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ABSTRACT

Bazedoxifene (BZA), a selective estrogen receptor modulator
(SERM), inhibits the action of estrogens on endometrial
proliferation. Here, we evaluate the effect of a tissue-selective
estrogen complex (TSEC) containing BZA and conjugated
estrogens (CE) on ectopic endometrial lesions in a mouse model
of endometriosis. Experimental endometriosis was created in 60
female CD-1 mice. The mice were randomly divided into 10
groups that received varying doses of either BZA (1, 2, 3, or 5
mg/kg/day), BZA (1, 2, 3, or 5 mg/kg/day) in combination with
CE (3 mg/kg/day), CE treatment alone (3 mg/kg/day), or vehicle
control for 8 wk. Treatment with BZA alone or the TSEC
containing BZA/CE led to a decrease in endometriotic lesion size
compared to controls. The mean surface area of the untreated
lesions was 19.6 mm?®. Treatment with BZA or BZA/CE resulted
in reduced lesion size (to 8.8 and 7.8 mm?, respectively). No
significant difference was found in lesion size between the BZA
and BZA/CE treatment groups or between different doses of
either treatment. Ovarian cyst formation was not evident in the
treated groups. Treatment with the TSEC containing higher BZA
dosages (3 and 5 mg/kg/day) led to significantly lower levels of
estrogen receptor (Esr7) mRNA expression compared to the
control treatment. No differences were observed in expression
of progesterone receptor (Pgr). Inmunohistochemical analysis
also demonstrated a decrease in ESR protein. The combination of
CE and BZA may prove to be a novel treatment option for
endometriosis.

bazedoxifene (BZA), conjugated estrogen (CE), endometriosis,
hormone receptors, tissue-specific estrogen complex (TSEC)

INTRODUCTION

Endometriosis is an estrogen-dependent disorder that affects
5%—-10% of the female population with clinical features that
include pelvic pain, dysmenorrhea, and infertility [1, 2]. The
defining characteristic of endometriosis is the ectopic growth of
endometrial tissue in sites outside of the uterine cavity.

While the etiology remains enigmatic, dependence on
estrogens for growth and a modified response to estrogens
and progesterone affecting the ectopic endometrium are
essential to the development of endometriosis [3, 4]. Current
medical treatments include hormonal manipulations to achieve
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pseudo-pregnancy or pseudo-menopause. These therapies have
a high failure rate, and side effects are common [5-9].
Treatment with progestins often results in irregular bleeding as
well as fluid retention and mood changes. In contrast,
treatments with gonadotropin-releasing hormone (GnRH)
agonists result in menopausal symptoms [10, 11]. The need
for improved therapies is evident.

Selective estrogen receptor modulators (SERMs), used for
treatment of breast cancer and osteoporosis, display tissue-
specific estrogen agonist or antagonist activities [12, 13].
SERMs bind to the estrogen receptor (ESR1) with high affinity
and exert estrogenic effects on several estrogen target tissues,
in particular the skeletal system. In the presence of other
estrogens, such as estradiol, SERMs display antagonistic
activity on the breast and prevent endometrial proliferation
[14-17]. Due to their antiproliferative effect on the endome-
trium, they have been considered for use in the treatment of
endometriosis. The SERM raloxifene is approved for the
prevention and treatment for postmenopausal osteoporosis and
the prevention of breast cancer in postmenopausal women [18—
22]. Raloxifene binds to the ESR1 with an affinity similar to
that of 17B-estradiol and has been demonstrated not to lead to
endometrial proliferation in a rat model [23]. It has also been
used to treat endometriosis in a single study using the
ovariectomized rat model [24]. In a randomized clinical trial,
raloxifene was used to treat women with chronic pain due to
endometriosis [25]. The trial was terminated when women
using raloxifene experienced greater pain than that of women
in the placebo group. Unfortunately, the dose of raloxifene
used in this clinical trial was lower than the weight-adjusted
effective dose used in the animal model. Additionally, SERMs
block feedback inhibition of sex steroids on the hypothalamus
and pituitary. The effects of raloxifene on follicle-stimulating
hormone (FSH) production and subsequent ovarian stimulation
would not have been apparent in the ovariectomized rat model.
Ovarian stimulation may have contributed to the failure of
raloxifene in the single clinical trial designed to treat
endometriosis with this drug.

