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Abstract. Local danazol therapy can improve endometriotic
signs and symptoms without causing any menstrual disorders.
As a consequence, certain direct actions of danazol on endo-
metriotic tissues have been proposed, but the mechanisms of
these actions have not been clarified. In the present study, the
direct effects of danazol on normal human endometrial stromal
cells (ESCs) were examined using in vitro decidualization
assays. Danazol did not affect the viable cell numbers of
unstimulated ESCs or 8Br-cAMP-stimulated decidualized
ESCs, but significantly enhanced the viable cell numbers of
8-Br-cAMP-stimulated ESCs during decidualization in a
dose-dependent manner. Danazol had no effect on PRL
secretion by 8-Br-cAMP-stimulated decidualized ESCs.
Danazol, as well as progesterone and medroxyprogesterone
acetate (MPA), induced ESC decidualization. Danazol
synergistically enhanced the differentiation process of 8-Br-
cAMP-stimulated ESCs during decidualization. Although
progesterone and MPA increased G-CSF and IL-8 secretion
by ESCs in similar manner to 8-Br-cAMP, danazol had no
such effects. Moreover, remarkable increases in G-CSF and
IL-8 secretions by 8-Br-cAMP-stimulated ESCs during
decidualization were completely inhibited by cotreatment
with danazol. These results indicate that danazol has specific
pharmacological effects on ESCs, rather than progesterone-
like effects or similar effects to those reported for endometrial
cytokines. According to the results, normal human ESCs can
be classified into at least four functional subpopulations.
Therefore, under certain circumstances, danazol has similar
or opposite effects on ESCs to certain endometrial cytokines,
suggesting that it regulates functional cellular subpopulation
ratios of normal human ESCs by modifying the endometrial
cytokine network in endometrial stromal tissues.
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Introduction

Danazol, a progesterone-like antiendometriosis medicine
(1,2), has been applied clinically for endometriotic and
adenomyotic patients for several decades throughout the
world, although its mechanisms of action were unclear. The
standard dose of oral danazol for endometriotic patients is
400-800 mg/day, which inhibits ovarian estrogen production
and the luteinizing hormone surge from the pituitary gland
and causes dysovulation and amenorrhea (3-12). Thus, orally
administered danazol inhibits endogenous estrogen production
and acts as a progesterone-like steroid hormone. The above-
described effects are widely believed to be the main mech-
anisms by which oral danazol therapy prevents endometriosis,
an estrogen-dependent proliferative disease with extrauterine
endometrium-like tissue formation. When endometriotic
patients are administered danazol at 200-800 mg/day, endo-
metrial atrophy occurs (9). However, local administration of
low-dose danazol via vaginal danazol suppositories (13-16),
cervical injections of danazol suspensions (17) or use of
intrauterine danazol rings (13,18-19) can improve endo-
metriotic signs and symptoms without causing any menstrual
disorders. Local danazol therapy does not inhibit either
endogenous estrogen production or ovulation, in contrast to
the effects of oral danazol therapy (13,14,16). From these
clinical data, certain direct actions of danazol on endometriotic
tissues have been proposed, but the mechanisms of these
actions have not been clarified. Understanding how local
danazol therapy is pharmacologically effective for endo-
metriosis may provide clues toward elucidating the causes or
pathogenesis of endometriosis.

