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Abstract: Although endometriosis is a benign disease, it is associated with cancer-related gene
mutations, such as KRAS or PIK3CA. Endometriosis is associated with elevated levels of inflammatory
factors that cause severe pain. In a previous study, we demonstrated that KRAS or PIK3CA mutations
are associated with the activation of cell proliferation, migration, and invasion in a patient-derived
immortalized endometriotic cell line, HMOsisEC10. In this study, we investigated the effects of
these mutations on progesterone resistance. Since the HMOsisEC10 had suppressed progesterone
receptor (PR) expression, we transduced PR-B to HMOsisEc10 cell lines including KRAS mutant and
PIK3CA mutant cell lines. We conducted a migration assay, invasion assay, and MTT assay using
dienogest and medroxyprogestrone acetate. All cell lines showed progesterone sensitivity with or
without mutations. Regarding inflammatory factors, real-time quantitative RT-PCR revealed that the
KRAS mutation cell line exhibited no suppression of Cox-2 and mPGES-1 on progesterone treatment,
whereas IL-6, MCP-1, VEGF, and CYP19A1 were significantly suppressed by progesterone in both
mutated cell lines. Our results suggest that KRAS mutation and PIK3CA mutation in endometriotic
cells may not be associated with progesterone resistance in terms of aggressiveness. However, KRAS
mutations may be associated with progesterone resistance in the context of pain.

Keywords: endometriosis; progesterone resistance; KRAS mutation; dienogest

1. Introduction

Endometriosis causes dysmenorrhea, chronic pelvic pain, dyspareunia, painful defe-
cation, and infertility [1]. Its epidemiology is still controversial; however, it has been
reported that 10–15% of women of reproductive age suffer from endometriosis [2–5].
Endometriosis-related pain is severe in many cases and causes school absenteeism among
adolescents and has a severe impact on work productivity [6,7]. Thus, it can be con-
cluded that this benign disease severely affects daily lives of women. Multiple mechanisms
have been reported to cause pain in endometriosis [8,9]; those pain are associated with
inflammatory factors such as prostaglandin, increased sensory nerve, and imbalance of
neurotransmitters or spinal hyperalgesia [9]. Pain- and angiogenesis-related factors, such
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as Cox-2, interleukin-6 (IL-6), vascular endothelial growth factor (VEGF) [10], monocyte
chemotactic protein-1 (MCP-1) [8], and cytochrome P 19A1 (CYP19A1) [11], are elevated
in the endometriotic tissue. Non-steroidal anti-inflammatory drugs (NSAIDs) can reduce
prostaglandin synthesis via suppression of cyclo-oxygenase-2 (Cox-2). Endometriosis is
an estrogen-dependent disease [12]. Estrogens promote endometriotic cell survival and its
progression or even inflammation [13], while progesterones downregulate estrogen recep-
tors, suppress follicle-stimulating hormone (FSH) and luteinizing hormone (LH) secretion,
and suppress secretion of some interleukins and angiogenesis factors [14,15]. Therefore,
NSAIDs and progestins such as dienogest (DNG) or medroxyprogesterone acetate (MPA)
are the major medical treatment.

Endometriosis itself is a benign disease; however, it has been reported that endometrio-
sis has KRAS, PIK3CA, or other cancer-associated mutations [16–19]. Among ovarian cancer,
KRAS and PIK3CA mutations are usually found in type 1 ovarian cancers such as low-grade
serous carcinoma, mucinous carcinoma, endometrioid carcinoma (EC), and clear cell carci-
noma (CCC) [20,21]. It is suggested that endometriosis is the precursor of EC and ECC and
those mutations maybe associated with carcinogenesis; however, those mutations are found
even in normal endometrium [22,23]. In general, those KRAS or PIK3CA mutations activate
RAS/MAPK or PI3K/AKT pathways and are associated with tumor growth, prolifera-
tion, and metastasis [23], but the triggering molecular mechanisms through which KRAS-
or PIK3CA-mutated normal endometrium becomes endometriosis and carcinogenesis of
EC and CCC from endometriosis is still unclear. In a previous study, we established a
patient-derived endometriotic cell lines and revealed that KRAS or PIK3CA mutations are
associated with the activation of cell proliferation, migration, and invasion [24]. These find-
ings suggest that patients with endometriosis with such mutations exhibit more aggressive
clinical features and may be resistant to hormonal therapy [24]. Here, we analyzed whether
endometriotic cell lines with KRAS or PIK3CA mutations are resistant to progesterone.

2. Materials and Methods
2.1. Progesterone Therapy Model of Endometriotic Cell Line

We modified a human immortalized endometriotic epithelial cell line we previously es-
tablished [24]. In summary, we collected ovarian endometriotic cells from a patient who un-
derwent laparoscopic cystectomy and transduced with hTERT, cyclin D1, and mutant CDK4
(CDK4R24C) via lentivirus-mediated gene transfer [25,26], and we named this immortalized
human endometriotic cell line as HMOsisEC10. Then, we established KRAS (KRASV12) and
PIK3CA (PIK3CAE545K) mutant-overexpressing cells by lentivirus vector infection. Since
Western blot analysis revealed the absence of progesterone receptor (PR) expression in
these cell lines, we transduced progestin receptor B (PR-B) into these cell lines using the
retroviral vector pCMSCV-EM7bsd-hPRB, as previously described [24]. We designated
these newly established cell lines as Vector (HMOsisEC10-PRB), HMOsisEC10KRAS-PRB,
and HMOsisEC10PIK3CA-PRB. These cell lines were maintained in phenol red free DMEM
with 10% dextran-coated charcoal treated (DCC)-FBS and antibiotics (50 µ/mL penicillin
and 50 µg/mL streptomycin) and incubated at 37 ◦C in 95% air/5% CO2.

2.2. RNA Extraction and Reverse Transcriptase Polymerase Chain Reaction (RT-PCR)

Semiconfluent cells were seeded in culture flasks, harvested, and rinsed twice with
cold PBS. Total RNA was extracted using the RNeasy Mini Kit (QIAGEN, Venlo, Nether-
lands) according to the manufacturer’s instructions, and concentrations were determined
using a NanoDrop ND-1000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA,
USA). RT–PCR was performed using the TOYOBO RT-PCR kit (TOYOBO, Osaka, Japan).
Primers used for amplification and PCR cycles were as follows: human PR-A/B common
sequence forward primer 5′-CCTGACACCTCCAGTTCTTTGCTGA-3′ and reverse primer
5′-GGGATCTGCCACATGGTAAGGCATA-3′, 40 cycles; human PR-B specific upstream
sequence forward primer 5′-ACACCTTGCCTGAAGTTTCG-3′ and reverse primer 5′-
CTGTCCTTTTCTGGGGGACT-3′, 40 cycles; and human housekeeping gene (GAPDH) for-
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ward primer 5′-ACGGGAAGCTTGTCATCAAT-3′ and reverse primer 5′-TGGACTCCACG
ACGTACTCA-3′, 40 cycles. The PCR products were visualized using an AE-6962FC Light
Capture (ATTO) following gel electrophoresis.

