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Higher fibrotic content of endometriotic lesions is associated
with diminished prostaglandin E2 signaling

Qingging Huang'+?

Shanghai OB/GYN Hospital, Fudan
University, Shanghai, China

2The Third Affiliated Hospital of
Guangzhou Medical University,
Guangzhou, Guangdong, China

3Shanghai Key Laboratory of Female
Reproductive Endocrine-Related Diseases,
Fudan University, Shanghai, China

| XishiLiu®® | Sun-Wei Guo'?

Abstract

Purpose: While the prevailing view holds that the prostaglandin E2 (PGE,) signaling
plays a vital role in endometriosis, PGE, also is known to be anti-fibrotic. We inves-
tigated the immunostaining of COX-2, EP2, and EP4, along with fibrotic content in
ovarian endometrioma (OE) and deep endometriosis (DE) lesions, and in OE lesions

from adolescent and adult patients. In addition, we evaluated the effect of substrate
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1 | INTRODUCTION

Endometriosis is well known to be an estrogen-dependent gynecolog-
ical disease, featuring increased local production of estrogen as well
as inflammation.’ One molecule that plays a seemingly vital role in
linking inflammation and over-production of estrogen is prostaglandin
E2 (PGE,), synthesized from arachidonic acid via a committed step
that is catalyzed by cyclooxygenase (COX) enzymes COX 1-3.2 Among
the COXs, COX-2 is the rate-limiting enzyme for PG production, in-
ducible by inflammation and other pathogenic stimuli.® In addition,

stiffness on the expression of COX-2, EP2, and EP4 in endometrial stromal cells.
Methods: Immunohistochemistry analysis of COX-2, EP2, and EP4, along with the
quantification of lesional fibrosis, was conducted for OE and DE lesion samples and
also OE lesion samples from adolescent and adult patients. The effect of substrate
rigidity on fibroblast-to-myofibroblast transdifferentiation (FMT) and the expression
of COX-2, EP2, and EP4, with or without TGF-f1 stimulation, were investigated.
Results: The immunostaining of COX-2, EP2, and EP4 was substantially reduced in
endometriotic lesions as lesions became more fibrotic. Both TGF-p1 stimulation and
stiff substrates induced FMT and reduced the expression of COX-2, EP2, and EP4.
Conclusions: Since fibrosis is a common feature of endometriosis, our results thus
cast doubts on the use of therapeutics that suppresses the PGE, signaling pathway,
either by inhibiting COX-2 or EP2/EP4.

cyclooxygenase-2, endometriosis, E-series prostanoid receptor, fibrosis, stiffness

three types of PGE synthases (PGES) control the conversion of PGE,
from PGH,, among them two being membrane-associated (MPGES-1
and mPGES-2) and the third, cytosolic (cPGES). The action of PGE, is
mediated by four subtypes of prostanoid receptors (EP1-4).# In endo-
metriosis, the expression of COX-2, mPGES-1, mPGES-2, and cPGES
is all elevated.’” In addition, PGE, promotes the survival of human
endometriotic cells through EP2 and EP4 receptors.8 In other words,
the PGE, signaling in endometriosis is markedly enhanced.

Today, the prevailing view on the role of PGE, in endome-

triosis appears to be rather congruous, and its roles in estrogen
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biosynthesis and the promotion of cellular proliferation and angio-
genesis, anti-apoptosis, and immune suppression are widely recog-
nized.>?° So much so that it has been viewed as the master that
controls various pathological processes of endometriosis.® Various
selective COX-2 inhibitors, so called COXIBS that are a class of drugs
known to be anti-inflammatory and analgesic without any effect on
the protective layer of gastrointestinal tract,** have been shown to
be effective in suppression of endometriosis in rodent models.*?*
One clinical study, published in 2004, even demonstrated that
treatment with rofecoxib, a COXIBS, after conservative surgery for
6 months is effective in the management of pelvic pain associated
with endometriosis.'”

Nearly two decades have been passed since the positive report

by Cobellis et al,r®

yet it is somewhat curious that the promising
therapeutic potential of this class of drugs has not been further eval-
uated, especially given the demand for non-hormonal drugs®® and
the abundance of COXIBS available on the market. The withdrawal
of rofecoxib (Vioxx™) from the market in 2004 and of valdecoxib
(Bextra™) in 2005 due to increased risk of cardiovascular events cer-
tainly dampened the interest in COXIBS. The possible disruption of
ovulation also could be a concern.”’

To counter the detrimental effect of PGE,, selective inhibition
of EP2 and/or EP4 has been proposed as a promising therapy for
endometriosis.’®? Testing on mouse models of endometriosis has
shown their promises.*®

In the last few years, it becomes evident that endometriotic
lesions are fundamentally “wounds” undergoing repeated tissue
injury and repair (ReTIAR) like their endometrial counterpart, and
through epithelial-mesenchymal transition (EMT), fibroblast-to-
myofibroblast transdifferentiation (FMT), and smooth muscle
metaplasia (SMM) endometriotic lesions progressively become
more fibrotic.2°2% Capitalizing on this progressive fibrogene-
sis and ensuing tissue stiffening, as well as on the capability of
elastography, a new non-invasive imaging technique to measure
tissue stiffness and the extent of fibrosis,?* we have recently
reported that ultrasound elastography can be utilized to better
diagnose deep endometriosis or DE,?° a subtype of endometri-
osis known to be highly fibrotic?®?? due to more thorough and
extensive EMT, FMT, and SMM as compared with ovarian endo-
metrioma or OE.*°

Yet, PGE, is known to be anti-fibrotic,**** and this effect is
mediated primarily by EP2 and EP4.%! In human lung fibroblasts, in-
creased stiffness suppresses COX-2 expression, resulting in >80%
reduction in expression levels when the stiffness reached ~30 kilo
Pascal (kPa), leading to substantial reduction in PGE, production.“
In addition, at increased stiffness PGE, significantly suppressed cel-
lular proliferation and pro-collagen synthesis but COX-2 inhibition
reversed it, suggesting that the matrix stiffness promotes fibrogene-
sis through suppression of COX-2.3¢ Recently, it has been shown that
the terminal PGE, synthetic enzyme, PGES, also is reduced as tissue
stiffness increases.%’

Remarkably, these results are seen only when the matrix is rigid,

but not when compliant.®¢®” This prompted us to re-evaluate the

PGE, signaling pathway—the expression of COX-2, EP2, and EP4—in
endometriosis. In particular, since it is known that DE lesions are
more fibrotic—and thus stiffer—than that of OE Iesions,30 and that
OE lesions in adult patients are on average more fibrotic and thus
stiffer than that of adolescent ones,*® we compared the staining of
COX-2, EP2, and EP4 in OE and DE lesions from patients of similar
age groups and in OE lesions from adolescent and adult patients.
In addition, we evaluated the gene and protein expression levels of
COX-2, EP2, and EP4 in endometrial stromal cells cultured in low
and high stiffness substrates. We also tested the hypothesis that
the PGE, signaling pathway is suppressed as lesions become more
fibrotic and stiffer.

