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Uterine leiomyomas are highly prevalent and often symptomatic, but current medical therapies are lim-
ited. A novel, potent, selective, orally active therapy is needed. The goal of these studies was to determine
the progesterone receptor (PR) specificity and activation, endometrial response, and impact on leiomy-
oma cell proliferation and extracellular matrix (ECM) production of the novel non-steroidal selective
progesterone receptor modulators (SPRMs) CP8863 and CP8947. In vitro progestational activity was
assessed by alkaline phosphatase assay and ER-a expression. In vivo progestational activity was assayed
by the McPhail assay. Proliferation and gene expression studies were performed in immortalized human
leiomyoma and myometrial cells. Both CP8863 and CP8947 were highly selective for progesterone recep-
tor (PR) but not for ER-«, AR, and GR. Both compounds induced alkaline phosphatase comparably to
progesterone, while CP8947 induced ER-« in leiomyoma cells but not myometrial cells. CP8947 was
progestational in rabbit endometrium. Nanomolar CP8947 treatment inhibited human leiomyoma but
not myometrial cell proliferation. Extracellular matrix components were decreased in leiomyoma cells,
including COL1A1 and COL7A1 at nanomolar concentrations. CP8947 was a potent novel non-steroidal
SPRM that was selective for PR, demonstrated progestational activity in endometrium, inhibited leiomy-
oma cell proliferation and decreased ECM component production, without disrupting myometrial cell

proliferation.

Published by Elsevier Ltd.

1. Introduction

Uterine leiomyomas, or fibroids, are common uterine tumors
found in over 70% of women by the age of 50 [1]. While a propor-
tion of women with leiomyomas may remain asymptomatic, many
women suffer from menorrhagia, dysmenorrhea, dyspareunia,
infertility, miscarriage, placental abruption, malpresentation, and
preterm labor [2-4]. Despite the high prevalence and symptomatic
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nature of these tumors, the etiology of leiomyomas is incompletely
understood. Consequently, therapeutic medical options remain
limited.

Currently, the definitive therapy for leiomyomas is hysterec-
tomy [5]. However, for women who desire pregnancy or who wish
to avoid surgery, hysterectomy is not a viable therapeutic option.
Newer therapies, including uterine artery ablation and MRI-guided
high frequency ultrasound ablation, are contraindicated for women
who wish to preserve fertility [6,7]. Myomectomy, or the surgical
removal of the leiomyomas while preserving the uterus, is the stan-
dard surgical procedure if future pregnancy is desired. However,
myomectomy is associated with significant morbidity including
hemorrhage, adhesion formation, leiomyoma recurrence, blood
transfusion, bowel injury, and rarely hysterectomy [8]. Effective
medical therapies are needed.

Leiomyoma growth is regulated in part by estrogen and pro-
gesterone. Growth with sex steroids is illustrated by the increase
in leiomyoma size beginning with menarche and their regression
after menopause [9]. Based upon this insight, various hormonal
therapies have been developed for leiomyoma treatment.
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Fig. 1. Chemical structure of CP8863 and its metabolite CP8947. The novel compounds CP8863 (left) and CP8947 (right) are not structural derivatives of known steroids, but

have a unique structure among the selective progesterone receptor modulators.

Selective progesterone receptor modulators (SPRMs) have
shown promise for the treatment of leiomyomas. Examples of such
SPRMs include mifepristone, and the mifepristone congeners CDB-
2914, CDB-4124, and asoprisnil. Mifepristone itself is efficacious in
reducing leiomyoma size [10], but due to its anti-progestational
effect, this agent has been associated with endometrial hyper-
plasia [11]. Furthermore, mifepristone can also interact with the
glucocorticoid receptor [12], potentially disrupting glucocorticoid
function.

CDB 2914 and CDB 4124 are metabolites of mifepristone that
exhibit less glucocorticoid activity and reduce leiomyoma size,
but the anti-progestational effect in the endometrium resulted in
endometrial abnormalities [12-14]. Asoprisnil, another mifepris-
tone congener, also possesses limited anti-glucocorticoid activity,
and causes a reduction in leiomyoma size [15]. However, investiga-
tion of asoprisnil was halted due to endometrial changes including
abnormal vascular growth [16]. The greatest challenge in identify-
ing an effective SPRM for the treatment of leiomyomas is to identify
a compound with exquisite progesterone receptor selectivity that
can selectively act as a progestin in the endometrium, while acting
as an anti-progestin within the leiomyoma.

Tabata et al. have developed several progesterone receptor
inhibitors from the microorganism Penicillium oblatum that are
based upon an eremophilane-type sesquiterpene carbon skele-
ton [17]. These compounds are unique because they are not
derived from steroidal derivatives [18]. CP8863 is a semi-synthetic
orally active derivative that demonstrates progestational activ-
ity similar to natural progesterone in the endometrium [19]. This
compound also inhibits estradiol-mediated epithelial cell pro-
liferation but does not influence stromal cell proliferation [20].
The major metabolite of CP8863 is CP8947. The effects and role
of CP8947 in leiomyoma treatment have not previously been
reported.

