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Pomegranate extract demonstrate a selective estrogen receptor modulator profile in
human tumor cell lines and in vivo models of estrogen deprivation
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Abstract

Selective estrogen receptor modulators (SERMs) are estrogen receptor (ER) ligands exhibiting tissue-specific agonistic or antagonistic biocharacter and are
used in the hormonal therapy for estrogen-dependent breast cancers. Pomegranate fruit has been shown to exert antiproliferative effects on human breast
cancer cells in vitro. In this study, we investigated the tissue-specific estrogenic/antiestrogenic activity of methanol extract of pericarp of pomegranate (PME).
PME was evaluated for antiproliferative activity at 20–320 μg/ml on human breast (MCF-7, MDA MB-231) endometrial (HEC-1A), cervical (SiHa, HeLa), ovarian
(SKOV3) carcinoma and normal breast fibroblast (MCF-10A) cells. Competitive radioactive binding studies were carried out to ascertain whether PME interacts
with ER. The reporter gene assay measured the estrogenic/antiestrogenic activity of PME in MCF-7 and MDA MB-231 cells transiently transfected with plasmids
coding estrogen response elements with a reporter gene (pG5-ERE-luc) and wild-type ERα (hEG0-ER). PME inhibited the binding of [3H] estradiol to ER and
suppressed the growth and proliferation of ER-positive breast cancer cells. PME binds ER and down-regulated the transcription of estrogen-responsive reporter
gene transfected into breast cancer cells. The expressions of selected estrogen-responsive genes were down-regulated by PME. Unlike 17β−estradiol [1 mg/kg
body weight (BW)] and tamoxifen (10 mg/kg BW), PME (50 and 100 mg/kg BW) did not increase the uterine weight and proliferation in ovariectomized mice
and its cardioprotective effects were comparable to that of 17β-estradiol. In conclusion, our findings suggest that PME displays a SERM profile and may have the
potential for prevention of estrogen-dependent breast cancers with beneficial effects in other hormone-dependent tissues.
© 2012 Elsevier Inc. All rights reserved.
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1. Introduction

Pomegranate (Punica granatum, Punicaceae) is a native to Medi-
terranean region and has been used extensively in the folk medicine
of many cultures [1]. Pomegranate fruit is a rich source of poly-
phenolic compounds like anthocyanidins (delphinidin, cyanidine and
pelargonidin) and hydrolysable tannins (such as punicalgin, pedun-
culgin, punicalin, gallagic, ellagic acid esters of glucose), which
account for 92% of antioxidant activity of whole fruit [2]. Various parts
of the pomegranate fruit have been shown to exert antiproliferative,
antiangiogenic, antiaromatase and proapoptotic effects on human
breast cancer cell lines and chemopreventive properties in mouse
mammary organ culture [3–5]. Previous studies have proved the high
antioxidant activities of the methanol extract of pomegranate peel in
various in vitro and in vivo models [6,7].

Estrogen is a pleiotropic hormone with multiple actions in repro-
ductive tissues (such as breast, uterus and ovary) and in many non-
reproductive tissues including bone, the central nervous system and
the cardiovascular system [8]. Estrogen is implicated in the develop-
ment of breast cancer, based on the data from both clinical and animal
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studies; risk factors associated with breast cancer reflect cumula-
tive exposure of the breast epithelium to estrogen [9–11]. The best
strategy for prevention and treatment of estrogen-dependent breast
cancer is to selectively block estrogen activity in the affected tissues
without compromising its beneficial effects [12]. Unfortunately, the
currently available antiestrogen such as tamoxifen (TAM) used in the
treatment of estrogen receptor [ER]-positive breast cancer carries side
effects and agonism in the uterine endometrium, leading to a ques-
tionable connection to endometrial carcinoma [13–15].

Estrogen exerts its effects in target tissues by interacting with two
different members of the nuclear receptor super family of hormone-
regulated transcription factors, named ERα and ERβ [16–18]. After
the binding of hormone to these receptors, the hormone–receptor
complexes bind to specific sequences on the DNA [estrogen response
elements (EREs)] or interact with other transcription factors without
direct ERα or ERβ binding to DNA (i.e., at activator protein 1, Sp1 and
other sites) [19–21]. In both cases, liganded ERs recruit coregulator
proteins and components of the transcriptional machinery to regulate
the transcription of target genes [22–24].

Selective estrogen receptormodulators (SERMs) bind ER and exert
estrogen agonist action in some target tissues while acting as estro-
gen antagonists in others [12]. SERMs may be possibly considered
therapeutically for the inhibition of proliferation of breast ductal
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epithelium with maintenance of bone density and reduction in
cholesterol levels without uterine endometrial proliferation [25,26].
The genes regulated by SERMs with ERα are distinct from those
regulated by ERβ [27]. This shows that drugs targeted selectively to
ERα or ERβ will produce more selective clinical effects. Since ERα
promotes proliferation of breast cancer cells and ERβ acts as tumor
suppressor, we hypothesize that ERα-selective antagonists might be
effective in the prevention and treatment of estrogen-dependent
breast cancer [28].

In this study, themethanol extract of pomegranate pericarp (PME)
was analyzed for its possible SERM like property using human breast
(MCF-7, MDA MB-231), endometrial (HEC-1A), cervical (SiHa, HeLa),
ovarian (SKOV3) cancer cell lines, normal breast fibroblasts (MCF-
10A) and in vivo models (ovariectomized Swiss albino mice) using
biochemical markers of SERM activity. Our findings demonstrate
that PME binds to ER and down-regulates the ERE-mediated tran-
scription in breast cancer cells without being agonistic in the uterine
endometrium and has cardioprotective effects comparable to that of
17β-estradiol.

