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1. Introduction 

Endometriosis is characterised by the benign growth of endometrial glands and stroma on 

the surface of peritoneal tissues and other organs. It is generally regarded as an aberrant 

estrogen-dependent growth condition, which presents with symptoms of chronic pelvic 

pain, bleeding and infertility. Steroidal progestogens are already widely used in the 

treatment of the condition, dienogest (Visanne) the most recent of which has gained EU 

approval for clinical use (McCormack, 2010). Progestogens appear to work by both directly 

inhibiting the functional effects of estrogen on endometrial cell proliferation, and also 

suppressing ovarian function, to induce anovulatory amenorrhoea. The efficacy of this class 

of agents in patients with endometriosis, however, is relatively modest and the tolerability 

(breakthrough bleeding and bloating) as well as concerns on the long term safety (risk of 

breast cancer and thromboembolism, effect on bone mineral density) has also limited their 

broader utility. Progesterone receptor antagonists (PRAs) have emerged in recent years as 

an alternative approach to treating the disease. This class of agents has contrasting effects on 

reproductive function compared with progestogens. This review will focus on what we 

know about the PRA mechanism of action from pre-clinical in vitro and in vivo evidence 

and how clinical data have shaped confidence in this class of agents as a new approach to 

treating endometriosis symptoms and disease progression1. 

2. Progesterone receptor structure & function 

The steroid hormone, progesterone, is a key modulator of normal reproductive function, 

including ovulation, uterine and mammary gland development and the neurobehavioral 

expression associated with sexual responsiveness (Clarke & Sutherland, 1990; Lydon et al., 

1995). Progesterone is absolutely essential for the maintenance of pregnancy, maintaining 

uterine quiescence by suppressing expression of genes that mediate increased myometrial 

                                                 

1 Zhu Y, Bond J & Thomas P (2003) Identification, classification, and partial characterization of genes in 
humans and other vertebrates homologous to a fish membrane progestin receptor. Proc. Natl Acad. Sci. 
USA 100(5):2237-2242. 
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contractility, such as the oxytocin receptor. The physiological effects of progesterone (P4) are 

principally mediated by interaction with two specific intracellular receptors termed PR-A 

and PR-B. PR-A and PR-B are members of the nuclear receptor superfamily of transcription 

factors (Mangelsdorf et al., 1995; McKenna et al., 2009; O’Malley & Conneely, 1992; Tsai & 

O’Malley, 1994). Nuclear hormone receptors regulate gene transcription by discriminative 

binding to specific DNA sequences, so-called progesterone response elements (PREs) 

Specific interactions with co-activator and/or co-repressor proteins, induced by ligand 

binding, trigger interactions with the RNA polymerase complex (McKenna & O'Malley, 

2001). PR-A and PR-B are expressed from a single gene as a result of transcription from two 

alternative promoters and translation initiation at two alternative initiation codons (Kraus et 

al., 1993). The human PR-A and PR-B are identical except for an additional N-terminal 164 

amino acid sequence present in PR-B. Both isoforms have two activation function domains, 

AF-1 proximal to the DNA-binding domain, and a ligand-dependent AF-2 domain in the C 

terminus (Tetel et al., 1999). By virtue of the longer N-terminus, PR-B also has a unique AF-3 

domain that may contribute to its differential trans-activation properties compared with PR-

A (Tung et al., 2006).  

Ligand binding (progesterone as well as other synthetic PR ligands such as progestogens 
(e.g. dienogest, tanaproget, medroxyprogesterone acetate), the progesterone receptor 
antagonists (PRAs, such as RU-486) and modulators (e.g. J-867)) triggers a conformational 
change that causes the dissociation of bound heat shock proteins, receptor 
phosphorylation, receptor dimerisation, nuclear translocation and DNA binding. Binding 
occurs at specific PRE sequences in promoters of progesterone response genes, and alters 
transcriptional activity, negatively or positively, depending on PRE sequence, the 
conformation of the ligand-bound complex and cell-specific context. In the presence of 
steroidal PRAs, such as RU-486, the complex becomes transcriptionally inactive due to 
recruitment of co-repressors such as NCoR1 (Wagner et al., 1998), whereas selective PR 
modulators, such as J-867, elicit a mixed agonist/antagonist response (Elger et al., 2000; 
Madauss et al., 2007). 

Studies in mice with selective ablation of PR isoforms have revealed that PR-A is necessary 

for ovulation and modulates the anti-proliferative effects of progesterone in the uterus. In 

contrast PR-B knockout mice are fertile and sustain a normal pregnancy, but PR-B appears 

to be required for normal mammary gland development and function (Mulac-Jericevic & 

Conneely, 2005). In an attempt to understand the function of PR-B in the endometrium, one 

group has used PRAs and siRNA to knockdown gene expression in an immortalised human 

endometrial stromal cell line (Wu & Guo, 2006; Wu et al., 2008). Ablation of PR-B promoted 

cellular proliferation, by approximately 20% compared with control, supporting the notion 

that PR-B acts as a break on progesterone function. It is noteworthy that breast and 

endometrial malignancy is often accompanied by disruption of PR-A and PR-B expression 

or altered functional PR responses (Arnett-Mansfield et al., 2004; De Vivo et al., 2002; 

Kobayashi et al., 2010; McGowan et al., 2004), an observation which has triggered interest in 

the potential utility of PRAs for oncology (Fuhrmann et al., 2000; Poole et al., 2006; Tieszen 

et al., 2011; Wiehle et al., 2011). Recent evidence has also confirmed the existence of a 

functional third isoform, PR-C which lacks AF-2 and AF-3 domains and appears to act as a 

sink for progesterone and have a function in regulating the onset of parturition (Condon et 

al., 2006).  
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Beyond the genomic function of progesterone mediated by PR-A and PR-B, progesterone 
also appears to elicit non-genomic activity. Neurosteroidal function of progesterone and 
progesterone metabolites, such as allopregnelone (3α-hydroxy-5α-pregnan-20-one), 
augment GABAergic channel burst durations by increasing the opening frequency through 
positive allosteric modulation in the hypothalamus (Henderson, 2007). In the female rat, 
direct administration of allopregnelone in specific regions in the hypothalamus rapidly 
facilitates lordosis, suggesting a direct non-genomic effect on reproductive function. Outside 
of the predicted protection from catamenial exacerbation of epileptic seizures and 
premenstrual dysphoric disorder by neurosteroids (Biagini et al., 2010), the non-genomic 
effects of progesterone in reproductive function in the female human have been less well 
characterised. Several other reported progesterone receptors (mPR, PGRMC1 and CatSper, 
for instance) have also been touted to contribute to the non-genomic effects of progesterone 
(Dressing et al., 2011; Gellersen et al., 2009; Lishko et al., 2011; Zhu et al., 2003). Based on 
expression data and some functional characterisation both mPR and PGRMC1 may have a 
role in reproductive function and are speculated to regulate implantation and myometrial 
contractility. Whilst there are no evidence reported suggesting a contributing role for mPR 
or PGRMC1 in endometriosis, this is not the case for PR. 

3. Evidence of progesterone resistance in women with endometriosis 

The uterus is composed of heterogeneous cell types which undergo synchronous waves of 
proliferation and differentiation in response to cyclical changes in estrogen (E2) and 
progesterone levels. The spatiotemporal expression of PRs in epithelial, stromal and 
myometrial cellular compartments are under the control of estrogen, the primary 
endometrial mitogen. Progesterone appears to exert proliferative function or induce 
differentiation depending on the cell type; on epithelia, progesterone, acting via stromal 
PRs, inhibits estrogen-driven cell proliferation and on stroma progesterone appears to 
orchestrate a more complex pattern of proliferation and differentiation.  

While the actions of progesterone are critical to the establishment and maintenance of 
pregnancy, approximately one third of women with endometriosis also present with 
infertility. For some women, the loss of tubal patency, the modification of the pelvis and the 
inflammation associated with condition appear to be causally related to the presentation of 
infertility. However, the characterization of the eutopic endometrium from women with 
endometriosis has also revealed many defects, including altered patterns of angiogenesis, 
dyssynchrony with the window of implantation as well as ultra structural abnormalities 
which may contribute to the infertility. Supporting this, isolated endometrial stromal 
fibroblasts from women with endometriosis do not appear to undergo a normal 
decidualisation response (Aghajanova et al., 2010), suggesting an impairment of the 
progesterone-mediated differentiation programme. Specific alterations in the expression 
molecular markers of endometrial receptivity have also been widely documented, especially 

the integrin αvβ3, certain steroid hormone receptors and HOXA10 gene expression, the latter 
of which has been identified from a genome wide association study of moderate to severe 
endometriosis as a potential candidate disease locus with proximity to the 7p15.2 SNP 
association (Painter et al., 2011).  

Early studies also pointed to alteration in the normal pathways of estrogen metabolism in 

ectopic endometrial tissue; specifically expression of 17βHSD-2, the enzyme responsible for 
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the conversion of estradiol to estrone appears to be reduced compared with the eutopic 

compartment (Bulun et al., 2010; Zeitoun et al., 1998). As 17βHSD-2 is a progesterone 
response gene, one group has published evidence to suggest that this may be due to 
apparent reduction in PR levels and especially in PR-B in ectopic tissue (Attia et al., 2000; 
Wu et al., 2006). However, this signpost to progesterone resistance has had relatively little 
formal observational replication; indeed others have not been able to find evidence of 
alteration in the PR-A/PR-B ratio (Bergqvist & Ferno, 1993; Igarashi et al., 2005). 
Furthermore, decrease in PR-A mRNA and an increase in the PR-B to PR-A ratio and total 
PR protein levels have been detected in eutopic samples obtained from a murine 
endometriosis model (Lee et al., 2009). PR expression has also been found to be similarly 
unaltered in the eutopic endometrium of baboons with experimentally induced 
endometriosis compared with baseline (Fazleabas et al., 2003). 

Microarray studies performed on isolated cells, eutopic/ectopic tissue biopsies and cells 
excised by laser capture microdissection from patients have been revealed several pathways 
of altered gene expression. For instance Kao et al (2002; 2003) collected biopsies from eutopic 
endometrium from normal women and women with endometriosis at days 8-10 after the 
mid-cycle LH surge and performed a microarray analysis to identify differentially expressed 
genes. Whilst a formal analysis of progesterone-response genes, whose expression was 
either elevated or suppressed in diseased versus normal tissue, was not undertaken, the 
expression of several progesterone response genes, including Dickkopf-1 and glycodelin, 
was suppressed in diseased tissues samples. The suppression of the Dickkopf-1 response 
has been supported by more recent studies of progesterone response in isolated human 
endometrial stromal fibroblasts from normal women and women with endometriosis 
(Aghajanova et al., 2011). In studies comparing ectopic and eutopic gene expression 
obtained from women with endometriosis one of the key observational fingerprints was an 
impairment in the normal progesterone response, especially the expression of PR, IHH, 
FOXO1A and Cyp26A1 amongst others (Burney et al., 2007). Relatively few genes have been 
qualified as progesterone responsive by testing with a PRA and this has limited larger data 
assignments in published microarray data. Even when microarray analysis was performed 
on RNA extracted from human endometrial explants cultured in the presence of E2/P4 and 
treated with RU-486, only a small population of gene expression were differentially 
regulated (Catalano et al., 2003). Of these, JAK1 and JNK1 appeared to be down regulated in 
the presence of RU-486. These observations are intriguing as JNK activity is unregulated in 
women with endometriosis (Uz et al., 2011) and in a Scid mouse experimental model of 
endometriosis, JNK inhibitor treatment reduces disease burden (Altan et al., 2008).  

