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Abstract
Objective—To test if estrogen promotes carcinogenesis in vitro and in a genetic mouse model of
ovarian cancer and whether its effects can be inhibited by a novel selective estrogen receptor
modulator (SERM), bazedoxifene.

Methods—Bazedoxifene was synthesized and it was confirmed that the drug abrogated the
uterine stimulatory effect of 17β-estradiol in mice. To determine if hormones alter tumorigenesis
in vivo LSL-K-rasG12D/+PtenloxP/loxP mice were treated with vehicle control, 17β-estradiol or
bazedoxifene. Hormone receptor status of a cell line established from LSL-K-
rasG12D/+PtenloxP/loxP mouse ovarian tumors was characterized using western blotting and
immunohistochemistry. The cell line was treated with hormones and invasion assays were
performed using Boyden chambers and proliferation was assessed using MTT assays.

Results—In vitro 17β-estradiol increased both the invasion and proliferation of ovarian cancer
cells and bazedoxifene reversed these effects. However, in the genetic mouse model neither
treatment with 17β-estradiol nor bazedoxifene changed mean tumor burden when compared to
treatment with placebo. The mice in all treatment groups had similar tumor incidence, metastatic
nodules and ascites.

Conclusion—While 17β-estradiol increases the invasion and proliferation of ovarian cancer
cells, these effects do not translate into increased tumor burden in a genetic mouse model of
endometrioid ovarian cancer. Likewise, while the SERM reversed the detrimental effects of
estrogen in vitro, there was no change in tumor burden in mice treated with bazedoxifene. These
findings demonstrate the complex interplay between hormones and ovarian carcinogenesis.
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Introduction
In an attempt to reduce the high mortality from ovarian cancer, considerable effort has been
invested in improving screening for the early detection of the disease. Unfortunately,
screening strategies such as cancer antigen 125 (CA-125) and transvaginal ultrasound have
not been shown to decrease ovarian cancer (OvCa) mortality [1]. Ovarian cancer continues
to be the most fatal gynecologic cancer, with an estimated 5-year survival of only 50% [2].
Epithelial OvCa is thought to arise either from the ovarian surface epithelium or the fimbrial
epithelium of the fallopian tube [3, 4], both environments that may be uniquely susceptible
to the effects of sex-steroid hormones. In fact, there is robust epidemiologic evidence that
use of oral contraception reduces the risk of OvCa by up to 29% after five years of use [5].
In contrast to the protection conveyed by oral contraceptives, epidemiologic studies indicate
that use of postmenopausal hormonal therapy increases the risk of OvCa [6-11]. This risk
appears to be attributable to the estrogen component, since use of estrogen only hormonal
therapy triples the risk of OvCa, while there is no elevated risk among users of estrogen plus
progestin hormonal therapy [11]. In vitro data also suggests that estrogen promotes ovarian
carcinogenesis. 17β-estradiol increases growth of several OvCa cell lines [12] and enhances
OvCa cell migration and invasion [13-15]. There are limited in vivo studies of estrogen and
ovarian carcinogenesis, but there have been reports of increased tumor growth [13, 16] and
decreased survival in mice treated with 17β-estradiol [17].

Given the detrimental effects of estrogen in OvCa, it is plausible that drugs that act as
antagonists at the estrogen receptor could protect against OvCa. Selective estrogen receptor
modulators (SERMs) may prove to be promising drugs in this arena. For example, clinical
trials have shown that tamoxifen has a small but favorable effect on recurrent ovarian cancer
[18, 19]. Bazedoxifene is a third generation SERM that is known to have an estrogen agonist
effect on bone and lipid metabolism, but is an estrogen antagonist in the breast and
endometrium [20]. Bazedoxifene is being developed for prevention and treatment of
postmenopausal osteoporosis and has undergone phase III clinical trials for this indication.
One study has shown that bazedoxifene antagonizes estrogen mediated increases in breast
cancer cell proliferation and gene expression [21]. However, it is unknown whether or not
bazedoxifene will counteract the detrimental effects of estrogen in OvCa.