We hypothesized that two novel non-steroidal PR ligands,
CP8863 and CP8947, would have PR-specific selectivity and
would inhibit leiomyoma cell proliferation. Furthermore, since
symptoms caused by leiomyomas are due to increasing bulk
which is directly related to the excessive and disorganized
extra cellular matrix production [21], we further hypoth-
esized that these compounds regulate critical extracellular
matrix components which define the leiomyoma phenotype
[22].

2. Materials and methods

All studies were approved by the Institutional Review Board and
Animal Review Board of the Uniformed Services University of the
Health Sciences.

2.1. Receptor binding assays

Cultured cells were washed once with pre-warmed (37°C) 1x
PBS and then detached from substrate with pre-warmed (37 °C) cell
dissociation buffer (3 mM EDTA in 1x PBS without Ca* and Mg?*).

The cell pellet was recovered by centrifugation at 500 rpm in an
Eppendorf5804 R centrifuge for 10 min at4 °C. The cells were resus-
pended in 5 packed volumes of 1x lysis buffer (20 mM Tris-HCI
(pH 7.4), 1.0mM EDTA, 10 mM sodium molybdate, 10% glycerol,
1.0mM DTT, and complete protease inhibitors (Roche, Branch-
burg, NJ)). Cells were disrupted by brief sonication and centrifuged
at 100,000 x g for 60 min at 4°C. Supernatants containing steroid
receptors were aliquoted and stored at —80°C. Cell lines used as
sources of steroid receptors were LNCaP prostate carcinoma cells
(androgen receptor; American Type Culture Collection, Manassas,
VA), Ishikawa endometrial adenocarcinoma cells (estrogen recep-
tor; generous gift of Dr. Erlio Gurpide), T-47D mammary ductal
carcinoma cells (progesterone receptor; ATCC), and HeLa cervi-
cal adenocarcinoma cells (glucocorticoid receptor; ATCC). Ishikawa
cells were cultured in DMEM/F12 containing 10% charcoal-stripped
fetal bovine serum. HeLa cells were cultured in DMEM containing
10% charcoal-stripped fetal bovine serum and T-47D cells were cul-
tured in RPMI1640 containing 10% charcoal-stripped fetal bovine
serum.

Aliquots of the respective lysates were incubated with [6,7-
3H(N)]-dexamethasone (Amersham, Quebec, Canada) for 24h
to detect binding of glucocorticoid receptors, [17a-methyl-3H]-
mibolerone (Amersham) for 24h to detect specific binding of
androgen receptor, [1,2,6,7-3H(N)]-progesterone (Amersham) for
1h to detect binding of progesterone receptor, or [2,4,6,7->H(N)]-
estradiol (Amersham) for 20h to detect binding of estrogen
receptor. Progesterone, estradiol, hydrocortisone, and dexam-
ethasone were obtained from Sigma-Aldrich (St. Louis, MO).
Mibolerone was from Perkin Elmer (Waltham, MA). CP8863 and
CP8946 were generous gifts from Tokai Pharmaceuticals, Inc. (Cam-
bridge, MA; Fig. 1). Binding reactions were then treated with
dextran-coated charcoal to remove unbound steroids, centrifuged,
and binding of radiolabeled steroid was determined by scintillation
counting. Nonspecific binding was that observed in the presence of
a molar excess of unlabeled steroid.

2.2. Cell proliferation studies

Immortalized myometrial and leiomyoma cells [22] maintained
in DMEM-F12 supplemented with 10% fetal bovine serum (FBS)
at 37°C and 5% CO, were sub-cultured in DMEM-F12 phenol red-
free media containing 10% charcoal-stripped FBS to 50% confluence.
We have demonstrated previously that our immortalized cultures
maintain both estrogen and progesterone receptors, and maintain
the molecular phenotype of surgical specimens, including alter-
ations in critical biomarkers [23] (data not shown). Cells were
trypsinized, plated in 96-well plates, and monolayer cultures of
50% confluence were treated with graded concentrations of CP8863
and CP8947 in serum-free, phenol red-free DMEM-F12 for times
indicated. The plates were collected each day for up to five days.
The final concentration of ethanol vehicle in culture medium or
control cultures was <0.01%. Cell proliferation was measured using
sulforhodamine-B method (Sigma-Aldrich) according to manufac-
turer’s protocol and repeated in triplicate.
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Table 1
Binding affinities of CP8863 and CP8947 for steroid receptors.
Compounds ICso
Progesterone Estrogen Glucocorticoid Androgen
receptor (nM) receptor (nM) receptor (nM) receptor (nM)
CP8863 57 >1000 >1000 >1000
CP8947 8 >1000 >1000 >1000
MPA 2

2.3. RNA and protein protocol

Immortalized myometrial and leiomyoma cells maintained
in DMEM-F12 supplemented with 10% FBS were plated in 6-
well plates and allowed to reach 20% confluence before media
was replaced with DMEM-F12 phenol-free media containing
10% charcoal-treated FBS. Cells reached 60% confluence before
treatment with CP8863 and CP8947 at 10~° to 10> M. Exper-
iments were repeated in triplicate. After 24h treatment with
the agents, cells were collected for RNA and protein analy-
sis.

2.4. Quantitative reverse transcriptase-polymerase chain
reaction analysis

Real time reverse transcriptase-polymerase chain reaction
(gqRT-PCR) was used to quantify expression of extracellular matrix
(ECM) genes, COL1A1, COL7A1, versican, connective tissue growth
factor, TGF-33, and fibronectin, as described previously [23-25].
The 18S ribosomal RNA gene was used as an internal control and
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each sample was analyzed in triplicate. Bio-Rad iCycler software
version 3.1 was used for data analysis.