2 | MATERIALS AND METHODS

2.1 | Ethics

The design, analysis, interpretation of data, drafting, and revi-
sions conform with the Helsinki Declaration, the Committee
on Publication Ethics (COPE) guidelines (http://publicationethi
cs.org/), and the RECORD (REporting of studies Conducted using
Observational Routinely collected health Data) statement, available
through the EQUATOR (enhancing the quality and transparency of
health research) network (www.equator-network.org). The study
was approved by the institutional ethics review board of Shanghai
OB/GYN Hospital, Fudan University. Each patient enrolled in this
study signed an informed consent for all the procedures and to allow
data collection and analysis for research purposes. The study was
non-advertised, and no remuneration was offered to encourage pa-

tients to give consent.

2.2 | Patients and specimens

For immunohistochemistry analysis and Masson trichrome staining,
two sets of endometriotic tissue samples were obtained after writ-
ten informed consent from premenopausal participants with laparo-
scopically and histologically diagnosed ovarian endometriosis (OE)
or deep endometriosis (DE).

Capitalizing on the documented finding that DE lesions are in
general more fibrotic than OE lesions,*° the first dataset consisted
of OE and DE tissue samples collected, respectively, from 22 cases
of OE and 19 DE patients, all premenopausal and admitted to the
Obstetrics and Gynecology Hospital, Fudan University, from April
2014 to August 2018.

In addition, taking advantage of our previous work reporting
more fibrotic content in OE lesions in adult patients as compared
with adolescent ones,?® our second dataset consisted of 29 adoles-
cent patients, aged between 15 and 19 years, and 31 adult patients,
aged 35-39 years, all premenopausal and laparoscopically and his-
tologically diagnosed with OE, who were admitted to our Hospital,
Fudan University, from March 2013 to July 2018.
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For all recruited participants, their demographic information,
such as age, gravidity, parity, length of menstrual cycles, date of the
last menstruation, the date on which the surgery was performed,
verbal rating scale (VRS, none, mild, moderate, or severe) and visual
analogue scale (VAS) on the severity of dysmenorrhea, and the du-
ration of dysmenorrhea, was collected. In addition, their height (in
cm) and weight (in kg) were also measured, and then their body mass
index (BMI) was calculated. We also reviewed the medical records
to retrieve clinical data, such as laterality, lesion size (in cm), and
the rASRM scores, along with pathology reports from laparoscopic
cystectomy.

All recruited participants underwent laparoscopic surgery for
lesion removal. None of recruited patients smoked, received any
infertility treatment, or had taken any anti-platelet drug, steroid
hormones, oral contraceptives, anti-diabetic, or other medications
3 months prior to the surgery. Moreover, none of them had a family
history or previous history of deep venous thrombosis or coagula-
tion disorders. The characteristics of these two sets of the recruited
patients are listed in Tables 1 and 2.

All collected tissue samples were fixed with 10% formalin (w/v)
and paraffin-embedded for immunohistochemistry (IHC) analysis

and for Masson trichrome staining, as described below.

2.3 | Immunohistochemistry analysis

Serial 4-pm sections were performed for each block of procured
tissue samples, with the first resultant slide being stained for H&E
to confirm pathologic diagnosis, and the subsequent slides for IHC
analysis for COX-2, EP2, and EP4 and Masson trichrome stain-
ing. Routine deparaffinization and rehydration procedures were
performed.

For antigen retrieval, the slides were heated at 98°C in a citric
acid buffer (pH 6.0) for a total of 30 min and then cooled naturally
to room temperature. Sections were incubated with the primary
antibody against COX-2 (1:300; ab15191; Abcam, Cambridge, UK),
EP2 (1:300; ab167171; Abcam), or EP4 (1:300; bs-8538r; Bioss,
Beijing, China) overnight at 4°C. After slides were thoroughly rinsed,
the horseradish peroxidase (HRP)-labeled secondary anti-rabbit/
mouse antibody detection reagent (Shanghai Sun BioTech Company,
Shanghai, China) was incubated at room temperature for 30 min. The
bound antibody complexes were stained for about 1-2 min or until
appropriate for microscopic examination with diaminobenzidine and
then counterstained with hematoxylin (30 s) and mounted. Images
were obtained with a microscope (Olympus BX53; Olympus, Tokyo,
Japan) fitted with a digital camera (Olympus DP73; Olympus). Three
to five randomly selected images at 400x magnification of each
sample were taken to obtain a mean optional density value by Image
Pro-Plus 6.0 (Media Cybernetics, Inc., Bethesda, MD, USA) as de-
scribed previously.’

The primary antibody employed against COX-2 and EP4 was
both rabbit polyclonal antibodies, and EP2, a rabbit monoclonal an-
tibody. Therefore, for negative controls, human OE tissue samples
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were incubated with rabbit serum instead of primary antibodies.
For positive controls, human colorectal tumor tissues were used
for COX-2, human colon tissues for EP2, and lung cancer tissues for
EP4. The representative photomicrographs for negative and positive
staining controls are shown in Figure S1.

2.4 | Masson trichrome staining

Masson trichrome staining was used for the detection of collagen
fibers in lesion samples. Tissue sections were incubated at 60°C for
1 h and then were deparaffinized in xylene and rehydrated in a se-
ries of graded alcohol. Then, sections were immersed at 37°C for 2 h
in Bouin's solution. Bouin's solution was made with 75 ml of satu-
rated picric acid, 25 ml of 10% formalin solution, and 5 mL of acetic
acid. The sections were stained using Masson's Trichrome Staining
Kit (Servicebio, Wuhan, Hubei, China) following the manufacturer's
instructions. The areas of the collagen fiber layer stained in blue in

proportion to the lesion were calculated by the Image Pro-Plus 6.0.