2. Materials and methods

2.1. Cell and culture

MCF-7, MDA MB-231, HEC-1A, SiHa, HeLa, SKOV3 and MCF-10A (nontumorigenic)
cell lines were obtained from American Type Culture Collection (Manassas, VA). MCF-7,
MDA-MB-231, SiHa, HeLa and SKOV3 cells were cultured in phenol red-free Dulbecco's
modified Eagles medium (DMEM) (Sigma-Aldrich, St. Louis, MO) supplemented with
10% heat-inactivated fetal bovine serum (FBS; Sigma-Aldrich), 100 U/ml benzyl
penicillin and 100 μg/ml streptomycin. HEC-1A was grown in Mc-Coys 5A modified
medium fromAmerican Type Culture Collection.MCF-10Awas grown inMEGMmedium
supplemented with MEGM Single Quots (Lonza Group, Switzerland). The culture was
maintained at 37°C in a humidified atmosphere of 5% CO2. Estrogen-depleted media
contained no PR and were supplemented with charcoal/dextran-treated FBS (FBS DCC,
Hyclone; Thermo Fisher Scientific, Switzerland).

2.2. Preparation of pomegranate peel extracts

Pomegranate (P. granatum) peels were manually removed, dried and powdered
to get 60 mesh sizes. The peel powder (10 g) was extracted with methanol (100 ml
each) in a Soxhlet apparatus for 20 h. The extract was concentrated using rotary
vacuum to get the solid mass. The yield obtained was 5% (w/v). The concentrate was
dissolved in dimethyl sulfoxide (Sigma-Aldrich), referred as PME and was used for
further experiments. Qualitative screening of PME was made to analyze the presence
of alkaloids, flavonoids, polyuronides, phenols, reducing compounds, saponins and
tannins [29,30]. Aluminum chloride colorimetric method was used for flavonoids
determination (in terms of quercetin equivalents) and total phenols (in terms of gallic
acid equivalents) were estimated by Folin-Ciocalteu reagent as described previously
[31]. Phytochemical investigation has revealed the presence of phenolics, flavonoids
and alkaloids in PME. The total phenols in terms of gallic acid equivalent (standard
curve equation: y=0.0648x+0.005, r2=.9921) was 363.97±11.19 mg/g in the extract
powder. The flavonoid content of the extracts in terms of quercetin equivalent
(standard curve equation: y=0.0096x+0.0114, r2=0.999) was 118.83±4.71 mg/g of
dry extract powder.

2.3. Cell viability assessment by 3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium
bromide assay

The 3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide) (MTT;
Sigma-Aldrich) assay was used to measure cell viability [32]. Briefly, cells were
plated at a density of 5000 cells/well in 96-flat-bottomed-well plates and treated with
20–320 μg/ml of PME, ICI 182–780 (100 nM; Sigma Aldrich) and 17β-estradiol (0 nM,
E2; Sigma Aldrich) with or without PME (80 μg/mL). After 48-h incubation, themedium
was replaced with MTT dissolved at a final concentration of 2 mg/ml in serum-free,
phenol red-free medium and incubated for 2 h at 37°C. Then, MTT-formazan was
solubilized in lysis buffer (20% sodium dodecyl sulfate in 50% dimethyl formamide),
and the optical density was measured spectrophotometrically at 570 nm. Cell survival
was expressed as percentage over the untreated control. Cell survival (CS) was cal-
culated as (OD drug exposed cells/mean OD control cells)×100.

2.4. BrdU incorporation assay

Cell proliferation was assayed using BrdU cell proliferation assay kit purchased
from Calbiochem (San Diego, CA). Cells were seeded in 96-well plate at a density
of 2×103 cells/well and incubated with 0, 20, 40, 80, 160 and 320 μg/ml of PME, ICI
(100 nM) and E2 (10 nM) with or without PME (80 μg/ml) for 48 h. BrdU (100 μM)
was added to each well 3 h before termination of the treatment, and the colorimetric
measurement was completed according to the kit manual. Each experimental point
was assayed in five different wells, and each study was carried out in triplicates.

2.5. Competitive ER binding assay (hydroxyapatite assay)

Hydroxyapatite (HAP) assay was carried out to confirm the competitive binding of
the extract to the ER [33]. Cytosol was prepared from MCF-7 cells grown in estrogen-
depleted medium, and the protein content was measured spectrophotometrically at
570 nm using Bradford reagent. About 40 μg of the total protein was incubated
overnight at 4°C with the varying concentration of PME (range 20–320 μg/ml) and 20
nM [3H] estradiol ±100-fold molar excess of E2. A 60% HAP suspension in TEM buffer
was added, and the mixture was incubated at 4°C for 15 min. The HAP-bound receptor
[3H] E2 complex was separated by centrifugation at 200×g for 15 min. After washing
twice with Tris buffer (10 mM), the HAP pellet was extracted with 1 ml absolute
ethanol. These extracts were added to 4 ml scintillation cocktail, and the radioactivity
was measured in Wallac 1409 liquid scintillation counter. Data were expressed as the
ratio of bound [3H] E2 in the presence of a competitor to the bound [3H] E2 in control
×100. IC50 value was calculated as the concentration of competitor required to reduce
the specific radioligand binding by 50%.

