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Abstract

Background: Phytoestrogens are a diverse group of non-
steroidal plant compounds. Because they have chemical
structures similar to estrogens they are able to bind on
estrogen receptors in humans. Objectives: In this study,
we tested the effects of crude phytoestrogen extracts
fromrye (Secale cereale), green pea (Pisum sativum)and
yellow pea seeds (Pisum sativum cv.) on cell prolifera-
tion and the production of progesterone in trophoblast
tumor cells of the cell line Jeg3. Methods: Isoflavone ex-
tracts from green and yellow pea seeds and lignan ex-
tracts from rye seeds were obtained, using different ex-
traction methods. Isolated extracts were incubated in
different concentrations with trophoblast tumor cells.
Untreated cells were used as controls. At designated
times, aliquots were removed and tested for estradiol
and progesterone production. In addition, we tested the
effects of the phytoestrogen extracts on cell prolifera-
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tion. Results: Cell proliferation is significantly inhibited
by potential phytoestrogensisolated from rye, green and
yellow pea seeds in trophoblast tumor cells of the cell
line Jeg3. We found a correlation between the effects of
proliferation and production of estradiol in isoflavone
extracts from green and yellow pea seeds in Jeg3 cells.
In addition, higher concentrations of isoflavones isolated
from green pea seeds and lignans from rye showed also
a inhibition of progesterone production whereas higher
concentrations of rye lignans elevated estradiol produc-
tion in Jeg3 cells. Conclusion: A useful indicator test sys-
tem for potential phytoestrogens could be established.
Based on the obtained results it is proposed that green
and yellow pea seeds contain measurable concentra-
tions of isoflavones and rye seeds contain lignans which
can be isolated and used for special human diet pro-
grams.

Copyright © 2006 S. Karger AG, Basel

Introduction

Phytoestrogens are a diverse group of non-steroidal
plant compounds that occur naturally in many plants, e.g.
fruits and vegetables. Because they show structural simi-
larities to estrogens the binding to human estrogen recep-
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tors is possible. Phytoestrogens can bind to both types of
estrogen receptors [estrogen receptor alpha (Era) and es-
trogen receptor beta (ER)], however, with an higher af-
finity to the 8 estrogen receptor than steroidal estrogens
[1]. Despite their ability to bind to estrogen receptors the
physiological effect of phytoestrogens is reduced by 10°-
10° compared with human estrogens [2]. Especially the
selectivity of genistein for ER is well understood using
X-ray crystallography and computational methods [3].
Phytoestrogens have several potential anticarcinogenic
activities. The proposed mechanisms by which they may
inhibit cancer cells include inhibition of DNA topoisom-
erase, suppression of angiogenesis, induction of differen-
tiation in cancer cell lines, and induction of apoptosis
[4].

Two main typesof phytoestrogens are presently known:
1soflavones and lignans. The most-studied category of
phytoestrogens is the isoflavones found in soybeans, chick
peas, green and yellow peas and other legumes [5]. From
more than 1,000 types of isoflavones genistein and daid-
zein are the most commonly investigated isoflavones [1].
Lignans are found in flax seed, lentils, whole grains, beans,
fruits and vegetables. The mammalian lignans enterolac-
tone and enterodiol, commonly found in human plasma
and urine, are phytoestrogens that may contribute to the
prevention of breast cancer and coronary heart disease.
They are formed by the conversion of dietary precursors
such as secoisolariciresinol and matairesinol lignans from
rye or wheat bran by the colonic microflora [6].

Numerous in vitro cell culture studies and in vivo an-
imal experiments have demonstrated that phytoestrogens
can inhibit tumor growths [7]. In a comprehensive review
on the potential of phytoestrogensto reduce tumor growth,
Fournier et al. [8] noted, that in 16 of 17 animal studies
the addition of soybean products reduced tumor inci-
dence or multiplicity in tumor models of the breast, pros-
tate, liver, esophagus, and lung. Many studies focused on
the isoflavone genistein, which seems to be the primary
anticancer soy-bean constituent. It has antioxidant prop-
erties that may also play a role in its anticancerogenic ef-
fects [9]. It can inhibit hydrogen peroxide-induced tumor
promoter activity in vitro and in vivo [10] and has been
shown to inhibit tyrosine kinase [11, 12]. Its activity as
an anticancer agent probably results from its suppression
of enzymes like vascular endothelial growth factor 165,
platelet-derived growth factor, tissue factor, urokinase
plasminogen activator, and matrix metalloprotease-2
and -9, respectively [13]. In addition phytoestrogens can
inhibit steroid synthesis in bovine [14] and human gran-
ulosa cell cultures [15]. There are many reports in litera-
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ture on inhibition of aromatase (estrogen synthetase) by
phytoestrogens [15-27].

