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Abstract

Ovarian cancer continues to be a leading cause of cancer related deaths for women. Anticancer
agents effective against chemo-resistant cells are greatly needed for ovarian cancer treatment.
Repurposing drugs currently in human use is an attractive strategy for developing novel cancer
treatments with expedited translation into clinical trials. Therefore, we examined whether
ormeloxifene (ORM), a non-steroidal Selective Estrogen Receptor Modulator (SERM) currently
used for contraception, is therapeutically effective at inhibiting ovarian cancer growth. We report
that ORM treatment inhibits cell growth and induces apoptosis in ovarian cancer cell lines,
including cell lines resistant to cisplatin. Furthermore, ORM treatment decreases Akt
phosphorylation, increases p53 phosphorylation, and modulates the expression and localization
patterns of p27, cyclin E, cyclin D1, and CDKZ2. In a pre-clinical xenograft mouse ORM treatment
significantly reduces tumorigenesis and metastasis. These results indicate that ORM effectively
inhibits the growth of cisplatin resistant ovarian cancer cells. ORM is currently in human use and
has an established record of patient safety. Our encouraging in vitro and pre-clinical in vivo
findings indicate that ORM is a promising candidate for the treatment of ovarian cancer.
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1. Introduction

Ovarian cancer is the fifth leading cause of cancer mortality in women in the U.S. [1]. Due
to the lack of clear symptoms and effective screening mechanisms, 62% of ovarian cancers
are diagnosed at the distant stage, which has an average 5 year survival of only 27% [1].
While most ovarian cancer patients will initially respond to chemotherapy, over 66% of
patients with advanced stage disease will relapse with disease that becomes resistant to
current treatment options [2], highlighting a clear need for additional therapies to treat both
initial and relapsed ovarian cancers.

While the discovery and characterization of de novo drugs may yield new therapies, there is
an appealing option of identifying an effective ovarian cancer therapeutic from a compound
that is already in human use, which would dramatically shorten the time and resources
required to provide a new treatment option to patients. Ormeloxifene (ORM, also known as
Centchroman) is a non-hormonal, non-steroidal oral method of contraception widely used in
India [3, 4]. In an early report, Misra et al. (1989) conducted a trial on advanced breast
cancer patients and suggested that ORM may be effective at inhibiting breast cancer [5].
About 38.5% of breast cancer female patients responded to the ormeloxifene therapy and the
response to ormeloxifene treatment was more promising for bone, pulmonary, soft tissue,
skin, and lymph-node metastases. More recently, ORM has shown anti-cancer effects with
in vitro models of breast cancer, head and neck cancer, and chronic myeloid leukemia [6—
11]. Moreover ORM is reported to have an excellent therapeutic index and is safe for
chronic administration [12].

Herein, we have examined the effects of ORM on the growth of cisplatin sensitive (A2780)
and cisplatin resistant (A2780-CP and SKOV3) ovarian cancer cell lines. We show evidence
that ORM induces apoptosis and is capable of modulating several proteins involved in cell
cycle regulation. ORM efficiently inhibited the growth and spread of ovarian cancer cells in
a pre-clinical mouse model of ovarian cancer. Together, this data suggests that ORM may be
an effective therapeutic for ovarian cancer and its history of safe human use provides
additional evidence for the promising translation of ORM into clinical practice.

2. Materials and Methods

2.1. Cell culture, growth conditions, and treatment

The human ovarian carcinoma cell line SKOV3 was purchased from ATCC and upon
receipt cells were expanded and frozen aliquots (passage < 6) were stored in liquid nitrogen.
When needed, cells were thawed and grown for less than 6 months. The paired ovarian
cancer cells lines, A2780 and A2780-CP cells were a gift from Dr. Howell (University of
CA, San Diego). A2780-CP cells are a cisplatin resistant cell line derived from the parental
A2780 cells [13]. SKOV3, also considered to be cisplatin resistant, was grown in DMEM
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supplemented with 10% fetal bovine serum (Atlanta Biologicals, Lawrenceville, GA), 10
nM non-essential amino acids, 100 nM sodium pyruvate, and 1x antibiotic/antimycotic
(Gibco BRL, Grand Island, NY). A2780 and A2780cp were maintained as monolayer
cultures in RPMI-1640 medium (HyClone Laboratories, Inc. Logan, UT) supplemented with
10% fetal bovine serum (Atlanta Biologicals) and 1x antibiotic/antimycotic (Gibco). All
cells were cultured at 37°C in a humidified atmosphere (5% CO5). ORM was generously
synthesized and provided by FH as described earlier [14]. ORM was solubilized in 100%
ethanol and at the time of treatment, ORM was diluted into fresh cell culture media.