2.3. Western Blot Analysis

Breast cancer cell lines T47D, HMOsisEC10, HMOsisEC10-PRB, HMOsisEC10KRAS-
PRB, and HMOsisEC10PIK3CA-PRB were used.

Cells were collected using a cell scraper and centrifuged. Each pellet was lysed in a
lysis buffer. Subsequently, the samples were heated at 70 ◦C in a water bath for 10 min and
cooled on ice for 1 min. LDS buffer and sample-reducing buffer were added to the cooled
samples and were centrifuged at 150 rpm for 5 min. The samples were then separated using
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (Invitrogen, Carlsbad, CA,
USA) and transferred to polyvinylidene fluoride membranes using Bio-Rad semi-dry trans
blotters (Trans-Blot® SD cell) (BIO-RAD, Hercules, CA, USA). The membranes were blocked
with LI-COR blocking buffer (LI-COR, Lincoln, NE, USA) for 1 h at room temperature.
After 1 h, the membranes were incubated with primary antibodies (Supplementary Table
S1), diluted in LI-COR blocking buffer containing 0.1% Tween, overnight on a shaker at 4 ◦C.
Following incubation, the membranes were washed four times for 5 min each with TBST
and probed with secondary antibodies (goat anti-mouse or goat anti-rabbit IR-Dye 670 or
800 CW-labeled) for 1 h. These membranes were washed four times for 5 min each in TBST,
followed by addition of TBS, and imaged using a LI-COR Odyssey scanner (LI-Odyssey
Infrared Imaging System, ICW, Lincoln, NE, USA). Boxes were manually regulated over
each band of interest and near-infrared fluorescent values for raw intensity—with intra-lane
background subtracted—were obtained using Odyssey 3.0 analytical software (Model-9120,
S/N: ODY-2280, LI-COR, Lincoln, NE, USA).

2.4. Dienogest (DNG) and Medroxyprogesterone Acetate (MPA) Therapy

For assessing the effects of DNG and MPA on each cell line, we conducted MTT assays
using several concentrations of DNG and MPA. We found 15 µM to be the most stable
concentration. Therefore, 15 µM DNG (Abcam plc, Cambridge, UK) was added to the
DNG group, and 15 µM MPA (Medchemexpress, Deer Park Dr, NJ, USA) was added to the
MPA group.

2.5. Migration Assay

We conducted a wound healing assay to assess migration ability. Cells were seeded
in 6-well culture plates at a density of 1 × 106 cells/well and grown to 90–100% confluent
monolayers. The cell surface was scraped by a 200-microliter pipette tip to create an
acellular area. The plates were then gently washed twice with culture medium to remove
non-attached cells. The rate of defect closure was measured by monitoring wound healing
for 24 h. Individual cells in the wound area were quantified as the average of multiple
fields at 200× magnification.

2.6. Matrigel Invasion Assay

Corning BioCoat Matrigel Invasion Chamber (Discovery Labware Inc., Bedford, MA,
USA) with an 8 microns pore size was used for the invasion assay. Serum-free medium
(500 µL) was added to the upper and bottom chambers and incubated in a humidified tissue
culture incubator at 37 ◦C with 5% CO2 for 1–2 h. Subsequently, the serum-free medium
was removed from both chambers and cells were seeded at a density of 25,000/350 µL in a
serum-free medium in the upper chamber. The lower chamber was filled with 900 µL of
F-medium containing 20% FBS for chemoattraction. The chambers were then incubated at
37 ◦C under 5% CO2 for 24 h. After 24 h, the medium was removed from both chambers
and the cells were washed twice with sterile PBS. Next, 3.7% paraformaldehyde was
added to both chambers for fixation for 2 min, and 100% methanol was added to both
chambers for permeabilization for 20 min. The wells were washed twice with PBS and
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stained with Giemsa for 15 min. Finally, the chambers were washed twice with PBS,
and the uninvaded cells were gently removed using a cotton swab. Migrating cells were
quantified in 16 non-overlapping fields at 200× magnification using a light microscope
(BX41; Olympus, Tokyo, Japan).

2.7. Cell Proliferation Assay

Each cell line was seeded in a 96-well plate at a density of 3000 cells/well and subjected
to MTT assay [27]. The results are expressed as the mean ± standard deviation (SD) based
on triplicate replications.

2.8. Real-Time Quantitative PCR

The QIAGEN buffer RLT (QIAGEN GmbH, QIAGEN, Hilden, Germany) was added
to cell pellets for homogenization. Total RNA was isolated according to the Qiagen stan-
dard protocol (Qiagen, Hilden, Germany). Spectrophotometry with NanoDrop ND-1000
(NanoDrop Technologies, Wilmington, DE, USA) was used to measure the RNA quantity.
RT-PCR was conducted using an Applied Biosystems SYBR Green mix kit (Thermo Fisher
Scientific, Waltham, MA, USA). The primers used were the same as we described before [24].
The primers used for this sequencing are summarized in Supplementary Table S2. The
thermocycling profile consisted of one cycle of 95 ◦C for 30 s, followed by 40 cycles at 95 ◦C
(5 s), 60 ◦C (30 s), and 72 ◦C (30 s). The 2−∆∆Ct method with GAPDH levels was used to
standardize gene expression levels. These experiments were independently performed at
least in triplicate.

2.9. Statistical Analysis

Graph values are described as means ± SD of three different samples. Statistical
significance was examined between the control and DNG groups or the control and MPA
groups and determined using Dunnett’s test. A p < 0.05 was defined as statistically
significant. SPSS 23.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis.