Given the limitations of both early detection and the treatment of advanced disease, it is
important to develop strategies for OvCa prevention. Towards this end understanding the
effects of hormones on ovarian carcinogenesis may provide insights into preventive
approaches. Both epidemiologic and in vitro studies have demonstrated a detrimental effect
of estrogen in OvCa, indicating that the hormonal milieu may play an important role in
carcinogenesis. However, there have been few in vivo studies exploring the effects of
estrogen or SERMs on ovarian carcinogenesis. Recent evidence indicates that
chemopreventive approaches are not isolated to inhibition of tumor initiation, but also that
slowing the progression of low-volume, clinically undetectable disease may be equally
important [22]. In this study to further understand the role of reproductive hormones in
OvCa prevention, we tested if estrogen increased tumor burden in a genetic mouse model of
OvCa. In addition, we asked how estrogen increased tumor burden and whether a novel third
generation SERM, bazedoxifene, decreased tumor burden.
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Materials and methods
Synthesis of Bazedoxifene

Bazedoxifene was synthesized as previously described [23] following the steps outlined in
(Supplemental Fig 1). All chemicals were obtained from Sigma Aldrich and used as
received. 1H NMR spectra were recorded on a Bruker Biospin 400MHz spectrometer. Mass
spectra were obtained with an Agilent 1100 LC/MSD SL quadruple mass spectrometer
equipped with an APCI ionization source. 1H NMR and LC/MSD readings were obtained
following each synthesis step (data available upon request). Briefly, 4′-benzyloxy-2-
bromopropiophenone (2) was synthesized by dissolving 4′-benzyloxy-propiophenone in
dichloromethane (DCM), to which Br2 was added. 4′-benzyloxy-2-bromopropiophenone (2)
and 4-benzyloxyaniline hydrochloride were then dissolved in DMF to synthesize 2-
Phenyl-3-methyl-1H-indole (3). To synthesize 2-[4-(Hydroxymethyl)phenoxy]acetic acid
ethyl ester (5) 4-(hydroxymethyl)phenol in DMF, ethyl iodoacetate and K2CO3 were mixed.
2-[4-(Hydroxymethyl)phenoxy]acetic acid ethyl ester (5) and triethylamine were then
dissolved in DCM and methanesulfonyl chloride to form 2-[4-
(Chloromethyl)phenoxy]acetic acid ethyl ester (6). 2-Phenyl-3-methyl-1H-indole (3)
dissolved in DMF was added to 2-[4-(Chloromethyl)phenoxy]acetic acid ethyl ester (6)
forming {4-[5-Benzyloxy-2-(4-benzyloxy-phenyl)-3-methyl-indol-1-ylmethyl]-phenoxy}-
acetic acid ethyl ester (7). This was then dissolved in THF to synthesize 2-{4-[5-
Benzylxoy-2- (4-benzyloxy-phenyl)-3-methyl-indol-1-ylmethyl]-phenoxy}-ethanol (8).
Benzylxoy-2-(4-benzyloxy-phenyl)-3-methyl-indol-1-ylmethyl]-phenoxy}-ethanol (8) was
dissolved in THF, CBr4 and PPh3 were added to form 5-Benzylxoy-2-(4-benzyloxy-
phenyl)-1-[4-(2-bromo- ethoxy)-benzyl]-3-methyl-1H-indol (9). To form 5-Benzylxoy-2-
phenyl-3-methyl-1-[4-(2-azepan-1-yl-ethoxy)-benzyl]-1H-indol; 5-Benzylxoy-2-(4-
benzyloxy-phenyl)-1-[4-(2-bromo-ethoxy)-benzyl]-3-methyl-1H-indol (9) was dissolved in
THF and hexamethylenimine was added. As a final step, 2-(4-hydroxy-phenyl)-3-methyl-1-
[4-(2-Azepan-1-yl-ethoxy)-benzyl]- 1H-indol-5-ol (10) was synthesized by dispersing 10%
Pd/C in ethyl acetate, adding 5-Benzylxoy-2-phenyl-3-methyl-1-[4-(2-azepan-1-yl-ethoxy)-
benzyl]-1H-indol in THF/EtOH and stirring under H2 atmosphere overnight.