2.2. Cell Proliferation Assays

Cells were seeded at 5,000 cells per well in 96-well plates and allowed to attach overnight
before ORM was added at various concentrations as indicated. Ethanol containing medium
served as the vehicle control. The anti-proliferative effect of ORM was determined at 2 days
using the CellTiter 96 AQgqys One solution assay (Promega, Madison, WI) as described
earlier [15]. The CellTiter reagent was added to each well (20 uL/well) and plates were
incubated for 2 hrs at 37°C. The color intensity was measured at 492 nm using a microplate
reader (BioMate 3 UV-Vis spectrophotometer, Thermo Electron Corporation, Waltham,
MA\). The anti-proliferative effect of each treatment was calculated as a percentage of cell
growth with respect to the vehicle control.

2.3. Clonogenic assay

For the clonogenic assay, cells were seeded at 500 cells per 100 mm culture dish and
allowed to attach overnight. The cells were treated with ORM (or ethanol for the vehicle
control) and maintained under standard cell culture conditions at 37°C and 5% CO> in a
humid environment. After 10 days, the dishes were washed twice in PBS, fixed with
methanol, stained with hematoxylin (Fisher Scientific, Pittsburgh, PA), washed with water
and air dried. Visible colonies (~50 cells) were counted and the percent of colonies was
calculated using the number of colonies formed in treatment divided by number of colonies
formed in the vehicle control, as described earlier [16].

2.4. Cell Cycle and TUNEL analysis

Cells (5.0 x 10°) were plated in a 100 mm dish and allowed to attach overnight. Cells were
then exposed to ORM (10 and 20 pM) for 48 hours. After ORM treatment all cells
(including those floating in the media) were collected, fixed with 70% ethanol, stained with
Telford Reagent containing propidium iodide, incubated overnight at 4°C, and analyzed
with an Accuri C6 flow cytometer (BD Biosciences). Cells with hypodiploid DNA (content
less than Gg/G4) were deemed apoptotic (sub- Go/G1). Alternatively, after ORM treatment,
all cells were collected and prepared according to the APO-BrdU™ TUNEL Assay Kit
(Invitrogen, Life Technologies) and analyzed with the Accuri C6 flow cytometer.

2.5. Mitochondrial Membrane Potential (A¥'m)

Mitochondrial membrane potential (A¥m) was measured by uptake of tetramethylrhodamine
(TMRE). TMRE is sequestered by active mitochondria and undergoes a dramatic increase in
fluorescence intensity. Briefly, cells were treated with ORM (10-20 pM) at three different
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time points (6, 12, and 18 hours), incubated in 100 nM TMRE for 20 minutes, and
fluorescence intensities were measured by flow cytometry. Mean fluorescence values are
shown as a percent of the vehicle control (ethanol) values.

2.6. Western blotting

Whole cell lysates were prepared as described earlier [17]. Briefly, cells (1x10%) were
allowed to attach overnight and then treated with ORM for the indicated times. After ORM
treatment, both adherent and floating cells were collected in 2x SDS lysis buffer (Santa Cruz
Biotechnologies), sonicated, and the protein concentration was normalized using SYPRO
Orange (Molecular Probes). SDS-PAGE electrophoresis was performed with a 4-20%
gradient gel and resolved proteins were transferred onto a PVDF (BioRad) membrane. The
following antibodies were used: PARP, Caspase 3, Caspase 9, Rb, phospho-p53 (ser-15),
p21, p27, pAKT (ser-473) (each from Cell Signaling Technologies); p53, Cyclin E, and
CdK2 (each from Santa Cruz Biotechnologies); and B-actin (Sigma). The primary antibody
was detected by a species appropriate HRP-secondary antibody (Promega) followed by
incubation with the Lumi-Light detection reagent (Roche).

