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Abstract

Dienogest, a synthetic progestin, has been shown to be effective against endometriosis, Key Words
although it is still unclear as to how it affects the ectopic endometrial cells. Decorin has been decorin
shown to be a powerful endogenous tumor repressor acting in a paracrine fashion to limit progesterone
tumor growth. Our objectives were to examine the direct effects of progesterone and dienogest

dienogest on the in vitro proliferation of the human ectopic endometrial epithelial and endometriosis
stromal cell lines, and evaluate as to how decorin contributes to this effect. We also
examined DCN mRNA expression in 50 endometriosis patients. The growth of both cell lines
was inhibited in a dose-dependent manner by both decorin and dienogest. Using a
chromatin immunoprecipitation assay, it was noted that progesterone and dienogest
directly induced the binding of the decorin promoter in the EMOsis c¢c/TERT cells
(immortalized human ovarian epithelial cells) and CRL-4003 cells (immortalized human
endometrial stromal cells). Progesterone and dienogest also led to significant induced cell
cycle arrest via decorin by promoting production of p21 in both cell lines in a dose-
dependent manner. Decorin also suppressed the expression of MET in both cell lines. We
confirmed that DCN mRNA expression in patients treated with dienogest was higher than
that in the control group. In conclusion, decorin induced by dienogest appears to play a
crucial role in suppressing endometriosis by exerting anti-proliferative effects and inducing
cell cycle arrest via the production of p21 human ectopic endometrial cells and eutopic
endometrial stromal cells.

cell cycle arrest
p21
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Introduction

Endometriosis is a chronic, benign disease, which is
characterized by the presence of endometrium-like tissue
outside the uterine cavity, primarily on the ovaries. It is a
major cause of symptoms such as pelvic pain, dysmenor-
rhea, dyspareunia, and infertility. This condition affects
6-10% of females of reproductive age and often relapses

after surgical therapy (Eskenazi & Warner 1997, Giudice
& Kao 2004, Guo 2009). Gonadotropin-releasing hormone
(GnRH) agonists are an established therapy for endome-
triosis. Although gonadotrophin-releasing hormone
(GnRH) agonists provide effective pain relief and reduce
the progression of endometriotic implants (Brown et al.
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2010), they are associated with symptoms of estrogen
deprivation, such as hot flushes, vaginal dryness,
headache, and decreased libido. In addition, the involve-
ment of GnRH agonists in bone demineralization restricts
their use to 6 months in the absence of add-back therapy
(Jee et al. 2009, Brown et al. 2010). Progestins are a class of
compounds that mimic the activity of progesterone and
are arecommended treatment for the pain associated with
endometriosis, but a number of agents in this class are
associated with androgenic effects and weight gain at
doses that are required for efficacy (Vercellini et al. 2009).
Dienogest (17a-cyanomethyl-17b-hydroxy-estra-4,9-
dien-3-one) is a fourth-generation progestin with a potent
oral progestational activity without any systemic andro-
genic activity (Sitruk 2004a,b, Sasagawa et al. 2008).
Results from clinical trials have indicated that dienogest
provides effective pain relief equivalent to GnRH agonists,
a reduction of endometriotic lesions, and a favorable
safety and tolerability profile in patients with endome-
triosis (Cosson et al. 2002, Momoeda et al. 2009, Kohler
et al. 2010, Strowitzki et al. 2010a,b, Felice et al. 2012). The
effects of dienogest on endometriosis are associated not
only with its anti-ovulatory activity (Irahara et al. 2007),
but also with a direct effect on proliferation or cytokine
production in stromal cells from eutopic and ectopic
endometrial tissues (Okada et al. 2001, Horie et al. 2005, Fu
et al. 2008). In a recent report, dienogest has been
described as having a direct effect on endometrial
epithelial cells (Shimizu et al. 2009). However, it is still
unclear as to how dienogest affects endometriotic cells to
contribute to its therapeutic effect on endometriosis.
Decorin, a prototype member of the small leucine-rich
proteoglycan family (Kresse et al. 1993, Iozzo 1998, Neame
& Kay 2000), is a stromal proteoglycan synthesized chiefly
by fibroblasts, stressed vascular endothelial cells, and
smooth muscle cells (Danielson et al. 1997, Keene et al.
2000, Zhang et al. 2006, Zhang et al. 2009). It has multiple
functions, including regulation of collagen fibrillogenesis
and maintenance of tissue integrity (Weber et al. 1996,
lozzo 1997, Fairlie et al. 1998). Decorin is also known to
exhibit high levels of expression in various normal tissues,
including the uterus (Su et al. 2004). It can regulate multiple
cellular functions because of its ability to bind to a variety
of molecules in both the extracellular matrix and on the
cell surface (Goldoni & Iozzo 2008, Seidler & Dreier 2008).
Decorin has been recently reported to sequester multiple
growth factors, such as transforming growth factor Bl
(TGFB1), and directly antagonizes several members of the
receptor tyrosine kinase family (Iozzo 1997, Fairlie et al.
1998, Seidler & Dreier 2008), including the epidermal
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growth factor receptor (EGFR), the insulin-like growth
factor receptor I (IGFIR) (Schaefer et al. 2007), and the
hepatocyte growth factor receptor (MET) (Goldoni et al.
2009, Iozzo & Sanderson 2011). Moreover, reduced decorin
within tumor stromal cells has been established as a poor
prognostic factor for invasive breast cancer and in murine
models of spontaneous breast cancer with mammary gland
carcinogenesis (Goldoni & Iozzo 2008). Decorin is a
powerful endogenous tumor repressor acting in a paracrine
fashion to limit tumor growth and angiogenesis (Thomas &
Liliana 2012). However, it is still unclear as to how decorin
affects endometrial epithelial cells or endometrial stromal
cells as part of its therapeutic effect on endometriosis.

In this study, we examined the direct effects of
dienogest on the in vitro proliferation of the human
endometrial epithelial and stromal cell lines, and
evaluated how decorin contributes to this effect.

