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Abstract
Our previous study showed that the new synthetic methoxy-stilbenes, 3,4,2′-trimethoxy-trans-stilbene (3MS), 
3,4,2′,4′-tetramethoxy-trans-stilbene (4MS), and 3,4,2′,4′,6′-pentamethoxy-trans-stilbene (5MS), modulate the constitutive 
expression of enzymes and receptors involved in estrogen metabolism in breast immortalized epithelial MCF10 cells. In this 
study, we evaluated the effect of 3MS, 4MS, and 5MS in comparison to resveratrol activity in MCF7 estrogen-dependent 
and MDA-MB-231 estrogen-independent breast cancer cell lines. 3MS similarly to resveratrol reduced the expression of 
estrogen receptor α in MCF7 cells. However, in these cells, 5MS reduced the most CYP19, the gene encoding aromatase, at 
mRNA transcript level. In contrast, in the MDA-MB-231 cells, the most efficient inhibitor of CYP19 expression was 3MS, 
reducing the level of its protein by ~ 25%. This stilbene also inhibited the aromatase activity in a recombinant protein sys-
tem with  IC50 value ~ 85 µM. Treatment with the methoxy-stilbenes reduced the level of estradiol in culture medium. The 
most significant reduction was exerted by 3MS. None of the tested stilbenes including resveratrol changed significantly the 
expression of AhR, although CYP1A1 protein level was slightly reduced in MDA-MB-231 cells, while CYP1B1 expression 
was increased in these cells as a result of treatment with 3MS, but only at the transcript level. Overall, these results show 
weak or moderate effect of the new methoxy-stilbenes on the expression of key proteins involved in estrogens metabolism in 
cancer breast cells. However, the reduced CYP19 expression and activity upon 3MS treatment in metastatic MDA-MB-231 
cells require the further studies.
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Introduction

Resveratrol (3,5,4-trihydroxystilbene), a naturally occur-
ring phytoalexin, has been found to possess diversi-
fied biological activities including anti-oxidative, anti-
inflammatory, and anti-carcinogenic [1]. However, its 

clinical application is limited because of relatively poor 
bioavailability due to its fast metabolism [2]. Thus, its 
analogs showing improved pharmacokinetic parameters 
and enhanced activity are searched. Comparing to res-
veratrol, its derivatives with ortho-methoxy substituents, 
such as 3,4,5,4′-tetramethoxy-trans-stilbene (DMU-
212), have been found to be more potent anti-carcino-
genic agents in some in vitro and in vivo studies [3, 4]. 
Moreover, our earlier data showed that the new synthetic 
methoxy-stilbenes, 3,4,2′-trimethoxy-trans-stilbene 
(3MS), 3,4,2′,4′-tetramethoxy-trans-stilbene (4MS), and 
3,4,2′,4′,6′-pentamethoxy-trans-stilbene (5MS), modu-
lated the constitutive expression of enzymes and receptors 
involved in estrogen synthesis and catabolism in breast 
immortalized epithelial MCF10 cells. These observations 
indicated that methoxy-stilbenes may affect the estrogens 
metabolism. Moreover, the number of methoxy groups 
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may play a role in its anti-estrogenic activity [5]. Estro-
gens and estrogen receptor (ER) signaling pathway play 
the key role in breast cancer etiology. In ER-dependent 
mechanism, estrogens may contribute to cancer develop-
ment acting as promoters by stimulating cell proliferation 
through the activation of estrogen-ER complex-dependent 
transcription of specific genes [6].

Distinct ERs genes located on chromosomes 6q25.1 and 
14q23.2, encode two ER forms, ERα and ERβ, respectively 
[7]. ERα is expressed in not more than 10% of normal breast 
epithelium, but approximately in 50–80% of breast tumors 
[8]. Moreover, experiments with ER knockout mice demon-
strated that ERα is involved in promotion and progression 
of breast cancer [9].