2.5 | Preparation of polyacrylamide gels and
validation of their stiffness

Polyacrylamide gels of different matrix stiffness were prepared on
glass coverslips, using a previously published protocol“® with minor
modifications. First, after being cleaned, sterilized, and dried, glass
coverslips of 24 mm in-diameter (Thermo Fisher Scientific, Waltham,
MA, USA) were silanized with 3-aminopropyltriethoxysilane (Sigma-
Aldrich, St. Louis, MO, USA) at a concentration of 0.5%, allowing
covalent attachment of the polyacrylamide gels and then activated
with glutaraldehyde (Sigma-Aldrich) at a concentration of 0.5%. The
processed glass cover-slides were then stored under shaded en-
vironment. Next, 40% acrylamide solution (Bio-Rad Laboratories,
Hercules, CA, USA), 2% bis-acrylamide solution (Bio-Rad), and
sterilized double-distilled H,O were mixed in certain proportions to
prepare for polyacrylamide gels of different target stiffness (5 and
30 kPa). The mixture (400 ul) was deposited on the hydrophobic
surface made of the parafilm (Bemis Company, Neenah, WI, USA),
and the activated glass was slowly covered in the mixture and po-
lymerized for 30 min to form polyacrylamide gels. Finally, to cross-
link the extracellular matrix (ECM) protein (collagen), the gel surface
was activated with Sulfo-SANPAN solution (1 mg/ml; Thermo
Scientific) and then quickly placed under UV light (at 365 nm) for
15 min. Afterward, the gel surface was coated with type | collagen
(0.2 mg/ml) (BD Biosciences, Franklin Lake, NJ, USA) overnight at
4°C. On the next day, the gels were warmed up at room tempera-
ture for 1 h and then soaked in Dulbecco's modified Eagle's medium
and F-12 Ham's medium (DMEM/F-12; HyClone, Logan, UT, USA)
to go through hydration, equilibration, and sterilization under UV
light for 4 h.

For stiffness testing, the polyacrylamide gels with certain thick-
ness and uniformity were prepared and validated by ultrasound
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TABLE 1 Characteristics of recruited patients with either ovarian endometrioma or deep endometriosis
Item Ovarian endometrioma (n = 22) Deep endometriosis (n = 19) p-value
Age (in year)
Mean + SD 347 +8.7 36.6 +4.4 0.23
Median (range) 34.5(22-50) 37.0(28-43)
Menstrual phase
Proliferative 11 (50.0%) 5(29.4%)
Secretary 11 (50.0%) 12 (70.6%) 0.33
2 missing
Parity

0 10 (45.5%) 2 (10.5%)

1 12 (54.5%) 15(78.9%) 0.014

22 0(0.0%) 2 (10.5%)

Severity of dysmenorrhea

None 6(27.3%) 1(5.3%) 0.17

Mild 10 (45.4%) 9 (47.4%)

Moderate 3(13.6%) 2 (10.5%)

Severe 3(13.6%) 7 (36.8%)
rASRM stage

| 2(9.1%) 0(0.0%)

I 3(13.6%) 0(0.0%) 1.0x107°

1l 10 (45.4%) 0(0.0%)

v 7 (31.8%) 19 (100.0%)

Co-occurrence with NA
Ovarian endometrioma

No 13 (68.4%)

Yes 6 (31.6%) NA
Co-occurrence with NA NA
Deep endometriosis

No 21(95.5%)

Yes 1(4.5%)

Co-occurrence with

adenomyosis
No 20 (90.9%) 15 (78.9%) 0.39
Yes 2(9.1%) 4(21.1%)

Co-occurrence with Uterine fibroids
No 16 (72.7%) 19 (100.0%) 0.023
Yes 6(27.3%) 0(0.0%)

elastography (Alxplorer_285241418; Supersonic Imagine, Aix-en-
Provence, France). The mean value of detected Young's modulus
within the Q—BOXTM was calculated, and the resultant images were
saved into digital files. The above procedure was repeated more
than three times, and the average value was calculated as the final
value.

Polyacrylamide gel substrate (PGS) is a widely used material in
the investigation of cellular behavior due to their excellent biocom-
patibility and adjustable mechanical properties.41 To simulate in vivo
tissue stiffness of endometrium and endometriotic lesions, we gen-
erated 5-kPa and 30-kPa PGS, respectively, to mimic soft and rigid

substrates in vivo. We set the highest stiffness to 30 kPa simply be-
cause it was the highest stiffness used in the context of endometri-
osis,*? and nearly all important molecular changes were seen within
the 30 kPa range.3¢

To validate the stiffness of PGS that we prepared, we used
ultrasound elastography to measure PGSs with a designed target
stiffness of 5.356, 30.067, and 50.873 kPa, respectively, thrice,
and the average values were found to be 5.3, 32.2, and 49.6 kPa,
respectively, suggesting that the maximum deviation was 7.0%.
This indicates that PGSs as we prepared were reliable and accu-
rate enough.
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TABLE 2 Characteristics of recruited adolescent and adult
patients with ovarian endometrioma

Adolescents Adults (n
Item (n=29) =31) p-value
Age (in year)
Mean + SD 17.7 £ 1.1 360+11 12x10™
Median (range) 18 (15-19) 36 (35-39)
Menstrual phase
Proliferative 11 (40.7%) 19 (61.3%)
Secretary 16 (59.3%) 12 (38.7%) 0.19
(2 missing)
Parity
0 28 (96.6%) 9 (29.0%)
1 1(3.4%) 19 (61.3%)  6.6x107°
2 0(0.0%) 3(9.7%)
rASRM stage
Il 12 (41.4%) 7 (22.6%)
11 12 (41.4%) 13 (41.9%) 0.18
vV 5(17.2%) 11 (35.5%)
Severity of dysmenorrhea
None 3(10.3%) 12 (38.7%)
Mild 12 (41.4%) 7 (22.6%)
Moderate 5(17.2%) 10 (32.3%)
Severe 9 (31.0%) 2 (6.3%) 0.0047
Severity of dysmenorrhea (VAS score)
Mean + SD 4.6+27 31+29 0.065
Median (range) 3(0-8) 3(0-9)
Laterality
Unilateral 19 (65.5%) 24 (77.4%) 0.39
Bilateral 10 (34.4%) 7 (22.6%)

Maximum size of the ovarian cysts (in cm)

Mean + SD 69+20 6.5+1.7 0.65
Median (range) 6.0 (4-12) 6.0 (3-11)
2.6 | Cellculture

The human endometrial stromal cell line (ESCL), established by
Dr. Krikun and her colleagues,*® was kindly provided by Dr. Asgi
Fazleabas of Michigan State University, Michigan, USA. Cell was
seeded on six-well plates (Corning, Corning, NY, USA) of polyacryla-
mide gel substrates (PGS) of 5, 30 kPa, and plastic in complete me-
dium, which consisted of DMEM/F-12, supplemented with 5% fetal
bovine serum (FBS; Gibco Laboratories, Grand Island, NY, USA),
100 IU/mL of penicillin G, 100 mg/ml of streptomycin, and 2.5 pg/
ml of amphotericin B (Invitrogen, Carlsbad, CA, USA). The cells were
incubated at 37°C in humidified atmosphere of 5% CO, in air for
24 h to allow adherence. For transforming growth factor 1 (TGF-$1)
treatment, 1 ng/ml TGF-p1 (Abcam) was used for three days, after
cell was serum-starved for 24 h.