There have been several studies of direct actions of danazol
on endometrial epithelial cells (20-24). In these studies, the
direct effects of danazol were examined using the highly-
differentiated endometrial adenocarcinoma cell line Ishikawa
(20), surgically excised endometrial carcinoma cells (21)
or normal human endometrial cells (22-24). The respective
investigators all concluded that danazol works directly on the
cells by inhibiting their proliferation. However, these con-
clusions are not fully convincing because no complications
such as amenorrhea or endometrial ulcers due to endometrial
atrophy and no vaginal ulcer lesions or destructive changes in
the uterine cervix have ever been reported during local danazol
therapy with vaginal danazol suppositories (13-16) or cervical
injections of danazol suspensions (17). To clarify this clinical
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discrepancy, we previously carried out in vitro culture
experiments using two kinds of human endometrial adeno-
carcinoma cell lines and purified normal human endometrial
stromal cells (ESCs) (25). Although previous in vitro studies
reported that danazol suppressed both endometrial epithelial
cell growth (20-23) and ESC growth (24,26), we found
that thoroughly dissolved danazol exhibited no growth
suppression of endometrial epithelial cells or ESCs (25) at a
concentration of 500 ng/ml, which is ~10-fold higher than
the serum danazol levels in patients during oral danazol
therapy (11). Serum and peritoneal fluid danazol concen-
trations were reported to be <5 ng/ml in endometriotic patients
who received danazol vaginal suppositories and exhibited
improvement in their endometriotic symptoms without any
apparent disturbances of endogenous estrogen production or
ovulation (13,14,16).

Regarding endometrial epithelial cells, we recently demon-
strated that thoroughly dissolved danazol enhances Fas-
mediated apoptotic signals but not anticancer drug-induced
apoptotic signals in the human endometrial epithelial cell line
HHUA (27). Endometrial epithelial cell growth and viability
can be regulated in vivo by ESCs in paracrine manner. If
certain functions of ESCs are directly inhibited by danazol as
previously reported (24,26), danazol-treated ESCs may inhibit
endometrial epithelial cell proliferation. However, we found
that thoroughly dissolved danazol had no effects on the
proliferation of endometrial epithelial cells or ESCs (25). In
the present study, we examined the direct effects of danazol
on ESCs using in vitro decidualization assays (28).

Materials and methods

Preparation of danazol solution. Danazol powder was kindly
provided by Tokyo-Tanabe Pharmaceutical Co. Ltd. (Tokyo,
Japan). A danazol stock solution (10 mg/ml danazol in 99.5%
ethanol) was prepared as described previously (25). Danazol
is less soluble in aqueous solutions than in solvents. When
the danazol stock solution was diluted directly with culture
media and added to cell cultures, the culture media became
white and turbid, and insoluble danazol crystals were detected
in the cultures. Therefore, to achieve thorough dissolution of
danazol in culture media, the danazol stock solution was first
diluted with ethanol to create a solution of 100 pg/ml danazol
in ethanol. Next, this solution was diluted with culture medium
to create a solution of 5 yg/ml danazol in 5% (v/v) ethanol,
and then diluted stepwise with culture medium containing
5% (v/v) ethanol. A one-ninth volume of the stepwise-diluted
solution was added to each cell culture so that all the cultures
contained 0.5% (v/v) ethanol. A final concentration of 0.5%
(v/v) ethanol was also added to control cell cultures. Using
this dilution method, insoluble danazol crystals and white
turbidity were not observed in cell cultures.

Isolation and culture of human ESCs. In the present study,
we obtained normal ESCs from non-endometriotic patients
with normal menstrual cycles. Briefly, non-endometriotic
patients with early uterine cervical cancers gave informed
consent for isolation of normal ESCs from their surgically
excised uteri. The endometrial tissue samples were cut into
small fragments with scissors, incubated in medium containing
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0.1% (w/v) collagenase (Wako Chemicals, Tokyo, Japan) for
30 min at 37°C and filtered twice through 40-xm nylon mesh
to remove epithelial cells. The isolated ESCs were cultured in
OPTI-MEM (Gibco-BRL, Gaithersburg, MD, USA), 5% fetal
calf serum (FCS) (Lot no. SFB30-901; Equitech-Bio Inc.,
Ingram, TX, USA), penicillin (PC) (100 U/ml), streptomycin
(SM) (100 pg/ml) and 17B-estradiol (E2) (100 nM; Sigma,
St. Louis, MO, USA). Non-adherent cells were removed by
several intensive washes over 2 weeks. More than 99.5% of
the residual adherent cells were confirmed to be vimentin-
positive ESCs (data not shown) and used for in vitro differ-
entiation experiments. Differentiation activity was evaluated
by measuring prolactin (PRL), granulocyte-colony stimulating
factor (G-CSF) and interleukin (IL)-8 secretion by stimulated
ESCs.