A new-generation SERM, bazedoxifene (BZA), has been
shown to effectively maintain bone mass in postmenopausal
women [26-28]. BZA has also been combined with conjugated
estrogens (CE) to create a tissue-specific estrogen complex
(TSEC). Unlike a SERM alone, this TSEC provides effective
relief of vasomotor symptoms in menopausal women [29, 30].
Further, BZA/CE did not affect the endometrium of meno-
pausal women any differently than placebo [27]. In other
TSECs, the SERM has not been shown to be capable of
countering the effects of estrogens on the endometrium. The
combination of raloxifene and estradiol resulted in an
unacceptable rate of endometrial hyperplasia, suggesting that
combination would not be an effective or safe treatment for
endometriosis [31]. The effects of BZA/CE on the endometri-
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um suggest that this TSEC may be a more effective agent in the
treatment of endometriosis. The addition of estrogens to the
SERM may result in improved feedback inhibition and prevent
ovarian stimulation when used in a premenopausal woman.
The objective of the present study was to evaluate the effect
of a TSEC (BZA/CE) on ectopic endometrial lesions in a
murine endometriosis model. Using clinically relevant doses in
the mouse model, we examined the effects of several doses of
BZA with or without CE (3 mg/kg/day) on experimental
endometriosis in animals with intact ovarian function.

MATERIALS AND METHODS

Animal Care and Treatment

Eight-week old CD1 female mice were purchased from Charles River
Laboratories. Animals were kept under a regulated photoperiod of 12L:12D.
Laparotomy was performed following i.p. anesthesia with xylazine (Lloyd
Laboratories) and ketamine (Vedco); the whole uterus was removed, washed in
PBS, and divided into two horns. The uterine horns were then split
longitudinally, exposing the lumen, and sutured to the parietal peritoneum of
the recipient mice to create experimental endometriosis, after which the
abdominal wall was sutured closed. Experimental endometriosis was created in
60 mice with intact ovaries. Eight weeks after establishment of disease, the
mice were divided into 10 groups. Groups 1-4 (n =5 mice/group) received i.p.
injections of varying doses of BZA (1, 2, 3, or 5 mg/kg/day in dimethyl
sulfoxide [DMSO; 10%] plus sesame oil [90%]) for 8 wk. Groups 5-8 (n =5
mice/group) received the same i.p. of BZA (1, 2, 3, or 5 mg/kg/day) in
combination with CE (3 mg/kg/day; administered orally by gavage) for 8 wk.
Group 9 (n= 10 mice) received CE (3 mg/kg/day) alone. Group 10 (controls; n
= 10 mice) received i.p. injections of DMSO (10%) plus sesame oil (90%)
simultaneously for 8 wk. Following the completion of treatments, mice were
euthanized, and the uteri, ovaries, and ectopic endometrial lesions were
measured and collected. One uterine horn was snap-frozen in TRIzol Reagent
(Invitrogen) for RNA extraction, and the other horn was formalin-fixed and
paraffin-embedded for hematoxylin-and-eosin staining and immunohistochem-
ical analysis.

Ethical guidelines for the use of animals as established by Institutional
Animal Care and Use Committee, Yale University, and the U.S. Government
Principles for Utilization and Care of Vertebrate Animals Used in Testing,
Research, and Training were followed.

Quantitative Real-Time RT-PCR

Total RNA was isolated from eutopic endometrium using TRIzol Reagent
and then purified with the RNeasy MinElute Cleanup Kit (Qiagen) according to
the manufacturer’s instructions. Purified RNA (50 ng) was reverse-transcribed
using iScript cDNA synthesis kit (Bio-Rad Laboratories). Quantitative real-
time PCR was performed using SYBR Green (Bio-Rad Laboratories) and
optimized in the MyiQ Single-Color Real-Time PCR Detection System (Bio-
Rad Laboratories). The specificity of the amplified transcript was confirmed by
a melting-curve analysis. The reactions for each gene were performed in
duplicate and repeated three times. Expression of Esr/ and progesterone
receptor (Pgr) mRNA was quantified and standardized to that of a reference
gene (B-actin). The relative amount of transcript generated for each primer was
analyzed on the basis of the cycle threshold (Ct) value. The relative gene
expression ratio was calculated using 278ACt Sratistical significance was
evaluated using a two-tailed -test; a P-value of 0.05 or less was considered to
be significant.