2.7. Confocal microscopy

Cells were plated in 4 well chamber slides at 5x10* cells per chamber. Cells were allowed to
attach and reach 60% confluency (approximately 24 hr) before being treated with 10uM
ORM for 18 hr. Cells were then processed for confocal microscopy as described earlier [16].
Briefly, following treatment cells were rinsed with 1x HEPES/Hank buffer, fixed and
permeabilized with ice cold methanol, washed with 1x PBS and blocked with 10% normal
goat serum in PBS. Cells were then incubated with the primary antibody (source listed in
prior section) followed by a species specific Alexa Fluor® 488 secondary antibody
(Invitrogen). After washing, cells were stained with DAPI and coverslips were mounted in
FluoroCare Anti-Fade mounting medium (BioCare Medical). Confocal microscopy was
performed with an Olympus Fluoview F\V1000 confocal microscope (Olympus
Corporation).

2.8. In vivo tumor xenograft model

Six-week-old female athymic nude (nu/nu) mice (H arlan Laboratories) were injected
intraperitoneally with A2780-CP cancer cells (5 x 10 cells in 400ul PBS). Immediately
prior to injection, the cells were mixed with ORM (50 or 100ug) or vehicle (ethanol). The
mice continued to receive the same treatment ORM (50 or 100ug/mouse) or vehicle
(ethanol) via intraperitoneal (ip) injection once a week for four subsequent weeks. Once per
week, the mice were also weighed to help monitor their health. On day 35 post cancer cell
injection, mice were euthanized, and tumor burden and metastases were noted. Mouse
studies were carried out following procedures approved by the Sanford Research
Institutional Animal Care and Use Committee.

2.9. Statistical Analysis

All experiments were performed in triplicate and statistical significance (p<0.05) was
determined using a two-tailed student t-test with equal variance.
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3. Results

3.1. ORM inhibits growth of ovarian cancer cell lines

To test whether ORM is effective at inhibiting ovarian cancer cell growth, we evaluated
ORM’s effect on ovarian cancer cell lines, including OVCAR-3 (Fig. S1), cisplatin sensitive
(A2780), resistant (A2780-CP), and semi-resistant (SKOV-3) cells (Fig. 1). As determined
with MTS assays, there was a dramatic decrease in cell growth at doses greater than 10uM
(Fig. 1A), and this finding was supported by standard cell counting assays (data not shown).
Colony formation assays were performed to determine the longer term effects of ORM on
the growth of ovarian cancer cells. ORM treatment significantly reduced clonogenicity in
each of the ovarian cancer cell lines tested (Fig. 1B).

3.2. ORM induced apoptosis is the primary cause of cell death and is linked to the intrinsic

apoptotic pathway
Following ORM treatment, cells displayed typical signs of apoptosis, including cell
shrinkage, rounding-up, and blebbing of the cell membrane. To further examine the cell
death induced by ORM treatment, we evaluated ORM treated cells for markers of apoptosis.
Ovarian cancer cell lines were treated with ORM for 48 hours and then processed for the
TUNEL assay to identify DNA fragmentation, a hallmark of late stage apoptosis. Flow
cytometry analysis revealed a significant increase in TUNEL positive cells following ORM
treatment (Fig. 2A and B). We further investigated the molecular events underlying ORM
induced cell death/apoptosis in ovarian cancer cells by immunoblotting for caspases 3 and 9,
which are both cleaved in response to ORM treatment as shown by a decrease in the full
length proteins (Fig. 2C). In response to ORM treatment, we also observed the cleavage of
full length PARP, another classical marker of apoptosis (Fig. 2C).

To assess factors important early in apoptosis, we examined the mitochondrial potential of
ovarian cancer cells treated with ORM for 6, 12, and 18 hours. A significant decrease in
mitochondrial membrane potential was observed in a both time and dose dependent manner
(Fig. 2D and E). While significant in each cell line, the change was especially notable in
A2780-CP cells where the mitochondrial potential was decreased by 50% after a 6hr
treatment with 20uM ORM (Fig. 2E). Taken together, these findings suggest that ORM
treatment induces apoptosis in ovarian cancer cells through a mitochondrial dependent
pathway.