Viable cell number assay. Viable cell numbers were assayed
using an XTT Cell proliferation assay kit (Boehringer-
Mannheim, Mannheim, Germany), which quantified enzyme
activity in viable cells based on the absorbance at 450 nm.
The effects of danazol and 8-bromo-cyclic adenosine 3', 5'-
monophosphate (8-Br-cAMP; Sigma) on the cell viability of
ESCs were assayed as described below. ESCs were detached
with 0.25% trypsin/l mM EDTA (Gibco-BRL) and cultured
to confluence in estradiol-containing medium in 96-well
culture plates (2,500 cells/well). On day 1,0.5 mM 8-Br-cAMP
and various concentrations of danazol were added to the
media. The culture media were exchanged for fresh media on
days 4,7 and 10, and the viable cells were counted on day 14.
To examine the effects of danazol on decidualized cell
viability, ESCs were cultured with 0.5 mM 8-Br-cAMP
without danazol for 10 days, during which time the culture
media were exchanged for fresh media on days 4, 7 and 10.
On day 10, various concentrations of danazol were added to
the cultures without 8-Br-cAMP, and the viable cell numbers
were assayed on day 14. All experiments were performed 3
times to verify the results. The data were expressed as the
mean + SEM and analyzed by Student's t-test (n=6) and one-
way ANOVA.

In vitro decidualization activity assay. ESCs from three
patients were subjected to in vitro decidualization assays (28)
that were repeated at least 3 times. Briefly, ESCs were
detached with 0.25% trypsin/l mM EDTA and cultured with
OPTI-MEM/FCS/PC/SM/E2 to confluence in 96-well culture
plates. To induce in vitro decidualization, the cells were
cultured with 0.5 mM 8-Br-cAMP for 10-14 days. The optimal
concentration and stimulation period of 8-Br-cAMP were
determined in a previous study (29). Decidualization activity
was evaluated by PRL secretion by the stimulated ESCs. To
examine the dose-dependent effects of danazol on decidual-
ization, various concentrations of danazol were added to the
medium during or after decidualization. The culture media
were exchanged for fresh media on days 4, 7 and 10, and the
supernatants were stored at -20°C until analysis for their PRL,
G-CSF and IL-8 concentrations. The data reported in this
study represent the accumulated PRL, G-CSF and IL-8
amounts in the culture supernatants during the last 4 days of
culture. All the experiments were performed 3 times for one
of the three ESC preparations to verify the results.



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 23: 421-428, 2009 423
& PUBLICQIT?O(?\I% A B C
~ < < 2504
< R 150 . ®
? 1000 —*—e— 5 [ T T <
2 - 2 T | 2 200
E 757 E100] I g
z z I Z 150+
S 507 S S
< 2 50 = 1007
= =2 =
> > > 501
e 2 2
g0 s " R
) T T T T ] T T T T L T T T T
& 0 5 50 500 M 0 5 50 500 0 5 50 500
Danazol (ng/ml) Danazol (ng/ml) Danazol (ng/ml)

Figure 1. Effects of danazol on viable cell numbers of unstimulated, decidualizing and decidualized ESCs. (A) Unstimulated ESCs. The ESCs were treated
with danazol. (B) Decidualized ESCs. 8-Br-cAMP-stimulated ESCs comprising maximally decidualized cells were treated with danazol without 8-Br-cAMP.
(C) Decidualizing ESCs. The ESCs were simultaneously treated with danazol and 8-Br-cAMP. The cells are in the process of decidualization.