2.7 | Real-time RT-PCR

After three days of culture with or without TGF-$1, which typically
turns endometrial stromal/fibroblast cells into myofibroblasts, cells
were collected from six-well plates of 5-kPa, 30-kPa PGS, and plas-
tic by exposure to 5% trypsin/EDTA (Gibco) at 37°C for 2-3 min.
After washing with PBS (HyClone), the cells were lysed and then
converted mRNA into cDNA by the EZ-press Cell to cDNA Kit (EZ
Bioscience, Rossville, MN, USA), which was used to produce cDNA
from collected cells without RNA isolation, according to the proto-
col and thermal profile recommended by the manufacturer. Then,
the 2x Color SYBR Green gqPCR Master Mix Kit (EZ Bioscience)
was used and a Real-Time PCR system (Life Technologies, Carlsbad,
CA, USA) was employed to evaluate the abundance of mRNA. The
genes to be analyzed include collagen | (COL1A1), « smooth muscle
actin (a-SMA), lysyl oxidase (LOX), cellular communication network
2/connective tissue growth factor (CCN2/CTGF), COX-2, EP2, and
EP4. The geometric mean of GAPDH measurements, a housekeeper
gene, was used for normalization. All data were expressed as fold
change in each mRNA relative to the control group. The names of

genes and their primers are listed in Table 3.

2.8 | Western blot analysis

After three days of culture with or without TGF-p1, cells were col-
lected from six-well plates of 5-kPa, 30-kPa PGS, and plastic by ex-
posure to 5% trypsin/EDTA (Gibco) for 2-3 min at 37°C. After being
washed with PBS (HyClone), cells were scraped and their total pro-
teins were extracted in a Radio-Immunoprecipitation Assay (RIPA)
buffer (Fermentas; Thermo Fisher Scientific, Pittsburgh, PA, USA).
Bicinchoninic acid (BCA) protein quantitative analysis kit (P0010S;
Beyotime, Shanghai, China) was utilized to quantify the protein con-
centration in each sample. Briefly, the protein samples were loaded
on pre-cast 10% SDS-PAGE (PG112; Epizyme, Shanghai, China) and
transferred to polyvinyl difluoride (PVDF) membranes (Bio-Rad).
The membranes were incubated at 4°C overnight with the primary
antibodies, which are listed in Table 4, and then incubated with HRP-
labeled secondary antibodies (Arigo; Hsinchu, Taiwan, China) for 1 h
at room temperature. Then, the band images were developed with
enhanced chemiluminescent (ECL) reagents (NCM Biotech; Suzhou,
Jiangsu, China) and digitized on Image Quant LAS 4000 mini (GE
Healthcare, Marburg, MA, USA). Image quantification was per-
formed with Quantity One software (Bio-Rad). GAPDH was used to
serve as a loading control. All data were expressed as fold change in

protein expression relative to the designated control group.

2.9 | Statistical analysis

The comparison of distributions of continuous variables between

or among two groups was made using Wilcoxon's test, respectively.
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TABLE 3 Listof primers used in the
real-time RT-PCR analysis

Gene name Sequence
Collagen 1A1 Forward 5-AGGGCCAAGACGAAGACATC-3’
Reverse 5'-GATCACGTCATCGCACAACA-3’
a-SMA Forward 5-GCTTTGCTGGGGACGATGCT-3'
Reverse 5'-GTCACCCACGTAGCTGTCTT-3'
LOX Forward 5 -TGCCAGTGGATTGATATTACAGATGT-3’
Reverse 5'-AGCGAATGTCACAGCGTACAA-3’
CCN2 (CTGF) Forward 5-GGTCAAGCTGCCCGGGAAAT-3'
Reverse 5" TGGGTCTGGGCCAAACGTGT-3'
COX-2 Forward 5-TTCAAATGAGATTGTGGGAAAATTGCT-3’
Reverse 5-AGATCATCTCTGCCTGAGTATCTT-3'
EP2 Forward 5-TCCTTGCCTTTCACGATTT-3'
Reverse 5'-AGAGCTTGGAGGTCCCATT-3'
EP4 Forward 5-TGCTCTTCTTCAGCCTGTCC-3'
Reverse 5'-GAGCTACCGAGACCCATGTT-3'
GAPDH Forward 5-GCACCGTCAAGGCTGAGAAC-3'
Reverse 5 -TGGTGAAGACGCCAGTGGA-3'

Vendor name Catalog
Antibody name and location number
Alpha smooth muscle actin (x-SMA) Abcam, UK ab5694
Lysyl oxidase (LOX) Abcam ab31238
Cyclooxygenase-2 (COX-2) Abcam ab15191
E-series of prostaglandin Receptors type Abcam ab167171
2 (EP2)
E-series of prostaglandin Receptors type Arigo, Taiwan, arg63922
4 (EP4) China
GAPDH (loading control) Beyotime, AGO019
Shanghai,
China

Pearson's correlation coefficient was used when evaluating correla-
tions between two variables. When comparing the immunostaining
levels among tissue samples of different sources (OE and/or DE) or
groups (adolescents vs. adults), multiple linear regression analysis
was used to control for potential confounding factors, such as the
co-morbidity. Dummy indicators were used to indicate as whether
the sample was from OE versus DE or adolescents versus adults. P
values of less than 0.05 were considered statistically significant. All

computations were made with R 4.1.1 (www.r-project.org).

3 | RESULTS

3.1 | Reduced PGE, signaling in DE lesions as
compared with their OE counterpart

We first performed Masson trichrome staining of lesion samples
from both OE and DE patients and, as expected, found that DE le-
sions had more abundant fibrotic tissues than OE lesions (Figure 1A).

TABLE 4 List of antibodies used in the

Concentration
Western blot analyses

Western blot
1:1000
1:1000
1:1000
1:2500

1:1000

1:1000

We also performed IHC analysis of COX-2, EP2, and EP4 on all OE
and DE samples. We found that the staining of COX-2, EP2, and EP4
was seen in both epithelial and stromal cells, and COX-2 staining was
localized in the cell cytoplasm, while EP2 and EP4 were in the cell
membrane (Figure 1A).