Materials and methods
Materials

Human recombinant decorin was purchased from R&D
Systems (Minneapolis, MN, USA). The rabbit monoclonal
anti-human decorin antibody (product code ab151988)
used for immunoblotting and immunohistochemistry
(IHC) and the mouse monoclonal anti-human B-actin
antibody used for immunoblotting were purchased from
Abcam (Cambridge, MA, USA). The mouse monoclonal
anti-human p21 antibody (product code 554228) used for
immunoblotting was purchased from BD Biosciences
(San Jose, CA, USA). The rabbit monoclonal anti-human
c-Met antibody (product code LS-C49950) used for
immunoblotting and IHC was purchased from LifeSpan
Biosciences, Inc. (Seattle, WA, USA). A goat anti-human
decorin antibody used as a neutralizing antibody for
decorin was purchased from R&D Systems. The BD Falcon
96-well microplates used for the cell proliferation assays
were purchased from BD (Franklin Lakes, NJ, USA). A rabbit
anti-progesterone receptor (PR) antibody (H-190) used
in the chromatin immunoprecipitation (ChIP) assay was
purchased from Santa Cruz Biotechnology.

Patients and tissue collection

A total of 50 patients who received surgical treatment
between January 2002 and July 2012 were included in this
study. All patients were under treatment in the
Department of Obstetrics and Gynecology of Osaka
Medical College. This was a retrospective cross-sectional
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case—controlled study carried out on human tissue samples
and was approved by the Institutional Review Board of
Osaka Medical College. Written informed consent was
obtained from all patients participating in the study. The
inclusion criteria were: age older than 20 years and no more
than 50 years at the time of the surgical procedure, the
presence of regular menstrual cycles (24-35 day interval)
with the exception of those treated with dienogest, a
fourth-generation progestin with a potent oral progesta-
tional activity without systemic androgenic effects, the
absence of any evidence of past or recent pelvic inflam-
matory disease, and no history of any hormonal treatment
for at least 12 months at baseline. Transvaginal ultrasono-
graphy was performed for all patients and showed mainly
hypoechoic cystic masses in the ovaries, and the presence
of ovarian endometriomas was confirmed before surgery
by magnetic resonance imaging, which showed high-
intensity areas on both T1- and T2-weighted images. The
main indication for pre-surgical treatment was the
patient’s personal preference after careful explanation
of the treatment options. Tissue specimens were obtained
from patients treated with dienogest at a dose of 2 mg
(Dienogest group; n=25) for three to 5 months before
surgery. Simultaneous sampling of ovarian endometrioma
capsules was performed during laparoscopic surgery for
adnexal masses consistent with ovarian endometrioma.
The scoring of endometriosis in each case was documented
according to the system of the American Society for
Reproductive Medicine (ASRM 1997). The diagnosis of
endometriosis was confirmed histologically. The samples
obtained from the endometrioma were immediately frozen
in liquid nitrogen for further RT-PCR analyses, fixed in 10%
formaldehyde, and then routinely processed for paraffin
embedding for a histological analysis.

Cell lines

We used a human immortalized epithelial cell line derived
from an ovarian endometrioma, EMOsis CC/TERT, and
primary cultured stromal cells derived from ovarian
endometrioma, HMOsis scl2, and HMOsis scl3, which
were established by Dr Satoru Kyo (Kanazawa University,
Japan). We also used the CRL-7566 endometriosis cell line
and CRL-4003 immortalized human endometrial stromal
cells, which were purchased from the American Type
Culture Collection (Manassas, VA, USA). EMOsis CC/TERT
cells were grown in DMEM supplemented with 10% fetal
bovine serum in an atmosphere of 5% CO, at 37 °C (Bono
et al. 2012). The CRL-4003 cells were cultured in growth
media (DMEM/F12 10% FBS, 1% BD Insulin, Transferrin,

223:2 205

Selenous (ITS) +Premix Universal Culture Supplement
(Catalog#354352, BD)), in an atmosphere of 5% CO, at
37 °C (Lockwood & Nemerson 1993, Krikun & Mor 2004).
Human stromal cells derived from ovarian endometrioma,
another kind gift from Dr Satoru Kyo, were used to con-
firm that the CRL-4003 cells possessed characteristics
similar to primary cultured endometrioid stromal cells.

RNA extraction and semi-quantitative RT-PCR

Total RNA from homogenized tissue or from cultured
EMOsis CC/TERT cells or CRL-4003 cells was obtained
using the RNeasy Mini kit (Qiagen), and 2 ug were
reverse-transcribed with Superscript II RNase H-reverse
transcriptase  (Invitrogen) wusing random primers
according to the manufacturer’s instructions. The cDNA
(1 ul) was amplified using 0.1 uM of each primer, 1 U of Taq
DNA polymerase (Roche Diagnostics), PCR buffer with
1.5 mM MgCl,, and 0.25 mM dNTPs in a 20 pl reaction
volume in a PTC200 Thermal cycler (Bio-Rad Laboratories,
Hercules, CA, USA). The amplification conditions were
as follows: initial denaturation at 94 °C for 3 min,
followed by 33 cycles comprising denaturation at 94 °C
for 30s, annealing at the optimized temperature for each
set of primers for 30 s, and extension at 72 °C for 30 s. The
final extension was carried out for 5 min at 72°C. The
products were analyzed on 2.0% (w/v) agarose gels stained
with 0.5 mg/ml ethidium bromide (Sigma-Aldrich) and
visualized under an u.v. transilluminator. The product size
was approximated using a 100-bp DNA ladder (Bangalore
Genei, Bangalore, India). The negative control did not
contain reverse transcriptase (RT) enzyme in the reaction
mixture. The primers used were as follows: decorin (DCN),
forward: 5'-AAATATTGTGCAAGGCCCGG-3' and reverse:
S'-TTTTGCTGCCTGAGTCATCG-3’; ERa (ESRI), forward:
5'-AGAGATGCTCCATGCCTTTG-3' and reverse: 5'-GCA-
GACAGGGAGCTGGTTCA-3/; PGR, forward: 5'-AACA-
CGTCAGTGGGCAGATG-3' and reverse: 5'-GCAGCAATA-
ACTTCAGACATC-3'; PRB, forward: 5'-TACCTCACCTGC-
AGCCTTCT-3' and reverse: 5-GCAACAGCCAGCACA-
AGATA-3'; GAPDH, forward: 5'-AGCCACATCGCTCAGA-
CA-3' and reverse: 5'-GCCCAATACGACCAAATCC-3'.
The experiments were repeated at least three times.

