survivin expression persisted exclusively in ESCs
after they were treated with an apoptosis-inducing
drug. They further demonstrated that resistance to
drug (staurosporine) -induced apoptosis was dimin-
ished by silencing survivin expression. Therefore,
agents that reduce survivin expression can be used
to enhance the effect of apoptosis-inducing drugs. As
RVT is well known for suppressing survivin expres-
sion in various types of cells,"*>!*? we decided to
test whether RVT affects survivin expression in
ESCs. Indeed, RVT dramatically reduced survivin
expression in ESCs, and it is meant that, when
applied clinically, RVT could be extremely useful for
treating or managing endometriosis.

As an apoptosis-inducing agent, TRAIL was cho-
sen in this study. TRAIL plays an important role
in inducing apoptosis in various types of cancer
cells®®; however, several types of cancer cells are
resistant to TRAIL.?>* Enhancement of TRAIL
potency is considered to be critical for controlling
tumor growth and disease progression.’* Our group
has previously reported that higher concentration
of TRAIL is detected in peritoneal fluid in women
with endometriosis than in control, whereas osteo-
protegerin  (OPG) expression, which prevents
TRAIL from binding cells, is further enhanced in
endometriosis, and that the relative decrease of
TRAIL function and hence activity contributes to
the pathogenesis of endometriosis.” Our group fur-
ther demonstrated that the apoptosis-inducing
effect of TRAIL on ESCs is marginal while its effect
on eutopic endometrial stromal cells is meaningful,
possibly because the expression of DR5, a receptor
of TRAIL, is significantly lower in ESCs than in
eutopic stromal cells*; therefore, enhancing TRAIL-
induced apoptosis in ESCs is a promising approach
for treating endometriosis. In the current study,
we have confirmed that RVT enhances TRAIL-
induced apoptosis in ESCs, which suggests that
RVT could potentially contribute to the treatment
of endometriosis.

The mechanism by which RVT enhances TRAIL-
induced apoptosis observed in ESCs appears to hinge
on its effect to suppress survivin expression
given that this mechanism of action has been
demonstrated in several cancer cell models.*®? It is
possible, however, that the mechanism is more com-
plex and that the expression of other pro-apoptotic
and anti-apoptotic proteins, for example, bcl-2*¢ and
bcl-x,>” or bax,*® may contribute to RVT effects on
ESCs. A complete understanding of the mechanistic
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pathways involved in RVT effects in ESCs requires
further investigation.

This study has several limitations. Firstly, the
current experiments only used ESCs and did not
test the effect of RVT on eutopic endometrium. If
RVT exerts its apoptosis-enhancing effect on euto-
pic endometrium obtained during menstrual peri-
ods, this drug could not only be therapeutic but
also be preventive for endometriosis by eliminating
the retrograde endometrium. Secondly, the current
study does not evaluate in vivo effects of RVT on
patients with endometriosis. Clinical studies are
warranted to determine the efficacy of this thera-
peutics. It is also important to evaluate the safety
of RVT, although several clinical studies have been
assessed side-effects of RVT>*™' and no serious
adverse reaction is reported. Regarding its effect on
female reproduction, RVT in theory does not inter-
fere with ovulation and the recent study demon-
strated that RVT even improves the quality of
oocytes in mice,** but further studies are needed
to verify the safety of using RVT for women who
wish to conceive.

In conclusion, this study has added the apoptosis-
enhancing property to the mechanism by which
RVT controls endometriosis. Further related studies
are needed to investigate the clinical application of
RVT to manage endometriosis.
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Introduction

Endometriosis is an estrogen-dependent,
inflammatory disease that affects approximately 10
percent of women of reproductive age.'? It causes
pain and infertility, and remarkably deteriorates
women’s health. Although not fully understood,
many factors such as hormonal conditions,® gene
profile,* environmental,” and immune factors ¢ are
proposed to be involved in the pathogenesis of
endometriosis. Immune cells are notably involved
given that abnormalities in various cell types such as
macrophages,” dendritic cells,® natural killer cells,’

480

Problem
The proportion of CD4+ T lymphocytes, Thi, Th2, Th17, and regulatory
T cells in endometriosis lesions and peripheral blood are not known.

Method of study

Lymphocytes were isolated from endometriosis lesions (# = 10) and
endometrium (# = 10). Lymphocytes in peripheral blood were isolated
from patients with and without endometriosis (z = 10, 10). The CD4+
T-lymphocyte profile was analyzed by flow cytometry.

Results

The proportion of Thl lymphocytes was significantly lower in
endometriosis tissue (59.64 £ 9.2%) in comparison with endometrial
tissue (79.07 £ 8.97%), whereas the Th17 lymphocyte fraction was sig-
nificantly higher in endometriosis tissue (6.66 + 2.53%) in comparison
with endometrial tissue (2.27 £+ 1.51%). Analysis of peripheral blood
indicated that the Thl proportion was significantly higher in women
with endometriosis (10.25 & 2.82%) in comparison with controls
(6.96 £ 4.13%).

Conclusion

The CD4+ T-lymphocyte profile in lesions and peripheral blood is altered
in women with endometriosis. These findings may help better under-
standing of T-lymphocyte involvement in the pathophysiology of
endometriosis.

and lymphocytes '®'! all contribute to the patho-

physiology of endometriosis. As a consequence, a
chronic inflammatory response, including enhanced
production of inflammatory cytokines locally and
systemically in patients with endometriosis, is
reported.}**?

Awareness of the Th1/Th2 balance has added to
our understanding of various immunological condi-
tions,'*'® including endometriosis. In endometriosis,
it has been widely believed that the local immuno-
logical milieu is Th2-skewed and Th2 lymphocytes
are reported to be present in endometriosis tissue.'®
However, robust evidence supporting a Thl/Th2

chronic
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imbalance is lacking. For example, one study
reported that the expression of GATA-3, a Th2 tran-
scription factor, is higher than the expression of
Tbet, a Thl transcription factor, in endometriosis tis-
sue'”; however, this study did not directly examine
the T-lymphocyte population. Another study charac-
terized lymphocytes extracted from endometriosis
tissue,’® but T lymphocytes were not adequately
stimulated prior to the analysis, and therefore, the
.results from the study may not reflect the local
physiological conditions of endometriosis. To our
knowledge, a simultaneous detection and evaluation
of Thl and Th2 lymphocytes to examine these Thl/
Th2 balance in endometriosis has not been reported.

In addition to Thl and Th2, and their balance,
Th17 and regulatory T cells (Treg), and their balance,
are also known to play a role in various immunologi-
cal pathologies, especially in chronic inflammatory
diseases such as rheumatoid arthritis,'*>! Crohn’s
disease,?** systemic lupus erythematosus,>>*’ and
psoriasis.?®2? As for endometriosis, our group previ-
ously demonstrated that IL-17A, produced by Th17
lymphocytes, was expressed in the endometriosis
lesion and could contribute to disease progression, by
inducing IL-8, COX-2, and cell proliferation.>® The
association between endometriosis and Treg is also
described.?* However, studies examining the balance
between Th17 and Treg in the local or systemic
immunological milieu in endometriosis have not been
reported.

Recently, simultaneous detection of four subsets of
CD4+ T lymphocytes within one sample has been
performed in various physiological and pathological
conditions to understand the contribution, if any, of
the T-lymphocyte balance in their pathogenesis. For
example, Mjosberg et al.>? analyzed four subsets T
lymphocytes in peripheral blood and in the normal
decidua and found that the proportion of Treg is
higher in the decidua than in peripheral blood,
whereas Th2 and Thl7 proportions were lower in
the decidua than in peripheral blood and suggested
that Treg in the implantation sites plays an impor-
tant role in normal pregnancy. A Th2 and Thl7
skew in peripheral blood from Henoch-Schoenlein
purpura patients was also demonstrated.>® To better
understand T-lymphocyte involvement in the patho-
physiology of endometriosis, we performed simulta-
neous detection of four subsets of CD4+T
lymphocytes and evaluated the profile of each in
endometriosis tissue, normal endometrium, and
peripheral blood from patients with endometriosis.

American Journal of Reproductive Immunology 74 (2015) 480-486
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Materials and methods

Subjects and Samples

The experimental procedures were approved by the
Institutional Review Board of the University of
Tokyo. Signed informed consent for the use of tissue
and peripheral blood was obtained from each
woman. All patients had not received hormones or
GnRH agonist for >3 months before surgery.

Tissues of endometriosis lesion were obtained from
ovarian endometrioma during laparoscopy (Group
A, n=10). Five patients were in the proliferative
phase, and five were in the secretory phase at the
time of surgery. Tissues of endometrium were
obtained from women who underwent hysterectomy
for fibroids (Group B, n = 10). All women in Group
B were negative for endometriosis, confirmed at sur-
gery. Five women were in the proliferative phase,
and five were in the secretory phase. The age (me-
dian, range) of patients in Group A (32.5, 27-40)
was significantly younger than that of patients in
Group B (45.5, 42-51, P < 0.05).