3.3. ORM treatment alters cell cycle distribution in ovarian cancer cells

We investigated the effect of ORM on cell cycle phase distribution. Results showed that
cells were arrested at the Sub G1 phase, the indicator of apoptosis after treatment with
ORM. The cells in Sub G1 phase increased on ORM treatment in all tested ovarian cancer
cells. This exceeded upto 80% in A2780-cp cells after 20 uM of ORM treatment, while cells
in the S phase were decreased from 13 to 1% in each cell line. While ORM at 20 uM and
greater dramatically inhibited cell growth and induced apoptosis, lower doses of ORM
decreased the percent of cells in the S-phase of the cell cycle while increasing the percent of
cells in GyG (Fig. 3 A-C). (Figure 3A).
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3.4. ORM treatment modulates multiple cell cycle proteins

We next investigated the effect of ORM treatment on the modulation of several proteins
involved in cell cycle progression (Fig. 3D). ORM treatment dramatically inhibited the
phosphorylation of Akt in A2780-CP and SKOV3 cell lines. ORM treatment increased
overall levels of total and phosphorylated p53 in A2780-CP and A2780 cells lines. SKOV3
is a p53 null cell line, indicating that ORM may function through both p53 dependent and
independent mechanisms. Corresponding with both Akt inhibition and p53 phosphorylation,
ORM treatment increased cell cycle inhibitors, p21 and p27. ORM treatment also decreased
targets of p21 and p27: cyclin D1, cyclin E and CDK2 at 10uM which further decreased
with the increase in concentration. Additionally, ORM treatment increased retinoblastoma
protein (Rb), an important tumor suppressor protein involved in cell cycle regulation.
Besides the cell cycle related proteins, ORM also inhibited Bcl-xL, which confers resistance
to several chemotherapeutic agents in ovarian cancer [18-20].

To confirm changes in cell cycle regulatory proteins, we performed immunofluorescence
and assessed both protein levels and changes in localization patterns. At an early time point
(18hr), treatment with 10 uM ORM clearly reduced the nuclear localization patterns of p27,
cyclin D1, cyclin E and CDKZ2, as shown by confocal microscopy (Fig. 4). Therefore, in
addition to inducing apoptosis, ORM treatment also inhibits the AKT pathway and
downstream regulators of cell cycle progression.

3.5. ORM reduced ovarian cancer growth in a pre-clinical mouse model

To further support the anti-cancer effects of ORM, we tested ORM treatment in a pre-
clinical murine ovarian cancer xenograft model with cisplatin resistant A2780-CP cells.
Mice were treated with a scheduled dose of ORM (or vehicle) as indicated for five
consecutive weeks, beginning at the time of intraperitoneal injection of the tumor cells (Fig.
5A). The mice showed no apparent side effects from the used doses of ORM. In vehicle
treated mice, a swollen abdomen, indicative of ascites formation along with heavily
peritoneal carcinomatosis, was observed within 2 weeks of A2780-CP cell injection. While
100% mice receiving vehicle developed ascites and exhibited number of solid tumors, mice
treated with the dose (100ug) of ORM had no detectable tumors. Upon further examination,
we also found that there were almost no/fewer metastases in the treatment (ORM) groups
compared to control groups (Fig. 5B). All mice were sacrificed at day 35 post cancer cell
injection because vehicle-treated animals appeared with severe ascites formation and visible
tumor growth in accordance with the animal care protocol. However, ORM treated mice did
not exhibit a sign of ascites formation and tumor growth. These data further confirm that
ORM could be an effective chemotherapeutic agent for ovarian cancer.

4.0. Discussion

Despite advances in therapy, overall survival of women with ovarian cancer remains poor
[1]. Cisplatin, or carboplatin combined with paclitaxel, remain the most commonly used
chemotherapeutic agents, but most patients with recurrent disease develop multi-drug
resistance [21], indicating the need for more effective agents against ovarian cancer. While
new compounds may be discovered, it is also useful to evaluate currently used drugs for
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their anti-cancer potential. In keeping with this strategy, our current findings show ORM
efficiently inhibits ovarian cancer cell growth. ORM has been in use as a post-coital or
weekly oral contraceptive in India since 1991 and has proven to be safe and effective at
preventing pregnancy at a dose of 30 mg once a week [22]. ORM may also be a useful agent
for hormone-related clinical disorders, such as dermatitis, osteoporosis, restenosis, and
uterine fibroids [22]. Additionally, ORM has exhibited anti-cancer activity in cell lines
derived from breast, head and neck, and chronic myeloid leukemia cancers [6-11].