One-step real-time PCR

Commercially available TagMan Gene Expression Assay
kits (Applied Biosystems) were used to assess the human
glyceraldehyde-3-phosphate dehydrogenase (GAPDH;
Hs02758991_g1), human B-actin (ACTB; Hs01060665_g1),
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human RNA18S5 (Hs01060665_g1), and human DCN
(Hs00754870_s1) gene expression levels. All primers were
designed using the Primer Express software program
(version 1.0; Perkin-Elmer Applied Biosystems, Carlsbad,
CA, USA) from the GeneBank database according to the
manufacturer’s protocol. The cDNA template was amplified
ina 20 plreaction volume containing 1 X TagMan Universal
PCR Master Mix (Perkin-Elmer Applied Biosystems) and
200 nM forward and reverse primers and 100 nM TagMan
probe. Thermal cycling conditions were as follow: 95 °C for
15 s followed by 60 °C for 1 min for 45 cycles in each case
during One-step real-time PCR (Perkin-Elmer Applied
Biosystems). Quantification cycle (Cq) values were used as
an endpoint and were defined as the PCR cycle number
during which the fluorescence generated by the amplifi-
cation crossed the threshold. The reproducibility of the assay
was tested for ACTB, RNA18S5, and GAPDH transcripts
by calculating the coefficient of variation (CV) of repeated
amplifications of the same samples, both in the same PCR
and in different reactions. The average CV values were 10.9,
19.2, and 4.1%, respectively, for these transcripts. Therefore,
GAPDH was selected as the endogenous reference gene
for this study. Expression levels of DCN mRNA were
normalized to GAPDH mRNA, calculated from the triplicate
of CT values using the AACT method and expressed rela-
tive to one of the specimens that was assigned the value 1.

Proliferation assay

The EMOsis CC/TERT cells in 10% fetal bovine serum and
CRL-4003 cells in growth media were seeded in 96-well
plates at a density of 2X10* cells per well. The cells were
then incubated for 48 h in the absence or presence of 0.5,
1.5, 3, or 6 pg/ml of decorin or 50, 100, 200, or 500 nM of
dienogest. The concentrations of dienogest that exhibited
antiproliferative effects on cells were within the range of
the serum dienogest concentrations achieved with the
dose (2 mg/day) used to treat endometriosis (10 and
140 nmol/l), as indicated in the previous study by Foster
and Wilde (1998). CellTiter 96 AQueous (MTS) One
Solution reagent (Promega) was added to each well, and
the absorbance was recorded at a wavelength of 490 nm
using a Corona SH-1000 lab absorbance microplate reader
(Corona Electric Co., Inc., Ibaraki, Japan). The cell
numbers were then calculated using a standard curve
correlating the absorbance with the cell number counted
under a microscope. All experiments were carried out in
quadruplicate, and the cell viability was expressed as the
ratio of the number of viable cells with decorin or
dienogest stimulation to that of cells without stimulation.
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Western blot analysis

EMOsis CC/TERT cells and CRL-4003 cells treated with or
without progesterone or dienogest were washed twice with
ice-cold PBS and lysed using Pierce RIPA Buffer (Thermo
Fisher Scientific, Waltham, MA, USA). Equal amounts of
whole-cell protein lysates were separated by SDS-PAGE and
electrotransferred onto nitrocellulose membranes. Non-
specific antigen sites were blocked with 10% BSAin 1 X Tris-
buffered saline for 1 h. The western blot analyses were
performed with primary antibodies against decorin (1:250
dilution), c-Met (1:1000 dilution), p21 (1:500 dilution), or
B-actin (1:1000 dilution) overnight at 4 °C. The immuno-
reactive bands in the immunoblots were visualized with a
horseradish-peroxidase-coupled goat anti-rabbit immuno-
globulin using an enhanced chemiluminescence western
blotting system (ECL Plus, GE Healthcare Life Sciences,
Pittsburgh, PA, USA). Additional membranes were ana-
lyzed by chemiluminescence before incubation with the
primary antibody to confirm that the reactive band
observed in the immunoblotting corresponded to a
protein recognized specifically by the primary antibody.

The experiment was performed three times, and the ratio
of cell cycle distribution was expressed as the mean +s.p.

Flow cytometry

To analyze the cell cycle distribution, CRL-4003 cells and
EMOsis CC/TERT cells were plated on six-well plates at a
density of 2X10° cells per well, then the EMOsis cc/TERT
cells were cultured in 10% fetal bovine serum and the CRL-
4003 cells were cultured in growth media until they reached
70-80% confluence. The cells were harvested after being
incubated for 24 h in the absence or presence of 3 or 6 ng/ml
of decorin or 100 or 500 uM of dienogest, then the cell
proliferation was evaluated by measuring the distribution of
the cells in the different phases of the cell cycle by flow
cytometry using the Cycle TEST PLUS DNA Reagent kit
(BD Pharmingen, San Diego, CA, USA), which is based on
the measurement of the DNA content of nuclei labeled with
propidium iodide, according to the manufacturer’s instruc-
tions. Briefly, cells were trypsinized (250 ul of trypsin buffer)
for 10 min atroom temperature, and then a trypsin inhibitor
(200 pl) and RNase buffer were added and allowed to react for
10 min at room temperature. Finally, propidium iodide
staining solution (200 pl) was added and incubated for
10 min in the dark on ice. Samples were immediately
analyzed on the EC800 flow cytometer (Sony Biotechnology
Inc., Champaign, IL, USA). The FlowJo version 9 software
program (Tree Star, Inc., Ashland, OR, USA) was used for the
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cell cycle analysis. The experiment was carried out three
times, and the ratio of cell cycle distribution was expressed as
the mean+s.p.

ELISA

EMOsis cc/TERT and CRL-4003 cells were seeded at a density
of 1x10° cells per well in six-well plates and cultured in
growth media until they reached 70-80% confluence. The
cells were then starved for 16 h. The culture supernatants
were collected after being incubated for 48 h with a vehicle
(PBS) or 10, 100, or 500 nM of dienogest, and the level of
decorin was assayed with 100 ul of cell-free culture
supernatant using the Decorin Human ELISA kit (Abcam)
according to the manufacturer’s instructions. Absorbance
was read at a wavelength of 450 nm using the Corona
SH-1000 lab absorbance microplate reader (Corona Electric
Co. Inc.). The sample concentrations were determined
via interpolation based on the standard curve. The assay
was performed three times, and the colony number was
expressed as the mean=s.p.