Peripheral blood was obtained on the day before
laparoscopy from patients with endometriosis (Group
C, n=10), and control women (Group D, n = 10)
who were undergoing laparoscopy for benign gyne-
cologic conditions other than endometriosis. Six
women were in the proliferative phase and four were
in the secretory phase (Group C), and four women
were in proliferative phase and six were in secretory
phase (Group D) at the time of sample collection.
rASRM stage III or IV endometriosis was confirmed
in all women in Group C, and the absence of
endometriosis was confirmed in all control women
(Group D) during laparoscopy. The age of patients in
Group C (33.5, 27-43) was not significantly different
from that of patients in Group D (31, 23-38).

Isolation of Lymphocytes

To obtain mononuclear cells, tissues were minced
into small pieces and incubated in DMEM/F-12 with
type I collagenase (2.5 mg/mL) and deoxyribonucle-
ase I (15 IU/mL) for 1-2 hr at 37 °C, then filtered
through a 70-um nylon cell strainer. The cell sus-
pension was washed in phosphate-buffered saline
(PBS) and resuspended with 40% Percoll solution
(d =1.052) and poured on to 70% Percoll solution
(d = 1.087). After centrifugation at 580G for 18 min,
cells in the interlayer were collected. To obtain
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mononuclear cells from peripheral blood, standard
Ficoll-Paque Plus gradient centrifugations were per-
formed at 400G for 30 min according to the manu-
facturer’s recommendations.

After isolating mononuclear cells from tissue or
peripheral blood, cells were washed with PBS and
were resuspended in RPMI 1640 containing 10% FBS
and incubated in a plastic dish for 12-24 hr to exclude
adherent cells (such as macrophages and monocytes),
and floating cells are used as lymphocytes.

Flow Cytometry

Lymphocytes from tissues or peripheral bloods were
divided into two parts. The first part was used for
the detection of Thl, Th2, and Th1l7 and processed
for intracellular cytokine staining. The other part
was used for the detection of Treg and processed for
cell surface staining. Cells that were positive for both
CD4 and intracellular IFN-y were defined as Thl,
cells that were positive for both CD4 and intracellu-
lar IL-4 as Th2, and cells that were positive for both
CD4 and intercellular IL-17A as Th17. Cells that
were positive for CD4, CD25, and FOXP3 were
defined as Treg. At least 10* cells were counted in
each sample.

To analyze Thl, Th2, and Thl17, isolated lympho-
cytes were cultured with phorbol 12-myristate 13-
acetate (50 ng/mL) and ionomycin(l pg/mL)for
5 hr. Protein transport inhibitor (BD PharMingen,
San Diego, CA, USA) was added 1 hr prior to sample
collection in order to prevent cytokine secretion.
Lymphocytes were collected and firstly incubated
with APC-conjugated anti-CD4 antibody. Cells were
then fixed and permeabilized using BD fixation/per-
meabilization solution (BD Biosciences, Franklin
Lakes, NJ, USA) and incubated with Alexa 488-con-
jugated anti-IFN-y, Alexa 488-conjugated anti-IL-4,
or Alexa 488-conjugated anti-IL-17A, respectively
(eBioscience, San Diego, CA, USA).

To analyze Treg, the Human Treg Flow kit (Biole-
gend, San Diego, CA, USA) was used according to
the manufacturer’'s recommendations. In short, iso-
lated lymphocytes were incubated with PE-cy5-con-
jugated anti-CD4 antibody and PE-conjugated anti-
CD25 antibody, then fixed and permeabilized using
FOXP3 Fix/Perm solution, and further incubated
with Alexa 488-conjugated anti-FOXP3 antibody.

Samples were analyzed using FACSCalibur (BD
Bioscience San Jose, CA, USA) and FLOW JO (Tree
Star, Ashland, OR, USA). The data were presented as
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180

the percentage of double-positive (CD4 and IFN-vy for
Thl, CD4 and IL-4 for Th2, and CD4 and IL-17A
for Th17) or triple-positive (CD4, CD25, and FOXP3
for Treg) cells in total CD4+ cells.

Data Analysis

Statistical analyses were conducted using JUMP®
ver.8.0 (SAS Institute, Cary, NC, USA). Results are
presented as the mean + S.D. Wilcoxon analysis was
used to compare the results of two groups. Spear-
man correlation regression test was used to analyze
the correlation between age and percentage of lym-
phocyte subsets. A P value of <0.05 was considered
as statistically significant.

Results

CD4+ T Lymphocyte Profile in Endometriosis
Lesion and Endometrium

The percentage of Thl was significantly lower in
endometriosis lesions {59.64 + 9.2%) in comparison
with endometrium (79.07 4+ 8.97%, P = 0.0012).
On the contrary, the percentage of Th17 was signifi-
cantly higher in lesions (6.66 £ 2.53%) in compar-
ison with endometrium (2.27 £ 1.51%, P = 0.0015).
With regard to Th2 and Treg, significant difference
was not found between their proportions in
endometriosis lesions and endometrium. When the
subgroup analysis was performed for both prolifera-
tive and secretory phages, the tread was similar. The
percentages of four CD4+T-lymphocyte subsets in
the tissue of endometriosis lesion and endometrium
are presented in Table I and Table SI. As the age of
patients in Group A was significantly younger than
that of patients in Group B, the effect of age on the
T-lymphocytes profile was evaluated. No significant
correlation was detected between the age of patients
and the percentage of each subset in both Group A
(P values were 0.81, 0.83, 0.25, and 0.63, for Thl,
Th2, Th17, and Treg, respectively) and Group B
(0.54, 0.51, 0.48, and 0.89) (Fig. 1).

CD4+ T-Lymphocyte Profile in Peripheral Blood

The percentage of Thl was significantly higher in
peripheral blood from women with endometriosis
(10.25 &+ 2.82%) in comparison with controls
(6.96 + 4.13%, P = 0.041). With regard to the other
subsets (Th2, Thl7, and Treg), no significant

American Journal of Reproductive Immunology 74 (2015) 480-486
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Fig. 1 Representative flow cytometry data of
Th1 (a), Th2 {b), and Th17 (¢} in total
mononuciear cells and regulatory T cells (d)

in total CD4+ T lymphocytes. Mononuclear s

cells isolated from the endometrium,
endometrioma, and the peripheral blood

Gk T g T
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were stained. For Th1, Th2, and TH17,
lymphocytes were firstly gated on FSC/SSC e .
scatter graph, and then were identified as
double-positive cells {CD4 and IFN-y for Th1, g)
CD4 and IL-4 for Th2, and CD4 and IL-17A for

Th17). For Treg, lymphocytes were firstly B
gated on FSC/SSC scatter graph and then ‘

i
\

\

8]

were identified as triple-positive cells (CD4, woam
CD25, and FOXP3). FSC

difference was found between women with
endometriosis and controls. When the subgroup
analysis was performed for both proliferative and
secretory phages, the tread was similar. The percent-
ages of four CD4+ T-lymphocyte subsets in periph-
eral blood from women with endometriosis and
controls are presented in Table I and Table SII.

Discussion

This is the first report of simultaneous detection of
intracellular cytokines: IFN-y, IL-4, IL-17A, CD25,
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and FOXP3 in CD4+ T cells and analysis of four
CD4+ T-lymphocytes subsets (Thl, Th2, Th1l7, and
Treg) in tissues of endometriosis lesions and endo-
metrium. The proportion of Thl was significantly
lower in endometriosis lesions than in endometrium,
whereas the proportion of Thl7 was significantly
higher in endometriosis lesions than in endome-
trium. The proportion of CD4+ T-lymphocyte subsets
in peripheral blood were analyzed in the same man-
ner, and we discovered that the Thl fraction was
significantly higher in patients with endometriosis in
comparison with women without endometriosis.
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In the current study, we found that the proportion
of Thl in endometriosis lesion was significantly
lower than in endometrium, but the proportion of
Th2 was not different between groups. These find-
ings indicate that in endometriosis lesions, the Thl/
Th2 balance skews toward Th2, and this is consistent
with a previous proposal that defined endometriosis
as a Th2 disease. The mechanism for the Th2 skew
may result from increased Th2 migration from circu-
lation, although no evidence is currently available.
A local induction of Th2 from naive T cells may also
explain the skew. In this context, it is interesting to
introduce our previous study showing that thymic
stromal lymphopoietin (TSLP), which activates den-
dritic cells inducing a Th2 response, is expressed in
endometriosis lesions.>*

Previously, our group demonstrated for the first
time the presence of Th17 in endometriosis lesion.>’
The current study demonstrates that the proportion
of Th17 in endometriosis lesion is higher than in the
eutopic endometrium. Thl7 accumulation at the
focus of disease has been shown in other various
inflammatory diseases such as Crohn’s disease,>®
psoriasis,” and rheumatoid arthritis.*® Qur previous
study demonstrated that the expression of CCL20, a
chemokine that attracts Thl7, is enhanced in
endometriosis lesions, and this may explain the
accumulation of Th17 at the disease focus. It is also
possible that not only the attraction of Th17 from
periphery, but also the local induction of Th17 from
naive T cells is increased in the endometriosis lesion,
given that the production of Th17 inducing cytoki-
nes, namely IL-6, increases in the endometriosis
lesion in comparison with normal endometrium.>’

Treg and Thl7 are known to express and regulate
local immunity in a reciprocal manner, and Treg has
a suppressive effect on inflammation. In contrast to
the increased proportion of Th17 in endometriosis
tissue, the proportion of Treg did not significantly
differ between endometriosis lesion and endome-
trium, although it is possible that higher Treg infil-
tration was occurred in endometriosis lesion but the
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difference did not reach statistically significant due
to the small sample size,'® as reported previously.*’
Taken together with our findings for Th17, the cur-
rent study suggests that the balance of Th17 and
Treg in the local environment in endometriosis is
skewed toward Th17.