Estrogens may also exert tumorigenic effects in ER-inde-
pendent pathway through the reaction of their active metabo-
lites with DNA [10]. The expression of genes metabolizing 
estrogens such as CYP1A1, CYP1A2, and CYP1B1 is acti-
vated by aryl hydrocarbon receptor (AhR).

Several studies have pointed out the inhibition of the ER 
pathway by AhR in breast cancer as a result of accelerating 
ER ubiquitination and degradation [11, 12].

Based on this observation, it was suggested that AhR is 
a tumor suppressor in human breast cancer. In this regard, 
AhR has been shown to inhibit invasive and metastatic 
potential of human breast cancer stem-like cells. Moreover, 
exogenous AhR agonists were able to promote cell differen-
tiation regardless of ER status [13].

On the other hand, some studies have shown that AhR 
induced intratumoral estrogen synthesis [14, 15]. Although 
limited information is available on these seemingly opposite 
effects of AhR in breast cancer, recently presented data indi-
cate that AhR stimulates intratumoral estrogen biosynthesis 
by inducing aromatase expression in three breast carcinoma 
cell lines: MCF7, T47D, and MDA-MB-231, resulting in 
increased cell proliferation. Additionally, results obtained 
from patients with breast cancer supported this finding [16].

Resveratrol was shown to be a competitive antagonist of 
classic AhR ligands such as dioxin and an inhibitor of trans-
activation of dioxin-inducible cytochrome P450 genes [17].

Our earlier study showed reduced expression of CYP19, 
AhR and CYP1A1 and CYP1B1 as a result of treatment of 
the MCF10A breast epithelial cells with 5MS. At the same 
experimental setting resveratrol increased CYP19 transcript 
and protein level [5]. MCF10A cell line represents benign 
stage of breast cancer development and is considered as a 
model of carcinogenesis developed through non-ER-medi-
ated pathways [18, 19].

In this study, we evaluated the effect of 3MS, 4MS, and 
5MS in comparison to resveratrol in MCF7 estrogen-depend-
ent and MDA-MB-231 estrogen-independent breast cancer 
cell lines. Although both cell lines derived from human 
breast adenocarcinoma, the latter is highly metastatic.

Materials and methods

Chemicals

Methoxy-stilbenes, 3,4,2′-trimethoxy-trans-stilbene 
(3MS), 3,4,2′,4′-tetramethoxy-trans-stilbene (4MS), and 
3,4,2′,4′,6′-pentamethoxy-trans-stilbene (5MS), were syn-
thesized in the Department of Chemical Technology of 
Drugs, PUMS, as described previously [5]. Resveratrol, 
dithiothreitol, antibiotics solution  (104 U penicillin, 10 mg 
streptomycin, 25 μg amphotericin B), bovine serum albu-
min, dimethylsulfoxide (DMSO), Dulbecco’s Modified 
Eagle’s Medium (DMEM), 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT), RIPA buffer, 
trypsin, Tris, and tRNA from E. coli were purchased from 
Sigma Chemicals Co. (St. Louis, MO, USA). Primary anti-
bodies against ERα, CYP19, CYP1A1, and CYP1B1 were 
obtained from Abgent (San Diego, CA, USA). Primary anti-
bodies against AhR, β-actin, and secondary antibodies were 
supplied by Santa Cruz Biotechnology (Santa Cruz, CA, 
USA). Protease inhibitor tablets were obtained from Roche 
Diagnostics GmbH (Penzberg, Germany). SDS-PAGE Gels 
(7.5, 10, and 12%) and the Western blotting detection system 
were purchased from Bio-Rad Laboratories (Hercules, CA, 
USA). All other compounds were readily available commer-
cial products. Resveratrol and its methoxy derivatives were 
dissolved in DMSO at the concentration of 100 mM and 
stored at − 20 °C.