ChIP assays

The ChIP assay was conducted using the ChIP-IT Express
ChlIP kit (ACTIVE MOTIF, Carlsbad, CA, USA) according
to the manufacturer’s protocol. Briefly, 1Xx10’ EMOsis
cc/TERT and CRL-4003 cells were incubated in growth
medium. After overnight incubation, formaldehyde (37%)
was directly added to the culture at a final concentration of
1%, and the cells were incubated for 15 min at 37 °C to cross-
link the protein to DNA. The cells were pelleted and
resuspended in 600 ul of lysis buffer supplemented with
3 ul of protease inhibitor cocktail and 50 mM phenyl-
methylsulfonyl fluoride, and were incubated on ice for
10 min. The nuclear fraction was resuspended in shearing
buffer (supplemented with 1.05 ul protease inhibitor
cocktail), and was sonicated with a sonicator. The sheared
chromatin solution was used for each ChIP assay with 3 pg
anti-PR antibody (H-190, Santa Cruz Biotechnology)
or rabbit IgG as a negative control. After that, the
1157 ~666-bp region of the decorin promoter encompass-
ing the progesterone response element (PRE) that was
predicted by the Matinspector software program (Geno-
matix Software GmbH, Miinchen, Germany) was amplified
by conventional PCR using the following primers:
F: 5-AAATATTGTGCAAGGCCCGG-3' and R: 5'-TTTTGCT-
GCCTGAGTCATCG-3'. All of the ChIP assays were repeated
at least three times with similar results, and representative
results for a conventional PCR are shown.
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siRNA transfection (DCN siRNA)

siRNA specific for decorin and the scrambled control were
purchased from Invitrogen. The cells were transfected
using the Lipofectamine reagent (Invitrogen) according
to the manufacturer’s instructions. Briefly, oligomer-
Lipofectamine plus complexes were prepared as follows.
A total of 20 pmol of siRNA oligomer were diluted in 50 pl
of Opti-MEM (Invitrogen), and the Lipofectamine plus
solution was mixed gently before use, after which a 1-ul
aliquot was diluted in 50 ul of Opti-MEM, mixed gently,
and incubated for 5 min at room temperature. The diluted
oligomer was then combined with the diluted Lipofecta-
mine plus, mixed gently, and incubated for another 20 min
at room temperature, and the oligomer-Lipofectamine
plus complexes were added to each well containing cells
and medium and mixed gently by rocking the plate back
and forth. The cells were subsequently incubated at 37 °Cin
a CO; incubator for 24 h and prepared for each assay.

IHC and scoring

The endometrioma samples were fixed in formalin and
embedded in paraffin. Deparaffinized and rehydrated
sections (4 um) were then autoclaved in 0.01 mol/l
citrate buffer (pH 6.0) for 15 min at 121 °C for antigen
retrieval. The endogenous peroxidase activity was blocked
with a 0.3% solution of hydrogen peroxide in methanol
for 30 min, and the sections were subsequently incubated
at 4 °C for 12 h with anti-decorin rabbit antibodies (1:100
dilution; Abcam) or anti-Met rabbit antibodies (1:100
dilution; LifeSpan BioSciences). The sections were then
washed with 1X PBS (PBS) and incubated with Histofine
simple stain MAX PO (multi; Nichirei) for 30 min at
room temperature. Finally, the sections were washed with
1X PBS, and the signals were visualized after incubation
with H,0,/diaminobenzidine substrate solution for
5 min. Tissue IHC staining was evaluated under a light
microscope. The tissue IHC staining was analyzed
blindly and independently by two examiners using
a four-point semi-quantitative scale for intensity: 3+
(very strong), 2+ (strong), 1+ (moderate/weak), and O
(no staining) (Cawthorn et al. 2012). In cases where there
was a disagreement between the examiners, the scores
were reviewed together and a consensus was reached.

Statistical analyses

All experiments were carried out in triplicate, except for
the cell proliferation assay. The statistical calculations

http://joe.endocrinology-journals.org
DOI: 10.1530/JOE-14-0393

© 2014 The authors
Printed in Great Britain

Published by Bioscientifica Ltd


http://joe.endocrinology-journals.org
http://dx.doi.org/10.1530/JOE-14-0393

Research

were performed using the StatView statistical software
package (SAS Institute, Cary, NC, USA), and the statistical
significance of each difference was determined using
the Kruskal-Wallis and Mann-Whitney U-test, or a paired
t-test, as appropriate. A value of P<0.05 was considered
to be statistically significant.
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Results

Progesterone treatment promoted the expression
and secretion of decorin in the EMOsis cc/TERT
and CRL-4003 cells

EMOsis cc/TERT cells, which are immortalized human
epithelial cells derived from an ovarian endometrioma,
and CRL-4003 cells, which are immortalized human
endometrial stromal cells, were treated with a vehicle
(PBS), 1.5 pg/ml progesterone, or 100 nmol/l dienogest for
12 h. The CV values of the mRNA expression (Cq) in all
cell samples tested for GAPDH, ACTB, and RNA18S5 were
4.1, 10.9, and 19.2% respectively. Therefore, normal-
ization against GAPDH alone met the standards described
in the MIQE guidelines (Bustin et al. 2009). The DCN
mRNA expression was significantly increased in both the
EMOsis cc/TERT cells and CRL-4003 cells treated with
progesterone or dienogest compared with the expression
in the control cells by performing, determined by real-
time PCR (P<0.05) (Fig. 1A).