2.5. Western blot

Protein was isolated using a RIPA lysis and extraction buffer
(Pierce Biotech, Rockford, IL) containing 1x Halt protease inhibitor
(Pierce Biotech) as described previously [25,26]. Briefly, aliquots
of the proteins extracted from treated cultured cells were elec-
trophoresed on a SDS-PAGE under reducing conditions, blotted
onto nitrocellulose, and apoptosis related proteins were detected
overnight with mouse monoclonal antibody against Caspase 3 (sc-
7272; dilution 1:200) at 4°C, rabbit polyclonal antibody against
Caspase 7 (sc-33773, dilution 1:200), or TRAIL (sc-7877, dilu-
tion 1:200) as indicated. All antibodies were obtained from Santa
Cruz Biotechnology, Santa Cruz, CA. Horseradish peroxidase (HRP)-
conjugated secondary antibody (ImmunoPure, Pierce Biotech) in
combination with the SuperSignal West Pico (Pierce Biotech) was
used for detection of the proteins. Beta-actin (sc-1616; Santa Cruz
Biotechnology) was an internal control for protein loading.
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Fig. 2. Effects of graded concentrations of CP8863 and CP8947 on estrogen receptor-alpha (ER-ac) mRNA levels in immortalized human leiomyoma and patient-matched
myometrial cells as assessed by real time RT-PCR. (A) ER-« transcription in myometrial cells treated with graded doses of CP8863. (B) ER-« transcription in leiomyoma cells
treated with graded doses of CP8863. (C) ER-a transcription in myometrial cells treated with graded doses of CP8947. (D) ER-« transcription in leiomyoma cells treated with
graded doses of CP8947. *p <0.05 vs. untreated myometrial cells; **p <0.05 vs. untreated leiomyoma cells.
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Fig. 3. Effects of CP8863 and CP8947 on expression of alkaline phosphatase activity in T47D breast cancer cells. (A) Alkaline phosphatase induction by MPA alone, or graded
doses of CP8863. (B) Alkaline phosphatase induction by MPA alone, or graded doses of CP8947. (C) Alkaline phosphatase induction with 10 nM MPA plus graded doses of
CP8863. (D) Alkaline phosphatase induction with 10nM MPA plus graded doses of CP8947. *p <0.01 relative to untreated cells; **p <0.01 relative to progesterone-treated

cells.
2.6. Alkaline phosphatase assay

Methods for determining progesterone-dependent induction
of alkaline phosphatase activity were similar to those described
by Madauss et al. [27]. Briefly, 8 x 10* T47D cells were plated
per well in 48-well plates in DMEM/F12 medium containing 2%
charcoal-stripped FBS and incubated at 37 °C overnight. The next
day, progesterone, increasing concentrations of test compound
alone, or 10 nM progesterone plus increasing concentrations of test
compound were added to cells and incubation at 37°C was con-
tinued overnight. After 20 h incubation, cells were washed with
1x Tris-buffered saline (TBS), lysed by addition of 100 wL 0.1 M
Tris-HCI, pH 9.8 containing 0.2% Triton X-100 with shaking for
15 min at room temperature. 300 L of 0.1 M Tris-HCl, pH 9.8 con-
taining 4 mM p-nitrophenyl phosphate was then added to each
well. Vinax measurements were recorded at 405 nM during 2 min
intervals over a 30min period using a Bio-Rad Benchmark Plus
microplate spectrophotometer.

2.7. Endometrial progestational activity: McPhail assay

Endometrial decidualization and agonist and antagonist activity
of the two anti-progestins, CP8863 and CP8947 were determined
in estrogen-primed immature rabbits. Immature female rabbits
weighing 1.2-1.8 kg were purchased from Covance Research Prod-
ucts Inc. (Denver, PA). A stock solution of each drug, CP8863 and
CP8947, and estradiol (Sigma-Aldrich, St. Louis, MO) was made in
absolute alcohol. Medroxyprogesterone 17-acetate (MPA, Sigma)
was dissolved in chloroform. Further dilutions for subcutaneous
injections (Experiment 1) or oral delivery (Experiment 2) to the
rabbits was performed using sesame oil (Sigma).

2.7.1. Experiment 1

Rabbits were primed with estrogen (5 p.g/kg/day) for 6 days, and
then treated with subcutaneous administration of either CP8863 or
CP8947 (0, 0.1, 1.0 or 10 mg/kg/day) or MPA (0.15 mg/kg/day) for 5
consecutive days. Each group consisted of five rabbits.

2.7.2. Experiment 2

Five rabbits per group were primed with estrogen (5 p.g/kg/day)
for 6 days, and then orally administered the test compound (0, 0.04,
0.2,1.0or 3.0 mg/kg/day) or the test compound in combination with
MPA (0.15 mg/kg/day) for 5 consecutive days.

All rabbits were sacrificed on the day following the final admin-
istration of test medication or progesterone. The uteri were excised
and fixed in 10% buffered formalin. Six transverse sections, three
each from proximal (closest to the uterus), medial and distal parts
of the right and left uterine horns were stained with haematoxylin
and eosin, and examined histologically. The grading of endome-
trial transformation was based on the previously described McPhail
method [28].