Animals
LSL-K-rasG12D/+PtenloxP/loxP mice were obtained from the Massachusetts Institute of
Technology, Boston, MA [24]. After weaning, the genotypes of the female mice were
determined by PCR. Virgin female mice were housed in a modified barrier facility with ad
libitum access to food and water. A temperature of 25°C and light cycle of 12 hours on/off
was maintained. Compounds were prepared in a vehicle of 2% ethanol, 10% Cremophor EL
(Sigma-Aldrich), and 88% 1x PBS at defined concentrations, so that the treatment volume
was 0.01ml/g body weight. At 5 weeks of age mice were treated 6 days per week with
subcutaneous 17β-estradiol (5μg/kg/day), bazedoxifene (5 mg/kg/day), or vehicle. These
hormone doses were based on previously published reports both by ourselves and others [25,
26]. The mice were treated for 6 weeks before OvCa was initiated and treatment was
continued until the end of the study. OvCa was initiated by intrabursal injection of AdCre
virus obtained from the University of Iowa Gene Transfer Vector Core. For the injection
mice were sedated, the right ovary was exposed and the ovarian bursa injected with AdCre
(2.5 × 107 plaque-forming units [p.f.u]). The left ovary was not injected and served as an
internal control. Mice were sacrificed 9 weeks after the injection of the virus. At the time of
sacrifice the primary tumor was excised, weighed, measured and the number of metastatic
nodules and volume of ascites were recorded. All tissue was fixed in 10% formalin,
embedded in paraffin, and stained with hematoxylin and eosin (H&E). All animal
procedures were approved by the Institutional Animal Care and Use Committee of the
University of Chicago.
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Uterotrophic Assay
A standard uterotrophic assay was completed as previously described [27]. Briefly, 18 to 21
day old mice were treated daily for 4 days with vehicle control (n=6), 17β-estradiol (10 μg/
kg/day, n=9), bazedoxifene (5 mg/kg/day, n=8) or both hormones (n=9). Twenty-four hours
after the final treatment the mice were sacrificed and the uterus was weighed and expressed
as percent of total body weight.

Reagents and cell lines
The K-ras/Pten mouse OvCa cell line was established by us from ovarian tumors produced
by the genetic model as previously reported by our lab [28]. For all in vitro assays the K-ras/
Pten mouse OvCa cell line was treated with 17β-estradiol (1×10−8 M), bazedoxifene
(1×10−9 M) or vehicle control (0.5% ETOH). The IOSE 7576 cell line was kindly shared by
Dr. Nelly Auersperg (University of British Columbia, Canada). The ERα (MC-20) antibody
was from Santa Cruz Biotechnology Inc. (Santa Cruz, CA) and the ERβ antibody was from
BioGenex Laboratories Inc. (San Ramon, CA). The antibodies detecting phosphorylated
AKT, total and phosphorylated ERK and STAT3 were from Cell Signaling Technologies
(Berverly, MA). The β-actin antibody and 17β-estradiol were obtained from Sigma-Aldrich
(St Louis, MO).

Genotyping for the K-Ras lox-stop-lox cassette and Pten
DNA was extracted from paraffin embedded tumor samples and from K-ras/Pten cells using
a DNA extraction kit (Dneasy Tissue Kit; Qiagen, Hilden, Germany) and genotyped for the
K-Ras lox-stop-lox cassette. Primer sequences are available upon request. DNA extracted
from a tail of a LSL-K-rasG12D/+PtenloxP/loxP mouse was used as positive control and
nuclease free water as negative control.