Consistent with what previously reported,30 DE lesions had sig-
nificantly more fibrotic content than OE lesions (p = 8.2 x 107*?;
Figure 1A). In addition, compared with OE lesions, DE lesions had
significantly lower staining levels of COX-2, EP2, and EP4 in the stro-
mal (all 3 p-values <3.5 x 107%; Figure 1A) as well as in the epithe-
lial component (all 3 p-values < 0.037; Figure 1A). Multiple linear
regression analyses incorporating age, parity, menstrual phase at
the time of tissue harvest, rASRM stage, type of lesions (OE vs. DE),
and co-occurrence, if any, of adenomyosis and of uterine fibroids,
also confirmed that DE lesions have higher fibrotic content (p < 2.2
x 1071, R? = 0.86) but significantly lower staining levels of COX-2,
EP2, and EP4 in the stromal component (all p-values < 0.028; R?s
> 0.46) as well as in the epithelial component (all p-values < 0.021;
R?s > 0.13). In addition, the lesional staining levels of COX-2, EP2,
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(A) Representative photomicrographs of histochemistry (Masson trichrome) and immunohistochemistry analysis of COX-2,
EP2, and EP4 in samples of ovarian endometrioma (OE, left panel) and deep endometriosis (DE, middle panel), along with data summary
(right panel). For both the left and middle panels, different rows show different markers as indicated. Magnification: x400. Scale bar

= 50 pm. On the right panel, the results are summarized by the boxplot. The results for COX-2, EP2, and EP4 are for the stromal and

the epithelial component. OE, ovarian endometriomas; DE, deep endometriosis; COX-2, cyclooxygenase-2; EP2 and EP4, E-series of
prostaglandin receptors type 2 and type 4, respectively. Wilcoxon's test was used in all cases. (B) Scatter plots showing the correlations
between the extent of lesional fibrosis and the staining levels of COX-2, EP2, and EP4 in the stromal (upper panel) and the epithelial
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and EP4 in both the stromal and epithelial components were all neg-
atively correlated with the extent of fibrosis (all r's <-0.376, all p-
values < 0.017; Figure 1B).

3.2 | Reduced PGE, signaling in OE lesions
from adult patients as compared with those in
adolescent patients

Next, we performed Masson trichrome staining and IHC staining
of COX-2, EP2, and EP4 on OE lesion samples from adolescent and
adult patients (Figure 2A). We scored the stromal component of en-
dometriotic lesions, as well as the epithelial component. Consistent
with previously reported,®® OE lesions from adult patients had sig-
nificantly more fibrotic content than those from adolescent patients
(p=22x 107%; Figure 2A). Compared with lesions from the adoles-
cents, lesions from the adults had significantly lower staining levels
of COX-2, EP2, and EP4 in the stromal component (all 3 p-values <
0.0035; Figure 2A) as well as in the epithelial component (p = 0.027,
and p = 0.0031). Multiple linear regression analyses incorporat-
ing age, BMI, parity, menstrual phase at the time of tissue harvest,
rASRM stage, source of lesions (adolescents vs. adults), and size and
laterality also confirmed that adult lesions have higher fibrotic con-
tent but lower staining levels of COX-2, EP2, and EP4 in the stromal
(all p-values < 0.024; R?'s = 0.22) and the epithelial component (all p-
values < 0.032; R2'520.16). The size of the endometrioma was found
to be negative associated with the epithelial staining levels of COX-2
only (p = 0.009).

Similar to the OE-DE comparison, the lesional staining levels of
COX-2, EP2, and EP4 in the stromal component were all negatively
correlated with the extent of fibrosis (all r's < -0.34, all p-values
< 0.009; Figure 2B). In the epithelial component, the correlation
with the extent of lesional fibrosis was seen for EP2 and EP4 (both
r's £-0.26, all p-values < 0.046), but not for COX-2 (r = -0.19, p =
0.14; Figure 2B), staining. Taken together, we now have evidence
that as the lesional fibrogenesis progresses, the PGE, signaling is
diminished.

3.3 | Effects of matrix stiffness on fibroblast-to-
myofibroblast transition

Our previous research has shown that TGF-f1 can induce fibroblast-
to-myofibroblast transdifferentiation (FMT) in both normal en-
dometrial and endometriotic stromal cells.?’ To examine whether
increased ECM stiffness and TGF-B1 have any additive or synergistic
effect on driving FMT in endometrial stromal cell, we cultured ESCL
cells with or without TGF-$1 on compliant (5-kPa PGS) and rigid (30-
kPa PGS) substrates, as well as on plastic (routine) for three days.
The resultant cell morphology is shown in Figure 3A. We can see
that ESCL cells grown on soft substrates, without TGF-f1 treatment,
appeared to be in rounded morphology and could easily grow into
clusters (Figure 3A). In contrast, cells grown on rigid substrates were

noticeably elongated, dendritic, and dispersed, and those grown on
plastic substrates were clearly spindle-shaped (Figure 3A). In ad-
dition, on substrates of the same stiffness, TGF-p1 treatment ren-
dered the morphology of ESCL cells to become thinner and more
elongated, especially on those grown on rigid substrates and the
plastic. The results showed that increasing ECM stiffness and TGF-
B1 have an additive and synergistic effect on morphological changes
consistent with FMT in endometrial stromal cells, changing the mor-
phology from round-shaped to a thinner and more elongated mor-
phology suggestive of muscle fibers and further dispersed.

Next, we evaluated the expression of genes and proteins known
to be involved in FMT in endometrial stromal cells grown on soft,
rigid, and plastic substrates with or without TGF-$1 treatment.
Irrespective of TGF-B1 treatment or not, the gene expression level
of a-SMA, CCN2 (CTGF), LOX, and COL1A1 in ESCL cells grown on
rigid and plastic substrates was all significantly elevated as compared
with that of cells grown on soft substrates (5 kPa) without TGF-p1
treatment (all p-values <0.027; Figure 3B). Within the same sub-
strate, TGF-B1 treatment resulted in a significant increase in expres-
sion levels of all the selected genes (all p-values <0.017; Figure 3B).
While no significant difference in gene expression levels was found
between cells grown on rigid substrates (30 kPa) and plastic with
or without TGF-p1 treatment (all p-values 20.074; Figure 3B), cells
grown on rigid substrates (30 kPa) had significantly higher gene ex-
pression levels than those grown on soft substrates (5 kPa) (all p-
values <0.0021; Figure 3B).