Regarding the systemic Th1/Th2 and Th17/Treg
balance, this is the first report of an approach to
simultaneously evaluate four subsets of CD4+ T lym-
phocyte in peripheral blood in women with and
without endometriosis. Previous similar studies have
not evaluated circulating Thl and Th17 populations
in patients with endometriosis. The proportion of
Th2 cells was examined in two studies, but results
are inconsistent; one study demonstrated an eleva-
tion in endometriosis,'® while the other showed no
elevation.*’ As for Treg, results have been also
inconsistent, one study found no difference'’ and
the other found a decrease*? in endometriosis. In
the current study, where the profile for four CD4+
T-lymphocyte subsets was simultaneously analyzed
in each sample, we found that the proportion of Thl
was significantly higher in patients with endometrio-
sis in comparison with women without endometrio-
sis, while no difference was found between groups
for proportions of Th2, Th17 and Treg.

There are discrepancies between our systemic and
local data. The T-lymphocyte balance skews toward
Th2 and Th17 in the local immunological milieu of
endometriosis tissue, but the peripheral T-lympho-
cyte balance in endometriosis patients was Thl-
skewed. Similar discrepancies have been reported in
other conditions. For instance, in rheumatoid arthri-
tis, one study demonstrated that the T-lymphocyte
balance in synovial fluid showed a Thl skew, but in
peripheral blood, lymphocytes were Th2-skewed.*®
Another study showed that the proportion of Th17
was increased in synovial fluid, but a similar
increase was not observed in peripheral blood.** In
endometriosis, mononuclear cells in the peritoneal
cavity secrete high levels of IL-4 and low levels of
IFN-y, but cells in peripheral blood secrete high
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levels of IFN-y and low levels of IL-4.*> These
results, together with our findings, indicate that the
systemic immunological milieu does not necessarily
reflect the local milieu, possibly because there are
different regulators in each environment.

Recently, therapeutic strategies targeting particular
T lymphocytes have been attempted for several dis-
eases such as psoriasis*® and rheumatoid arthritis.*”
Local Th2- and Thl7-skewed milieus could be tar-
geted to treat endometriosis, although further studies
are warranted to identify the causal factors that con-
tribute to the immunological imbalance. It may be
of interest to note that novel subsets of T lympho-
cytes, such as T-lymphocytes double positive for IL-
17A and IFN-y, have been recently discovered and
shown to be involved in immune diseases such as
Crohn's disease.”® These novel populations of T lym-
phocytes may also contribute to the etiology of
endometriosis and further investigations on this can
be expected.

In summary, simultaneous analysis of the CD4+ T-
lymphocyte profile in endometriosis has revealed
that the Th1/Th2 and Treg/Th17 balance is altered
in lesions and peripheral blood; low Thl and high
Th17 proportion in lesions, and high Th1l proportion
in peripheral blood. These findings enhance our
understanding of CD4+ T-lymphocyte involvement
in the pathophysiology of endometriosis.
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ARTICLE INFO ABSTRACT

Objectives: Low dose oral contraceptive pills (OCPs) that contain synthetic estrogen and progestin are
often used to relieve chronic pelvic pain associated with endometriosis. We sought to evaluate the
efficacy of drospirenone/ethinylestradiol (DRSP/EE) with low-dose estrogen in treating endometrioma.
Study design: A prospective clinical study in six hospitals and one clinic in Japan was conducted. Forty-
nine 23- to 45-year-old patients who suffered from endometriosis-associated dysmenorrhea were
included in the study. The primary endpoint was the change in size of ovarian endometrioma as
measured by transvaginal ultrasonography. The secondary endpoint was the change in dysmenorrhea as
evaluated by VAS (visual analog scale) scores before treatment and at 3 and 6 cycles of treatment. In
addition, serum CA125, anti-mullerian hormone (AMH), interleukin (IL)-6, and IL-8 were evaluated after
6 cycles of treatment.

Results: The maximum diameter and volume of the ovarian endometrioma significantly decreased after
3 and 6 cycles compared with pretreatment. VAS scores of dysmenorrhea pain were also reduced after 1,
3 and 6 cycles. A significant correlation between the reduced size of the endometrioma and the decline of
VAS scores was found. The levels of serum CA125 and AMH concentration were decreased after 6 cycles.
No significant changes were observed in serum IL-6 and IL-8.

Conclusion: Low dose DRSP/EE therapy is a promising treatment not only to reduce the size of
endometrioma but also for dysmenorrhea.
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Introduction

Endometriosis, a chronic gynecologic disease, is defined as
ectopic growth of endometrial tissues outside the uterine cavity.
This disorder causes dysmenorrhea, infertility, and chronic pelvic
pain. The prevalence of endometriotic disease seems to be
approximately 5%, with a peak between 25 and 35 years of age
[1,2]. A 0.1% annual incidence of endometriosis among women
aged 15-49 years has been reported [3]. Endometriosis is often the
cause of chronic pelvic pain in adolescents [4]. A prospective,
multicenter survey conducted in 10 European countries demon-
strated that the average annual cost per patient with endometri-
osis in 2008 was almost 10,000 Euro, including health care and loss

* Corresponding author. Tel: +81 859 38 6647; fax: +81 859 38 6649.
E-mail address: tani4327@med.tottori-u.ac,jp (F. Taniguchi).

http://dx.doi.org/10.1016/j.ejogrb.2015.06.006
0301-2115/© 2015 Elsevier Ireland Ltd. All rights reserved.

of productivity costs [5]. Ovarian endometrioma is a common
endometriotic lesion, affecting 55% of patients with endometriosis
[6]. Management of endometrioma includes surgical and medical
treatment, taking into consideration symptoms, childbearing

‘desire, lesion dimension, and ovarian reserve [7]. The commonly

used medications to treat endometriosis are non-steroidal anti-
inflammatory drugs, low dose oral contraceptive pills (OCPs),
GnRH agonists (GnRHa), danazol, progestins, and recently, the
levonorgestrel intrauterine system.

OCP as a first choice treatment is a simple and effective way to
manage endometriosis. OCPs containing synthetic estrogen and
progestin are effective for pelvic pain relief and control of
endometriotic lesions. OCPs suppress ovulation and reduce the
growth of endometrial tissue, thus reducing both menstrual flow
and prostaglandins production [8]. Recently, OCPs were also
shown to down-regulate cell proliferation and increase apoptosis
in the eutopic endometrium of women with endometriosis
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[9]. GnRHa and progestins are effective in relieving the growth of
endometriosis and its associated pain, but this pain relief appears
to be relatively short term. OCPs’ possible side effects, such as
headache, nausea, and atypical uterine bleeding, are generally well
tolerated and much safer than those of other hormonal agents
[10]. A critical issue in managing endometriosis is chronic or
recurrent symptoms that require long-term or repeated courses of
medication.

A randomized, controlled trial (RCT), which demonstrated the
efficacy of a monophasic OCP (norethisterone/ethinylestradiol:
NET/EE) for dysmenorrhea associated with endometriosis and the
reduction of the endometrioma volume larger than 3 cm after
4 cycles of OCP, has already been reported [11]. Recently, an OCP
containing drospirenone/ethinylestradiol 3 mg/20 pg (DRSP/EE:
Yaz®), administered in a 24/4 regimen (24 days of active pills
followed by 4 days hormone free) was proposed for the treatment
of dysmenorrhea. Mabrouk et al. also described the possible
beneficial effect of this regimen in patients with endometriosis
[12]. The OCP with DRSP/EE possesses the advantages of the anti-
mineralocorticoid activity reflected clinically in less fluid retention
[13]. The beneficial effects of OCP with DRSP/EE on moderate acne
[14] and premenstrual dysphoric disorder (PMDD) are well known
and highly satisfactory [15].