Cell culture and treatment

MCF7  (ATCC® HTB22™) and MDA-MB-231  (ATCC® 
HTB26™) cell lines were purchased from the European 
Collection of Cell Cultures (Salisbury, Wiltshire, UK). 
The cells were cultured in DMEM supplemented with 10% 
fetal bovine serum and 1% antibiotics solution. To assess 
the effects of tested compounds, the cells were grown in 
the presence of 5% fetal bovine serum. Experiments were 
conducted at a cell density of 70% confluence at standard 
conditions (5%  CO2/95% air). After a 24-h preincubation 
period, the cells were treated with the tested compounds 
at the doses selected based on viability assay. The incuba-
tion was continued for subsequent 72 h. Control cells were 
treated with vehicle (DMSO). The concentration of DMSO 
did not exceed 0.1%.

Cell viability assay

The effect of resveratrol and its methoxy derivatives on 
cell viability was assessed with the MTT assay, according 
to standard protocols. The cells were seeded in a 96-well 



55Molecular and Cellular Biochemistry (2018) 444:53–62 

1 3

culture plate. After 24-h preincubation period, 1–100 µM of 
resveratrol or methoxy-stilbenes in the culture medium were 
added and the cells were incubated for 72 h. Subsequently, 
the culture medium was removed and a fresh PBS buffer 
containing MTT salt (0.5 mg/mL) was added to the wells. 
After a 4-h incubation, the formazan crystals were dissolved 
in acidic isopropanol and the absorbance was measured at 
570 and 690 nm. All of the experiments were repeated three 
times, with at least three measurements per assay. In all of 
the subsequent experiments, non-toxic concentrations of 
methoxy-stilbenes and resveratrol (viability level above 
70%) were used, ranging from 0.5 to 5 µM, depending on 
compound.

Measurements of ERα, AhR, CYP19, CYP1A1, 
and 1B1 mRNA transcripts (quantitative real‑time 
PCR)

Total RNA was isolated, using the GeneMATRIX UNIVER-
SAL DNA/RNA/protein kit (EURx Ltd., Gdańsk, Poland) 
and the first-strand cDNA was generated from total RNA 
using the dART RT-PCR kit (EURx Ltd., Gdańsk, Poland) 
according to manufacturers’ recommendations. Primer pairs 
capable of hybridization with unique regions of the appro-
priate gene sequence were designed in Beacon Designer 
(PREMIER Biosoft Intern.) as described previously [5, 20]. 
The quantitative real-time PCR was performed in triplicates 
using SyberGreen on the Chromo4 (Bio-Rad Laboratories, 
CA, USA) or the LightCycler96 (Roche Diagnostics GmbH, 
Penzberg, Germany). The final reaction mixture contained 
80–250 nM of each primer, 0.5 µL of cDNA, 1 µL of tRNA, 
and 4 µL of the 5× HOT FIREPolEvaGreen qPCR Mix Plus 
(Solis BioDyne, Tartu, Estonia), with RNAse-free water up 
to 20 µL. All reactions were run in triplicate. The protocol 
started with a 15-min enzyme activation at 95 °C, followed 
by 40–50 cycles of 95 °C for 15 s; 60 °C for 20 s; 72 °C for 
20 s; and the final elongation at 72 °C for 5 min. The melt-
ing curve analysis was used for product size verification. 
Experiments were normalized for the expression of TATA 
box binding protein (TBP). The Pfaffl relative method was 
used for fold-change quantification.

Measurements of ERα, AhR, CYP19, CYP1A1, 
and 1B1 protein levels (Western blot)

Whole cell lysates were prepared using the RIPA buffer. 
Samples containing 100 µg of proteins were separated on 
7.5% (AhR), 10% (CYP19, CYP1A1, CYP1B1, and β-actin) 
or 12% (ERα) SDS-PAGE gels and transferred to nitrocel-
lulose membranes. After blocking with 10% skimmed milk, 
the proteins were probed with rabbit polyclonal ERα, goat 
polyclonal AhR, rabbit polyclonal CYP19, rabbit polyclonal 
CYP1A1, rabbit polyclonal CYP1B1, and rabbit β-actin 

antibodies. As the secondary antibodies, the alkaline phos-
phatase-labeled anti-goat IgG or anti-rabbit IgG were used. 
Protein contents were measured using albumin as a standard 
and the β-actin protein as an internal control. The amount 
of immunoreactive product in each lane was determined by 
densitometric scanning using a BioRad GS710 Image Den-
sitometer (BioRad Laboratories, Hercules, CA, USA). The 
values were calculated as relative absorbance units (RQ) 
per mg protein.

