
Abstract. Background: In this study, we tested the effects of
crude extracts from flax (Linum usitatissimum) on the
production of estradiol and expression of estrogen receptor
(ER) and progesterone receptor (PR) in human breast cancer
MCF7 cells. Materials and Methods: Isoflavone and lignan
extracts from flax plant Linum usitatissimum were obtained,
using different extraction methods. Breast carcinoma cells
(MCF7) were incubated with various concentrations of the
isolated extracts. Untreated MCF7 cells were used as
controls. Supernatants were removed at designated times and
tested for estradiol with an ELISA method. Furthermore, the
effect of phytoestrogen extracts on the production of ERa and
ERβ as well as on PR was examined. Results and
Conclusion: Production of estradiol is elevated in MCF7
cells in a concentration-dependent manner after stimulation
with isoflavone and lignan extracts from Linum
usitatissimum. Expression of ERα is up-regulated after
stimulation with lower concentrations of lignan extracts from
flax plants, unchanged at median concentrations and down-
regulated at high concentrations. Expression of ERβ is down-
regulated in a concentration-dependent manner. 

Phytoestrogens are polyphenolic compounds that are
naturally occurring in plants. Their major biological role is to
prevent the plants from stress or to take part in the plant’s

defense mechanisms (1-6). A common attribute is their
oestrogenic activity, because they are able to bind to both
oestrogen receptors in humans (ERα and ERβ), but with a
higher affinity to ERβ than steroidal oestrogens (7). In spite
of their ability to bind to ERs, their physiological effect is
much weaker than that of human oestrogen. Their activity is
reduced by 102 to 105 compared with 17-β-oestradiol (8-10). 

Phytoestrogens are classified into three groups:
isoflavones, lignans and coumestans. Isoflavones belong to
the major group of flavonoids and are often found in legumes
such as soy and lens, but also in many types of clover. From
more than 1000 isolated compounds, genistein and daidzein
are the most commonly investigated isoflavones (11).
Because of their structural diversity, lignans occur in many
food types including grains, drupes and onions (12). Lignans
are also present in wholemeal cereals, linseed and wild
berries (13). The mammalian lignans enterolactone and
enterodiol, mostly found in human plasma and urine, are
formed by the conversion of dietary precursors such as
secoisolariciresinol and matairesinol in the colonic
microflora (14). Based on the structural similarities to
estrogens and on in vitro studies, several health effects have
been hypothesized for phytoestrogens. Many epidemiological
studies correlated high dose consumption of soy isoflavones
with multiple beneficial effects on breast and prostate cancer,
menopausal symptoms, osteoporosis and many other
hormone dependant diseases (2). Numerous in vitro cell
culture studies and in vivo animal experiments have also
shown that phytoestrogens are able to inhibit tumour growth
(15). In comprehensive reviews on the potential of
phytoestrogens to reduce tumour growth, Fournier et al. (16),
Westcott and Muir (17) and Thompson (18) noted that in in
vitro cell studies and in vivo animal studies, the addition of
soybean products and flaxseed products reduced tumour
incidence or cell division in tumour models of the breast,
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colon, prostate, liver, oesophagus and lung. The aim of the
present study was to isolate isoflavones and lignans from flax
roots, stems, leaves and seeds and to test the effects of the
isolated phytoestrogens on oestradiol production as well as
the expression of ER and progesterone receptors (PR) in
MCF7 breast cancer cells in vitro.

Materials and Methods
Cell culture. The human breast cancer cell line MCF7 was obtained
from the European Collection of Animal Cell Cultures (ECACC,
Salisbury, UK). The cells were cultured in Dulbecco’s modified

Eagle’s medium (DMEM) (GibcoBRL Life Technologies, Paisley,
Scotland) with 10% inactivated foetal bovine serum (FCS gold) with
antibiotics and antimycotics in a water saturated atmosphere (95%
air, 5% CO2) at 37°C. This cell culture medium with 10% FCS did
not contain any measurable amounts of oestrogen and progesterone
as determined with an automated hormone analyzer Immulite (DPC
Biermann, Freiburg, Germany).