Local inflammatory reaction in the peritoneal environment is
one of the contributing factors in the pathogenesis of endometri-
osis. We previously demonstrated the presence of increased levels
of proinflammatory cytokines, such as interleukin (IL)-6 and IL-8,
in the peritoneal fluid (PF) of patients with endometriosis
[16,17]. We also showed that IL-6 and IL-8 were produced in
the endometriotic stromal cells derived from ovarian endome-
trioma [18,19] and are indispensable factors related to the
development of endometriosis. In addition, it is well known that
anti-mullerian hormone (AMH) is produced by the granulosa cells
of primary to small antral follicles to prevent depletion of the
primordial follicle pool. Recently, serum AMH is regarded as a
reliable marker of ovarian reserve, which is menstrual cycle-
independent and is significantly unaffected by the use of OCP or
GnRHa [20]. Considering this, we investigated changes in IL-6, IL-8,
and AMH concentration in this study.

We analyzed whether OCP containing DRSP/EE diminishes the
size of ovarian endometriomas, alleviates dysmenorrhea, synthe-
sizes proinflammatory cytokines, and preserves ovarian reserve.

Methods
Patients and study design

This study was approved by Tottori University institutional
review board; written informed consent was obtained from each
patient. We recruited 49 women with unilateral ovarian endome-
triomas from August 2012 to December 2013, Patient inclusion
criteria included women 23-45 years old; regular menstrual cycles
(28 + 2 days); ovarian endometrioma (larger than 3 cm in diameter
diagnosed by ultrasound or magnetic resonance imaging); normal
cervical and endometrial smear cytology; moderate or severe
dysmenorrhea (evaluated by a modified pain scale); and no medical
or surgical treatment for endometriosis within 8 weeks of entry into
this study, including hormonal agents, such as OCPs, GnRHa,
progestin, and danazol. The degree of dysmenorrhea was evaluated
according to a visual analog scale (VAS) from 0 mm “no pain” to
100 mm “the worst pain you could imagine”.

This study was conducted in 6 hospitals and 1 private clinic in
Japan. An OCP containing DRSP/EE 3 mg/20 g in a 24/4 regimen
was administered for 6 cycles. The use of other hormonal
treatments for pain or vaginal bleeding was not allowed. The
characteristics of this study population are described in Table 1.
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Table 1
Characteristics of patients.

Patients (n=49) Average or number

Age (range) 33.3 years (23-45)
BMI (range) 20.3 kg/m? (15.9-26.6)
Parity
(=) 38
(+) 11
Cycle length (range) 28.8 days (25-32)
Adenomyosis 8
Pre-treatment drugs
(=) 42
(+) 7 (GnRHa; 2, LEP/OCP; 5, overlapping:
Medium dose OCP; 1, Dienogest; 1,
Danazol; 1)
Use of analgesics
(=) 29
(+) 20 (Loxoprofen; 14, Ibuprofen; 6,
overlapping: Acetoaminofen; 2,
Aspirin; 2)

GnRHa, GnRH agonist; LEP/OC, low dose estrogen-progestin/oral contraceptive pill.

Four kinds of analgesics in addition to the OCP were used as
needed in 20 patients: Loxoprofen, Ibuprofen, Acetoaminofen,
Aspirin.

Patient monitoring

In our study protocol, each patient underwent a pre-recruit-
ment evaluation, consisting of a general medical and gynecologic
history, physical and pelvic examination, patient evaluation of
pain, and review of the menstrual records. Blood was drawn for
pretreatment clinical laboratory determinations, including he-
matology (white blood cells, platelet, red blood cells, hemoglobin,
and hematocrit), coagulation tests (fibrinogen, plasminogen,
prothrombin time: PT, and activated partial thromboplastin time:
APTT), biochemical test (glutamic oxaloacetic transaminase: GOT;
glutamic pyruvic transaminase: GPT, gamma-glutamyl trans-
peptidase: GTP; and alkaline phosphatase: Al-P), CA125, AMH, IL-
6, and IL-8. At this point, eligibility for entry into the study was
determined, pain assessed, and the drug provided. Patients were
followed every 4 weeks to evaluate pain, side effects, and other
health concerns. After 6 cycles of treatment, efficacy was
evaluated.

Main outcome measures were the final measurement of the
volume of the ovarian endometrioma and the VAS score during
treatment with DRSP/EE. The measures recorded at the time of the
therapy prescription were considered the baseline. Clinical and
ultrasound examinations were performed at baseline (pretreat-
ment) and after 1, 3, and 6 months of treatment. Maximum
diameter of the endometrioma (Fig. 1A) was measured by
ultrasound, and the total volume of the endometrioma (Fig. 1B)
was obtained by calculating the three-dimensional diameters on a
longitudinal and sagittal scan.

ELISA

Blood samples were obtained from the patients at the time of
prescription (pretreatment) and after 6 months of treatment. The
serum was separated from whole blood, transferred to sterile
polypropylene tubes, and stored at —80 °C, until assayed. The
concentration of serum IL-6 or IL-8 was determined by ELISA
kits (R&D Systems, Minneapolis, MN, USA) and AMH Gen I
ELISA kit (MBL, Osaka, Japan) according to the manufacturer's
instructions. Absorbance was measured with a microplate
reader. The ratio to mean value of control (% of control) was
used for comparison.
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Fig. 1. Comparison of (A) maximum diameter and (B) volume of ovarian endometriomas in 49 patients taking the DRSP/EE during 6 cycles. The boxes represent the
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pretreatment.

Statistical analysis

Size of endometriomas and VAS score were analyzed using
Wilcoxon signed rank test with Bonferroni correction. To assess
serum CA125, AMH, IL-6, and IL-8, Wilcoxon signed-rank test was
used. Central horizontal lines indicate the median. The boxes
represent the interquartile ranges, and the whiskers extend to the
maximum and minimum values. Spearman rank correlation was
used to test the association between two ranked variables. All
statistical analyses were carried out using IBM SPSS Statistics
Ver.21 (IBM Japan, Tokyo, Japan). P < 0.05 was accepted to indicate
statistical significance.

Results

The maximum diameter of ovarian endometrioma treated with
DRSP/EE after 3 (median: 31.0 mm vs. pretreatment: 35.0 mm) and
6 cycles (median: 29.0 mm vs. pretreatment) was significantly
decreased (P < 0.001) (Fig. 1A). Similarly, the volume of endome-
trioma was also reduced after 3 (Median: 10.6 cm® vs. pretreat-
ment: 16.5cm®) and 6 months (6.7 cm® vs. pretreatment)
(P < 0.001) (Fig. 1B). The medians of VAS scores of dysmenorrhea
pain gradually declined after 1 (27 mm), 3 (10 mm) and 6 (10 mm)
cycles compared with pretreatment (68 mm) (P < 0.001) (Fig. 2).
According to the Spearman rank correlation test, correlations
between the reduction of maximum diameter or volume of
endometrioma, and that of VAS scores after 6 months treatment
were found (P = 0.039: the maximum diameter: Fig. 3A) (P = 0.025:
the volume: Fig. 3B).

In addition, serum CA125 and AMH levels after 6 cycles were
significantly lower than those pretreatment (CA125: 20.3 U/ml vs.
pretreatment: 13.2 U/ml) (P < 0.005), AMH: 3.2 U/ml vs. pretreat-
ment: 2.7 ng/ml) (P < 0.001) (Fig. 4A and B). On the other hand, no
significant changes in the serum IL-6 (0.68 pg/ml vs. pretreatment:
0.63 pg/ml) and IL-8 (9.5pg/ml vs. pretreatment: 9.8 pg/ml)
concentration were observed after treatment (Fig. 4C and D). On
serum [L-6 or [L-8 concentration, the use of the anti-inflammatory
agents did not influence the rate of change after DRSP/EE treatment
as well as the values before and after treatment. No new ovarian
endometriomas occurred in this period. No serious adverse events
related to this drug use occurred.