2.8. Statistical analysis

For qRT-PCR data, results are reported as mean + SEM. For each
result the average expression of three replicates was calculated
and normalized against 18S RNA. Relative expression was calcu-
lated based on Pfaffl method [29]. Mann-Whitney U-test was used
for interval data statistical evaluation. For proliferation data, sta-
tistical significance was calculated by Student’s t-test. For western
blot analysis, calculations were done using QualityOne software
from Bio-Rad. Data are presented as fold difference between rel-
ative density units of treated and untreated samples, normalized
for loading. For each study, the primary outcome is defined, the
experiment performed prospectively, and when applicable, dose
dependency is determined.

3. Results

Binding affinities for CP8863 and CP8947 for AR, ER-alpha, PR,
and GR in LNCaP, Ishikawa, T-47D, and HeLa lysates are shown
in Table 1. The ICsq value for CP8863 was 57 nM and for CP8947
was 8 nM compared to the progesterone receptor ligand and ago-
nist medroxyprogesterone acetate (MPA) value of 2 nM. The ICsq
values for the two compounds were greater than 1000 nM for all
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Fig. 4. Progestational effects of CP8863 and CP8947 on rabbit endometrium assayed by McPhail Index after estradiol priming. In the absence of compound, no progestational
influence was noted (X, solid). In the presence of progesterone, maximal progestational histologic changes were noted (®, dashed line). (A) CP8863 (long dash) or CP8947
(short and long dash) provided subcutaneously. (B) CP8863 (long dash) or CP8947 (short and long dash) provided orally. (C) Competition studies using 10 nM progesterone
and increasing oral concentrations of either CP8863 or CP8947. *p <0.01 relative to untreated animals; **p <0.01 relative to progesterone-treated animals.

other receptors. Both CP8863 and CP8947 showed high specificity
for progesterone receptor binding.

Progestational activity was assessed by induction of ER-c mRNA
transcripts in human leiomyoma and myometrial cells. CP8863
increased steady-state levels of ER-alpha transcript compared to
the untreated cells in both leiomyoma and myometrial cell lines at
100 nM (Fig. 2A and B). There was a 5.2-fold increase in expression
of ER-a in leiomyoma cells treated with CP8863 at 1 M (10-6 M).
In contrast, CP8947 increased ER-« transcripts in leiomyoma cells
in a dose-dependent manner but did not affect myometrial cell
steady-state levels of ER-a mRNA (Fig. 2C and D). A 6.9-fold
increase in mRNA expression was noted at a concentration of 1 nM
(10~9 M), which was significantly greater than the expression seen
in CP8863 treated cells. At potentially cytotoxic concentrations
(10 wM, 10~ M), ER-a transcripts were decreased.

To confirm progesterone receptor specific activation, we also
performed alkaline phosphatase assays in T47D human breast can-
cer cells. As a positive control, the progesterone receptor ligand
MPA at 10 nM concentration significantly increased alkaline phos-
phatase activity (Fig. 3A and B). Both CP8863 and CP8947 increased
alkaline phosphatase production in a dose-dependent fashion;
both CP8863 and CP8947 demonstrated significant progestational
activity at 10-50nM ((1-5) x 10-8 M) treatment concentrations
(Fig. 3A and B). When these cells were treated with both CP8863
and MPA, alkaline phosphatase production was increased to lev-
els greater than with MPA alone with CP8863 concentrations
of 100nM (10-7 M) or greater (Fig. 3C). At high concentration
(500nM; 5 x 10-7 M), CP8947 inhibited MPA-mediated alkaline
phosphatase induction (Fig. 3D), but maintained induction at rates
greater than untreated leiomyoma cells. These results suggest that
CP8947 acts as a less potent progestin relative to progesterone,
obtaining 70% efficacy at 50x concentration relative to proges-
terone.

One limitation of SPRM therapy is the anti-progestational
activity on the endometrium. We therefore assessed the in vivo

endometrial progestational activity of CP8863 and CP8947 in
estrogen-primed rabbits. Treatment with MPA resulted in maxi-
mal endometrial decidualization (Fig. 4). Both CP8863 and CP8947
showed a dose-dependent increase in the McPhail index, demon-
strating a progestational effect on the uterine lining with both
subcutaneous and oral dosing (Fig. 4). A greater progestational
effect was observed with oral CP8947 compared to subcutaneous
CP8947 and oral CP8863 (Fig. 4A and B). Concomitant treat-
ment with MPA demonstrated a McPhail score equivalent to MPA
alone, suggesting that neither CP8863 nor CP8947 exhibited anti-
progestational effects in rabbit endometrium (Fig. 4C).