To examine the effects of progesterone (Sigma) and
medroxyprogesterone acetate (MPA; Sigma), ESCs were
cultured with progesterone or MPA for 14 days with exchange
of the culture media for fresh media on days 4, 7 and 10.
The culture supernatants for the last 4 days of culture were
stored at -20°C until analysis for their PRL, G-CSF and IL-8
concentrations carried out in duplicate.

Enzyme immunoassays of PRL, G-CSF and IL-8 concen-
trations in culture supernatants. The PRL concentrations in
culture supernatants were assayed with an enzyme immuno-
assay instrument (SR-1; Biochem Immunosystems, Rome,
Italy). The G-CSF and IL-8 concentrations in culture super-
natants were assayed by enzyme-linked immunosorbent
assay kits for G-CSF (IBL Co., Maebashi, Japan) and IL-8
(Genzyme Techne, Minneapolis, MN, USA). All experiments
were performed 3 times. The data (n=4) were analyzed by
one-way ANOVA.

Results

Direct effects of danazol on viable cell numbers of
unstimulated, decidualizing and decidualized ESCs. The
direct effects of danazol on the viable cell numbers of
unstimulated, decidualizing and decidualized ESCs were
examined using a previously reported in vitro decidualization
assay (28). Changes in the viable cell numbers were evaluated
when the mean viable cell numbers without danazol were
determined as a viable cell ratio of 1 (100%). As shown in
Fig. 1A, danazol alone had no effect on the proliferation of
unstimulated ESCs. Stimulation with 500 ng/ml danazol, which
is 10-fold higher than the serum danazol concentrations during
usual oral danazol therapy, did not decrease the viable cell
numbers.

ESCs stimulated with 8-Br-cAMP differentiate into PRL-
secreting decidualized cells and die within 1-2 weeks after
activation (28). As shown in Fig. 1B, danazol did not affect the
viable cell numbers of 8-Br-cAMP-stimulated decidualized

cells. However, As shown in Fig. 1C, danazol significantly
enhanced the viable cell numbers of 8-Br-cAMP-stimulated
ESCs during decidualization, indicating that it strongly inhibits
8-Br-cAMP-activated cell death and may enhance the viability
of differentiating cells during the process of decidualization.

Effects of danazol on ESC differentiation into PRL-secreting
cells. Under stimulation with 8-Br-cAMP, ESCs differentiate
into decidualized cells that produce PRL (28). Therefore, we
examined the effects of danazol on 8-Br-cAMP-stimulated
decidualization of ESCs. The decidualization activity was
evaluated by measuring the PRL concentrations in culture
supernatants relative to the viable cell numbers (ng/ml/viable
cell ratio) when the mean viable cell numbers without danazol
were determined as a viable cell ratio of 1 (100%). Although
unstimulated ESCs secreted very little PRL, danazol dose-
dependently enhanced their PRL secretion (Fig. 2A). However,
danazol did not affect PRL secretion by 8-Br-cAMP-stimulated
decidualized ESCs (Fig. 2B). Interestingly, danazol dose-
dependently increased PRL secretion by 8-Br-cAMP-
stimulated ESCs during decidualization (Fig. 2C). This means
that the cell ratios of PRL-secreting cells increased among
8-Br-cAMP-stimulated ESCs during decidualization,
indicating that danazol increased not only the viable cell
numbers but also the decidualized cell numbers. In other
words, danazol remarkably enhances the decidualization
process of ESCs stimulated with 8-Br-cAMP.

