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Fig. 1

A coronal contrast-enhanced CT im-

age revealed the presence of an enhanced
tumoral lesion (arrow) and dilatation of the
small bowel.

Fig. 3 Enterography showed a stenosis at
the end of the small intestine {arrow).

Fig.2 a: Pelvic MRl (T1 weighted imége) showed a high intensity mass.
b: Pelvic MRl (T2 weighted image) showed a low intensity mass.

alb

VELD, BBFENEECL2BRAELHEC
Bof: BARCIZAMOFNVEVBEETT-
7otRiT, FRBESET/INEIR-YUBRAT & BT L7z,

EWMR  BICE 1 R- M EBALTRER,

| EROL - FEBCHE— P RBmL T 5 R

TiTolz. BEECERENZBET S L, Douglas
BLABOREBEAOE KE LD, BEIE
B R, RELBEECEESAORL
¥ 7=, Blue berry spotidBEEFE®, Douglash,
FEHEEISNWFTERFCITITIEL, BR
SHE B S IZBlue berry spotidFEd S do7z
(Fig. 4a-c).

BRI 5 N 2Blue berry spotid&T
Bl L7z BRI L D H20emDfcBETE
NEEFPERLBEbh 2 REREL RO

—123—

197



BASBRESZEH FE WS 1 5

Fig. 4 Laparoscopic Flindings.

a-c: There were adhesions within the peritoneal cavity in the posterior fornix of the
vagina, anterior rectal wall and appendix. Blue berry spots were diffusely seen along
douglas’ pouch, vesicouterine pouch, uterosacral ligament, and posterior wall of uterus.
d: The obstruction had the gross appearance of stenosis with fibrosis, 20cm proximal to

the ileocecal valve (arrow).

Fig.5 A stenosis lesion with fibrosis (ar-
row} was seen in the ileumn, 20cm proximal
to the ileccecal valve.
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Fig. 6 a: Endometriotic glahds and

b A SR
stroma were seen in the

e R ‘ Y Sl
wall of the ileumfrom the

submucosal to subserosal level (hematoxylin and eosin, X3.5).
b: The magnified detail showed an area of endometriosis within the wall of the ileum

(H&E, X50).
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A Case of Endometriosis of lleum Presenting with Intestinal Obstruction

Yoshihiko Tashiro?, Munakata Shinya?, Kiichi Sugimoto®, Yukihiro Yaginuma?,
Yutaka Kojima®, Michitoshi Goto?, Shunsuke Imanishi?, Mari Kitade?,
Takashi Yao? and Kazuhiro Sakamoto?

DDepartment of Coloproctological Surgery, Juntendo University Faculty of Medicine
Department of Surgery, Numazu City Hospital
Departments of Obstetrics and Gynecology® and Human Pathology?,
Juntendo University Faculty of Medicine

We report a case of small bowel obstruction that occurred secondary to endometriosis of the terminal
ileum. A 34-year-old woman presented to our hospital with purpose of the operation for ileal endome-
triosis. Except indicated intestinal endometriosis in 30-years-old, she had no background history. She
presented at the former hospital with complain of abdominal pain. Abdominal X-ray and CT exami-
nation showed dilated loops of the small intestine, and a contrast-enhanced tumoral lesion located in
the right ileocecal area. She was diagnosed with intestinal obstruction by suspected small intestinal
endometriosis and had been treated with endocrine therapy before surgery.

We performed laparoscopic partial small bowel resection. The obstruction had the gross appear-
ance of stenosis with fibrosis, 20cm proximal to the ileocecal valve. Intraoperative findings showed
there were adhesions within the peritoneal cavity in the posterior fornix of the vagina, anterior rectal
wall and appendix and were dissected. Blue berry spots were diffusely seen along douglas’pouch, vesi-
couterine pouch, uterosacral ligament, and posterior wall of uterus and was mostly ablated. Partial
small bowel resection with end-to-end anastomosis was performed, as well as appendectomy. Patho-
logically, ileal endometriosis was diagnosed. The patient’s recovery was uneventful and she was dis-
charged home feeling well on postoperative day 9.

Key words: intestinal obstruction, intestinal endometriosis, laparoscopic surgery
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G protein—coupled estrogen receptor
1 agonist G-1 induces cell cycle
arrest in the mitotic phase, leading to
apoptosis in endometriosis

Taisuke Mori, M.D., Ph.D., Fumitake Ito, M.D., Hiroshi Matsushima, M.D., Osamu Takaoka, M.D.,

Yukiko Tanaka, M.D., Akemi Koshiba, M.D.,

tzumi Kusuki, ML.D., Ph.D., and Jo Kitawaki, M.D., Ph.D.

Department of Obstetrics and Gynecology, Graduate School of Medical Science, Kyoto Prefectural University of Medicine,

Kyoto, Japan

Objectlve To demonstrate the effects of the selectlve G protem-—coupled estrogen receptor 1 (GPER] agomst G—l 1n human ovanan :

endometriotic stromal cells [ESCs) ;
DeSIgn Experimental in vitro study.
Setting: University hospital.