Quantification of estradiol in culture medium

The concentration of estradiol in culture medium after 72 h 
of MCF7 cells incubation with methoxy-stilbenes or res-
veratrol was assessed by an enzymatic immunoassay accord-
ing to Jin et al. [21] using commercial kit (Estradiol EIA 
Kit, Cayman Chemical Company, Ann Arbor MI, USA) 
and following the manufacturer’s instructions. Briefly, the 
assay was based on the competition between estradiol and 
an estradiol-acetylcholinesterase conjugate for a limited 
amount of estradiol antiserum. The antiserum-estradiol and 
antiserum-estradiol-acetylcholinesterase complexes bound 
to mouse monoclonal anti-rabbit IgG, previously attached to 
ELISA microplate. Then substrate for acetylcholinesterase 
was added, and the absorbance of the yellow product of this 
enzymatic reaction was measured at 405 nm. The concen-
tration of estradiol in medium samples was expressed in pg/
mL, using standard curve on each run. The data from three 
independent experiments were analyzed.

Aromatase assay in vitro in human recombinant 
CYP19

The enzyme activity determinations were performed with 
the use of CYP19/MFC High Throughput Inhibitor Screen-
ing Kit (Gentest, a BD Biosciences Company, Woburn, MA, 
USA). The methoxy-stillbenes were dissolved in acetonitrile. 
The effect of test compounds on the aromatase activity was 
evaluated in the concentration range 0.045–100 µM. The 
procedure was performed according to the manufacturer’s 
instruction with the use of 96-well black microtiter plates. 
After the serial dilution of the test compounds, the sam-
ples were preincubated for 10 min with NADPH generat-
ing system. Then, CYP19 (7.5 nmols final concentration) 
and its substrate, 7-methoxy-4-trifluoromethyl coumarin 
(125 µmols final concentration), were added and the reac-
tion mixture was incubated for 30 min. The reaction was 
terminated by adding Tris base (0.5 M). The fluorescence 
of 7-hydroxy-4-trifluoromethyl coumarin was determined at 
the 409 nm excitation and 530 nm emissions wavelengths. 
Ketoconazole was used as a positive control. The determina-
tions were performed twice in duplicates.



56 Molecular and Cellular Biochemistry (2018) 444:53–62

1 3

Statistical analysis

Statistical analysis was performed by one-way ANOVA. The 
statistical significance between the experimental groups and 
their respective controls was assessed by Tukey’s post hoc 
test, at P < 0.05.

Results

The effect of resveratrol and methoxy‑stilbenes 
on cells viability

The treatment with resveratrol or its methoxy derivatives 
reduced the viability of both MCF7 and MDA-MB-231 cells, 
basically in a dose-dependent manner (Fig. 1). Generally, the 

methoxy-stilbenes showed lower cytotoxicity than resvera-
trol. 5MS showed the highest cytotoxicity in MCF7 cell with 
 IC50 16 µM, while 4MS in MDA-MB-231  (IC50 10 µM). The 
3MS in MCF7 cells and 5MS in MDA-MB-231 cells showed 
the lowest cytotoxic effect.

Resveratrol and methoxy‑stilbenes reduce 
the expression of ERα in MCF7cells

Treatment of MCF7 cells with resveratrol for 72 h reduced 
the expression of ERα both on mRNA and protein levels 
(Fig. 2). Similar or even slightly higher effect was observed 
in the case of 3MS. The other methoxy-stilbenes tended to 
decrease mRNA transcripts but this effect was not confirmed 
on protein level.

