranded cDNA
obtained after reverse transcription was amplified for
35 cycles [1 min 92°C (strand separation), 1 min 55 C
(annealing), 1 min 72°C (extension)] using the primer
pairs described above. To enhance sensitivity ssDNA
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was amplified in the presence of Digoxigenin-dUTP.
5ul PCR product of each reaction was combined,
separated in an 1%, agarose gel, blotted and developed
using  anti-Digoxigenin  antibodies  (Boehringer
Mannheim) and luminescent substrates according to
manufacturers instructions.

RESULTS
Morphology of RUCA-I cells

If RUCA-I cells were plated on a thin layer of
reconstituted basement membrane, within 6h they
organized themselves into web-like structures
[Fig. 1(A)]. The formation of these structures was
completed after 24h [Fig. 1(B)], thereafter only
thickening of the web-like structures was observable.
There were no morphological differences whether or
not RUCA-I cells were cultured with or without
estradiol or the antiestrogen [CI 164384. However, in
contrast to RUCA-T cells cultured on plastic, RUCA-I
cells cultured on extracellular matrix responded to
treatment with estrogens or antiestrogens [6].

Detection of an estrogen-repressed secretory protein

Metabolic labelling of cells with **S-methionine fol-
lowed by polyacrylamide gel electrophoresis is a potent
tool to screen for hormonally regulated secretory pro-
teins, which are secreted into cell culture supernatants.
With this method, using a 7.5%, gel and reducing
conditions we identified a protein to be repressed by
estradiol treatment (Fig. 2, left panel, E,-repr.). This
protein was larger than the 200 kDa standard protein,

Fig. 1. Morphology of RUCA-I cells on a reconstituted basement membrane. RUCA-I cells were randomly
seeded on a thin layer of a reconstituted basement membrane. Overnight they organized themselves into
web-like structures (A), with single webs increasing with longer culture periods (B).
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Fig. 2. SDS-gel electrophoresis of secreted proteins. Cell culture supernatants were analyzed by SDS-PAGE

using 7.5% gels for reducing (left panel) and 5% gels for non-reducing (right panel) conditions. Prior to

electrophoresis RUCA-I cells were cultured on a reconstituted basement membrane without (a) hormonal
treatment or a treatment with estradiol (b) and the antiestrogen ICI 164384 (c).

which served as the largest molecular weight standard
that was available to us. In contrast, treatment of
RUCA-I cells with the antiestrogen ICI 164384 in-
duced an increased production of this protein above
untreated control values. This qualitative impression
that was suggested by the fluorographs could be evi-
denced by semiquantitative densitometry [Fig. 3(a)].
Estradiol reduced the expression of this protein by

approx. 40°;, whereas antiestrogen treatment lead to a
509, induction of this protein (n = 15).

Analysis of cell culture supernatants by gel electro-
phoresis using non-reducing conditions (Fig. 2, right
panel) suggested a dimeric structure of the estradiol-
repressed protein rather than a trimeric or a multimeric
structure. Densitometric analysis of the non-reduced
protein visualized the estrogenic regulation of this

200 250
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ICI 164384 ICI 164384
150
100 -
100
50
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Estrogen-repressed protein Estrogen-repressed protein

Fig. 3. Densitometric analvsis of the estrogen repressed protein. For semiquantitative evaluation the
estrogen-repressed protein was analyzed by densitometry. 15 gels run under reducing (a) and 5 gels run under
nonreducing conditions (b) were subjected to densitometry. For comparison, values obtained for the untreated
control were set to 100% and values for experimental conditions were calculated accordingly. Densitimetric
results were subjected to statistical analysis. Using a Students ¢-test analysis experimental conditions were
compared to untreated controls. Effects of estrogen treatment (P = 0.009 (reducing conditions) and P = 0.0001
(non-reducing conditions)) showed a higher significance than effects resolvable following treatment with ICI

164384 (P = 0.048 (reducing conditions) and P =0.0037 (non-reducing conditions)).
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Fig. 4. Competition experiments. The induction of the estro-
gen repressed protein by the antiestrogen ICI 164384 was used
for the assessment of the competing activity of estradiol.
Shown are a untreated control, the effects of the antiestrogen
ICI 164384 and of estradiol if given alone, or the effects of
combinations of antihormones and hormones at equipotent
(1:1) concentrations and a 10-fold excess of estradiol (1:10).
Columns represent mean values and standard deviations of
four independent experiments.

protein by far more clearly than did densitometric
analysis of the protein gel that was run under reducing
conditions [Fig. 3(b)]. Treatment with estradiol re-
duced the expression of this protein to 25%, of control
values, whereas treatment with the antiestrogen ICI
164384 exhibited an approx. 60°¢, induction of the
formation and secretion of this protein (n = 5).