Patient(s): A total of 33 patients w1th ovarian endometnoma e . ‘

Interventlon(s) [Endometriotic stromal cells from c ovarian chocolate cysts were treated w1th the GPER agomstG— o

Mam Outcome Measure(s) ,'The primary outeomes Were cell prohferatlon measured usmg the WST—B assay"f cell cycle, as analyzed
Xi 'ty Caspase aetmty, as flu n

Sterﬂ® 2015 103 12
Key Words. GPER,
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fertstertfomm eom/ mcrlt—dper-atfom

mately 10% of women of repro-
ductive age and is defined as
the  extrauterine  presence  of
endometrium-like tissues. This disorder
causes various clinical symptoms, such
as pelvic pain, dysmenorrhea, dyspar-

E ndometriosis affects approxi-

eunia, and infertility (1). Because there
is substantial improvement in these
symptoms once menopause begins, es-
trogens (Es) are thought to have indis-
pensable roles in the development and
maintenance of endometriosis. The
classic biological effects of Es are medi-
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ated by the estrogen receptors (ERs)
ERa and ERB, which regulate target
protein expression by binding to their
promoter regions in target genes (2).
G protein-coupled estrogen receptor
1 (GPER), a novel transmembrane
ER, mediates the balance between
nongenomic (rapid) cell signaling
mechanisms and genomic (slow) tran-
scriptional activity in response to Es
(3). Tissue E responsiveness depends
on the balance of ER expression
and function. Indeed, the expression,
distribution, and function of ER
proteins are different in endometri-
otic tissues and normal endometrium
(4, 5), contributing to the pathologic
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characteristics of endometriosis. Although few studies have
been carried out on GPER in endometriosis, recent studies
have demonstrated that GPER exhibits relatively high
expression in endometriotic tissues compared with the
normal endometrium (6) and in the endometrium of
patients with endometriosis compared with that in healthy
individuals (7). Moreover, the aberrant expression of GPER
in E-dependent diseases suggests the potential involvement
of GPER in the pathogenesis of endometriosis (8~12). Thus,
understanding the functional mechanisms of GPER in
endometriosis may facilitate the development of novel
E-targeted therapies for endometriosis.

The most common method for determining receptor
function is stimulation by ligands. Therefore, establishing
a selective agonist or antagonist for a receptor is funda-
mental to understanding the pathways that are mediated
by the specific receptor. However, GPER-specific stimula-
tion is difficult because of the cross-reactivity of ERs and
GPER. To overcome this problem, a selective GPER agonist,
named G-1 (13), was developed; this GPER agonist does not
exhibit significant effects on ER expression, E response
element transcriptional activity over a concentration range
of 1-10 uM (14), or 25 other GPCRs (15). Indeed, stimula-
tion with G-1 has been commonly adopted in experiments
targeting GPER and has facilitated the elucidation of GPER
function in cell proliferation, cell death, and signaling in
many E-dependent diseases (8, 11, 12, 16-20}. Conversely,
recent reports have demonstrated that G-1 suppresses
ERs and GPER-negative ovarian and breast cancer cell pro-
liferation (21) and inhibited ovarian cancer cell tubulin
formation (22), suggesting that G-1 may also have GPER-
independent effects. With regard to endometriosis, GPER
was found to stimulate proliferation of endometriotic cells
by using immortal endometriotic epithelial cells (23). How-
ever, little is known about the functional role of GPER in
endometriosis, and no studies have used primary cultured
endometriotic stromal cells (ESCs} or verified G-1 as a
selective GPER agonist in endometriosis.

In this study we investigated the effects of G-1 on cell
proliferation in endometriotic cells to verify the suitability
of G-1 as a selective agonist for GPER in endometriosis, using
ESCs derived from ovarian endometrioma.

MATERIALS AND METHODS
Patients and Samples

We obtained ovarian endometrioma samples from 33 women
of reproductive age (mean age 35.5 years; range 29-45 years)
who had undergone surgery for therapeutic reasons. The
endometriosis stages were Il (n = 18} and IV (n = 15), accord-
ing to the American Society for Reproductive Medicine
classification of endometriosis. None of the patients had
received hormone treatment for at least 6 months before sur-
gery, and all specimens were collected at the proliferative
phase of the regular menstrual cycle. This study was conduct-
ed in accordance with the guidelines of the Declaration of
Helsinki and was approved by the institutional review board
of Kyoto Prefectural University of Medicine (ERB-C-108).
Informed consent was obtained from all patients.

Fertility and Sterility®

Cell Preparation and Ribonucleic Acid Transfection

We used the following procedures for the isolation and culture
of ESCs derived from ovarian endometrioma, as described
previously (24, 25). Tissue digestion was carried out with
2.5% collagenase (Nacalai Tesque) and 15 TU/mL of DNase I
(Takara Shuzo). After the resulting cell suspension was
filtered through a nylon cell strainer, the cell debris was
centrifuged using lymphocyte separation solution (Nacalai
Tesque) to remove the red blood cells. Stromal cell
preparations (>95% purity) were confirmed by positive
staining for CD10 and vimentin and negative staining for
cytokeratin, CD31, and CD45. We collected and subcultured
the primary cultured stromal cells after they became
subconfluent, using 0.1% trypsin, and the cells were then
resuspended in phenol red-free DMEM/Ham's F12 (Nacalai
Tesque) supplemented with 10% dextran-coated charcoal-
treated fetal bovine serum and 1% penicillin and strepto-
mycin (100 ug/mL) for subsequent experiments. Knockdown
of GPER was performed when the cells were subcultured using
RNAIMAX (Invitrogen) and validated with short interfering
RNA (siRNA) for GPER (Applied Biosystems), according to
the manufacturer’s instructions.