Comments

Our present data revealed that low dose OCP with DRSP/EE was
effective at treating dysmenorrhea, and that it reduced the size of
ovarian endometriomas in Japanese women. To the best of our
knowledge, 2 other research groups described the reduction of
endometrioma size with the preoperative use of GnRHa for 3 or
6 months [21,22]. In one recent study, a significant reduction in the
diameter of endometrioma after 6 months of DRSP/EE 3 mg/20 pg
treatment was shown [12]. Moreover, after 18 months of therapy,
the mean diameter and the dysmenorrhea VAS score in that study
were significantly diminished. The continuous regimen seems to
be associated with a greater reduction than the cyclic one. In Japan,
a RCT comparing the OCP (4 cycles of NET/EE) with placebo in
women suffering from endometriosis-related dysmenorrhea was
conducted [11]. The volume of endometrioma (larger than 3 cm in
diameter) was significantly decreased in the OCP group. From the
first cycle through the end of treatment, dysmenorrhea in the OCP
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Fig. 2. Comparison of VAS score in dysmenorrhea during 6 cycles. The boxes
represent the interquartile ranges and the whiskers extend to the maximum and
minimum values. The bars within the boxes show the median values. Pre:
pretreatment *p < 0.001 vs. pretreatment.
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Fig. 3. Correlations between the reduction of (A) maximum diameter or (B) volume
of endometrioma, and that of VAS scores after 6 months treatment. Spearman rank
correlation test was performed.

group was milder than in the placebo group. Vercellini et al. also
performed a RCT a 6-month treatment with a GnRHa (3.6 mg
goserelin) or a low dose cyclic OCP (0.02 mg EE and 0.15mg
desogestrel) in 57 endometriosis patients with mild to severe pain
symptoms. They reported that reduction in deep dyspareunia and
non-menstrual pain associated with endometriosis was observed
in both groups at 6 months of treatment, and that low dose OCPs
may be a valuable alternative for the treatment of endometriosis
[23].

Endometriosis-associated intraperitoneal inflammation is
thought to promote propagation of disease and impair fecundity.
Numerous proinflammatory cytokines released by peritoneal
macrophages and endometriotic cells are up-regulated by the
nuclear factor-kappa B (NF-kB) [18,24]. We demonstrated that the
levels of IL-6 and IL-8 increased in the PF of patients with
endometriosis [ 16]. We also showed that similar levels of IL-6 were
produced in the endometriotic stromal cells (ESCs) derived from
ovarian endometrioma and by macrophages [18]. In addition, we
verified that IL-8 enhances mitogenic activity, and that TNFe, as a
pluripotent mediator in the early events of tumorigenesis,
upregulates IL-8 expression through NF-«kB activation in ESCs
[19]. These data suggest that IL-6 and IL-8 maybe the crucial factors
related to the pathogenesis of endometriosis. Although the OCP
treatment with DRSP/EE did not change the serum IL-6 and IL-8
concentration (Fig. 4C and D), these data might reflect the quite
low values during the examination or the limitations of the small
sample size.

Laparoscopic excision of ovarian endometriomas using the
stripping technique is the widely recommended common surgical
procedure. However, the surgery risks damaging ovarian reserve
through inadvertent removal of healthy ovarian tissue adjacent to
the cyst wall and causing vascular injury [25]. Nevertheless, it has
also been shown that the endometrioma per se may cause damage
to ovarian reserve and function. The thickness of ovarian tissue
removed surgically seems to increase proportionally with cyst
diameter [26]. Therefore, the reduction in volume of the
endometrioma by low dose OCPs is crucial to preserve fecundity.
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Fig. 4. Serum (A) CA125, (B) AMH, (C) IL-6, and (D) IL-8 concentration were
compared between pretreatment and after 6 cycles. The boxes represent the
interquartile ranges and the whiskers extend to the maximum and minimum
values. The bars within the boxes show the median values. Pre: pretreatment.

OCPs suppress the hypothalamic-pituitary-ovarian axis and
thereby potentially influence ovarian reserve. AMH is considered a
good predictor of ovarian response to ovarian induction [27]. In
fact, it remains controversial whether AMH concentration is
influenced by OCP utilization [28,29]. It seems likely that weak
study design and low sample size underlies this confusion. The
decrease in serum AMH levels during the use of OCPs probably
reflects decreased numbers of small antral follicles. High
androgenic OCP exposure appears to suppress functional ovarian
reserve and oocyte yields [30]. Li et al. reported that serum AMH
level was not significantly different between pre- and post-
treatment of OCPs measurement [31]. At 1 year after cystectomy
for ovarian endometriomas, the decreased AMH level in patients
was restored [32]. Moreover, serum AMH value on day 7 of the
hormone-free interval after the use of OCPs was recovered on cycle
days 2-5 of two subsequent natural cycles [33]. Hence, while
DRSP/EE treatment for 6 months diminished the AMH level
(Fig. 4B), we predicted this decreased AMH would recover.

Current data suggest that low dose OCP containing DRSP/EE is
effective in the treatment for endometriosis. DRSP/EE treatment is
a promising treatment not only for endometriosis-associated
dysmenorrhea but it also reduces chocolate-cyst size without
damaging ovarian reserve.

Financial support

Funding for this study was provided in part by Bayer Yakuhin,
Ltd., Osaka, Japan.



120 F. Taniguchi et al. / European Journal of Obstetrics & Gynecology and Reproductive Biology 191 (2015) 116-120

Conflict of interest

The authors have nothing to disclose regarding conflict of
interest.

Acknowledgements

The authors thank Dr. Yoshimasa Onohara (Tottori Prefectural
Kosei Hospital, Kurayoshi, Japan), Dr. Yorie Ohata, Dr. Yukihisa
Minagawa, (Tottori Prefectural Central Hospital, Tottori, Japan),
Dr. Satoru Tsukihara, Dr. Hiroyuki Takahashi, and Dr. Masato
Tatsumura (Yamaguchi Red Cross Hospital, Yamaguchi, Japan) for
providing patient data. This study was funded in part by Bayer
Yakuhin, Ltd., Osaka, Japan.

References

[1] Vigano P, Parazzini F, Somigliana E, Vercellini P. Endometriosis: epidemiology
and aetiological factors. Best Pract Res Clin Obstet Gynaecol 2004;18:177-200.

[2] Vercellini P, Vigano P, Somigliana E, Fedele L. Endometriosis: pathogenesis and
treatment. Nat Rev Endocrinol 2014;10:261-75.

[3] Gylfason T, Kristjansson KA, Sverrisdottir G, Jonsdottir K, Rafnsson V, Geirsson
RT. Pelvic endometriosis diagnosed in an entire nation over 20 years. Am ]
Epidemiol 2010;172:237-43.

[4] Janssen EB, Rijkers AC, Hoppenbrouwers K, Meuleman C, D'Hooghe TM.
Prevalence of endometriosis diagnosed by laparoscopy in adolescents with
dysmenorrhea or chronic pelvic pain: a systematic review. Hum Reprod
Update 2013;19:570-82.

[5] Simoens S, Dunselman G, Dirksen C, et al. The burden of endometriosis: costs
and quality of life of women with endometriosis and treated in referral centres.
Hum Reprod 2012;27:1292-9.

[6] Liu X, Yuan L, Shen F, Zhu Z, Jiang H, Guo SW. Patterns of and risk factors for
recurrence in women with ovarian endometriomas. Obstet Gynecol
2007;109:1411-20.

[7] Ruiz-Flores FJ, Garcia-Velasco JA. Is there a benefit for surgery in endome-
trioma-associated infertility? Curr Opin Obstet Gynecol 2012;24:136-40.

[8] Crosignani P, Olive D, Berggvist A, Luciano A. Advances in the management of
endometriosis: an update for clinicians. Hum Reprod Update 2006;12:179-89.

[9] Meresman GF, Auge L, Baranao RI, Lombardi E, Tesone M, Sueldo C. Oral
contraceptives suppress cell proliferation and enhance apoptosis of eutopic
endometrial tissue from patients with endometriosis. Fertil Steril
2002;77:1141-7.

[10] Vessey M, Painter R, Yeates D. Mortality in relation to oral contraceptive use
and cigarette smoking. Lancet 2003;362:185~91.

[11] Harada T, Momoeda M, Taketani Y, Hoshiai H, Terakawa N. Low-dose oral
contraceptive pill for dysmenorrhea associated with endometriosis: a place-
bo-controlled, double-blind, randomized trial. Fertil Steril 2008;90:1583-8.

[12] Mabrouk M, Solfrini S, Frasca C, et al. A new oral contraceptive regimen for
endometriosis management: preliminary experience with 24/4-day drospir-
enonefethinylestradiol 3 mg/20 mcg. Gynecol Endocrinol Off ] Int Soc Gynecol
Endocrinol 2012;28:451-4.

[13] Endrikat J, Sandri M, Gerlinger C, Rubig A, Schmidt W, Fortier M. A Canadian
multicentre prospective study on the effects of an oral contraceptive contain-
ing 3 mg drospirenone and 30 microg ethinyl oestradiol on somatic and
psychological symptoms related to water retention and on body weight.
Eur ] Contracept Reprod Health Care Off ] Eur Soc Contracept 2007;12:220-8.

[14] Koltun W, Maloney JM, Marr J, Kunz M. Treatment of moderate acne vulgaris
using a combined oral contraceptive containing ethinylestradiol 20 mug plus

drospirenone 3 mg administered in a 24/4 regimen: a pooled analysis. Eur ]
Obstet Gynecol Reprod Biol 2011;155:171-5.