In a former study, we evaluated the interaction be-
tween phytoestrogens (genistein and daidzein) and cho-
rion carcinoma cell lines (BeWo and Jeg3). These tumor
cell lines express ERa and ER[3 and in addition, produce
a variety of specific hormones like progesterone and hCG
[28]. We were able to show that high doses of the phytoes-
trogens genistein and daidzein (1-2 wmol/ml) reduced
the cell proliferation and the production of the steroid
hormone progesterone. In addition, high doses of daid-
zein 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. Another study of our group
showed that crude flax seed extracts containing the lignan
matairesinol and the isoflavone biochanin A decreased
the proliferation and production of progesterone and
hCG in Jeg3 cells [29]. We could also show that these cells
express both ERa and ERp. In another study, we evalu-
ated the distribution patterns of steroid hormone recep-
tors (ER, PR) and glycodelin A expression of proliferative
endometrial glandular cells after stimulation with phy-
toestrogens genistein and daidzein. ER expression showed
a significant decline with genistein, whereas PR expres-
sion increased significantly with genistein. Glycodelin A
did not show any significant expression under genistein
stimulation. Stimulation with daidzein resulted in no sta-
tistically relevant alterations in ER expression, whereas
the PR and glycodelin A expression significantly in-
creased [30].

The aim of the present study was: (1) isolation of po-
tential isoflavones from green and yellow pea seeds (Pisum
sativum) and lignans from rye seeds (Secale cereale), and
(2) testing the effects of isolated potential phytoestrogens
on cell proliferation, estradiol and progesterone produc-
tion and expression of estrogen- and progesterone recep-
tors (PR) in Jeg3 trophoblast tumor cells.

Materials and Methods

Cell Culture

The chorion carcinoma cell line Jeg3 was obtained from the
European Collection of Cell Cultures (ECACC, Salisbury, UK).
Cells were cultured in DMEM medium with 10% inactivated fetal
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calf serum (FCS gold) with antibiotics and antimycotics. This cell
culture medium with 10% FCS gold did not contain any measur-
able amounts of estrogen and progesterone as determined with the
automated hormone analyzer Immulite (DPC Biermann, Freiburg,
Germany)

Preparation of Isoflavone Extracts from Seeds of Green Pea
(Pisum sativum) and Yellow Pea (Pisum sativum cv.) and
Lignan Extracts from Rye Seeds (Secale cereale)

Seeds of green pea, (Pisum sativum), sort Gloriosa were ob-
tained from the regional institution for agriculture and horticul-
ture (Halle/Saale, Germany) and seeds of yellow pea (Pisum sati-
vum cv.), sort ‘Harmas’ and rye (Secale cereale), sort ‘Recrut’ were
purchased from the regional agricultural research institution (Ros-
tock, Germany). The procedure for the extraction of isoflavones
from green and yellow pea seeds was adapted from [31] and mod-
ified by [32]. 50 g of green and yellow pea seeds were ground using
a commercial coffee grinder and extracted with 1 liter of methanol
in a water bath for 10 min at 70°C under backflow. The hot solu-
tion was then filtered and 1 liter of distilled water was added and
cooled to room temperature. 500 ml of the extract solution was
combined with 125 ml petroleum ether in a separating funnel to
separate concomitant substances. The aqueous-methanol solution
was evaporated to dryness. The pellet was resuspended in phos-
phate buffer solution (PBS) or dimethylsulfoxide (DMSO) and
then used in proliferation and progesterone production assays.

The method for the extraction of lignans from rye seeds was
performed according to [33] and modified by [32]. 100 mg of rye
seeds were ground in a commercial coffee grinder and extracted
with 1 liter of methanol in a water bath for 15 min at 70°C under
backflow. The hot extract solution was filtered, then cooled and
evaporated to dryness. This extract was resuspended in 10 ml of
distilled water and partitioned with ethyl acetate. The ethyl acetate
soluble residue was evaporated to dryness and resupended in PBS
or ethanol prior to application in proliferation and progesterone
production assays.

Identification of Isolated Phytoestrogens with HPLC-MS

Chromatographic separation of the isolated phytoestrogene
fractions was done by reversed-phase HPLC using a gradient elu-
tion gradient program: 0.2 ml/min, 20% methanol (A), 80% water
with 0.1% formic acid (B), linearly to 80% A:20% B in 15 min fol-
lowed by holding for 25 min and going to start conditions at addi-
tional 10 min. A Discovery C 18 (15 cm x 2.1 mm) column by
Supelco (Taufkirchen, Germany) was used.