Cell Proliferation Assay and Assessment of Cell
Morphology

Cells with or without GPER knockdown were seeded into 96-
well plates containing normal growth medium at a density
of 5 x 10° cells per well. After 24 hours the cells were treated
with or without G-1 and/or the GPER antagonist G15 (10 uM)
(26), mitogen-activated protein kinase kinase (MEK1/2})-selec-
tive inhibitor U0126 (10 uM) (27), and phosphoinositol 3-
kinase (PI3K)-selective inhibitor 1Y294002 (10 uM) (28)
{Sigma-~Aldrich) dissolved in dimethyl sulfoxide (Nacalai Tes-
que). Proliferation was determined by SF reagent (Nacalai Tes-
que) containing WST-8 after a 96-hour incubation, using a
multiwell spectrophotometer multiplex 9120 (Bio-Rad) at a
wavelength of 450 nm. The cell morphology was examined
by phase contrast microscopy after a 96-hour incubation
with or without G-1 treatment in a six-well culture plate.

Cell Cycdle and Apoptosis Analysis

Cells were treated with or without G-1 (10 uM) for 7 days and
permeabilized with 0.1% Triton-X100. The nuclei were then
stained with propidium iodide (PI), and DNA content was
measured using a FACSCalibur (Becton-Dickinson). Data
were analyzed using ModFit LT software (Verity Software
House) and the CellQuest software package (Becton-
Dickinson).

Measurement of Cytotoxicity and Caspase-3/7
Activity

CytoTox-Fluor cytotoxicity assays and Caspase-Glo 3/7 assays
(Promega) used fluorescent substrates for dead-cell proteases
and luminescent substrates for luciferase reactions, with acti-
vating caspase-3/7 as markers for cell cytotoxicity and caspase
activity, respectively. These assays were performed after 7 days
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of treatment with or without G-1 (10 uM). Fluorescence was
measured at 485Ex/520Em using a SpectraMax M2e instru-
ment (Molecular Devices), and luminescence was measured us-
ing a GloMax 20/20 Luminometer (Promega).

Immunofluorescence Cytochemistry

Cells were treated with or without G-1 (10 uM) for 96 hours on
covered glass and were fixed with 4% paraformaldehyde in
Tris-buffered saline (TBS) at room temperature for 15 minutes.
The cells were blocked with 5% normal goat serum in TBS
containing 0.3% Triton X-100 for 1 hour and were incubated
overnight at 4°C with primary antibodies (Cell Signaling
Technology) against phospho-histone H3 (Ser10) and
a-tubulin in TBS containing 1% bovine serum albumin and
0.3% Triton X-100. The next day the cells were incubated
with Alexa-conjugated secondary antibodies (Cell Signaling
Technology} at room temperature for 1 hour and were
mounted using Vectashield Mounting Medium with PI (Vec-
tor Laboratories). An FV1000 confocal laser scanning micro-
scope and FLUOVIEW software (Olympus) were used for
image capturing and cell cycle distribution analysis.

Western Blot Analysis

Cell protein extracts were prepared at the indicated times using
RIPA buffer (Nacalai Tesque) and loaded onto polyacrylamide
gels (ATTO) for electrophoresis. Proteins were then transferred
to polyvinylidene fluoride membranes. The membranes were
blocked with blocking buffer (5% skimmed milk in TBS con-
taining 0.1% Tween-20) for 1 hour at room temperature and
incubated overnight at 4°C with the appropriate primary anti-
body diluted in blocking buffer. The next day the blots were
incubated with horseradish peroxidase-conjugated secondary
antibodies (Cell Signaling Technology) at room temperature
for 1 hour, and signals were detected using Chemi-Lumi One
(Nacalai Tesque) and ChemiDoc XRS+ systems (Bio-Rad). Pri-
mary antibodies against phospho-cde2 (Tyrl5), cdc2,
phospho-cdc25¢ (Ser216), cdc25c, phospho-weel (Ser642),
wee1, phospho-histone H3 (Ser10), cyclin B1, caspase 3, survi-
vin, XIAP, p21, Bcl-2, GAPDH (Cell Signaling Technology),
and GPER (Abcam) were used.

Statistical Analysis

Statistical analysis was performed to determine differences in
cell proliferation, cell cycle distribution, apoptosis, cytotox-
icity, and caspase activity. Cell cycle distribution was
analyzed using one-factor analysis of variance followed by
multiple comparisons using Dunnett’s procedure or Welch’s
t test. Each assay was performed in triplicate. Data are pre-
sented as means + SEM. Differences with P values of <.05
were considered statistically significant.

RESULTS
G-1 Suppressed the Proliferation of ESCs
First, we examined the effects of G-1 on ESC proliferation.