2.6. Transient transfection and reporter gene assays

For each transfection experiment at 105 cells were plated per well in 12-well dishes
in phenol red-free DMEM with 10% FBS DCC treated. After 24 h, MCF-7 and MDA-MB-
231 cells were transfected with 2.5 μg ER (pHEG0-ER) and 2.5 μg pG5-ERE-luc ex-
pression vectors with Lipofectamine 2000 (Invitrogen, Carlsbad, CA) according to the
manufacturer's instructions. After 24 h, cells were washed once with PBS, and 2 ml
phenol red-free DMEM with 10% FBS DCC treated was added, containing final con-
centrations of PME (80 μg/ml) or E2 (10 nM) or 4-hydroxy TAM (500 nM). Protein was
extracted 48 h later and firefly and Renilla luciferase activity were measured on a TD20/
20 luminometer (Turner Designs, Sunnyvale, CA) using a Dual Luciferase Assay kit
(Promega, Madison, WI) according to the manufacturer's instructions. Firefly luciferase
activity was normalized to Renilla luciferase expression. Expression vectors were kindly
provided by Dr. Paul Murugan (Molecular Imaging Program, Stanford University, Palo
Alto, CA) and Bert W. O'Malley (Baylor College of Medicine, Houston, TX).

2.7. Reverse Transcriptase PCR

MCF-7 cells were incubated with phenol red-free DMEM supplemented with 10%
charcoal-treated FBS for 48 h before using in the assay. After 48 h, test compounds
[PME (40, 80, 160 μg/ml), E2 (10 nM) and ICI (1 μM)] were added to this medium. After
incubating for 24 h, total RNA was purified, cDNA was synthesized and RT-PCR was
done according to the protocol that we previously described [34]. The primer pairs
were ERα forward 5′-CCACCAACCAGTGCACCATT-3′, ERα reverse 5′-GGTCTTTTCGTATC
CCACCTTTC-3′, pS2 forward 5′TTTGGAGCAGAGAGGA GGCAATGG3′, pS2 reverse 5′
TGGTATTAGGATAGAAGCACCAGGG3′, PR forward 5′-CGCGCTCTACCCTGCACTC-3′ and
PR reverse 5′-TGAATCCGGCCTCAGGTA GTT-3′. The transcripts were normalized with
GAPDH expression level.

2.8. Animals

The animal experiment protocol was approved by Institutional Animal Ethics
Committee, Rajiv Gandhi Centre for Biotechnology, India, and was performed in
accordance with guidelines of Committee for the Purpose of Control and Supervision on
Experiments on Animals (CPCSEA), India. Thirty female Swiss albino mice (8 weeks
old, 17–25 g) were randomized in treatment six groups of five animals each. Animals
were housed at 23°C±5°C and relative humidity 60%±5% with 12-h light–dark cycle.
Food (standard rodent pellet diet) and water was provided ad libitum. Four groups
were bilaterally ovariectomized while one group was subjected to sham operation.
Ovariectomy was performed under ketamine and xylazine anesthesia (80 mg/kg
BW+10 mg/kg BW, ip) [35]. Animals were housed individually for a week after the
surgery and later on in a group of five. Body weight of the animals was recorded daily.

2.9. Treatment and experiment design

Sham-operated (SH) and ovariectomized (OVX) control animals were adminis-
tered orally with 0.1% ethanol, which was used as vehicle. The other four OVX groups
were administered with E2 (1 mg/kg BW), PME (50 and 100 mg/kg BW) and TAM
(10 mg/kg BW). Doses of E2, TAM and PME were selected on the basis of doses used by
earlier researchers for the same activity and on the basis of LD50 value of polyphenols
[36–38]. Drug treatments were started 14 days after ovariectomy and continued for
7 days. At necropsy, on day 8, blood was collected from dorsal aorta under anesthesia.
After centrifugation, serum was harvested and kept at −20°C until analysis. Uterine
horns were dissected free of adhering fat and mesentery, and absolute weight of
uterine tissue was recorded and normalized with BW (relative weight of uterus, i.e.,
weight of uterus per 100 g of BW) of animals.
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2.10. Morphometric analyses

Sections of uterus were stained with hematoxylin and eosin and prepared for
light microscopy. The radius of the uterine endometrium (×10 objective) occupied by
the mucosa (luminal epithelium, glandular epithelium and lamina propria) and myo-
metrium, and the height of the luminal epithelium (×20 objective) were determined
using optical micrometry. Measurements were standardized using the image of a
stage micrometer at the same magnification. Four areas in each of three transverse
sections of uterus were analyzed per animal. For the parameter of epithelial cell height,
four measurements were made within four areas of the three transverse sections of
each uterus per animal.

2.11. Serum estradiol and other biochemical analysis

Blood samples were allowed to clot at 4°C for 2 h and then centrifuged at 2000×g
for 10 min. This serum was transferred to new tubes and was used for performing the
analysis. Serum E2 levels were determined by chemiluminescence immunoassay using
Bayer ADVIA Centaur (Siemens Medical Solutions Diagnostics). Serum lipid profile,
alkaline phosphatase (ALP), calcium and phosphorus were analyzed using Olympus
AU400 clinical chemistry analyzer (Olympus).

2.12. Statistical analysis

The experiments were performed in triplicates. All values were expressed as mean
±S.E., and Tukey's post hoc test was done to analyze significance of difference between
different groups using the Statistical Analysis Software Package (version 16.0; SPSS,
Chicago, IL). Values with P≤.05 were considered significant.
Fig. 1. Effect of PME on cell viability/proliferation. MCF-7, MDAMB-231 andMCF-10A cell lines
(10 nM) with or without PME (100 μg/ml) for 48 h, and the cell viability was determined by
A dose-dependent growth inhibition of MCF-7 cells was observed after treatment with PME.
control. (B) MCF-7 cells were treated with 0, 20, 40, 80, 160 and 320 μg/ml of PME, ICI 182–78
was determined by BrdU incorporation.
3. Results

