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Abstract

Progesterone is an essential regulator of female
reproductive functions mediated by the progesterone
receptor. Therefore, its blockade by using an antagonist
(antiprogestin) allows modulation of various reproductive
processes. Since the first description of RU -486 numer-
ous antiprogestins were synthesized with varying phar-
macological characteristics. In this review the current
knowledge is summarized on the basic in vitro and in vivo
profile of antiprogestins with a special focus on a recent-
ly identified antiprogestin, ZK 230211. In addition, the use
of antiprogestins in a new concept of fertility control in
combination with an iNOS inhibitor is discussed. Since
antiprogestins have a profound antiproliferative effect on
primate endometrium the target for the antiprogestagenic
action in the primate endometrium remains to be eluci-
dated. However, the results obtained so far indicate that
the endometrial vasculature may be the target for
antiprogestins. The implications of these findings for
endometrial disorders such as endometriosis are dis-
cussed. Numerous studies in animal models and results
from first clinical trials demonstrated the efficacy of
antiprogestins in treatment of breast cancer. The basic
biological principles of the use of antiprogestins in onco-
logical therapy are summarized and recent developments
of the use of this important class of anti-hormones in can-
cer therapy are discussed.

Introduction

The steroid hormone progesterone is a major regula-
tor of reproductive processes in females. It is involved in
the control of ovulation (1), regulation of the function of
the corpus luteum (2), initiation of decidualization (3),
maintenance of uterine quiescence during pregnancy (4),
ripening of the cervix before delivery of the fetus (5), etc.
In addition, progesterone is strongly involved in prolifera-
tion and differentiation of the mammary gland (6).

The biological activity of progesterone is mediated by
the progesterone receptor (PR), a member of the large
gene family of nuclear receptors. After binding of the nat-
ural ligand progesterone to the PR, the transcriptional
machinery is formed and subsequently the expression of
various genes is induced (7-9).

The blockade of PR function might allow the modula-
tion of various reproductive processes. On this basis, PR
antagonists (PRAs) or antiprogestins were developed to
disrupt the normal transcriptional processes which are ini-
tiated after progesterone binding to the PR. Due to the
ability of antiprogestins to block normal progesterone,
these compounds have considerable potential as thera-
peutic drugs in gynecological, obstetrical and oncological
indications. It has been shown that antiprogestins are
able to block ovulation (10-15), prevent luteolysis (16),
induce cervical ripening (17) and inhibit endometrial and
mammary gland proliferation and differentiation (18-25).

The first antiprogestin, RU-38486 (better known as
RU-486 or mifepristone), was reported in 1981 (26-28).
Since then, several 100 related analogues have been
synthesized showing all degrees of antiprogestagenic
activity. The pharmacological profile of antiprogestins
ranges from pure antagonists to mixed antagonist/agonist
activities. RU-486 is an antiprogestin with only marginal
agonist activity, whereas the so-called mesoprogestins
show agonistic activity in vivo (16). Onapristone (ZK-
98299) is an example of a pure antagonist (29). Just
recently, the structure of a novel highly potent pure
antiprogestin, ZK-230211, was published (25). This com-
pound is practically devoid of endocrine-related side
effects in vivo.

This review discusses the biological activities of
antiprogestins with regard to new approaches for fertility
control, hormone replacement therapy and treatment of
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ZK-230211

Fig. 1. Chemical structures of RU-486 (mifepristone), onapris-
tone (ZK-98299) and ZK-230211.

breast cancer. Special emphasis is placed on the charac-
teristics of the novel antagonist ZK-230211.

Chemical modifications

RU-486 is a derivative of 19-nortestosterone and has
an additional 4-(dimethylamino)-phenyl group at the 113
position, a A° double bond and a 1-propynyl chain at the
17a position (Fig. 1). Since its first description, much
effort has been devoted to optimize antiprogestational
structures with regard to steroid receptor selectivity.
Various modifications of the steroid nucleus were studied,
e.g., 13a- (30), 14B3 (31), 9,10-dihydro-, 10,11-bridged-
(32) and 10B-methyl-antiprogestins (33) have been syn-
thesized. Regarding the side chains, the replacement
of the dimethylamino function in the 11(3 substituent of
RU-486 by acetyl (34), cyanophenyl or heteroaryl sub-
stituents led to potent antiprogestins. In addition to posi-
tion 11, the D-ring of the steroid was also a common site
for chemical modifications of antiprogestins (27, 28, 30,
31, 35). It allows various modifications without a loss of
activity. Exchange of the propynyl 17-side chain into
hydroxypropenyl or spiroether (35) moieties in some
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cases enhanced antiprogestagenic activity. In addition,
unwanted hormonal partial activities, e.g., antiglucocorti-
coid activities, were reduced by these structural elements
at C-17. Stimulated by these findings, position 17 was
chosen for a detailed analysis of structure-activity rela-
tionships in order to find highly potent antiprogestins with
considerably reduced endocrine side effects.

Modification of the 17a-pentafluoroethyl side chain
(Fig. 1) led to a new antiprogestin (ZK-230211) which
revealed a high antiprogestagenic activity and low or no
other hormonal effects (25).

Molecular mechanism of action
Progesterone receptor isoforms

All of the currently available antiprogestins interact
directly with the ligand binding domain of the PR, thereby
competitively inhibiting progesterone binding. When dis-
cussing the molecular mechanism of action of antiprog-
estins and their potential clinical use, it should be consid-
ered that the human PR (hPR) is expressed in 2 forms: a
B-form (hPR-B) which is 933 amino acids in length, and
an A-form (hPR-A) which lacks the first 164 amino acids
at the N-terminal end of the B receptor. These 2 isoforms
are generated either by transcription directed from differ-
ent promoters (36) or as a result of alternative initiation of
transcription from the same mRNA (37). The manner in
which the functional differences between these proteins
are likely to impact on the overall physiologic role of the
receptor in reproductive systems have been discussed in
detail by Conneely et al. (6).

Ligand-dependent structural alterations
of the progesterone receptor

Why the complex of PR and antiprogestin is function-
ally inactive is not clear. In comparison with an agonist,
the antagonist induces a different conformation of the PR.
The conformation adopted by the receptor following inter-
action with an agonist or antagonist was demonstrated by
limited proteolytic digestion and monoclonal antibody-
epitope mapping (38-40). Agonist binding led to a com-
pact structure rendering the ligand binding domain resis-
tant to protease digestion and antibody recognition. The
conformation induced by antagonists is rather loose and
is characterized by a 3 kD region within the ligand bind-
ing domain that is accessible to protease digestion and
antibody recognition (38, 39, 41). These changes may be
due to the ability of the agonists and antagonists to bind
to different regions in the ligand binding domain of the
hPR as shown by various mutational analyses (39, 42).
Various ligands can be grouped into agonists or antago-
nist on the basis of the conformation they impose on the
PR. Recently, Wagner et al. (43) analyzed a new class of
antiprogestins, 16-substituted analogues of RU-486 that
induced a conformation different from that achieved by
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RU-486. This conformation resulted in mixed agonist/
antagonist activity in cell culture since the compounds did
not only slightly stimulate but also antagonized a PR reg-
ulated gene.