Interestingly, G-1 inhibited the proliferation of ESCs in a
concentration-dependent manner (Fig. [A). With respect to

morphologic changes, ESCs were small and exhibited an
immature structure with an increased number of dead de-
tached cells (Fig. 1B). This effect was not blocked by GPER
antagonism, MEK1/2 inhibition, PI3K inhibition (Fig. 1C), or
GPER knockdown (Fig. 1D}, even though treatment with
G15 (23), U0126 (29, 30), or LY294002 and knockdown of
GPER had suppressive effects on cell proliferation. Although
G-1 did not inhibit the expression of GPER in ESCs, we
achieved successful knockdown of GPER by siRNA
transfection, as shown by Western blot analysis (Fig. 1E).
Furthermore, our Western blot analysis showed that G-1
neither induced nor inhibited the expression of GPER
(Fig. 1F). These results indicated that G-1 had suppressive
effects on the proliferation of ESCs, implying that this effect
was independent of the GPER signaling pathway, including
GPER itself.

G-1 Caused Cell Cycle Arrest and Sub-G-phase
Accumulation in ESCs

Flow cytometry analysis was used to estimate the effects of
G-1 on the cell cycle of ESCs. From this analysis, we observed
cell cycle arrest at the G,/M phase (Fig. 2A), with an increase
in the sub-G, population (Fig. 2B) after 7 days of G-1 treat-
ment. To determine the mechanism through which the sub-
G; population was increased, we performed cytotoxicity
and caspase-3/7 activity assays. Interestingly, although G-1
caused an increase in caspase activity, there was no increase
in cytotoxicity observed in this experiment (Fig. 2C), suggest-
ing that G-1 did not have cytotoxic effects on ESCs. These re-
sults indicated that ESCs were arrested at the G,/M phase of
the cell cycle, resulting in apoptosis, without any significant
necrotic effects after exposure to G-1.

G-1 Induced Cell Cycle Arrest at the Prometaphase
of Mitosis

To elucidate the mechanisms mediating the observed cell cycle
arrest in ESCs, we used immunofluorescence cytochemistry
using PI and antibodies against phospho-histone H3 or a-
tubulin as markers of the cell cycle stage. We observed an in-
crease in the proportion of cells at the prometaphase of mitosis
and a decrease in the proportion of cells at interphase, accom-
panied by the absence of cells in metaphase (cytokinesis)
{Fig. 3A). Representative images of the cell stages are shown
in Figure 3B. These results indicated that cell cycle arrest might
occur as a result of abnormalities in the mitotic stage.

G-1 Affected the Expression Patterns of Various
Signaling Proteins in ESCs

Next we performed Western blot analysis to examine the
mechanisms mediating cell cycle arrest during mitosis and
the activation of caspase-3/7 induced by G-1 in ESCs. We
found elevated phospho-histone H3 protein levels and un-
changed cyclin B1 expression but decreases in phosho-cdc2
(Tyr15), cdc2, phospho-cdc25¢ (Ser216), cde25¢, phospho-
weel (Ser642), and weel levels (Fig. 4A), in addition to de-
creases in caspase-3 and survivin (Fig 4B). No changes were
observed in XIAP, p21, and Bcl-2 expression. These results,
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Mori. G-1 inhibits endometriotic cell growth. Fertil Steril 2015.

which demonstrated protein expression patterns correspond- DISCUSSION
ing to cell cycle arrest at the G,/M phase and a proapoptotic
status, were consistent with those obtained in the cell cycle
and apoptosis examination.

In this study we found that G-1 inhibited ESC proliferation by
inducing apoptosis. Furthermore, our results indicated that
these inhibitory effects were independent of GPER. From
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Endometriotic stromal cell analysis by immunofiuorescence cytochemistry. (A, B) Representative images of (A) the cell cycle phases and (B) their
proportion with or without G-1 treatment. Endometriotic stromal cells were stained with antibodies against a-tubulin (green) or phospho-
histone H3 (Ser10) (magenta,; pseudocolor) after a 96-hour incubation with G-1 (10 uM). The nuclei were counterstained with Pl (red). Data are
presented as means =+ SEMs for five independent experiments. * P<.05, ** P<.01 versus the control.

Mori. G-1 inhibits endometriotic cell growth. Fertil Steril 2015.
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G-1 (10 uM), the levels of cell M-phase promoting factor-related proteins (phospho-histone H3, cyclin B1, phospho-cdc2, cdc2, phospho-cdc25¢,
cdc25¢, phospho-wee1, and wee1) and apoptosis-related proteins (caspase 3, survivin, XIAP, p21, and Bcl-2) were examined by Western blot
analysis. Representative results of at least six independent experiments are shown.

Mori. G-1 inhibits endometriotic cell growth. Fertil Steril 2015.

these findings we propose that G-1, which may no longer be
considered a selective GPER agonist for the study of GPER in
endometriosis, may have therapeutic potential in the treat-
ment of endometriosis.