Effects of danazol on G-CSF and IL-8 secretion by 8-Br-
cAMP-stimulated ESCs. There have been studies that 8-Br-
cAMP induces ESC activation into G-CSF-secreting (30) and
IL-8-secreting (31) cells. Therefore, the effects of danazol
on G-CSF and IL-8 secretion by 8-Br-cAMP-stimulated
decidualized cells were examined. The activation activity was
evaluated by measuring the G-CSF and IL-8 concentrations
in culture supernatants relative to the viable cell numbers
(pg/ml/viable cell ratio) when the mean viable cell numbers
without danazol were determined as a viable cell ratio of 1
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Figure 2. Effects of danazol on ESC differentiation into PRL-secreting cells. (A) Unstimulated ESCs. The ESCs were treated with danazol. (B) Decidualized
ESCs. 8-Br-cAMP-stimulated ESCs comprising maximally decidualized cells were treated with danazol without 8-Br-cAMP. (C) Decidualizing ESCs. The
ESCs were simultaneously treated with danazol and 8-Br-cAMP. The cells are in the process of decidualization.
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Figure 3. Effects of danazol on G-CSF and IL-8 secretion by 8-Br-cAMP-stimulated ESCs. 8-Br-cAMP-stimulated ESCs comprising maximally decidualized
cells were treated with danazol without 8-Br-cAMP. The G-CSF and IL-8 concentrations in their culture supernatants were assayed. (A) G-CSF secretion; (B)
IL-8 secretion. Danazol has no effects on G-CSF or IL-8 secretion by 8-Br-cAMP-stimulated decidualized ESCs.

(100%). As shown in Fig. 3, danazol had no effects on G-CSF
and IL-8 secretion by 8-Br-cAMP-stimulated decidualized
ESCs.

Effects of danazol on ESC activation into G-CSF- and IL-§-
secreting cells. The effects of danazol on ESC activation into
G-CSF- and IL-8-secreting cells were examined. Unstimulated
ESCs secreted small amounts of G-CSF and IL-8. In the

absence of 8Br-cAMP stimulation, danazol treatment did not
affect either G-CSF or IL-8 secretion by ESCs (Fig. 4).
Although 8-Br-cAMP stimulation induced significant
increases in G-CSF and IL-8 secretion by ESCs, addition of
danazol remarkably decreased the G-CSF and IL-8 secretion
by 8-Br-cAMP-stimulated ESCs to their basal secretion levels
by unstimulated ESCs. These results suggest that danazol
does not inhibit G-CSF and IL-8 secretion by undifferentiated
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Figure 4. Effects of danazol on ESC activation into G-CSF- and IL-8-secreting cells. (A) G-CSF secretion; (B) IL-8 secretion; n.s., not significant.

ESCs and almost completely inhibits the 8-Br-cAMP-induced
ESC activation process into G-CSF- and IL-8-secreting cells.

Effects of progesterone and MPA on PRL, G-CSF and IL-8
secretion by ESCs. Danazol is reported to have progesterone-
like actions (1,2). Progesterone is believed to be the most
important physiological inducer of ESC decidualization. The
observation that danazol enhanced the differentiation of
ESCs into PRL-secreting cells (Fig. 2A) may reflect a
progesterone-like action of danazol. As shown in Fig. 4,
danazol almost completely inhibited the 8-Br-cAMP-induced
ESC activation process into G-CSF- and IL-8-secreting cells.
Therefore, to examine whether the effects of danazol on G-CSF
and IL-8 secretion by 8-Br-cAMP-stimulated ESCs during
decidualization were progesterone-like actions, the same ESCs
assayed above were cultured with progesterone and MPA. As
shown in Fig. SA and D, progesterone and MPA induced the
differentiation of ESCs into PRL-secreting cells. Interestingly,
progesterone and MPA both increased G-CSF and IL-8
secretion by ESCs, and these effects were apparently different
from those of danazol (Fig. 4). These findings suggest that the
effects of danazol on the 8-Br-cAMP-induced ESC activation
process into G-CSF-secreting and IL-8-secreting cells are
danazol-specific actions rather than progesterone-like actions.