Although there are differences between agonist- and
antagonist-induced PR structures, both types of ligands
permit the first 2 steps of receptor activation, i.e., dissoci-
ation of heat shock proteins and receptor dimerization
(44, 45). However, it is still a matter of debate as to
whether antiprogestins block PR-mediated transcriptional
activation by inhibiting the next step of receptor activa-
tion, the association of the receptor with DNA or at some
step downstream of DNA binding.

Different types of antagonists

Prevalent models assume the existence of 2 types of
antiprogestins. Type | antiprogestins (13a-methyl substi-
tuted 19-nor-steroids) represented by onapristone (46),
have been shown to prevent the association of the hPR
to DNA. Type Il antagonists (13p-methyl 19-nor-steroids)
represented by RU-486 or ZK-98734 (lilopristone),
appeared to promote stable binding of the receptor to
DNA (29, 47, 48) in in vitro binding studies. Based on
these findings, it was proposed that the type | compounds
may hamper hPR-mediated transactivation by preventing
binding of hPR to progesterone response elements
(PRE), whereas the type Il compounds may act at steps
downstream of DNA binding by preventing interaction
with coactivators and/or enhancing interaction with core-
pressors (29, 44, 49).

Additional support of this in vitro classification was the
observation that type Il antiprogestins such as RU-486
can function as PR agonists in the presence of activators
of the protein kinase A signaling pathway like cAMP
(50-52). This observation might explain the agonist-like
proliferative effects reported for RU-486 in the endometri-
um of postmenopausal women. It is noteworthy that
cAMP failed to change the antagonistic activity of the type
| antiprogestin onapristone (51). Therefore, type | antag-
onists have been classified as pure antagonists in con-
trast to type Il antagonists.

ZK-230211 behaved differently compared to the 2
types of antiprogestins described thus far and therefore
belongs to a novel class of antiprogestins. By using gel
shift analysis we showed that the receptor bound to
ZK-230211 can bind to its responsive elements with a
considerably higher affinity in comparison to agonist-,
RU-486- or ZK-98299-bound receptor. Interestingly, in
contrast to RU-486, ZK-230211 did not show any agonist
activity after treating the cells with 8-Br-cAMP. In addition,
the ZK-230211-liganded PR can bind to the corepressor
NCoR with a higher affinity than RU-486- or onapristone-
bound receptor in a mammalian 2-hybrid assay. Further-
more, GST pulldown assays showed a strong interaction
between ZK-230211-liganded PR and NCoR in contrast
to the weak interaction of NCoR with unliganded, agonist-
or RU-486-liganded PR. We therefore hypothesize that
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the interaction of ZK-230211-bound receptor with NCoR
is due to a distinct conformation of the PR that enables
the receptor to actively recruit NCoR.

It will be interesting to determine whether the
observed mechanistic differences between the 3 types of
antiprogestins in vitro are reflected by distinct biological
activities in vivo. Such different biological activities in vivo
were observed for a fourth class of antiprogestins, the so-
called mesoprogestins. These compounds showed partial
agonist effects in vivo (see below) but were pure antago-
nists in transactivation assays using the MMTV promotor.
The molecular mechanism of this phenomenon is still
unknown.

In vivo profile

A classical model to quantify the antiprogestagenic
activity of antiprogestins is a modified assay in juvenile
rabbits according to McPhail (53). In this model,
ZK-230211 displayed an almost complete antagonism of
the progesterone-induced differentiation of the endome-
trial glands already at a low dose (0.3 mg/kg).
Experiments conducted in our laboratories showed a ten
times lesser potency for RU-486 (25). Partial PR agonists
such as mesoprogestins were not able to neutralize the
progesterone-induced differentiation of the endometrium
and showed a medium grade of differentiation (16). This
model also allows the analysis of the progestagenic activ-
ity of an antiprogestin. ZK-230211 displayed no intrinsic
progestagenic activity supporting the notion that this
antiprogestin is a pure antagonist. A second model which
allows discrimination between pure antagonists and par-
tial agonists in vivo is the luteolysis inhibition assay in
cycling guinea pigs (16). Pure PR antagonists abolish
luteolysis of the corpus luteum, PR agonists are less
active or inactive in this assay. The secretion of PGF,,
which induces corpus luteum regression is under control
of progesterone (for more details see 16). A complete
cessation of progesterone secretion via antiprogestins
terminates secretion of PGF, thus preventing luteolysis
whereas exogenous progestins increase and prolong
prostaglandin secretion thereby inducing luteolysis.
Accordingly, mesoprogestins as partial agonists did not
prevent luteolysis (16) whereas the pure antiprogestin
ZK-230211 acted as an antiluteolytic agent.

An important issue in the pharmacology of antiprog-
estins is their ability to inhibit ovulation. Studies conduct-
ed with nonhuman primates using Onapristone and
ZK-137316 indicated that it is possible to achieve an
amenorrhea as a consequence of endometrial atrophy
without disturbing the ovarian cycle (15, 19, 54-56).
However, the degree of antiovulatory activity is dose-
and species-dependent. In this regard the ability of
ZK-230211 was analyzed to inhibit ovulation in rats and
monkeys. After application of ZK-230211 to natural
cycling rats, a full inhibition of ovulation was achieved
only with high doses (15 mg/kg). However, the situation in
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primates was different. To study the antiovulatory activity
of ZK-230211, experiments were conducted with
cynomolgus monkeys (Macaca fascicularis). The ovarian
cycle was monitored by determination of the serum con-
centrations of estradiol and progesterone. An inhibition of
ovulation was indicated by a suppression of the proges-
terone peak which should arise from a secreting corpus
luteum after a successful ovulation. It was found that a
low dose of 0.03 mg/kg was already able to inhibit ovula-
tion (57). This is a factor 500 lower than the dose needed
to inhibit ovulation in rats.

Preliminary experiments indicated that mesoprogestins
did not inhibit ovulation consistently. In a first experiment
where the mesoprogestin J-1042 (16) was applied to
normal cycling cynomolgus monkeys (3 mg/kg) ovulation
was inhibited in only half of the animals whereas
ZK-137316 and ZK-230211 inhibited ovulation complete-
ly (20).

Additional pharmacological characteristics of ZK-
230211 were explored in various other models. ZK-230211
showed neither androgenic nor estrogenic activity and
only weak antiglucocorticoid (weaker than RU-486) and
antiandrogenic activity (for details see 25).

