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Abstract 

Background: Phytoestrogens, a group of plant-derived polyphenolic compounds 

have recently come into considerable attention due to the increasing information 

on their potential adverse effects in human health. Some of phytoestrogens show 

estrogenic activity that may be carcinogenic for human.  In the present study here, 

we investigated the transcriptional effects of variety of phytoestrogens on the 

bovine oxytocin and the thymidine kinase-ERE promoter by estrogen receptor α in 

MDA-MB 231 breast cancer cell line.  

Materials and Methods: Cells were seeded for transfections into 12- well plates 

at a density of 100000 cells per well and were transfected with a total of 3 μg of 

plasmid DNA using calcium phosphate coprecipitation. Estrogen and some 

phytoestrogens (naringenin, 8-prenyl-naringenin and 6-(1, 1-dimethylallyl) 

naringenin were used for stimulation of transfected cells.  

Results: Findings of our study clearly demonstrated the subtype-selective 

activation of estrogen receptor (ER)α and (ER)β by the phytoestrogen naringenin 

(activating estrogen receptor β) and its substituted forms 8-prenyl-naringenin and 

6-(1, 1-dimethylallyl) naringenin (activating estrogen receptor α), on the ERE-

controlled promoter as well as on the oxytocin gene promoter.  

Conclusion: The study revealed that some phytoestrogens show estrogenic 

activity by classical or non-classical mechanisms as well as exhibit estrogenic 

activity by undetermined mechanisms in transfected MDA-MB 231 cell line. 
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Introduction  

Regulation of gene transcription is involved in the 

control of cell growth, proliferation, and differentiation 

(1). As result of activation of estrogen receptor, some 

natural compounds produced by plants are referred to 

as phytoestrogens and have the potential to interrupt 

or modulate the endogenous estrogenic signalling (1). 

Phytoestrogens are compounds that are naturally 

presented in edible plant material. They are constituents 

of many human food stuffs such as beans, peas, sprouts 

cabbage, spinach, soybean, and hops. They contain 

classes of compounds such as the isoflavones, 

lignanes, and comestans (2, 3). They are present to 

varying extents in the diet. More recently, multiple 

epidemiological investigations have demonstrated a  

 

 

 

 

 

 

relationship between high dietary intake of 

isoflavones and lignans and lower rates of certain 

cancers, cardiovascular problems, and menopausal 

symptoms (4). It was also known that phytoestrogens 

could compete with estradiol for binding to 

intracellular estrogen receptors (5). Phytoestrogens 

reveal pleiotropic effects on cellular signalling and 

show some favourable effects on estrogen-dependent 

disorders (1). The phytoestrogens contained in the 

diet and in food supplements have the potential for 

both risks and benefits with respect to human health. 

Current research suggests that phytoestrogens may be 

natural “Selective Estrogen Receptor Modulators” 

(SERMs) (3), which means that they can bind to 
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certain estrogen receptors in some tissues, either 

activating or down-regulating cellular responses. 

There has been
 
great interest in the possibility that 

dietary phytoestrogens
 

may be an alternative to 

postmenopausal hormone therapy, due to concerns 

about side effects and long-term health consequences
 

that prevent many women from using hormone 

herapy for improvement
 
of the disease associated 

with
 

the menopausal transition (6). Estrogen-like 

molecules act predominantly through estrogen 

mediated activation of transcription via estrogen 

responsive elements (ERE). Both estrogen receptor α 

and estrogen receptor β can interact with various cell 

cycle transcriptional factors (7), but the molecular 

mechanisms of phytoestrogens effects are not well 

understood. Satih et al studied the estrogen-like 

effects of phytoestrogens on the ER that employed 

two types of cell lines: ER+ cell lines (MCF-7) and 

ER- cell lines (MCF-10a and MDA-MB-231). They 

identified 278 and 334 differentially expressed genes 

after genistein or daidzein treatment, respectively, in 

estrogen-positive (MCF-7) and estrogen-negative 

(MDA-MB-231, MCF-10a) cells (8). Hirvonen et al 

investigated whether phytoestrogens modulated the 

transcriptional activity of ERRγ. They demonstrated 

that the phytoestrogen equol acts as an ERRγ agonist 

(9). The study presented here now aims at the 

elucidation of classical (bind to its nuclear receptor) 

and non-classical mechanisms (act via other 

mechanism than attachment to its nuclear receptor) 

by a detailed analysis of the components of the 

regulatory system controlling the oxytocin promoter. 