Taken together, while the data support the notion that there is an abnormal progesterone 
response in eutopic and ectopic endometrial compartments in women with endometriosis, it 
is not clear whether this is a direct effect, causally associated with infertility, or could be 
used for diagnostic purposes. One of the key gaps is that many of these genes have not been 
formally tested to be directly PR mediated, and therefore lack the qualification of alteration. 

Another, somewhat controversial, observation linked with the molecular basis of 
progesterone resistance has been revealed from studying functional polymorphisms in the 
promotor region of PR. A putative functional polymorphism in the PR promoter (+331C/T; 
rs10895068), creates an additional TATA box that provides a unique transcriptional start site 
and favours increased production of PR-B relative to PR-A (De Vivo et al., 2002). Berchuck et 
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al. (2004) first suggested a reduced risk of endometriosis associated with the T allele of the 
+331 variant and because of increased production of PR-B, this variant was suggested to 
reduce the risk of endometriosis. However the original findings suggesting that PR-B is not 
expressed in ectopic lesions have not had broad replication and Treloar et al. (2005) found 
no association with endometriosis and this variant either in a large study which included 
more than 900 families. Another putative functional variant in the PGR gene is termed the 
PROGINS allele. Cells prepared from the eutopic endometria of women carrying the 
PROGINS allele appear to respond with greater proliferative capacity to estradiol and 
progesterone, supporting the contention that the PROGINS polymorphism enhances the 
endometriosis phenotype (D'Amora et al., 2009). However while several studies have 
suggested that the variant increases susceptibility to endometriosis (De Carvalho et al., 2007; 
Lattuada et al., 2004; Wieser et al., 2002), others have not found an association (Govindan et 
al., 2007; Treloar et al., 2005; van Kaam et al., 2007). Therefore taken together, there is only 
modest supporting evidence of altered progesterone receptor expression, and progesterone 
resistance in contributing to endometriosis susceptibility and disease symptoms. 
Notwithstanding this, the current clinical utility of progesterone receptor agonists and 
anticipated benefit of PRAs, outweighs the confidence in PR as a therapeutic target attained 
from a molecular understanding of the protein and condition. 

4. Discovery of small molecule modulators of PR function 

The identification of drug-like, potent and selective PR antagonists has been challenging. As 
well as being highly lipophilic, the ligand binding sites between homologous NHRs are 
highly conserved and PR has the highest sequence homology with GR, AR, MR and ER 
(Figure 1). Early classes of anti-progestagens were poorly selective, yet some, such as 
gestrinone, still found clinical utility in the treatment of endometriosis (Cornillie et al., 1986; 
Coutinho, 1982). Furthermore, the ligand binding domains of PR-A and PR-B are identical 
and yet several in vitro and in vivo lines of evidence suggest that the effects of progesterone 
on transcriptional activation and repression by PR-A and PR-B are different (Conneely et al., 
2001; Tung et al., 2006). To date, however, there are no agonist or antagonist agents that 
have been characterised with selectivity for PR-A over PR-B or vice versa.  

The development of selective and safe steroidal PRAs has been challenging, both due to 
reported hepatoxicity as well as potential dose-limiting anti-glucocorticoid effects, due to 
lack of selectivity (Robertson et al., 1999). More recently, an additional concern has emerged 
following histological evaluations of subjects dosed for more than 3 months on steroidal 
PRAs. The endometrium of these individuals undergoes a characteristic cystic histological 
change which may be difficult to distinguish from endometrial hyperplasia without 
specialist evaluation (Ioffe et al., 2009; Mutter et al., 2008; Williams et al., 2007).  

Mifepristone/RU-486, the founding member of the steroidal class of PRAs, was originally 
produced by Roussel-Uclaf and licensed for use for medical abortion and as an emergency 
contraceptive. The in vivo pharmacokinetic/pharmacodynamic profile of RU-486 is 
challenging to model as RU-486 generates a large number of pharmacologically active 
metabolites (Heikinheimo et al., 1987). Since its identification, >100 related analogues, 
principally by modifying the C-11 and/or C-17 positions of the steroid ring, have been 
synthesized and have shown all degrees of anti-progestagenic activity. The pharmacological 
profile of these examples range from pure antagonists, such as RU-486 to those with mixed 
antagonist/agonist activity, such as J-867 (Table 1).  
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Fig. 1. (a) X-ray structure of progesterone (cyan) bound to the PR ligand binding pocket 
(pink) (Williams & Sigler, 1998) and overlaid with the x-ray co-ordinates of GR, MR and AR 
(in green) to illustrate the high degree of structural similarity between homologous NHRs 
(b) Phylogentic tree illustrating the sequence similarity of homologous NHRs with PR. 

More recently, several alternative non-steroidal chemical PRA scaffolds have been 
published. These might have advantages over the steroidal templates due to simpler 
synthetic route, and potential for greater selectivity and metabolic stability compared with 
steroidal templates (Dack et al., 2010; Fensome et al., 2008; Terefenko et al., 2005; Zhang et 
al., 2002),. With a few exceptions, these classes of agents tend to mimic the steroid A ring 
ketone with a cyanoaryl group isostere, as is also seen with tanaproget, the non-steroidal 
progestogen (Fensome et al., 2005). 

Steroidal PRAs have been characterised as facilitating PR dimerisation and nuclear 
translocation, but induce a conformation of the DNA-bound complex which recruits co-
repressors to directly shutdown transcriptional PRE activity and other transcriptional 
promoters by trans-repression. The pharmacological profile of the non-steroidal compounds 
appears to be subtly different from steroidal examples (Howe et al., 2011; Zhang et al., 2007). 
In vitro pharmacological profiling of PRA-910 and PF-02413873 has indicated that at low 
concentrations the compounds inhibit the expression of progesterone-reporter genes, but at 
high concentrations, they induce agonism. For PF-02413873, the inhibition of progesterone-
reporter gene expression appears to be due to blocking PR nuclear translocation and then at 
high concentrations PF-02413873 facilitates it, recruits co-activators and induces gene 
transcription.  
 

Compound Structure Pharmacology data In vivo observations Reference 
Non-steroidal PRAs
PF-02367982 

N

N

O

N

NH

O

 

PR binding Ki=76 nM; 
functional IC50=40.3 
nM 
>3000x functional 
selectivity over GR, 
AR, MR 

Dose dependent 
inhibition of 
arborisation of the 
immature rabbit and 
luteal phase 
endometrium of the 
intact macaque 

(de Giorgio-
Miller et al., 
2008) 

Table 1. Pharmacological properties of key non-steroidal and steroidal PRAs 1 In these 
assays, the activity of RU-486 was PR binding IC50=9 nM; T47D IC50=7.6 nM; GR binding 
IC50=10 nM; IC50=5.9 nM; AR binding IC50=45 nM; 2 In these assays, the activity of RU-486 
was PR binding IC50=0.028 nM; GR binding IC50=2.2 nM; AR binding IC50=10 nM 
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PF-02413873 

N

N

O

N
S

O
O

 

PR binding Ki=2.6 
nM; functional Ki=9.7 
nM; pKB= 8.0 
[Agonist format: 
~25% activation at 10 
μM] 
AR binding IC50=2100 
nM; functional 
Ki=1130 nM  
MR functional Ki=307 
nM  
GR binding Ki=410 
nM; functional 
Ki=2710 nM

Dose dependent 
inhibition in functionalis 
thickness & BrdU 
incorporation of 
follicular phase macaque 
endometrium; maximum 
effects at 10 mg/kg (p.o, 
b.i.d) 

(Howe et 
al., 2011) 

PRA-910 

F

N
H

O

O

CN

 

PR binding Kd=4.4 
nM; functional 14 nM  
[Agonist format: ~60-
70% activation at 0.1 
μM 
AR binding IC50=1292 
nM 
GR binding IC50=1756 
nM 
MR binding IC50=2369 
nM 
ER binding IC50 
>10000 nM

Dose dependent 
inhibition of the P4-
induced rat decidual 
response (mean ED50 
=0.3 mg/kg) with no 
evidence of agonism at 
10 mg/kg. 5 mg/kg 
reduced BrdU 
incorporation in the 
E2/OVX macaque, but 
no effect on endometrial 
thickness c.f. control 

(Zhang et 
al., 2002; 
2007) 

WAY-255348 
N

F

N
H

O

NC

 

PR binding IC50=5 
nM; functional IC50=5 
nM 
AR functional 
IC50=196 nM 
MR functional 
IC50=3700 nM 
>No significant 
activity at GR, ER

Inhibition of P4-induced 
rat decidual response 
(ED50 = 0.3 mg/kg). Dose 
dependent inhibition of 
ovulation in the 
macaque. All the 
animals treated at 10 
mg/kg had thin-
atrophied endometria 

(Fensome et 
al., 2008) 

Steroidal PRAs 
RU-486 / 
mifepristone 

N

O

H OH

H

H

 

PR binding Ki=0.5 
nM; T47D IC50=0.2 nM
AR functional C50=20 
nM 
GR binding Ki=1.4 
nM; Functional IC50=3 
nM  
MR functional IC50=3 
nM 
 

Dose dependent 
induction of menses in 
intact and E2/P4 
artificially cycled 
macaque. Inhibition of 
ovulation and 
endometrial 
proliferation. ~75% 
reduction in peritoneal 
disease volume in a 
surgical model of 
endometriosis in the 
macaque 

(de Giorgio-
Miller et al., 
2008; Grow 
et al., 1996; 
Slayden & 
Brenner, 
1994; 
Slayden et 
al., 2001; 
Wolf et al., 
1989) 

Table 1. (continuation) Pharmacological properties of key non-steroidal and steroidal PRAs1 
In these assays, the activity of RU-486 was PR binding IC50=9 nM; T47D IC50=7.6 nM; GR 
binding IC50=10 nM; IC50=5.9 nM; AR binding IC50=45 nM; 2 In these assays, the activity of 
RU-486 was PR binding IC50=0.028 nM; GR binding IC50=2.2 nM; AR binding IC50=10 nM  
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CDB-4124 / 
proellex 

N

O

H

H

H

O

O

OMeO

 

PR binding IC50=19 
nM; T47D functional 
IC50=11 nM1 

GR binding IC50=17 
nM IC50=130 nM  
AR binding IC50=288 
nM 

Dose dependent 
suppressed cell 
proliferation and 
tumour latency in a N-
methyl-N-nitrosourea-
induced mammary 
carcinogenesis rat model 

(Attardi et 
al., 2002; 
Brenner et 
al., 2010; 
Wiehle et 
al., 2011) 

CDB-2914 / 
ulipristal 

N

O

H

H

H

O

O

O

 

PR binding IC50=7 
nM; T47D functional 
IC50=7 nM 
GR binding IC50=18 
nM; functional 
IC50=73.8 nM  
AR binding IC50 = 65 
nM1 

Intrauterine delivery of 
CDB-2914 suppressed 
endometrial growth and 
menstruation in 
artificially cycled Rhesus 
macaques 

(Attardi et 
al., 2002; 
Brenner et 
al., 2010; 
Gainer & 
Ulmann, 
2003) 

ZK-230211 / 
linaprostone 

O

H

H

H

CF
2
CF

3

OH

O

 

PR binding IC50 = 
0.0036 nM 
GR binding IC50 = 16 
nM 
AR binding IC50 = 54 
nM2 

Dose dependent 
interruption of 
pregnancy in the rat and 
reduction in tumour 
mass in a DMBA-
induced rat mammary 
tumour model. Dose 
dependent inhibition of 
endometrial growth in 
the macaque 

(Afhüppe 
et al., 2010; 
Fuhrmann 
et al., 2000; 
Slayden et 
al., 2001) 

J-867 / 
asoprisnil 

O

H

H

H

OMe
N

OH OMe

 