Antiprogestins for fertility control

Shortly after the description of RU-486 in 1981, the
first clinical trials were reported (58). One result of these
studies was that RU-486 taken at a dose of 200 mg/kg for
4 days in early pregnancy resulted in complete abortion in
8 of 11 women. Although these studies showed that
antiprogestins have a therapeutic potential, the contro-
versies surrounding their use as abortifacients did not
support a fast development of these compounds (59).
Efforts to develop RU-486 as an abortifacient are still
ongoing (60, 61), but so far, RU-486 is only available in a
few countries for this indication. However, the research
efforts of the last 2 decades revealed other potential uses
of antiprogestins for fertility control which are not related
to abortion (62, 63). A recent review discussed a prog-
estin-only contraception with a coadministered antiprog-
estin (64). Because a progestin only contraception leads
to irregular bleeding in some women the coadministration
of an antiprogestin at regular intervals may cause
menses induction and leads to a regular cycle. Studies
performed in cynomolgus monkeys where the antiprog-
estin Org-31710 was combined with the progestin deso-
gestrel revealed a reproducible induction of menses.
However, nonconfirmed signs of ovulation were observed
also with high doses of the antiprogestin. Thus, it remains
to be elucidated whether this approach may be an alter-
native to established contraceptive methods. In this
review, we concentrate on an approach which is able to
inhibit decidualization as presented below. The decidua is
a highly specialized and well-vascularized tissue sur-
rounding the developing embryo and is formed in early
pregnancy by a massive differentiation of the endometri-
al stroma. In later stages of pregnancy, the decidua forms
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the maternal part of the placenta. It is believed that decid-
ual cells provide the young embryo with nutrients and
control trophoblast invasion (65, 66). In rodents, the
decidual reaction can occur in response to the blastocyst
or artificial stimuli. Many factors were found in the last
decade which may control or are involved in implantation
(67-71). However, in which manner these factors do inter-
act to control differentiation from stromal cells to decidual
cells is still not clear. The complex process of decidual-
ization with the invasion of the cytotrophoblast, the infil-
tration of the decidua with natural killer cells in primates
and the dynamic changes in cell-cell and cell-matrix inter-
actions can be viewed as an inflammatory reaction.
Prostaglandins and the cyclooxygenase (COX) sys-
tem as major mediators of inflammatory processes and
their role in implantation are described elsewhere (72-76).
Another important factor in inflammation is nitric oxide
(NO). NO is released by the activity of 3 different
enzymes known as NO synthases (NOS) which are
endothelial NOS (eNOS), cytokine-inducible NOS (iNOS)
and neural or brain NOS (nNOS or bNOS) (77). The
extensive research regarding the role of NO as an impor-
tant second messenger molecule revealed also a role in
various stages of gestation (78). During pregnancy, NO is
important for controlling uterine contractility, cervical
ripening and utero-placental blood flow (79, 80). Among
the different forms of NOS it has been shown that INOS
is the major NO synthase in the pregnant uterus, cervix
and placenta (81-85). It was also shown that the expres-
sion of INOS during rat gestation is under control of prog-
esterone (78). Taken together, decidualization as an
inflammatory process, the subsequent involvement of NO
in this process, the control of NO synthesis by the regu-
lation of INOS expression through progesterone and the
well established important function of progesterone led to
the hypothesis that a combination of these 2 principles
may provide a promising target for female contraception.
Hence, experiments were carried out to evaluate the
contraceptive potential of blocking INOS and PR activity
by using a combination of an iNOS inhibitor and an
antiprogestin. Chwalisz et al. (86) analyzed in various
rat models of early gestation a combination of onapris-
tone and either a nonspecific NOS inhibitor (L-NAME
[NC-nitro-L-arginine methyl ester]) or a specific iINOS
inhibitor (aminoguanidine). When the compounds were
applied alone during the periimplantation period, neither
the antiprogestin nor the NOS inhibitors prevented a
pregnancy. However, when the compounds were applied
together either in the periimplantation or the preimplanta-
tion period, the combination completely prevented a
pregnancy in the case of aminoguanidine or reduced the
pregnancy rate to approximately 50% in the case of L-
NAME. These experiments showed that NO does not
only play a major role in later stages but also in early
stages of pregnancy. Obviously, this pathway has to be
taken into consideration regarding the current concept of
implantation in rodents in which molecules such as LIF,
HB-EGF, COX and others play a major role (71).
Additionally, these results indicate a dramatic synergy
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between iNOS inhibition and progesterone withdrawal. It
remains to be elucidated by further research how this
concept may be valid for contraception in primates. If this
is the case, it may also be taken into consideration that an
increased synthesis of NO in the uterus either alone or in
combination with progestins is an opportunity for treat-
ment of early pregnancy disorders such as recurrent
abortions.

Antiprogestins in hormone therapy

The rationale for the use of antiprogestins in indica-
tions such as endometriosis, dysfunctional bleeding, hor-
mone replacement and cancer treatment is their antipro-
liferative action. Estradiol acts on the endometrium as an
inducer of proliferation. This activity of estradiol is com-
peted by progesterone which is the basis for the use of
progestins in hormone replacement therapy (87). An
antiprogestin which counteracts the effects of proges-
terone should act like an estrogen. Indeed, this has been
demonstrated in some rodent models (88). However,
antiprogestins do not have any intrinsic estrogenic activi-
ty (88-90) and the situation in primate endometrium is
apparently different. Antiprogestins administered chroni-
cally at low doses inhibited the mitotic activity of the
endometrial epithelium and induced a stromal com-
paction. These effects were dose-dependent and were
found in both spayed as well as intact normal cycling
monkeys (91-94). Paradoxically, long-term treatment with
progestins and antiprogestins led to an endometrial atro-
phy. It has to be mentioned that the antiproliferative effect
of antiprogestins is tissue-specific. The studies conduct-
ed with RU-486 (94), ZK-137316 (92) and ZK-230211
(20) showed that the estrogenic stimulation of the oviduc-
tal and vaginal growth or differentiation was not inhibited
by antiprogestins. Thus, as reviewed by Chwalisz et al.
the term “endometrial antiproliferative effect” was pro-
posed for the action of antiprogestins on the primate
female reproductive tract, since the effect appears to be
restricted to the primate endometrium (20).

The target for the antiprogestagenic action in the pri-
mate endometrium remains to be elucidated. However,
the results obtained with ZK-137316 by Slayden et al.
(92) indicated that the endometrial vasculature may be
the target for the antiprogestins. The spiral arteries of the
endometrium were found to be degenerated upon long-
term treatment with antiprogestins. Own experiments
conducted with other antiprogestins such as ZK-230211
(20) confirmed these observations and argue for a gener-
al antiprogestagenic effect on endometrial vasculature.
Other factors which may contribute to antiproliferative
effects of antiprogestins on the primate endometrium
such as downregulation of NOS, inhibition of VEGF
synthesis or block of the cell cycle were reviewed else-
where (20).

As mentioned above, one potential indication for
antiprogestins is the treatment of endometriosis, an im-
portant gynecological indication which affects about
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5-10% of women in the reproductive age (95, 96). Among
a variety of symptoms women mainly suffer from pain and
infertility (97, 98). Besides surgical intervention medical
treatments are available in form of Danazol, progestins
and GnRH agonists (99). These compounds are effective
in treatment of endometriosis, however, they induce more
or less severe side effects, such as androgenic side
effects (hirsutism, efc.) in the case of danazol and cli-
macteric symptoms and osteopenia in the case of GnRH
agonists. First clinical trials conducted with RU-486
revealed pain relief in treated patients (100-102). These
studies provide antiprogestins as a possible alternative
for the treatment of endometriosis.

Antiprogestins in oncology

Endocrine therapy of breast cancer has been estab-
lished for decades. However it is still not yet fully recog-
nized that, in addition to estradiol, progesterone in physi-
ological concentrations participates in the proliferation of
mammary carcinomas. Therefore, it is expected that
antiprogestins can block the growth of breast tumors and
might be promising new tools for breast cancer therapy.
These compounds clearly need a functionally expressed
PR to block tumor growth, but there is strong experimen-
tal evidence that their tumor inhibition is based on more
than just progesterone antagonism.

Basic biological principles for use in oncology

To clearly define those physiological events that are
specifically attributable to progesterone in vivo, a mouse
model carrying a null mutation of the PR gene was gen-
erated using embryonic stem cell/gene targeting tech-
niques (103, 104). The PRKO model was used to define
the controversial role of progesterone-initiated intracellu-
lar signaling in mammary gland tumorigenesis (105). In
combination studies with tissue transplantation and an
established carcinogen-induced (7,12-dimethylbenz(a)-
anthracene, DMBA) mammary tumorigenesis system, it
was shown, that there was a marked reduction in mam-
mary tumor incidence in PRKO mice as compared with
isogenic wild types.