Transient transfection experiments using the breast 

cancer cell line MDA-MB 231 were performed and 

are presented here. 

 

Materials and Methods 

Cell Culture 

MDA-MB 231 breast cancer cell line was used 

because it has shown to be devoid of functional 

estrogen receptor α and estrogen receptor β. MDA-

MB 231 cells were plated out in small 25 cm
2
 culture 

flasks (Nunc, Wiesbaden, Germany) in phenol red 

free Dulbecco’s modified Eagle's medium (DMEM) 

(Gibco, Karlsruhe, Germany) supplemented with 10% 

of steroid-free (charcoal-stripped) fetal calf serum 

(CCS) plus 1% of L-glutamine (Sigma, Taufkirchen, 

Germany) and 0.5% of penicillin/ streptomycin 

(Sigma) and incubated at 37 °C / 5% CO2.  

Before reaching confluence, cells were detached from 

the bottom of the flask by the addition of 1.5ml 1x 

Viralex TM-EDTA solution (0.05% trypsin, 0.5 mM 

EDTA) followed by incubation at 37 °C for 2 min. 

Cells were harvested by centrifugation for 2 minutes 

at 6500 g and resuspended in culture medium. 

Resuspended cells were re-plated either into another 

flask (75cm2) at one-third of the density or into 12-

well plates (Nunc) at a density of 100000 cells per 

well for transfection. In addition, MCF-7 cells were 

applied as control. 

 

Estrogen and phytoestrogens 

17ß-estradiol (Sigma-Aldrich), Naringenin (Sigma-

Aldrich), 6-(1, 1-dimethylallyl)-naringenin (6DMA-

naringenin) (Sigma-Aldrich) and 8-prenylnaringenin 

(8p-naringenin) (Sigma-Aldrich) were used for 

stimulation of transfected cells. 

 

Transfection Assays 

 In each well of 12-well plates (Nunc), 10
5
 MDA-MB 

231 were seeded and transfected on the next day with 

3 μg of plasmid DNA using calcium phosphate 

coprecipitation (Profection Mammalian Transfection 

System, Promega, Mannheim, Germany). The 

transfected plasmid DNA included 1μg of promoter-

luciferase plasmid, 1.5μg of the relevant ER 

expression vector and 0.5μg of a LacZ control vector 

driven from the CMV early promoter. Following 

transfection, cells were incubated for 16 h, then 

medium was changed, and cells were stimulated with 

estrogen and phytoestrogens in 2.5 ml fresh culture 

medium per well. In the control group estrogens and 

phytoestrogens did not add. Twenty-four hours after 

stimulation, cells were washed two times with 

phosphate-buffered saline and then 100 μl of Lysis 

Buffer (Promega) were added and the plates 

incubated at room temperature for 5 min with slow 

shaking.  

The cell lysates then were scraped off the plates with 

cell scrapers and transferred to Eppendorf tubes on 

ice. After centrifugation for 1 min at maximum speed 

in an Eppendorf microfuge, the supernatants were 

transferred to new tubes and used immediately for 

determination of luciferase and β-galactosidase 

activity. For measuring luciferase activity, the Firefly 

Luciferase Reporter Gene Assay System (Promega) 

was used according to the manufacturer’s instructions. 

Twenty microliters of cell lysate were added to 100 

μl of Luciferase Assay Reagent and the luminescence 

measured for 5 s with 2 s delay time in a Berthold 

Sirius luminometer. β-galactosidase activity was 

measured using the Galacto-Light assay system 

(Tropix, Bedford, MA, USA) following the protocol 

supplied with the kit. Five microliters of cell lysate 

were incubated with 200 μl of diluted substrate for 1 

h at room temperature.  