Resistance to platinum-based therapies is an important limitation of current ovarian cancer
therapy [21]. Apoptosis is a common response to many classes of chemotherapeutic agents,
including platinum-based therapies. In the current study, ORM treatment (20 uM and
higher) induced apoptosis in the ovarian cancer cell lines tested, including A2780-CP and
SKOV-3 cell lines, which are resistant to cell death induced by cisplatin. To assess
involvement of mitochondrial factors, we examined the effect of ORM on mitochondrial
potential, as measured by TMRE fluorescence. Mitochondrial outer membrane
permeabilization (MOMP) is considered the “point of no return’ for apoptosis and the onset
of MOMP is associated with a loss of mitochondrial potential (A¥m) [23]. ORM treatment
decreased the mitochondrial membrane potential (measured by TMRE fluorescence) in both
time- and concentration-dependent manner in all ovarian cancer cell lines tested. ORM
inhibited the pro-survival protein, Bcl-xL, likely increasing caspase activation and apoptosis
[18-20]. The mitochondria and associated proteins have been recognized as important
targets for developing new cancer therapies [24], further suggesting that ORM may be a
highly effective ovarian cancer treatment, even in platinum resistant situations.

Uncontrolled cell cycle progression is a hallmark of cancer cells [25]. Cell cycle progression
is regulated by the activity of cyclins, a family of proteins that activate the cell-cycle
dependent kinases (Cdks) [26]. Cyclin E activates CDK2 protein near the start of the S
phase and cyclin D1 is a critical regulator of the GO/G1 phase [27]. At low doses (i.e. 10
uM) ORM did not induce apoptosis within 48 hours, but did decrease the population of cells
in the S-phase of the cell cycle while increasing the population of cells in GyG4. Upon
examination, ORM treatment altered the expression of several cell cycle related proteins in a
manner that would be expected to decrease progression through the cell cycle. This finding
is consistent with the results found in breast cancer cells where ORM induced apoptosis,
altered the cell cycle related proteins and arrested cells at the GO/G1 cell cycle phase [6, 8].

Akt is also known to promote chemoresistance in human ovarian cancer cells [28, 29] and
pharmacologic agents that inhibit Akt signaling might preferentially kill tumor cells that
have a dependence on Akt activity for survival not shared by normal cells [30, 31].
Srivastava et al. (2011) have demonstrated that ORM inhibits PI3K/AKT pathway in Head
and neck cancer [9]. Similar effects were found in ovarian cancer where ORM treatment
decreased Akt phosphorylation, which is a critical modulator of cell replication and inhibits
downstream cell cycle inhibitor pathways, such as p53, p21 and p27. Interestingly, in our
study ORM increased cell cycle inhibitors, p21 and p27 as well as phosphorylation of p53.
In ovarian carcinoma, p53 mutations may confer resistance to DNA-damaging agents as a
consequence of reduced cell ability to undergo apoptosis [32]. ORM treatment induced

Cancer Lett. Author manuscript; available in PMC 2016 January 28.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mabher et al. Page 8

apoptosis in p53 null cell line, SKOV3, in a manner similar to A2780 and A2780-CP,
suggesting a p53-independent pathway of cell cycle inhibition and apoptosis.

The downstream targets of p21 and p27 (cyclin E, cyclin D1 and CDK?2) were decreased in a
dose dependent manner. Immunofluorescence analysis revealed a dramatic change in
nuclear localization of these same proteins following 18 hours of treatment with 10 uM of
ORM. This data provides a possible explanation for the observed increase in GoG4
population and corresponding decrease in cells in the S phase after ORM treatment and
suggests that ORM may act through multiple molecular pathways to reduce ovarian cancer
cell growth.

We employed a pre-clinical xenograft mouse model of ovarian cancer to investigate ORM’s
in vivo efficacy on cisplatin resistant A2780-CP ovarian cancer cells. When administered via
IP injection, ORM was very effective at inhibiting both tumor formation and metastasis
within the peritoneal cavity. In healthy female volunteers, plasma levels of ORM have been
reported to reach approximately 122ng/ml following a 60mg dose of ORM [33].
Additionally, ORM has been shown to accumulate in tissues at levels higher than detected in
plasma [34]. In our study, we administered ORM through intraperitoneal injection at
relatively high, but reasonable doses. Subsequent studies are needed to determine the
efficacious dose required for oral delivery of ORM. Importantly, ORM treatment did not
result in any observed adverse effects in mice and was well tolerated.