Then, we ascertained whether progesterone and
dienogest promoted decorin synthesis in the EMOsis
cc/TERT and CRL-4003 cells by performing a western blot
analysis. The expression levels of the decorin protein
in EMOsis cc/TERT cells and CRL-4003 cells treated

Figure 1

(A) Progesterone treatment promoted DCN mRNA expression in EMOsis
Cc/TERT cells and CRL-4003 cells. The mRNA expression of decorin was
determined by real-time PCR from the total RNA obtained from CRL-4003
cells and EMOsis cc/TERT cells cultured with or without decorin or dienogest
for 12 h. The mRNA levels of decorin were normalized to those of GAPDH
mRNA. The data were processed by the comparative Ct method and
expressed as a fold-increase relative to the basal transcription level in the
control. Bars indicate the s.e.m. Significant differences are indicated by
asterisks. *P<0.05, **P<0.01. (B) Progesterone treatment promoted the
expression of decorin in EMOsis c¢/TERT cells and CRL-4003 cells. CRL-4003
cells and EMOsis cc/TERT cells were harvested and used to prepare cell
lysates after treatment with or without dienogest or progesterone for 24 h.
The lysates were subjected to SDS-PAGE and blotted with anti-decorin
(upper panel) or anti-B-actin (lower panel) antibodies. The lower panel
shows the densitometric quantification of the western blot analysis
normalized to B-actin expression and expressed as a fold-increase relative
to the basal transcription level in the control. The mean =s.p. of three
determinations is shown. *P<0.05. (C) Progesterone treatment promoted
the secretion of decorin in EMOsis cc/TERT cells and CRL-4003 cells. CRL-
4003 cells and EMOsis cc/TERT cells were treated with dienogest at various
concentrations for 48 h, and the concentrations of decorin produced by the
EMOsis cc/TERT and CRL-4003 cells were measured using the Decorin (DCN)
Human ELISA kit. The data are expressed as the mean +s.0. (N=5). *
indicates a significant (P<0.05) difference compared with the untreated
control group, while x indicates a significant (P<0.05) difference
compared with untreated control EMOsis cc/TERT cells.
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with progesterone or dienogest were significantly
increased compared with those for the untreated cells
(P<0.05) (Fig. 1B).

We measured the concentrations of decorin produced
by the EMOsis cc/TERT and CRL-4003 cells using the
Decorin Human ELISA kit. The decorin concentration
significantly increased in a dose-dependent manner
following dienogest treatment (P <0.05) (Fig. 1C), indicat-
ing that progestin stimulation promoted decorin secretion
in both cell lines. Interestingly, the concentration of
decorin in the cultured medium of untreated CRL-4003
cells was higher than that observed in the cultured
medium of EMOsis cc/TERT cells (P<0.05) (Fig. 1C).
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(A) Progesterone treatment inhibits the proliferation of EMOsis c¢/TERT
cells and CRL-4003 cells in a decorin-dependent manner. CRL-4003 cells,
EMOsis cc/TERT cells, and EMOsis c¢/TERT cells transfected with the siRNA
specific for decorin (si-DCN) were treated with dienogest at various
concentrations with or without the decorin-neutralizing antibody (5 png/ml)
for 48 h, and the proliferation was measured by the MTS assay. (B) Decorin
treatment inhibits the proliferation of EMOsis c¢/TERT cells and CRL-4003
cells in a decorin-dependent manner. CRL-4003 cells and EMOsis cc/TERT
cells were treated with decorin at various concentrations with or without a
decorin-neutralizing antibody (5 ng/ml) for 48 h, and the proliferation was
measured by the MTS assay. The data are expressed as the means=+s.p.
(n=5), and * indicates a significant (P<0.05) difference compared with
the untreated control.
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Dienogest inhibits the proliferation of EMOsis cc/TERT
and CRL-4003 cells via the effects on decorin

We examined whether dienogest and decorin inhibited
the proliferation of EMOsis cc/TERT cells and CRL-4003
cells. The growth of the EMOsis cc/TERT cells and CRL-
4003 cells was inhibited in a dose-dependent manner by
dienogest (Fig. 2A). However, these effects were canceled
by transfection with the DCN siRNA or the addition of
a decorin-neutralizing antibody (Fig. 2A). Moreover, the
growth of the EMOsis cc/TERT cells and CRL-4003 cells
was also inhibited by decorin in a dose-dependent manner
(Fig. 2A), and these findings were also canceled by the
addition of a decorin-neutralizing antibody (Fig. 2B).
These results indicate that dienogest and decorin possess
cytostatic effects, and that dienogest apparently inhibits
cell growth via its effects on decorin.

Progesterone and dienogest play crucial roles in
stimulating the DCN gene expression in
EMOsis cc/TERT and CRL-4003 cells

To directly evaluate whether progesterone and dienogest
play a role in stimulating decorin expression, we evaluated
whether the PR was recruited to the promoter of the DCN
gene by performing the ChIP assay, as shown in Fig. 3A.
The decorin promoter region between —1010 bp and —
679 bp contains several half-PREs (hPRE), two TATA-
boxes, and one CAAT-box (Santra et al. 1994). Therefore,
ChIP primers for the decorin promoter region were
designed to cover the region from —1157bp and
—666 bp. The EMOsis cc/TERT and CRL-4003 cells were
exposed to a vehicle (PBS), 1.5 ug/ml progesterone, or
100 nmol/l1 dienogest overnight, and then processed for
the ChIP assay. Progesterone and dienogest induced the
binding of the PR to the hPRE-binding site of the decorin
promoter in both EMOsis c¢c/TERT and CRL-4003 cells
(Fig. 3B). These results indicate that progesterone and
dienogest play a crucial role in stimulating DCN gene
expression in EMOsis cc/TERT cells and CRL-4003 cells.

Progesterone and dienogest induce cell cycle arrest via
the actions of decorin by promoting p21 production and
suppressing the expression of MET in EMOsis cc/TERT and
CRL-4003 cells

To determine whether the anti-proliferative effects of
decorin synthesis promoted by dienogest were accom-
panied by an effect on the cell cycle profile, EMOsis
cc/TERT cells and CRL-4003 cells were treated with a
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-1004 cgteg
-999 actcgtcatacaaagatctttcttttctettetettetttetttetetetetetetetet
-939 tctttcactttcttectttetttctttttctetttetttetttecttttetttettectt
-879 ctttctttetttcttecttecttetttetttettettttttttaatatgctacaattgga
-819 taatgactcaaaacagctgtaagattctacttacgaacgtacagctttaatatggatteg
half-PRE
=759 tctaagtattcaaqqtagaqatgatgggactaaatatctqctatgatgggactaa
half-PRE