Fig. 1  The effect of resveratrol 
(RES) and synthetic tri (3MS), 
tetra (4MS), penta (5MS) 
methoxy-stilbenes on the MCF7 
(a) and MDA-MB-231 (b) cell 
lines viability. The mean val-
ues ± SEM from three independ-
ent experiments run in triplicate 
are presented
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The effect of resveratrol and methoxy‑stilbenes 
on the expression of CYP19

CYP19 encodes aromatase, the key enzyme of estro-
gens biosynthesis. Treatment with stilbenes reduced the 
expression of CYP19 in both cell lines. In MCF7 cells the 
most significant effect, but comparable to resveratrol in 
the dose of 5 µM, was exerted by 5MS. In MDA-MB-231 
cells 3MS similarly as resveratrol in both tested doses 
significantly decreased CYP19 protein level (Fig. 3).

3MS reduces the activity of recombinant CYP19

In order to assess the effect of tested methoxy-stilbenes on 
aromatase activity, the recombinant CYP19 system was 
used. Basically, all these compounds did not affect signifi-
cantly the activity of this enzyme. However, the 3MS was 
shown to be the most potent inhibitor with  IC50 ~ 85 µM 
(Table 1).

Fig. 2  The effect of 72-h incu-
bation with resveratrol (RES) 
and synthetic methoxy-trans-
stilbenes on the level of the 
ERα transcript (a) and protein 
(b) in MCF7 cells. The values 
were calculated as a relative 
change in transcript or protein 
level in comparison to control 
cells (expression equals 1). 
The mean values ± SEM from 
three independent experiments 
run in triplicate are presented. 
*Mean values were signifi-
cantly different from the control 
group (P < 0.05). Western blot 
analysis: representative blot is 
shown: (lane 1) control; (lanes 
2, 3, 4) resveratrol; (lanes 5, 
6) 3,4,2′-trimethoxy-trans-
stilbene (3MS); (lanes 7, 8) 
3,4,2′,4′-tetramethoxy-trans-
stilbene (4MS); (lanes 9, 10) 
3,4,2′,4′,6′-pentamethoxy-trans-
stilbene (5MS)
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17β‑estradiol (E2) level in culture medium

Treatment with stilbenes reduced the level of E2 in culture 
medium of MCF7 cells. The most pronounced effect was 
again in the case of 3MS which reduced the concentration 
of E2 in both tested doses, while 4MS–at the dose of 1 µM 
only (Fig. 4). In MDA-MB-231 cells, the estradiol concen-
trations were very low, and did not allow the calculation 
of statistical differences between untreated and treated cells 
with analyzed compounds (data not shown).

The effect of resveratrol and methoxy‑stilbenes 
on the expression of AhR, CYP1A1, and CYP1B1

Reduced expression of AhR was noticed as a result of treat-
ment of MCF7 cells with all stilbenes, but only at the tran-
script level (Fig. 5). In contrast to MCF7 cells, in more 
aggressive MDA-MB-231 breast cancer cells, AhR tran-
script level showed tendency to augment particularly as a 

result of treatment with 3MS. Resveratrol reduced both tran-
script and protein levels of CYP1B1 in MCF7 cells, while 
methoxy-stilbenes tended to increase the expression of this 
cytochrome isoform. All tested stilbenes did not change 
the expression of CYP1A1 in MCF7 cells (Fig. 6a–d). In 
contrast in MDA-MB-231 methoxy-stilbenes at the higher 
doses reduced the CYP1A1 protein level, but transcript lev-
els showed tendency to increase. CYP1B1 transcript was 
reduced as a result of treatment with resveratrol and 4MS at 
the dose of 5 µM. However, this effect was not confirmed at 
protein level (Fig. 6e–h).