Preparation of phytoestrogen extracts from roots, stems, leaves and
seeds of Linum usitatissimum. The flax roots and leaves were
obtained from the Agricultural Research Institution Mecklenburg-
Vorpommern (LUFA), Rostock, Germany. Seed growing was
realized under field conditions. When the plants reached a height of
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Figure 1. Stimulation of oestradiol production by flax root lignans in
MCF7 cells in vitro.

Figure 6. Summary of staining results of ERα after stimulation with flax
root lignans in MCF7 cells in vitro.

Figure 2. Expression of ERα in MCF7 cells in vitro. Figure 3. Expression of ERα in MCF7 cells in vitro after stimulation with 10 μg/ml flax root
lignans. Figure 4. Expression of ERα in MCF7 cells in vitro after stimulation with 50 μg/ml flax root lignans. Figure 5. Expression of ERα in MCF7
cells in vitro after stimulation with 100 μg/ml flax root lignans.

Figure 7. Expression of ERβ in MCF7 cells in vitro. Figure 8. Expression of ERβ in MCF7 cells in vitro after stimulation with 10 μg/ml flax root
lignans. Figure 9. Expression of ERβ in MCF7 cells in vitro after stimulation with 50 μg/ml flax root lignans. Figure 10. Expression of ERβ in
MCF7 cells in vitro after stimulation with 100 μg/ml flax root lignans.



about 1 m, they flowered and the leaves, stems and roots were
harvested. These plant organs were frozen in liquid nitrogen and
stored at –70°C until extraction. Different extraction methods were
performed to obtain either isoflavones or lignans. The procedure for
the extraction of isoflavones was adapted from Franz and Köhler
(19) and modified by Matscheski (12). The method for the
extraction of lignans was performed according to Luyengi et al. (20)
and modified by  Matscheski (12).

Determination of oestradiol. MCF7 cells (0.4x106/5 ml
supplemented cell culture medium) were grown on quadriperm
tissue slides for up to 96 hours in the absence (controls) and
presence of the isolated phytoestrogen extracts. Extracts from flax
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Figure 11. Summary of staining results of ERβ after stimulation with
flax root lignans in MCF7 cells in vitro.

Figure 16. Summary of staining results of ERβ after stimulation with
flax leave lignans in MCF7 cells in vitro.

Figure 17. Expression of PR in MCF7 cells in vitro. Figure 18. Expression of PR in MCF7 cells in vitro after stimulation with 10 μg/ml flax root
lignans. Figure 19. Expression of PR in MCF7 cells in vitro after stimulation with 50 μg/ml flax root lignans. Figure 20. Expression of PR in MCF7
cells in vitro after stimulation with 100 μg/ml flax root lignans.

Figure 12. Expression of ERβ in MCF7 cells in vitro. Figure 13. Expression of ERβ in MCF7 cells in vitro after stimulation with 10 μg/ml flax
leave lignans. Figure 14. Expression of ERβ in MCF7 cells in vitro after stimulation with 50 μg/ml flax leave lignans. Figure 15. Expression of ERβ
in MCF7 cells in vitro after stimulation with 100 μg/ml flax leave lignans.

Figure 21. Summary of staining results of PR after stimulation with flax
root lignans in MCF7 cells in vitro.



were resuspended in PBS and DMSO or ethanol before being
added to 5 ml of the cells giving final concentrations of 10 μg/ml,
50 μg/ml and 100 μg/ml, respectively. In addition, oestradiol or
phytoestrogen extracts (dextran encapsulated; Sigma, Deisenhofen,
Germany) were added to the cells giving final concentrations of
10 μg/ml, 50 μg/ml and 100 μg/ml. After 96 hours, a 1 ml cell
culture supernatant was removed and all solutions were analysed
for production of oestradiol. Secretion of oestradiol was
determined by automated hormone analyzer Immulite 2000 from
DPC Biermann GmbH, Freiburg, Germany. Oestradiol was
analysed by competitive enzyme-immuno assay (EIA). Specific
antibodies were labelled with fluorescein and after binding to
magnetic particles the separation was performed. Colour intensity
was measured at three different wavelengths. Samples with
oestradiol were diluted 1:3 with hormone-free diluents, due to the
intense colour of the culture medium.