Discussion

Local danazol therapy has been clinically applied to patients
with endometriosis and adenomyosis because it attenuates

their symptoms and reduces endometriotic and adenomyotic
lesions without any severe adverse effects or significant serum
endocrinological changes. Direct inhibition of endometrial cell
proliferation has been believed to be the main mechanism of
local danazol therapy. However, in vitro experiments using
thoroughly dissolved danazol in 0.5% ethanol revealed that
even high concentrations of danazol did not inhibit the
proliferation rates of endometrial epithelial cells and ESCs
(25). Moreover, we recently reported that danazol enhances
Fas-mediated apoptosis within physiological variations (27).
In the present study, we examined the effects of danazol on
normal human ESCs. The present data further confirmed that
danazol has no inhibitory effects on ESC growth, in contrast
to previous studies (24,26). Furthermore, this study is the first
to identify a novel specific function by which danazol regulates
the differentiation/activation process of functional ESC
subpopulations.

The present experiments have revealed several unknown
effects of danazol as described below. First, danazol did not
affect ESC proliferation. Second, danazol did not affect the
proliferation of 8-Br-cAMP-stimulated ESCs that are mainly
composed of decidualized cells. Moreover, danazol did not
affect PRL, G-CSF and IL-8 secretion by 8-Br-cAMP-
stimulated decidualized ESCs. Thus, no effects of danazol on
8-Br-cAMP-stimulated decidualized ESCs were detected in
this study. Third, danazol dose-dependently enhanced PRL
secretion by ESCs without 8-Br-cAMP stimulation, indicating
that danazol has the ability to induce ESC decidualization.
This decidualization-inducing activity of danazol may reflect a
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Figure 5. Effects of progesterone and MPA on PRL, G-CSF and IL-8 secretion by ESCs. (A-C) Effects of progesterone; (D-F) Effects of MPA; (A and D)
PRL secretion; (B and E) G-CSF secretion; (C and F) IL-8 secretion; n.t., not tested. PRL secretion by unstimulated ESCs without progesterone or MPA
treatment was <0.5 ng/ml (in A and D). The data were presented as the mean values of the duplicated samples.

progesterone-like action. Fourth, danazol increased viable
cell numbers of 8-Br-cAMP-stimulated ESCs during decidual-
ization and increased PRL secretion by these cells. Since
danazol did not increase PRL secretion by 8-Br-cAMP-
stimulated decidualized ESCs, it is considered to synergistically
enhance the decidualization process induced by 8-Br-cAMP
stimulation. This decidualization-enhancing activity of danazol
may reflect a progesterone-like action of danazol, because
progesterone synergistically enhances 8-Br-cAMP-induced
decidualization (29). Fifth, although danazol induced the
differentiation of ESCs into PRL-secreting cells, i.e.,
decidualized cells, it did not affect G-CSF and IL-8 secretion
by ESCs. On the other hand, progesterone and MPA induced
decidualization of ESCs and increased G-CSF and IL-8
secretion by these cells. The latter effects differed from the
effects of danazol on ESCs, indicating that danazol has specific
pharmacological effects on ESCs rather than progesterone-like
effects. Sixth, the activation process of ESCs into G-CSF- and
IL-8-secreting cells was induced/enhanced by 8-Br-cAMP,
progesterone and MPA, but not by danazol. Danazol was
able to almost completely inhibit the 8-Br-cAMP-induced
activation of ESCs into G-CSF- and IL-8-secreting cells, and
it suppressed the levels of G-CSF and IL-8 secretion by ESCs
to the basal levels observed without 8-Br-cAMP stimulation.

These findings suggest that the basal levels of G-CSF and IL-8
secretion by ESCs are not regulated by cAMP-related signals
and that the regulatory system of these basal secretion levels
is not affected by danazol and progesterone. Simultaneously,
danazol strongly enhanced the 8-Br-cAMP-induced decidual-
ization process. ESCs are hypothesized to consist of several
subpopulations with different morphologies (32) and endo-
crinologically different functional subpopulations (30).
PRL-secreting ESCs are hypothesized not to coincide with
G-CSF-secreting ESCs (30). These results indicate that danazol
regulates the functional cellular subpopulation ratios of normal
human ESCs by mechanisms other than progesterone-like
actions.