Quantitative Real-Time RT-PCR
The K-ras/Pten mouse OvCa cells were cultured in phenol red-free media with charcoal
stripped FBS. RNA was extracted using TRIzol (Invitrogen, Carlsbad, CA) and was
transcribed into cDNA using high capacity cDNA kit (Applied Biosystems). Quantitative
real-time RT-PCR was performed using the Applied Biosystems 7500 Real Time PCR
system (Applied Biosystems, Forest City, CA) with TaqMan gene expression assays for
ESR1 (Mm01191130_m1) and mouse GAPDH as internal control (Applied Biosystems,
Forest City, CA). Relative levels of mRNA expression were calculated using the 2−ΔΔCT

method [29]. The cDNA was also subjected to PCR using the mouse estrogen and
progesterone receptor primers as previously described [13]. Amplified PCR products were
analyzed by electrophoresis on 1% agarose gel with Tris-borate-EDTA buffer.

Western Blot Analysis
Cells were serum starved in phenol red free media for 24 hours and treated with 17β-
estradiol, Bazedoxifene or vehicle control. The cells were then lysed in ice-cold
radioimmunoprecipitation assay buffer. An equal amount (30μg) of cell extract was
separated by 4-20% SDS-PAGE, transferred to a nitrocellulose membrane and blocked with
5% nonfat milk or bovine serum albumin. The membrane was incubated with respective
antibodies overnight at 4°C. The blots were incubated with horseradish peroxidase-
conjugated secondary antibody and visualized with enhanced chemoluminescence reagents.

MTT Assay
Proliferation of K-ras/Pten mouse OvCa cells was measured using an MTT assay as
previously described [30]. The cells were plated in quadruplicate into 96-well plates and
treated with vehicle control, 17β-estradiol and/or bazedoxifene. Treatment was continued for
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72 hours. Four hours before the desired time point, 20 μl of MTT solution (5mg/ml in PBS)
was added and followed by 200 μl of DMSO. The absorbance was measured using a plate
reader (Synergy HT; Bio-Tek, Winoosky, VT) at 560 nm excitation and 670 nm emission.
The effect of treatment was calculated as a percentage of control cell growth obtained from
vehicle treated cells grown in the same 96-well plates. Each experiment was conducted in
triplicate.

Invasion Assay
Fifty thousand K-ras/Pten mouse OvCa cells were treated with hormones for 24 hours and
then plated in serum free, phenol red free media on each well of a 24-well transwell plate (8-
μm pore size) pre-coated with 0.02 mg/ml of collagen type I. The bottom of the transwell
was filled with 700 μl of full growth media. After incubation at 37°C overnight, membranes
were fixed in 4% paraformaldehyde, stained with Giemsa and dried. The number of
invading cells was quantified in five fields using an Axiovert 100 microscope (Zeiss,
Göttingen, Germany). Each experiment was done in triplicate [31].

Immunostaining
Mouse tumors were formalin fixed, paraffin-embedded, sectioned and mounted on slides.
Slides were deparaffinized in xylene and hydrated with alcohol. The slides were then placed
in 3% H2O2/methanol blocking solution followed by antigen unmasking. Incubation with
the antibody against ERα was done with a 1:160 dilution and ERβ was done with a 1:50
dilution. The slides were stained using the EnVision avidin-biotin-free detection system and
counterstained with hematoxylin. Mouse endometrium served as a positive control for ERα
and mouse ovarian follicles served as positive control for ERβ. Negative controls were
prepared by omitting the primary antibody. The Hematoxylin and Eosin (H&E) and the
immunohistochemistry staining were evaluated by two pathologists (IG, TK) who were
unaware of the treatment groups. Quantification of ER immunostaining was performed
using the Automated Cellular Imaging System (ACIS, Clarient, San Juan Capistrano, CA)
by setting color-specific thresholds to determine brown (positive) and blue (negative) nuclei
within 12 representative regions per slide and by calculating the ratio of positively stained
nuclei to all nuclei, expressed as a region score [32]. The highest and lowest region scores
for each slide were excluded and the average region score was taken of the remaining 10
regions.