3. Results
3.1. Western Blot Analysis and RT-PCR

Western blot analysis revealed that HMOsisEC10 cells did not express PR-A or PR-b,
whereas HMOsisEC10-PRB, HMOsisEC10KRAS-PRB, and HMOsisEC10PIK3CA-PRB cells
expressed PR-B (Figure 1).
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Figure 1. Western Blot analysis (A) and RT-PCR (B) of PR-B transduced cell lines. T47D cells
exhibited PR-B expression, whereas HMOsisEC10 cells exhibited no expression in Western blot-
ting and low expression in RT-PCR. RT-PCR revealed that Vector, HMOsisEC10 KRAS-PRB, and
HMOsisEC10PIK3CA-PRB demonstrated PR-B expression.
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3.2. Migration, Invasion, and Proliferation Assay

The Vector, KRAS mutant, and PIK3CA mutant cell lines showed significant inhibition
of migration in the presence of DNG or MPA in the migration assay (Figures 2 and S1).
The matrigel invasion assay showed a significant inhibition of invasion by the Vector, and
KRAS and PIK3CA mutant cell lines (Figures 3 and S2). In the cell proliferation assay, the
Vector, KRAS mutant, and PIK3CA mutant cell lines demonstrated inhibited proliferation
in the presence of DNG or MPA (Figure 4 ).
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Figure 2. Migration assay using (A) Vector, (B) HMOsisEC10KRAS-PRB, and (C)
HMOsisEC10PIK3CA-PRB cells. The Vector, HMOsisEC10KRAS-PRB, and HMOsisEC10PIK3CA-
PRB cells demonstrated significant inhibition of migration under either dienogest (DNG) or medrox-
yprogesterone acetate (MPA). * p < 0.05 examined using Dunnett’s test. n = 3. The error bars indicate
standard deviation.
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Figure 3. Invasion assay using (A) Vector, (B) HMOsisEC10KRAS-PRB, and (C) HMOsisEC10PIK3CA-
PRB cells. The Vector, HMOsisEC10KRAS-PRB, and HMOsisEC10PIK3CA-PRB cells demonstrated
significant inhibition of invasion under either dienogest (DNG) or medroxyprogesterone acetate
(MPA). * p < 0.05 examined using Dunnett’s test. n = 3. The error bars indicate standard deviation.
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Figure 4. MTT assay using (A) Vector, (B) HMOsisEC10KRAS-PRB, and (C) HMOsisEC10PIK3CA-
PRB cells. The Vector (HMOsisEC10-PRB), HMOsisEC10KRAS-PRB, and HMOsisEC10PIK3CA-PRB
demonstrated significant inhibition of proliferation in the presence of either dienogest (DNG) or
medroxyprogesterone acetate (MPA). * p < 0.05 examined using Dunnett’s test. n = 3. The error bars
indicate standard deviation.

3.3. Real-Time Quantitative PCR (Real-Time qPCR)

Real-time qPCR of prostaglandin synthesis enzymes revealed significant suppression
of Cox-2 and microsomal prostaglandin E2 (PGE2) synthases-1 (mPGES-1) in Vector and
HMOsisEC10PIK3CA-PRB cells, whereas the KRAS mutated cell line was resistant to
progesterone (Figure 5). All cell lines expressed IL-6 and MCP-1 after DNG or MPA
treatment (Figure 6). However, expression of VEGF and CYP19A1 was suppressed in all
cell lines in the presence of DNG or MPA (Figure 7).
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Figure 5. Real-Time quantitative PCR of prostaglandin synthesis-associated enzymes. Dienogest
(DNG) and medroxyprogesterone (MPA) significantly suppress prostaglandin synthesis-associated
enzymes in wild-type and PIK3CA mutant cell lines. (A) Cox-2 (B) microsomal PGE2 synthases-1
(mPGES-1). KRAS mutant cell line showed progesterone resistance. * p < 0.05 examined using
Dunnett’s test. n = 3. The error bars indicate standard deviation.
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Figure 6. Real-Time quantitative PCR of (A) interleukin-6 (IL-6) and (B) monocyte chemotactic
protein-1 (MCP-1) expression. Dienogest (DNG) and medroxyprogesterone (MPA) significantly
suppress IL-6 and MCP-1 expression in mutant cell lines. * p < 0.05 examined using Dunnett’s test.
n = 3. The error bars indicate standard deviation.
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Figure 7. Real-Time quantitative PCR of (A) vascular endothelial growth factor (VEGF) and (B) cy-
tochrome P 19A1 (CYP19A1) expression. Dienogest (DNG) and medroxyprogesterone (MPA) signifi-
cantly suppressed VEGF and CYP19A1 expression in mutant cell lines. * p < 0.05 examined using
Dunnett’s test. n = 3. The error bars indicate standard deviation.

4. Discussion

Endometriosis consists of endometrium-like glands and stroma outside the uterus [28],
and usually occurs in the ovary, peritoneum of the Douglas area, the sacrouterine ligaments,
and the gastrointestinal tract [9,28,29]. Endometriosis is classified by the revised American
Society for Reproductive Medicine (rASRM), the Enzian classification, or the endometriosis
fertility index (EFI). Concisely, it can be classified in superficial peritoneal endometriosis,
ovarian endometriomas, and deep-infiltrating endometriosis (DIE) [30]. The major theory of
pathogenesis of endometriosis is retrograde menstruation [31]; endometrial epithelial cells
and stromal cells retrograde into the pelvic cavity through fallopian tubes and proliferate,
adhere, and cause pain or infertility. It is also suggested that genetic factors and epigenetic
factors are associated with endometriosis [28,32,33].

The major symptom of endometriosis is pain, such as dysmenorrhea, cyclic lower
abdominal pain, chronic pelvic pain, dyspareunia, and painful defecation [1,9,12]. Phys-
iologically, biochemicals such as PGE2 activate nociceptors and then the sensory nerve,
and those signals are modulated at the spine and referred to the brain and the signal is
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recognized as “pain” [9,34,35]. Focusing on endometriosis-related pain, it is suggested
that: (1) cyclic release of pain mediators and inflammatory mediators activate nociceptors
resulting in dysmenorrhea and cyclic lower abdominal pain; (2) increased sensory nerve
fibers and decreased sympathetic nerve fibers, and an imbalance of proinflammatory and
anti-inflammatory sympathetic neurotransmitters, cause acyclic chronic pelvic pain (neu-
rogenic inflammation); and (3) cyclic and repeated pain causes increase the nociceptive
fields and lead to spinal hyperalgesia resulting in painful defecation [9,36,37]. The ma-
jor therapies for endometriosis are low-dose estrogen progestin (LEP), progestins (DNG
and MPA), gonadotropin-releasing hormone agonists, NSAIDs, and surgery [1,38]. Those
differences of mechanisms of pain may result in NSAIDs and progestin therapy can ease
dysmenorrhea and cyclic lower abdominal pain, while acyclic chronic pelvic pain or painful
defecation cannot be removed enough by those therapy [9]. Unfortunately, endometriosis
usually recurs even after surgery. The recurrence rates of endometriosis after two and five
years are 19.1% and 20.5–43.5%, respectively [39], and postoperative progestin is used to
prevent this recurrence [39,40]. Although DNG may reduce postoperative recurrence [41],
9% of patients with endometriosis do not respond to progestin therapy [42]. Progesterone
resistance is reportedly due to the suppression of PR expression [14,43,44], PR signaling
dysfunction [45], mesenchymal stem cells [46], and KRAS activation [47]. Suppression of
PR expression is caused by suppression of estrogen receptor α (ERα) which increases PR
expression [13,14,48], polymorphism [49], promoter hypermethylation [50] and microRNA
dysregulation [13]. Increased NOTCH1 [51,52] activity is associated with alterations in PR
signaling, which suppresses PR activity. It is reported that KRAS mutation is related to
hypermethylation on CpG islands in PR promoters, and therefore suppresses PR expres-
sion [53]. However, this suppression was observed in adenomyosis, not in endometriosis.
Furthermore, AKT activity or increased MEK1/2 activity [45] is associated with altered PR
signaling, which suppresses PR activity, and KRAS activation suppresses progesterone tar-
get genes such as Indian hedgehog (IHH) via sirtuin 1 (SIRT1) activation [47]. As described
above, KRAS mutation and PIK3CA mutation may suppress PR activity by suppressing
PR signaling and PR expression. Therefore, we hypothesized that endometrial cell lines
harboring these cancer-related mutations are resistant to DNG and MPA. Hence, because
our original HMOsisEC10 cell lines demonstrated inhibited expression of PR, we trans-
duced PR to assess progesterone resistance. PR has two isoforms: PR-A, and PR-B [54].
PR-B has stronger transcriptional activation of progesterone target genes, whereas PR-A is
a repressor of PR-B and other receptors [55–57]. Thus, since PR-B is the main progesterone
receptor that suppresses endometriotic activity, we transduced PR-B into our cell lines. Our
results showed significant suppression of cell migration, invasion, and proliferation. Bono
et al. reported that even weak PR-B was responsive to progestin in an endometriotic cell
line [25]. Therefore, even if the downstream PR is downregulated by KRAS or PIK3CA
mutations, DNG and MPA may be sufficient to suppress endometriotic cell activity.