Discussion

The limitations of resveratrol such as unfavorable pharma-
cokinetics, extensive metabolism (glucuronide or sulfate 
conjugation) and low bioavailability [2] despite its promis-
ing health beneficial effects, prompt to design new stilbenes 
derivatives with similar or stronger biological activities, 
but possibly better pharmacokinetics. Implementation of 
methoxy instead of hydroxyl groups into stilbene rings may 
protect the core molecule against glucuronidation or sulpha-
tation and seems to be good option. Moreover, methoxyla-
tion increases lipophilicity and may enhance cell membrane 
permeability [22].

This study focused on the evaluation of the effects of new 
synthetic methoxy-stilbenes with 3,4, and 5 methoxy groups 
in the positions 3,4,2′,4′,6′ of stilbene ring, respectively, 
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Fig. 3  The effect of 72-h incubation with resveratrol (RES) and 
synthetic methoxy-trans-stilbenes on the level of the CYP19 tran-
script (a, c) and protein (b, d) in MCF7 (a, b) and MDA-MB-231 
(c, d) cells. The values were calculated as a relative change in tran-
script or protein level in comparison to control cells (expression 
equals 1). The mean values ± SEM from 3 independent experiments 

run in triplicate are presented. *Mean values were significantly dif-
ferent from the control group (P < 0.05). Western blot analysis: 
representative blot is shown: (lane 1) control; (lanes 2, 3, 4) res-
veratrol; (lanes 5, 6) 3,4,2′-trimethoxy-trans-stilbene (3MS); (lanes 
7, 8) 3,4,2′,4′-tetramethoxy-trans-stilbene (4MS); (lanes 9, 10) 
3,4,2′,4′,6′-pentamethoxy-trans-stilbene (5MS)

Table 1  The effect of methoxy-
stillbenes on recombinant 
aromatase activity in vitro

a IC50 values were determined 
using non-linear regression 
methods by GraphPad Prism 
software (San Diego, CA)

Compound IC50
a (µM)

3MS 85
4MS > 100
5MS > 100
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on the expression of genes encoding proteins involved in 
estrogen signaling and metabolism in two breast cancer cell 
lines: benign MCF7 and metastatic (ER-negative) MDA-
MB-231. For comparison with the data previously presented 
in MCF10 cells, the same doses and treatment protocol were 
applied [5].

The obtained results showed weak or moderate effects 
of these stilbenes on the evaluated parameters and in gen-
eral, less significant than that observed in MCF10 cell line 
derived from spontaneously immortalized breast epithelial 
cells [18].

Fig. 4  The effect of 72-h 
incubation with resveratrol 
(RES) and synthetic methoxy-
trans-stilbenes on the level of 
17β-estradiol in MCF7 cells 
measured in the culture medium 
by ELISA test. The level of 
17β-estradiol in MDA-MB-231 
cells was under the range of 
detection by the method (data 
not shown). The mean val-
ues ± SEM from three independ-
ent experiments run in triplicate 
are presented. *Mean values 
were significantly different from 
the control group (P < 0.05). 
3,4,2′-trimethoxy-trans-stilbene 
(3MS); 3,4,2′,4′-tetrameth-
oxy-trans-stilbene (4MS); 
3,4,2′,4′,6′-pentamethoxy-trans-
stilbene (5MS)
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Generally the methoxy-stilbenes showed lower cytotoxic-
ity than resveratrol, although this effect varied between both 
cell lines tested. In MCF7 cells the least cytotoxic was 3MS, 
while in MDA-MB-231 it was 5MS. Moreover, 3MS seemed 
to be more potent modulator of the expression of ERα than 
other methoxy-stilbenes in estrogen-dependent MCF7 cells. 
This derivative also reduced CYP19 protein level in MDA-
MB-231. Moreover, 3MS significantly reduced the produc-
tion of estradiol, as evaluated on the base of the measure-
ment of its level in culture medium of MCF7 cells. However, 
in these cells similarly as in MCF10 cells, 5MS was more 
efficient inhibitor of CYP19 expression than 3MS, but only 
at the transcript level.