Statistical analysis
Data was analyzed by an unpaired, two-tailed Student’s t-test of significance, assuming
equal variance of the test and the control populations. For non-parametric data a Kruskal-
Wallis rank test was completed to compare the medians for all groups. Data are presented as
mean ± standard deviations. A p < 0.05 level was considered significant. All data analysis
was performed with STATA 10 (StataCorp, College Station, TX).

Results
Synthesis of Bazedoxifene

There is a reasonable rationale to use SERMs as prevention for OvCa, therefore, we decided
to test bazedoxifene as a preventive agent. To facilitate a more unbiased, industry
independent approach to this question we synthesized bazedoxifene ourselves. Briefly,
bazedoxifene was synthesized in a step-wise fashion beginning with 4′-benzyloxy-2-
bromopropiophenone as previously published and described in detail in the material and
methods section [23]. 1H NMR and LC/MSD readings were obtained following synthesis
(Fig. 1A).
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To confirm a physiologic effect of hormones prior to beginning the OvCa experiments, an
uterotrophic assay was performed in a subset of mice. This assay is considered as the
standard to confirm the effect of hormones in rodents [27]. In this experiment mice were
treated with 17β-estradiol and/or bazedoxifene for 4 days and then the uterine weight was
determined. It is expected that the estrogen stimulation of the endometrium would cause
increase in uterine weight. Indeed, after treatment with 17β-estradiol mice had significantly
increased uterine weights when compared to control treated mice. Importantly, the addition
of bazedoxifene to 17β-estradiol resulted in uterine weights equal to the control group (p
=0.004, Fig. 1B), confirming that the bazedoxifene had the expected estrogen antagonist
effect.

Neither 17β-estradiol nor bazedoxifene alters tumor burden in genetic mouse model
17β-estradiol, bazedoxifene, or vehicle control was administered to the mice for 6 weeks
followed by OvCa initiation by injection of AdCre virus into the right ovarian bursa (study
schedule, Fig. 2A). The treatment was continued until the animals were sacrificed 9 weeks
after initiation of cancer. The mean tumor weight was not significantly different in mice
treated with 17β-estradiol or bazedoxifene compared to vehicle control (control: 1.2g ±1.2,
17β-estradiol: 0.91g±1.2, bazedoxifene: 0.87g ±0.73, p=0.93). Furthermore, mice in all the
treatment groups had a similar number of metastatic nodules, volume of ascites, tumor
incidence and rate of premature deaths (Fig. 2B). Gross dissection findings were similar
among the three treatment groups with enlarged right ovaries containing both cystic and
solid components; the left ovary was not injected with AdCre and served as a normal control
(Fig. 2C). The histological appearance of the tumors were similar in all treatment groups
(Fig. 2D). There have been reports that 17β-estradiol induces preneoplastic changes and
epithelial mesenchymal transition (EMT) in the normal ovaries of mice [14, 17]. We assess
for preneoplastic changes by completing a histological evaluation of all the normal left
ovaries. However, the ovarian surface epithelium (OSE) of the left ovaries was found to be
comparable among the different treatment groups. To evaluate for EMT the left ovaries were
stained for E-cadherin by immunohistochemistry. Similar levels of E-cadherin were noted in
the 17β-estradiol, bazedoxifene and control groups (data not shown).

Hormonal treatment alters expression of estrogen receptors in tumors
To characterize the effect of the treatments on estrogen receptor expression levels in the
tumors, multiple tumors from each treatment group were stained for estrogen receptor α
(ERα) and estrogen receptor β (ERβ) using immunohistochemistry. Analysis of the stains
showed that ERα expression was significantly lower in tumors from mice treated with
bazedoxifene compared to the control (p=0.003, Fig. 3A). In contrast, ERβ expression was
significantly lower in the tumors from mice treated with 17β-estradiol compared mice
treated with bazedoxifene (p=0.03, Fig. 3B).

