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A B S T R A C T

Wedelolactone, a plant coumestan, was shown to act as anti-cancer agent for breast and prostate
carcinomas in vitro and in vivo targeting multiple cellular proteins including androgen receptors,
5-lipoxygenase and topoisomerase IIa. It is cytotoxic to breast, prostate, pituitary and myeloma cancer
cell lines in vitro at mM concentrations. In this study, however, a novel biological activity of nM dose of
wedelolactone was demonstrated. Wedelolactone acts as agonist of estrogen receptors (ER) a and b as
demonstrated by transactivation of estrogen response element (ERE) in cells transiently expressing either
ERa or ERb and bymolecular docking of this coumestan into ligand binding pocket of both ERa and ERb.
In breast cancer cells, wedelolactone stimulates growth of estrogen receptor-positive cells, expression of
estrogen-responsive genes and activates rapid non-genomic estrogen signalling. All these effects can be
inhibited by pretreatment with pure ER antagonist ICI 182,780 and they are not observed in ER-negative
breast cancer cells. We conclude that wedelolactone acts as phytoestrogen in breast cancer cells by
stimulating ER genomic and non-genomic signalling pathways.

ã 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Steroidal estrogens are important signalling molecules that act
via genomic and non-genomic transductionmechanisms. Phytoes-
trogens are plant-derived compounds that structurally and/or
functionally mimic mammalian estrogens by direct interaction
with nuclear and extranuclear estrogen receptors (ERs) [1].
Phytoestrogens belong to diverse classes of compounds and are

believed to provide benefits to human health although this is still
matter of intense debate [2].

Wedelolactone is naturally occurring coumestan isolated from
Eclipta alba and Wedelia calendulacea [3]. Traditional Asian and
South American medicine uses these plants to treat hepatitis,
snake venom poisoning and viral infection [3,4]. Compounds
extracted from Wedelia chinensis synergistically suppress growth
of prostate cancer cell lines both in vitro and in vivo [5,6].
Furthermore, the growth inhibitory and proapoptotic effects of
wedelolactone itself were documented in various cancer cell lines
including breast, colon, hepatocellular, pituitary and neuroblasto-
ma [7–11]. The anti-cancer effects of wedelolactone have been
attributed to the inhibition of various protein kinases (IKK, FAK,
ERK, PKC), androgen receptor, DNA topoisomerase IIa, and
5-lipoxygenase [5–13].

Wedelolactone is structurally related to another natural coume-
stan, a coumestrol (Fig. 1). Coumestrol is a phytoestrogen acting as
agonist of both ERa and ERb [14,15]. Although wedelolactone was
suggested toact asphytoestrogen [16,17], anydirectevidence for this
statement has not been published yet. Interestingly, Lim et al.
reported the absenceof the luciferase reporter geneexpression from
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ERE in wedelolactone-treated breast cancer MCF-7 cells [18].
Moreover, Xu et al. recently reported anti-estrogenic properties of
3-butoxy-1,8,9-trihydroxy-6H-benzofuro[3,2-c]benzopyran-6-one,
the new wedelolactone derivative [19]. Therefore, the aim of this
study is to analyze the estrogenic properties of wedelolactone in
breast cancer cells in detail. We show that wedelolactone acts as
phytoestrogen indeed by stimulating genomic and non-genomic
signalling from estrogen receptors.

2. Material and methods

2.1. Chemicals and plasmids

Wedelolactone, 17b-estradiol, and ICI 182,780 were all pur-
chased from Sigma–Aldrich (Sigma, St. Louis, MI). The ERE-luc
plasmid was obtained from Panomics, Inc. (Panomics, Inc.,
Fremont, CA); pCDNA3.1-nv5-ERb, pEGFP-C1-ERa described by
Stenoien et al. and Wittmann et al. were obtained from Addgene
(Addgene, USA) [20,21], CMV-bgal and p3TP-lux were described
previously [22].