-699 atatctactatgttttggagatatcagaatggtttcaatgcgattccaaaatattcatct
-639 cccaatgacttgctgctatataatcaagtacttttgttattcagattattacgattttgt
-579 cactcagattatttagtgcacttcagttgatttaacaacatagattcgtgcttgtggaat
-519 gaatggataaatatggaatacatttatcaaaacaatacttgtttttttacaaaatgccct
-459 gttagcaaaatgagatcatatatacatcacataaaaatcagaatctttccatatgtgttt
-399 attagcttattaaacataatgtttgagaaactaggaaattcatttattttttaaagccga
-339 tcttectaataccaagttgagttttcaatctgettttttaatatcagaaaattegatact
=279 gaaaaaaaagctaattttgtgttttaaaaaatcagactgattgcttgaatggaat

half-PRE
-219 aaatcgtcttgtcaataaagtgatggtcaattgagtcatttgtgtgcaaaatattgtgea

———
-159 aggceggagtacalgaacaaggaataataagacacggggtgaaggagtacategtotagty

é half-PRE half-PRE half-PRE
-99 lggacalgaccaagcacgcaaaacaaattgcaatataatgtgataagttctttaaaagag
half-PRE CAAT-box TATA-box TATA-box
v+l
-39 gtaagagcaacgtgctttgggagcagagaagagggagaagcageatettgectggatga
22 gccagdggacacagaagagaageccactateteatttaatetttacaactetettgeaag
half-PRE
82 ggtcggtattctacatggcaagtagetttgattgtcagggttcaggtgaggactgggaat
142 ggagtgacaatgaaagggaatgtggctagagctattaattcataccaatttatgagtggt
202 ctgacatacaqqgactgtgtattgataagccataggaagttaataaatgq
half-PRE half-PRE
262 tttatagtagaaattaataagacaaaattgaatttttagacgatgactcaggcagcaaaa
Figure 3

Dienogest and progesterone play a crucial role in stimulating the DCN gene
expression in EMOsis c¢/TERT and CRL-4003 cells. (A) The half-PRE island is
located in the Decorin promoter. The nucleotide sequence and putative
regulatory elements of the 5'-flanking region of the human DCN gene are
shown. The coding sequence of the human DCN gene is indicated by bold
and capital letters. The blue underlined letters and red double underlined
letters indicate the CAAT-box and TATA-box respectively. The large A
residue at position + 1 with an arrowhead above indicates the transcrip-
tional initiation site. Boxed letters indicate the half-PRE sites. The arrows
indicate the primer used for PCR amplification in the ChIP assay.

vehicle (PBS), dienogest, or decorin for 16 h, and then
processed for PI flow cytometry to determine the
distribution of cells in the various stages of the cell cycle.
As shown in Fig. 4A, cells treated with either dienogest or
decorin exhibited a significant increase in GO/G1 phase
cells and a reduction in S and G2-M phase cells compared
with untreated cells of both types and the effects of
dienogest and decorin were dose-dependent (P<0.05).
Therefore, the dienogest and decorin treatment
induced cell cycle arrest in EMOsis cc/TERT cells and
CRL-4003 cells.

Then, we examined the expression of CDKNIA in
EMOsis cc/TERT and CRL-4003 cells treated with pro-
gesterone or dienogest. As shown in Fig. 4B, treatment with
progesterone and/or dienogest led to a significant decrease in
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322 tggaagatggctgaaatagaggaatatgcaaggcagagatgaattagaagctettgtagt
382 agtttagggagagatgagaagggctggatcaaaataattgtggtaggatggagagatggt
442 actggcttccagagatatttctgaagcagaaattggagatctcctatgtggatagagata
502 attttatctgaccatgtgttaagtgagcattgaaaagcccaacatgatttattaccatga
562 caattttgcaaatgatttggatatatagtatctcctcttagtttagacccaaaattcaaa
622 caagcagatttaaataatactcagatttctcatcctaagtaaatagetgtgcaaatgata
682 ctataatgtacctgattgtctttcaatacatttttaatgctctgettectgettectgat
742 aacaaatgaaatattattttgcatcttttctctgtgctcactgtattgtggcatattata
802 taagaaacgacacacagattaggcagtgctactcttcttaaatctctcatttgtttecta
862 ggttccctggttgtgaaaatacatgagataaatcATGAAGGCCACTATCATCCTCCTTCT
DCNCDS M K A T I I L L
922 GCTTGCACAAGTTTCCTGGGCTGGACCGTTTCAACAGAGAGGCTTATTTGACTTTATGCT
L L A QV S WAG P F Q0O R G L F D F M
982 AGAAGATGAGGCTTCTGGGATAGGCCCAGAAGTTCCTGATGACCGCGACTTCGAGCCCTC
L E D EA S G I G P E V P DD RD F E P
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(B) Progesterone and dienogest directly stimulated decorin gene
expression. The ChIP assay, performed as described in the Materials and
methods section, showed the expression of the decorin promoter in the
control medium or progesterone or dienogest-stimulated EMOsis cc/TERT
and CRL-4003 cells. An anti-PR antibody (Santa Cruz Biotechnology) was
used for immunoprecipitation. The input DNA represents PCR products
from chromatin pellets before immunoprecipitation. IgG was used as the
negative control, and normal rabbit anti-lgG antibodies were used. The
PCR primer was designed as described in the Materials and methods
section.

the expression of MET and a significant increase in the
expression of CDKN1A in both the EMOsis cc/TERT and CRL-
4003 cells compared with that observed in untreated cells
(P<0.0S for both). However, these effects were canceled by
the addition of a decorin-neutralizing antibody as well as
transfection with the DCN siRNA (Fig. 4C). These obser-
vations indicate that decorin directly increased the
expression of CDKNIA in both the EMOsis cc/TERT and
CRL-4003 cells.

Dienogest treatment promoted the expression of the
decorin in ovarian endometrioma

Based on the findings that progesterone and dienogest
have anti-proliferative effects via the upregulation on
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decorin, we sought to examine the clinical relevance of
decorin in patients with endometrioma. A total of 50
females who underwent surgical treatment for endome-
trioma were evaluated in this study. They were divided
into two groups, 25 females who did not receive any
medical treatment before surgery (control group) and 25
females who received dienogest (a fourth-generation
progestin) (Table 1). There were no relevant group
differences in terms of the age, VAS score, cyst size, or
ASRM score at baseline. The use of concomitant medi-
cations recorded in patient-maintained diaries, including
analgesic medications for endometriosis, did not differ
significantly between the groups at baseline. The mean (+
s.0.) VAS score at baseline was 35.6+20.4 mm in the
control group and 48.3 +26.1 mm in the dienogest group.
The mean (=£s.p.) ASRM score at baseline was 39.5+17.9
in the control group and 38.7+20.3 in the dienogest
group. The mean (£s.p.) cyst size at baseline was 60.7 =
14.9 mm in the control group and 57.54+15.5 mm in the
dienogest group. There were no significant differences
between the two groups. However, the mean (£s.p.) post-
treatment cyst size was 44.7+12.8 mm in the dienogest
group, which was significantly different from the pre-
treatment cyst size in this group (P=0.0002).