For MS analysis a LCQ-Advantage (Thermo Finnigan, San
Jose, Calif.,USA) was used. Identification of the peaks was obtained
by using ion trap technology; ESI mode and positive ion. Source
voltage was 4.5 kV and a mass range of 150-2,000 amu was de-
tected.

Cytotoxicity-Assay

Viability of the trophoblast tumor cell line Jeg3 treated with
different concentrations of isoflavone extracts from seeds of green
pea (Pisum sativum) and yellow pea (Pisum sativum cv.) and lignan
extracts from rye seeds (Secale cereale) was tested by the trypan
blue exclusion assay. ICsy values (phytoestrogen concentration
which reduce viability of the cells to 50%) were read for each phy-
toestrogen extract from appropriate inhibition curves and com-
pared to each other.
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Proliferation-Assay

Cell proliferation was analyzed using a 5-bromo-2’-deoxy-uri-
dine (BrdU) labeling and detection kit according to the instructions
of the manufacturer. Jeg3 cells (5 x 10%/0.1 ml supplemented cell
culture medium) were grown in 96-well tissue culture plates for
48 h in the absence (controls) and presence of different phytoestro-
gen extracts. Extracts from green pea, yellow pea and rye seeds were
dissolved in PBS, DMSO or ethanol before added to 100 pl of the
Jeg3 cells giving final concentrations of 10, 50 and 100 pg/ml,
respectively for isoflavone extracts and 10, 50, 100, 500 and
1,000 p.g/ml for lignans. After labeling with BrdU for 3 h, the cells
were fixed and BrdU incorporation into DNA was measured by an
ELISA technique. Cellular proliferation inhibition is expressed rel-
ative to controls (100 %) + SD.

Determination of Progesterone

Jeg3 cells (1 x 10%2 ml supplemented cell culture medium)
were grown in 24-well tissue culture plates for up to 96 h in the ab-
sence (controls) and presence of the isolated phytoestrogen extracts.
Extracts from green and yellow pea and rye seeds were resuspend-
ed in PBS, DMSO or ethanol before added to 2 ml of the Jeg3 cells
giving final concentrations of 10, 50 and 100 pg/ml, respectively.
In addition, estradiol (dextran encapsulated, Sigma, Deisenhofen,
Germany) was added to Jeg3 cells giving final concentrations of 10,
50 and 100 pg/ml, respectively. After 96 h 1 ml cell culture super-
natant was removed and samples were stored at —20°C. At the end
of the tests all solutions were analyzed for production of progester-
one. Secretion of progesterone was determined by the automated
hormone analyzer SR1 from BioChemImmunoSystems GmbH.
Progesterone itself was analyzed by competitive enzyme-immuno
assay (EIA). Specific antibodies were labeled with fluorescein and
after binding to magnetic particles the separation was performed.
Color intensity was measured at three different wavelengths. Sam-
ples for progesterone had to be diluted 1:3 with hormone-free dilu-
ents, due to intense colored culture medium. Sensitivity and the
intra-assay coefficient of variation were: progesterone EIA
<6.4 nmol/l and 6.8% (at a medium value of 11.5 nmol/l; 5.4%
at 65.6 nmol/l, respectively).

Determination of Estradiol

Teg3 cells (1 x 1092 ml supplemented cell culture medium)
were grown in 24-well tissue culture plates for up to 96 h in the ab-
sence (controls) and presence of the isolated phytoestrogen extracts.
Extracts from green pea, yellow pea and rye seeds were resuspend-
ed in PBS; DMSO or ethanol before added to 2 ml of the Jeg3 cells
giving final concentrations of 10, 50 and 100 pg/ml, respectively
for isoflavones and 10, 50, 500 and 1,000 pg/ml for lignan extracts.
After 96 h, 1 ml cell culture supernatant was removed and samples
were stored at —20°C. At the end of the tests all solutions were
analyzed for production of estradiol. Secretion of estradiol was de-
termined by the automated hormone analyzer Immulite (DPC
Biermann, Freiburg, Germany). Estradiol itself was analyzed by
competitive EIA. Specific antibodies were labeled with fluorescein
and after binding to magnetic particles the separation was per-
formed. Color intensity was measured at three different wave-
lengths. Samples for estradiol were diluted 1:3 with hormone-free
diluents. Sensitivity and the intra-assay coefficient of variation
were: estradiol EIA <20 pg/ml and 5.7% (at a medium value of
236 pg/ml; 5.6% at 1,237 pg/ml, respectively).
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Immunocytochemistry