Previous studies have shown that G-1 affects the cell
cycle; however, the results of these studies have not been
consistent. G;-phase arrest has been observed in breast
cancer, in which G-1 induces p21 expression through dysregu-
lation of p53 (16). Moreover, G-1 was shown to induce S/G,-
phase arrest in endothelial cells, inhibiting DNA synthesis (31).
Additionally, G,/M-phase arrest was found in prostate cancer,
suggesting the involvement of the mitogen-activated protein
kinase pathway (20). These previous studies have implicitly
presumed the specificity of G-1 as a GPER ligand, and the dif-
ferences in the effects of G-1 are assumed to have resulted
from differences in the expression levels or distributions of
GPER. However, recent reports have suggested that G-1 may
also have GPER-independent effects (21) or may be dependent
on the putative ER isoform ER«36 (32). In addition, one report
showed that G-1 has an inhibitory effect on tubulin polymer-
ization in microtubules (22). Thus, to clarify the mechanisms
through which G-1 affects ESCs, we used a GPER antagonist,
G-15, which inhibits the GPER signaling pathway, as well as
siRNA to knockdown GPER and G-1 for comparison of the ef-
fects of these treatments on cell proliferation. Our results

showed that G-1 acted independently of GPER in this context.
Furthermore, we confirmed the interaction between GPER and
G-1 in ESCs by examining phosphorylation and the total
amount of ERK or Akt and pivotal kinases in the activation
of PI3K and mitogen-activated protein kinase pathways,
which act downstream of GPER. No significant effect of G-1
was observed (Supplemental Fig. 1, available online), which
may be attributed to the constitutive activation of these path-
ways (27, 28), making it difficult to detect changes in
phosphorylation levels and to completely exclude GPER
involvement in the G-1 effect.

To investigate the GPER-independent effects of G-1 in the
present study, we examined the expression of proteins
involved in the cell cycle in addition to apoptosis regulation.
Elevation of phospho-histone H3 levels indicated the accu-
mulation of cycle-arrested cells at the mitotic phase, which
supported our flow cytometry and immunofluorescence cyto-
chemistry results. Alternatively, G-1 did not affect the activ-
ity of the M-phase promoting factor, a key protein complex
promoting entry into the mitotic phase from the G, phase,
demonstrating retention of cyclin expression and normal
activation status of kinases and phosphatases involved in
modulating M-phase promoting factor activity. These find-
ings were in agreement with those of a previous analysis in
ovarian cancer cells (22), suggesting that the effects of G-1
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on cell cycle arrest were not directly regulated by proteins
involved in cell cycle modulation.

Regarding the apoptotic pathway, endometriotic cells
show decreased spontaneous apoptosis (33) and resistance
to apoptotic stimuli, such as cytokines (34). Moreover,
impaired apoptotic mechanisms contribute to their abnormal
survival in ectopic sites. In this study we found a decrease in
survivin, a representative protein from the inhibitor of
apoptosis protein (IAP) family, which inhibits activated
caspase-3 (35). Survivin is expressed during the G,/M phase
of the cell cycle associated with microtubules of the mitotic
spindle during mitosis, suppressing caspase-3 activity (36).
Importantly, the involvement of survivin in the resistance
to apoptosis induction has been previously reported in ESCs
(37). In contrast, X chromosome-linked IAP, another member
of the IAP family, did not exhibit altered protein expression. A
previous report describing the effects of G-1 on ovarian can-
cer also showed that survivin was upregulated, which may be
attributed to the compensatory increase in stress in cells un-
dergoing cell cycle arrest (22). Our data were inconsistent
with the results of this previous study but suggested the pos-
sibility of interactions among microtubules, survivin, and
caspase-3. Therefore, the effects of G-1 may promote
apoptotic features through the repression of survivin expres-
sion in endometriosis. Furthermore, we also examined the
relationship between caspase activation and its pivotal mito-
chondrial pathway by examining Bcl-2, which functions in
an antiapoptotic manner by inhibiting mitochondrial cyto-
chrome c release (38), and p21, which serves to inhibit kinase
activity, regulates cell cycle progression from G, to S phase,
and is involved in cell cycle arrest caused by G-1 (16, 20).
However, we did not observe significant changes in Bcl-2 or
P21 protein expression. Taken together, our initial findings
for survivin expression implied that microtubules might be
involved in cell cycle arrest and the apoptotic process. How-
ever, further studies are needed, including observations of
cell cycle progression at different times, to describe the
involvement of this protein in more detail.

The pharmacologic features of G-1 observed in ESCs in
this study (i.e., antiproliferative and proapoptotic effects)
led us to explore the possibility of using G-1 as a therapeutic
drug for endometriosis. However, although no cytotoxicity
was observed in vitro at 10 uM of G-1, future studies will
be required to examine the potential clinical applicability of
G-1 in detailed dose-related analyses. We also confirmed
that G-1 suppressed cell proliferation and induced G,/M-
phase cycle arrest in stromal cells derived from normal endo-
metrium, endometriotic endometrium, and immortalized
ESCs (39) (data not shown). Therefore, the potential therapeu-
tic applications of G-1 in the treatment of endometriosis may
be limited to the treatment of postmenopausal or posthyster-
ectomy residual endometriotic lesions due to the effects of
G-1 on the endometrium.