Since DNG suppresses pain- and inflammation-related factors, such as PGE2 [58,59],
IL-6 [60], MCP-1 [60], VEGF [61], and CYP19A1 [58], to assess the impact of mutations on
pain-related factors, we analyzed Cox-2 and mPGES-1 expression, as we could not obtain
PEG2 primers. It is reported that COX-2 and mPGES-1 [62,63], which is involved in arachi-
donic acid cascade and synthesize PGE2, is elevated in endometriotic tissue [10]. PGE2
activates nociceptor sensory nerve endings, causing pain [64], and mediates inflamma-
tion [65]. Additionally, PGE2 is associated with direct angiogenesis [66], proliferation [67],
adhesion [68], and invasion [69]. Vector and HMOsisEC10PIK3CA-PRB cells demon-
strated inhibited expression of Cox-2 and mPGES-1 in the presence of progestins, whereas
HMOsisEC10KRAS-PRB cells demonstrated resistance. Other investigated factors were pro-
gesterone sensitivity. Despite biophysiological effects of KRAS mutation on endometriotic
cell are reported, little is known about clinical features and clinical progesterone response of
KRAS-mutated endometriosis. It is reported that KRAS mutation is associated with greater
anatomic disease burden and surgical complexity. Their results showed KRAS mutation is
not associated with pain, but efficacy of progestin on pain is not assessed [70]. To the best
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of our knowledge, the mechanisms underlying KRAS mutation-associated progesterone
resistance in PGE2 synthesis or pain in endometriotic epithelial cells are unknown. Our
results suggest that even if KRAS mutations are not associated with progesterone resis-
tance in endometriotic progression, they may be associated with progesterone resistance
in endometriosis-induced pain. In previous research, we demonstrated that lysyl oxidase
(LOX) and pentraxin 3 (PTX3) are upregulated in KRAS and PIK3CA mutated HMOsisEC10
cell lines as downstream targets. Interestingly, these inhibitions were experimentally proved
to reduce cellular proliferative and invasive activity [24]. Thus, inhibition of KRAS/PIK3CA,
or their downstream targets such as LOX or PTX3 inhibitors, might be clinically effective in
progestin-resistant endometriosis-related pain.

This study has several limitations. First, our cell lines did not reflect mesenchy-
mal function. Fibroblasts and mesenchymal stem cells are associated with progesterone
resistance [46], and DNG inhibits endometriotic and endometrial stromal cell prolifera-
tion [71,72]. NOTCH1 activation, which is associated with progesterone resistance, has
been reported in endometriotic stromal cells, and is associated with decreased PR expres-
sion [51]. If we could have assessed not only endometriotic epithelial cells but also stromal
cell functions, other findings may have been revealed. The use of xenograft models in
future studies may solve this problem. Secondly, we transduced PR because PR expression
was decreased in our cell line. Although PR expression in endometriotic epithelial cells is
still controversial [15,73], there are two possible reasons for the decreased PR expression
in our cell lines: PR expression was suppressed even in the original tumor, or suppressed
during in vitro culture step or immortalization step [25]. If PR expression is suppressed
during in vitro culture, an organoid culture system may solve this problem. Organoids
are 3D culture systems that retain the biological and pathological features of the original
tissue [74]. Organoid culture does not require immortalization, and it is expected that
organoids can keep PR expression if original tumor expresses PR. In addition to solving
immortalized process, organoid culture may solve the problem to assess epithelial-stromal
crosstalk [75]. Thirdly, we used one cell line. In previous research, we established en-
dometriotic epithelial cell lines with and without KRAS mutation or PIK3CA mutation. Our
present research is based on those cell lines. Even the control is the same kind of cell lines.
Using commercialized endometriotic epithelial cell line at least as a control could have
made our data more reliable. We have ongoing project to establish further patient-derived
endometriotic cell lines. Finally, DNG and MPA concentrations were significantly higher
than their plasma concentrations. It has been reported that the mean maximum serum
concentration of DNG is 6.8 × 10−7 M [76]. Previous studies have conducted experiments
at concentration of 10−7 M [55,71]. This excessive concentration may conceal progesterone
resistance, but it is notable that even under this concentration, KRAS mutation cell line
showed progesterone resistant in terms of expression of Cox2 and mPGES-1.