Limiting dilution analysis revealed that ESCs have several
stable cellular subpopulations with morphologically different
cell shapes (32). The responsiveness to macrophage colony-
stimulating factor (M-CSF) can be used to classify ESCs into
at least the four subpopulations (30) as follows: ESC-1:
unstimulated ESCs whose cell viability is not affected by M-
CSF, which secrete little PRL and G-CSF and whose G-CSF
secretion but not PRL secretion can be enhanced by M-CSF;
ESC-2: 8-Br-cAMP-stimulated G-CSF-producing ESCs
whose cell viability and G-CSF secretion are not affected by
M-CSF; ESC-3: 8-Br-cAMP-stimulated decidualizing cells
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cells whose cell viability and PRL secretion are not affected by
M-CSF. By adding the present findings to the above-described
classification, the four types of ESCs can be revised as follows:
ESC-1: unstimulated ESCs whose cell viability is not affected
by M-CSF and danazol, which secrete little PRL and G-CSF,
whose G-CSF secretion but not PRL secretion can be enhanced
by M-CSF and whose PRL secretion but not G-CSF/IL-8
secretion can be enhanced by danazol; ESC-2: 8-Br-cAMP-
stimulated G-CSF-producing ESCs whose cell viability and
G-CSF secretion are not affected by M-CSF or danazol;
ESC-3: 8-Br-cAMP-stimulated decidualizing cells whose cell
viability is strongly suppressed by M-CSF and whose cell
viability is strongly enhanced by danazol; and ESC-4: 8-Br-
cAMP-stimulated decidualized PRL-secreting cells whose
cell viability and PRL secretion are not affected by M-CSF
or danazol.

The mechanisms by which local danazol therapy improves
the various signs and symptoms of endometriotic and
adenomyotic patients without any severe adverse effects have
remained unclear for a long time. Recently, we found that
danazol enhances Fas-mediated apoptotic signals within
physiological variations (27). The present study has revealed
that danazol regulates the functional cellular subpopulation
ratios of ESCs by different mechanisms from M-CSF (30).
Danazol has a strong decidualization activity, similar to
progesterone, but can strongly suppress the ESC activation
process into G-CSF- and IL-8-secreting cells. The inhibitory
effects of danazol on ESC activation into G-CSF-secreting
cells are opposite to the effects of M-CSF, which induces
ESC activation into G-CSF-secreting cells. M-CSF is produced
in the human endometrium, particularly by decidual cells
(33,34). IL-8 secretion by ESCs is regulated by endometrial
IL-1 and IL-1 receptor antagonist (31). Danazol enhanced the
viability of 8-Br-cAMP-stimulated ESCs during decidual-
ization, which is similar to the effects of several endometrial
cytokines, including IL-11 (35), leukemia inhibitory factor
(LIF) (36), oncostatin M (OSM) (37), leptin (38) and Fas
ligand (FasL) (39). However, danazol did not affect the
viability of 8-Br-cAMP-stimulated decidualized ESCs, which
is different from the effects of IL-11, LIF, OSM, leptin and
FasL (35-39). Therefore, under certain circumstances, danazol
has similar or opposite effects on ESCs to certain endo-
metrial cytokines, suggesting that it can modify the effects of
the endometrial cytokine network in endometrial stromal
tissues.

For patients with endometriosis and adenomyosis, gona-
dotropin-releasing hormone agonist therapy, which induces
hypoestrogenemia and hypoprogesteronemia, is clinically
effective. For these patients, oral contraceptive therapy
composed of cyclic estrogen/progesterone therapy and pro-
gesterone therapy comprising a hyperprogesterone therapy
are also clinically effective. These clinical facts suggest that
the serum levels of estrogen and progesterone cannot be
causes of endometriosis and adenomyosis, and that stable
endocrinological environments can improve and reduce endo-
metriosis and adenomyosis. Systemic endocrine imbalance
must affect and disturb the cytokine networks in the endo-
metrium. Danazol can modify these cytokine networks in

the main mechanisms of actions of safe local danazol therapy
for endometriosis and adenomyosis.
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