This observation demonstrated that in the absence of
the PR function, prolactin alone is not sufficient to induce
the neoplastic transformation and that progesterone may
activate mitogenic mediators of the prolactin pathway.
Under these conditions the epithelial cells might exhibit
a low proliferative index and, at the time of carcinogen
administration, be a poor candidate for malignant transfor-
mation.

The luminal epithelial compartment has been consid-
ered not only to be primarily responsive to the proges-
terone induced proliferative signals and to be the primary
site for the initial carcinogenic insult, but additionally PR
expression has been localized predominantly to these
cells. One interpretation for the reduction of mammary
tumorigenesis could be that the progenitor cells for



1118

alveologenesis, the PR-expressing epithelial cells are
absent in the PRKO mice. Because the majority of mam-
mary tumors are of alveolar origin the absence of these
progenitor cells might reduce the number of target cells
for neoplastic transformation.

These results give strong support for the use of
antiprogestins in breast cancer since they might inhibit
the prolactin mitogenic action on the luminal epithelium.

There is considerable evidence linking the EGF and
progesterone signaling pathways in breast cancer. This
includes attenuation of progestin responsiveness and
decreases in PR levels in cells treated with EGF (106),
and progestin-specific regulation of EGF and EGFR
levels (106, 107).

Depending on the tissue, progesterone is classified as
a proliferative or a differentiative hormone. Studies in
cultured human T47D breast cancer cells focusing on the
initial growth stimulatory components by progestins show
that growth stimulation is restricted to one cycle, howev-
er, and is followed by growth arrest at the G,/S boundary
of the second cycle, resistant to growth regulatory effects
of additional progesterone (108, 109). During the proges-
terone-arrested state, cells upregulate EGFR 3- to 5-fold
and acquire a progestin potentiated sensitivity to the pro-
liferative effects of EGF (108, 110, 111). This led to the
model put forward by Horwitz and coworkers, that prog-
esterone is a competence factor that switches breast can-
cer growth from steroid hormone to growth factor depen-
dence.

Therapeutic efficacy in breast cancer models

ZK-230211 demonstrated inhibition of E,-stimulated
growth in human T47D breast cancer cells and was able
to inhibit dose-dependently E,-stimulated cell proliferation
even superior in comparison to 4-OH-tamoxifen.

Experimental mammary tumors induced by chemical
carcinogens like DMBA in female rats have a similarity to
breast cancers in women. These tumors are estrogen
and progesterone receptor-positive and their growth is
hormone-responsive (i.e., estrogen can stimulate, where-
as ovariectomy suppresses tumor growth). Antiestrogens
and aromatase inhibitors are effective in this tumor
model.

In intact control animals, progressive tumor growth
was observed, whereas ovariectomy caused a complete
tumor regression in 90% of the animals. Treatment with
ZK-230211 at doses of 1.0, 5.0 and 10.0 mg/kg resulted
in a significant inhibition of tumor growth compared with
the control (Fig. 2). Treatment with 0.2 mg/kg resulted in
a growth inhibition which was improved with 1.0 mg/kg. At
this dose maximal growth inhibition was observed so that
a further dose increase did not lead to better tumor
growth control. In these groups a complete tumor regres-
sion was seen in 30-45% of the rats.

In earlier studies using onapristone, it was established
by morphometric procedures that treatment with proges-
terone antagonists can trigger differentiation of the mitot-
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Fig. 2. Antitumor effect of ZK-230211 and onapristone (ZK-
98299) in the DMBA-induced mammary tumor model in rats.
Mammary tumors were induced by a single oral administration of
10 mg DMBA. Rats with at least one established tumor were
treated for 4 weeks and the tumor growth was measured.
(Reprinted with permission from J Med Chem 2000, 43: 5010-16.
Copyright 2000 American Chemical Society.)

ically active polygonal tumor epithelial cell towards secre-
tory active glandular structures and acini. All quantitative
light and electron microscopic data indicated that the anti-
tumor action of antiprogestins is accompanied by the ini-
tiation of terminal differentiation leading to apoptotic cell
death (112, 113). Surprisingly, the antitumor activity of
antiprogestins is evident in spite of elevated serum levels
of ovarian and pituitary hormones.

In addition growth inhibition of several other breast
cancer models was observed, i.e., the aggressively grow-
ing methylnitrosourea (NMU)-induced mammary carcino-
ma of the rat, the mouse MXT mammary tumor and the
human postmenopausal, estrogen and progesterone
receptor positive T 47 and MCF-7 mammary carcinomas.

Comparison with standard hormone therapy

Observations from preclinical experiments with
onapristone in different model systems led to the conclu-
sion that the strong antitumor activity of these “pure”
antiprogestins in breast cancer might not only depend on
a primarily classical antihormonal mechanism but rather
differs totally from that after treatment with tamoxifen,
high dose estrogen, or ovariectomy. Michna et al. (112,
113) reported that the antitumor action of antiprogestins is
accompanied by the initiation of an accumulation of the
tumor cells in the G,-G, phase of the cell cycle, terminal
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differentiation and with the appearance of apoptotic cell
death.

The ability of progesterone antagonists to reduce the
number of cells in S phase may offer a significant clinical
advantage, since it is established that the S-phase frac-
tion is a highly significant predictor of disease-free sur-
vival among axillary node-negative patients with diploid
mammary tumors (114).

Clinical studies were initiated to investigate onapris-
tone as first- and second-line endocrine therapy in
patients with breast cancer. In an explorative phase Il
clinical trial (115), 19 patients with either locally advanced
breast cancer (n=12) or who were elderly, unfit patients
with primary breast cancer (n=7) received 100 mg onapri-
stone per day. Seventeen of the 19 tumors expressed
estrogen receptors (ER) while 12 of the 18 tumors tested
expressed progesterone receptors (PgR). Whereas one
patient was withdrawn from the study, 10 patients (56%)
showed a partial response and 2 (11%) durable static dis-
ease (=6 months), giving an overall tumor remission rate
of 67% confirming that progesterone antagonists can
induce tumor responses in human breast cancer. The
median duration of remission was 70 weeks. These clini-
cal results suggest a potential benefit of adding the
antiprogestins to the panel of endocrine breast cancer
therapeutics especially to extend the therapeutic options
in i.e., antiestrogen refractory diseases.

The effects of antiprogestins were investigated in
other tumor types, both classical endocrine sensitive
tumors (i.e., prostate cancer) and nonclassically
endocrine sensitive (i.e., gastrointestinal tumors). In
prostate tumors that have relapsed from androgen abla-
tion therapies, the androgen receptor (AR) is still
expressed and, compared to the primary tumors, its level
is often even enhanced (116). Mutated AR that can be
activated by other compounds such as adrenal steroids,
estrogens, progestins and even antiandrogens. Thus,
relapse of tumors under the selective pressure of com-
mon androgen ablation therapies can be caused by
acquired androgen hypersensitivity and AR activation by
ligands other than (dihydro)testosterone. There is a clini-
cal need for future compounds that are effective inducers
of apoptosis in recurrent tumors. Published data indicat-
ed that RU-486 could inhibit prostate cancer cell growth
in vitro and in vivo (117, 118). As concluded from these
results, it appears that RU-486 may be an effective induc-
er of apoptosis and may represent a novel therapeutic
approach, not directed towards the androgen receptor,
and suitable to overcome a potential intrinsic apoptosis
resistance of androgen-independent prostate cancer
cells.