3.1. Cell growth inhibition in ER-positive breast cancer cells

Our primary aim was to investigate whether PME imparts inhib-
itory effects in breast cancer cells. MCF-7 (ER-positive), MDA-MB-231
(ER-negative) and MCF-10A (nontumorigenic) cells were treated
with PME (20–320 μg/ml), ICI (100 nM) and E2 (10 nM)±PME
(100 μg/ml) for 48 h and the inhibitory and antiproliferative effects
were studied using MTT assay and BrdU cell proliferation assay. As
shown in Fig. 1A, PME treatment resulted in significant dose-
dependent inhibition of cell growth in MCF-7 cell lines but not in
MDA MB-231 and MCF-10A cell lines. PME also inhibited the E2-
induced proliferation in MCF-7 cell lines. PME decreased the incor-
poration of BrdU in MCF-7 cell lines proposing its antiproliferative
and potential antiestrogenic properties (Fig. 1B).
3.2. Inhibition of the binding of labeled E2 to ER

In an attempt to ascertain whether PME interacts with ER, com-
petitive binding studies were carried out. MCF-7 cytosolic lysate was
used as a source of ER. Displacement curves for E2 and PME are shown
were treated with 0, 20, 40, 80, 160 and 320 μg/ml of PME, ICI 182–780 (100 nM) and E2
MTT assay. The cell survival was expressed as percentage over the untreated control.

Results are mean values±S.E. of five replicates. ⁎Pb.05 when compared with untreated
0 (100 nM) and E2 (10 nM) with or without PME (100 μg/ml) for 48 h. Cell proliferation



Fig. 3. PME down-regulates the ER-mediated transcription via ERE. MCF-7 and MDA-
MB-231 cells transfected with ER (pHEG0-ER) and pG5 ERE-luc expression vectors
were incubated with PME (80 μg/ml), E2 (10 nM) or TAM (500 nM) and assayed for
luciferase activity. Results are shown as fold induction compared with control cells.
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in Fig. 2. PME (20–320 μg/ml) displaced specifically bound [3H] E2 in a
concentration-dependent manner with an IC50 value (the concentra-
tion of the extract required to reduce the specific radioligand binding
by 50%) of 171.31 μg/ml.

3.3. Down-regulation of the ER-mediated transcription via ERE

We examined the effect of PME on transcriptional activity of ERα
in MCF-7 (ER-positive) and MDA MB-231 (ER-negative) human
breast cancer cell lines. The cells were cotransfected with ERE con-
taining luciferase reporter plasmid and an ER expression plasmid.
ERα expression plasmid was provided to ensure a high level ex-
pression of ERα under all assay conditions. Fig. 3 demonstrates the
effect of control (absence of compounds), E2 (10 nM), PME (80 μg/ml)
and TAM (500 nM) on luciferase activity in MCF-7 and MDA MB- 231
cells transfected with ERE and ERα. E2 and TAMwere used as controls
for agonistic and antagonistic activity respectively. InMCF-7 andMDA
MB-231 cells transfected with ERα, incubation with E2 significantly
increased (Pb.05) the luciferase activity at a concentration of 10 nM
compared with control. Tamoxifen reduced the luciferase activity
significantly (Pb.05) at a concentration of 500 nM. PME decreased the
basal luciferase activity at a concentration of 80 μg/ml in MCF-7 cells
and MDA MB-231 cells transfected with ERα. The basal luciferase
activity was not altered by any of the treatments in MDAMB-231 cells
without ER transfection.

3.4. Down-regulation of estrogen responsive genes by PME

The effect of PME on ERα, pS2 and PR gene expression was studied
as a model for endogenous estrogen responsive gene expressed by
MCF-7 cells. E2 and ICI were used as agonistic and antagonistic con-
trols respectively. MCF-7 cells were incubated with PME (40–160 μg/
ml) or E2 (10 nM) or ICI (1 μM) for 24 h and RT PCR was performed to
amplify the ERα, pS2 and PR messages using GAPDH as endogenous
control. As shown in Fig. 4, PME decreased the expression of ERα, pS2
and PR gene to levels approximately as great as those produced by
ICI. E2 up-regulated the expression of these genes except ERα PME
suppressed this estrogen-enhanced gene expression.

3.5. Cell growth inhibition in endometrial, cervical and ovarian
cancer cells

HEC-1A, SiHa, HeLa and SKOV3 cells were treated with PME
(20–320 μg/ml), ICI (100 nM) and E2 (10 nM)±PME (80 μg/ml) for
Fig. 2. PME inhibits the binding of labeled E2 to ER. Binding of 20 nM [3H] E2 to cytosolic ER in the
was calculated by subtracting nonspecific bound counts from total bound counts. All results
mean±S.E. from three separate experiments for each data point. ⁎Pb.05 when compared with
48 h, and the inhibitory effects were studied usingMTT assay. In Fig. 5,
the dose–response curve concerning the effect of PME on cell viabil-
ity of HEC-1A, HeLa and SKOV3 cells revealed that, at low con-
centrations, there was no stimulation above control and no inhibitory
effect on cell proliferation. However, PME showed a growth inhibitory
effect, statistically signifant in SiHa cells at very high concentrations
(320 μg/ml).
3.6. Uterotropic effect in the uterus of ovariectomized mice

The uterine wet weights and epithelial heights were the main
physiological endpoints utilized for the assessment of estrogenecity.
The positive control E2 increased absolute and normalized uterine
wet weight in OVX animals by approximately two times at a dose of
1 mg/kg BW compared with the vehicle-treated OVX control (Fig. 7;
Pb.05). The uterine weight did not differ significantly between the
groups that received PME (50 and 100 mg/kg BW) and the vehicle-
treated OVX control group, indicating the lack of estrogenecity of PME
on uterine endometrium in the doses tested in our study. Tamoxifen
produced positive uterotrophic effect at a dose of 10 mg/kg BW in
comparison to the OVX control (Fig. 7, Pb.05).The gross morphology
of uterus appeared normal in all the treatments, and E2 treatment
exhibited a substantial increase in the radius of uterine horns in
comparison with the SH control and OVX control mice (Figs. 6 and 7;
Pb.05). Based on histology, a proliferative response of the uterine
epithelium was observed in E2- and TAM-treated mice in comparison
to the SH control and OVX control mice. There was no evidence of
presence of varying concentrations (20–100 μg/mL) of PME. Specific bound radioligand
are shown as percentage of binding in the absence of competitor. Data presented as
untreated control.