PR functional IC50=0.2 
nM 
AR functional 
IC50=6.1 nM 
GR functional IC50=85 
nM  
MR functional 

IC50=1.6 µM 
ER functional IC50= 

1.9 µM  

Partial agonist 
properties in McPhail’s 
assay. Marginal labour-
inducing activity during 
mid-pregnancy and 
ineffective in inducing 
preterm parturition in 
the guinea pig. 
Abolition of menstrual 
cyclicity and induction 
of endometrial atrophy 
in the macaque 

(DeManno 
et al., 2003; 
Elger et al., 
2000; 
Fensome et 
al., 2008) 

ORG-31710 

O

O

H

H

H

N

 

PR relative binding 
affinity equivalent to 
RU-486. 
30 fold lower GR 
relative binding 
affinity c.f. RU-486 

ORG-31710 
administered with 
desogestrel reduced the 
incidence of 
unscheduled vaginal 
bleeding c.f. desogestrel 
alone in the macaque 

(Kloosterbo
er et al., 
1994; 2000; 
Verbost et 
al., 2005) 

 

Table 1. (continuation) Pharmacological properties of key non-steroidal and steroidal PRAs 1 
In these assays, the activity of RU-486 was PR binding IC50=9 nM; T47D IC50=7.6 nM; GR 
binding IC50=10 nM; IC50=5.9 nM; AR binding IC50=45 nM; 2 In these assays, the activity of 
RU-486 was PR binding IC50=0.028 nM; GR binding IC50=2.2 nM; AR binding IC50=10 nM 
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ZK-98299 / 
Onapristone 

O

H

H

H

OH

N

OH

 

PR relative binding 
affinity equivalent to 
RU-486 
 

Inhibition of 
arborisation of the 
immature rabbit. 
Reduction in cell 
proliferation of cells in 
ectopic lesion in a rat 
endometriosis model. 
Inhibition of ovulation 
and endometrial growth 
in monkeys

(Elger et al., 
2000; 
Gopalkrishn
an et al., 
2003; 
Ishwad et 
al., 1993; 
Stoeckeman
n et al., 
1995) 

ZK-137316  PR relative binding 
affinity equivalent to 
RU-486 
 

Inhibition of 
arborisation of the 
immature rabbit. 
Reduction in cell 
proliferation of cells in 
ectopic lesion in a rat 
endometriosis model. 
Inhibition of ovulation 
and endometrial growth 
in macaques. 

(Borman et 
al., 2003; 
Slayden et 
al., 1998; 
2001; 
Slayden & 
Brenner, 
2003; 
Stoeckeman
n et al., 
1995; 
Zelinski-
Wooten et 
al., 1998) 

Table 1. (continuation) Pharmacological properties of key non-steroidal and steroidal PRAs 1 
In these assays, the activity of RU-486 was PR binding IC50=9 nM; T47D IC50=7.6 nM; GR 
binding IC50=10 nM; IC50=5.9 nM; AR binding IC50=45 nM; 2 In these assays, the activity of 
RU-486 was PR binding IC50=0.028 nM; GR binding IC50=2.2 nM; AR binding IC50=10 nM 

5. Pre-clinical effects of PR antagonists in pre-clinical models 

The study of the effects of PRAs in pre-clinical models has shed light on the site of and 
mechanism of action of PRAs in normal reproductive physiology and disease. The classical 
models for quantifying PRA activity are the modified assay in juvenile rabbits according to 
McPhail (McPhail, 1933), the induction of luteolysis in the guinea pig (Elger et al., 2000) and 
the inhibition of decidualisation in the rat. For the purposes of this review, I have focussed 
on the pre-clinical models which have been used to support a role for PR in the pathogenesis 
and treatment of endometriosis, principally focussing on studies in the rodent and macaque. 
Many data have been acceded from studies in the normal animal, but several experimental 
models of endometriosis have been also developed in normal as well as immune 
compromised rodents and non-human primates (D'Hooghe et al., 2009; Grummer, 2006; 
Laschke & Menger, 2007). In these models, cystic ectopic endometrial lesions develop 
following the transplantation of syngeneic or human uterine endometrial tissue under the 
control of ovarian estradiol. Measuring temporal changes in the size of these lesions and 
their proliferative capacity as well other aspects of the disease presentation is a powerful 
pre-clinical yardstick for testing the efficacy of experimental drugs. 

5.1 Rodent 

Mouse knockout studies have elegantly described differences in the function of PR-A and 
PR-B. Both PR null mutation (PRKO) and selective disruption of the PR-A isoform (PRAKO) 
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in the mouse leads to a failure of ovulation due to disabled follicular rupture in response to 
gonadotrophin stimulation (Lydon et al., 1995; Mulac-Jericevic & Conneely, 2005). The 
histological characterisation of uteri from PRKO mice confirmed extensive epithelial 
hyperplasia (Lydon et al., 1995). In contrast, the stromal compartment was distinctly 
oedematous and infiltrated with neutrophils and macrophages. While these data strongly 
support the notion of PR in suppressing ER function in the uterus, the cystic dilation, 
epithelial hyperplasia and associated inflammation are also histological hallmarks of 
endometriosis, especially those characterised in rodent disease models (Bruner et al., 1997; 
Grummer, 2006; Hull et al., 2003; Vernon & Wilson, 1985). The endometrial epithelial 
hyperplasia observed in the uteri of PRAKO mice was similar to that observed for PRKO 
mice suggesting that PR-B is unable to compensate for the loss of PR-A (Mulac-Jericevic et 
al., 2000). In contrast, ovarian and uterine response to E2/P4 appear to be normal in PR-B 
knockout mice, whereas mammary lobuloalveolar development was markedly reduced due 
to decreased ductal and alveolar epithelial cell proliferation (Mulac-Jericevic et al., 2003). 
Taken together these findings demonstrate the extremely important role PR plays in 
regulating ovarian function and spatiotemporal cell growth in different tissue compartments 
in response to E2/P4 in the mouse. 

PRKO mice have been used to explore the role of PR in the development and growth of 
ectopic lesions in a syngenic mouse model of endometriosis (Fang et al., 2004). In this study, 
the volumes of PRKO lesions collected from animals treated with E2 were approximately 
20% larger than those from corresponding wild-type animals. Additionally, the effects of P4 
on PRKO lesions were ablated compared with those from wild-type animals, underscoring 
the important role that PR plays in regulating E2-dependent cell proliferation in the rodent.  

Whilst the evaluation of gene ablation on eutopic and ectopic endometrial cell growth has 
been revealing, the studies of pharmacological modulation contrast these observations to a 
certain extent as both progestogens and PRAs reduce ectopic endometrial cell proliferation 
and disease burden in pre-clinical rodent models of endometriosis (Bruner-Tran et al., 2006; 
Chwalisz et al., 1998; Katayama et al., 2010; Katsuki et al., 1998; Stoeckemann et al., 1995). 
An explanation of this phenomenon compared with the phenotype of PRKO animals has 
been revealed by studies with PRAs in the non-human primate. 

5.2 Macaque 

Given the evolutionary and physiological proximity of the macaque menstrual cycle with 
the human, many groups have evaluated the role of PR and the effects of PRAs on the 
macaque endometrium. Most data revealing the effect of PRAs on the endometrium have 
come from studies evaluating the effects of steroidal PRAs. When administered acutely after 
the mid-cycle LH surge, or during the progesterone phase in artificially cycled animals, 
PRAs impair the effects of progesterone on endometrial arborisation and induce an early 
menstruation. In the intact macaque, animals undergo an anovulatory amenorrhoea under 
the influence of continuous steroidal PRA exposure (Brenner et al., 2010; Slayden et al., 
2001). In these animals, the endometrium is characterised by decreased wet weight, 
thickness and mitotic activity. The endometrium undergoes a characteristic atrophy and 
compaction of the stroma, glandular apoptosis as well as degeneration of the endometrial 
spiral arterioles. These effects are characteristically anti-estrogenic in nature, and yet the 
effects occur in the presence of mid-follicular levels of E2, levels that should be sufficient to 

www.intechopen.com



Progesterone Resistance and Targeting  
the Progesterone Receptors: A Therapeutic Approach to Endometriosis 

 

167 

facilitate endometrial growth. Studies in ovariectomised (OVX) and E2-supplemented 
macaques, have been perhaps even more revealing with respect to the mechanism driving 
this effect, especially the direct as well as indirect effects of PRAs on the hypothalamic-
pituitary-gonadal axis and endometrium. Firstly, RU-486 has been shown to suppress the 
estrogen-induced LH surge in the OVX macaque (Wolf et al., 1989), underwriting a role for 
PR in regulating the hypothalamic-pituitary axis in higher species as suggested by early 
studies in knockout mice (Conneely et al., 2001). Furthermore, as RU-486 does not appear to 
blunt GnRH-induced LH secretion in the macaque (Heikinheimo et al., 1995), this has 
suggested that PRAs directly block ovarian folliculogenesis. In intact macaques with PRA 
doses that are too low to block ovulation or in the OVX/E2 macaque, steroidal PRAs that 
include can also directly suppress the effects of estrogen on the endometrium by inhibiting 
cell proliferation and thickness suggesting that PR regulates reproductive function at 
multiple points (Brenner et al., 2010; DeManno et al., 2003; Hodgen et al., 1994; Ishwad et al., 
1993; Slayden et al., 1998; 2001; 2006; Wolf et al., 1989; Zelinski-Wooten et al., 1998). 

While many studies have been commonly undertaken by oral or systemic administration of 
PRAs, principally RU-486, some studies have also been undertaken by local, intrauterine 
administration, such as those with CDB-2914 and ZK-230211(Brenner et al., 2010; Nayak et 
al., 2007). In each case, the intrauterine administration resulted in the characteristic 
inhibition of normal menstrual bleeding, atrophy of endometrial spiral arterioles and 
functionalis thickness, consistent with observations from systemic administration (Figure 2). 
Unfortunately neither of these studies were supported with a confirmation of drug 
exposure, comparing the local versus systemic exposure to demonstrate that the effects were 
mediated by a local site of action and not an indirect effect. Nonetheless the data support 
others which suggest that PRAs can work locally to block estrogen effects on endometrial 
growth in the macaque. 

a                                                        b

Blank-IUS                       CDB-2914-IUSBlank-IUS               CDB-2914-IUS
 

Fig. 2. (a) Induction of endometrial atrophy by CDB-2914-intrauterine system (IUS) versus 
blank-IUS (taken from (Brenner et al., 2010) with permission); E, endometrium; Myo, 
myometrium (original magnification ×25). (b) AR staining on endometrial tissue samples 
taken from macaques treated with CDB-2914-IUS or blank-IUS (original magnification ×340). 

The mechanism of attenuation of estradiol effects on the endometrium is not well 
understood, and although steroidal PRAs appear to block cell proliferation in various in 
vitro cell-based systems, the concentrations needed for this effect are considerably greater 
than those which elicit the effect in vivo (Freeburg et al., 2009a; Goyeneche et al., 2007; 
Murphy et al., 2000; Ohara et al., 2007; Wu & Guo, 2006). One clue to a potential mechanism 
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has emerged from observations of elevated endometrial androgen receptor (AR) expression 
(Narvekar et al., 2004; Slayden & Brenner, 2003) following PRA administration and the 
known effects of AR modulators (e.g. danazol) on endometrium (Rose et al., 1988).  

These observations have been functionally evaluated further (Slayden & Brenner, 2003) in 
which OVX/E2 macaques were continuously treated with ZK-137316 or together with the 
AR antagonist, flutamide, for 28 days. Flutamide reversed the inhibitory effects of ZK-
137316 on the E2/OVX endometrium, restoring levels of endometrial proliferation and 
thickness to control levels (Table 2). 

 E2 alone E2/ZK-137316  
(0.1 mg/kg i.m.) 