In conclusion, G-1 induced cell cycle arrest in ESCs in the
mitotic phase and led to apoptosis of ESCs without significant
cytotoxicity. Furthermore, these effects may be independent
of GPER, and G-1 and microtubules may interact to elicit
the observed effects. Our findings imply that G-1 may be
applicable as a therapeutic drug for endometriosis.
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Abstract
Endometriosis is an estrogen-dependent disease. Abnormally biosynthesized estrogens in ~ Key Words
endometriotic tissues induce the growth of the lesion and worsen endometriosis-associated » 17B-hydroxysteroid

pelvic pain. Dienogest (DNG), a selective progesterone receptor agonist, is widely used to treat dehydrogenase 1

endometriosis and efficiently relieves the symptoms. However, its pharmacological action
remains unknown. In this study, we elucidated the effect of DNG on enzymes involved in local
estrogen metabolism in endometriosis. Surgically obtained specimens of 23 ovarian endome-
triomas (OE) and their homologous endometrium (EE), ten OE treated with DNG (OE w/D), and
19 normal endometria without endometriosis (NE) were analyzed. Spheroid cultures of
stromal cells (SCs) were treated with DNG and progesterone. The expression of aromatase,
17B-hydroxysteroid dehydrogenase 1 (HSD17B1), HSD1782, HSD17B7, HSD17B12, steroid
sulfatase (STS), and estrogen sulfotransferase (EST) was evaluated by real-time quantitative PCR.
The activity and protein level of HSD1781 were measured with an enzyme assay using
radiolabeled estrogens and immunohistochemistry respectively. OESCs showed increased
expression of aromatase, HSD171, STS, and EST, along with decreased HSD 172 expression, when
compared with stromal cells from normal endometria without endometriosis (NESCs) (P<0.01)
or stromal cells from homologous endometrium (EESCs) (P<0.01). In OESCs, DNG inhibited
HSD17B1 expression and enzyme activity at 10~7 M (P<0.01). Results of immunohistochemical
analysis displayed reduced HSD17p31 staining intensity in OE w/D (P<0.05). In conclusion, DNG
exerts comprehensive inhibition of abnormal estrogen production through inhibition of
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aromatase and HSD 1781, contributing to a therapeutic effect of DNG on endometriosis. { Journal of Endocrinology
| (2015) 225, 69-76

Introduction

Endometriosis is defined as the presence of endometrium-  secreted from the ovaries, abnormally biosynthesized
like tissues at extra-uterine sites. Clinical symptoms  estrogens in endometriotic tissues also contribute to
associated with endometriosis include pelvic pain, dys- the growth of the lesion and worsening symptoms
menorrhea, dyspareunia, and infertility (Giudice 2010). (Bulun 2009). In the eutopic and ectopic endometria of
There is marked relief of symptoms after menopause, = women with endometriosis, overexpressed aromatase
clearly demonstrating the dependency of endometriosis  (also known as estrogen synthase) biosynthesizes estro-
on estrogens. Besides systemic circulating estrogens  gens, namely estrone and estradiol, from the androgens,
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androstenedione, and testosterone respectively (Noble
et al. 1996, Kitawaki et al. 1997, Matsuzaki et al. 2006,
Dassen et al. 2007, Smuc et al. 2007). In these tissues,
estradiol, the most potent estrogen, is predominantly
synthesized from less potent estrone by 17p-hydroxy-
steroid dehydrogenase 1 (HSD17B1), and the reverse
reaction is catalyzed mainly by HSD172. In endometrio-
tic tissues, the expression of HSD17p1 is higher than that
of HSD1782; thus, the reaction is tilted in favor of
producing estradiol (Zeitoun et al. 1998, Dassen et al.
2007). The other major source of estrogens is estrone
sulfate, an inactive conjugated form abundant in the
circulation. Estrone sulfate is desulfated to estrone by
steroid sulfatase (STS) and estrone is inactivated by
estrogen sulfotransferase (EST) (Utsunomiya et al. 2004,
Colette et al. 2013). Understanding how the aberrant
expression of these enzymes in endometriosis contributes
to local estrogen production and metabolism will allow
the development of improved therapeutic agents.
Dienogest (DNG), a selective progesterone (P4)
receptor (PR) agonist, is widely used to treat endometriosis
(McCormack 2010) and efficiently relieves endometriosis-
associated pelvic pain (Harada et al. 2009, Momoeda et al.
2009, Strowitzki et al. 2010, Petraglia et al. 2012). DNG
directly inhibits PR-mediated cell proliferation (Okada
et al. 2001, Fu et al. 2008, Shimizu et al. 2009) and
production of the inflammatory factors involved in the
pathology of endometriosis, such as prostaglandin estra-
diol (E;) (Shimizu et al. 2011, Yamanaka et al. 2012),
inflammatory cytokines (Horie et al. 2005), Toll-like
receptor 4 (Mita ef al. 2011), and nerve growth factor
(Mita et al. 2014). Supprerssion of these inflammatory
factors is considered to contribute, in part, to the
improvement of pain symptoms. DNG restores the
antigen-presenting ability of peritoneal fluid macrophages
by increasing human leukocyte antigen-DR expression
(Maeda et al. 2014). DNG also suppresses aromatase

expression in human immortalized endometrial epithelial
cells (Shimizu et al. 2011) and primary cultured stromal
cells (SCs) derived from ovarian endometrioma (OE)
(Yamanaka et al. 2012). However, the effect of DNG on
other estrogen-metabolizing enzymes in endometriotic
cells remains unknown, and a more detailed analysis is
needed to understand its clinical effectiveness and
pharmacological function.

The purpose of this study was to investigate the effect
of DNG on enzymes involved in estrogen metabolism
using spheroid cultures of primary cultured SCs derived
from OE, endometrium with endometriosis (EE), and
normal endometrium without endometriosis (NE).