Competition experiments revealed the estradiol de-
pendency of the repression of synthesis of this protein
in RUCA-I cells. ICI 164384 at a concentration of
5 x 1077 mol/l stimulated an increased production of
this glycoprotein by RUCA-I cells, whereas estradiol
not only counteracted this stimulation but also reduced
basic, unstimulated levels of expression (Fig. 4). The
stimulation by ICI 164384 was found to be significantly
inhibited by equipotent concentrations [16] of
10~ "mol/l of estradiol (Fig. 4) as well as by a 10-fold
excess of estradiol (Fig. 4).

Hyaluronidase digestion of cell culture supernatants
suggested that the estrogen-repressed, ICI 164384-
induced protein of RUCA-I cells is a glycoprotein with
an estimated glycomoiety of approx. 20-30 kDa, and a
protein moiety (Fig. 5) larger than the largest marker
protein, which was 200 kDa in size.

Identification of the estradiol repressed protein

From the potential size of the estradiol repressed
protein and its presumptive dimeric glycoprotein
nature we hypothesized that the estradiol-repressed
protein may be identical to fibronectin. We tested this
hypothesis by an immunoprecipitation experiment.
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With a rabbit anti-rat fibronectin antiserum (Gibco
Eggenstein, Germany) we were able to immunoprecip-
itate the estrogen-repressed protein (Fig. 6). The
specificity of the reaction was checked by a competition
experiment with purified, unlabelled rat fibronectin
added to cell culture supernatants prior to immunopre-
cipitation. The unlabelled fibronectin competed the
metabolically labelled fibronectin out of the antibody
binding (Fig. 6).

Analyis of fibronectin mRNA expression

Fibronectin mRNA levels from cultured RUCA-I
cells were analyzed by rtPCR. Interestingly, in either
experimental condition involving matrigel cultures and
independent of a hormonal treatment we found
fibronectin mRNA expression (Fig. 7). On plastic in
the presence of charcoal stripped serum, expression of
fibronectin mRNA appeared to be completely down
regulated [Fig. 7(f)].

DISCUSSION

Unopposed action of estrogens on endometrial cells
has to be regarded as a major risk factor for endometrial
carcinogenesis of humans and rodents [18-20]. It is
therefore of importance to know precisely the molecu-
lar and cellular mechanism of estrogen action in normal
and malignant endometrial cells. We are interested in
the estrogen dependency of gene expression in endo-
metrial tumor cells. However, the number of hormone
receptor positive, hormone responsive endometrial
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Fig. 5. Hyaluronidase treatment. The molecular nature of the
estrogen repressed protein was further analyzed by treat-
ment of cell culture supernatants from ICI 164384 stimulated
cells [shown in (a)] or after treatment of these supernatants
with hyaluronidase at concentrations of 10mg/ml (b),
1 mg/ml (c), or 0.1 mg/ml (d). Dashed arrows represent the
undigested molecule, solid arrows indicate electrophoretic
mobility after treatment of cell culture supernatants with
hyaluronidase.
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Fig. 6. Immunoprecipitation of the estrogen-repressed protein with anti-fibronectin antibodies. To identify
the estrogen repressed protein cell culture supernatants were immunoprecipitated with a polyclonal anti-rat-
fibronectin antiserum. Shown is a SDS-PAGE using reducing conditions of unprecipitated cell culture
supernatants from untreated controls (a), from estradiol treated cultures of RUCA-I cells (b) and from cells
treated with ICI 164384 (c). Immunoprecipitation was carried out from supernatants of cells treated with ICI
164384 with 1:400 (d) and 1:2000 (f) dilutions of the antibody. To test specificity of the precipitation reaction
some cell supernatants received 125 gg of unlabelled fibronectin prior to immunoprecipitation (e).