[15] Yonkers KA, Brown C, Pearlstein TB, Foegh M, Sampson-Landers C, Rapkin A.
Efficacy of a new low-dose oral contraceptive with drospirenone in premen-
strual dysphoric disorder. Obstet Gynecol 2005:106:492-501.

[16] Harada T, Yoshioka H, Yoshida S, et al. Increased interleukin-6 levels in
peritoneal fluid of infertile patients with active endometriosis. Am J Obstet
Gynecol 1997;176:593-7.

[17] Iwabe T, Harada T, Tsudo T, et al. Tumor necrosis factor-alpha promotes
proliferation of endometriotic stromal cells by inducing interleukin-8 gene
and protein expression. ] Clin Endocrinol Metab 2000;85:824-9.

[18] Tsudo T, Harada T, Iwabe T, et al. Altered gene expression and secretion of
interleukin-6 in stromal cells derived from endometriotic tissues, Fertil Steril
2000;73:205-11.

{19] sakamoto Y, Harada T, Horie S, et al. Tumor necrosis factor-alpha-induced
interleukin-8 (IL-8) expression in endometriotic stromal cells, probably
through nuclear factor-kappa B activation: gonadotropin-releasing hormone
agonist treatment reduced IL-8 expression. | Clin Endocrinol Metab
2003;88:730-5.

[20] Seifer DB, Maclaughlin DT. Mullerian inhibiting substance is an ovarian
growth factor of emerging clinical significance. Fertil Steril 2007:88:539-46.

[21] Rana N, Thomas S, Rotman C, Dmowski WP. Decrease in the size of ovarian
endometriomas during ovarian suppression in stage IV endometriosis. Role of
preoperative medical treatment. J Reprod Med 1996;41:384-92.

[22] Tsujioka H, Inoue Y, Emoto M, et al. The efficacy of preoperative hormonal
therapy before laparoscopic cystectomy of ovarian endometriomas. J Obstet
Gynaecol Res 2009;35:782-6.

[23] Vercellini P, Trespidi L, Colombo A, Vendola N, Marchini M, Crosignani PG. A
gonadotropin-releasing hormone agonist versus a low-dose oral contraceptive
for pelvic pain associated with endometriosis. Fertil Steril 1993;60:75-~9.

[24] Taniguchi F, Harada T, Miyakoda H, et al. TAK1 activation for cytokine
synthesis and proliferation of endometriotic cells. Mol Cell Endocrinol
2009;307:196-204.

[25] Benaglia L, Somigliana E, Vighi V, Ragni G, Vercellini P, Fedele L. Rate of severe
ovarian damage following surgery for endometriomas. Hum Reprod
2010;25:678-82.

[26] Roman H, Tarta O, Pura |, et al. Direct proportional relationship between
endometrioma size and ovarian parenchyma inadvertently removed during
cystectomy, and its implication on the management of enlarged endometrio-
mas. Hum Reprod 2010;25:1428~32.

[27] Gleicher N, Weghofer A, Barad DH. Anti-Mullerian hormone (AMH) defines,
independent of age, low versus good live-birth chances in women with
severely diminished ovarian reserve. Fertil Steril 2010;94:2824-7.

[28] Dolleman M, Verschuren WM, Eijkemans M}, et al. Reproductive and lifestyle
determinants of anti-Mullerian hormone in a large population-based study. J
Clin Endocrinol Metab 2013;98:2106-15,

[29] Bentzen ]G, Forman JL, Pinborg A, et al. Ovarian reserve parameters: a
comparison between users and non-users of hormonal contraception. Reprod
Biomed Online 2012;25:612-9.

[30] Barad DH, Kim A, Kubba H, Weghofer A, Gleicher N. Does hormonal contra-
ception prior to in vitro fertilization (IVF) negatively affect oocyte yields? A
pilot study. Reprod Biol Endocrinol 2013;11:28.

[31] Li HW, Wong CY, Yeung WS, Ho PC, Ng EH. Serum anti-mullerian hormane
level is not altered in women using hormonal contraceptives. Contraception
2011;83:582-5.

[32] Sugita A, Iwase A, Goto M, et al. One-year follow-up of serum antimullerian
hormone levels in patients with cystectomy: are different sequential changes
due to different mechanisms causing damage to the ovarian reserve? Fertil
Steril 2013;100. 516-22(e3).

[33] van den Berg MH, van Dulmen-den Broeder E, Overbeek A, et al. Comparison of
ovarian function markers in users of hormonal contraceptives during the
hormone-free interval and subsequent natural early follicular phases. Hum
Reprod 2010;25:1520-7.

189



Original Article

Reproductive Sciences

1-6

© The Author(s) 2015

Reprints and permission:
sagepub.com/journalsPermissions.nav
DOL: 10.1177/19337191 15623642
rs.sagepub.com

®SAGE

Molecular Background of Estrogen Receptor
Gene Expression in Endometriotic Cells
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Abstract

The molecular background of estrogen receptor (ER) expression is important to understand the pathophysiology of the high
estrogen environment in endometriosis. However, the molecular details have not been fully understood. The objective of this
study is to evaluate the molecular background of ERa and ER} messenger RNA (mRNA) expression in endometriotic cells. The
following summarizes our observations: (I) ERe. mRNA expression in endometriotic cells was estimated to be approximately
one-tenth of that in endometrial cells. (2) Three mRNAs, which include 3 different 5'-untranslated exons tagged to an open
reading frame of wild-type ERa, were detected. (3) Expression of ERB mRNA depends mostly on ON promoter and includes 2
open reading frames: one for a wild-type ERBI and another for a splice variant ERB2. (4) Expression of ERBI mRNA was
approximately 40-fold higher than that in endometrial cells. (5) Expression of ERB2 mRNA was almost at a comparable jevel of the
ERBI. 9 (6) ERx and ERB mRNAs are equivalently expressed in endometriotic cells. These observations show the molecular
background of ER mRNA expression in endometriotic cells and provide a clue to further understanding the estrogen-dependent
pathophysiology leading to clinical application in endometriosis.

Keywords

estrogen receptor o, estrogen receptor 3, mMRNA expression, endometriosis

Introduction

Endometriosis is an estrogen-dependent, inflammatory dis-
ease characterized by the presence of endometrium-like tissue
primarily on the pelvic peritoneum and ovaries. The role of
estrogen is obvious because the symptoms associated with
endometriosis often disappear after menopause, and the
administration of GnRH agonists or progestin relieves the pel-
vic lesions and associated pain. A marked upregulation of aro-
matase gene associated with aberrant DNA demethylation'-
leads to a high estrogen environment in endometriotic tissues.
Its inhibition by aromatase inhibitor is effective to reduce
endometriosis-associated symptoms.’ One of the important
issues to be clarified is a further understanding of the role
of estrogen-dependent growth mechanism in endometriotic
tissues. To explain the pathophysiology leading to clinical
applications, distinct profiles of estrogen receptor (ER)
expression have been documented: a higher ERB and a lower
ERo expression in endometriotic tissues, which is in the
inverse relationship in endometrium.*” Estrogen receptor o
is the dominant receptor in the uterus and mediates a number
of estrogen actions, including the stimulation of proliferation
and the induction of progesterone receptor expression. In con-
trast, ERP antagonizes the inflammatory and proliferative
actions of ERo..®° Therefore, the ER expression profile has
been proposed as a major background of estrogen action in

endometriosis. However, the molecular details of ER expres-
sion in endometriotic tissues have not been fully understood
so far.

Recently, several splice variants of ER} showing distinct
transcriptional activities have been identified, and their roles
along with the classical wild type have been extensively re-
evaluated.!®!® These findings prompted us to re-evaluate the
molecular background of ER expression in endometriosis. In
this study, we focused on the mRNA expression in endometrio-
tic cells.

We show the molecular background of ER mRNA expres-
sion in endometriotic cells. We observed the expression of a
splice variant ERB2 mRNA along with the wild-type ERB1
in endometriotic cells. Importantly, these ER transcripts were
expressed almost at a comparable level of the ER« in endome-
triotic cells.
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Materials and Methods
Patients

The institutional review boards of Tottori University Faculty of
Medicine approved this project. We obtained informed consent
from all patients. Endometrial and endometriotic tissues were
obtained from patients as described previously.'*'*1¢ Endo-
metrial tissues were obtained from the uteri of (n = 19) cycling
premenopausal women who underwent hysterectomy for uter-
ine leiomyoma during the proliferative or secretory phase. The
chocolate cyst lining of the ovaries of (n = 21) patients with
endometriosis was the source of endometriotic tissue collected
during the follicular or luteal phase. These patients had
received no hormonal treatment before surgery. The menstrual
cycle phase was determined by measuring serum estradiol and
progesterone levels as well as by histological examination.