image of Fig. 3
image of Fig. 2


Fig. 4. PME down-regulates pS2, PR and ERα gene expression in MCF-7 cells. MCF-7
cells were incubated with the PME (40, 80 and 160 μg/mL), E2 (10 nM) or ICI (1 μM) for
24 h [4].
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luminal epithelial proliferation in response to PME treatment in
comparison to the OVX control (Figs. 6 and 7).
3.7. Effect on serum lipid profile

The effect of PME, E2 and TAM on serum lipid profile is illustrated
in Table 1. Fourteen days after ovariectomy, a significant increase in
serum total cholesterol and triglyceride levels was observed in OVX
controls, compared with SH control (Pb.05). In OVXmice, E2 (1 mg/kg
BW) and PME (100 mg/kg BW) significantly decreased serum
cholesterol and triglyceride levels compared with both SH and OVX
controls (Table 1; Pb.05). Administration of 100 mg/kg BW PME and
1 mg/kg BW E2 reduced LDL cholesterol levels in OVX mice compared
with those of OVX controls (Table 1; Pb.05).
4. Discussion

Pomegranate fruit is very rich in constituents such as flavonoids,
polyphenols and phytoestrogens [1]. Many studies in vitro and in vivo
concerning pomegranate extracts and its individual constituent's
support that they are potent antioxidants and demonstrate antimeta-
static and antitumor activity [3–5]. The main concerns of food and
nutrition research, however, are the properties of plant extracts as
a whole, since these may form the basis for the development of
“functional foods.”
Fig. 5. Effect of PME on cell viability/proliferation. HEC 1A, HeLa, SiHa and SKOV3 cell lineswere t
with orwithout PME (100 μg/ml) for 48 h, and the cell viabilitywas determined byMTT assay. Th
growth inhibition of MCF-7 cells was observed after treatment with PME. Results are mean va
The objective of our study was to determine the SERM activity
of PME in breast and uterine cells and lipid metabolism. We used
in vitro assays to reflect the estrogenecity/antiestrogenecity of com-
pounds, i.e., cell viability assays, competitive binding studies, reporter
gene analysis as well as analysis of endogenous estrogen sensitive
markers [39–42]. In vivo assay for estrogenecity, i.e., rodent utero-
trophic assay, in ovariectomized mice models was used to check the
ability of PME to stimulate uterine growth [43–45]. Markers of lipid
metabolism were analyzed to study the beneficial effects of PME in
comparison to E2 and the chemopreventive agent for breast cancer
in use, TAM.

Estrogens stimulate the growth of breast cancer cells, whereas
antiestrogens arrest its growth [46]. To assess the growth promoting/
inhibitory effects of PME, we applied MTT cell viability assay. Since
the results depend on the number of cells present and on the mito-
chondrial activity per cell, it is a very useful assay for cell proliferation
and survival [39]. The measurement of cell proliferation or DNA
synthesis was done by determining the incorporation of BrdU into
cellular DNA. PME inhibited MCF-7 cellular proliferation in a way
similar to that of ICI. PME also inhibited E2-induced proliferation in
MCF-7 cells. The extract failed to elicit a significant inhibitory effect on
ER-negative tumorigenic as well as nontumorigenic cell lines, sug-
gesting a possible involvement of ER in the inhibitory role of PME.
This was further confirmed by competitive radioactive binding
studies, which showed that PME binds ER and inhibited the binding
of labeled E2 to ER in a dose-dependent manner.

The competitive binding assay measured the specific binding of the
PME to ER but provides little information on whether it activates or
inhibits the downstream signaling cascade. The reporter gene ex-
pression assay measures estrogenic activity through binding of ERα
in MCF-7/MDA MB-231 cells transiently transfected with a plasmid
coding EREs with a reporter gene (ERE-luc) and a plasmid coding
for ERα. E2 induced ERE expression via ERα, whereas PME down-
regulated the ERα-mediated transcription via ERE in both MCF-7 and
MDA MB-231 cells transiently transfected with ERα, suggesting its
antiestrogenic effect.

In this study, we have demonstrated that PME inhibited the E2-
dependent transcriptional activity of ERα in a dose-dependent
manner. This suppression was associated with an inhibition of
expression of ER target genes, PR and pS2. Progesterone plays an
important role in mammary gland physiopathology, and PR as well
as pS2 has been used as an indicator of breast cancer progression
reatedwith 0, 20, 40, 80, 160 and 320 μg/ml of PME, ICI 182–780 (100 nM) and E2 (10 nM)
e cell survival was expressed as percentage over the untreated control. A dose-dependent
lues±S.E. of five replicates. ⁎Pb.05 when compared with untreated control.

image of Fig. 5
image of Fig. 4


Fig. 6. Effect of the test compounds in uterine histology. Photomicrographs showing the uterine radius (×10) and luminal epithelium (×20) from mice exposed for 7 days to vehicle
(0.1% ethanol), E2 (1 mg/kg BW), PME (50 and 100 mg/kg BW) and TAM (10 mg/kg BW). Representative longitudinal sections stained with hematoxylin and eosin are shown.