Immunohistochemistry

Immunohistochemistry was performed on formalin-fixed, paraffin-embed-
ded uterine tissue cut into 5-pm sections. Slides were deparaffinized and
hydrated through series of 15-min xylene and 10-min ethanol washes. After
being rinsed for 5 min in fresh distilled water, slides were steamed in 0.01 M
citric acid for 15 min to promote antigen presentation and cooled for 15 min in
the citrate buffer, followed by three 5-min washes in Tris-buffered saline
(TBS). Endogenous peroxidase activity was blocked using a 3% hydrogen
peroxide solution for 10 min before a wash in TBS-Tween 20 (TBST). To
block nonspecific antibody binding, the slides were incubated for 30 min at
room temperature in a solution of 1.5% blocking serum in TBS. The slides
were then incubated overnight at 4°C with the primary antibody against ESR1
(ERa) (1:250 dilution) or against PGR H-190 (sc-7208; Santa Cruz
Biotechnology). After three 5-min rinses in TBS, slides were incubated with

TABLE 1. Mean endometrial lesion size and ovarian weights.
Size/weight Control BZA BZA/CE
Endometrial lesion size (mm) 19.6 8.8* 7.8*
Ovarian weight (mg) 8.9 8.4 7.9

* Endometrial lesions were significantly reduced with the BZA treatment
(P=0.013) and BZA/CE treatment (P=0.009) compared to the control. No
significant changes were observed in the ovarian weights.

either a horse anti-goat biotinylated secondary antibody (ESR1) or goat a-rabbit
antibody (PGR; Vector Laboratories) for 30 min at room temperature. Slides
were washed three times in TBS and incubated for 30 min in ABC Elite
solution (Vector Laboratories), and then the slides were incubated for 2.5 min
in diaminobenzidine (Vector Laboratories). Slides were exposed to hematox-
ylin for 16 sec and then rehydrated through multiple 3-min ethanol and xylene
washes. All slides were mounted with Permount (Fisher Scientific). The H-
score was used to quantify the glandular and stromal expression of steroid
receptors. In all, 100 positively stained cell nuclei for each microscopic field
were examined from each animal to quantify the expression of ESR1 and PGR
in the tissue. The H-score was calculated with the following equation:
HSCORE = Zn(i + 1), where i is the intensity of staining with a value 0-3
(none, weak, moderate, or strong staining, respectively) and =« is the percentage
(0%-100%) of stained cells for each intensity [32]. The average score was
calculated, and a statistical analysis was performed using the Mann-Whitney
rank-sum test to compare differences in the eutopic endometrium of the control
and treated groups. A P-value of 0.05 or less was considered to be significant.

RESULTS

Endometrial lesions were established in controls and in
animals treated with CE alone. Groups treated with BZA alone
or any dose of BZA/CE combination (TSEC) for 8 wk
displayed a similar decrease in endometriotic lesion size
compared to controls (Table 1). The mean surface area of the
untreated lesions was 19.6 mm®. Treatment with BZA (all
doses combined) or BZA/CE resulted in lesion reduction to 8.8
and 7.8 mm?, respectively (both P < 0.05). No significant
difference in lesion size was found between the BZA and BZA/
CE treatment groups or between different doses of either
treatment. Further, all doses of BZA/CE treatment reduced
many lesions of endometriosis to fibrosis or scar, with little
endometrial tissue remaining. All mice continued to cycle on
treatment as assessed by vaginal histology. Ovarian weight was
not significantly different between groups (Table 1). Ovarian
cyst formation was not evident in the treated groups.
Endometrial histological evaluation revealed no evidence of
hyperplasia in any of the treated animals. Similarly, histolog-
ical analysis of the ovaries did not reveal hyperstimulation or
changes in follicle number.

Expression of Esrl, an essential mediator of endometrial
proliferation, was altered in a dose-dependent manner (Fig.
1A). Treatment with CE (3 mg/kg/day) increased Esrl/
expression 446% (4.46-fold) compared to controls (P =
0.009). Esrl mRNA expression was reduced to 60% of control
levels after treatment with 2 mg/kg/day of BZA (P = 0.029).
After treatment with 3 or 5 mg/kg/day of BZA, Esrl expression
was reduced to 63% and 48%, respectively, of the control value
(P =0.037 and 0.006, respectively).

Treatment with either 3 or 5 mg/kg/day of BZA (Fig. 1B)
used in combination with CE (BZA/CE) resulted in reductions
of Esrl expression when compared to the control. Treatment
with the TSEC containing 3 mg/kg/day of BZA and CE
reduced Esrl expression to 51% of control (P = 0.004), and
treatment with the TSEC containing 5 mg/kg/day of BZA and
CE reduced Esrl expression to 49% of control (P = 0.006). In
addition, treatments with 3 and 5 mg/kg/day of BZA used in
combination with CE demonstrated reduced expression of Esr/
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FIG. 1. Quantitative real-time RT-PCR demonstrates Esr1 gene expression in the uterus of CE, BZA-treated, BZA/CE-treated, and control mice. Esr1

expression was increased by CE treatment, as expected (*P=0.009). A) Esr1 expression was significantly reduced after treatment with 2, 3, and 5 mg/kg/

day of BZA when compared to the control (*P = 0.0295, 0.0374, and 0.0066, respectively).