Next we evaluated the influence of CP8863 and CP8947 treat-
ment on immortalized human leiomyoma and patient-matched
myometrial cells at doses ranging from 0.01 nM to 10 M (Fig. 5).
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Fig. 5. Effects of graded concentrations of CP8947 on the number of viable cultured
human myometrial and leiomyoma cells. Myometrial cell proliferation (black bars),
leiomyoma cultures (gray bars). Results represent the mean + SEM of at least three
independent experiments performed in triplicate. *p <0.025 relative to untreated
cells.
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Both estradiol and MPA stimulated leiomyoma cell proliferation
(data not shown). Neither leiomyoma nor myometrial cell prolifer-
ation was influenced by CP8863 treatment, even at concentrations
as high as 10 M (10> M; data not shown). Treatment with
CP8947 demonstrated efficacy at 0.1 nM (10~19 M) concentrations
in leiomyoma cells, while not significantly impacting myometrial
cell proliferation at 1000-fold greater concentrations (Fig. 5). These
results suggest that CP8947 selectively inhibited leiomyoma cell
proliferation at 0.1-1nM concentration (10~° to 10~19M) while
having negligible effects on myometrial cell growth at these con-
centrations.

To determine the mechanism of anti-proliferative effect of
CP8947, we evaluated markers of apoptotic activity. Western blots
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demonstrated an increase in caspase 7, and TRAIL expression in
cells treated with CP8947, without an increase in caspase 3 (Fig. 6).
Caspase 7 expression was consistently increased by treatment with
CP8947 at concentrations at 1 wM (10~6 M; Fig. 6B). TRAIL expres-
sion was increased significantly with treatment concentrations of
100 nM CP8947 (Fig. 6C). Protein concentration of caspase 3, cas-
pase 7, and TRAIL increased with CP8863 treatment at 0.1-1 uM
(10-7 to 10~ M) concentrations. The micromolar concentrations
required to alter apoptotic markers suggests that apoptosis induc-
tion is not the mechanism of leiomyoma cell inhibition, which
occurs at nanomolar concentrations.

Ultimately, symptoms from leiomyomas result from increasing
bulk due to overproduction of a disorganized extracellular matrix
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to untreated myometrial cells; **p <0.01 relative to untreated leiomyoma cells.
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Table 2
Summary of gynecologic effects of SPRMs CP8863 and CP8942 relative to MPA.

Compound Leiomyoma Myometrium Endometrium

MPA Stimulated proliferation Inhibitory at high concentration Induced decidualization
CP8863 No effect on proliferation No effect on proliferation Induced decidualization
CP8947 Inhibited proliferation Inhibitory at high concentration Induced decidualization

[21,30]. We therefore evaluated the influence of CP8947 on extra-
cellular matrix genes known to be altered in human leiomyomas
[23]. CP8947 at 1 nM or greater concentration had a no effect on
myometrial expression of COL 1A1 (Fig. 7A). Inleiomyoma cells, COL
1A1 initially increased by up to 12-fold at 24 h with 1 nM CP8947
treatment, but returned to expression levels identified in untreated
myometrial cells at 48 h after treatment (Fig. 7B). COL 7A1 expres-
sion was induced in myometrial cells by CP8947 concentrations
of 1nM (10-° M), but inhibited at 1 WM (10-% M) or greater con-
centrations (Fig. 7B). In leiomyoma cells, COL 7A1 expression was
reduced with CP8947 at 1 nM (10~2 M). These findings demonstrate
that CP8947 decreased transcripts encoding ECM components in
leiomyoma cells at nanomolar concentrations. Neither CP8863 nor
CP8947 altered expression of fibronectin, connective tissue growth
factor, nor TGF33 (data not shown).

4. Discussion

We found that the novel compounds CP8863 and CP8947
are highly selective and potent selective progesterone receptor
modulators, with minimal activity on estrogen, glucocorticoid, or
androgen receptors. These compounds can bind to and activate
the progesterone receptor as demonstrated by the alkaline phos-
phatase assay at nanomolar concentrations. Furthermore, both
compounds are orally active, and induced progestational changes in
the rabbit endometrium. They were unable to block progesterone-
mediated endometrial changes. In human leiomyoma cells, CP8947
specifically inhibited proliferation while not influencing myome-
trial cell proliferation at nanomolar to micromolar concentrations
(summarized in Table 2). Inhibited proliferation is unlikely to
involve apoptosis, as demonstrated by alterations in apoptotic
genes only at micromolar compound concentrations. Finally,
CP8947 altered expression of critical extracellular matrix genes
involved in the fibrotic phenotype of leiomyomas, inhibiting both
COL1A1 and COL7A1 expression. Collectively, these results show
that CP8947 is a highly potent, highly selective, orally active selec-
tive progesterone receptor modulator that selectively inhibited
both leiomyoma cell proliferation and extracellular matrix gene
expression without disrupting myometrial cell growth or acting
as an anti-progestin in the endometrium. As such, CP8947 repre-
sents a compound that could have therapeutic efficacy in human
leiomyomas.

Current medical therapy for uterine leiomyomas is based upon
the finding that human leiomyomas are hormonally dependent
tumors and involves the use of gonadotropin releasing hormone
agonists or antagonists [31,32]. While these therapies are effective
in reducing leiomyoma size from 30 to 50% [33], they therapies also
induce a hypoestrogenic state, with side effects of hot flashes, vagi-
nal dryness, and bone loss [34]. In addition, these therapies cannot
be dosed orally. As a result of the significant side effects, therapy
is often limited to 3-6 months, with longer treatment requiring a
complex regimen of hormonal add-back medication [35].