E2/ZK-137316 (0.1 mg/kg i.m.) + 
Flutamide (2 mg/kg s.c.) 

Weight (mg) 360 ± 32 64 ± 10b 265 ± 92 

Thickness (mm) 3.3 ± 0.4 1.1 ± 0.3b 2.2 ± 0.6 

Stromal 
compactionc 

45.5 ± 3.4 142.3 ± 63.7b 54.0 ± 4.6 

Mitotic indexd 6.3 ± 0.6 0.3 ±0.3b 5.2 ± 3.8 

Table 2. Morphometric assessment of androgen receptor blockade of ZK-137316 effects on 
OVX/E2 macaquesa (Adapted from (Slayden & Brenner, 2003)) aAll values represent mean ± 

SE; bp<0.05 compared with values in the same row; cstromal cells/10,000 µm2; dmitotic 
cells/1000 epithelial cells 

That flutamide did not appear to inhibit the PR activity of ZK-137316 (i.e. ZK-137316-
induced menstruation in E2/P4 artificially cycled animals in the presence of flutamide), 
suggested that the endometrial anti-proliferative effects of steroidal PRAs like ZK-137316 
are mediated by a mechanism involving AR. However, despite this extremely important 
observation, the seminal Slayden publication has not been followed up further. For instance, 
it is not clear what ligand is driving the AR effect, as testosterone levels do not appear to be 
altered in ZK-137316 treated animals, or how the signal is transduced through AR; if it is 
genomic or non-genomic. If AR is inducing a genomic effect, what are the transcripts that 
are altered and confer the inhibitory effect on PRA? Other important and, as yet, 
unaddressed questions also include whether these effects are only manifested only by the 
steroidal class of PRAs, but the observation that RU-486 can elevate endometrial AR 
expression in women goes some way to understanding the translational significance of the 
macaque findings (Narvekar et al., 2004).  

Non-steroidal classes of PRAs have also been studied in a similar way in the macaque. Of 
the novel class of cyanophenoxypyrazoles, PF-02367982 dose-dependently inhibited the 
progesterone-mediated aborisation of the endometrium and delayed menses induction 
when dosed for 20 days from the start of the menstrual cycle. PF-02367982 also increased AR 
protein expression in a similar manner to that observed by RU-486 and the non-steroidal 
PRA, WAY-255348 (de Giorgio-Miller et al., 2008; Fensome et al., 2008). These data are 
consistent with other non-steroidal PRAs that have been assessed, such as WAY-255348 
(Fensome et al., 2008). More recently, PF-02413873 a more potent PRA than PF-02367982 
(Table 1) has been shown to reduce endometrial cell proliferation and thickness in intact 
macaques dosed for 10 days from the start of menstruation (Howe et al., 2011). In this study, 
however, AR expression was not appreciably altered with PF-02413873 treatment compared 
with RU-486. While this may be, in part, due to the timepoint for the comparison and 
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assessment, PF-02413873 also appears to have a different pharmacological profile from RU-
486 and other steroidal PRAs.  

While these interesting observations are important in the context of normal endometrial 
physiology, few studies have been undertaken in macaques with endometriosis to build 
translational understanding to disease. Menstruating primates, such as the baboon and the 
macaque, develop spontaneous endometriosis and ectopic lesions that are histologically 
identical to the human disease (D'Hooghe et al., 2009). For many researchers, the proximity 
of this model to the human condition has made this the model of choice for the assessment 
of interventional agents the endometriosis. Spontaneous disease is acquired with a similar 
time course as experienced by the human female, developing slowly over a period of years 
and is not easily diagnosed without laparoscopy. Consequently, researchers have used 
intraperitoneal inoculation of autologous menstrual or endometrial tissue to develop an 
experimental model of endometriosis that is similar to that observed in women. 

The only study evaluating the effect of a steroidal PRA, RU-486, in a non-human primate 
model of endometriosis was reported by Grow et al (1996). This study was undertaken in a 
surgical induction model of endometriosis and disease allowed to develop prior to dosing. 
A baseline measure of burden (peritoneal lesion area) was undertaken and then macaques 
were treated with either RU-486, leuprolide or vehicle for one year. Both RU-486 and 
leuprolide induced an anovulatory amenorrhoea and reduced peritoneal disease levels to a 
similar levels, >75%, compared with the vehicle control group. The authors additionally 
evaluated the effect of RU-486 and leuprolide on bone mineral density as revealed by dual 
x-ray absorptiometry. Consistent with the post-menopausal levels of E2 achieved, leuprolide 
induced a 0.035 g/cm2 reduction in bone mass compared with +0.1 g/cm2 for vehicle control 
and +0.25 g/cm2 for the RU-486 treated animals. These data support earlier observations 
that steroidal PRAs are able to suppress endometrial cell growth whilst maintaining bone-
sparing mid-follicular levels of E2 (Heikinheimo et al., 1995). 

6. Clinical evaluation in healthy women and women with endometriosis  

RU-486 was originally developed for emergency contraception, however early observations 
with lower doses than those used clinically, indicated that when given acutely during the 
luteal phase, RU-486 would facilitate the onset of menstruation by the upregulation of 
endometrial prostaglandins and given chronically, RU-486 would delay menses 
(Hapangama et al., 2002; Shoupe et al., 1987). The effects of RU-486 on the ovarian cycle and 
endometrium appear to be dose dependent, that is low doses interfere with estrogen 
function and disrupt endometrial growth (Croxatto et al., 1993; Narvekar et al., 2004), but 
higher doses additionally suppress follicular development by impairing gonadotrophin 
secretion (Gemzell-Danielsson et al., 1996; Liu et al., 1987; Spitz et al., 1993; 1994). These 
observations strike a resounding chord with those data acceded in the macaque described 
earlier. The potential value of PRAs as alternative contraceptives to current combined or 
progestin-only pills have been long recognised and evaluated in a number of different 
dosing and delivery strategies (Baird et al., 2003; Brown et al., 2002; Chabbert-Buffet et al., 
2007; Heikinheimo et al., 2007; Lakha et al., 2007; Nayak et al., 2007). Whilst no pregnancies 
were reported after 200 months in women who received 2-5 mg RU-486 daily (Brown et al., 
2002), lower doses appeared to be less effective (Croxatto et al., 1998). Similar observations 
on the suppression of ovulation and the normal menstrual cycle have also been made with 
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other PR-As such as a onapristone, J-876 as well as CDB-2914 (Chabbert-Buffet et al., 2007; 
Chwalisz et al., 2005a; Katkam et al., 1995; Stratton et al., 2000). The utility of PRAs as a new 
class of oral contraceptives has still not been fully exploited and this feature alone is 
anticipated to have potential benefit in endometriosis patients by reducing cyclical 
menstrual pain. 

Intrauterine delivery (IUD) of progestogens (levonorgestrel/Mirena) is an effective way of 
administering durable contraceptive exposures of drug and to bypass systemic side effects. 
IUD studies with PRAs in the macaque have also been followed up with a single human 
study. The study compared levonorgestrel with an IUD releasing ZK-230211. The dose of 
ZK-230211 was selected based on an equivalent IUD dose of ZK-230211 that suppressed 
ovulation and menstruation in the macaque (Heikinheimo et al., 2007). In contrast to the 
data acceded in the macaque, however, the ZK-230211 IUD did not appreciably alter 
bleeding patterns suggesting that either the local drug exposure was insufficient or that 
there are translational differences between the macaque and human. 

Increasingly, however, the endometrial effects of PRAs have been subject to concern due 
observed histological changes in the endometrium with chronic exposure. In the past, 
endometrial hyperplasia has been reported as a safety concern with chronic use of RU-486 
(Newfield et al., 2001). Recent, detailed histological analyses of endometrial biopsies from 
patients exposed to steroidal PRA for more than 3 months have indicated that these agents 
produce a slightly thickened endometrium with cystically dilated endometrial glands (Ioffe 
et al., 2009; Mutter et al., 2008; Williams et al., 2007). The appearance of glandular 
epithelium appears to change with dose and exposure duration, from inactive/non-mitotic 
to non-physiologic combinations of features usually seen separately in normal proliferative 
and secretory endometrium. These alterations do not appear to be limited to the glands 
only, as thick-walled vessels most commonly seen in endometrial polyps, become more 
widely distributed throughout the endometrium. Whether these effects on the endometrium 
are mediated by the unopposed effects of persistent follicular phase levels of estradiol, the 
pharmacological class or some non-specific effect of PRAs on the endometrium is not clear, 
but this appears to be a common feature of all steroidal PRAs assessed so far. Individuals on 
prolonged exposure to asoprisnil/J-867 were at a higher risk of developing endometrial 
changes sufficient to raise concern with regulatory authorities indicates that more research is 
needed to understand the phenomenon of PRA associated endometrial changes and 
whether this might be in part mitigated by an alternative dosing regimen from continuous 
dosing (Baird et al., 2003). 

The first evidence that PRAs such as RU-486 would have a potential benefit in women 
with endometriosis was published by Kettel and co-workers (1991; 1994; 1996; 1998). The 
incentive for these early investigational studies was the clinical observation that RU-486 
could block follicular maturation and ovulation when given early in the menstrual cycle, 
disrupt endometrial integrity when administered in the luteal phase and induce an 
anovulatory amenorrhoea when administered continuously. However, even earlier 
studies than those conducted with RU-486, indicated the potential utility of treating 
women with endometriosis with an anti-progestin (Coutinho, 1982). In this small open-
label study, 20 patients with endometriosis were subjected to 6 months of continuous 
treatment with gestrinone (5 mg/twice weekly), a reportedly mixed antagonist with anti-
progestogenic activity. All subjects became amenorrhoeic and had reportedly dramatic 
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improvements in dyspareunia symptoms and fertility outcomes. Whilst no visualisation 
of the change in the disease burden was made in this study, this assessment was followed 
up by others (Cornillie et al., 1986) and incorporated as part of the validation work 
performed by Kettel and co-workers with RU-486. In these studies, doses of RU-486 were 
carefully selected to avoid the known anti-glucocorticoid effects. Treatment of women 
with endometriosis with a daily dose of 5-100 mg for 3-6 months resulted in durable 
inhibition of the normal menstrual cycle (although not optimal for the 5 mg dose) and a 
suppression in ovarian hormone levels consistent with a block on folliculogenesis. 
Endometriosis-associated pain scores and American Fertility Scores determined by 
laparoscopic examination also decreased from baseline (Kettel et al., 1994; 1996; 1998; 
Murphy et al., 1995). These preliminary studies were not able to rule out the possibility 
that the visible changes in disease burden were secondary to the absence of ovarian 
hormone cyclicity; indeed this is still not known. From a safety perspective, there was no 
suppression of cortisol levels, indicative of anti-glucocorticoid effects. Serum estradiol 
concentrations were also maintained at a mid-follicular level which preserved femur and 
lumbar spinal bone mineral density (Kettel et al., 1996). These bone safety data are 
consistent with those reported in the cynomolgus macaque and contrast clinical 
observations of GnRH receptor agonists (Grow et al., 1996). 

Asoprisnil has also been compared with placebo for treatment of pain in laparoscopically 
diagnosed endometriosis in a randomized, controlled trial. Whilst the results of this study 
were reported as an abstract only, a significant decrease in daily pain scores with all doses of 
asoprisnil (5, 10 or 25 mg) compared with placebo was noted (Chwalisz et al., 2005b). 
Intriguing as these data are, there has been a compelling lack of replication studies from 
double blinded, randomised and controlled trials in women with endometriosis, using 
empirical and objective outcome measures approved by regulatory bodies. This lack of 
evidence may be in part due to the level of investment needed for such an old drug as RU-
486, or concerns over the safety of continuously administered RU-486 or PRAs like it. CDB-
4124 is currently in development for the treatment of endometriosis and uterine fibroids and 
data are anticipated on its clinical efficacy/safety profile. 