5. Conclusions

In summary, we demonstrated that the immortalized human ovarian endometriotic
cell line with KRAS or PIK3CA mutations are progesterone sensitive in migration, invasion,
and proliferation. Our real-time quantitative PCR showed progesterone sensitive in IL-6,
MCP-1, VEGF, and CYP19A1 expression, but it showed progesterone resistant in Cox-2
and mPGES-1 expression. They suggest that KRAS mutation and PIK3CA mutation may
not be associated with progesterone resistance in terms of aggressiveness of endometriosis;
however, progesterone resistance caused by KRAS mutations may affect pain.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cimb46040224/s1, Figure S1: Presentative fields of migration
assay at 200× magnification; Figure S2: Presentative fields of invasion assay at 200× magnification;
Table S1: Description of primary antibodies; Table S2: The primers used for real-time qPCR.
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Epithelial Cells of Deep Infiltrating Endometriosis Harbor Mutations in Cancer Driver Genes. Cells 2021, 10, 749. [CrossRef]
[PubMed]

20. Shih, I.-M.; Kurman, R.J. Ovarian Tumorigenesis. Am. J. Pathol 2004, 164, 1511–1518. [CrossRef] [PubMed]
21. Testa, U.; Petrucci, E.; Pasquini, L.; Castelli, G.; Pelosi, E. Ovarian Cancers: Genetic Abnormalities, Tumor Heterogeneity and

Progression, Clonal Evolution and Cancer Stem Cells. Medicines 2018, 5, 16. [CrossRef] [PubMed]
22. Yamaguchi, M.; Nakaoka, H.; Suda, K.; Yoshihara, K.; Ishiguro, T.; Yachida, N.; Saito, K.; Ueda, H.; Sugino, K.; Mori, Y.; et al.

Spatiotemporal Dynamics of Clonal Selection and Diversification in Normal Endometrial Epithelium. Nat. Commun. 2022, 13, 943.
[CrossRef] [PubMed]

23. Yachida, N.; Yoshihara, K.; Yamaguchi, M.; Suda, K.; Tamura, R.; Enomoto, T. How Does Endometriosis Lead to Ovarian Cancer?
The Molecular Mechanism of Endometriosis-Associated Ovarian Cancer Development. Cancers 2021, 13, 1439. [CrossRef]
[PubMed]

24. Hossain, M.M.; Nakayama, K.; Shanta, K.; Razia, S.; Ishikawa, M.; Ishibashi, T.; Yamashita, H.; Sato, S.; Iida, K.; Kanno, K.; et al.
Establishment of a Novel In Vitro Model of Endometriosis with Oncogenic KRAS and PIK3CA Mutations for Understanding the
Underlying Biology and Molecular Pathogenesis. Cancers 2021, 13, 3174. [CrossRef]

25. Bono, Y.; Kyo, S.; Takakura, M.; Maida, Y.; Mizumoto, Y.; Nakamura, M.; Nomura, K.; Kiyono, T.; Inoue, M. Creation of
Immortalised Epithelial Cells from Ovarian Endometrioma. Br. J. Cancer 2012, 106, 1205–1213. [CrossRef] [PubMed]

26. A p16INK4a-Insensitive CDK4 Mutant Targeted by Cytolytic T Lymphocytes in a Human Melanoma|Science. Available online:
https://www.science.org/doi/10.1126/science.7652577 (accessed on 18 March 2024).

27. Nakamura, K.; Aimono, E.; Tanishima, S.; Imai, M.; Nagatsuma, A.K.; Hayashi, H.; Yoshimura, Y.; Nakayama, K.; Kyo, S.;
Nishihara, H. Intratumoral Genomic Heterogeneity May Hinder Precision Medicine Strategies in Patients with Serous Ovarian
Carcinoma. Diagnostics 2020, 10, 200. [CrossRef] [PubMed]

28. Koninckx, P.R.; Ussia, A.; Adamyan, L.; Wattiez, A.; Gomel, V.; Martin, D.C. Pathogenesis of Endometriosis: The Ge-
netic/Epigenetic Theory. Fertil. Steril. 2019, 111, 327–340. [CrossRef] [PubMed]

29. Hirata, T.; Koga, K.; Osuga, Y. Extra-pelvic Endometriosis: A Review. Reprod. Med. Biol. 2020, 19, 323–333. [CrossRef] [PubMed]
30. Keckstein, J.; Hudelist, G. Classification of Deep Endometriosis (DE) Including Bowel Endometriosis: From r-ASRM to #Enzian-

Classification. Best Pract. Res. Clin. Obstet. Gynaecol. 2021, 71, 27–37. [CrossRef]
31. Sampson, J.A. Metastatic or Embolic Endometriosis, Due to the Menstrual Dissemination of Endometrial Tissue into the Venous

Circulation. Am. J. Pathol. 1927, 3, 93–110.43. [PubMed]
32. Koninckx, P.R.; Barlow, D.; Kennedy, S. Implantation versus Infiltration: The Sampson versus the Endometriotic Disease Theory.

Gynecol. Obs. Investig. 1999, 47 (Suppl. S1), 3–9; discussion 9–10. [CrossRef] [PubMed]
33. Fung, J.N.; Rogers, P.A.W.; Montgomery, G.W. Identifying the Biological Basis of GWAS Hits for Endometriosis1. Biol. Reprod.

2015, 92, 1–12. [CrossRef] [PubMed]
34. Moayedi, M.; Davis, K.D. Theories of Pain: From Specificity to Gate Control. J. Neurophysiol. 2013, 109, 5–12. [CrossRef] [PubMed]
35. Kawabata, A. Prostaglandin E2 and Pain-An Update. Biol. Pharm. Bull. 2011, 34, 1170–1173. [CrossRef] [PubMed]
36. Arnold, J.; Barcena De Arellano, M.L.; Rüster, C.; Vercellino, G.F.; Chiantera, V.; Schneider, A.; Mechsner, S. Imbalance between

Sympathetic and Sensory Innervation in Peritoneal Endometriosis. Brain Behav. Immun. 2012, 26, 132–141. [CrossRef] [PubMed]
37. Velho, R.V.; Taube, E.; Sehouli, J.; Mechsner, S. Neurogenic Inflammation in the Context of Endometriosis—What Do We Know?

Int. J. Mol. Sci. 2021, 22, 13102. [CrossRef]
38. Kalaitzopoulos, D.R.; Samartzis, N.; Kolovos, G.N.; Mareti, E.; Samartzis, E.P.; Eberhard, M.; Dinas, K.; Daniilidis, A. Treatment of

Endometriosis: A Review with Comparison of 8 Guidelines. BMC Womens Health 2021, 21, 397. [CrossRef] [PubMed]
39. Guo, S.-W. Recurrence of Endometriosis and Its Control. Hum. Reprod. Update 2009, 15, 441–461. [CrossRef] [PubMed]
40. Seo, Y.-S.; Yuk, J.-S.; Cho, Y.-K.; Shin, J.-Y. Dienogest and the Risk of Reoperation in Endometriosis. J. Pers. Med. 2021, 11, 924.