Jeg3 cells (1 x 10%/2 ml supplemented cell culture medium)
were grown on quadriperm tissue slides for up to 96 h in the absence
(controls) and presence of the isolated phytoestrogen extracts. Ex-
tracts from yellow and green pea and rye seeds were resuspended
in PBS, DMSO or ethanol before added to 3 ml of the Jeg3 cells
giving final concentrations of 10, 50 and 100 pg/ml, respectively.
In addition, estradiol (dextran encapsulated, Sigma, Deisenhofen,
Germany) was added to Jeg3 cells giving final concentrations of 10,
50 and 100 pg/ml, respectively. For the immunocytochemical char-
acterization of steroid hormone receptors in choriontrophoblast
tumor cells of the cell line Jeg3 the Vectastain®Elite ABC-Kit (Vec-
tor Laboratories, Burlingame, USA) was used for visualization.
Mouse monoclonal antibodies used for the experiments are: mouse
antihuman PR (Dako, Hamburg, Germany), mouse antihuman
ERa (Dako) and mouse antihuman ER (Serotec, Diisseldorf, Ger-
many). For immunocytochemical evaluation the slides were air
dried, washed in PBS, fixed in 4.0% formalin for 15 min, washed
again in PBS for 5 min and incubated for 30 min in 0.3% H,0,.
After this the slides were washed in distilled water. The slides were
incubated with the ABC-Kit’s normal serum for 30 min, followed
by incubation with the described primary antibodies for 1 h and
after washing with diluted biotinylated secondary antibody for an-
other 30 min. After incubation with the Reagent ABC for 30 min,
H,0,/3’3’diaminobenzidine (Dako) was added for 2 min until
brown staining of ‘positive’ cells could be observed. The slides
where not counterstained because of nuclear expression of hor-
mone receptors. After xylol treatment the slides were covered. Pos-
itive cells showed a brownish color.

Statistical Analysis

Statistical analysis was performed using the Wilcoxon’s signed
rank tests for comparison of the means. The p < 0.05 value was
considered statistically significant.

Results

Preparation of Isoflavone Extracts from Seeds of
Green Pea (Pisum sativum) and Yellow Pea (Pisum
sativum cv.) and Lignan Extracts from Rye Seeds
(Secale cereale)

As a result of the isoflavone preparation from seeds
of green pea (Pisum sativum) and yellow pea (Pisum
sativum cv.) 3.0-11 g isoflavones could be isolated using
100 g seeds.

Lignan extract preparations from rye seeds (Secale ce-
reale) in addition gave similar yields (0.5-1.5 g lignanes
using 100 g seeds).

Identification of Isolated Phytoestrogens with

HPLC-MS

Chromatographic separation and MS analysis of iso-
flavone extracts from seeds of green pea showed that this
extract contained genistein (dimerized), daidzein (di-gly-

Influence of Rye and Pea Phytoestrogens
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cosidic), whereas isoflavone extracts from seeds of yellow
pea contained genistein (dimerized) and daidzein (deoxy-
di-glycosidic). Lignan fractions from rye seeds contain
matairesinol (di-glycosidic, glycosidic dimerized), pin-
oresinol (deoxy-di-glycosidic), arctigenin (glycosidic di-
merized) and lariciresinol (di-glycosidic).

Cytotoxicity-Assay

Viability of the trophoblast tumor cell line Jeg3 was
reduced to 50% (ICsg) at concentrations of 250 pg/ml of
both isoflavone preparations from seeds of green pea
(Pisum sativum) and yellow pea (Pisum sativum cv.). Lig-
nan extract preparations from rye seeds (Secale cereale)
showed much higher ICs, values. Concentrations of
1,000 pg/ml lignan extract preparations from rye seeds
reduced viability of trophoblast tumor cells to only
70%.

Isoflavone Extracts from Green and Yellow Pea Seeds

(Pisum sativum) Reduce Proliferation in Jeg3 Cells

As demonstrated in figures 1 and 2, extracts from green
and yellow pea seeds inhibit the proliferation of Jeg3
cells in a concentration dependent manner. The addi-
tion of extracts from green pea seeds (fig. 1) at 10, 50, and
100 pg/ml reduced cellular BrdU-uptake to 95.9, 93.5,
and to 77% and yellow pea seeds (fig. 2) to 72.4, 60.2, and
to 60.2%, respectively, relative to non-treated control cul-
tures (100%). Significant decreases in cell proliferation
were induced by treatment of Jeg3 cultures with extracts
from green pea seeds at 100 pg/ml whereas incubation of
Jeg3 cell cultures with extracts from yellow pea seeds sig-
nificantly reduced BrdU-uptake with all three concentra-
tions tested.