In contrast to the relatively large wealth or reported data with steroidal PRAs, there is only a 
single study evaluating the effects of a non-steroidal PRA, PF-02413873, in healthy female 
subjects (Howe et al., 2011). When orally dosed to healthy female volunteers, daily from the 
first day of the menstrual cycle, PF-02413873 blocked the mid-cycle LH surge and 
endometrial growth (Figure 3). 

Whilst PF-02413873 development for endometriosis was curtailed due to a high incidence of 
idiosyncratic maculopapular rash, PF-02413873 proves the principle that a non-steroidal 
PRA can similarly block the effects of follicular hormones on endometrial growth as 
steroidal PRAs. Further data are needed to determine whether the histological changes 
encountered by the class of steroidal PRAs endometrial are similarly manifested by the non-
steroidal PRA class. 

Given the anti-proliferative effects observed in vitro and in vivo for PRAs (Freeburg et al., 
2009b; Goyeneche et al., 2007; Ohara et al., 2007; Poole et al., 2006; Tieszen et al., 2011), the 
broader utility of this class in treating other benign and malignant growth conditions has 
not gone unnoticed (Chwalisz et al., 2007; Robertson et al., 1999; Rocereto et al., 2000; 
Wilkens et al., 2008). In the closely related condition of uterine fibroids, small studies have 
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demonstrated a reduction in myoma volume and uterine bleeding with asoprisnil and RU-
486 (Chabbert-Buffet et al., 2005; DeManno et al., 2003; Fiscella et al., 2006). Larger studies 
have been completed for asoprisnil. In one randomized, controlled trial, 129 women with at 
least 1 fibroid greater than 3 cm in diameter or a uterine volume twice the normal (>200 cm3) 
were treated for up to 3 months with asoprisnil (5, 10, or 25 mg) or placebo (Chwalisz et al., 
2007). Significant reduction in uterine fibroid volume was noted by week 4 and persisted 
through the end of the study in a dose-dependent fashion. 

a                                                               b

 

Fig. 3. Effect of escalating multiple dose of PF-02413873 on endometrial thickness (mm) (a) 
and the mid cycle LH surge (mIU/mL) (b) in healthy women compared with placebo (Howe 
et al., 2011) 

7. Conclusion 

There are compelling pre-clinical and clinical evidence to suggest that as well as directly 
antagonising the effect of progesterone, PRAs also functionally antagonise the effects of 
estrogen on the endometrium. This coupled with the suppression of ovarian folliculogenesis 
induces anovulatory amenorrhoea. Evaluation of the PR axis in animal models of 
endometriosis has suggested that PRAs can suppress the growth of ectopic endometriotic 
lesions. The mechanism driving this effect is still not clear, but it sufficient to maintain 
ovarian activity and estradiol levels adequately to protect bone as well as other potential 
post-menopausal symptoms more commonly encountered with ovarian suppression. In 
women with endometriosis, the data available from small clinical evaluations, strongly 
suggest that PRA treatment reduces disease symptoms, whilst maintaining normal levels of 
bone mineral density. Further clinical evaluation in larger randomised, placebo controlled 
and blinded studies are warranted, both to underscore the clinical benefit as well as 
understand the safety of the mechanism compared with existing standard of care therapy 
(endometrial, cardiovascular and bone safety, in particular). The medicinal chemistry 
challenge in designing potent, selective and safe PRAs is not inconsiderable, especially 
given the large number of examples whose clinical development have been curtailed (e.g. 
onapristone, PF-02413873, asoprisnil). However, the clinical evidence observed so far 
provides strong confidence that the class could have utility as a chronic treatment for 
endometriosis as well as a range of other gynaecological indications and malignant 
conditions. 

www.intechopen.com



Progesterone Resistance and Targeting  
the Progesterone Receptors: A Therapeutic Approach to Endometriosis 

 

173 

8. References 

Afhüppe W, Beekman JM, Otto C, Korr D, Hoffmann J, Fuhrmann U & Möller C (2010) In 
vitro characterization of ZK 230211--A type III progesterone receptor antagonist 
with enhanced antiproliferative properties. J Steroid Biochem Mol Biol 119(1-2):45-55. 

Aghajanova L, Horcajadas JA, Weeks JL, Esteban FJ, Nezhat CN, Conti M & Giudice LC 
(2010) The protein kinase A pathway-regulated transcriptome of endometrial 
stromal fibroblasts reveals compromised differentiation and persistent proliferative 
potential in endometriosis. Endocrinology 151(3):1341-1355. 

Aghajanova L, Tatsumi K, Horcajadas JA, Zamah AM, Esteban FJ, Herndon CN, Conti M & 
Giudice LC (2011) Unique transcriptome, pathways, and networks in the human 
endometrial fibroblast response to progesterone in endometriosis. Biol Reprod 
84(4):801-815. 

Altan M, Bruner-Tran KL, Osteen K & Palmer S (2008) JNK Inhibitor AS-01 Causes 
Regression of Endometriosis and Suppression of Inflammatory Cytokines and 
Tissue Remodeling Enzymes. Biol Reprod 78(169):486. 

Arnett-Mansfield RL, DeFazio A, Mote PA & Clarke CL (2004) Subnuclear distribution of 
progesterone receptors A and B in normal and malignant endometrium. J Clin 
Endocrinol Metab 89(3):1429-1442. 

Attardi BJ, Burgenson J, Hild SA, Reel JR & Blye RP (2002) CDB-4124 and its putative 
monodemethylated metabolite, CDB-4453, are potent antiprogestins with reduced 
antiglucocorticoid activity: in vitro comparison to mifepristone and CDB-2914. Mol 
Cell Endocrinol 188(1-2):111-123. 

Attia GR, Zeitoun K, Edwards D, Johns A, Carr BR & Bulun SE (2000) Progesterone receptor 
isoform A but not B is expressed in endometriosis. J Clin Endocrinol Metab 
85(8):2897-2902. 

Baird DT, Brown A, Cheng L, Critchley HO, Lin S, Narvekar N & Williams AR (2003) 
Mifepristone: a novel estrogen-free daily contraceptive pill. Steroids 68(10-13):1099-
1105. 

Berchuck A, Schildkraut JM, Wenham RM, Calingaert B, Ali S, Henriott A, Halabi S, 
Rodriguez GC, Gertig D, Purdie DM, Kelemen L, Spurdle AB, Marks J & Chenevix-
Trench G (2004) Progesterone receptor promoter +331A polymorphism is 
associated with a reduced risk of endometrioid and clear cell ovarian cancers. 
Cancer Epidemiol Biomarkers Prev 13(12):2141-2147. 

Bergqvist A & Ferno M (1993) Estrogen and progesterone receptors in endometriotic tissue 
and endometrium: comparison according to localization and recurrence. Fertil Steril 
60(1):63-68. 

Biagini G, Panuccio G & Avoli M (2010) Neurosteroids and epilepsy. Curr Opin Neurol 
23(2):170-176. 

Borman SM, Chwalisz K, Stouffer RL & Zelinski-Wooten MB (2003) Chronic low-dose 
antiprogestin impairs preimplantation embryogenesis, but not oocyte nuclear 
maturation or fertilization in rhesus monkeys. Steroids 68(10-13):1041-1051. 

Brenner RM, Slayden OD, Nath A, Tsong YY & Sitruk-Ware R (2010) Intrauterine 
administration of CDB-2914 (Ulipristal) suppresses the endometrium of rhesus 
macaques. Contraception 81(4):336-342. 

Brown A, Cheng L, Lin S & Baird DT (2002) Daily low-dose mifepristone has contraceptive 
potential by suppressing ovulation and menstruation: a double-blind randomized 
control trial of 2 and 5 mg per day for 120 days. J Clin Endocrinol Metab 87(1):63-70. 

www.intechopen.com



 
Endometriosis - Basic Concepts and Current Research Trends 

 

174 

Bruner-Tran KL, Zhang Z, Eisenberg E, Winneker RC & Osteen KG (2006) Down-regulation 
of endometrial matrix metalloproteinase-3 and -7 expression in vitro and 
therapeutic regression of experimental endometriosis in vivo by a novel 
nonsteroidal progesterone receptor agonist, tanaproget. J Clin Endocrinol Metab 
91(4):1554-1560. 

Bruner KL, Matrisian LM, Rodgers WH, Gorstein F & Osteen KG (1997) Suppression of 
matrix metalloproteinases inhibits establishment of ectopic lesions by human 
endometrium in nude mice. J Clin Invest 99(12):2851-2857. 

Bulun SE, Cheng YH, Pavone ME, Yin P, Imir G, Utsunomiya H, Thung S, Xue Q, Marsh EE, 
Tokunaga H, Ishikawa H, Kurita T & Su EJ (2010) 17Beta-hydroxysteroid 
dehydrogenase-2 deficiency and progesterone resistance in endometriosis. Semin 
Reprod Med 28(1):44-50. 

Burney RO, Talbi S, Hamilton AE, Vo KC, Nyegaard M, Nezhat CR, Lessey BA & Giudice 
LC (2007) Gene expression analysis of endometrium reveals progesterone 
resistance and candidate susceptibility genes in women with endometriosis. 
Endocrinology 148(8):3814-3826. 

Catalano RD, Yanaihara A, Evans AL, Rocha D, Prentice A, Saidi S, Print CG, Charnock-
Jones DS, Sharkey AM & Smith SK (2003) The effect of RU486 on the gene 
expression profile in an endometrial explant model. Mol Hum Reprod 9(8):465-473. 

Chabbert-Buffet N, Meduri G, Bouchard P & Spitz IM (2005) Selective progesterone receptor 
modulators and progesterone antagonists: mechanisms of action and clinical 
applications. Hum Reprod Update 11(3):293-307. 

Chabbert-Buffet N, Pintiaux-Kairis A & Bouchard P (2007) Effects of the progesterone 
receptor modulator VA2914 in a continuous low dose on the hypothalamic-
pituitary-ovarian axis and endometrium in normal women: a prospective, 
randomized, placebo-controlled trial. J Clin Endocrinol Metab 92(9):3582-3589. 

Chwalisz K, Stockemann K, Fritzemeier KH & Fuhrmann U (1998) Modulation of 
oestrogenic effects by progesterone antagonists in the rat uterus. Hum Reprod 
Update 4(5):570-583. 

Chwalisz K, Elger W, Stickler T, Mattia-Goldberg C & Larsen L (2005a) The effects of 1-
month administration of asoprisnil (J867), a selective progesterone receptor 
modulator, in healthy premenopausal women. Hum Reprod 20(4):1090-1099. 

Chwalisz K, Perez MC, Demanno D, Winkel C, Schubert G & Elger W (2005b) Selective 
progesterone receptor modulator development and use in the treatment of 
leiomyomata and endometriosis. Endocr Rev 26(3):423-438. 

Chwalisz K, Larsen L, Mattia-Goldberg C, Edmonds A, Elger W & Winkel CA (2007) A 
randomized, controlled trial of asoprisnil, a novel selective progesterone receptor 
modulator, in women with uterine leiomyomata. Fertil Steril 87(6):1399-1412. 

Clarke CL & Sutherland RL (1990) Progestin regulation of cellular proliferation. Endocrine 
Rev 11(2):266-300. 

Condon JC, Hardy DB, Kovaric K & Mendelson CR (2006) Up-Regulation of the 
Progesterone Receptor (PR)-C Isoform in Laboring Myometrium by Activation of 
Nuclear Factor-κB May Contribute to the Onset of Labor through Inhibition of PR 
Function. Molecular Endocrinology 20(4):764-775. 