derived in vitro cell culture models is relatively small.
We succeeded in the establishment of the ER-positive
cell line RUCA-I [5] which responds to both estrogens
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Fig. 7. Detection of fibronectin mRNA expression bv rtPCR.
To obtain a first molecular clue for the regulation of
fibronectin, mRNA expression was analyzed by rtPCR. A
466 bp fragment representing fibronectin was detected in all
cultures on reconstituted basement mebrane (b-e) without a
hormonal treatment (e) or after treatment with estradiol (d)
or with ICI 164384 (b,c). This fragment could not be detected
in the negative control (a) and in RUCA-I cells which were
cultured on plastic in the presence of serum (f). Cyclophilin
was used as an internal control.

and antiestrogens if cultured on top of a reconstituted
basement membrane as cell culture substrate [6]. In the
paper presented here we were able to demonstrate that
the expression of the extracellular matrix glycoprotein
fibronectin by RUCA-I cells is repressed by estradiol
and highly induced by the pure antiestrogen ICI
164384. Further, mechanistic studies provided a first
clue that estrogenic regulation of fibronectin expression
does not occur on a transcriptional level and pre-
sumably occurs posttranscriptionally.

Various findings of our investigations have to be
discussed, in particular the observation of hormonal
repression of fibronectin biosynthesis, the potential
molecular mechanism of regulation of fibronectin ex-
pression as well as the potential oncologic impact of the
findings described above.

Whereas numerous hormone induced genes have
already been identified in many experimental systems,
the number of repressed genes and proteins by steroid
hormones and vitamins acting through nuclear tran-
scription factors is still comparatively small [1, 21, 22].
This is surprising since down regulation of gene ex-
pression potentially has the same impact on regulation
of tissue function as induction of gene expression. For
estrogens only a single report exists of estradiol being
capable to repress the expression of the MGT1 gene in
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T47D mammary carcinoma cells [15]. Fibronectin
glycoprotein now has to be regarded as the second
protein identified to be negatively regulated by estra-
diol.

We also briefly addressed the question of regulation
of fibronectin expression. Our results suggest that it is
not transcriptionally regulated, however, final clarifica-
tion of this question is the subject of future experiments
using Northern blot and RNase protection assays.
Although estrogenic control of fibronectin glycoprotein
neither in the endometrium nor in other tissues has
been described so far, other steroid hormones and
vitamins have been implicated to be important in the
regulation of fibronectin expression. Glucocorticoids
have been demonstrated to down regulate fibronectin
expression in placenta [23, 24] and in parietal bones
[25], but, on the other hand, have been shown to
be stimulatory in HT 1080 human fibrosarcoma cells
[26]. Progestins have also been discussed as being
involved in regulation of fibronectin production. They
were stimulatory for human endometrial stromal cells
[27], for apical secretion in guinea pig endometrial
epithelial cells [28], and chicken granulosa cells [29].
In contrast, progestins were described to down-
regulate oncofetal fibronectin in placental cytotro-
phoblast cells, however, in this paper the authors
speculated that medroxyprogesterone acetate acted in a
glucocorticoid-like fashion [30]. Vitamins, particularly
retinoic acid derivatives, and phorbolesters have also
been demonstrated to regulate fibronectin expression,
thereby exerting antagonistic effects. This is particu-
larly interesting since both classes of substances can
potentially act through specific responsive elements
[31-33].