Lignan Extracts from Rye Seeds (Secale cereale)

Reduce Proliferation in Jeg3 Cells

Significant decreases in cell proliferation were induced
by treatment of Jeg3 cultures with extracts from rye seeds
(Secale cereale, fig. 3). Incubation of Jeg3 cell cultures
with extracts from rye seeds at 10, 50, 100, 500 and
1,000 pg/ml reduced cellular BrdU-uptake to 77, 77, 69,
64 and 52% relative to non-treated control cultures
(100%). The effects of lignan extracts isolated from rye
seeds are concentration dependent.

Determination of Estradiol and Progesterone

With this study, we could show that the production of
the steroid hormones estradiol and progesterone in tro-
phoblast tumor cells of the cell line Jeg3 is influenced by
isolated crude isoflavone and lignan extracts. In this cell
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Inhibition of cell proliferation by green pea
isoflavonoids in Jeg3
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Fig. 1. Inhibition of proliferation in trophoblast tumor cells Jeg3
after addition of different concentrations of isoflavone extracts
from green pea seeds. Data (mean + SD) represent relative BrdU
uptake obtained in at least 3 experiments. p < 0.05 indicate sig-
nificant differences in isoflavone treated cultures and unstimulated
controls marked with an asterisk (*).

Fig. 2. Inhibition of proliferation in trophoblast tumor cells Jeg3
after addition of different concentrations of isoflavone extracts
from yellow pea seeds. Data (mean *+ SD) represent relative BrdU
uptake obtained in at least 3 experiments. p < 0.05 indicate sig-
nificant differences in isoflavone treated cultures and unstimulated
controls marked with an asterisk (*).

Inhibition of cell proliferation by rye lignans in Jeg3
%*
120 | | |
100 T ‘ ‘
£ 80 I T
5
Fig. 3. Inhibition of proliferation in tropho- s 60
blast tumor cells Jeg3 after addition of dif- £
ferent concentrations of lignan extracts 2 40+
from rye seeds. Data (mean * SD) repre-
sent relative BrdU uptake obtained in at 20 1
least 3 experiments. p < 0.05 indicate sig- 0
nificant dlfferer}ces in lignan treated cul- Control 10 ug/mi | 50 pg/ml | 100 ug/ml | 500 pg/ml | 1,000 pg/ml
tures and unstimulated controls marked
with an asterisk (*).

line, cultured in the presence of extracts from green pea
seeds at 10, 50 and 100 wg/ml, the production of estra-
diol was significantly inhibited at concentrations of 50
and 100 pg/ml compared to unstimulated controls (p =
0.043 in both cases, fig. 4). In Jeg3 cells cultured in the
presence of extracts from yellow pea seeds at 10, 50 and
100 pg/ml, the production of estradiol was also signifi-
cantly inhibited at concentrations of 50 and 100 pg/ml
compared to unstimulated controls (p = 0.042 and 0.043,
fig. 5). Furthermore, the treatment of Jeg3 cells with crude
lignan extracts from rye seeds at concentrations of 10, 50
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and 100 pg/ml also led to a decrease in the production of
estradiol. Differences between stimulated and unstimu-
lated cells were significant at concentrations of 50 and
100 pg/ml (p = 0.043 in both cases, fig. 6). On the other
hand, higher concentrations (500 and 1,000 pg/ml) of
lignan extracts stimulated estradiol production in these
cells (data not shown).

The addition of isoflavone extracts from green pea
seeds at 10, 50 and 100 pg/ml reduced progesterone
production in Jeg3 cells significantly (p = 0.046, 0.028
and 0.028, fig. 7). The addition of isoflavone extracts

Matscheski et al.
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Fig. 4. Inhibition of estradiol production in tumor cells Jeg3 after
addition of different concentrations of isoflavone extracts from
green pea seeds. Data (mean * SD) represent relative estradiol
production obtained in at least 3 experiments.

Fig. 6. Estradiol production in trophoblast tumor cells Jeg3 after
addition of different concentrations of lignan extracts from rye
seeds. Data (mean = SD) represent relative estradiol production
obtained in at least 3 experiments.
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Fig. 5. Inhibition of estradiol production in tumor cells Jeg3 after
addition of different concentrations of isoflavone extracts from yel-
low pea seeds. Data (mean * SD) represent relative estradiol pro-
duction obtained in at least 3 experiments.

from yellow pea seeds at 50 and 100 pg/ml also reduced
progesterone production in Jeg3 cells significantly (p =
0.028 in both cases, fig. 8a). In addition, supplementa-
tion of lignan extracts from rye at 50 and 100 pg/ml also
reduced progesterone production in Jeg3 cells signifi-
cantly (data not shown). Estradiol added to Jeg3 cells
also showed an inhibition effect on progesterone pro-
duction. This inhibition effect was concentration de-