We next evaluated the protein expression levels of a-SMA and
LOX by Western blot. We found no significant difference in protein
expression levels was found between cells grown on rigid substrates
(30 kPa) and plastic with or without TGF-B1 treatment (all p-values
20.16; Figure 3C). With the only exception for a-SMA in cells with-
out TGF-p1 treatment (p = 0.079; Figure 3C), cells grown on rigid
substrates (30 kPa) had significantly higher protein expression lev-
els than those grown on soft substrates (5 kPa) (all p-values <0.034;
Figure 3C). In addition, within the same substrate rigidity, TGF-p1
treatment resulted in significantly elevated protein expression levels
of a-SMA and LOX (all p-values <0.049; Figure 3C). Thus, these data
are consistent with the notion that endometrial stromal cells grown
on rigid substrates are more likely to undergo FMT, especially when
stimulated by TGF-p1.

3.4 | Effects of matrix stiffness, with or without
TGF-p1 treatment, on PGE, signaling

We further evaluated the gene and protein expression levels of
COX-2, EP2, and EP4, that is, genes involved in the PGE, signaling
pathway. With the only exception for EP4 in cells cultured with-
out TGF-B1 treatment (p = 0.065; Figure 4A), cells grown on rigid
substrates (30 kPa) had significantly lower gene expression levels
than those grown on soft substrates (5 kPa) (all p-values <0.0037;
Figure 4A). For cells grown on soft substrates, only COX-2 expres-
sion levels were significantly elevated after TGF-p1 treatment (p =
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FIGURE 2 (A)Representative photomicrographs of histochemistry (Masson trichrome) and immunohistochemistry analysis of COX-2,
EP2, and EP4 in ovarian endometrioma tissue samples from adolescent patients (left panel) and adult patients (middle panel), along with data
summary (right panel). For both the left and middle panels, different rows show different markers as indicated. Magnification: x400. Scale
bar = 50 pm. On the right panel, the results are summarized by the boxplot. The results for COX-2, EP2, and EP4 are for the stromal and

the epithelial components. COX-2, cyclooxygenase-2; EP2 and EP4, E-series of prostaglandin receptors type 2 and type 4, respectively. (B)
Scatter plots showing the correlations between the extent of lesional fibrosis and the staining levels of COX-2, EP2, and EP4 in the stromal
(upper panel) and the epithelial components (lower panel). In each plot, each dot represents one data point from one patient, and the dashed
line represents the regression line. Pearson's correlation coefficient, along with its statistical significance level, also is shown. Symbols for
statistical significance levels: NS: p > 0.05; *: p < 0.05; **: p < 0.01; ***: p < 0.001
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0.0009; Figure 4A), but not EP2 and EP4 (both p-values 20.53). For
cells grown on rigid substrates, however, all gene expression lev-
els were significantly reduced after TGF-p1 treatment (all p-values
<0.0009; Figure 4A).

Similarly, except EP2 and EP4 in cells without TGF-p1 treatment
(both p-values 20.79; Figure 4B), cells grown on rigid substrates
(30 kPa) had significantly lower protein expression levels than those
grown on soft substrates (5 kPa) (all p-values <0.045; Figure 4B).
While no change in protein expression levels was detected for cells
grown on soft substrates after TGF-p1 treatment (all p-values 20.43;
Figure 4B), all protein expression levels were significantly reduced in
cells grown on rigid substrates (all p-values <0.020; Figure 4B).

Thus, our results indicate that a rigid ECM, coupled with expo-
sure to TGF-B1, would significantly reduce the PGE, signaling.

4 | DISCUSSION

In this study, we have shown that, first, PGE, signaling, manifested
as the immunostaining of COX-2, EP2, and EP4, is substantially at-
tenuated in human endometriotic lesions as lesions become more
fibrotic. Second, both TGF-f1 stimulation and stiff substrate in-
duce FMT in endometrial stromal cells. Lastly, increased substrate
stiffness, coupled with TGF-p1 stimulation, significantly reduces
the expression of COX-2, EP2, and EP4. Our results, taken to-
gether, challenge the prevailing view that the PGE, signaling path-
way plays a vital importance in endometriosis.>*° Since fibrosis

is a common feature of endometriosis,?>**

t,45

especially when diag-
nostic delay is rampan our results thus cast serious doubts on
the use of therapeutics that suppresses this signaling pathway, ei-
ther by inhibiting COX-212* or EP2/EP4'8*¢ when lesions become
fibrotic.

Endometriosis tends to progress to become more fibrotic in the
absence of intervention®® due to ReTIAR.2>212% While fibrosis is
used to be an elephant in the room but is attracting more atten-

2344 it seems that few have fully

25

tion recently in endometriosis,
appreciated its far-reaching biological and clinical implications.
Increased lesional fibrosis actually engenders a microenvironment
conducive to further fibrogenesis in neighboring tissues and a stiff-
ening ECM, which, in turn, facilitates the actions of TGF-$1 and
promotes myofibroblast activation.*””#’ In fact, stiff ECM, in and

by itself, can facilitate, propagate, and even initiate fibrosis.”® In

fact, elevated ECM rigidity alone can activate a profibrotic positive
feedback Ioop."""’m'52 In contrast, soft ECM has been shown to re-
verse FMT.>3

Our results that reduced PGE, signaling in more fibrotic endo-
metriotic lesions and in endometrial stromal cells cultured in stiff
substrates are in broad agreement with the reported attenuation
of PGE, signaling as reported in several fibrotic conditions. Indeed,
as matrix stiffness increases and interferes with multiple steps of
PGE, synthesis, including the suppression of PGESs,% the PGE, pro-
duction and signaling would subside accordingly.3‘"’53 The increased
fibrosis may also enhance PGE, degradation, as seen in increased
expression of the PGE,-degrading enzyme 15-PGDH in the fibrotic
lung.>*

Our results have several important implications. First, not all en-
dometriotic lesions are equal. As lesional development is progressive
if undisturbed, different lesions are likely at different developmental
stages even they are of the same subtype, and, as such, may have
different fibrotic contents and lesional stiffness. Increased lesional
fibrosis impacts on cellular behavior and phenotype, further pro-
moting lesional fibrogenesis. This establishes a viscous cycle that is
difficult to break. From a clinical standpoint, when a lesion becomes
fibrotic enough and thus stiffness enough, PGE, signaling pathway
would be repressed and the use of any COXIBS or EP2/EP4 inhib-
itors would not achieve desired therapeutic purpose. On the other
hand, “younger” lesions or endometriosis in adolescents would be
more likely than “older” or endometriosis in adults to respond to
non-steroidal anti-inflammatory drugs (NSAIDs), which is consistent
with the ACOG opinion.>>

Second, cellular behaviors and phenotypes can vary greatly de-
pending on the rigidity of substrates. This also would have important
implications. For example, while the critical role of PGE, in inducing
aromatase expression is widely accepted,®? we note that most of the
supporting data came from the use of OE samples.“’3 When a size-
able portion of tissue samples came from DE lesions, the evidence
for aromatase positivity could easily evaporate.®*®’ This is because
as lesions become more fibrotic and thus more rigid, the PGE, sig-
naling would be attenuated, effectively cutting off this putative in-
duction pathway.