Patients and methods
Patients and samples -

Patient characteristics are given in Table 1. OE tissues from
patients (n=23) who did not receive any hormonal
treatment and their homologous EE specimens (n=10),
in addition to OE specimens from patients treated with
DNG at a dose of 1 mg twice daily for 3-5 months (OE
treated with DNG (OE w/D)) (n=11), were obtained from
women undergoing surgery for OE. NE specimens were
obtained from women undergoing surgery for uterine
fibroids (n=19). All women were of reproductive age, and
all specimens, with the exception of OE w/D, were
collected at the proliferative phase of the regular
menstrual cycle. Women who had undergone hormonal
~ treatments within 6 months before surgery were excluded.
OE w/D specimens were not used for in vitro experiments
to avoid the effect of previous DNG exposure on the
results. The endometriosis stages were evaluated according
to the American Society for Reproductive Medicine
classification of endometriosis. This study was conducted
in accordance with the guidelines of the Declaration of

Table 1 Clinical characteristics of study patients. Values are presented as means=+s.e.m.

NE (n=19) EE (n=10) OE (n=23) OE w/D (n=11)
Age (years) 41.8+4.3 41.443.9 32.5+7.0%" 37.5+4.2
CA-125 (U/ml) NA 68.91+29.1 82.5+83.4 68.0+55.7
r-ASRM stage (%)
] NA 6 (60) 14 (61) 6 (55)
v 4 (40) 9 (39) 5 (45)
Duration of drug NA NA NA 13.4+6.0

administration (weeks)

P values were obtained by Kruskal-Wallis ANOVA followed by multiple comparisons using Scheffe’s procedure or
x? test. NE, normal endometrium; EE, endometrium with endometriosis; OE, ovarian endometrioma; OE w/D,
OE treated with dienogest; r-ASRM, revised American Society for Reproductive Medicine; DNG, dienogest. *P<0.01
versus NE and "P<0.05 versus EE.

© 2015 Society for Endocrinology
Printed in Great Britain

212

http://joe.endocrinology-journals.org " Published by Bioscientifica Ltd.

DOI: 10.1530/JOE-15-0052



Journal of Endocrinology

Helsinki and was approved by the institutional review
board of the Kyoto Prefectural University of Medicine.
Informed consent was obtained from all patients.

Isolation and culture of SCs

The isolation and culture of SCs was conducted as
described previously (Yamanaka ef al. 2012). Briefly, tissue
digestion was performed with 2.5% collagenase (Nacalai
Tesque, Kyoto, Japan) and 15 IU/ml of DNase I (Takara
Shuzo, Tokyo, Japan). After filtering through a nylon cell
strainer, the digested cells were centrifuged in lymphocyte
separation solution (Nacalai Tesque) to remove the red
blood cells. The >95% purity of SC preparations was
confirmed by positive staining for CD10 and vimentin and
negative staining for cytokeratin, CD31, and CD45. The
cells were cultured in DMEM/Ham'’s F-12 (Nacalai Tesque)
supplemented with 10% fetal bovine serum (FBS; Invitro-
gen) and 1% penicillin and streptomycin (100 pg/ml),
under a humidified atmosphere at 37 °C in 5% CO,. The
cells that reached subconfluence were dispersed using
0.1% trypsin (Nacalai Tesque) and resuspended in
phenol-red-free DMEM/Ham'’s F-12 (Nacalai Tesque) sup-
plemented with 10% dextran-coated charcoal-treated
FBS and 1% penicillin and streptomycin (100 pg/ml). For
mRNA analysis, SCs were subcultured in U-bottom 96-well
culture plates (Sumilon) at a density of 4X10* cells/well
to form spheroids. For HSD17B1 activity assays, SCs
were plated into six-well culture plates at a density of
4x10° cells/well to form monolayers. The OESC spheroid
expression of estrogen receptor o (ERa (ESR1)), ERB (ESR2),
PR, aromatase, cyclooxygenase-2 (COX2), and nuclear
factor-x B (NFkB) p50 subunit nuclear localization was
validated by immunocytochemistry as described pre-
viously (Yamanaka et al. 2012).

Treatment of cultured SCs with DNG or P,

The culture medium was replaced either after 72 h
(spheroid culture for RNA extraction) or when cells
reached subconfluence (HSD1781 activity assay) by
medium with or without DNG (107% 107, and
10° M; Bayer Schering Pharma, Berlin, Germany) or P,
(1078, 1077, and 10~% M; Sigma-Aldrich), and the cells
were incubated for a further 48 h.

RNA extraction, cDNA preparation, and real-time PCR

Total RNA was extracted from cultured SCs using the
RNeasy Mini Kit (Qiagen). After quantification and

determination of the quality of the RNA by u.v. absorption
(OD 260 nm/280 nm) using a NanoDrop Spectropho-
tometer (Thermo Scientific, Waltham, MA, USA), cDNA
was synthesized using the SuperScript III first-strand
synthesis system (Invitrogen) and a GeneAmp PCR 9700
machine (Applied Biosystems). Quantitative real-time PCR
was conducted using TagMan Fast Universal PCR Master
Mix (Applied Biosystems) and a StepOne Real-Time PCR
System (Applied Biosystems) with TagMan assay primer/
probe sets (Applied Biosystems) for the target genes:
aromatase (CYPI19A1) (Hs00240671_m1l), HSD1781
(Hs00166219_g1), HSD1732 (Hs00157993_m1), HSD1787
(Hs00367686_m1), HSD17812 (Hs00275054_m1), STS
(Hs00996676_m1), EST (SULT1E1) (Hs00960941_m1l),
and endogenous control GAPDH (Hs03929097_g1). Real-
time quantitative PCR was performed under the following
thermal cycling conditions: denaturing at 95 °C for 60's;
3 s at 95 °C; 40 cycles of 30 s at 60 °C. Threshold cycle (Ct)
values were calculated using the AACt method.