[CrossRef] [PubMed]
41. Adachi, K.; Takahashi, K.; Nakamura, K.; Otake, A.; Sasamoto, N.; Miyoshi, Y.; Shioji, M.; Yamamoto, Y.; Fujitani, M.; Wakimoto,

A.; et al. Postoperative Administration of Dienogest for Suppressing Recurrence of Disease and Relieving Pain in Subjects with
Ovarian Endometriomas. Gynecol. Endocrinol. 2016, 32, 646–649. [CrossRef]

42. Vercellini, P.; Cortesi, I.; Crosignani, P.G. Progestins for Symptomatic Endometriosis: A Critical Analysis of the Evidence. Fertil.
Steril. 1997, 68, 393–401. [CrossRef] [PubMed]

43. Marquardt, R.M.; Kim, T.H.; Shin, J.-H.; Jeong, J.-W. Progesterone and Estrogen Signaling in the Endometrium: What Goes Wrong
in Endometriosis? Int. J. Mol. Sci. 2019, 20, 3822. [CrossRef] [PubMed]

44. Flores, V.A.; Vanhie, A.; Dang, T.; Taylor, H.S. Progesterone Receptor Status Predicts Response to Progestin Therapy in En-
dometriosis. J. Clin. Endocrinol. Metab. 2018, 103, 4561–4568. [CrossRef] [PubMed]

45. Eaton, J.L.; Unno, K.; Caraveo, M.; Lu, Z.; Kim, J.J. Increased AKT or MEK1/2 Activity Influences Progesterone Receptor Levels
and Localization in Endometriosis. J. Clin. Endocrinol. Metab. 2013, 98, E1871–E1879. [CrossRef] [PubMed]

46. Barragan, F.; Irwin, J.C.; Balayan, S.; Erikson, D.W.; Chen, J.C.; Houshdaran, S.; Piltonen, T.T.; Spitzer, T.L.B.; George, A.; Rabban,
J.T.; et al. Human Endometrial Fibroblasts Derived from Mesenchymal Progenitors Inherit Progesterone Resistance and Acquire
an Inflammatory Phenotype in the Endometrial Niche in Endometriosis1. Biol. Reprod. 2016, 94, 118. [CrossRef] [PubMed]

https://doi.org/10.3390/cells10040749
https://www.ncbi.nlm.nih.gov/pubmed/33805315
https://doi.org/10.1016/S0002-9440(10)63708-X
https://www.ncbi.nlm.nih.gov/pubmed/15111296
https://doi.org/10.3390/medicines5010016
https://www.ncbi.nlm.nih.gov/pubmed/29389895
https://doi.org/10.1038/s41467-022-28568-2
https://www.ncbi.nlm.nih.gov/pubmed/35177608
https://doi.org/10.3390/cancers13061439
https://www.ncbi.nlm.nih.gov/pubmed/33809880
https://doi.org/10.3390/cancers13133174
https://doi.org/10.1038/bjc.2012.26
https://www.ncbi.nlm.nih.gov/pubmed/22353808
https://www.science.org/doi/10.1126/science.7652577
https://doi.org/10.3390/diagnostics10040200
https://www.ncbi.nlm.nih.gov/pubmed/32260152
https://doi.org/10.1016/j.fertnstert.2018.10.013
https://www.ncbi.nlm.nih.gov/pubmed/30527836
https://doi.org/10.1002/rmb2.12340
https://www.ncbi.nlm.nih.gov/pubmed/33071634
https://doi.org/10.1016/j.bpobgyn.2020.11.004
https://www.ncbi.nlm.nih.gov/pubmed/19969738
https://doi.org/10.1159/000052853
https://www.ncbi.nlm.nih.gov/pubmed/10087422
https://doi.org/10.1095/biolreprod.114.126458
https://www.ncbi.nlm.nih.gov/pubmed/25695719
https://doi.org/10.1152/jn.00457.2012
https://www.ncbi.nlm.nih.gov/pubmed/23034364
https://doi.org/10.1248/bpb.34.1170
https://www.ncbi.nlm.nih.gov/pubmed/21804201
https://doi.org/10.1016/j.bbi.2011.08.004
https://www.ncbi.nlm.nih.gov/pubmed/21888965
https://doi.org/10.3390/ijms222313102
https://doi.org/10.1186/s12905-021-01545-5
https://www.ncbi.nlm.nih.gov/pubmed/34844587
https://doi.org/10.1093/humupd/dmp007
https://www.ncbi.nlm.nih.gov/pubmed/19279046
https://doi.org/10.3390/jpm11090924
https://www.ncbi.nlm.nih.gov/pubmed/34575701
https://doi.org/10.3109/09513590.2016.1147547
https://doi.org/10.1016/S0015-0282(97)00193-3
https://www.ncbi.nlm.nih.gov/pubmed/9314903
https://doi.org/10.3390/ijms20153822
https://www.ncbi.nlm.nih.gov/pubmed/31387263
https://doi.org/10.1210/jc.2018-01227
https://www.ncbi.nlm.nih.gov/pubmed/30357380
https://doi.org/10.1210/jc.2013-1661
https://www.ncbi.nlm.nih.gov/pubmed/24064688
https://doi.org/10.1095/biolreprod.115.136010
https://www.ncbi.nlm.nih.gov/pubmed/27075616


Curr. Issues Mol. Biol. 2024, 46 3593

47. Yoo, J.-Y.; Kim, T.H.; Fazleabas, A.T.; Palomino, W.A.; Ahn, S.H.; Tayade, C.; Schammel, D.P.; Young, S.L.; Jeong, J.-W.; Lessey,
B.A. KRAS Activation and Over-Expression of SIRT1/BCL6 Contributes to the Pathogenesis of Endometriosis and Progesterone
Resistance. Sci. Rep. 2017, 7, 6765. [CrossRef] [PubMed]

48. Petz, L.N.; Ziegler, Y.S.; Schultz, J.R.; Kim, H.; Kemper, J.K.; Nardulli, A.M. Differential Regulation of the Human Progesterone
Receptor Gene through an Estrogen Response Element Half Site and Sp1 Sites. J. Steroid Biochem. Mol. Biol. 2004, 88, 113–122.
[CrossRef] [PubMed]

49. Méar, L.; Herr, M.; Fauconnier, A.; Pineau, C.; Vialard, F. Polymorphisms and Endometriosis: A Systematic Review and
Meta-Analyses. Hum. Reprod. Update 2020, 26, 73–103. [CrossRef] [PubMed]

50. Wu, Y.; Strawn, E.; Basir, Z.; Halverson, G.; Guo, S.-W. Promoter Hypermethylation of Progesterone Receptor Isoform B (PR-B) in
Endometriosis. Epigenetics 2006, 1, 106–111. [CrossRef] [PubMed]

51. Brown, D.M.; Lee, H.-C.; Liu, S.; Quick, C.M.; Fernandes, L.M.; Simmen, F.A.; Tsai, S.-J.; Simmen, R.C.M. Notch-1 Signaling
Activation and Progesterone Receptor Expression in Ectopic Lesions of Women With Endometriosis. J. Endocr. Soc. 2018, 2,
765–778. [CrossRef] [PubMed]