Conneely OM, Mulac-Jericevic B, Lydon JP & De Mayo FJ (2001) Reproductive functions of 
the progesterone receptor isoforms: lessons from knock-out mice. Mol Cell 
Endocrinol 179(1-2):97-103. 

Cornillie FJ, Brosens IA, Vasquez G & Riphagen I (1986) Histologic and ultrastructural 
changes in human endometriotic implants treated with the antiprogesterone 

www.intechopen.com



Progesterone Resistance and Targeting  
the Progesterone Receptors: A Therapeutic Approach to Endometriosis 

 

175 

steroid ethylnorgestrienone (gestrinone) during 2 months. Int J Gynecol Pathol 
5(2):95-109. 

Coutinho EM (1982) Treatment of endometriosis with gestrinone (R-2323), a synthetic 
antiestrogen, antiprogesterone. Am J Obstet Gynecol 144(8):895-898. 

Croxatto HB, Salvatierra AM, Croxatto HD & Fuentealba B (1993) Effects of continuous 
treatment with low dose mifepristone throughout one menstrual cycle. Hum Reprod 
8(2):201-207. 

Croxatto HB, Salvatierra AM, Fuentealba B & Massai R (1998) Contraceptive potential of a 
mifepristone-nomegestrol acetate sequential regimen in women. Hum Reprod 
13(12):3297-3302. 

D'Amora P, Maciel TT, Tambellini R, Mori MA, Pesquero JB, Sato H, Girao MJ, Guerreiro da 
Silva ID & Schor E (2009) Disrupted cell cycle control in cultured endometrial cells 
from patients with endometriosis harboring the progesterone receptor 
polymorphism PROGINS. Am J Pathol 175(1):215-224. 

D'Hooghe TM, Kyama CM, Chai D, Fassbender A, Vodolazkaia A, Bokor A & Mwenda JM 
(2009) Nonhuman primate models for translational research in endometriosis. 
Reprod Sci 16(2):152-161. 

Dack KN, Skerratt S, Johnson PS, Bradley PA & Marsh IR (2010) Optimisation of a pyrazole 
series of progesterone antagonists; Part 1. Bioorg Med Chem Lett 20(11):3384-3386. 

De Carvalho CV, Nogueira-De-Souza NC, Costa AM, Baracat EC, Girao MJ, D'Amora P, 
Schor E & da Silva ID (2007) Genetic polymorphisms of cytochrome P450cl7alpha 
(CYP17) and progesterone receptor genes (PROGINS) in the assessment of 
endometriosis risk. Gynecol Endocrinol 23(1):29-33. 

de Giorgio-Miller A, Bungay P, Tutt M, Owen J, Goodwin D & Pullen N (2008) The 
translational pharmacology of a novel, potent, and selective nonsteroidal 
progesterone receptor antagonist, 2-[4-(4-cyano-phenoxy)-3,5-dicyclopropyl-1H-
pyrazol-1-yl]-N-methylacetamide (PF-02367982). J Pharmacol Exp Ther 327(1):78-87. 

De Vivo I, Huggins GS, Hankinson SE, Lescault PJ, Boezen M, Colditz GA & Hunter DJ 
(2002) A functional polymorphism in the promoter of the progesterone receptor 
gene associated with endometrial cancer risk. Proc Natl Acad Sci U S A 99(19):12263-
12268. 

DeManno D, Elger W, Garg R, Lee R, Schneider B, Hess-Stumpp H, Schubert G & Chwalisz 
K (2003) Asoprisnil (J867): a selective progesterone receptor modulator for 
gynecological therapy. Steroids 68(10-13):1019-1032. 

Dressing GE, Goldberg JE, Charles NJ, Schwertfeger KL & Lange CA (2011) Membrane 
progesterone receptor expression in mammalian tissues: A review of regulation 
and physiological implications. Steroids 76(1-2):11-17. 

Elger W, Bartley J, Schneider B, Kaufmann G, Schubert G & Chwalisz K (2000) Endocrine 
pharmacological characterization of progesterone antagonists and progesterone 
receptor modulators with respect to PR-agonistic and antagonistic activity. Steroids 
65(10-11):713-723. 

Fang Z, Yang S, Lydon JP, DeMayo F, Tamura M, Gurates B & Bulun SE (2004) Intact 
progesterone receptors are essential to counteract the proliferative effect of 
estradiol in a genetically engineered mouse model of endometriosis. Fertil Steril 
82(3):673-678. 

Fazleabas AT, Brudney A, Chai D, Langoi D & Bulun SE (2003) Steroid receptor and 
aromatase expression in baboon endometriotic lesions. Fertil Steril 80 (Suppl 2):820-
827. 

www.intechopen.com



 
Endometriosis - Basic Concepts and Current Research Trends 

 

176 

Fensome A, Bender R, Chopra R, Cohen J, Collins MA, Hudak V, Malakian K, Lockhead S, 
Olland A, Svenson K, Terefenko EA, Unwalla RJ, Wilhelm JM, Wolfrom S, Zhu Y, 
Zhang Z, Zhang P, Winneker RC & Wrobel J (2005) Synthesis and structure-activity 
relationship of novel 6-aryl-1,4-dihydrobenzo[d][1,3]oxazine-2-thiones as 
progesterone receptor modulators leading to the potent and selective nonsteroidal 
progesterone receptor agonist tanaproget. J Med Chem 48(16):5092-5095. 

Fensome A, Adams WR, Adams AL, Berrodin TJ, Cohen J, Huselton C, Illenberger A, Kern 
JC, Hudak VA, Marella MA, Melenski EG, McComas CC, Mugford CA, Slayden 
OD, Yudt M, Zhang Z, Zhang P, Zhu Y, Winneker RC & Wrobel JE (2008) Design, 
synthesis, and SAR of new pyrrole-oxindole progesterone receptor modulators 
leading to 5-(7-fluoro-3,3-dimethyl-2-oxo-2,3-dihydro-1H-indol-5-yl)-1-methyl-1H-
pyrrole-2-c arbonitrile (WAY-255348). J Med Chem 51(6):1861-1873. 

Fiscella K, Eisinger SH, Meldrum S, Feng C, Fisher SG & Guzick DS (2006) Effect of 
mifepristone for symptomatic leiomyomata on quality of life and uterine size: a 
randomized controlled trial. Obstet Gynecol 108(6):1381-1387. 

Freeburg EM, Goyeneche AA, Seidel EE & Telleria CM (2009a) Resistance to cisplatin does 
not affect sensitivity of human ovarian cancer cell lines to mifepristone cytotoxicity. 
Cancer Cell Int 9:4. 

Freeburg EM, Goyeneche AA & Telleria CM (2009b) Mifepristone abrogates repopulation of 
ovarian cancer cells in between courses of cisplatin treatment. Int J Oncol 34(3):743-
755. 

Fuhrmann U, Hess-Stumpp H, Cleve A, Neef G, Schwede W, Hoffmann J, Fritzemeier KH & 
Chwalisz K (2000) Synthesis and biological activity of a novel, highly potent 
progesterone receptor antagonist. J Med Chem 43(26):5010-5016. 

Gainer EE & Ulmann A (2003) Pharmacologic properties of CDB(VA)-2914. Steroids 68(10-
13):1005-1011. 

Gellersen B, Fernandes MS & Brosens JJ (2009) Non-genomic progesterone actions in female 
reproduction. Hum Reprod Update 15(1):119-138. 

Gemzell-Danielsson K, Westlund P, Johannisson E, Swahn ML, Bygdeman M & Seppala M 
(1996) Effect of low weekly doses of mifepristone on ovarian function and 
endometrial development. Hum Reprod 11(2):256-264. 

Gopalkrishnan K, Katkam RR, Sachdeva G, Kholkute SD, Padwal V & Puri CP (2003) Effects 
of an Antiprogestin Onapristone on the Endometrium of Bonnet Monkeys: 
Morphometric and Ultrastructural Studies. Biol Reprod 68(6):1959-1967. 

Govindan S, Ahmad SN, Vedicherla B, Kodati V, Jahan P, Rao KP, Ahuja YR & Hasan Q 
(2007) Association of progesterone receptor gene polymorphism (PROGINS) with 
endometriosis, uterine fibroids and breast cancer. Cancer Biomark 3(2):73-78. 

Goyeneche AA, Caron RW & Telleria CM (2007) Mifepristone inhibits ovarian cancer cell 
growth in vitro and in vivo. Clin Cancer Res 13(11):3370-3379. 

Grow DR, Williams RF, Hsiu JG & Hodgen GD (1996) Antiprogestin and/or gonadotropin-
releasing hormone agonist for endometriosis treatment and bone maintenance: a 1-
year primate study. J Clin Endocrinol Metab 81(5):1933-1939. 

Grummer R (2006) Animal models in endometriosis research. Hum Reprod Update 12(5):641-
649. 

Hapangama DK, Critchley HO, Henderson TA & Baird DT (2002) Mifepristone-induced 
vaginal bleeding is associated with increased immunostaining for cyclooxygenase-2 
and decrease in prostaglandin dehydrogenase in luteal phase endometrium. J Clin 
Endocrinol Metab 87(11):5229-5234. 

www.intechopen.com



Progesterone Resistance and Targeting  
the Progesterone Receptors: A Therapeutic Approach to Endometriosis 

 

177 

Heikinheimo O, Kontula K, Croxatto H, Spitz I, Luukkainen T & Lahteenmaki P (1987) 
Plasma concentrations and receptor binding of RU 486 and its metabolites in 
humans. J Steroid Biochem 26(2):279-284. 

Heikinheimo O, Gordon K, Lahteenmaki P, Williams RF & Hodgen GD (1995) 
Antiovulatory actions of RU 486: the pituitary is not the primary site of action in 
vivo. J Clin Endocrinol Metab 80(6):1859-1868. 

Heikinheimo O, Vani S, Carpén O, Tapper A, Härkki P, Rutanen E-M & Critchley H (2007) 
Intrauterine release of progesterone antagonist ZK230211 is feasible and results in 
novel endometrial effects: a pilot study. Hum Reprod 22(9):2515-2522. 

Henderson LP (2007) Steroid modulation of GABAA receptor-mediated transmission in the 
hypothalamus: Effects on reproductive function. Neuropharmacology 52(7):1439-
1453. 

Hodgen GD, van Uem JF, Chillik CF, Danforth DR, Wolf JP, Neulen J, Williams RF & 
Chwalisz K (1994) Non-competitive anti-oestrogenic activity of progesterone 
antagonists in primate models. Hum Reprod (Suppl 1):77-81. 

Howe DC, Mount NM, Bess K, Brown AN, Bungay P, Gilbson KR, Hawcock T, Richard J, 
Jones G, Walley R, McLeod A, Apfeldorfer CS, Ramsey S, Tweedy S & Pullen N 
(2011) The translational efficacy of a non-steroidal progesterone receptor 
antagonist, 4-[3-cyclopropyl-1-(mesylmethyl)-5-methyl-1H-pyrazol-4-yl]oxy,-2,6-
dimethylbenzonitrile (PF-02413873), on endometrial growth in macaque and 
human. J Pharmacol Exp Ther 339(2):642-653 

Hull ML, Charnock-Jones DS, Chan CL, Bruner-Tran KL, Osteen KG, Tom BD, Fan TP & 
Smith SK (2003) Antiangiogenic agents are effective inhibitors of endometriosis. J 
Clin Endocrinol Metab 88(6):2889-2899. 

Igarashi TM, Bruner-Tran KL, Yeaman GR, Lessey BA, Edwards DP, Eisenberg E & Osteen 
KG (2005) Reduced expression of progesterone receptor-B in the endometrium of 
women with endometriosis and in cocultures of endometrial cells exposed to 
2,3,7,8-tetrachlorodibenzo-p-dioxin. Fertil Steril 84(1):67-74. 