Influence of Rye and Pea Phytoestrogens
on Trophoblast Tumor Cells

Fig. 7. Inhibition of progesterone production in tumor cells Jeg3
after addition of different concentrations of isoflavone extracts
from green pea seeds. Data (mean * SD) represent relative proges-
terone production obtained in at least 3 experiments.

pendent. Addition of 100 pg/ml estradiol showed the
highest effect on progesterone inhibition, whereas ad-
dition of 10 pg/ml estradiol gave lowest progesterone
inhibition (fig. 8b). Differences in progesterone produc-
tion between unstimulated controls and estradiol sub-
stituted cell cultures were statistically significant (p =
0.043) in all cases.
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Fig. 8. Inhibition of progesterone production in tumor cells Jeg3
after addition of different concentrations of isoflavone extracts
from yellow pea seeds. Data (mean + SD) represent relative pro-
gesterone production obtained in at least 3 experiments.

Data presented demonstrate a correlation between cell
proliferation and production of estradiol and progester-
one in the presence of potential phytoestrogens. Crude
isoflavone extracts from green and yellow pea seeds in-
duced inhibition of estradiol and progesterone produc-
tion and inhibition of cell proliferation in Jeg3 cell lines.
Crude lignan extracts from rye seeds showed inhibition
of estradiol, progesterone and cell proliferation but up-
regulation of estradiol production at higher concentra-
tions (>500 mg/ml).

Immunocytochemistry

Jeg3 cells were analyzed for expression of PR, ERa and
ERp after stimulation with different concentrations of
phytoestrogens, estradiol and in unstimulated controls.
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We could show that the expression of the ER«a is low in
untreated Jeg3 cells (fig. 9a). In Jeg3 cells stimulated with
extracts from green pea seeds at 10, 50 and 100 pg/ml,
we identified an up-regulation of the ERa expression in
cells stimulated with 50 and 100 pg/ml green pea seed
extracts (fig. 9c, d), whereas in Jeg3 cells stimulated with
10 pg/ml extracts the ERa expression is comparable to
the unstimulated controls (fig. 9b). In Jeg3 cells stimu-
lated with extracts from yellow pea seeds at 10, 50 and
100 pg/ml, we also identified an upregulation of the ER«
expression in cells stimulated with 50 and 100 pg/ml,
green pea seed extracts (fig. 91, g), and also in Jeg3 cells
stimulated with 10 pg/ml extracts the ERa expression is
upregulated compared to the unstimulated controls (fig.
9e¢). In Jeg3 cells stimulated with lignan extracts from rye
seeds at 10, 50 and 100 pg/ml, we identified an upregula-
tion of the ERa expression in cells stimulated with 50
and 100 pg/ml lignan extracts (fig. 91, j) whereas in Jeg3
cells stimulated with 10 pg/ml extracts the ERa expres-
sion is comparable to the unstimulated controls (fig. 9h).
In Jeg3 cells stimulated with estradiol, we identified an
upregulation of the ERa expression in cells stimulated
with 50 and 100 pg/ml estradiol (fig. 91, m), whereas in
Jeg3 cells stimulated with 10 pg/ml (fig. 9k) extracts the
ERa expression is comparable to the unstimulated con-
trols (fig. 9h).