To understand why the hormone treatments did not alter tumor burden in the mouse model,
in vitro studies were performed using the Kras/Pten mouse OvCa cell line which was
established from tumors produced by LSL-K-rasG12D/+PtenloxP/loxP mice (Supplemental Fig.
2A) [28]. The hormone receptor status in the cell line was evaluated using RT-PCR which
demonstrated expression of ERα, ERβ and progesterone receptors (Supplemental Fig. 2B).
The genotype of the cell line was also determined and found to be the same as the tumors
produced in the mouse model (Supplemental Fig 3). Cell blocks of the Kras/Pten mouse
OvCa cell line were made and immunohistochemistry showed nuclear staining for both ERα
and ERβ (Fig. 4A). The cell line was then treated with 17β-estradiol and/or bazedoxifene for
24 or 48 hours and western blots were performed for ERα. The results show that there was a
decrease in ERα protein levels with 17β-estradiol and bazedoxifene treatment at 24 and 48
hours (Fig. 4B). To further evaluate ERα expression, quantitative real-time RT-PCR was
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performed which also showed decreased ERα mRNA levels with 24 hours of 17β-estradiol
and/or bazedoxifene treatment (Fig. 4C). Given that the cell line expressed the estrogen
receptors and was responsive to hormonal treatment we proceeded with in vitro studies
evaluating the effect of hormones on important aspects of ovarian carcinogenesis.

17β-estradiol increases invasion and proliferation of ovarian cancer cells
To understand the functional effect of hormones on carcinogenesis, the Kras/Pten mouse
OvCa cell line was treated with 17β-estradiol and/or bazedoxifene and invasion and
proliferation assays were performed. 17β-estradiol significantly increased the invasion of
OvCa cells, while the combination of 17β-estradiol and bazedoxifene or bazedoxifene alone
had no significant effect (mean number of invaded cells per field= control: 134±15, 17β-
estradiol: 253±20, 17β-estradiol plus bazedoxifene: 133±12, bazedoxifene alone: 105±17,
p=0.005, Fig. 5A). 17β-estradiol also increased the proliferation of the cancer cells by up to
76% compared to the placebo, while bazedoxifene alone did not alter the rate of
proliferation (p=0.006, Fig. 5B).

17β-estradiol had previously been shown to alter important cancer cell signaling pathways
including increasing MAPK and STAT3 activity [13, 33, 34]. Therefore the effect of 17β-
estradiol and bazedoxifene on these signaling pathways was tested in both the Kras/Pten
mouse OvCa cell line and an immortalized human ovarian surface epithelial line (IOSE
7576). In the IOSE cell line, treatment with 17β-estradiol decreased phosphorylation of
ERK, an important member of the MAPK family, while bazedoxifene had no effect. In the
Kras/Pten cancer cells there was no change in ERK and STAT3 phosphorylation with either
treatment (Fig. 5C). It has also been reported that estrogen receptor signaling can activate
AKT [15, 35]. Therefore, we evaluated whether there was a change in phosphorylation of
AKT with hormonal treatment. In our model we did not see increased phosphorylation of
AKT with hormonal treatments in either the mouse tumors or the K-ras/Pten mouse OvCa
cell line (Supplemental Fig 4).

Discussion
We undertook this study to test if hormonal treatment would alter carcinogenesis in a
genetic mouse model. Contrary to our expectations, we found that 17β-estradiol did not
increase tumor burden in LSL-K-rasG12D/+PtenloxP/loxP mice. In addition, bazedoxifene, a
third generation SERM, also did not decrease tumor burden in the model. The results show
that tumor weight, ascites volume, and the number of metastasis and tumor incidence were
similar in all treatment groups (Fig. 2).