As an alternative to GnRH analogue therapy, SPRMs have
been developed for leiomyoma therapy: mifepristone, and the
congeners of mifepristone, asoprisnil, CDB-4124 and CDB-2914
[11,14,16]. While each of these compounds showed promise, two
innate characteristics of these compounds limited their applica-
bility: interaction with glucocorticoid receptor and endometrial

hyperplasia. Progesterone is able to interact with and activate
the glucocorticoid receptor [36], due to the similarities in struc-
ture between the two hormones. Mifepristone and mifepristone
congeners, which have a similar structure, exhibit glucocorticoid
binding activity [37]. Furthermore, while mifepristone and con-
geners act as anti-progestins on the leiomyoma, they also act as
anti-progestins on the endometrium. As a result, therapy results
in endometrial abnormalities. After several months, the estrogen-
induced endometrial changes may lead to hyperplasia and atypia
[38].

The novel compounds CP8863 and CP8947 are semi-synthetic
compounds that were isolated from the fermentation broth of P.
oblatum. Among the prototypical compounds isolated, PF1092A
possessed an ICsg of 30nM for the porcine uterine progesterone
receptor [17]. Further compound development resulted in CP8863,
which inhibited estradiol-mediated epithelial cell proliferation
[20]. The CP8863 ICsq for the progesterone receptor was 40 nM,
while the IC50 was >9 wM for the glucocorticoid receptor, estrogen
receptor, and androgen receptor [20]. Furthermore, oral dosing of
CP8863 exerted a progestational action in the rabbit endometrium
[19]. Analysis of CP8863 metabolism resulted in the identification
of CP8947, which we show here to be a more potent and efficacious
selective progestin receptor modulator.

It was interesting to note that regulation of ECM genes was not
uniformly altered by CP compounds. Specifically, COL1A1T mRNA
concentration initially increased in the first 24 h by CP8947 treat-
ment, but ultimately decreased relative to untreated leiomyoma
cells by 48 h. Such a ‘flare’ effect has been described with luteiniz-
ing hormone releasing hormone agonists, which initially activate
receptor but ultimately abolish function [39]. Given the demon-
strated agonist activity of CP8947 in other tissue types such as
human leiomyoma and T47D human breast cancer cells, one can
speculate that CP8947 functions by binding and initial receptor
activation, followed by either inactivation or down-regulation of
the progesterone receptor. This finding was not consistent among
all ECM genes analyzed, however, suggesting that the transcrip-
tional complex for COL1A1 differs from other ECM genes tested.

Given the different responses between leiomyoma and myome-
trial cells in the same patient, we cannot rule out the possibility
that the CP compounds work via mechanisms aside from the
progesterone receptor, particularly at micromolar concentrations.
However, our data are certainly consistent with the hypothesis that
these compounds are selective progesterone receptor modulators,
in which they act as progestins or anti-progestins depending upon
the cell type. Previous work demonstrated similar findings for com-
pounds such as tamoxifen, which acts as an anti-estrogen at the
breast but as an estrogen ligand at the endometrium [40,41]. One
proposed mechanism involves cell-specific promoter complexes
that regulate the level of transcription induced by a particular lig-
and [42].

In conclusion, we have characterized a novel selective proges-
terone receptor modulator, CP8947, which exhibits characteristics
favorable for further development as a human leiomyoma therapy.
In particular, CP8947 was active at nanomolar concentrations, was
selective to the progesterone receptor, was orally active, had pro-
gestational activity in the endometrium, and inhibited leiomyoma
cell proliferation and extracellular matrix gene expression while
having no appreciable effect on myometrial cell proliferation. Clin-
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ical trials will be necessary to determine the promise of CP8947 as
an orally active therapy for uterine leiomyomas.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.jsbmb.2010.05.005.

References

[1] D. Day Baird, M.B. Dunson, M.C. Hill, D. Cousins, .M. Schectman, High cumu-
lative incidence of uterine leiomyoma in black and white women: ultrasound
evidence, Am. ]. Obstet. Gynecol. 188 (2003) 100-107.

[2] C. Benecke, T.F. Kruger, T.I. Siebert, ].P. Van der Merwe, D.W. Steyn, Effect of
leiomyomas on fertility in patients undergoing assisted reproduction, Gynecol.
Obstet. Invest. 59 (2005) 225-230.

[3] E.Sheiner, A. Bashiri, A. Levy, R. Hershkovitz, M. Katz, M. Mazor, Obstetric char-
acteristics and perinatal outcome of pregnancies with uterine leiomyomas, J.
Reprod. Med. 49 (2004) 182-186.

[4] G. Wegienka, D.D. Baird, I. Hertz-Picciotto, S.D. Harlow, J.F. Steege, M.C. Hill,
J-M. Schectman, K.E. Hartmenn, Self-reported heavy bleeding associated with
uterine leiomyomata, Obstet. Gynecol. 101 (2003) 431-437.

[5] C.M.Farquhar, C.A. Steiner, Hysterectomy rates in the United States 1990-1997,
Obstet. Gynecol. 99 (2002) 229-234.

[6] P.B. Marshburn, M.L. Matthews, B.S. Hurst, Uterine artery embolization as a
treatment option for uterine myomas, Obstet. Gynecol. Clin. North Am. 33
(2006) 125-144.