Immunocytochemistry. MCF7 cells were grown on quadriperm tissue
slides for up to 96 hours in the absence (controls) and presence of
the isolated phytoestrogen extracts. Extracts from flax were re-
suspended in PBS, DMSO or ethanol before being added to 5 ml of
the cells yielding final concentrations of 10 μg/ml, 50 μg/ml and
100 μg/ml, respectively. In addition, oestradiol (dextran
encapsulated; Sigma) was added to the cells giving final
concentrations of 10 μg/ml, 50 μg/ml and 100 μg/ml. 

For the immunocytochemical characterization of steroid hormone
receptors in human MCF7 breast cancer cells, the Vectastain® Elite
ABC-Kit (Mouse IgG)(Vector Laboratories, Burlingame, USA) was
used. The mouse monoclonal antibodies used for these experiments
were: mouse human PR (Dako, Hamburg, Germany), mouse anti-
human ERα (Dako) and mouse anti-human ERβ (Serotec,
Düsseldorf, Germany). The slides were briefly washed in PBS, fixed
in acetone for 10 min and air dried. Then the slides were washed in
PBS (pH 7.2 – 7.6) for five minutes and incubated with the ABC-
Kit’s normal serum for 60 min in a water saturated chamber,
followed by incubation with the described primary antibodies for
one hour. After washing in PBS/Brij for 5 min the slides were
incubated again with diluted biotinylated secondary antibody for
another 30 min. After washing in PBS/Brij for 5 min the slides were
incubated with the Reagent ABC for 30 min, washed in PBS for 5
min and AEC substrate was added for 15 min until brown staining
of positive cells could be observed. The slides were counterstained
with Mayer’s acidic hematoxylin for 30 s and rinsed with water.
Afterwards the slides were covered with Aquatex. Positive cells
showed a brownish colour and negative controls as well as unstained
cells were blue.

Statistical analysis. Statistical analysis was performed using the
Wilcoxon’s signed rank tests for comparison of the means. P<0.05
was considered statistically significant. The intensity and distribution
patterns of the specific immunocytochemical staining was evaluated
using a semi-quantitative method (IRS score) as previously described
(21). The IRS score was calculated as follows: IRS = SI x PP, where
SI is the optical staining intensity (graded as 0, no staining; 1, weak
staining; 2, moderate staining and 3, strong straining) and PP the
percentage of positively stained cells. The PP was estimated by
counting approx. 100 cells and it was defined as 0, no staining; 1,
<10% staining; 2, 11-50% staining; 3, 51-80% staining and 4, >80%
staining. The Mann-Whitney rank-sum test was used to compare the
means of the different IRS scores (22).

Results
Determination of oestradiol. The cell line MCF7 does
produce estradiol. Oestradiol concentration in phytoestrogen
stimulated cells and unstimulated controls was measured. In
this cell line only the crude lignan extracts from flax root
cultured at concentrations of 10 μg/ml, 50 μg/ml and 100
μg/ml stimulated oestradiol production in comparison to
unstimulated cells (Figure 1). Differences in oestradiol
production between stimulated and unstimulated cells were
statistically significant in all cases (p=0.012). None of the
other crude extracts from flax had any significant stimulation
or inhibition of the production of oestradiol.

Immunocytochemistry. MCF7 cells were analysed for
expression of ERα, ERβ and PR after stimulation with
several concentrations of phytoestrogens, oestradiol and in
unstimulated controls.