B) Esr1 expression was significantly reduced after BZA/CE

treatment consisting of 3 and 5 mg/kg/day of BZA (*P = 0.004 and 0.006, respectively).

compared to treatments with 1 and 2 mg/kg/day of BZA and
CE (P = 0.040 and 0.002, respectively).

Expression of Pgr mRNA was used as a marker of
endometrial differentiation. Pgr expression was increased
278% (2.78-fold) compared to controls after treatment with
CE (3 mg/kg/day; P = 0.02). Pgr expression remained
unchanged after either BZA or BZA/CE treatment compared

to the vehicle-treated controls and did not vary throughout the
range of treatment doses (Fig. 2, A and B).
Immunohistochemistry was used to identify ESR1 and PGR
protein expression in the eutopic endometrium (Fig. 3).
Consistent with the quantitative real-time RT-PCR results,
ESRI1 expression was decreased in the endometrium of the
BZA- and BZA/CE-treated groups. A decrease in ESRI1
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FIG. 2.

Quantitative real-time RT-PCR demonstrates Pgr gene expression in the uterus of BZA-treated, BZA/CE-treated, and control mice. A and B) Pgr

expression was increased by CE (*P = 0.02), as expected, but no significant treatment effects related to BZA or BZA/CE were found.
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FIG. 3. Immunohistochemistry (IHC) demonstrating ESRT and PGR
protein expression in the endometrial stroma and glands of the control,
BZA-treated, and BZA/CE-treated endometrium. A greatly reduced ESR1
expression was evident in the stromal and glandular cells of the BZA-
treated endometrium at all doses used. BZA treatment led to reduction of
both glandular and stromal expression of ESRT. Similarly, BZA/CE
treatment led to decreased ESR1 expression at all doses. PGR expression
was not significantly altered by treatment. Representative images are
shown at the lowest and highest dose. Original magnification X400.

expression was also evident in the stromal and glandular cells
of both treatment groups. On a continuous scale of 0-300, the
mean ESR1 H-score for the control group was 161 and 156.2 in
the stromal cells and endometrial glands, respectively (Fig. 4).
The mean ESR1 H-score for the CE-treated group was 219 and
202 in the stromal cells and endometrial glands, respectively (P
=0.002 and 0.03, respectively). In the stromal cells of the BZA

treatment groups, the mean ESR1 H-score was 147, 145, 144,
and 100 for doses of 1, 2, 3, and 5 mg/kg/day, respectively (P =
0.02, 0.017, 0.013, and 6.81 X 10-7, respectively). The mean
ESRI1 H-score in the endometrial glands for each correspond-
ing dose of BZA was 108, 102, 100, and 88, (P =2.69 X 1073,
8.71 X 107°,5.46 X 107°, and 1.19 X 10™°, respectively). The
mean ESR1 H-score in the stromal cells for the BZA/CE (1, 2,
3, or 5 mg/kg/day of BZA plus 3 mg/kg/day of CE) treatment
group was 136, 110, 103, and 110 (P = 0.0008, 5.74 X 10_6,
8.39 X 1077, and 3.02 X 10_6, respectively). The mean ESR1
H-score of the endometrial glands for each corresponding dose
in the BZA/CE-treated group was 113, 125, 118, and 112 (P =
0.19, 0.0014, 0.0002, and 0.0001, respectively).

Expression of PGR protein did not appear to be significantly
altered by the BZA or BZA/CE treatment and did not vary by
dose (Fig. 3). The mean PGR H-score for the control group was
207 and 179 in the stromal cells and endometrial glands,
respectively (Fig. 4). The mean PGR H-score for the CE treated
group was 201 and 200 in the stromal cells and endometrial
glands, respectively. The mean PGR H-score for the BZA
treatment groups was 168 in the stromal cells and 168 in the
endometrial glands (P = 0.2). The mean PGR H-score for the
BZA/CE-treated group was 155 in the stromal cells and 160 in
the endometrial glands (P = 0.1).