Fig. 7. Body weight, uterine wet weight (expressed as absolute values and as percentage of BW), uterine radius and uterine luminal epithelial height, of SH control and OVX mice
exposed to 0.1% ethanol, E2 (1 mg/kg BW), PME (50 and 100mg/kg BW) and TAM (10mg/kg BW) for 7 days. Data expressed as mean±S.E. (n=5). ⁎Pb.05 vs. SH control, †Pb.05 vs. OVX
control, ‡Pb.05 vs. E2, §Pb.05 vs. TAM.
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Table 1
Effect of E2, PME and TAM on serum lipid profile of sham-operated and ovariectomized mice

SH control OVX control E2 PME 50 PME 100 TAM

Total cholesterol (mg/dl) 60.2±12.31 85.8±4.32a 63.2±8.64b 69±10.60 64.8±7.01b 67.8±10.84
HDL cholesterol (mg/dl) 34.8±8.89 30±3.16 37±3.74 32.4±3.78 30.8±1.92 34.6±5.31
LDL cholesterol (mg/dl) 16.8±3.70 22.2±1.92 11.6±1.67b 15.8±4.71 13.6±1.94b 14.2±0.84b

Triglycerides (mg/dl) 57±5.43 101±8.94a 75.4±7.3a 75±3.6b 73±4.47b 96.4±4.03

Serum lipid profile of SH control and OVX mice exposed to 0.1% ethanol, E2 (1 mg/kg BW), PME (50 and 100 mg/kg BW) and TAM (10 mg/kg BW) for 7 days.
Data expressed as mean±S.E. (n= 5).
HDL, high-density lipoprotein; LDL, low-density lipoprotein.

a Pb.05 vs. SH control.
b Pb.05 vs. OVX control.
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and a predictor for TAM resistance of breast tumors [47–50]. ERα
transcripts were also strongly reduced in cells incubated with PME.
These results clearly show that PME is a negative regulator of ERα
transcription signaling. Since ERα, and not ERβ, promotes prolifera-
tion of breast cancer cells, PME as an ERα antagonist could be a
promising alternative in breast cancer therapy [28].

Antiestrogen-based drug therapy in breast cancer chemopreven-
tion has been difficult because of the effect of the drugs to the uterine
endometrium [51]. A troublesome side effect of TAM in women has
been its hypertrophic effect on the uterus [52]. It is likewise an
estrogen agonist in the murine uterus. The uterine growth studies
reaffirms that TAM act as an estrogen agonist on the murine uterus,
even though it antagonizes the effect of estrogen on cancer of the
breast. PME, on the other hand, inhibited the proliferation of endo-
metrial, cervical and ovarian carcinoma cell lines and had no utero-
trophic effect whatsoever, even at a higher dose, suggesting that PME
will target breast cancer without causing estrogenic effects in the
uterine endometrium.

SERMs such as TAM and raloxifene are found to be cardioprotec-
tive [53,54]. The present study reveals that PME shares some actions
on lipid metabolism with other antiestrogens. OVX animals given
PME and E2 had a marked decrease in total cholesterol and trigly-
ceride levels compared with OVX controls. Both total cholesterol and
triglyceride levels were increased in OVX mice. These were atten-
uated considerably by treatment with PME and that was comparable
with that of E2 and TAM. This lipid lowering partially explains the
ER agonistic effects of PME on cardiovascular system in ovariecto-
mized mice models, which mimic estrogen deprivation in postmeno-
pausal women.

Our findings demonstrate that PME binds to ER, translocates the
ligand receptor complex to the nucleus and down-regulates the
ERE-mediated transcription in breast cancer cells without being
agonistic in the uterine endometrium and has cardioprotective effects
comparable to that of E2. In our experiments, we cannot attribute the
biological effects observed to particular constituents because many
other compounds are present in PME. Our data support that PME
show greater effect than TAM alone, implicating those combinations
of constituents present in PME may be highly important in the final
biological activity.

The findings provided evidence for SERM activity of P.granatum
pericarp and its possible potential application as a hormonal therapy
for estrogen-dependent breast cancers and as an alternative to hor-
mone replacement therapy. Further in vitro and in vivo studies and
characterization of the active components of PME will shed light on
its health-promoting effects and suitability in hormone-dependent
breast cancer therapeutics.

Acknowledgments

We are grateful to Dr. Paul Murugan (Molecular Imaging Program,
Stanford University, Palo Alto, CA) and Bert W. O'Malley (Baylor
College of Medicine, Houston, TX) for kindly providing expression
vectors. We also would like to thank Dr. S. Santhosh Kumar, Veteri-
nary Surgeon, Rajiv Gandhi Centre for Biotechnology for helping us
with the animal experiments. This study was supported by a grant
from Kerala State Council for Science and Technology (KSCTEC),
Government of Kerala, India. Ms. S. Sreeja was supported by Indian
Council of Medical Research (ICMR), Government of India (Senior
Research Fellowship).
References

[1] Longtin R. The pomegranate: nature's power fruit? J Natl Cancer Inst 2003;95:
346–8.

[2] Gil MI, Tomas-Barberan FA, Hess-Pierce B, Holcroft DM, Kader AA. Antioxidant
activity of pomegranate juice and its relationship with phenolic composition and
processing. J Agric Food Chem 2000;48:4581–9.

[3] Kim ND, Mehta R, Yu W, Neeman I, Livney T, Amichay A, et al. Chemopreventive
and adjuvant therapeutic potential of pomegranate (Punica granatum) for human
breast cancer. Breast Cancer Res Treat 2002;71:203–17.

[4] Toi M, Bando H, Ramachandran C, Melnick SJ, Imai A, Fife RS, et al. Preliminary
studies on the anti-angiogenic potential of pomegranate fractions in vitro and in
vivo. Angiogenesis 2003;6:121–8.

[5] Mehta R, Lansky EP. Breast cancer chemopreventive properties of pomegranate
(Punica granatum) fruit extracts in a mouse mammary organ culture. Eur J Cancer
Prev 2004;13:345–8.