Conclusions

Antiprogestins are an important class of antihor-
mones. The recent findings of new and highly potent
antiprogestins may stimulate further research and explo-
ration of new therapeutic concepts in gynecology and
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oncology. The combination of an antiprogestin with an
inhibitor of INOS revealed a new approach for fertility con-
trol and may enhance further work on the cross-talk of
signaling pathways and other processes in very early
pregnancy. The antiproliferative effects of antiprogestins
provide a solid rationale for the treatment of endometrio-
sis and others major indications in gynecology and oncol-
ogy. The efficacy in the treatment of breast cancer might
be improved by the use of antiprogestins and should also
induce much less side effects for patients than treatment
with cytostatic agents.

Acknowledgements

The valuable contributions of K. Chwalisz (TAP
Pharmaceuticals, USA) and W. Elger (Entec, Germany)
are gratefully acknowledged.

References

1. Espey, L.L., Lipner, H. Owulation. In: The Physiology of
Reproduction, Vol. 1. E. Knobil, J.D. Neill (Eds.). Raven Press:
New York 1994, 725-80.

2. Niswender, G.D., Nett, T.M. The corpus luteum and its control
in infraprimate species. In: The Physiology of Reproduction,
Vol. 1. E. Knobil, J.D. Neill (Eds.). Raven Press: New York 1994,
781-816.

3. Beier, H.M., Mootz, U., Hegele-Hartung, C. Studies on the
establishment of mammalian pregnancy: Synchronization of the
maternal and the embryonic systems. In: Reproductive Biology
and Medicine. A.F. Holstein, K.D. Voigt, D. Grasslin (Eds.).
Diesbach Verlag: Berlin 1989, 210-23.

4. Csapo, A.l. The “seesaw” theory of regulatory mechanisms of
pregnancy. Am J Obstet Gynecol 1975, 121: 578-81.

5. Chwalisz, K., Garfield, R.E. Antiprogestins in the induction of
labor. Ann NY Acad Sci 1994, 734: 387-413.

6. Conneely, O.M., Mulac-Jericevic, B., Lydon, J.P., De Mayo,
F.J. Reproductive functions of the progesterone receptor
isoforms: Lessons from the knock-out mice. Mol Cell Endocrinol
2001, 179: 97-103.

7. Green, S., Chambon, P. Nuclear receptors enhance our
understanding of transcription regulation. Trends Genet 1988, 4:
309-14.

8. Beato, M., Sanchez-Pacheco, A. Interaction of steroid hor-
mone receptors with the transcription initiation complex.
Endocrine Rev 1996, 17: 587-609.

9. Robyr, D., Wolffe, A.P., Wahli, W. Nuclear hormone receptor
coregulators in action: Diversity for shared tasks. Mol Endocrinol
2000, 14: 329-47.



1120

10. Liu, J.H., Garzo, G., Morris, S., Stuenkel, C.A., Ulmann, A.,
Yen, S.S.C. Disruption of follicular maturation and delay of
ovulation after administration of the antiprogesterone RU 486. J
Clin Endocrinol Metab 1987, 65: 1135-40.

11. Shoupe, D., Mishell, D.J., Page, M.A., Madkour, H., Spitz,
.M., Lobo, R.A. Effects of the antiprogesterone RU 486 in nor-
mal women. Il. Administration in the late follicular phase. Am J
Obstet Gynecol 1987, 157: 1421-6.

12. Luukkainen, T., Heikinheimo, O. Inhibition of folliculogenesis
and ovulation by the antiprogesterone RU 486. Fertil Steril 1988,
49: 961-3.

13. Donath, J., Michna, H., Nishino, Y. The antiovulatory effect of
the antiprogestin onapristone could be related to down-regula-
tion of intra-ovarian progesterone (receptors). J Steroid Biochem
Mol Biol 1997, 62: 107-18.

14. Croxatto, H.B., Kovacs, L., Massai, R. et al. Effects of long-
term low-dose mifepristone on reproductive function in women.
Hum Reprod 1998, 13: 793-8.

15. Zelinski-Wooten, M.B., Slayden, O.D., Chwalisz, K., Hess,
D.L, Brenner, R.M., Stouffer, R.L. Chronic treatment of female
rhesus monkeys with low doses of the antiprogestin ZK 137316:
Establishment of a regimen that permits normal menstrual cyclic-
ity. Hum Reprod 1998, 13: 259-67.

16. Elger, W., Bartley, J., Schneider, B., Kaufmann, G., Schubert,
G., Chwalisz, K. Endocrine pharmacological characterization of
progesterone antagonists and progesterone receptor modulators
with respect to PR-agonistic and antagonistic activity. Steroids
2000, 65: 713-283.

17. Chwalisz, K. The use of progesterone antagonists for cervi-
cal ripening and as adjunct to labour and delivery. Hum Reprod
1994, 9(Suppl. 1): 131-61.

18. Brenner, R.M., Slayden, O.D. Oestrogen action in the
endometrium and oviduct of rhesus monkeys during RU 486
treatment. Hum Reprod 1994, 9(Suppl. 1): 82-97.

19. Slayden, O.D., Zelinski-Wooten, M.B., Chwalisz, K., Stouffer,
R.L., Brenner, R.M. Chronic treatment of cycling rhesus mon-
keys with low doses of the antiprogestin ZK 137316:
Morphometric assessment of the uterus and oviduct. Hum
Reprod 1998, 13: 269-77.

20. Chwalisz, K., Brenner, R.M., Fuhrmann, U., Hess-Stumpp,
H., Elger, W. Antiproliferative effects of progesterone antagonists
and progesterone receptor modulators on the endometrium.
Steroids 2000, 65: 741-51.

21. Horwitz, K.B. Antiprogestins and the treatment of breast can-
cer. In: Clinical Applications of Mifepristone (RU 486) and Other
Antiprogestins. M.S. Donaldson, L. Dorflinger, S.S. Brown, L.Z.
Benet (Eds.). National Academy Press: Washington DC 1993,
210-28.

22. Klijn, J.G.M., Setyono-Han, B., Sander, H.J. et al. Pre-clinical
and clinical treatment of breast cancer with antiprogestins. Hum
Reprod 1994, 9(Suppl. 1): 181-9.

23. Robertson, J.F., Willsher, P.C., Winterbottom, L., Blamey,
R.W., Thorpe, S. Onapristone, a progesterone receptor antago-
nist, as first line therapy in primary breast cancer. Eur J Cancer
1999, 35: 214-8.

24. Klijn, J.G.M., Setyono-Han, B., Foekens, J.A. Progesterone
antagonists and progesterone receptor modulators in the treat-
ment of breast cancer. Steroids 2000, 65: 825-30.

Progesterone receptor antagonists

25. Fuhrmann, U., Hess-Stumpp, H., Cleve, A. et al. Synthesis
and biological activity of a novel highly potent progesterone
receptor antagonist. J Med Chem 2000, 43: 5010-6.

26. Philibert, D., Deraedt, R., Teutsch, G. RU 486: A potent
antiglucocorticoid in vivo. 8th Int Cong Pharmacol (Toronto),
1981, Abst 1463.