Endometrial and Endometriotic Stromal Cells

Stromal cells were collected from endometrial and endometrio-
tic tissues as described.!”>'%1® In brief, the endometrial and
endometriotic tissues were minced and digested with 0.5% col-
lagenase. The dispersed cells were filtered through a 70 pm
nylon mesh to remove the undigested tissue pieces containing
the glandular epithelium. The filtered fraction was separated
further from epithelial cell clumps by differential sedimenta-
tion at unit gravity. The medium containing stromal cells was
filtered through 40 pm nylon mesh. Final purification was
achieved by allowing stromal cells, which attach rapidly to
plates, to adhere selectively to culture dishes within 30 minutes
at 37°C in 5% CO, in air. To confirm the purity of the isolated
stromal cells, immunocytochemical analysis was performed
using cytokeratin (DAKO Corp, Kyoto, Japan) as a marker of
epithelial cells, vimentin (DAKO Corp) as a marker of stromal
cells, CD14 (Nichirei, Tokyo, Japan) as a marker of activated
macrophages, and factor VIII F8/86 (DAKO Corp) as a marker
of endothelial cells. The results showed that the purity of the
stromal cells was more than 98%. Unless otherwise indicated,
cells were cultured in DMEM/F12 supplemented with 10%
fetal calf serum at 37°C in 5% CO,. At the first passage, endo-
metrial and endometriotic stromal cells were plated at a density
of 5 x 10° cells/60 mm dish and incubated to reach a conflu-
ence of 80% to 90% for RNA preparation.

Analysis of ER mRNA Expression

Total cellular RNA was prepared using the RNeasy Plus kit
(QIAGEN, Tokyo, Japan) according to the manufacturer’s pro-
tocol. Using 2 pg of total RNA, single-stranded complementary
DNAs (cDNAs) were prepared in 20 pL of reaction mixture
containing 1 mmol/L each of deoxynucleotide, 20 units of Pri-
meScript RTase (Takara, Kyoto, Japan), 20 units of RNase
inhibitor (Takara, Kyoto, Japan), and 20 pmol/L of oligo-
dT ¢ primer at 42° C for 30 minutes. Then, 1 pL of the cDNA
reaction mixture was subjected to polymerase chain reaction
(PCR) amplification in a 25 pL Multiplex PCR Mixture

(Takara, Kyoto, Japan) containing 50 pmol each of the respec-
tive forward and reverse primers. Using ERa-F (5-CAGGGT
GGCAGAGAAA-GATTGG-3' in exon 2) and ERa-R (5'-
GGTCTGGTAGGATCATACTCGG-3" in exon 4), a sequence
of 532 bp in human ERa cDNA (Accession No: M12674) was
amplified. Using ERB-F (5-CCTGCTGTGATGAATTACAG-
3’ in exon 1) and ERB-R (5-TTCTCTGTCTCCGCACAAG-3'
in exon 4), a sequence of 550 bp in human ERP cDNA (Acces-
sion No: NM001437) was amplified. The conditions for PCR
were 30 seconds at 94°C, 15 seconds at 58°C (ERw) or 55°C
(ERP), and 30 seconds at 72°C for 38 cycles. At the end of the
PCR cycles, 10 pL of the reaction mixture was removed and sub-
jected to electrophoresis on a 1.8% agarose gel in Tris-Borate-
EDTA buffer at a constant voltage of 100 V. Separated DNA
sequence stained with ethidium bromide was visualized under
UV light. As an internal control, B-tubulin mRNA was assayed
in parallel.

Andlysis of the Alternative 5’-Untranslated Exon

Using the ¢cDNAs as described earlier, PCR was performed.
Forward primers'” in alternative 5'-untranslated exons of ERo.
are as follows: 1A-F: 5-GGAGCTGGCGGGGGGCGTTG-3;
1BF: 5-CGCGTTTATTTTAAGCCCAG-3’; 1CF: 5-CGGC
CCTTGACTTCTACAAG-3'; 1DF: 5-CTTCTTCACCTGA-
GAGAGCC-3'; 1EF: 5-CAGAGAAATAATCGCAGAGC-3;
IFF: 5-CCAAAACTGAAAAT-GCAGGC-3'. The reverse
primer, located in exon 2, was common to all reactions: 2R:
5'-CCTTGCAGCCCTCACAGGAC-3'. The primers'® in alter-
native 5'-untranslated exons of ERP are as follows: exon O N,
5'-AGATTTTTTAAATTTGAGATTGGGGTTG-3' and 5'-CT
TACCTTACAAATAAACACACC-3'; and exon 0 K, 5-GTT
GGGGTTATTTYGGGGTTGTT-3' and 5-CCTCCAACAAA-
CACATTCA-3". The PCR condition was 1 minute at 94°C, 1
minute at 62°C, and 1 minute at 72°C for 38 cycles. At the end
of the PCR cycles, 10 pL of the reaction mixture was removed
and subjected to electrophoresis on a 1.8% agarose gel. The
separated DNA sequence was stained with ethidium bromide
and visualized under UV light.

Analysis of ER Isoform Expression

The single-stranded cDNAs prepared from endometrial and
endometriotic cells were used. For the analysis of ERa isoform
expression, PCR with the forward primer H1 (5-ACGGAC
CATGACCATGACCCT-3 in exon 1) and the reverse primer
HRS5 (5'-GGTCTGGTAGGATCATACTCGG-3' in exon 5) or
HR8 (5'-TCAGACCGTGGCAGGGAAA-3' in exon 8) was per-
formed. For the analysis of ERp isoform expression, PCR with
primer sets of exon 7 and the variant-specific exon 8 was per-
formed.'® The forward primer, 5'-~AGTATGTACCCTCTGGT-
CACAGCG-3' in exon 7, is shared by all the ERp isoforms.
The isoform-specific reverse primers were as follows: ERBI1:
5'-CCAAATGAGGGACCA CACAGCAG-3' and ERB3: 5'-
GCAGTCAAGGTGTCGACAAAGGCTGC-3'. The reverse
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Figure I. Estrogen receptor o (ERa) messenger RNA (mRNA) expression in endometrial and endometriotic cells. A, Analysis of ERa mRNA
expression. Stromal cells were collected from é endometrial (3 from proliferative phase and 3 from secretory phase) and 6 endometriotic tis-
sues (3 from follicular phase and 3 from luteal phase). Single-stranded complementary DNA (cDNA) was prepared from total cellular RNA and
subjected to polymerase chain reaction (PCR). A sequence from exon 2 to exon 4 (532 bp in length) of ERo. cDNA was amplified and subjected
to a |.8% agarose gel electrophoresis. As an internal control, -tubulin mRNA was assayed in parallel. Amplified signals were visualized using
ethidium bromide staining under UV light. B, Analysis of alternative splicing. Single-stranded cDNAs were prepared from endometrial (lane I,
proliferative phase) and endometriotic cells (lane 2, follicular phase). Following PCR using primer sets from exon | to exon 5 (1014 bp) and from
exon | to exon 8 (1795 bp), amplified sequences were subjected to a |.8% agarose gel electrophoresis and visualized. C, Analysis of untranslated
first exons in ERx mRNA. Single-stranded cDNA was prepared from 3 endometrial (lanes [ and 2 from proliferative phase and lane 3 from
secretory phase) and 3 endometriotic cells (lanes | and 2 from follicular phase, and lane 3 from luteal phase). Following PCR using respective
6 forward primers in the untranslated exons, A, B, C, D, E, and F, and the reverse primer in the exon 2, amplified sequences were subjected to a
1.8% agarose gel electrophoresis and visualized. As an internal control, f-tubulin MRNA was assayed in parallel. D, Quantitative analysis of ERo.
mRNA expression. Single-stranded cDNAs from 9 endometrial (4 from proliferative phase and 5 from secretory phase) and |1 endometriotic
cells (6 from follicular and 5 from luteal phase), which were randomly picked up from cells, were subjected to the TagMan real-time PCR in
triplicate. The specific probes (ERo mRNA, ESRI #69, and B-tubulin #43) were selected on the website of the Universal Probe Library System.
ABI PRISM 7900HT Sequence Detection System was used. Relative ERoe mMRNA expression was estimated using the B-tubulin mRNA expression
as an internal control. *Values (mean + SEM) are expressed as an arbitrary unit. Endometrium versus chocolate cyst, P < .00! inset, relative ERo
mRNA expression in endometriotic cells is shown using a larger scale.