In addition the present study addressed whether hormones affect key OvCa cell functions.
The main finding was that 17β-estradiol treatment increases proliferation of OvCa cells by
72% and invasion by 88% compared to control. Meanwhile, bazedoxifene returned both the
level of proliferation and invasion to that of controls. The in vitro findings reported here add
to the findings of others indicating that estrogen promotes OvCa cell growth [12], as well as
migration and invasion [13-15]. More importantly, this is the first time a novel SERM has
been shown to reverse the detrimental effects of 17β-estradiol in the context of OvCa.
Although we were unable to demonstrate an impact of hormonal treatment on tumor burden,
we thought it was important to further characterize the effect of 17β-estradiol and
bazedoxifene in the tumors. There is evidence that levels of ERα and ERβ expression are
important in OvCa. For example, ERβ is highly expressed in normal OSE, while ERα is the
main form expressed in malignant tumors [36-38]. In addition, decreases in ERβ levels
correlate with tumor progression [39]. In our study tumors from mice treated with
bazedoxifene had a statistically significant decrease in ERα and an increase in ERβ
expression. This may indicate that bazedoxifene was having a protective role at an estrogen
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receptor level through reducing ERα and increasing ERβ; although, this did not result in
decreased tumor burden in this model.

The apparent discrepancies between our findings, which showed no effect of hormones on
tumor burden in mice, and those of earlier studies which reported that 17β-estradiol
increased tumor burden, may be due to the different mouse models used. Earlier studies
utilized xenograft mouse models of OvCa in which human OvCa cell lines are injected into
immunocompromized mice, an approach that may miss important steps in carcinogenesis.
To overcome the deficits of xenograft models, genetic mouse models of OvCa have been
developed in which cancer develops from the normal OSE [17, 24, 40, 41]. Why did
bazedoxifene fail to affect tumor development despite the compelling rationale underlying
the use of SERMs to prevent OvCa? Tumor burden may not have been altered because, like
all genetic mouse models of OvCa, the LSL-K-rasG12D/+PtenloxP/loxP model is predicated on
powerful genetic alteration in the OSE. It is possible that in the setting of such potent drivers
of carcinogenesis the effects of hormones could not be captured. Although hormones may
not prevent cancer initiation in a model driven by activation of Kras and deletion of Pten, we
felt that it was biologically plausible that hormones might affect the progression of disease
and therefore increase or decrease final tumor burden compared to placebo treatment.
Consistent with this approach, in a parallel study we found that in this model treatment with
foretinib, a multi-kinase inhibitor of c-Met and VEGFR-2 prevented the progression of
primary tumors to invasive adenocarcinoma [42]. One final difference between the model
we report here and those used in other studies is that the model we used develops the
endometrioid subtype of epithelial OvCa. The most common subtype of OvCa is papillary
serous, and perhaps the effect of 17β-estradiol and bazedoxifene would be more pronounced
in that setting. Most of the genetic models of OvCa develop the endometrioid subtype.
Therefore, despite the advantages of the new genetic mouse models of OvCa, there
continues to be significant limitations. Still, our data suggest that bazedoxifene is not useful
in the prevention of endometrioid OvCa using this model.