Then 300 μl of accelerator solution were added and 

the luminescence measured as above. After 

determination of luciferase and β-galactosidase 

activities of each single cell lysate, the transcriptional 

activities of the promoters under investigation were 

normalized by dividing the luciferase values by the β-
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galactosidase values to control for transfection 

efficiency, resulting in arbitrary so-called relative 

light units (10). 
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Figure 1. Transcriptional activity of naringenin on the oxytocin promoter and the thymidine kinase-ERE promoter by different estrogen receptors 
in the MDA-MB 231 cells. MDA-MB 231cells were transfected with the oxytocin promoter construct (OTwt) or the thymidine kinase-ERE 

promoter construct (TK ERE) and human  estrogen receptor α (hER) human estrogen receptor ß (hERß), bovine estrogen receptor ß (bERß) or 

estrogen receptor α mutant unable to bind DNA (mutant ERα) and treated with different concentrations of naringenin. 

 

DNA constructs 

All promoter-reporter constructs were as previously 

described (10). Either the bovine oxytocin promoter 

(-183 to +17) was used (OXT), inserted into the 

pGL3-Basic vector (Promega), or the thymidine kinase 

promoter controlled by a single vitellogenin ERE 

(TKERE) was used to drive a similar luciferase 

reporter construct (11) As negative and positive 

controls, respectively, we used the pGL3-Basic 

plasmid, containing neither promoter nor 

transcriptional enhancer sequences, and the pGL3-

Control vector, expressing luciferase under the control 

of the SV40 promoter and enhancer (both from 

Promega). Estrogen receptor (ERα) was generated 

from an expression construct comprising the human 

ERα cDNA controlled by a CMV viral promoter (10). 

A version of estrogen receptor (ERα) where in the 

DNA-binding domain (DBD) was mutated so that the 

receptor was no longer able to interact directly with 

an ERE as in Koohi et al (10). A human ERα (hERα) 

expression vector was obtained as a generous gift 

from Dr. Katrin Stedronsky (Institute for Hormone 

and Fertility Research, Hamburg, Germany) and the 

bovine ERα (bERα) expression construct was 

prepared as in Walther et al (10) and driven from a 

CMV promoter. 

 

Cell Toxicity Assay 

All compounds used were additionally tested for any 

cytotoxic effects at the concentrations used, which 

could influence the results obtained. Firstly, cells 

were checked for integrity following 24 h incubation 

with the test substance by staining washed cells for 3 

h with 2% neutral red, and after further washing in 



Zayerzadeh et al. 

rmm.mazums.ac.ir                                                                                                              Res Mol Med, 2014; 2 (3): 31 

 

PBS, photometrically measuring the absorbed dye at 

540 nm. Secondly, following exposure to the test 

substances, cells were replated into T75 flasks, and 

subjected to 7 days of culture, after which all colonies

in the flasks were stained with 10% Giemsa (Merck) 

and cells counted.  

 

Statistical analysis 

All experiments were performed in duplicate or 

triplicate dishes and each experiment was repeated at 

least three times. The mean ± SD was calculated for 

all stimulation experiments. Following correction for 

transfection efficiency, results were expressed as 

relative light units (means + S.D. for triplicate wells). 

Statistical significance for the differences in promoter 

activities was assessed by one way ANOVA followed 

by the Newman-Keuls test, or unpaired t-tests with 

Welch's correction using the GraphPad Prism 3.0 

software package (GraphPad Software Inc., San 

Diego, CA). 
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Figure 2. Transcriptional activity of 8p-naringenin on the oxytocin promoter and the thymidine kinase-ERE promoter by different subtype of 
estrogen receptors in MDA-MB 231cells. MDA-MB 231 cells were transfected with the oxytocin promoter construct (OTwt) or the thymidine 

kinase-ERE promoter construct (TK ERE) and human estrogen receptor α (hERα), human estrogen receptor ß (hERß), bovine estrogen receptor ß 

(bERß) or estrogen receptor α mutant unable to bind DNA (mutant ERα) and treated with different concentrations of 8p-naringenin. 

 
Results 

Transcriptional activity of phytoestrogens (naringenin, 

8p-naringenin and 6DMA-naringenin) on the 

oxytocin or the thymidine kinase ERE (TK ERE) 

promoter was summarized in Table 1. The results 

clearly show that naringenin in the presence of 
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estrogen receptor α has no major agonistic effect at 

the concentrations used, either on the oxytocin or on 

the thymidine kinase-ERE promoter. Only an 

extremely weak agonistic activity on the oxytocin 

promoter could be detected at 10
-5 

M. In the presence 

of human estrogen receptor ß or bovine estrogen 

receptor ß, naringenin shows agonistic activity with 

half-maximal concentrations around 10
-6

 M. 
 