[7] ]. Hindley, W.M. Gedroyc, L. Regan, E. Stewart, C. Tempany, K. Hynnen, N. Mac-
Danold, Y. Inbar, Y. Itzchak, . Rabinovici, K. Kim, ].F. Geschwind, MRI guidance
of focused ultrasound therapy of uterine leiomyomas: early results, Am. J.
Roentgenol. 183 (2004) 1713-1719.

[8] O. Olufowobi, K. Sharij, S. Papaionnou, D. Neelakantan, H. Mohammed, M.
Afnan, Are the anticipated benefits of myomectomy achieved in women of
reproductive age? J. Obstet. Gynaecol. 24 (2004) 434-440.

[9] V.C.Buttram, R.C. Reiter, Uterine leiomyomata: etiology, symptomatology, and
management, Fertil. Steril. 36 (1981) 433-445.

[10] J.L Carbonell Esteve, R. Acosta, B. Heredia, Y. Perez, M.C.Y. Castaneda, A.V. Her-
nandez, Mifepristone for the treatment of uterine leiomyomas, Obstet. Gynecol.
112 (2008) 1029-1036.

[11] S.H. Eisinger, S. Meldrum, K. Fiscella, H.D. le Roux, D.S. Guzick, Low-dose
mifepristone for uterine leiomyomata, Obstet. Gynecol. 101 (2003) 243-250.

[12] B. Attardi, J. Burgenson, S. Hild, J. Reel, In vitro antiprogesta-
tional/antiglucocorticoid activity and progestin and glucocorticoid receptor
binding of the putative metabolites and synthetic derivatives of CDB-2914,
CDB-4124, and mifepristone, J. Steroid Biochem. Mol. Biol. 88 (2004) 277-288.

[13] B Attardi, J. Burgenson, S. Hild, J. Reel, R. Blye, CDB-4124 and its putative mon-
odemethylated metabolite, CDB-4453, are potent antiprogestins with reduced
antiglucocorticoid activity: in vitro comparison to mifepristone and CDB-2914,
Mol. Cell. Endocrinol. 188 (2002) 111-123.

[14] E.D. Levens, C. Potlog-Nahari, A.Y. Armstrong, R. Wesley, A. Premkumar, D.L.
Blithe, W. Blocker, L.K. Nieman, CDB-2914 for uterine leiomyomata treatment:
a randomized controlled trial, Obstet. Gynecol. 111 (2008) 1129-1136.

[15] K.Chwalisz, M.C. Perez, D. DeManno, C. Winkel, G. Schubert, W. Elger, Selective
progesterone receptor modulator development and use in the treatment of
leiomyomata and endometriosis, Endocr. Rev. 267 (2005) 423-438.

[16] A.R.Williams, H.O. Critchley, J. Osei, S. Ingamells, L.T. Cameron, C. Han, K. Chwal-
isz, The effects of the selective progesterone receptor modulator asoprisnil on
the morphology of uterus tissues after three months treatment in patients with
symptomatic uterine leiomyomata, Hum. Reprod. 22 (2007) 1696-1704.

[17] Y. Tabata, M. Hatsu, Y. Kurata, K. Miyajima, M. Tani, T. Sasaki, Y. Kodama,
T. Tsuruoka, S. Omoto, PF1092A, B, and C, new nonsteroidal progesterone
receptor ligands produced by Penicillium oblatum 11, J. Antibiotics 50 (1997)
309-313.

[18] Y Tabata, N. Miike, M. Hatsu, Y. Kurata, T. Yaguchi, A. Someya, S. Miyadoh,
S. Hoshiko, T. Tsuruoka, S. Omoto, PF1092A, B, and C, new nonsteroidal pro-
gesterone receptor ligands produced by Penicillium oblatum I, J. Antibiotics 50
(1997) 304-308.

[19] Y. Kurata, Y. Tabata, R. Shinei, Y. lizuka, N.T. Masuda, K. Kurihara, T. Okonogi, S.
Hoshiko, Endocrinological properties of two novel nonsteroidal progesterone

receptor modulators, CP8816 and CP8863, J. Pharmacol. Exp. Ther. 313 (2005)
916-920.

[20] T. Mori, Y. Kurata, Y. Tabata, N. Niho, M. Matsuda, Y. Zhou, Priming effects
of novel nonsteroidal progesterone receptor modulators CP8816 and CP8863
on the development of adenomyosis in the mouse uterus, Life Sci. 71 (2002)
527-535.

[21] W.H. Catherino, P.C. Leppert, M.H. Stenmark, M. Payson, L.K. Nieman, J.H.
Segars, Reduced dermatopontin expression is a molecular link between uterine
leiomyomas and keloids, Genes Chrom. Cancer 40 (2004) 204-217.

[22] M. Malik, ]J. Webb, W.H. Catherino, Retinoic acid treatment of human
leiomyoma cells transformed the cell phenotype to one strongly resembling
myometrial cells, Clin. Endocrinol. (Oxf.) 69 (2008) 462-470.

[23] M. Malik, W.H. Catherino, Novel method to characterize primary cultures of
leiomyoma and myometrium with the use of confirmatory biomarker gene
arrays, Fertil. Steril. 87 (2007) 1166-1172.

[24] D.S. Joseph, M. Malik, S. Nurudeen, W.H. Catherino, Myometrial cells undergo
fibrotic transformation under the influence of transforming growth factor beta-
3, Fertil. Steril. 93 (2010) 1153-1164.