In conclusion, this study adds to the existing body of knowledge demonstrating that 17β-
estradiol increases proliferation and invasion OvCa cells in vitro. However, these in vitro
effects did not translate into increased tumor burden or changes in the normal ovary in the
genetic mouse model. We also provide, to our knowledge, the first report that, as in breast
cancer, a novel SERM is able to reverse the negative effects of estrogen on OvCa in vitro.
Clinically, understanding the effects of estrogen and SERMs on ovarian carcinogenesis is of
vital importance as women and their physicians consider options for post-menopausal
hormone therapy and osteoporosis treatment. The hypothesis of hormonal carcinogenesis
would suggest that exogenous hormones will increase cellular proliferation, leading to an
accumulation of genetic errors and ultimately malignant transformation [43]. While this
phenomenon has been well characterized in other hormonally responsive tissues, such as
breast epithelium, it has not been well developed in OvCa. In fact, there appears to be a
hormonal paradox at play in the ovary, with oral contraception providing protection but
postmenopausal hormone therapy increasing the risk of OvCa. Further studies will be
needed to clarify the complex relationship between the hormonal milieu and ovarian
carcinogenesis.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Synthesis of bazedoxifene and physiologic effect.
(A) Mass spectrometry of synthesized bazedoxifene. (B) Uterotrophic assays. Eighteen day
old mice were treated with hormones for 4 days and sacrificed. The uterus was weighed and
weight changes expressed as percent of total body weight normalized to untreated uterus.
Groups: Ctrl= vehicle control (n=6), E2= 17β-estradiol (n=9), E2+B= 17β-estradiol plus
bazedoxifene (n=9), B= bazedoxifene alone (n=8). Columns, fold-change in uterus weight
compared to placebo. *, p=0.004.
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Fig. 2.
Hormonal treatment does not alter in vivo tumorigenesis.
(A) Treatment schedule with hormones in the LSL-K-rasG12D/+PtenloxP/loxP genetic mouse
model of ovarian cancer. (B) At the end of study mice were sacrificed and tumor burden was
quantified. P values were calculated with Kruskal-Wallis or Fisher’s exact test. (C)
Representative gross dissection for each treatment group. The left ovary was not injected
with AdCre virus and served as an internal control. Yellow outline, ovarian tumors. Star,
normal ovary, Dashed outline, uterus. R, right. L, left. (D) H&E stain of representative
ovarian tumor from each treatment group. Original magnification, 100x. Inset normal ovary,
200x magnification.
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Fig. 3.
Estrogen receptor α and β expression in ovarian tumors.
Immunohistochemistry. Tumors were stained for estrogen receptor α (A) and β (B)
expression using a mouse antibody. Representative tumor samples from each treatment
group were stained and quantification was performed using an Automated Cellular Imaging
System. A region score was calculated as the ratio of positively stained nuclei to all nuclei.
Ten representative regions were analyzed per slide. Original magnification, 200x and 400x.
Scale bar = 50 μm. Columns, mean region score; bars, SD; *, P<0.5. Groups: Ctrl= vehicle
control, E2= 17β-estradiol, B= bazedoxifene
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Fig. 4.
K-ras/Pten mouse OvCa cell line hormone receptor characterization.
(A) The K-ras/Pten mouse OvCa cell line expresses ERα and ERβ. Cell blocks were made
from the K-ras/Pten mouse OvCa cell line and stained by immunohistochemistry for ERα
and ERβ. Inset positive control = mouse uterus (ERα) and mouse ovarian follicle (ERβ). (B)
The K-ras/Pten mouse OvCa cell line was treated for 24 or 48 hours with hormones in
charcoal stripped phenol red free complete media, followed by western blots for ERα and β-
actin. Protein expression was quantitated and normalized to β-actin using NIH Image J
software. Columns, fold-change in ERα optical density (OD) compared to placebo. (C) The
K-ras/Pten cell line was treated with the indicated hormones for 24 hours then total RNA
was extracted and the relative expression of ERα normalized to glyceraldehyde-3-phosphate
dehydrogenase was measured using TaqMan quantitative real-time RT-PCR.
Groups: Ctrl= vehicle control, E2= 17β-estradiol, E2+ B= 17β-estradiol plus bazedoxifene,
B= bazedoxifene alone
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Fig. 5.
17β-estradiol increases invasion and proliferation of OvCa cells.
(A) Invasion assay. The K-ras/Pten mouse OvCa cell line was treated for 24 hours with
control, 17β-estradiol and/or bazedoxifene and the invading cells on the underside of the
filter were enumerated using an inverted microscope. Columns, mean number of invaded
cells from a representative experiment. *, P<0.05. (B) Proliferation assay. The K-ras/Pten
mouse OvCa cell line was plated in quadruplicate into 96-well plates and treated with
vehicle control, 17β-estradiol and/or bazedoxifene for 72 hours. The MTT proliferation
assay was then performed. Experiments were performed four times. Columns, percent
proliferation relative to control group*, P<0.05. (C) Western blotting. The K-ras/Pten
mouse OvCa cell line or an immortalized human ovarian surface epithelium cell line, IOSE
7576, were serum- starved for 24 hours and the treated with the indicated hormones for 24
hours followed by immunoblotting for phosphorylated and total ERK and STAT3 proteins.
Groups: Ctrl= vehicle control, E2= 17β-estradiol, E2+ B= 17β-estradiol plus bazedoxifene,
B= bazedoxifene alone
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