Table 1. Transcriptional activity of phytoestrogens (naringenin, 8p-naringenin and 6DMA-naringenin) on the oxytocin or the thymidine kinase 

ERE (TK ERE) promoter. (*: low stimulation at high concentration of naringenin, **: not dose-dependent) 

Promoter Oxytocin TK ERE 

Receptors 
 

Compounds 

hERα hERβ bERβ Mutant hERα hER α hERβ bERβ Mutant hERα 

Naringenin 
 

-* 
 

+ + - - + + - 

 

8p- Naringenin 
 

+ +** - + + - + - 

6DMA- Naringenin + - - + + - - 
- 

 

In the presence of the estrogen receptor α mutant 

unable to bind DNA, the lack of significant effects of 

naringenin corresponds to the results obtained with 

the wild type estrogen receptor α (Figure 1). In 

parallel experiments using 8p-naringenin which is 

found in hops, the MDA-MB 231 cells were 

transfected as described above with the thymidine 

kinase-ERE-promoter and co-transfected with the 

different subtypes of estrogen receptors as described 

above. The transfected cells were treated with 

increasing concentrations of 8p-naringenin (Figure 

2). The results clearly show that 8p-naringenin has a 

high agonistic effect on the oxytocin promoter and 

the thymidine kinase-ERE promoter in the presence 

of human estrogen receptor α. Half-maximal 

stimulation was obtained at 10
-7

 M to 10
-6

 M on the 

oxytocin promoter, in contrast to 10
-8 

M to 10
-7 

M on 

the thymidine kinase-ERE promoter. In the presence 

of human estrogen receptor β, 8p-naringenin has as 

agonistic effect on the oxytocin promoter, in the 

presence of bovine estrogen receptor β, 8p-naringenin 

did not show any dose-dependent agonistic effect. 

The transcriptional stimulation of the thymidine 

kinase–ERE promoter observed in the presence of 

bovine estrogen receptor ß is not dependent on the 

dose of 8p-naringenin and could be also observed at 

concentration as low as 10
-8

 M. 

Apparently, there are significant functional 

differences between human and bovine estrogen 

receptor β. In order to discriminate between classical 

and non-classical estrogenic effects, the estrogen 

receptor α mutant unable to bind to DNA was used. 

The promoter-specific selective agonistic action 

clearly shows that on the oxytocin promoter, ligand-

activated estrogen receptor α does not need to bind to 

DNA to stimulate the transcriptional activity. In the 

other experiment following the same protocol, the 

effects of the other substituted naringenin, (6DMA-

naringenin), was investigated (Figure 3).  

Discussion  
In this study, the transcriptional effect of 

xenoestrogens was measured in the MDA-MB 231 

transfection system. One of the most important of 

them is phytoestrogens, which are synthesized by 

plants. Environmental estrogens exert their effects 

through classical, genomic, or nongenomic pathways. 

Due to their similarity with the endogenous hormones, 

these compounds can bind to nuclear receptors. Their 

affinities for ER and ER are relatively weak 

compared to endogenous E2. Thus, they can have 

agonist or antagonist activity depending on the 

presence of E2 (13). It has been proved that some 

isoflavones are selective estrogen receptor modulators 

that have higher affinity to ER than ER (2, 14).  

Environmental estrogens have much lower (up to 100 

fold) affinity for nuclear receptors compared to the 

endogenous ligands (E2). Thus, even low 

concentrations of environmental estrogens can trigger 

an altered response of the biological systems. This 

interference is often achieved by the activation of 

non-genomic pathways. There are numerous non 

genomic pathways affected by isoflavones, such as 

non-genomic signaling mediated by oxidative stress 

pathways, tyrosine kinases, nuclear factor kappa B, 

and extracellular-signal-regulated kinases (15, 16). In 

addition to classical ERs, isoflavones serve as ligands 

for peroxisome-proliferator-activated receptors, the 

nonclassical estrogen receptor GPER1, the estrogen-

related receptors, and the aryl hydrocarbon receptor 

(15, 17, 18, 19).  