primer, 5'-CTTTAGGCC ACCGAGTTGATTAGA-G-3/, was Assay Design Center (https://www.roche-appliedscience.
shared by ERB2, ERB4, and ERBS5. com/sis/rtpcr/upl/adc.jsp). The FastStart TagMan Probe
Master (Roche) was used for the reaction solution. Relative
. . expression of ERB1, ERB2, and ERPB5 mRNA was estimated
Quantitative Real-Time PCR using SYBR Premix Ex Taqll kit (Takara, Kyoto, Japan)
Expression of ER mRNA was assessed using real-time PCR. using the respective primer sets of exon 7 and exon § as
As an internal control, B-tubulin mRNA expression was esti- follows: ERB1: 5-CCGGCTAACCTCCTGATGC-3' and 5'-
mated in parallel. One pL of each cDNA samples prepared CCAAATGAGGGACCACACAGCAG-3', ERB2: 5-AGTA
from endometrial and endometriotic stromal cells (~50 ng) TGTACCCTCTGGTCACAGCG-3' and 5-AGGCCTTTTC
as indicated above was subjected to the TagMan real-time TGCCCCTCGATGC-3’, and ERB5: 5-ATGGGATTATGT
PCR in triplicate. The real-time PCR was performed using the GCTCCACGGA-3’ and 5'-CTT TAGG CCACCGAGTTGAT
Universal Probe Library system (Roche Diagnostics, Tokyo, TAGAG-3'. ABI PRISM 7900HT Sequence Detection System
Japan). The specific probe (ERa #69, ERB1 #3, and B-tubulin  (Applied Biosystems, Tokyo, Japan) was used for the real-
#43) was selected on the website of Universal Probe Library time PCR.
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Figure 2. Estrogen receptor B (ERB) messenger RNA (mRNA) expression in endometrial and endometriotic cells. A, ERB mRNA expression.
Stromal cells were collected from 6 endometrial (3 from proliferative phase and 3 from secretory phase) and 6 endometriotic tissues (3 from
follicular phase and 3 from luteal phase). Single-stranded complementary DNA (cDNA) was prepared from total cellular RNA and subjected to
polymerase chain reaction (PCR). An ER cDNA sequence from exon | to exon 4 (550 bp in length) was amplified and subjected to [.8% agarose
gel electrophoresis. As an internal control, B-tubulin mRNA was assayed in parallel. B, Analysis of the untranslated first exons. Single-stranded
c<DNA was prepared from endometrial (lanes El and E2) and endometriotic cells (lanes C] and C2). PCR using 2 forward primers, 0 N and 0 K,
and a reverse primer located in exon 2 was performed. As an internal control, 8-tubulin mMRNA was assayed in parallel. C, Analysis of alternative
splicing. Single-stranded cDNAs were prepared from 5 endometrial and 5 endometriotic cells. Following PCR with primer sets of the variant-
specific exon 7 and exon 8, amplified sequences were visualized on a 1.8% agarose gel electrophoresis. As an internal control, B-tubulin mRNA
expression was assayed in parallel. Arrows indicate the location of amplified sequences corresponding to ERB2, ERp4 and ERB5 mRNAs. D:
Quantitative analysis of ERBI mRNA expression. Single-stranded cDNAs from 8 endometrial (4 from proliferative phase and 4 from secretory
phase) and 9 endometriotic cells (6 from follicular phase and 3 from luteal phase) were prepared. The specific probes (ESR2 #3 for ERBI and
B-tubulin #43) were selected using the Universal Probe Library System. ABI PRISM 7900HT System was used. Relative ERBI mRNA expression
was estimated using the B-tubulin mRNA expression as an internal control. *Values are expressed as arbitrary unit (mean + SEM). Endome-
trium versus chocolate cyst, P < .006. E, Relative expression of ERBI, ERB2, and ERB5 mRNA in endometriotic cells. Using SYBR system with
primer sets of variant-specific exon 7 and exon 8, the expression of ERB 1, ERB2, and ERB5 mRNAs was assayed. The expression was estimated
using the B-tubulin mMRNA expression as an internal control. Relative expression of ERB2 and ERB5 mRNA was normalized against ERfI mRNA
expression. Values are the means + SEM. ERBI versus ERB2, P < .002, ERB2 versus ERBS5, P < .006.

Statistical Analysis Results

Results were analyzed using one-way analysis of variance Expression of ERoe mRNA
followed by Fisher protected least significant difference test.
Values were expressed as means + standard error of mean.
P < .05 was considered statistically significant.

Expression of ERo mRNA was observed in both endometriotic
and endometrial cells (Figure 1A). We then searched for the
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splice variant mRNA using reverse transcription-PCR with pri-
mer sets to amplify the open reading frame (ORF) of wild-type
ERa (from exon 1 to exon 8 in ESR1). As shown in Figure 1B,
only a single cDNA sequence, which includes an ORF predicting
a wild-type ERa, was always amplified from cDNAs prepared
from endometriotic and endometrial cells. The 5'-untranslated
exons, C, D, and F, were tagged to exon 1 in endometriotic cells,
while in endometrial cells, the B, C, D, and F were tagged to exon
1 (Figure 1C). Among these ERa mRNAs, the exon C-tagged
mRNA was the most abundant. Relative expression of ERo
mRNA in endometriotic cells was estimated to be approximately
one-tenth of that in endometrial cells (Figure 1D).

Expression of ERp mRNA

Expression of ERB mRNA was observed in both endometriotic
and endometrial cells (Figure 2A). In endometriotic cells, the
expression depends mostly on ON promoter (Figure 2B) and
includes 2 ORFs: one for a wild-type ERB1 and another for a
splice variant ERB2 (Figure 2C). Expressions of ERB2 and
ERPB5 mRNA were detectable in endometrial cells (Figure
2C). The expression of ERB1 mRNA in endometriotic cells
was approximately 40-fold higher than that in endometrial cells
(Figure 2D). The ERf2 mRNA expression was almost at a
comparable level of ERB1 in endometriotic cells, while the
ERPB5 mRNA expression was at a marginal level (Figure 2E).

Discussion

The present study was undertaken to evaluate the molecular
background of ER expression in endometriotic cells. So far,
ER expression profile, a higher ERp, and a lower ERa expres-
sion in endometriotic tissues, which is in the inverse relation-
ship in endometrium,*” has been proposed as a major
background of estrogen action in endometriosis. Although the
ER mRNA expression is low in endometriotic cells (Figure
1D, 2D, and 2E), the expression of ERa and ERf mRNAs is
almost at a comparable level. It is interesting to note that ER 2
mRNA*11-18 wag found to be coexpressed along with ER« and
ERB1 mRNAs in endometriotic cells. These observations sug-
gest a pathophysiological role of the ER expression profile in
endometriosis.

Receptor dimerization in response to ligand binding is one
of the crucial steps in ER-dependent transactivation.'® Homo-
dimerization of ERo accelerates cellular proliferation.’® On the
other hand, ERP is thought to counteract the stimulatory effects
of ERa through the formation of functional heterodimer with
ERa.2%2! Experimental evidence suggests that heterodimer-
induced activation of target genes is markedly different from
that induced by homodimers.”>** However, these studies have
been conducted based on the ligand-dependent dimerization of
wild-type ERs.

Recently, multiple ER isoforms have been identified in
human tissues and cells. The ERq variants have been identified
in a number of human cell types. More recently, ERf variants
with distinct biological functions have been identified.'’"!?

Markedly higher ERp expression has been documented as one
of the distinct gene expressions in endometriotic cells*”; how-
ever, these observations were restricted to the expression of
wild-type ERBI, and the expression had been evaluated in
comparison with that in endometrial cells.

We observed the expression of splice variant ER2 mRNA
along with the wild-type ERPI in endometriotic cells (Figure
2C). More importantly, these ERp transcripts were expressed
almost at a comparable level of the ERa in endometriotic cells
(Figure 1D, 2D and 2E). The observation suggests that the het-
erodimerization probably occurs in the cells. ERB/ERB and
ERo/ERP dimers are known to exhibit antiproliferative
effects,>*?! and ERo/ERSB is reported to be relatively more sta-
ble than the ERB/ERB homodimer.'* Although ERP2 exhibits
no estrogen binding, ERBI/ERB2 heterodimer shows higher
estrogen-induced transactivation than ER1/ERf1 homodimer
in a ligand-dependent manner.'" To further understand the role
of the ER expression profile may lead to the estrogen-
dependent pathophysiology in endometriosis.

In conclusion, expression of ER isoforms, ERo and ER, is
the major circumstance for estrogen action in endometriosis.
Our results demonstrated that multiple ER isoforms, ERai,
ERB1, and ERPB2, are expressed simultaneously within endo-
metriotic cells. However, little is known regarding the prefer-
ence for formation of ER homodimer versus heterodimer and
how this is affected by ER expression level and ligand occu-
pancy. On therapeutic perspectives, promoting heterodimeriza-
tion of ER isoforms using selective ER modulators may
become an important strategy to design therapeutics for endo-
metriosis.”* To address these issues, clarifying the molecular
basis of ER expression profile and the downstream ER-
dependent gene expression may lead us to an avenue of further
understanding the estrogen-dependent pathophysiology in
endometriosis. It is interesting to note that ER3 and prostaglan-
din E2 integrate at Ras-like, estrogen-regulated, growth inhibi-
tor, leading to the increase in endometriotic cell proliferation.*
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