In addition, in Jeg3 cells stimulated with extracts from
green pea seeds at 10, 50 and 100 wg/ml, we identified a
down-regulation of the ER expression in cells stimu-
lated with 50 and 100 pg/ml green pea seed extracts (fig.
10c, d) whereas in Jeg3 cells stimulated with 10 pg/ml
extracts the ER[3 expression is comparable to the unstim-
ulated controls (fig. 10b). In Jeg3 cells stimulated with
extracts from yellow pea seeds at 10, 50, and 100 pg/ml,
we also identified an downregulation of the ER[3 expres-
sion in cells stimulated with 50 and 100 pg/ml green pea
seed extracts (fig. 10f, g). In Jeg3 cells stimulated with 10
pg/ml extracts the ER expression is not down regulated
compared to the unstimulated controls (fig. 10e). In Jeg3
cells stimulated with lignan extracts from rye seeds at 10,
50 and 100 pg/ml we identified a downregulation of the
ERP expression in cells stimulated with 50 and 100 pg/ml
lignan extracts (fig. 101, j) whereas in Jeg3 cells stimulated
with 10 pg/ml extracts the ER[3 expression is comparable
to the unstimulated controls (fig. 10h). In Jeg3 cells stim-
ulated with estradiol we identified an upregulation of the
ERp expression in cells stimulated with 50 and 100 pg/ml
estradiol (fig. 101, m) whereas in Jeg3 cells stimulated with
10 pg/ml (fig. 10k) extracts the ER[3 expression is compa-
rable to the unstimulated controls (fig. 10h).
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Fig. 9. Expression of ERa in Jeg3 cells in vitro, a: control; b-d: 10, 50, 100 wg/ml extracts from green pea seeds;
e-g: 10, 50, 100 pg/ml extracts from yellow pea seeds; h—j: 10, 50, 100 pg/ml lignan extracts from rye seeds; mag-
nification: 25 X lens, k-m: 10, 50, 100 pg/ml estradiol; magnification: 10 x lens.
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Fig. 10. Expression of ER( in Jeg3 cells in vitro, a: control; b-d: 10, 50, 100 pg/ml extracts from green pea seeds;
e-g: 10, 50, 100 pg/ml extracts from yellow pea seeds; h-j: 10, 50, 100 pg/ml lignan extracts from rye seeds; mag-
nification: 25 X lens, k-m: 10, 50, 100 pg/ml estradiol; magnification: 10 x lens.
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Fig. 11. Expression of PR in Jeg3 cells in vitro, a: control; b-d: 10, 50, 100 wg/ml extracts from green pea seeds;
e-g: 10, 50, 100 pg/ml extracts from yellow pea seeds; hj: 10, 50, 100 pg/ml lignan extracts from rye seeds; mag-
nification: 25 X lens, k-m: 10, 50, 100 pg/ml estradiol; magnification: 10 X lens.
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In Jeg3 cells stimulated with extracts from green pea
seeds at 10, 50, and 100 pg/ml we identified an upregula-
tion of the PR expression in cells stimulated with 50 and
100 pg/ml green pea seed extracts (fig. 11c, d) whereas in
Jeg3 cells stimulated with 10 pg/ml extracts the PR ex-
pression is comparable to the unstimulated controls (fig.
11b). In Jeg3 cells stimulated with extracts from yellow
pea seeds at 10, 50 and 100 pg/ml, we also identified an
upregulation of the PR expression in cells stimulated with
50 and 100 pg/ml green pea seed extracts (fig. 11f, g). In
Jeg3 cells stimulated with 10 pg/ml extracts the PR ex-
pression is not upregulated compared to the unstimulated
controls (fig. 11e). In Jeg3 cells stimulated with lignan
extracts from rye seeds at 10, 50, and 100 pg/ml, we iden-
tified an upregulation of the PR expression in cells stimu-
lated with 50 and 100 pg/ml lignan extracts (fig. 111, j)
whereas in Jeg3 cells stimulated with 10 pg/ml extracts
the PR expression is comparable to the unstimulated con-
trols (fig. 11h). In Jeg3 cells stimulated with estradiol we
identified an upregulation of the PR expression in cells
stimulated with 50 and 100 pg/ml estradiol (fig. 111 and
m), whereas in Jeg3 cells stimulated with 10 pug/ml (fig.
11Kk) extracts the PR expression is comparable to the un-
stimulated controls (fig. 11h).

Conclusion

Phytoestrogens have become increasingly popular
among health conscious individuals over the past 10
years. Soybean based food has potential health benefits
in a variety of areas including cancer, osteoporosis and
coronary heart diseases as reported in different studies
[34, 35]. Isoflavones are possible selective estrogen recep-
tor modulators [36] with a higher binding affinity for ER
compared to ERa [37]. Genistein, one of two major iso-
flavonoids in soy, has antiproliferative effects on mito-
gen-stimulated cell growth of human breast cancer cells
in culture and is a candidate for use in the prevention of
breast cancer. Soy protein preparations containing isofla-
vonoid conjugates have chemopreventive activity in car-
cinogen-induced rat models of breast cancer [38]. Recent
experiments in these models with purified genistein have
revealed that the timing of the exposure of rats to this
isoflavonoid is critical [39]. Rats treated neonatally or
prepuberally with genistein have a longer latency before
the appearance of mammary tumors and a marked reduc-
tion in tumor number [40]. The mechanism of genistein’s
preventive action is in part dependent on its estrogenic
activity, which causes a more rapid differentiation of the
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cells of the mammary gland, and analogous to the effects
of an early pregnancy. Rats administered genistein after
35 days of age have smaller alterations in breast cancer
risk, with a maximum reduction in mammary tumor
number of 27%. In ovariectomized nude mice, dietary
genistein increases cell proliferation of human breast can-
cer MCF-7 cell xenografts compared with a control diet
[41, 42]. This estrogen-like effect of genistein is not ob-
served in non-ovariectomized rats. Isoflavones have been
shown to down regulate estrogen receptor expression as
an indirect effect for reduced estrogenic functions and
protein synthesis [43]. In addition, isoflavones have been
shown to inhibit the activity of enzymes involved in es-
trogen metabolism, inhibition of aromatases and 17f3-
oxidoreduction of estrogens in vitro. Several studies di-
rectly examined the effects of isolated isoflavones on
mammary tumor genesis [44], but chorion carcinomas
have not been investigated so far. Our own investigations
on phytoestrogens genistein and daidzein on steroid hor-
mone receptor expression in endometrial cells showed
that expression of ERa is significantly declined with ge-
nistein, whereas PR increased significantly with genis-
tein. Stimulation with daidzein resulted in no statisti-
cally relevant alterations in ER, whereas the PR signifi-
cantly increased [30].