We investigated whether pre-surgical treatment with
dienogest attenuated the expression of decorin in the
ectopic endometrium. The CV values of GAPDH, ACTB,
and RNA18S5 mRNA expression (Cq) in all patient samples
tested were 4.1, 10.9, and 19.2% respectively. Therefore,
normalization against GAPDH alone met the standards
described in the MIQE guidelines (Bustin et al. 2009). The
endometrioma samples obtained from patients who
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Table 1 Patient characteristics according to the treatment
group

Characteristics Control Dienogest P value
Number of patients 25 25 NS
Age (years, mean) (+s.p.) 35.5+6.23 33.1+6.86 NS
Duration of drug adminis- - 21.6+11.5 -
tration (weeks, mean)
ASRM score (mean) 39.5+17.9 38.7+20.3 NS
Pre-treatment cyst size 60.7+£14.9 57.5%£15.5 NS
(maximum diameter mm,
mean)
Post-treatment cyst size - 44.7+12.8° -
(maximum diameter mm,
mean)
Pre-treatment pelvic pain 35.6+20.3 48.34+20.3 NS

VAS (mm, mean)
Post-treatment pelvic pain -
VAS (mm, mean)

20.6+15.1 -

ASRM score, American Society for Reproductive Medicine score; VAS score,
visual analog scale score; P value between the pre- and post-treatment cyst
size: 0.0002.

‘Paired t-test.

received dienogest treatment showed significantly higher
expression of DCN mRNA compared with the control
tissues using real-time PCR (Fig. SA). Moreover, we
confirmed that the expression of decorin in the ectopic
endometrium of patients in the dienogest-treated group
was significantly higher than that observed in the control
tissue by IHC analysis (staining intensity of epithelial cells:
control, 0.17+0.38; dienogest, 2.39+0.61; staining
intensity of stromal cells: control, 1.17 +£0.38; dienogest,
2.94+0.24; P<0.05). We also confirmed that the
expression of MET was significantly lower in the ectopic
endometrium of patients in the dienogest-treated group

Figure 4

Dienogest induces cell cycle arrest in EMOsis cc/TERT cells and CRL-4003 cells
by promoting p21 production and affects MET expression. (A) Inhibition of
cell cycle progression by decorin and dienogest. EMOsis cc/TERT cells and
CRL-4003 cells were exposed to 100 or 500 nmol/l dienogest or 3 or 6 pg/ml
decorin overnight, or were left untreated, and then processed for PI flow
cytometry. The cell cycle characteristics (GO-G1: S: G2-M%) of EMOsis
CC/TERT cells were as follows: control (52.64+0.67: 29.45+0.92: 17.91+
1.08), 100 nM dienogest (66.39+0.18*: 19.33+0.36*: 14.28 +1.81), 500 nM
dienogest (80.38 +£0.57*: 12.14+0.32*: 7.48 £ 0.37*), 3 mg/ml| decorin
(67.59+0.95*: 19.8+0.04*: 12.61+0.83), and 6 mg/ml decorin (77.21 +
0.26*: 14.51+0.64*: 8.28+0.56*) and CRL-4003 cells: control (57.23+0.10:
20.46+0.63: 22.31+£0.71), 100 nM dienogest (66.57 +0.38*: 15.23+0.09:
18.2+0.26), 500 nM dienogest (78.07 £0.69*: 13.61+0.17*: 8.32+0.91%),
3 mg/ml decorin (65.05+0.50*: 15.22+0.75: 19.73+0.27), and 6 mg/ml
decorin (75.31+0.47*: 15.28 +1.08*: 9.41 +0.29*). The data are expressed
as the means +s.0. (N=5), and * indicates a significant (P<0.05) difference
compared with the untreated control. The panel shows the proportion of
cells in the GO/G1 phase (black), S phase (gray), and G2/M phase (white).
(B) The expression of p21 was increased and the expression of MET was
decreased by dienogest and progesterone in a decorin-dependent manner.

Proteins were extracted from CRL-4003 cells and EMOsis cc/TERT cells after
treatment with 100 nmol/l dienogest, 100 nmol/l progesterone, or

100 nmol/l dienogest with or without 5 ng/ml of a decorin-neutralizing
antibody for 24 h. The western blot analysis was performed with anti-Met
antibodies, anti-p21 antibodies, and anti-B-actin antibodies. The lower
panel shows the densitometric quantification of the western blot analysis
normalized to the B-actin expression and expressed as a fold-increase
relative to the basal transcription level in the control. The mean+s.p. of
three determinations is shown. *P<0.05 (C) Decorin and p21 expression is
increased and MET expression is decreased by dienogest and progesterone
in a decorin-dependent manner. Proteins were extracted from CRL-4003
cells, EMOsis cc/TERT cells, and EMOsis cc/TERT cells transfected with DCN
siRNA cultured with or without progesterone or dienogest for 24 h. The
western blot analysis was performed with anti-decorin antibodies, anti-p21
antibodies, anti-Met antibodies, and anti-B-actin antibodies. The lower
panel shows the densitometric quantification of the western blot analysis
normalized to the B-actin expression and expressed as a fold-increase
relative to the basal transcription level in the control. The mean +s.o. of
three determinations is shown. *P<0.05
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Progesterone treatment promoted the expression of decorin in ovarian
endometrioma. (A) DCN mRNA expression in patients with ovarian
endometrioma. A total of 50 cases were selected for the study, and RNA
was extracted from surgically obtained endometrioma tissue samples from
the control group (n=25) and dienogest group (n=25). The mRNA levels
of decorin were measured by real-time PCR and normalized to those of
GAPDH mRNA. The data were processed by the comparative Ct method
and expressed as a fold-increase relative to the basal transcription level
in the control. Bars indicate the s.e.m. Significant differences are indicated

(staining intensity of epithelial cells: control, 2.33 +0.69;
dienogest, 0.94+0.64; staining intensity of stromal cells:
control, 2.67 +0.59; dienogest, 0.78 +0.65; P<0.05) (Fig. 5B).