[25] W.H. Catherino, M. Malik, Uterine leiomyomas express a molecular pattern that
lowers retinoic acid exposure, Fertil. Steril. 87 (2007) 1388-1398.

[26] M. Malik, M. Mendoza, M. Payson, W.H. Catherino, Curcumin, a nutri-
tional supplement with antineoplastic activity, enhances leiomyoma cell
apoptosis and decreases fibronectin expression, Fertil. Steril. 91 (2008)
2177-2184.

[27] K.P Madauss, E.T. Grygielko, S.J. Deng, A.C. Sulpizio, T.B. Stanley, C. Wu, S.A.
Short, S.K. Thompson, E.L. Stewart, NJ. Laping, S.P. Williams, J.D. Bray, A
structural and in vitro characterization of asoprisnil: a selective progesterone
receptor modulator, Mol. Endocrinol. 21 (2007) 1066-1081.

[28] M.K. McPhail, The assay of progestin, J. Physiol. 83 (1934) 145-156.

[29] M.W. Pfaffl, A new mathematical model for relative quantification in real-time
RT-PCR, Nucleic Acids Res. 29 (2001) e45.

[30] P.C.Leppert, T. Baginski, C. Prupas, W.H. Catherino, S. Pletcher, J.H. Segars, Com-
parative ultrastructure of collagen fibrils in uterine leiomyomas and normal
myometrium, Fertil. Steril. 82 (2004) 1182-1187.

[31] Y. Nakamura, Y. Yoshimura, H. Yamada, Y. Ubukata, M. Ando, M. Suzuki, Treat-
ment of uterine leiomyomata with a luteinizing hormone-releasing hormone
agonist, Fertil. Steril. 55 (1991) 900-905.

[32] R.E. Felberbaum, U. Germer, M. Ludwig, H. Riethmuller-Winzen, S. Heise, 1.
Buttge, O. Bauer, T. Reissmann, ]. Engel, K. Diedrich, Treatment of uterine
leiomyomas with a slow-release formulation of the gonadotrophin releasing
hormone antagonist Cetrorelix, Hum. Reprod. 13 (1998) 1660-1668.

[33] Y. Watanabe, G. Nakamura, H. Matsuguchi, M. Nozaki, M. Sano, H. Nakano,
Efficacy of a low-dose leuprolide acetate depot in the treatment of uterine
leiomyomata in Japanese women, Fertil. Steril. 58 (1992) 66-71.

[34] S. Bianchi, L. Fedele, M. Vignali, E. Galbiati, R. Cherubini, S. Ortolani, Effects
on bone mineral density of 12-month goserelin treatment in over 40-year-old
women with uterine myomas, Calcif. Tissue Int. 57 (1995) 78-80.

[35] G. Freundl, K. Godtke, C. Gnoth, E. Godehardt, R. Kienle, Steroidal ‘add back’
therapy in patients treated with GnRH agonists, Gyn. Obstet. Invest. 45 (1998)
22-30.

[36] D. DiSorbo, F. Rosen, R.P. McPartland, R.J. Milholland, Glucocorticoid activ-
ity of various progesterone analogs: correlation between specific binding
in thymus and liver and biologic activity, Ann. N.Y. Acad. Sci. 286 (1977)
355-368.

[37] U.Pesonen, M. Koulu, O.Heikinheimo, R. Huupponen, The glucocorticoid antag-
onist mifepristone reveals abnormal regulation of the adrenocortical system in
obese Zucker rats, J. Endocrinol. 132 (1992) 425-431.

[38] A.Ferenczy, M.M. Gelfand, F. Tzipris, The cytodynamics of endometrial hyper-
plasia and carcinoma: a review, Ann. Pathol. 3 (1983) 189-201.

[39] R. Frydman, ]J. Belaisch-Allart, 1. Parneix, R. Forman, A. Hazout, ]. Testart,
Comparison between flare up and down regulation effects of luteinizing
hormone-releasing hormone agonists in an in vitro fertilization program, Fertil.
Steril. 50 (1988) 471-475.

[40] LJ. Lerner, V.C. Jordan, Development of antiestrogens and their use in
breast cancer: eighth Cain Memorial award lecture, Cancer Res. 50 (1990)
4177-4189.

[41] A.Fried], V.C.]Jordan, What do we know and what don’t we know about tamox-
ifen in the human uterus, Breast Cancer Res. Treat. 31 (1994) 27-39.

[42] D.P.McDonnell, A. Wijavaratne, C.Y. Chang, ].D. Norris, Elucidation of the molec-
ular mechanism of action of selective estrogen receptor modulators, Am. J.
Cardiol. 90 (2002) 35F-43F.


http://dx.doi.org/10.1016/j.jsbmb.2010.05.005

	Novel, orally active selective progesterone receptor modulator CP8947 inhibits leiomyoma cell proliferation without advers...
	Introduction
	Materials and methods
	Receptor binding assays
	Cell proliferation studies
	RNA and protein protocol
	Quantitative reverse transcriptase-polymerase chain reaction analysis
	Western blot
	Alkaline phosphatase assay
	Endometrial progestational activity: McPhail assay
	Experiment 1
	Experiment 2

	Statistical analysis

	Results
	Discussion
	Supplementary data
	Supplementary data