27. Belanger, A., Philibert, D., Teutsch, G. Regio- and stereo-
specific synthesis of 11B-substituted 19-norsteroids. Steroids
1981, 37: 361-82.

28. Herrmann, W., Wyss, R., Riondel, A. et al. The effects of an
antiprogesterone steroid in women: Interruption of the menstrual
cycle and of early pregnancy. CR Acad Sci 1982, 204: 933-8.

29. Klein-Hitpass, L., Cato, A.C., Henderson, D., Ryffel G.U. Two
types of antiprogestins identified by their differential action in
transcriptionally active extracts from T47D cells. Nucl Acid Res
1991, 19: 1227-34.

30. Wiechert, R., Neef, G. Synthesis of antiprogestational
steroids. J Steroid Biochem 1987, 27: 851-8.

31. Cleve, A., Neef, G., Ottow, E., Scholz, S., Schwede, W.
Synthesis of 143-H antiprogestins. Tetrahedron 1995, 51: 5563-
72.

32. Ottow, E., Neef, G., Wiechert, R. Stereo- and regiospecific
6-endo-trig-cyclization of aryl radicals, an entry to novel proges-
terone antagonists of the androstane series. Angew Chem Int Ed
Engl 1989, 28: 773-6.

33. Cleve, A., Fritzemeier, K.H., Heinrich, N. et al. 113-Aryl
steroids in the androstene series. The role of the 11[3-region in
steroid progesterone receptor interaction. Tetrahedron 1996, 52:
1529-42.

34. Neef, G., Cleve, A., Ottow, E., Seeger, A., Wiechert, R. New
steroids by Simmons-Smith methylenation and subsequent
rearrangement. J Org Chem 1987, 52: 4143-6.

35. Kloosterboer, H.J., Deckers, G.H., de Gooyer, M.E., Dijkema,
R., Orlemans, E.O.M., Schoonen, G.E.J. Pharmacological prop-
erties of a new selective antiprogestagen: Org 33628. Ann NY
Acad Sci 1995, 761: 192-201.

36. Kastner, P., Krust, A., Turcotte, B. et al. Two distinct estro-
gen-regulated promoters generate transcripts encoding the two
functionally different human progesterone receptor forms A and
B. EMBO J 1990, 9: 1603-14.

37. Conneely, O.M., Maxwell, B.L., Toft, D.O., Schrader, W.T.,
O’'Malley, B.W. The A and B forms of the chicken progesterone
receptor arise by alternate initiation of translation of a unique
mRNA. Biochem Biophys Res Commun 1987, 149: 493-501.

38. Allan, G.F,, Tsai, S.Y., Tsai, M.-J., O’'Malley, B.W. Ligand-
dependent conformational changes in the progesterone receptor
are necessary for events that follow DNA binding. Proc Natl Acad
Sci USA 1992, 89: 11750-4.

39. Vegeto, E., Allan, G.F., Schrader, W.T., Tsai, M.-J.,
McDonnell, D.P., O'Malley, B.W. The mechanism of RU486
antagonism is dependent on the conformation of the carboxy-ter-
minal tail of the human progesterone receptor. Cell 1992, 69:
703-13.

40. Weigel, N.L., Beck, C.A., Estes, P.A. et al. Ligands induce
conformational changes in the carboxyl-terminus of proges-
terone receptors which are detected by a site-directed antipep-
tide monoclonal antibody. Mol Endocrinol 1992, 6: 1585-97.

41. Clemm, D.L., Macy, B.L., Santiso-Mere, D., McDonnell, D.P.
Definition of the critical cellular components which distinguish



Drugs Fut 2002, 27(11)

between hormone and antihormone activated progesterone
receptor. J Steroid Biochem Mol Biol 1995, 53: 487-95.

42. Benhamou, B., Garcia, T., Lerouge, T. et al. A single amino
acid that determines the sensitivity of progesterone receptors to
RU486. Science 1992, 255: 206-9.

43. Wagner, B.L., Pollio, G., Leonhardt, S. et al. 16a-Substituted
analogs of the antiprogestin RU486 induce a unique conforma-
tion in the human progesterone receptor resulting in mixed ago-
nist activity. Proc Natl Acad Sci USA 1996, 93: 8739-44.

44. Bocquel, M.T., Ji, J., Ylikomi, T. et al. Type Il antagonists
impair the DNA binding of steroid hormone receptors without
affecting dimerization. J Steroid Biochem Mol Biol 1993, 45:
205-15.

45. Edwards, D.P., Altmann, M., DeMarzo, A., Zhang, Y., Weigel,
N.L., Beck, C.A. Progesterone receptor and the mechanism of
action of progesterone antagonists. J Steroid Biochem Mol Biol
1995, 53: 449-58.

46. Neef, G., Beier, S., Elger, W., Henderson, D., Wiechert, R.
New steroids with antiprogestational and antiglucocorticoid activ-
ities. Steroids 1994, 44: 349-72.

47. Vassen, L., Klotzblcher, M., Ulber, V., Ryffel, G.U., Klein-
Hitpass, L. Regulation of progesterone receptor activity in cell
culture systems and cell-free transcription. In: Cell Culture in
Pharmaceutical Research. Proceedings of the Schering
Research Foundation, Vol. 11. N.E. Fusenig, H. Graf (Eds.).
Springer Verlag: Berlin 1994, 267-97.

48. Chwalisz, K., Stéckemann, K., Fuhrmann, U., Fritzemeier,
K.H., Einspanier, A., Garfield, R.E. Mechanism of action of
antiprogestins in the pregnant uterus. Ann NY Acad Sci 1995
761: 202-23.

49. El-Ashry, D., Onate, S.A., Nordeen, S.K., Edwards, D.P.
Human progesterone receptor complexed with the antagonist
RU 486 binds to hormone response elements in a structurally
altered form. Mol Endocrinol 1990, 3: 1545-58.

50. Beck, C.A., Weigel, N.L., Moyer, M.L., Nordeen, S.K,
Edwards, D.P. The progesterone antagonist RU486 acquires
agonist activity upon stimulation of cAMP signaling pathways.
Proc Natl Acad Sci USA 1992, 90: 4441-5.

51. Sartorius, C.A., Tung, L., Takimoto, G.S., Horwitz, K.B.
Antagonist-occupied human progesterone receptors bound to
DNA are functionally switched to transcriptional agonists by
cAMP. J Biol Chem 1993, 268: 9262-6.

52. Sartorius, C.A., Groshong, S.D., Miller, L.A. et al. New T47D
breast cancer cell lines for the independent study of proges-
terone B- and A-receptors: Only antiprogestin-occupied B-recep-
tors are switched to transcriptional agonists by cAMP. Cancer
Res 1994, 54: 3868-77.

583. Selye, H., McGill, F.R.S. General pharmacology of the ovari-
an hormones. In: Textbook of Endocrinology. H. Selye (Ed.).
University of Montreal: Montreal 1947, Acta Endocrinologica,
347.

54. Ishwad, P.C., Katkam, R.R., Hinduja, I.N, Chwalisz, K., Elger,
W., Puri, C.P. Treatment with a progesterone antagonist ZK
98.299 delays endometrial development without blocking ovula-
tion in bonnet monkeys. Contraception 1993, 48: 57-69.