In another study using genistein and daidzein in BeWo
and Jeg3 cells we could show that high doses of the phy-
toestrogens genistein and daidzein (1-2 pmol/ml) re-
duced the cell proliferation and the production of the ste-
roid 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. In contrast the production
of progesterone was inhibited by low concentrations of
phytoestrogens (0.1 pmol/ml) genistein and daidzein and
the proliferation rate was weakly inhibited in both cell
types tested [28]. In former studies it was found that both
BeWo and Jeg3 cells express the ER [45]. In addition, Ji-
ang et al. found that estradiol stimulated BeWo cell pro-
liferation and increased the percentage of S-phase cells.
Tamoxifen inhibited BeWo cell growth and antagonized
the stimulatory actions of estradiol. The BeWo cell ER
bindsto an estrogen response element consensus sequence
and the ER-estrogen response element complex is super-
shifted by antibodies directed against the ER. Jiang et al.
[46] concluded that BeWo cells express a functional ER
that is important for the control of BeWo cell prolifera-
tion, suggesting a potential role for estrogens in mediating
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placental trophoblast growth and development. Within
this study we could show that estradiol and phytoestro-
gens induced the expression of both the ERa and PR in
Jeg3 cells in vitro. Expression of ERf3 was only induced
by estradiol. In addition, estradiol also inhibited proges-
terone production of Jeg3 cells. These results implicate
that Jeg3 cells show an estrogenic response and in addi-
tion, proliferation inhibition by phytoestrogens investi-
gated is mediated by the hormone receptors.

Therefore, we assumed that co-measurement of pro-
gesterone and in addition proliferation in Jeg3 cells after
addition of different phytoestrogens can be seen as mod-
el to investigate the action of newly isolated phytoestro-
gens. In this study, we further developed this cell culture
model system for testing the influence of different con-
centrations of potential phytoestrogens in isoflavone ex-
tracts from green and yellow pea seeds and crude lignan
extracts from rye seeds. We were able to show that isofla-
vones isolated from green and yellow pea seeds reduced
the cell proliferation in both cell cultures tested and in-
hibited production of the steroid hormones estradiol and
progesterone in Jeg3 cells. In addition, lignans isolated
from rye seeds reduced the production of progesterone
and the proliferation rate in Jeg3 cells.

Interestingly, the effect in estradiol production by rye
seed lignans is dose dependent. Lower concentrations up
to 100 pg/ml showed an inhibition of estradiol whereas
higher concentrations =500 wg/ml strongly upregulated
estradiol production. Reversed effects on hormone pro-
duction induced by different concentrations of phytoes-

trogens could already be described in one of our former
studies [28]. High doses of daidzein reduced the produc-
tion of hCG in Jeg3 cells. High doses of genistein had no
influence on the hCG production in Jeg3 cells. Surpris-
ingly low doses of daidzein and genistein induced Jeg3
cells to produce high amounts of hCG [28].

Results obtained in this study suggest that potential
phytoestrogens isolated from pea and rye seeds can re-
duce in vitro proliferation and progesterone production
of trophoblast tumor cells significantly. Based on the re-
sults obtained by MS analysis it is proposed that green
and yellow pea seeds contain measurable concentrations
of isoflavones and rye seeds contain lignans which can be
isolated and used for further investigations. This study
also demonstrates that a useful cell culture model for test-
ing new types of phytoestrogens could be established. Be-
cause measurements of progesterone production could be
correlated to proliferation of the cells used, measurement
of progesterone in cell culture supernatants can therefore
be used as an indicator for newly isolated potential phy-
toestrogens. Additional experiments havetobe performed
in future to identify the structure of the potential phytoes-
trogens.
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