[6] Singh RP, Chidambara Murthy KN, Jayaprakasha GK. Studies on the antioxidant
activity of pomegranate (Punica granatum) peel and seed extracts using in vitro
models. J Agric Food Chem 2002;50:81–6.

[7] Chidambara Murthy KN, Jayaprakasha GK, Singh RP. Studies on antioxidant
activity of pomegranate (Punica granatum) peel extract using in vivo models.
J Agric Food Chem 2002;50:4791–5.

[8] Stossi F, Barnett DH, Frasor J, Komm B, Lyttle CR. Katzenellenbo-Bogen, B.S.
Transcriptional profiling of estrogen-regulated gene expression via estrogen
receptor (ER) alpha or ER beta in human osteosarcoma cells: distinct and common
target genes for these receptors. Endocrinology 2004;145:3473–86.

[9] Deroo BJ, Korach KS. Estrogen receptors and human disease. J Clin Invest 2006;
116:561–70.

[10] Henderson BE, Feigelson HS. Hormonal carcinogenesis. Carcinogenesis 2000;21:
427–33.

[11] Jensen EV, Jacobson HI, Walf AA, Frye CA. Estrogen action: a historic perspective
on the implications of considering alternative approaches. Physiol Behav 2010;99:
151–62.

[12] Shang Y, Brown M. Molecular determinants for the tissue specificity of SERMs.
Science 2002;295:2465–8.

[13] Yao K, Jordan VC. Questions about tamoxifen and the future use of antiestrogens.
Oncologist 1998;3:104–10.

[14] Fisher B, Dignam J, Bryant J, DeCillis A, Wickerham DL, Wolmark N, et al. Five
versus more than five years of tamoxifen therapy for breast cancer patients with
negative lymph nodes and estrogen receptor-positive tumors. J Natl Cancer Inst
1996;88:1529–42.

[15] Cortesi L, De Matteis E, Rashid I, Cirilli C, Proietto M, Rivasi F, et al. Distribution of
second primary malignancies suggests a bidirectional effect between breast and
endometrial cancer: a population-based study. Int J Gynecol Cancer 2009;19:
1358–63.

[16] Katzennenbogen BS, Montano MM, Ediger TR, Sun J, Ekena K, Lazennec G, et al.
Estrogen receptors: selective ligands, partners, and distinctive pharmacology.
Recent Prog Horm Res 2000;55:163–95.

[17] Pettersson K, Gustafsson JA. Role of estrogen receptor α in estrogen action. Annu
Rev Physiol 2001;63:165–92.

[18] McDonnell DP, Norris JD. Connections and regulation of the human estrogen
receptor. Science 2002;296:1642–4.

[19] Klinge CM. Estrogen receptor interaction with estrogen response elements.
Nucleic acids research 2001;29:2905–19.

[20] Kushner PJ, Agard DA, Greene GL, Scanlan TS, Shiau AK, Uht RM, et al. Estrogen
receptor pathways to AP-1. J Steroid Biochem Mol Biol 2000;74:311–7.



732 S. Sreeja et al. / Journal of Nutritional Biochemistry 23 (2012) 725–732
[21] Safe S. Transcriptional activation of genes by 17 beta-estradiol through estrogen
receptor–Sp1 interactions. Vitam Horm 2001;62:231–52.

[22] Hall JM, Couse JF, Korach KS. The multifaceted mechanisms of estradiol and
estrogen receptor signaling. J Biol Chem 2001;276:36869–72.

[23] Shang Y, Hu X, DiRenzo J, Lazar MA, Brown M. Cofactor dynamics and sufficiency
in estrogen receptor-regulated transcription. Cell 2000;103:843–52.

[24] McKenna NJ, O'Malley BW. Combinatorial control of gene expression by nuclear
receptors and coregulators. Cell 2002;108:465–74.

[25] Osborne CK, Zhao H, Fuqua SA. Selective estrogen receptor modulators: structure,
function, and clinical use. J Clin Oncol 2000;18:3172–86.

[26] McCarthy TL, Clough ME, Gundberg CM. Expression of an estrogen receptor
agonist in differentiating osteoblast cultures. Proc Natl Acad Sci U S A 2008;105:
7022–7.

[27] Hewitt SC, Harrell JC, Korach KS. Lessons in estrogen biology from knockout
and transgenic animals. Annu Rev Physiol 2005;67:285–308.

[28] Cvoro A, Tzagarakis-Foster C, Tatomer D, Paruthiyil S, FoxMS, Leitman DC. Distinct
roles of unliganded and liganded estrogen receptors in transcriptional repression.
Mol Cell 2006;21:555–64.

[29] Canel JP. Natural products isolation. Methods in Biotechnology 1998;4:220–2.
[30] Karumi Y, Onnyeyili PA, Ogugbuaja VO. Identification of active principles of

M. balsamia (balsam apple) leaf extract. J Med Sci 2004;4:179–82.
[31] Chang C, Yang M, Wen H, Chern J. Estimation of total flavonoids content in

propolis by two complementary colorimetric methods. J Food Drug Analysis
2002;10:178–82.

[32] Haridas V, Darnay BG, Natarajan K, Heller R, Aggarwal BB. Overexpression of the
p80 TNF receptor leads to TNF-dependent apoptosis, nuclear factor-kappa B
activation, and c-Jun kinase activation. J Immunol 1998;160:3152–62.

[33] Clark JH, Hardin JW,McCormack SA. Mechanism of action of estrogen agonists and
antagonists. J Anim Sci 1979;49(Suppl 2):46–65.

[34] Sreeja S, Sreeja S. An in vitro study on antiproliferative and antiestrogenic effects
of Boerhaavia diffusa L. extracts. J Ethnopharmacol 2009;126(2):221–5.