In conclusion, given the safe history of ORM use in humans, ORM is a promising candidate
for ovarian cancer treatment. Our current work identifies both apoptosis and cell cycle
disruption as methods of effective inhibition of ovarian cancer cell growth in both cisplatin
sensitive and resistance cell lines. This study shows the potential of ormeloxifene as a
therapeutic agent for ovarian cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Ormeloxifene treatment inhibits growth of chemo-sensitive (A2780) and chemo-resistant
(A2780-CP and SKOV3) ovarian cancer cell lines

A) Proliferation was determined with an MTS assay 48 hours after ORM addition and
normalized to control wells treated with appropriate amounts of vehicle (ethanol, set at
100%, labeled as 0 ORM). Columns: mean, Bars: SE, n=3. *indicates p value: <0.05. B) A
colony forming assay was conducted to determine the long term effect of ORM treatment on
the clonogenic potential of ovarian cancer cells. Colonies were counted and expressed as a
percentage of the number of colonies in the vehicle control (ethanol, set at 100%, labeled as

Cancer Lett. Author manuscript; available in PMC 2016 January 28.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Maher et al.

0 ORM). Columns: mean, Bars: SE, n=3. *indicates p<0.05. Representative plates are
shown for A2780-CP cells.
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Fig. 2. ORM treatment causes apoptosis through decreased mitochondrial membrane potential
(A¥m) and activated apoptosis associated proteins

A-B) ORM treatment leads to apoptosis. Ovarian cancer cells were treated with ORM for
48 hours and processed for staining with the APO-BrdU™ TUNEL Assay Kit. DNA
fragmentation was analyzed by flow cytometry. A) Percent TUNEL positive cells are shown
for each cell line tested. *indicates p value: <0.05 compared to vehicle control. B)
Representative FSC/FL-1 plots are shown for SKOV-3 cells. Data are representative of one
of three similar experiments. C) ORM treatment leads to cleavage of caspases 3 and 9
and PARP. Cells were treated with indicated concentrations of ORM for 48 h, protein
lysates were collected, 20ug of protein was resolved by SDS-PAGE and immunoblotted
with primary antibodies as indicated. $-actin was used as an internal loading control.
Western blots shown are representative from one of two similar experiments. D and E)
ORM decreases mitochondrial potential in a dose and time dependent response. Cells
were treated with ORM as indicated and live cells were incubated in TMRE and analyzed by
flow cytometry. D) Graphs show the change in mean fluorescence values normalized to
vehicle control (ethanol, labeled as 0 ORM)). *indicates p value: <0.05. E) A representative
histogram of A2780-CP after 18h of ORM treatment is shown. Data are representative of
one of three similar experiments.
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Fig. 3. ORM treatment induces changes in cell cycle related proteins in ovarian cancer cells
A-C) ORM treatment alters cell cycle distribution. After 48h of ORM treatment,

adherent and floating cells were collected, fixed with 70% ethanol, stained with Telford
Reagent containing propidium iodide, incubated overnight at 4°C, and analyzed by flow
cytometry for cell cycle analysis. A) Representative histograms are shown for A2780-CP
cells. Graphs show the percent of cells in B) GgG4 and C) S phase. *indicates p value:
<0.05. D) ORM treatment alters proteins associated with cell cycle progression. Cells
were treated with indicated concentrations of ORM for 48 h, protein lysates were collected,
separated on SDS-PAGE, and immunoblotted for proteins as indicated. -actin was used as
an internal control. Western blots shown are representative from one of two similar
experiments.
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Fig. 4. ORM treatment decreases nuclear localization of cell cycle related proteins

Ovarian cancer cells, A2780, A2780-CP and SKOV-3 cells were treated with 10 uM ORM
as indicated for 18h, fixed, and stained for the detection of p27, cyclin D1, cyclin E, and
CDK2 (green staining) with DAPI counter stain (nuclear marker, blue). Confocal
fluorescence microscopy shows that ORM decreases nuclear localization of cell cycle
related proteins. (Image on the left is green only, right hand image is merged with the DAPI
nuclear counter stain).
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Fig. 5. ORM inhibits ovarian cancer tumorigenesis in mice
A) Schedule of ormeloxifene treatment in ovarian cancer xenograft mouse model. Mice

were injected with 50 or 100 ug ORM once a week for 5 weeks as indicated (D=days).
Ethanol (EtOH) was the vehicle control. B) Images of mice from each group injected with
ORM or ethanol control. Graphs show the average number of tumors (top) and metastases
(bottom) observed in mice treated with ORM or ethanol (vehicle control). Data expressed as
mean + SE of 6 mice in each group. *indicates p value: <0.001.
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