55. Beier, H.M., Hegele-Hartung, C., Mootz, U., Beier-Hellwig, K.
Modification of endometrial cell biology using progesterone
antagonists to manipulate the implantation window. Hum Reprod
1994, 9(Suppl. 1): 98-115.

1121

56. Katkam, R.R., Gopalkrishnan, K., Chwalisz, K., Schillinger,
E., Puri, C.P. Onapristone (ZK 98.299): A potential antiprogestin
for endometrial contraception. Am J Obstet Gynecol 1995, 173:
779-87.

57. Hess-Stumpp, H., Fuhrmann, U., Cleve, A. et al. New
approaches for contraception and treatment of gynecological
disorders. In: Cell and Molecular Biology of Endometrium in
Health and Disease. T. Maruo, D. Barlow, H. Mardon, S.
Kennedy (Eds.). Soeisha: Osaka 2002, 55-77.

58. Herrmann, W.L., Schindler, A.M., Wyss, R., Bischof P. Effects
of the antiprogesterone RU 486 in early pregnancy and during
the menstrual cycle. In: The Antiprogestin Steroid RU 486 and
Human Fertility Control. E.E. Baulieu, S.J. Segal (Eds.). Plenum
Press: New York 1985, 179-98.

59. Hodgen, G.D. Antiprogestins: The political chemistry of RU
486. Fertil Steril 1991, 56: 394-5.

60. Bartley, J., Brown, A., Elton, R., Baird, D.T. Double-blind ran-
domized trial of mifepristone in combination with vaginal geme-
prost or misopristol for induction of abortion up to 63 days ges-
tation. Hum Reprod 2001, 16: 2098-102.

61. Tang, O.S., Thong, K.J., Baird, D.T. Second trimester med-
ical abortion with mifepristone and gemeprost: A review of 956
cases. Contraception 2001, 64: 29-32.

62. Brown, A., Cheng, L., Lin, S., Baird, D.T. Daily low-dose
mifepristone has contraceptive potential by suppressing ovula-
tion and menstruation: A double-blind randomized control trial of
2 and 5 mg per day for 120 days. J Clin Endocrinol Metab 2002,
87: 63-70.

63. Baird, D.T. Clinical uses of antiprogestogens. J Soc Gynecol
Invest 2000, 7: S49-52.

64. Kloosterboer, H.J., Deckers, G.H., Schoonen, W.G.E.J. et al.
Preclinical experience with two selective progesterone receptor
modulators on breast and endometrium. Steroids 2000, 65:
733-40.

65. Parr, M.B., Parr, E.L. The implantation reaction. In: Biology of
the Uterus, 2nd Ed. R.M. Wynn, W.P. Jolie (Eds.). Plenum Press:
New York 1989, 233-67.

66. Loke Y.W., King, A. (Eds.). Human Implantation. Cell Biology
and Immunology. Cambridge University Press: Cambridge 1995.

67. Rinkenberger, J.L., Cross, J.C., Werb, Z. Molecular genetics
of implantation in the mouse. Dev Gen 1997, 21: 6-20.

68. Carson, D.D. (Ed.). Embryo Implantation. Molecular, Cellular
and Clinical Aspects. Springer Verlag: New York 1999.

69. Lessey, B.A. The role of the endometrium during embryo
implantation. Hum Reprod 2000, 15(Suppl. 6): 39-50.

70. Loke, Y.W.,, King, A. Immunology of implantation. Baillieres
Best Pract Res Clin Obstet Gynaecol 2000, 14: 827-37.

71. Paria, B.C., Lim, H., Das, S.K., Reese, J., Dey, S.K.
Molecular signaling in uterine receptivity for implantation. Semin
Cell Dev Biol 2000, 11: 67-76.

72. Kennedy, T.G. Evidence for a role for prostaglandins in the
initiation of blastocyst implantation in the rat. Biol Reprod 1977,
16: 289-91.

73. Evans, C.A., Kennedy, T.G. The importance of prostaglandin
synthesis for the initiation of blastocyst implantation in the ham-
ster. J Reprod Fertil 1978, 54: 255-61.



1122

74. Kennedy, T.G. Timing of uterine sensitivity for the decidual
cell reaction: Role of prostaglandins. Biol Reprod 1980, 22:
519-25.

75. Lim, H., Gupta, R.A., Ma, W.G. et al. Cyclo-oxygenase-2-
derived prostacyclin mediates embryo implantation in the mouse
via PPARdelta. Gen Dev 1999, 13: 1561-74.

76. Psychoyos, A., Nikas, G., Gravanis, A. The role of
prostaglandins in blastocyst implantation. Hum Reprod 1995,
10(Suppl. 2): 30-42.

77. Nathan, C., Xie, Q.N. Nitric oxide synthases: Roles, tolls, and
controls. Cell 1994, 78: 915-8.

78. Chwalisz, K., Buhimschi, |., Garfield, R.E. Role of nitric oxide
in obstetrics. Prenat Neonat Med 1996, 1: 292-329.

79. lzumi, H., Yallampalli, C., Garfield, R.E. Gestational changes
in L-arginine-induced relaxation of pregnant rat and human
myometrial smooth muscle. Am J Obstet Gynecol 1993, 169:
1329-37.

80. Sladek, S.M., Regenstrin, A.C., Lykins, D., Roberts, J.M. NO
synthase activity in pregnant rabbits uterus decreases on the last
day of pregnancy. Am J Obstet Gynecol 1993, 169: 1285-91.

81. Buhimschi, ., Ali, M., Jain, V., Chwalisz, K., Garfield, R.E.
Different regulation of nitric oxide in the uterus and cervix during
pregnancy and labour. Hum Reprod 1996, 11: 1755-66.

82. Liao, Q.P., Buhimschi, I., Saade, G., Chwalisz, K., Garfield,
R.E. Regulation of vascular adaptation during pregnancy and
post-partum: Effects of nitric oxide inhibition and steroid hor-
mones. Hum Reprod 1997, 12: 2777-84.

83. Purcell, T.L., Buhimschi, I., Given, R., Chwalisz, K., Garfield,
R.E. Inducible nitric oxide synthase is present in the rat placenta
at the fetal-maternal interface and decreases prior to labour. Mol
Hum Reprod 1997, 3: 485-91.

84. Ali, M., Buhimschi, I., Chwalisz, K., Garfield, R.E. Changes in
expression of nitric oxide synthase isoforms in rat uterus and
cervix during pregnancy and parturition. Mol Hum Reprod 1997,
3: 995-1003.

85. Purcell, T.L., Given, R., Chwalisz, K., Garfield, R.E. Nitric
oxide synthase distribution during implantation in the mouse. Mol
Hum Reprod 1999, 5: 467-75.

86. Chwalisz, K., Winterhager, E., Thienel, T., Garfield, R.E.
Synergistic role of nitric oxide and progesterone during the
establishment of pregnancy in the rat. Hum Reprod 1999, 14:
542-52.

87. Pike, M.C., Ross, R.K. Progestins and menopause:
Epidemiological studies of risk of endometrial and breast cancer.
Steroids 2000, 65: 659-64.

88. Chwalisz, K., Stéockemann, K., Fritzemeier, K.H., Fuhrmann,
U. Modulation of oestrogenic effects by progesterone antago-
nists in the rat uterus. Hum Reprod Update 1998, 4: 570-83.