Our finding that PGE, signaling is attenuated in DE lesions as
compared with that in OE lesions is consistent with the reports that
the COX-2 staining positivity percentage is significantly lower in
DE lesions as compared with that in OE lesions.®®¢’ However, our

FIGURE 3 Effects of matrix stiffness, with or without TGF-p1 treatment, on morphological and molecular changes in endometrial
stromal cells. (A) Micrographs of endometrial stromal cells (ESCL) grown treatment on soft substrates (5-kPa PGS), rigid substrates (30-

kPa PGS), and plastic for three days, with or without TGF-p1 treatment. Scale bar = 100 um. (B) Relative fold change in gene expression of
COL1A1, a-SMA, LOX, and CCN2/CTGF in endometrial stromal cells grown on soft substrates (5-kPa PGS), rigid substrates (30-kPa PGS),
and plastic for three days, with or without TGF-B1 treatment (n = 7). Values are normalized to GAPDH expression. All data were expressed
as fold changes relative to cells cultured at 5-kPa PGS without TGF-B1 treatment. (C) Left panel: Detection of protein levels of a-SMA and
LOX by immunoblotting of lysates of endometrial stromal cells treated under the conditions indicated. Right panel: Relative fold change in
the protein levels of a-SMA and LOX in endometrial stromal cells grown on soft substrates (5-kPa PGS), rigid substrates (30-kPa PGS), and
plastic for three days, with or without TGF-B1 treatment (n = 3). GAPDH served as a loading control. All data were expressed as fold change
in protein expression relative to cells cultured at 5-kPa PGS without TGF-p1 treatment. Symbols of statistical significance levels: *: p < 0.05;
**:p < 0.01; ***: p < 0.001; ns: not statistically significant (ie, p > 0.05). Data are represented in means + SDs
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results, on the surface, may seem to contradict with the overwhelm- of mPGES-1 and mPGES-2 and cPGES-1—genes encoding for the
ing evidence that both COX-2°77973 and EP2/EP47%7* are overex- terminal enzymes that specifically convert PGH, to PGE,—is also el-

pressed in endometriotic lesions. In addition, the lesional expression evated in ectopic endometrium,’ suggesting that the PGE, signaling
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FIGURE 4 Effects of matrix stiffness, with or without TGF-1 treatment, on the PGE, signaling pathway in endometrial stromal cells.
(A) Relative fold change in gene expression of COX-2, EP2, and EP4 in endometrial stromal cells grown on soft substrates (5-kPa PGS),
rigid substrates (30-kPa PGS), and plastic for three days, with or without TGF-p1 treatment (n = 7). Values are normalized to the GAPDH
expression. All data were expressed as fold change relative to the cells grown at 5-kPa PGS without TGF-p1 treatment. (B) Left panel:
Detection of protein levels of COX-2, EP2, and EP4 by immunoblotting of lysates of endometrial stromal cells treated under the indicated
conditions. Right panel: Relative fold change in the protein levels of COX-2, EP2, and EP4 in endometrial stromal cells grown on soft (5-kPa
PGS) and rigid substrates (30-kPa PGS) for three days, with or without TGF-p1 treatment (n = 4-5). The GAPDH expression levels were
served as a loading control. All data were expressed as fold change in protein expression relative to cells grown at 5-kPa PGS without
TGF-p1 treatment. Symbols of statistical significance levels: *: p < 0.05; **: p < 0.01; ***: p < 0.001; ns: not statistically significant (ie, p >

0.05). Data are represented in means + SDs

pathway is activated in endometriosis. How can we reconcile with
these apparent discrepancies?

There are several explanations. First of all, not all these results
always congruent themselves. For example, while both EP2 and EP4

73 another

are shown to be overexpressed in endometriotic lesions,
study failed to demonstrate EP2 overexpression.”* In fact, a recent
study advocating the therapeutic potentials of EP2/EP4 inhibitors
actually showed that the EP2/EP4 staining in ectopic endometrium
appears to be lower than that in normal endometrium.*® The only
study that reported the overexpression of both EP2 and EP4 was
based on 16 tissue samples, of which 12 (75%) were from OE and the
remaining 4 (25%) were from DE lesions.”® As shown in this study,

EP2 and EP4 staining was lower in DE lesions than OE lesions. It is

possible that higher EP2 and EP4 expression in OE lesions may ob-
scure lower expression in DE lesions, giving the impression of higher
EP2/EP4 expression in endometriosis.

Second, different lesions in different developmental stages may
show different patterns since endometriotic lesions progress pro-
gressively,23'38 and, as such, the role of PGE, signaling may be en-
tirely different in different lesional stages. PGE, signaling may be
of vital importance in early stages of lesional development, but as
lesions become progressively fibrotic and hence have stiffer ECM,
it can be attenuated or even suppressed, as shown in our study. Of
note, most published studies on COX-2 staining/expression focused
on OE lesions—likely due to the ease in procuring lesion samples due
to higher prevalence of OE, and very few focused exclusively on DE



HUANG ET AL.

Reproductive Medicine and Biology

lesions.”®”? Yet, endometriotic lesions can be quite heterogeneous.
As reported, even within a single DE lesion heterogeneous stain-
ing of different glands is quite common, and merely 12% of lesions
demonstrated homogeneous staining of all glands.”* This probably
reflects the fact that DE lesions are typically more fibrotic.*° In fact,
it has been reported that the percentage of COX-2 staining positivity
was 78.5% (62/79) from OE lesions, but was reduced to 11.1% (3/27)
and 13.3% (4/30) in peritoneal implants and rectovaginal nodules
(ie, DE lesions), respectively,68 a highly statistically significant differ-
ence (p = 9.0 x 107 by Fisher's test). Similarly, COX-2 staining was
reported to be positive in 76.1% (54/71) of OE specimens, whereas
the percentage of COX-2 positivity was merely 12.5% (4/32) in peri-
toneal implants and rectovaginal nodules,®? also a highly statistically
significant difference (p = 1.2 x 1077 by Fisher's test). Lower EP2 and
EP4 staining in ectopic endometrium has been found as compared
with normal endometrium, especially in peritoneal lesions.*® Since
DE lesions are known to exhibit more fibrosis than OE lesions,*
these results are actually fully congruent with our results (Figure 4).
Since the extent of fibrosis is a proxy measure for lesional progres-

23 one way to mitigate this discrepancy in future studies would

sion,
be the additional quantification of lesional fibrosis. Our mouse ex-
periment clearly shows that as lesions progress, the PGE, signaling
pathway goes from an activated state to a depressed state (Q.Q
Huang, X.S Liu and S.W Guo, unpublished data).