52. Su, R.-W.; Strug, M.R.; Jeong, J.-W.; Miele, L.; Fazleabas, A.T. Aberrant Activation of Canonical Notch1 Signaling in the Mouse
Uterus Decreases Progesterone Receptor by Hypermethylation and Leads to Infertility. Proc. Natl. Acad. Sci. USA 2016, 113,
2300–2305. [CrossRef]

53. Inoue, S.; Hirota, Y.; Ueno, T.; Fukui, Y.; Yoshida, E.; Hayashi, T.; Kojima, S.; Takeyama, R.; Hashimoto, T.; Kiyono, T.; et al. Uterine
Adenomyosis Is an Oligoclonal Disorder Associated with KRAS Mutations. Nat. Commun. 2019, 10, 5785. [CrossRef] [PubMed]

54. Kastner, P.; Krust, A.; Turcotte, B.; Stropp, U.; Tora, L.; Gronemeyer, H.; Chambon, P. Two Distinct Estrogen-Regulated Promoters
Generate Transcripts Encoding the Two Functionally Different Human Progesterone Receptor Forms A and B. EMBO J. 1990, 9,
1603–1614. [CrossRef] [PubMed]

55. Ichioka, M.; Mita, S.; Shimizu, Y.; Imada, K.; Kiyono, T.; Bono, Y.; Kyo, S. Dienogest, a Synthetic Progestin, down-Regulates
Expression of CYP19A1 and Inflammatory and Neuroangiogenesis Factors through Progesterone Receptor Isoforms A and B in
Endometriotic Cells. J. Steroid Biochem. Mol. Biol. 2015, 147, 103–110. [CrossRef] [PubMed]

56. Tung, L.; Mohamed, M.K.; Hoeffler, J.P.; Takimoto, G.S.; Horwitz, K.B. Antagonist-Occupied Human Progesterone B-Receptors
Activate Transcription without Binding to Progesterone Response Elements and Are Dominantly Inhibited by A-Receptors. Mol.
Endocrinol. 1993, 7, 1256–1265. [CrossRef] [PubMed]

57. Vegeto, E.; Shahbaz, M.M.; Wen, D.X.; Goldman, M.E.; O’Malley, B.W.; McDonnell, D.P. Human Progesterone Receptor A Form
Is a Cell- and Promoter-Specific Repressor of Human Progesterone Receptor B Function. Mol. Endocrinol. 1993, 7, 1244–1255.
[CrossRef] [PubMed]

58. Yamanaka, K.; Xu, B.; Suganuma, I.; Kusuki, I.; Mita, S.; Shimizu, Y.; Mizuguchi, K.; Kitawaki, J. Dienogest Inhibits Aromatase
and Cyclooxygenase-2 Expression and Prostaglandin E2 Production in Human Endometriotic Stromal Cells in Spheroid Culture.
Fertil. Steril. 2012, 97, 477–482. [CrossRef] [PubMed]

59. Shimizu, Y.; Mita, S.; Takeuchi, T.; Notsu, T.; Mizuguchi, K.; Kyo, S. Dienogest, a Synthetic Progestin, Inhibits Prostaglandin E2
Production and Aromatase Expression by Human Endometrial Epithelial Cells in a Spheroid Culture System. Steroids 2011, 76,
60–67. [CrossRef]

60. Mita, S.; Shimizu, Y.; Notsu, T.; Imada, K.; Kyo, S. Dienogest Inhibits Toll-like Receptor 4 Expression Induced by Costimulation
of Lipopolysaccharide and High-Mobility Group Box 1 in Endometrial Epithelial Cells. Fertil. Steril. 2011, 96, 1485–1489.e4.
[CrossRef] [PubMed]

61. Okada, H.; Okamoto, R.; Tsuzuki, T.; Tsuji, S.; Yasuda, K.; Kanzaki, H. Progestins Inhibit Estradiol-Induced Vascular Endothelial
Growth Factor and Stromal Cell–Derived Factor 1 in Human Endometrial Stromal Cells. Fertil. Steril. 2011, 96, 786–791. [CrossRef]
[PubMed]

62. Ota, H.; Igarashi, S.; Sasaki, M.; Tanaka, T. Distribution of Cyclooxygenase-2 in Eutopic and Ectopic Endometrium in Endometrio-
sis and Adenomyosis. Hum. Reprod. 2001, 16, 561–566. [CrossRef] [PubMed]

63. Rakhila, H.; Carli, C.; Daris, M.; Lemyre, M.; Leboeuf, M.; Akoum, A. Identification of Multiple and Distinct Defects in
Prostaglandin Biosynthetic Pathways in Eutopic and Ectopic Endometrium of Women with Endometriosis. Fertil. Steril. 2013, 100,
1650–1659.e2. [CrossRef]

64. Moriyama, T.; Higashi, T.; Togashi, K.; Iida, T.; Segi, E.; Sugimoto, Y.; Tominaga, T.; Narumiya, S.; Tominaga, M. Sensitization of
TRPV1 by EP 1 and IP Reveals Peripheral Nociceptive Mechanism of Prostaglandins. Mol. Pain 2005, 1, 1744–8069-1–3. [CrossRef]
[PubMed]

65. Smyth, E.M.; Grosser, T.; Wang, M.; Yu, Y.; FitzGerald, G.A. Prostanoids in Health and Disease. J. Lipid Res. 2009, 50, S423–S428.
[CrossRef] [PubMed]

66. Tamura, K.; Sakurai, T.; Kogo, H. Relationship between Prostaglandin E2 and Vascular Endothelial Growth Factor (VEGF) in
Angiogenesis in Human Vascular Endothelial Cells. Vasc. Pharmacol. 2006, 44, 411–416. [CrossRef] [PubMed]

67. Lee, J.; Banu, S.K.; Rodriguez, R.; Starzinski-Powitz, A.; Arosh, J.A. Selective Blockade of Prostaglandin E2 Receptors EP2 and EP4
Signaling Inhibits Proliferation of Human Endometriotic Epithelial Cells and Stromal Cells through Distinct Cell Cycle Arrest.
Fertil. Steril. 2010, 93, 2498–2506. [CrossRef] [PubMed]