DISCUSSION

The treatment of endometriosis continues to be a dilemma,
hampered by our lack of treatment options. However,
endometriosis is clearly an estrogen-dependent disease, and
all therapies rely on alteration of sex steroid levels. Common
therapies used to suppress the progression of endometriosis
include GnRH agonists, progestins, aromatase inhibitors,
androgens, and oral contraceptives [1, 2, 33-35]. The use of
many of these treatments has been associated with numerous
and, in some cases, serious side effects. Oral contraceptive
therapy has a high long-term failure rate. While the GnRH
agonist therapy improves pain, its use leads to estrogen
deficiency, which can lead to bone loss, vaginal dryness, and
vasomotor symptoms if not administered with ‘“‘add back”
hormone therapy [36, 37]. Progestin therapy has been
associated with weight gain, breast tenderness and mood
alterations [38—40]. Clearly, alternative medical regiments for
the treatment of endometriosis are needed [41].

The ideal endometriosis treatment would effectively treat
the lesions and block the undesirable stimulation of the breast
while retaining an estrogenic effect on the skeletal and central
nervous systems. Elimination of a progestin would improve the
side effect profile that severely limits patient compliance.
SERMs display estrogen receptor (ESR) agonist and antago-
nistic effects in a tissue-specific profile. BZA blocks the
estrogen-dependent growth of endometrium and endometriosis
[27, 42—-47]. To prevent hypothalamic and pituitary stimula-
tion, which increase FSH production and ovarian cyst
formation, a novel approach combining BZA and CE in a
TSEC was used to treat endometriosis. TSECs block
endometrial stimulation, and the addition of the estrogens in
CE to the SERM would hypothetically contribute to the
alleviation of symptoms. The addition of CE would also be
expected to enhance the beneficial effects of estrogenic
feedback on the central nervous system (CNS), preventing
the increase in FSH that would otherwise be seen with the
estrogenic inhibition of a SERM alone. Further, the CE may
prevent the hot flashes typically associated with SERMs.

We have previously demonstrated that BZA is an effective
treatment of endometriosis as evaluated by the decrease in
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FIG. 4. H-scores corresponding to glandular and stromal expression of ESR1 and PGR protein in controls as well as CE-, BZA-, and BZA/CE-treated
animals. Increased ESR1 expression was noted in the glands and stroma of animals treated with CE. Significantly decreased ESR1 expression was seen in
animals treated with either BZA or BZA/CE (*P < 0.05) compared to the control.

endometrial implant size [42]. In the present study, we
demonstrate that the use of BZA/CE decreased endometrial
lesion size. The addition of estrogens did not reduce the
efficacy of the SERM. Further, the estrogens did not promote
endometrial hyperplasia. BZA/CE is an effective treatment for
murine experimental endometriosis and is expected to yield a
superior side effect profile in humans due to estrogenic action
on the CNS. In addition, no significant effect of BZA dose on
lesion size was found, suggesting that doses below the
equivalent to be used in humans may still be fully efficacious.

In the treatment of endometriosis, this TSEC (BZA/CE)
likely functions through decreased Esr/ expression. While
estrogens, including CE, as demonstrated here, increase Esr/
expression, the TSEC did not induce ESR1 expression, clearly
demonstrating that BZA antagonizes the effect of CE. In fact,
both BZA alone and the TSEC reduce Esr/ mRNA and ESR1
protein expression. A mechanism of action may be posttran-
scriptional; BZA affects Esrl receptor stability based on a
recent report describing a BZA-induced conformational change

in ESR1 that resulted in its proteosomal degradation [48] . As
previously demonstrated in endometrial cells, Pgr expression
was not significantly altered by BZA or BZA/CE treatment
[49]. In women participating in phase II clinical trials (for
postmenopausal vasomotor symptom treatment and prevention
of osteoporosis), BZA/CE treatment did not induce endometrial
growth or endometrial hyperplasia [21, 47]. The effects of BZA
and TSEC treatment on Esr/ suggest a mechanism by which
BZA inhibits endometrial proliferation. BZA induced decreas-
es in ESR1 may inhibit endometrial cell growth in both the
endometrium and endometriosis.

The TSECs have been developed as a treatment for
menopausal vasomotor symptoms, vaginal atrophy, and bone
loss; the advantage of at least one TSEC (BZA/CE) includes
the ability to selectively antagonize estrogen action in the
endometrium and breast while maintaining estrogen action in
the CNS, all without the need for a progestin. Similarly, the
ability to inhibit endometrial growth without a progestin makes
BZA/CE an ideal agent for the treatment of endometriosis.
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In summary, BZA/CE is a potential novel therapy for

endometriosis that is predicted to have a high level of efficacy
without the side effects of currently available treatments.
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