In addition to these direct actions to modulate 

signaling pathways, isoflavones can change 

epigenetic marks by altering activities of DNA and 

histone methyltransferases, NAD-dependent histone 

deacetylases, and other modifiers of chromatin 

structure (20). In the present study here, the 

transcriptional effects of phytoestrogens were 
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investigated. This study focused on the effects of 

naringenin, 6-(1, 1-dimethylallyl) naringenin 

(6DMA-naringenin) and 8-prenylnaringenin (8p-

naringenin), as these compounds have been shown to 

exhibit considerable selectivity for one of the two 

subtypes of estrogen receptors (21, 22). 
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Figure 3. Transcriptional activity of 6DMA-naringenin on the oxytocin promoter and the thymidine kinase-ERE promoter by different subtype of 
estrogen receptors in MDA-MB 231cells. MDA-MB 231 cells were transfected with the oxytocin promoter construct (OTwt) or the thymidine 

kinase-ERE promoter construct (TK ERE) and human estrogen receptor α (hER), human estrogen receptor ß (hERß), bovine estrogen receptor ß 

(bERß) or estrogen receptor α mutant unable to bind DNA (mutant ERα) and treated with different concentrations of 6DMA-naringenin. 

 

In the previous study, we revealed that some metal 

ions show estrogenic activity by classical or non-

classical mechanisms as well as some metal ions 

exhibit estrogenic activity by undetermined 

mechanisms in transfected MDA-MB 231 cell line 

(23). Phytoestrogens, Gen, Res and Phl, which are 

structurally or functionally similar to E2, and can 

bind to estrogen receptors selectively. Hence, 

phytoestrogens reveal variable degrees of estrogenic 

and anti-estrogenic activities (22). It has been shown 

that phytoestrogens such as genistein, equol and 

daidzein are able to mediate the proliferation of 

breast cancer cell lines (24, 25). Mueller et al 

performed a comprehensive analysis and potency 

comparison of phytoestrogens and their human 

metabolites for ER binding, induction/suppression of  

 

ERα and ERβ transactivation and coactivator 

recruitment in human cells. Results of this study 

showed the soy-derived isoflavones, coumestrol, 

resveratrol, and zearalenone would appear to have the 

potential for effectively functioning as endocrine 

disruptor (1). In particular, the modulation exerted by 

isoflavones on cancer cell lines appears dose 

dependent, with some doses rising and other doses 

decreasing cell proliferation (26, 27). A previous 

study using MCF-7 derived cells (21) showed that 8-

prenyl-naringenin and 6-(1, 1-dimethylallyl) 

naringenin at concentrations of 10
-6

 M and 5×10
-6

 M, 

respectively, stimulate transactivation to the same 

amount as estradiol at 10
-8

 M, whereas simple 

naringenin shows only very weak estrogenic activity. 

The results of the present study clearly demonstrate  
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the subtype-selective activation of estrogen receptor α 

and β by the phytoestrogen naringenin (activating 

estrogen receptor β) and its substituted forms 8-

prenyl-naringenin and 6-(1, 1-dimethylallyl) 

naringenin (activating estrogen receptor α), on the 

ERE-controlled promoter as well as on the oxytocin 

gene promoter. However, in contrast to the activation 

of the ERE-controlled promoter, transcriptional up-

regulation of the oxytocin gene promoter by the 

substituted naringenins bound to estrogen receptor α 

was not dependent on binding of the activated 

estrogen receptor to the promoter, as shown by use of 

a mutant estrogen receptor α unable to bind to DNA. 

Recently investigation assesses modulation of 

phytoestrogens on transcriptional activity of ERRγ. 

Findings of this study showed that the phytoestrogen 

equol acts as an ERRγ agonist (8). All phytoestrogens 

used in this study act as agonists, showing at least a 

partial selectivity for one of the two estrogen receptor 

subtypes. In conclusion, this selectivity presumably is 

the basis for the specific effects of these alimentary 

estrogenic substances that can be used for treatment 

of diseases or the improvement of reproductive 

health. 
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