HSD17B1 enzyme assays

HSD1781 activity was measured using thin layer chroma-
tography, as described previously (Kitawaki et al. 2000).
Briefly, cells were washed twice with phenol-red-free
DMEM/Ham’s F-12, and then incubated at 37 °C/5% CO,,
for 6 h with 0.5ml of serum-free medium containing
[6,7-3H]estrone (Perkin Elmer, Waltham, MA, USA)
(1.8 10° dpm, 37 uM). The reaction was stopped by
transferring the medium to the test tubes containing
2 ml chloroform and the corresponding carrier steroids:
[4-**C]estradiol (Perkin Elmer) (1.3X10* dpm) and non-
radioactive estrone and estradiol (0.2mg each). The
steroids were isolated by thin-layer chromatography
using Silicagel 60 F254 (0.25 mm; Merck) in a system of
chloroform:ethyl acetate (4:1, v/v). The aliquot was mixed
with Clear-sol I (Nacalai Tesque), and radioactivity was
measured using a scintillation counter (Beckman Coulter,
Fullerton, CA, USA). Enzyme activity was calculated and
normalized according to the ratios of the estradiol formed.
Protein concentration (pmol/mg protein per h) was
measured by the Bradford method.

Immunohistochemistry

Specimens from OE, OE w/D, EE, and NE were stained
immunohistochemically as described previously (Yamanaka
et al. 2012) using an anti-HSD17B1 antibody (200 pg/ml;
Abcam, Cambridge, UK). Normal term placenta tissue was
used as a positive control. Because the cell components
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of epithelial cells and SCs were considerably different
between eutopic endometrium and OE, we compared
the immunostaining intensity in SCs using the H-score,
a semi-quantitative index involving an algorithm
described previously (Yamanaka et al. 2012). Briefly, two
independent observers evaluated approximately 500 cells/
slide and scored them as follows: 3Xpercentage of
strongly staining cells+2Xpercentage of moderately
staining cells+percentage of weakly staining cells. The
H-score was calculated as the mean of the two scores.

Statistical analyses

The mRNA expression levels of enzymes in the three types
of SCs were analyzed by Kruskal-Wallis ANOVA followed
by multiple comparisons using Scheffe’s procedure
because of the unequal variances in the results. Results
of real-time PCR and the HSD17p1 activity assay measur-
ing the drugs’ effects on mRNA expression and enzyme
activity levels in OESCs were assessed by repeated
measures ANOVA followed by multiple comparisons
using Dunnett’s procedure. Statistical analysis of the
immunohistochemical results was performed using an
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Figure 1

(A) The baseline mRNA expression levels of estrogen-metabolizing
enzymes in spheroid-cultured stromal cells (SCs) derived from normal
endometrium (NE), endometrium with endometriosis (EE), and OE.

(B) Effects of dienogest (DNG) and progesterone (P;) on mRNA expression
levels of enzymes in OESCs (at least seven separate experiments
respectively) and on (C) 17p-hydroxysteroid dehydrogenase 1 (HSD1781)
activity in OESCs (n=8). All assays were performed in triplicate, and data

unpaired t-test. Each assay for individual experiments was
performed in triplicate. Data are presented as means+
S.E.M. P values of <0.05 were considered statistically
significant.

Results
mRNA expression of enzymes in spheroid-cultured SCs

In OESCs, the mRNA expression levels of aromatase
(P<0.01), HSD1781 (P<0.01), STS (P<0.01), and EST
(P<0.01) were greater compared with those in NESCs and
EESCs. In NESCs or EESCs, we detected neither aromatase
nor EST mRNA expression and an extremely low level of
HSD1731 mRNA expression. In contrast, HSD1782 mRNA
expression was lower in OESCs compared with that in
NESCs (P<0.01) and EESCs (P<0.01) (Fig. 1A).

Effects of drugs on enzymes in OESCs

Inicubating the spheroids for 48 h with DNG (1077 M
(P<0.01) and 107 M (P<0.01)) and P, (1077 M
(P<0.05) and 107¢ M (P<0.01)) significantly decreased

HSD17B1

HSD17p7 HSD17B12 STS

are presented as means+s.e.m. P values for the statistical analysis of the
mRNA expression of enzymes in SCs in spheroid culture are based on
Kruskal-wallis ANOVA followed by multiple comparisons using Scheffe’s
procedure, and effects of drugs on OESC enzyme mRNA expression

and activity are based on repeated measures ANOVA followed by
multiple comparisons using Dunnett’s procedure. ND, not detectable;
*P<0.05 and **P<0.01 versus control.
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