Figure 2 shows that MCF7 cells strongly expressed ERα.
Expression of ERα was inhibited by addition of flax root
lignans (Figures 3-5). A significant inhibition was obtained
with 100 μg/ml flax root lignans (p=0.015). A summary of
staining results is presented in Figure 6. 

In contrast to ERα, MCF7 cells showed median expression
of ERβ (Figure 7). Expression of ERβ was inhibited by the
addition of flax root lignans (Figures 8-10). A significant
inhibition was obtained with 100 μg/ml flax root lignans
(p=0.04). A summary of staining results is presented in figure
11. Also flax leave lignan extracts inhibited ERβ expression.
Unstimulated MCF7 cells showed again median expression of
ERβ (Figure 12). Expression of ERβ was inhibited by addition
of flax root lignans (Figures 13-15). Significant inhibition was
obtained with 100 μg/ml flax root lignans (p=0.02). A
summary of staining results is presented in Figure 16. 

MCF7 cells also showed median expression of PR (Figure
17). There was a non-significant rise of PR expression with
10 μg/ml flax root lignans (Figure 18), higher concentrations
of flax root lignans (50 μg/ml, Figure 19) and 100 μg/ml
(Figure 20) showed significant inhibition of PR expression
(p=0.004). A summary of these staining results is presented
in Figure 21.

Discussion

The results obtained in this study showed that lignan extracts
from flax Linum usitatissimum can stimulate the production
of estrogen production in MCF7 cells. In addition we also
observed a down-regulation of ERβ receptor expression and
down-regulation of PR expression in MCF7 cells after
treatment. The expression of ERα was also significantly
altered in MCF7 cells after stimulation with extracts from
Linum usitatissimum, and down-regulation. A down-regulation
of ERα expression was also observed.
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In a former study we evaluated the interaction between
phytoestrogens (genistein and daidzein) and chorion carcinoma
cell lines (BeWo and Jeg3). These tumour cell lines express
ERα and ERβ and in addition produce a variety of specific
hormones such as progesterone and hCG (11). We were able
to show that high doses of the phytoestrogens genistein and
daidzein (1-2 μmol/ml) reduced the cell proliferation and the
production of the steroid hormone progesterone. In addition,
high doses of daidzein reduced the production of hCG in both
cell types tested. High doses of genistein had no influence on
the hCG production in BeWo and Jeg3 cells. Surprisingly low
doses of daidzein and genistein induced both cell types to
produce high amounts of hCG. Therefore, we assumed that in
parallel measurements of progesterone but not hCG and in
addition cell proliferation give comparable results in dose-
dependent effects of phytoestrogens in Jeg3 and BeWo cell
cultures. Our group has previously shown that crude flax seed
extracts containing the lignans matairesinol and biochanin A
decreased the proliferation and production of progesterone and
hCG in Jeg3 cells (23). We also showed that these cells express
both estrogen receptors (ERα and ERβ). In another study the
distribution patterns of steroid hormone receptors (ER, PR) and
glycodelin A (GdA) expression of proliferative endometrial
glandular cells after stimulation with phytoestrogens genistein
and daidzein were evaluated. ER expression showed a
significant decline with genistein, whereas PR expression
increased significantly with genistein. GdA did not show any
significant expression under genistein stimulation. Stimulation
with daidzein resulted in no statistically significant alterations
in ER expression, whereas the PR and GdA expression
significantly increased (24).

The results obtained in this study suggest that potential
phytoestrogens isolated from flax leaves and roots can
significantly stimulate estrogen production in MCF7 breast
cancer cells. This study also demonstrates that a useful breast
cancer cell culture model for testing new types of
phytoestrogens can be established. In addition, inhibition of
PR, and ERα and ERβ expression could be determined in
the cells used. Measurement of oestrogen in cell culture
supernatants can therefore be used as an indicator for newly
isolated potential phytoestrogens in breast cancer cells.
Additional experiments have to be performed in order to
identify the structure of the potential phytoestrogens.
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