To get a closer molecular view of the potential
mechanism of the regulation of fibronectin expression,
regulatory elements identified within the fibronectin
promotor have to be reviewed. Within a 3.7 kb EcoR1
fragment containing a 2.7 kb of flanking sequence, a
GC-rich region, an AT-rich region, an ATATAA
sequence, a sequence homologous to a binding site for
the SP1 transcription factor, and initially one [34], later
on two additional cAMP responsive elements have
been identified [35]. These cAMP responsive elements
may be involved in estrogenic regulation of fibronectin.
At least for up-regulation of the progesterone receptor
in cell cultures of immature rat endometrial cells,
treatment with 8-bromo-cAMP or treatment pro-
cedures that give rise to intracellular cAMP-levels
could substitute for estradiol [36]. Additionally, in
another study the same authors have shown, that those
agents that influence cyclic AMP-levels also stimulate
the ER mediated transcription from a tandem estrogen
response element linked to a CAT-reporter gene [37].
However, the same study revealed that the phosphoryl-
ation status of the ER i1s not intimately involved in
transcriptional activation, since the degree of phos-
phorylation was indistinguishable in estradiol treated
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and ICI 164384 treated cells. In addition to the cAMP-
responsive elements, so far no responsive elements for
estrogens, glucocorticoids, progestins or retinoic acid
derivatives have been identified. This implicates that
down-regulation of fibronectin expression by estradiol
in our system, or glucocorticoids and retinoic acid in
other experimental systems, is possibly due to mechan-
isms other than a responsive element. In the case of
dexamethasone it had been shown that regulation of
fibronectin occurs posttranscriptionally by stabilization
of fibronectin mRNA, whereas forskolin (an activator
of the adenylate cyclase) and TGF-f directly regulate
fibronectin expression on a transcriptional level
[26, 38].

The latter finding implicates that indirect, growth
factor and/or cAMP mediated regulation of fibronectin
biosynthesis by estrogens is an attractive hypothesis to
explain down-regulation of fibronectin expression by
estrogens for several reasons. In MCF-7 breast cancer
cells production of TGF-§ is under the control of
estrogens, an increased production is stimulated by
antiestrogens [39]. Further, TGF-f is a potent stimu-
lator of fibronectin expression and its incorporation
into the extracellular matrix [40,41]. Our current
working hypothesis is that estrogen treatment modu-
lates TGF-f levels which in turn regulate fibronectin
biosynthesis and secretion. This hypothesis could fur-
ther explain comparatively high levels of fibronectin
production in untreated control cultures, since recon-
stituted basement membrane preparations are known to
contain significant amounts of TGF-f bound to the
matrix preparation [42]. Another family of growth
factors and growth factor binding proteins that is
important for uterine function and that had addition-
ally been implicated with regulation of fibronectin
expression, at least in thoracic aortic smooth muscle
cells and glomerular mesangial cells of the rat [43], is
the family of IGF’s and IGF-binding proteins. The
growth factor IGF-1, which is down-regulated by the
pure antiestrogen ICI 182780 [44], has been demon-
strated to mimick estrogenic regulation of progesterone
receptor expression in the rat uterus [36] whereas
uterotropic action of estradiol in rat is asssociated with
inhibiton of uterine insulin-like growth factor binding
protein 3 [45].

Another mechanism for down regulation of
fibronectin has been described. Transfection of resting
rat 3Y1 cells with the Ela adenovirus resulted in a
dramatic down-regulation of fibronectin expression.
Down-regulation thereby occurred on the transcrip-
tional level by recruitment of various Ela-responsive
negative factors, that bind to the promoter region of
fibronectin [46]. Further, it has been reported that Ela
represses AP-1, a promoter element recognized by the
family of fos and jun transcription factors [47]. In the
rat uterus these early, immediate response genes are
regulated by estradiol [48, 49]. Provided estrogen treat-
ment activates the same or a similar subset of factors as
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described for Ela, this represents another potential
mechanism of negative regulation of fibronectin ex-
pression by estradiol.

Finally the potential role of fibronectin in endo-
metrial adenocarcinoma cells has to be discussed. De-
lineated from previously published findings fibronectin
could participate in two processes that give tumor cells
a growth advantage over other cells or increase their
motility. Fibronectin is a very potent adhesion factor
usually promoting tight adherance of cells including
tumor cells [50]. The decreased production of this
adhesion factor in the presence of estradiol, could
possibly contribute to the more aggressive growth of
the tumor in the presence of hormone, as has recently
been suggested for retinoic acid [33]. In this way down
regulation of fibronectin could support invasive and
metastatic growth of tumor cells. This may increase
both their motility and their capability to survive once
they have left the primary tumor.
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