https://doi.org/10.1038/s41598-017-04577-w
https://www.ncbi.nlm.nih.gov/pubmed/28754906
https://doi.org/10.1016/j.jsbmb.2003.11.008
https://www.ncbi.nlm.nih.gov/pubmed/15084343
https://doi.org/10.1093/humupd/dmz034
https://www.ncbi.nlm.nih.gov/pubmed/31821471
https://doi.org/10.4161/epi.1.2.2766
https://www.ncbi.nlm.nih.gov/pubmed/17965625
https://doi.org/10.1210/js.2018-00007
https://www.ncbi.nlm.nih.gov/pubmed/30151432
https://doi.org/10.1073/pnas.1520441113
https://doi.org/10.1038/s41467-019-13708-y
https://www.ncbi.nlm.nih.gov/pubmed/31857578
https://doi.org/10.1002/j.1460-2075.1990.tb08280.x
https://www.ncbi.nlm.nih.gov/pubmed/2328727
https://doi.org/10.1016/j.jsbmb.2014.12.008
https://www.ncbi.nlm.nih.gov/pubmed/25533385
https://doi.org/10.1210/mend.7.10.8123133
https://www.ncbi.nlm.nih.gov/pubmed/8123133
https://doi.org/10.1210/mend.7.10.8264658
https://www.ncbi.nlm.nih.gov/pubmed/8264658
https://doi.org/10.1016/j.fertnstert.2011.11.005
https://www.ncbi.nlm.nih.gov/pubmed/22130322
https://doi.org/10.1016/j.steroids.2010.08.010
https://doi.org/10.1016/j.fertnstert.2011.09.040
https://www.ncbi.nlm.nih.gov/pubmed/22014880
https://doi.org/10.1016/j.fertnstert.2011.06.048
https://www.ncbi.nlm.nih.gov/pubmed/21774929
https://doi.org/10.1093/humrep/16.3.561
https://www.ncbi.nlm.nih.gov/pubmed/11228229
https://doi.org/10.1016/j.fertnstert.2013.08.016
https://doi.org/10.1186/1744-8069-1-3
https://www.ncbi.nlm.nih.gov/pubmed/15813989
https://doi.org/10.1194/jlr.R800094-JLR200
https://www.ncbi.nlm.nih.gov/pubmed/19095631
https://doi.org/10.1016/j.vph.2006.02.009
https://www.ncbi.nlm.nih.gov/pubmed/16651031
https://doi.org/10.1016/j.fertnstert.2010.01.038
https://www.ncbi.nlm.nih.gov/pubmed/20207353


Curr. Issues Mol. Biol. 2024, 46 3594

68. Lee, J.; Banu, S.K.; Burghardt, R.C.; Starzinski-Powitz, A.; Arosh, J.A. Selective Inhibition of Prostaglandin E2 Receptors EP2
and EP4 Inhibits Adhesion of Human Endometriotic Epithelial and Stromal Cells through Suppression of Integrin-Mediated
Mechanisms1. Biol. Reprod. 2013, 88, 1–11. [CrossRef] [PubMed]

69. Lee, J.; Banu, S.K.; Subbarao, T.; Starzinski-Powitz, A.; Arosh, J.A. Selective Inhibition of Prostaglandin E2 Receptors EP2 and EP4
Inhibits Invasion of Human Immortalized Endometriotic Epithelial and Stromal Cells through Suppression of Metalloproteinases.
Mol. Cell. Endocrinol. 2011, 332, 306–313. [CrossRef] [PubMed]

70. Orr, N.L.; Albert, A.; Liu, Y.D.; Lum, A.; Hong, J.; Ionescu, C.L.; Senz, J.; Nazeran, T.M.; Lee, A.F.; Noga, H.; et al. KRAS Mutations
and Endometriosis Burden of Disease. J. Pathol. Clin. Res. 2023, 9, 302–312. [CrossRef] [PubMed]

71. Fu, L.; Osuga, Y.; Morimoto, C.; Hirata, T.; Hirota, Y.; Yano, T.; Taketani, Y. Dienogest Inhibits BrdU Uptake with G0/G1 Arrest in
Cultured Endometriotic Stromal Cells. Fertil. Steril. 2008, 89, 1344–1347. [CrossRef] [PubMed]

72. Okada, H. The Inhibitory Effect of Dienogest, a Synthetic Steroid, on the Growth of Human Endometrial Stromal Cells in Vitro.
Mol. Hum. Reprod. 2001, 7, 341–347. [CrossRef] [PubMed]

73. MacLean, J.A.; Hayashi, K. Progesterone Actions and Resistance in Gynecological Disorders. Cells 2022, 11, 647. [CrossRef]
[PubMed]

74. Esfandiari, F.; Mansouri, N.; Shahhoseini, M.; Heidari Khoei, H.; Mikaeeli, G.; Vankelecom, H.; Baharvand, H. Endometriosis
Organoids: Prospects and Challenges. Reprod. BioMedicine Online 2022, 45, 5–9. [CrossRef] [PubMed]

75. Gnecco, J.S.; Brown, A.; Buttrey, K.; Ives, C.; Goods, B.A.; Baugh, L.; Hernandez-Gordillo, V.; Loring, M.; Isaacson, K.B.; Griffith,
L.G. Organoid Co-Culture Model of the Human Endometrium in a Fully Synthetic Extracellular Matrix Enables the Study of
Epithelial-Stromal Crosstalk. Med 2023, 4, 554–579.e9. [CrossRef] [PubMed]

76. Foster, R.H.; Wilde, M.I. Dienogest. Drugs 1998, 56, 825–833. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1095/biolreprod.112.100883
https://www.ncbi.nlm.nih.gov/pubmed/23242524
https://doi.org/10.1016/j.mce.2010.11.022
https://www.ncbi.nlm.nih.gov/pubmed/21111772
https://doi.org/10.1002/cjp2.317
https://www.ncbi.nlm.nih.gov/pubmed/36977195
https://doi.org/10.1016/j.fertnstert.2007.03.042
https://www.ncbi.nlm.nih.gov/pubmed/17511992
https://doi.org/10.1093/molehr/7.4.341
https://www.ncbi.nlm.nih.gov/pubmed/11279296
https://doi.org/10.3390/cells11040647
https://www.ncbi.nlm.nih.gov/pubmed/35203298
https://doi.org/10.1016/j.rbmo.2022.03.016
https://www.ncbi.nlm.nih.gov/pubmed/35562236
https://doi.org/10.1016/j.medj.2023.07.004
https://www.ncbi.nlm.nih.gov/pubmed/37572651
https://doi.org/10.2165/00003495-199856050-00007
https://www.ncbi.nlm.nih.gov/pubmed/9829156

	Introduction 
	Materials and Methods 
	Progesterone Therapy Model of Endometriotic Cell Line 
	RNA Extraction and Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) 
	Western Blot Analysis 
	Dienogest (DNG) and Medroxyprogesterone Acetate (MPA) Therapy 
	Migration Assay 
	Matrigel Invasion Assay 
	Cell Proliferation Assay 
	Real-Time Quantitative PCR 
	Statistical Analysis 

	Results 
	Western Blot Analysis and RT-PCR 
	Migration, Invasion, and Proliferation Assay 
	Real-Time Quantitative PCR (Real-Time qPCR) 

	Discussion 
	Conclusions 
	References