Ioffe OB, Zaino RJ & Mutter GL (2009) Endometrial changes from short-term therapy with 
CDB-4124, a selective progesterone receptor modulator. Mod Pathol 22(3):450-459. 

Ishwad PC, Katkam RR, Hinduja IN, Chwalisz K, Elger W & Puri CP (1993) Treatment with 
a progesterone antagonist ZK 98.299 delays endometrial development without 
blocking ovulation in bonnet monkeys. Contraception 48(1):57-70. 

Kao LC, Tulac S, Lobo S, Imani B, Yang JP, Germeyer A, Osteen K, Taylor RN, Lessey BA & 
Giudice LC (2002) Global gene profiling in human endometrium during the 
window of implantation. Endocrinology 143(6):2119-2138. 

Kao LC, Germeyer A, Tulac S, Lobo S, Yang JP, Taylor RN, Osteen K, Lessey BA & Giudice 
LC (2003) Expression profiling of endometrium from women with endometriosis 
reveals candidate genes for disease-based implantation failure and infertility. 
Endocrinology 144(7):2870-2881. 

Katayama H, Katayama T, Uematsu K, Hiratsuka M, Kiyomura M, Shimizu Y, Sugita A & 
Ito M (2010) Effect of dienogest administration on angiogenesis and hemodynamics 
in a rat endometrial autograft model. Hum Reprod 25(11):2851-2858. 

Katkam RR, Gopalkrishnan K, Chwalisz K, Schillinger E & Puri CP (1995) Onapristone (ZK 
98.299): a potential antiprogestin for endometrial contraception. Am J Obstet Gynecol 
173(3 Pt 1):779-787. 

Katsuki Y, Takano Y, Futamura Y, Shibutani Y, Aoki D, Udagawa Y & Nozawa S (1998) 
Effects of dienogest, a synthetic steroid, on experimental endometriosis in rats. Eur 
J Endocrinol 138(2):216-226. 

www.intechopen.com



 
Endometriosis - Basic Concepts and Current Research Trends 

 

178 

Kettel LM, Murphy AA, Mortola JF, Liu JH, Ulmann A & Yen SS (1991) Endocrine responses 
to long-term administration of the antiprogesterone RU486 in patients with pelvic 
endometriosis. Fertil Steril 56(3):402-407. 

Kettel LM, Murphy AA, Morales AJ & Yen SS (1994) Clinical efficacy of the antiprogesterone 
RU486 in the treatment of endometriosis and uterine fibroids. Hum Reprod (Suppl 
1):116-120. 

Kettel LM, Murphy AA, Morales AJ, Ulmann A, Baulieu EE & Yen SS (1996) Treatment of 
endometriosis with the antiprogesterone mifepristone (RU486). Fertil Steril 65(1):23-
28. 

Kettel LM, Murphy AA, Morales AJ & Yen SS (1998) Preliminary report on the treatment of 
endometriosis with low-dose mifepristone (RU 486). Am J Obstet Gynecol 
178(6):1151-1156. 

Kloosterboer HJ, Deckers GH & Schoonen WG (1994) Pharmacology of two new very 
selective antiprogestagens: Org 31710 and Org 31806. Hum Reprod 9 (Suppl 1):47-52. 

Kloosterboer HJ, Deckers GH, Schoonen WGEJ, Hanssen RGJM, Rose UM, Verbost PM, 
Hsiu JG, Williams RF & Hodgen GD (2000) Preclinical experience with two 
selective progesterone receptor modulators on breast and endometrium. Steroids 
65(10-11):733-740. 

Kobayashi S, Stice JP, Kazmin D, Wittmann BM, Kimbrel EA, Edwards DP, Chang CY & 
McDonnell DP (2010) Mechanisms of progesterone receptor inhibition of 
inflammatory responses in cellular models of breast cancer. Mol Endocrinol 
24(12):2292-2302. 

Kraus WL, Montano MM & Katzenellenbogen BS (1993) Cloning of the rat progesterone 
receptor gene 5'-region and identification of two functionally distinct promoters. 
Mol Endocrinol 7(12):1603-1616. 

Lakha F, Ho PC, Van der Spuy ZM, Dada K, Elton R, Glasier AF, Critchley HO, Williams AR 
& Baird DT (2007) A novel estrogen-free oral contraceptive pill for women: 
multicentre, double-blind, randomized controlled trial of mifepristone and 
progestogen-only pill (levonorgestrel). Hum Reprod 22(9):2428-2436. 

Laschke MW & Menger MD (2007) In vitro and in vivo approaches to study angiogenesis in 
the pathophysiology and therapy of endometriosis. Hum Reprod Update 13(4):331-
342. 

Lattuada D, Somigliana E, Vigano P, Candiani M, Pardi G & Di Blasio AM (2004) Genetics of 
endometriosis: a role for the progesterone receptor gene polymorphism PROGINS? 
Clin Endocrinol (Oxf) 61(2):190-194. 

Lee B, Du H & Taylor HS (2009) Experimental murine endometriosis induces DNA 
methylation and altered gene expression in eutopic endometrium. Biol Reprod 
80(1):79-85. 

Lishko PV, Botchkina IL & Kirichok Y (2011) Progesterone activates the principal Ca2+ 
channel of human sperm. Nature 471(7338):387-391. 

Liu JH, Garzo G, Morris S, Stuenkel C, Ulmann A & Yen SS (1987) Disruption of follicular 
maturation and delay of ovulation after administration of the antiprogesterone 
RU486. J Clin Endocrinol Metab 65(6):1135-1140. 

Lydon JP, DeMayo FJ, Funk CR, Mani SK, Hughes AR, Montgomery CAJ, Shyamala G, 
Conneely OM & O’Malley BW (1995) Mice lacking progesterone receptors exhibit 
pleiotropic reproductive abnormalities. Genes & Dev 9(18):2266-2278. 

Madauss KP, Grygielko ET, Deng SJ, Sulpizio AC, Stanley TB, Wu C, Short SA, Thompson 
SK, Stewart EL, Laping NJ, Williams SP & Bray JD (2007) A structural and in vitro 

www.intechopen.com



Progesterone Resistance and Targeting  
the Progesterone Receptors: A Therapeutic Approach to Endometriosis 

 

179 

characterization of asoprisnil: a selective progesterone receptor modulator. Mol 
Endocrinol 21(5):1066-1081. 

Mangelsdorf DJ, Thummel C, Beato M, Herrlich G, Schutz G, Umesono K, Blumberg B, 
Kastner P, Mark M, Chambon P & Evans RM (1995) The nuclear receptor 
superfamily: the second decade. Cell 83(6): 835-839. 

McCormack PL (2010) Dienogest: a review of its use in the treatment of endometriosis. 
Drugs 70(16):2073-2088. 

McGowan EM, Saad S, Bendall LJ, Bradstock KF & Clarke CL (2004) Effect of progesterone 
receptor a predominance on breast cancer cell migration into bone marrow 
fibroblasts. Breast Cancer Res Treat 83(3):211-220. 

McKenna NJ & O'Malley BW (2001) Nuclear Receptors, Coregulators, Ligands, and Selective 
Receptor Modulators. Ann N Y Acad Sci 949(1):3-5. 

McKenna NJ, Cooney AJ, DeMayo FJ, Downes M, Glass CK, Lanz RB, Lazar MA, 
Mangelsdorf DJ, Moore DD, Qin J, Steffen DL, Tsai M-J, Tsai SY, Yu R, Margolis 
RN, Evans RM & O'Malley BW (2009) Minireview: Evolution of NURSA, the 
Nuclear Receptor Signaling Atlas. Mol Endocrinol 23(6):740-746. 

McPhail MK (1933) Capacity of the uterus of the rabbit to respond to prolonged luteal 
activity. J Physiol 79(1):118-120. 

Mulac-Jericevic B, Mullinax RA, DeMayo FJ, Lydon JP & Conneely OM (2000) Subgroup of 
Reproductive Functions of Progesterone Mediated by Progesterone Receptor-B 
Isoform. Science 289(5485):1751-1754. 

Mulac-Jericevic B, Lydon JP, DeMayo FJ & Conneely OM (2003) Defective mammary gland 
morphogenesis in mice lacking the progesterone receptor B isoform. Proc Natl Acad 
Sci U S A 100(17):9744-9749. 

Mulac-Jericevic B & Conneely OM (2005) Reproductive tissue-selective actions of 
progesterone receptors. Ernst Schering Res Found Workshop 52:19-37. 

Murphy AA, Kettel LM, Morales AJ, Roberts V, Parmley T & Yen SS (1995) Endometrial 
effects of long-term low-dose administration of RU486. Fertil Steril 63(4):761-766. 

Murphy AA, Zhou MH, Malkapuram S, Santanam N, Parthasarathy S & Sidell N (2000) 
RU486-induced growth inhibition of human endometrial cells. Fertil Steril 
74(5):1014-1019. 

Mutter GL, Bergeron C, Deligdisch L, Ferenczy A, Glant M, Merino M, Williams AR & Blithe 
DL (2008) The spectrum of endometrial pathology induced by progesterone 
receptor modulators. Mod Pathol 21(5):591-598. 

Narvekar N, Cameron S, Critchley HO, Lin S, Cheng L & Baird DT (2004) Low-dose 
mifepristone inhibits endometrial proliferation and up-regulates androgen 
receptor. J Clin Endocrinol Metab 89(5):2491-2497. 

Nayak NR, Slayden OD, Mah K, Chwalisz K & Brenner RM (2007) Antiprogestin-releasing 
intrauterine devices: a novel approach to endometrial contraception. Contraception 
75(6, Supplement 1):S104-S111. 

Newfield RS, Spitz IM, Isacson C & New MI (2001) Long-term mifepristone (RU486) therapy 
resulting in massive benign endometrial hyperplasia. Clin Endocrinol (Oxf) 
54(3):399-404. 

O’Malley BW & Conneely OM (1992) Orphan receptors: in search of a unifying hypothesis 
for activation. Mol Endocrinol 6(12):1359-1361. 

Ohara N, Morikawa A, Chen W, Wang J, DeManno DA, Chwalisz K & Maruo T (2007) 
Comparative effects of SPRM asoprisnil (J867) on proliferation, apoptosis, and the 
expression of growth factors in cultured uterine leiomyoma cells and normal 
myometrial cells. Reprod Sci 14(8 Suppl):20-27. 

www.intechopen.com



 
Endometriosis - Basic Concepts and Current Research Trends 

 

180 

Painter JN, Anderson CA, Nyholt DR, Macgregor S, Lin J, Lee SH, Lambert A, Zhao ZZ, 
Roseman F, Guo Q, Gordon SD, Wallace L, Henders AK, Visscher PM, Kraft P, 
Martin NG, Morris AP, Treloar SA, Kennedy SH, Missmer SA, Montgomery GW & 
Zondervan KT (2011) Genome-wide association study identifies a locus at 7p15.2 
associated with endometriosis. Nat Genet 43(1):51-54. 

Poole AJ, Li Y, Kim Y, Lin SC, Lee WH & Lee EY (2006) Prevention of Brca1-mediated 
mammary tumorigenesis in mice by a progesterone antagonist. Science 
314(5804):1467-1470. 

Robertson JF, Willsher PC, Winterbottom L, Blamey RW & Thorpe S (1999) Onapristone, a 
progesterone receptor antagonist, as first-line therapy in primary breast cancer. Eur 
J Cancer 35(2):214-218. 

Rocereto TF, Saul HM, Aikins JA, Jr. & Paulson J (2000) Phase II study of mifepristone 
(RU486) in refractory ovarian cancer. Gynecol Oncol 77(3):429-432. 