89. Chwalisz, K. Role of progesterone in the control of labor. In:
Basic Mechanisms Controlling Term and Preterm Birth, Ernst
Schering Research Foundation Workshop 7. K. Chwalisz, R.E.
Garfield (Eds.). Springer Verlag: Berlin/Heidelberg 1993, 97-162.

90. Hodgen, G.D., van Uem, J.F.H.M., Chillik, C.F. et al. Non-
competitive anti-oestrogenic activity of progesterone antagonists
in primate models. Hum Reprod 1994, 9(Suppl. 1): 77-81.

91. Wolf, J.P., Hsiu, J.G., Anderson, T.L., Ulmann, A., Baulieu,
E.E., Hodgen, G.D. Noncompetitive anti-estrogenic effect of RU
486 in blocking the estrogen-stimulated luteinizing hormone

Progesterone receptor antagonists

surge and the proliferative action of estradiol on endometrium in
castrated monkeys. Fertil Steril 1989, 52: 1055-60.

92. Slayden, O.D., Zelinski-Wooten, M.B., Chwalisz, K., Stouffer,
R.L., Brenner R.M. Chronic treatment of cycling rhesus monkeys
with low doses of the antiprogestin ZK 137316: Morphometric
assessment of the uterus and oviduct. Hum Reprod 1998, 13:
269-77.

98. Slayden, D., Hirst, J.J., Brenner, R.M. Estrogen action in the
reproductive tract of rhesus monkeys during antiprogestin treat-
ment. Endocrinology 1993, 132: 1845-56.

94. Slayden, O.D., Brenner, R.M. RU 486 action after estrogen
priming in the endometrium and oviducts of rhesus monkeys.
J Clin Endocrinol Metab 1994, 78: 440-8.

95. Bergquist, I.A. Hormonal regulation of endometriosis and the
rationales and effects of gonadotrophin-releasing hormone ago-
nist treatment: A review. Hum Reprod 1995, 10: 446-52.

96. Kettel, L.M., Hummel, W.P. Modern medical management of
endometriosis. Obstet Gynecol Clin North Am 1997, 24: 361-73.

97. Vercellini, P. Endometriosis: What a pain it is. Sem Reprod
Endocrinol 1997, 15: 251-62.

98. Haney, A.F. Endometriosis-associated infertility. Reprod Med
Rev 1997, 6: 145-61.

99. Cirkel, U. Medical treatment of symptomatic endometriosis.
Hum Reprod 1996, 11(Suppl. 3): 89-101.

100. Kettel, L.M., Murphy, A.A., Mortola, J.F., Liu, J.H., Uimann,
A., Yen, S.S.C. Endocrine responses to long-term administration
of the antiprogesterone RU 486 in patients with pelvic
endometriosis. Fertil Steril 1991, 56: 402-7.

101. Kettel, L.M., Murphy, A.A., Morales, A.J., Umann, A,
Baulieu, E.E., Yen, S.S.C. Treatment of endometriosis with the
antiprogesterone mifepristone (RU 486). Fertil Steril 1996, 65:
23-8.

102. Kettel, L.M., Murphy, A.A., Morales, A.J., Yen, S.S.C.
Preliminary report on the treatment of endometriosis with low-
dose mifepristone (RU 486). Am J Obstet Gynecol 1998, 178:
151-6.

103. Lydon, J.P., DeMayo, F.J., Funk, C.R. et al. Mice lacking
progesterone receptor exhibit pleiotropic reproductive abnormal-
ities. Gen Dev 1995, 15: 2266-78.

104. Lydon, J.P., DeMayo, F.J., Conneely, O.M., O'Malley, B.W.
Reproductive phenotpes of the progesterone receptor null
mutant mouse. J Steroid Biochem Mol Biol 1996, 56: 67-77.

105. Lydon, J.P., Ge, G., Kittrell, F.S., Medina, D., O’'Malley, B.W.
Murine mammary gland carcinogenesis is critically dependent on
progesterone receptor function. Cancer Res 1999, 59: 4276-84.

106. Sarup, J.C., Rao, K.V.S., Fox, C.F. Decreased progesterone
binding and attenuated progesterone action in cultured human
breast carcinoma cells treated with epidermal growth factor.
Cancer Res 1988, 48: 5071-8.

107. Murphy, L.C., Dotzlaw, H., Johnson Wong, M.S., Miller, T.,
Murphy, L.J. Mechanisms involved in the evolution of progestin
resistance in human breast cancer cells. Cancer Res 1991, 51:
2051-7.

108. Groshong, S.D., Owen, G.l., Grimison, B. et al. Biphasic
regulation of breast cancer cell growth by progesterone: Role of
the cyclin-dependent kinase inhibitors, p21 and p27€P’. Mol
Endocrinology 1997, 11: 1593-607.



Drugs Fut 2002, 27(11)

109. Musgrove, E.A., Lee, C.S., Cornish, A.L., Swarbrick, A.,
Sutherland, R.L. Antiprogestin inhibition of cell cycle progression
in T-47D breast cancer cells is accompanied by induction of the
cyclin-dependent kinase inhibitor p21. Mol Endocrinol 1997, 11:
54-66.

110. Lange, C.A., Richer, J.K., Shen, T., Horwitz, K.B.
Convergence of progesterone and epidermal growth factor
signaling in breast cancer. J Biol Chem 1998, 273: 31308-16.

111. Richer, J.K., Lange, C.A., Manning, N.G., Owen, G., Powell,
R., Horwitz, K.B. Convergence of progesterone with growth
factor and cytokine signaling in breast cancer. J Biol Chem 1998,
273: 31317-26.

112. Michna, H., Gehring, S., Kuhnel, W., Nishino, Y., Schneider,
M.R. The antitumor potency of progesterone antagonists is due
to their differentiation potential. J Steroid Biochem Mol Biol 1992,
43: 203-10.

113. Michna, H., Nishino, Y., Neef, G., McGuire, W.L., Schneider,
M.R. Progesterone antagonists: Tumor-inhibiting potential and
mechanism of action. J Steroid Biochem Mol Biol 1992, 41:
339-48.

1123

114. Bergers, E., Book, J.P., van Driest, P.J. et al. Prognostic
implications of different cell cycle analysis models of flow cyto-
metric DNA histograms of 1,301 breast cancer patients: Results
from the Multicenter Morphometric Mammary Carcinoma Project
(MMMCP). Int J Cancer 1997, 74: 260-9.

115. Robertson, J.F.R., Willsher, P.C., Winterbottom, L., Blamey,
R.W., Thorpe, S. Onapristone, a progesterone receptor antago-
nist, as first-line therapy in primary breast cancer. Eur J Cancer
1999, 35: 214-8.

116. Culig, Z., Hoffmann, J., Erdel, M. et al. Switch from antago-
nist to agonist of the androgen receptor bicalutamide is associ-
ated with prostate tumour progression in a new model system.
Br J Cancer 1999, 81: 242-51.

117. El Etreby, M.F., Liang, Y., Lewis, R.W. Induction of apopto-
sis by mifepristone and tamoxifen in human LNCaP prostate
cancer cells in culture. Prostate 2000, 43: 31-42.

118. El Etreby, M.F.,, Liang, Y., Johnson, M.H., Lewis, R.W.
Antitumor activity of mifepristone in the human LNCaP, LNCaP-
C4, and LNCaP-C4-2 prostate cancer models in nude mice.
Prostate 2000, 42: 99-106.