[35] Wanforth HB, Flecknell PA. Specific surgical operations. Experimental and surgical
technique in the rat. 2nd ed. New York: Academic Press; 1992. pp. 203–312.

[36] Petanceska SS, Nagy V, Frail D, Gandy S. Ovariectomy and 17beta-estradiol
modulate the levels of Alzheimer's amyloid beta peptides in brain. Exp Gerontol
2000;35:1317–25.

[37] Carthew P, Edwards RE, Nolan BM, Tucker MJ, Smith LL. Compartmentalized
uterotrophic effects of tamoxifen, toremifene, and estradiol in the ovariectomized
Wistar (Han) rat. Toxicol Sci 1999;48:197–205.

[38] Lamar AS, Fonseca G, Fuentes JL, Cozzi R, Cundari E, Mario F, et al. Assessment
of the genotoxic risk of Punica granatum L. (Punicaceae) whole fruit extracts.
J Ethnopharmacol 2008;115:416–22.

[39] Denizot F, Lang R. Rapid colorimetric assay for cell growth and survival. Modi-
fications to the tetrazolium dye procedure giving improved sensitivity and reli-
ability. J Immunol Methods 1986;89:271–7.
[40] Kassi E, Papoutsi Z, Fokialakis N, Messari I, Mitakou S, Moutsatsou P. Greek plant
extracts exhibit selective estrogen receptor modulator (SERM)-like properties.
J Agric Food Chem 2004;52:6956–61.

[41] Papoutsi Z, Kassi E, Fokialakis N, Mitakou S, Lambrinidis G, Mikros E, et al.
Deoxybenzoins are novel potent selective estrogen receptor modulators. Steroids
2007;72:693–704.

[42] Papoutsi Z, Kassi E, Papaevangeliou D, Pratsinis H, Zoumpourlis V, Halabalaki M,
et al. Plant 2-arylobenzofurans demonstrate a selective estrogen receptor modu-
lator profile. Steroids 2004;69:727–34.

[43] Markey CM, Michaelson CL, Veson EC, Sonnenschein C, Soto AM. The mouse
uterotrophic assay: a re-evaluation of its validity in assessing the estrogenicity
of bisphenol A. Environ Health Perspect 2001;109:55–60.

[44] Makela S, Savolainen H, Aavik E, Myllarniemi M, Strauss L, Taskinen E, et al.
Differentiation between vasculoprotective and uterotrophic effects of ligands
with different binding affinities to estrogen receptors alpha and beta. Proc Natl
Acad Sci U S A 1999;96:7077–82.

[45] Clode SA. Assessment of in vivo assays for endocrine disruption. Best Pract Res
Clin Endocrinol Metab 2006;20:35–43.

[46] Pratt SE, Pollak MN. Estrogen and antiestrogen modulation of MCF-7 human
breast cancer cell proliferation is associated with specific alterations in accumu-
lation of insulin-like growth factor binding proteins in conditioned media. Cancer
Res 1993;53:5193–8.

[47] Brown AM, Jeltsch JM, Roberts M, Chambon P. Activation of pS2 gene transcription
is a primary response to estrogen in the human breast cancer cell line MCF-7. Proc
Natl Acad Sci U S A 1984;81:6344–8.

[48] Yao Y, Zhou Q. A novel antiestrogen agent Shikonin inhibits estrogen-dependent
gene transcription in human breast cancer cells. Breast Cancer Res Treat 2010;
121:233–40.

[49] Johnston SR, Saccani-Jotti G, Smith IE, Salter J, Newby J, Coppen M, et al. Changes
in estrogen receptor, progesterone receptor, and pS2 expression in tamoxifen-
resistant human breast cancer. Cancer Res 1995;55:3331–8.

[50] Masiakowski P, Breathnach R, Bloch J, Gannon F, Krust A, Chambon P. Cloning of
cDNA sequences of hormone-regulated genes from the MCF-7 human breast
cancer cell line. Nucleic Acids Res 1982;10:7895–903.

[51] Ismail SM. Endometrial changes during tamoxifen treatment. Lancet 1998;
351:838.

[52] Assikis VJ, Jordan VC. Gynecologic effects of tamoxifen and the association with
endometrial carcinoma. Int J Gynaecol Obstet 1995;49:241–57.

[53] Rutqvist LE, Mattsson A. Cardiac and thromboembolic morbidity among
postmenopausal women with early-stage breast cancer in a randomized trial of
adjuvant tamoxifen. The Stockholm Breast Cancer Study Group. J Natl Cancer Inst
1993;85:1398–406.

[54] Walsh BW, Kuller LH, Wild RA, Paul S, Farmer M, Lawrence JB, et al. Effects of
raloxifene on serum lipids and coagulation factors in healthy postmenopausal
women. JAMA 1998;279:1445–51.


	Pomegranate extract demonstrate a selective estrogen receptor modulator profile in human tumor cell lines and in vivo model...
	Introduction
	Materials and methods
	Cell and culture
	Preparation of pomegranate peel extracts
	Cell viability assessment by 3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide assay
	BrdU incorporation assay
	Competitive ER binding assay (hydroxyapatite assay)
	Transient transfection and reporter gene assays
	Reverse Transcriptase PCR
	Animals
	Treatment and experiment design
	Morphometric analyses
	Serum estradiol and other biochemical analysis
	Statistical analysis

	Results
	Cell growth inhibition in ER-positive breast cancer cells
	Inhibition of the binding of labeled E2 to ER
	Down-regulation of the ER-mediated transcription via ERE
	Down-regulation of estrogen responsive genes by PME
	Cell growth inhibition in endometrial, cervical and ovarian �cancer cells
	Uterotropic effect in the uterus of ovariectomized mice
	Effect on serum lipid profile

	Discussion
	Acknowledgments
	References