Rose GL, Dowsett M, Mudge JE, White JO & Jeffcoate SL (1988) The inhibitory effects of 
danazol, danazol metabolites, gestrinone, and testosterone on the growth of human 
endometrial cells in vitro. Fertil Steril 49(2):224-228. 

Shoupe D, Mishell DR, Jr., Page MA, Madkour H, Spitz IM & Lobo RA (1987) Effects of the 
antiprogesterone RU 486 in normal women. II. Administration in the late follicular 
phase. Am J Obstet Gynecol 157(6):1421-1426. 

Slayden OD & Brenner RM (1994) RU 486 action after estrogen priming in the endometrium 
and oviducts of rhesus monkeys (Macaca mulatta). J Clin Endocrinol Metab 
78(2):440-448. 

Slayden OD, Zelinski-Wooten MB, Chwalisz K, Stouffer RL & Brenner RM (1998) Chronic 
treatment of cycling rhesus monkeys with low doses of the antiprogestin ZK 137 
316: morphometric assessment of the uterus and oviduct. Hum Reprod 13(2):269-277. 

Slayden OD, Chwalisz K & Brenner RM (2001) Reversible suppression of menstruation with 
progesterone antagonists in rhesus macaques. Human Reprod 16(8):1562-1574. 

Slayden OD & Brenner RM (2003) Flutamide counteracts the antiproliferative effects of 
antiprogestins in the primate endometrium. J Clin Endocrinol Metab 88(2):946-949. 

Slayden OD, Zelinski MB, Chwalisz K, Hess-Stumpp H & Brenner RM (2006) Chronic 
progesterone antagonist-estradiol therapy suppresses breakthrough bleeding and 
endometrial proliferation in a menopausal macaque model. Hum Reprod 
21(12):3081-3090. 

Spitz IM, Croxatto HB, Salvatierra AM & Heikinheimo O (1993) Response to intermittent 
RU486 in women. Fertil Steril 59(5):971-975. 

Spitz IM, Croxatto HB, Lahteenmaki P, Heikinheimo O & Bardin CW (1994) Effect of 
mifepristone on inhibition of ovulation and induction of luteolysis. Hum Reprod 9 
(Suppl 1):69-76. 

Stoeckemann K, Hegele-Hartung C & Chwalisz K (1995) Effects of the progesterone 
antagonists onapristone (ZK 98 299) and ZK 136 799 on surgically induced 
endometriosis in intact rats. Hum Reprod 10(12):3264-3271. 

Stratton P, Hartog B, Hajizadeh N, Piquion J, Sutherland D, Merino M, Lee YJ & Nieman LK 
(2000) A single mid-follicular dose of CDB-2914, a new antiprogestin, inhibits 
folliculogenesis and endometrial differentiation in normally cycling women. Hum 
Reprod 15(5):1092-1099. 

Terefenko EA, Kern J, Fensome A, Wrobel J, Zhu Y, Cohen J, Winneker R, Zhang Z & Zhang 
P (2005) SAR studies of 6-aryl-1,3-dihydrobenzimidazol-2-ones as progesterone 
receptor antagonists. Bioorg Med Chem Lett 15(15):3600-3603. 

www.intechopen.com



Progesterone Resistance and Targeting  
the Progesterone Receptors: A Therapeutic Approach to Endometriosis 

 

181 

Tetel MJ, Giangrande PH, Leonhardt SA, McDonnell DP & Edwards DP (1999) Hormone-
Dependent Interaction between the Amino- and Carboxyl-Terminal Domains of 
Progesterone Receptor in Vitro and in Vivo. Mol Endocrinol 13(6):910-924. 

Tieszen CR, Goyeneche AA, Brandhagen BN, Ortbahn CT & Telleria CM (2011) 
Antiprogestin mifepristone inhibits the growth of cancer cells of reproductive and 
non-reproductive origin regardless of progesterone receptor expression. BMC 
Cancer 11:207. 

Treloar SA, Zhao ZZ, Armitage T, Duffy DL, Wicks J, O'Connor DT, Martin NG & 
Montgomery GW (2005) Association between polymorphisms in the progesterone 
receptor gene and endometriosis. Mol Hum Reprod 11(9):641-647. 

Tsai M-J & O’Malley BW (1994) Mechanism of steroid hormone regulation of gene transcription 
(molecular biology intelligence unit). R.G. Landes Co., Austin, TX. 

Tung L, Abdel-Hafiz H, Shen T, Harvell DME, Nitao LK, Richer JK, Sartorius CA, Takimoto 
GS & Horwitz KB (2006) Progesterone Receptors (PR)-B and -A Regulate 
Transcription by Different Mechanisms: AF-3 Exerts Regulatory Control over 
Coactivator Binding to PR-B. Mol Endocrinol 20(11):2656-2670. 

Uz Y, Murk W, Bozkurt I, Kizilay G, Arici A & Kayisli U (2011) Increased c-Jun N-terminal 
kinase activation in human endometriotic endothelial cell. Histochem & Cell Biol 135 
(1):83-91. 

van Kaam KJ, Romano A, Schouten JP, Dunselman GA & Groothuis PG (2007) Progesterone 
receptor polymorphism +331G/A is associated with a decreased risk of deep 
infiltrating endometriosis. Hum Reprod 22(1):129-135. 

Verbost PM, Hanssen RG, Korver GH & Mulders TM (2005) ORG 33628 and ORG 31710 to 
control vaginal bleeding in progestin-only contraceptive regimens. Semin Reprod 
Med 23(1):101-111. 

Vernon MW & Wilson EA (1985) Studies on the surgical induction of endometriosis in the 
rat. Fertil Steril 44(5):684-694. 

Wagner BL, Norris JD, Knotts TA, Weigel NL & McDonnell DP (1998) The nuclear 
corepressors NCoR and SMRT are key regulators of both ligand- and 8-bromo-
cyclic AMP-dependent transcriptional activity of the human progesterone receptor. 
Mol Cell Biol 18(3):1369-1378. 

Wiehle R, Lantvit D, Yamada T & Christov K (2011) CDB-4124, a progesterone receptor 
modulator, inhibits mammary carcinogenesis by suppressing cell proliferation and 
inducing apoptosis. Cancer Prev Res (Phila) 4(3):414-424. 

Wieser F, Schneeberger C, Tong D, Tempfer C, Huber JC & Wenzl R (2002) PROGINS 
receptor gene polymorphism is associated with endometriosis. Fertil Steril 
77(2):309-312. 

Wilkens J, Chwalisz K, Han C, Walker J, Cameron IT, Ingamells S, Lawrence AC, Lumsden 
MA, Hapangama D, Williams AR & Critchley HO (2008) Effects of the selective 
progesterone receptor modulator asoprisnil on uterine artery blood flow, ovarian 
activity, and clinical symptoms in patients with uterine leiomyomata scheduled for 
hysterectomy. J Clin Endocrinol Metab 93(12):4664-4671. 

Williams AR, Critchley HO, Osei J, Ingamells S, Cameron IT, Han C & Chwalisz K (2007) 
The effects of the selective progesterone receptor modulator asoprisnil on the 
morphology of uterine tissues after 3 months treatment in patients with 
symptomatic uterine leiomyomata. Hum Reprod 22(6):1696-1704. 

Williams SP & Sigler PB (1998) Atomic structure of progesterone complexed with its 
receptor. Nature 393(6683):392-396. 

www.intechopen.com



 
Endometriosis - Basic Concepts and Current Research Trends 

 

182 

Wolf JP, Hsiu JG, Anderson TL, Ulmann A, Baulieu EE & Hodgen GD (1989) 
Noncompetitive antiestrogenic effect of RU 486 in blocking the estrogen-stimulated 
luteinizing hormone surge and the proliferative action of estradiol on endometrium 
in castrate monkeys. Fertil Steril 52(6):1055-1060. 

Wu Y & Guo SW (2006) Inhibition of proliferation of endometrial stromal cells by 
trichostatin A, RU486, CDB-2914, N-acetylcysteine, and ICI 182780. Gynecol Obstet 
Invest 62(4):193-205. 

Wu Y, Strawn E, Basir Z, Halverson G & Guo SW (2006) Promoter hypermethylation of 
progesterone receptor isoform B (PR-B) in endometriosis. Epigenetics 1(2):106-111. 

Wu Y, Shi X & Guo SW (2008) The knockdown of progesterone receptor isoform B (PR-B) 
promotes proliferation in immortalized endometrial stromal cells. Fertil Steril 
90(4):1320-1323. 

Zeitoun K, Takayama K, Sasano H, Suzuki T, Moghrabi N, Andersson S, Johns A, Meng L, 
Putman M, Carr B & Bulun SE (1998) Deficient 17beta-hydroxysteroid 
dehydrogenase type 2 expression in endometriosis: failure to metabolize 17beta-
estradiol. J Clin Endocrinol Metab 83(12):4474-4480. 

Zelinski-Wooten MB, Chwalisz K, Iliff SA, Niemeyer CL, Eaton GG, Loriaux DL, Slayden 
OD, Brenner RM & Stouffer RL (1998) A chronic, low-dose regimen of the 
antiprogestin ZK 137 316 prevents pregnancy in rhesus monkeys. Hum Reprod 
13(8):2132-2138. 

Zhang P, Terefenko EA, Fensome A, Wrobel J, Winneker R, Lundeen S, Marschke KB & 
Zhang Z (2002) 6-Aryl-1,4-dihydro-benzo[d][1,3]oxazin- 2-ones: a novel class of 
potent, selective, and orally active nonsteroidal progesterone receptor antagonists. J 
Med Chem 45(20):4379-4382. 

Zhang Z, Lundeen SG, Slayden O, Zhu Y, Cohen J, Berrodin TJ, Bretz J, Chippari S, Wrobel 
J, Zhang P, Fensome A, Winneker RC & Yudt MR (2007) In vitro and in vivo 
characterization of a novel nonsteroidal, species-specific progesterone receptor 
modulator, PRA-910. Ernst Schering Found Symp Proc 1:171-197. 

Zhu Y, Bond J & Thomas P (2003) Identification, classification, and partial characterization 
of genes in humans and other vertebrates homologous to a fish membrane 
progestin receptor. Proc Natl Acad Sci U S A 100(5):2237-2242. 

 

www.intechopen.com



Endometriosis - Basic Concepts and Current Research Trends

Edited by Prof. Koel Chaudhury

ISBN 978-953-51-0524-4

Hard cover, 490 pages

Publisher InTech

Published online 09, May, 2012

Published in print edition May, 2012

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

This book provides an insight into the emerging trends in pathogenesis, diagnosis and management of

endometriosis. Key features of the book include overviews of endometriosis; endometrial angiogenesis, stem

cells involvement, immunological and hormonal aspects related to the disease pathogenesis; recent research

reports on infertility, endometrial receptivity, ovarian cancer and altered gene expression associated with

endometriosis; various predictive markers, and imaging modalities including MRI and ultrasound for efficient

diagnosis; as well as current non-hormonal and hormonal treatment strategies This book is expected to be a

valuable resource for clinicians, scientists and students who would like to have an improved understanding of

endometriosis and also appreciate recent research trends associated with this disease.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Nick Pullen (2012). Progesterone Resistance and Targeting the Progesterone Receptors: A Therapeutic

Approach to Endometriosis, Endometriosis - Basic Concepts and Current Research Trends, Prof. Koel

Chaudhury (Ed.), ISBN: 978-953-51-0524-4, InTech, Available from:

http://www.intechopen.com/books/endometriosis-basic-concepts-and-current-research-trends/understanding-

progesterone-resistance-and-targeting-the-progesterone-receptor-as-a-therapeutic-appro



© 2012 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