2.2. Cell culture

The human breast cancer cell lines MDA-MB-231 (often
referred as ER-negative but expressing low amount of ERb),
MCF-7 and T47D (both expressing ERa and ERb) were cultured in
RPMI 1640 medium supplemented with 10% FCS, 2mM L-
glutamine, 100U/ml penicillin, and 100mg/ml streptomycin in a
humidified atmosphere of 5% CO2 at 37 �C. Human embryonic
kidney 293 cell line (HEK-293) was grown in DMEM supplemented
with 10% FCS, 2mM L-glutamine, 100U/ml penicillin, and 100mg/
ml streptomycin. Both wedelolactone and 17b-estradiol were used
in 10nM concentrations. To inhibit ER activation, cells were
pretreated with 100nM ICI 182,780 for 4h.

2.3. Cell proliferation assay

To test proliferation rates, 1�105 MDA-MB-231, MCF-7 and
T47D cells were seeded in 2ml of growthmedium in 6-well plates.
Next day, the cells were washed with PBS and growthmediumwas
replaced with RPMI 1640 lacking phenol red supplemented with
2% charcoal stripped fetal bovine serum (CHFCS), 2mM L-glutamin,
100U/ml penicillin, and 100mg/ml streptomycin (steroid depleted
medium). Next day, the cells were pretreated with either
antiestrogen ICI 182,780 or solvent (DMSO) in fresh steroid
depleted medium. Then, the cells were exposed to wedelolactone,
17b-estradiol or DMSO as a solvent for three days. Cells were

counted daily using Casy1RT cell counter (Roche-Innovatis, Basel,
Switzerland). To determine EC50 values, MCF-7 and T47D cells
were exposed to various concentrations of wedelolactone for three
days and counted. EC50 values were calculated using GraphPad
PRISM 6 software (GraphPad-San Diego, CA, USA).

2.4. Determination of ER and AP-1 activities by the luciferase reporter
assay

To test transactivation rates of ER and AP-1, 5�105 cells were
seeded in 2ml of regular growth medium in 6-well plates and
cultured for 24h. Transfection was performed using 8ml of the
Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA) with a
mixture containing 1mg of reporter plasmid (ERE-luc or p3TP-lux)
and 1mg of CMVbgal reference plasmid. Six hours later, the
medium was replaced with the steroid-depleted medium with/
without 100nM ICI 182,780 for 4h. Then, 10nM wedelolactone,
10nM17b-estradiol or DMSOwere added. Cellswere incubated for
24h, harvested and processed for luciferase and b-galactosidase
assays as described elsewhere [22]. The luciferase activity of each
sample was normalized for transfection efficiency according to the
b-galactosidase activity.

2.5. Immunoblotting

Cells were seeded at the density 5�105 cells/well in growth
medium in 6-well plates. Next day, the cells werewashed with PBS
and exposed to 100nM ICI 182,780 or solvent in steroid depleted
medium for 4h. Then, the cells were treated with 10nM
wedelolactone, 10nM 17b-estradiol or DMSO for 30min (analysis
of rapid non-genomic ER signalling) or 24h (analysis of genomic ER
signalling). Cells were harvested and lysed by boiling in a buffer
containing 0.1M Tris (pH 6.8),16% v/v glycerol, 3.2%w/v SDS,10% v/
vb-mercaptoethanol, and 0.005%w/v bromophenol blue for 5min.
Cell lysates were subjected to SDS–PAGE and immunoblotted.
Sample loading was normalized according to the protein
concentration determined by DC protein assay (Biorad, Hercules,
CA). Blots were probed with anti-p-c-Jun (Ser 73), anti-c-Jun
(6OA8, Cell Signalling Technology, Inc., Beverly, MA), anti-cyclin
D1, anti-c-Myc, anti-ERK 1 (sc-246, sc-42 and sc-93, Santa Cruz
Biotechnology Inc., Heidelberg, Germany), anti-cathepsin D
(610801, BD Transduction Laboratories, San José, CA), or anti-p-
p44/42 MAPK (ERK1/2) (Thr202/Tyr204) (4370, Cell Signalling
Technology, Inc., Beverly, MA) antibodies. To control for sample
loading, blots were probed with a a-tubulin specific antibody
(T9026, Sigma, St. Louis, MI). The blots were then probed with
secondary antibodies conjugatedwith peroxidase (Sigma, St. Louis,
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Fig. 1. Chemical structures of coumestans, 17b-estradiol and genistein.
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