Discussion

In this study, we showed that the endometriotic cells in
patients treated with dienogest had a higher DCN mRNA
expression levels than those in untreated patients.
A previous report has described the inhibition of the
proliferation of immortalized human endometrial
epithelial cells by dienogest via suppression of CCND1
gene expression (Shimizu et al. 2009); however, this did not

by an asterisk. *P<0.05 (B) Decorin and MET expression in ovarian
endometrioma. Representative examples of immunohistochemical
sequential sections stained with decorin and MET among the ovarian
endometrioma samples obtained from endometriosis patients who
underwent oophorectomy are shown. A representative section from the
no-preoperative-treatment control group is on the left, and a representa-
tive section from the dienogest preoperative treatment group is on the
right. The black filled arrows indicate the epithelial cells and the white
filled arrows indicate the stromal cells.

occur in endometrial stromal cells. Elsewhere, it has been
reported that dienogest showed antiproliferative effects
on both human eutopic and ectopic endometrial stromal
cells (Okada et al. 2001, Fu et al. 2008). However, previous
studies have not revealed how progesterone directly
affects the proliferation of the human endometriosis cells.
In this study, we demonstrated, for the first time, to our
knowledge, that progesterone and dienogest have anti-
proliferative effects via their effects on decorin. Moreover,
we demonstrated that this was the case not only for human
endometriotic epithelial cells, but also for endometrial
stromal cells. In the current study, we used CRL-4003 cells,
an immortalized human endometrial stromal cell line,
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and not ectopic endometrioid stromal cells. However, we
confirmed that the CRL-4003 cells were useful in
identifying both the hormonal (estrogen
receptor (ER) and progesterone receptor (PR)) and
expression of DCN mRNA treated with dienogest in
primary cultured endometriotic stromal cells (HMOsis
scl2 and HMOsis scl3) and the CRL-7566 endometriosis
cell line (Supplementary Figure 1, see section on
supplementary data given at the end of this article.).
Our findings indicate that both CRL-4003 cells and
ectopic endometrioid stromal cells have identical charac-
teristics for testing the effects of dienogest and decorin
on stromal cells, with respect to the convenience of
experimentation.

We demonstrated that progesterone and dienogest
directly induced the binding of the PR to the PRE-binding
site of the decorin promoter in endometriotic epithelial
cells and endometrial stromal cells by the ChIP assay, and
that decorin was synthesized by the endometriotic
epithelial cells and endometrial stromal cells. Decorin
induced cell cycle arrest in endometrial epithelial cells and
endometrial stromal cells. It has previously been shown
that decorin induces cell cycle arrest by inducing the
cyclin-dependent protein kinase inhibitor, p21"Waf/¢ip1)
decreasing the activity and abundance of multiple cyclins,
and activating pro-apoptotic pathways (lozzo & Sanderson
2011). We clarified that the signaling pathway involved
decorin and p21 synthesis, as the dienogest-induced
increase in the expression of p21 in the endometriotic
epithelial cells and stromal cells was significantly reduced
by both the addition of a decorin-neutralizing antibody
and transfection with the DCN siRNA. Consequently, our
results indicated that the direct antiproliferative effects
of progesterone and dienogest occur via the induction
of Go/G; cell cycle arrest via decorin, and that increased
levels of progesterone and dienogest lead to the upregula-
tion of p21 synthesis via the upregulation of decorin in
human endometriotic epithelial cells and endometrial
stromal cells.

The prototypic members of the small leucine-rich
proteoglycan family include not only decorin, but also
biglycan, lumican, and fibromodulin (Kresse et al. 1993,
Iozzo 1998, Neame & Kay 2000). The patterns of
expression of these prototype members of the small
leucine-rich proteoglycan family in the uterus were
found to be dependent on estrogen or progesterone in
experiments carried out using mouse models (Salgado
et al. 2011). Although we could not evaluate whether the
other small leucine-rich proteoglycans, including bigly-
can, lumican, and fibromodulin, affect the endometriotic

status
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epithelial cells or endometrial stromal cells (contributing
to the therapeutic effect on endometriosis), decorin is
known to have the most potent tumor-suppressive effects
compared with other molecules.

There have been recent reports of the anti-tumor
effects of decorin on various malignant tumors, including
uterine cervical carcinoma cells (Grant et al. 2002), ovarian
cancer cells (Nash et al. 1999), colon carcinoma cells
(Santra et al. 1995), breast cancer cells (Reed et al. 2005),
and pancreatic cancer cells (Koninger et al. 2004). Previous
results have indicated that decorin is a powerful inhibitor
of tumor angiogenesis in several malignant cell lines
(Grant et al. 2002). Endometriosis has been shown to be
highly dependent on angiogenesis for maintenance and
growth (Nap et al. 2004). Increased levels of decorin lead
to the downregulation of MET, which is known to be
a hepatocyte growth factor receptor, an established
mediator of malignant transformation, invasion, and
metastasis (Zhang et al. 2003). In this study, decorin
suppressed the expression of MET in endometriotic
epithelial cells and endometrial stromal cells, which
contributed to its therapeutic effects on endometriosis.

These findings indicated that the estrogen-independent
anti-proliferative effects of decorin on endometriotic epi-
thelial cells and endometrial stromal cells may contribute
to the effectiveness against endometriosis, without causing
hypoestrogenic side effects, such as bone loss and hot
flushes. Moreover, decorin has minimal toxicity, because
it is a naturally ubiquitous proteoglycan (Nap et al. 2004).
Further examinations will be necessary to determine the
optimum strategy for obtaining therapeutic benefits of
decorin treatment in patients with endometriosis.

In summary, we demonstrated that progesterone
and dienogest inhibit the proliferation of immortalized
human endometriosis epithelial cells and stromal cells
via the upregulation of decorin. Moreover, we demon-
strated that decorin has significant antiproliferative
effects on human endometriotic epithelial cells and endo-
metrial stromal cells due to its actions in inducing cell
cycle arrest via p21 synthesis in endometriotic tissues.
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