This observation suggests that 3MS may affect the estro-
gens synthesis through down-regulation of CYP19 expres-
sion more efficiently in cancer breast metastatic cells, while 
5MS in benign cells.

The difference between mRNA transcript and the corre-
sponding protein levels were observed also in our previous 
studies and may suggest that a certain threshold level of 
mRNA must be achieved before the protein can be trans-
lated, or cell-specific posttranscriptional modifications 
including proteolytic degradation can modulate protein lev-
els [23, 24].

On the other hand, it is worth to note that 3MS also inhib-
ited the most the aromatase activity in a recombinant protein 
system, although in comparison to resveratrol the  IC50 value 
for 3MS was two times higher  (IC50 value of ∼ 40 µM) as 
Wang and Leung showed in their study [25]. Thus, it is pos-
sible that this stilbene derivative affects CYP19 gene expres-
sion and inhibits aromatase activity, but its effect on CYP19 
gene expression depends on cell type. The mechanism of this 
activity requires further studies.

It was shown recently that AhR (determined by CYP1A1 
expression at mRNA level) induces the mRNA expression 
of the aromatase gene in breast MCF7 cells [16].

The inhibition of AhR might be in turn responsible for 
aromatase gene down-regulation and reduced activity.

In our study, both resveratrol and the methoxy-stilbenes 
did not affect significantly the expression of, neither AhR, 
nor CYP1A1, at least at protein level. However, in contrast to 
resveratrol which reduced both transcript and protein levels 
of CYP1B1, methoxy-stilbenes showed tendency to increase 
CYP1B1 protein level in MCF7 cells. Thus, the reduced 
expression of CYP19 by stilbenes tested in this study rather 
cannot be related to AhR inhibition.

The data on the effect of methoxy-stilbenes on the expres-
sion of genes encoding enzymes involved in estrogen metab-
olism are limited. Some of the stilbene methoxy derivatives 
were pointed out as potent inhibitors of CYP1 family of 
proteins. In this regard, 2,4,3′,5′-tetramethoxystilbene 
(TMS) was shown to be a strong modulator of CYP1B1 gene 
expression as well as potent selective inhibitor in vitro [26].

Additionally, more recent study showed that this trans-
stilbene analog inhibits CYP1B1 activity, but does not 
reduce its mRNA level in vivo. However, the results of this 
investigation revealed also unexpected estrogen agonistic 
actions of TMS at high doses (50 mg/kg/day) [27]. The 
authors concluded that inhibitory properties of TMS, as well 
as the effects on developing breast, could implicate a role for 
TMS in breast cancer prevention, but only in low doses and 
on developing breast.

To certain extent the same interpretation may be applied 
to methoxy-stilbenes investigated in our current and previ-
ous studies. Our earlier data showed that 3,4,2′-trimethoxy-
trans-stilbene was a potent inhibitor of human recombinant 
CYP1B1 activity [28]. The reduced expression of AhR, 
CYP1A1, and 1B1 was also found as a result of treatment 
with all these compounds in MCF10A cells, a model of the 
early stages of breast carcinogenesis.

It is possible that in more advanced stages of this process 
other trans-stilbenes modifications may be more efficient. In 
this regard, with respect to aromatase inhibition, the benzyl-
substituted series was more potent than the methyl-substi-
tuted derivatives of resveratrol, and 3-O-benzyl resveratrol 
was about eightfold more active than resveratrol [29]. The 
moderate and non-selective aromatase inhibitory activity of 
resveratrol was improved about 100-fold by replacement of 
the ethylenic bridge with a thiadiazole and the phenyl rings 
with pyridines. The aromatase inhibitory activity was also 
enhanced over 6000-fold by using a 1,3-thiazole as the cen-
tral ring and modifying the substituents on the ‘A’ ring to 
target the Met374 residue of aromatase [30].

In summary, the new methoxy-stilbenes might be poten-
tially useful in prevention and/or reversal of the early stages 
of breast cancer development; however, more profound 
experimental studies are necessary in order to explain the 
mechanism of their biological activity.
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