From this perspective, it may be easy to understand one strik-
ing but seemingly contradictory and puzzling observation that hor-
monal therapy is associated with increased, instead of decreased,
COX-2 expression in both eutopic endometrium and ectopic en-
dometrium.”® This finding appears to echo the report that lesions
from patients who received danazol or GnRH agonist treatment
displayed COX-2 expression levels similar to those who received no
treatment.”® Similarly, Maia et al.”® showed that the percentage of
COX-2-positive glands in uteri from women with leiomyomas was
significantly higher in women with hormonal treatment (9/9 or
100%) than in cycling women (40/77 or 51.9%; p = 0.0089). While
several explanations were offered, perhaps an easier explanation
would be that hormonal therapy-induced COX-2 expression, which
would lead to increased production of PGE,, may decelerate lesional
fibrogenesis through suppression of EMT,”” induction of apoptosis
of fibroblasts,32 inhibition of proliferation, FMT and collagen pro-
duction,®>”® and reversal of FMT.”’ This may explain as why hor-
monal therapy is now the only approved therapy for treating heavy
menstrual bleeding, since proper PGE, signaling is critical in endo-
metrial repair and normal menstruation.8°

Our study has several strengths. First, by capitalizing on the in-
creased lesional fibrotic content in DE vs. OE lesions®® and in adult
vs. adolescent OE lesions,*® we have shown attenuated PGE, signal-
ing in fibrotic lesions. Second, by culturing endometrial stromal cells
in stiff substrates with or without TGF-p1 stimulation, we were able
to show that stiff ECM would promote FMT and fibrogenesis, and, as
aresult, attenuate PGE, signaling.

Our study also has several notable limitations. First, we
only investigated the effect of substrate stiffness on FMT and
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PGE, signaling using endometrial stromal cells, not endometriotic

stromal cells. As such, our results are likely to be more conservative,
since endometriotic stromal cells respond to exogenous stimulation
more robustly than endometrial stromal cells. 2081

Second, we only evaluated the COX-2, EP2, and EP4 in endome-
trial stromal cells, but not in epithelial cells. This is mainly due to the
fact that these proteins are also expressed in endometriotic stromal

5,46

cells”™® and that the action of PGE, in endometriosis is primarily in-

vestigated exclusively in the stromal component.82'86 This is also in
line with the anti-fibrotic actions of PGE, in lung fibroblasts.*”*
Third, we only evaluated COX-2, EP2, and EP4 in the PGE, sig-
naling pathway, but not PGESs and genes in transport or degradation
of PGE,. Nor did we measure the PGE, concentrations in in vitro
studies. However, COX-2 is known to be the rate-limiting enzyme in
PGE, production,87 and the anti-fibrotic action of PGE, is known to
be mediated through EP2 and EP4.%2 Both EP2 and EP4 have been
shown to be involved in adhesion, invasion, growth, and survival of
human endometriotic epithelial and stromal cells.*® While we did not
evaluate mPGESs, it is likely that the increased stiffness in ECM may
also attenuate their expression, as shown in lung fibroblasts.®’
Fourth, we only evaluated the expression of COX-2, EP2, and
EP4 up to 30 kPa in substrates, although the stiffness of adenomy-
otic and DE lesions can be higher than 30 kPa.?>88 However, consid-
ering that the stiffness of normal endometrium is between 1.97 and
3.34 kPa,® that up to 30 kPa stiffness was used in the endometriosis
context previously,*? and that most stiffness-dependent changes ap-
pear to occur below 30 kPa,%¢ our choice appears to be reasonable.
And we did show results that appear to be stiffness-dependent.
Fifth, while we recruited patients who did not receive any
hormonal theapy 3 months prior to the tissue harvest, we did not
consider the effect of hormonal therapy beyond the 3 months. Of
course, that no hormonal therapy 3 months prior to the tissue har-
vest is a common standard procedure in endometriosis research.
It might be possible that the hormonal treatment received earlier
could still exert on endometriotic lesions, leaving a lingering effect
on the extent of lesional fibrosis. Indeed, progesterone is shown to

be pro-fibrotic in endometriosis when KLF11 is deficient,”®

although
it is unclear as whether or not the progestogens or combined pro-
gesterone/estrogen treatment alone can impact on the extent of
lesional fibrosis. Fulvestrant (an estrogen antagonist) and micron-
ized progesterone also have been shown to reduce post-opeartive
adhesion (a form of fibrosis) formation.>” However, this is unlikely
to change the major conclusion of this study since the proportion of
the recruited patients who did take hormonal therapy 4 or 6 months
before the operation was likely to be moderate at most based on
our experience. In addition, the different comparison groups, i.e.
adolascent vs. adult patients with OE, or OE vs. DE patients, were
likely to have similar proportions since the patients were recruited
not based on their medication history 4 or 6 months prior to the sur-
gery. More importantly, even if the hormonal therapy the subject re-
ceived earlier did impact on lesional fibrosis, we were talking about
the PGE, signaling pathway, not the lesional fibrosis per se. We can
see from Figures 1B and 2B that the satining levels of COX-2, EP2
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and EP4 correlated nicely with the extent of lesional fibrosis. Hence
whether or not earlier hormonal therapy impact on lesional fibrosis
is not likely to impact on this correlation, and, as such, our conclu-
sions should still stand. Of course, the impact of hormonal therapy
on fibrosis in general is controversial at best.”® %! Further studies are
warranted to investigate as whether hormonal therapy impact on
lesional fibrosis.

Lastly, we did not use normal endometrium as control in IHC
analysis, leaving out the question as whether or not the PGE, sig-
naling in DE lesions has been reduced to the level in normal endo-
metrium. Future investigations are warranted to clarify these issues.

In summary, PGE, signaling, as manifested as the immunos-
taining of COX-2, EP2, and EP4, is substantially reduced in human
endometriotic lesions as they become more fibrotic due to stiffer
ECM in conjunction with the TGF-p1 stimulation. Our results thus
suggest that PGE, signaling pathway may not play a vital impor-
tance in endometriosis as lesions become highly fibrotic. This should
have profound implications in research and clinical management of
endometriosis.
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