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Objective: To study the prostanoid profile of the endometria of patients with recurrent implantation failure (RIF), unexplained infer-
tility (UIF), and recurrent miscarriages (RM), and to compare them with the endometria of healthy fertile controls.

Design: Prospective cohort study.

Setting: University hospital.

Patient(s): Fifteen patients with RIF, 18 patients with UIF, 16 patients with RM, and 23 fertile controls were recruited.
Intervention(s): Endometrial samples were taken during the window of implantation. After tissue homogenization and extraction, anal-
ysis with ultra-performance liquid chromatography diode array detector electrospray ionisation tandem mass spectrometry was performed.
Main Outcome Measures: Concentrations of prostaglandin (PG) D1, PGE1, PGF1«, 6-ketoPGF1a, PGD2, PGE2, PGF2a«, 15-deoxy-
A12,14-PGJ2, PGD3, PGE3, PGF3«, thromboxane B2, 13,14-dihydro-PGE1, 13,14-dihydro-PGF1«, 13,14-dihydro-PGF2«, 13,14~
dihydro-15-keto-PGE1, 13,14-dihydro-15-keto-PGE2, and 13,14-dihydro-15-keto-PGF2« were assessed.

Result(s): Comparison of the endometria of patients with UIF and the controls showed no statistically significant differences. When the
endometria of patients with RIF were compared with the controls, thromboxane B2 (TXB2) was found significantly higher (843.1 pg/mg
vs. 133.5 pg/mg). When the endometria of patients with RM were compared with controls, 13,14-dihydro-15-keto PGF2« and TXB2
were found significantly higher (3907.30 pg/mg vs. 17.80 pg/mg and 858.7 pg/mg vs. 133.5 pg/mg respectively).

Conclusion(s): We identified increased endometrial presence of TXB2 in patients with RM and RIF, and 13,14-dihydro- 15-keto PGF2«
in patients with RM. Although common ground is observed for RM and RIF, prostanoids, on the other hand, might make their own
contribution to endometrial receptivity as important as genes and proteins. Attempts to normalize the prostaglandin profile of the
endometrium via enzymatic activity can open new therapeutic options. (Fertil Steril® 2020;113:670-8. ©2019 by American Society
for Reproductive Medicine.)

El resumen esta disponible en Espaiiol al final del articulo.
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accept that three basic factors are needed for a success-

ful implantation: a healthy blastocyst strong enough to
initiate the process, a well-prepared endometrium for the
coming embryo, and adequate communication between these
two elements (1). A well-prepared endometrium means a
receptive endometrium during the window of implantation
(WOI). Endometrial receptivity has been studied in terms of
genomics, and as a result, some tests have been developed
and are now commercially available.

Recently, lipids, especially prostaglandins (PGs), were
found to play an important role during embryo implantation
(2). PGE2 and PGF2« were reported to be the most important
prostaglandins in animal implantation (3). The consistency
observed between animal studies suggested that lipids might
also influence human implantation. In 2010, an attempt to
understand the lipidomic profile of the myometrium between
pregnant and non-pregnant women was made by Durn et al.
(4) who identified 19 prostanoids. The same year, Achache
et al. (5) showed that prostaglandin synthesis in the endome-
trium of patients with repeated implantation failure was dis-
rupted. Later, endometrial fluid became the material studied
for the identification of the lipids (3, 6, 7); and nine specific
lipids were identified, with PGE2 and PGF2« being the most
relevant lipids in implantation. Thus, endometrial receptivity
might be associated with genes, proteins, and lipids.

One of the main goals in infertility is to find biomarkers
that reveal endometrial receptivity. By combining Durn
et al. (4) and Achache et al.’s (5) studies, we hypothesized
that lipids identified from the myometrium may also affect
the underlying endometrium and its receptivity. We looked
for these lipids in the endometrium during the window of im-
plantation in patients with repeated implantation failure and
extended the study by including two others infertility sub-
groups (recurrent miscarriages and unexplained infertility)
and healthy fertile controls.

T he implantation process remains an enigma. Today, we

MATERIALS AND METHODS
Patient selection and sample collection

In this prospective cohort study, endometrial samples were
collected from 18 patients with unexplained infertility (UIF),
16 patients with recurrent miscarriages (RM), 15 patients
with repeated implantation failure (RIF), and 23 fertile con-
trols during the WOI at the gynecology and infertility clinics
of Istanbul University Istanbul Faculty of Medicine in 2014
through 2015. Institutional Review Board approval was ob-
tained from the Ethics Committee of Istanbul University
School of Medicine (Istanbul, Turkey), and informed consent
was given by all participants. There is no conflict of interest to
disclose from the authors.

UIF was defined as infertility of more than 24 months
despite a normal hormone panel at Day 3, normal uterine cav-
ity, bilateral tubal patency observed in a hysterosalpingogram,
and normal spermiogram parameters. RIF was accepted as fail-
ure of pregnancy in > 3 consecutive in vitro fertilization cycles
with > 1 transfer(s) of good quality Day-3 embryos in each cy-
cle. RM was characterized as at least 2 miscarriages at 20 weeks
or earlier in a couple with an ordinary test panel, which
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included a hormone profile at Day 3, hysterosalpingogram,
spermiogram, karyotype of both partners, lupus anticoagulant
evaluation, cardiolipin, and (2-glycoprotein antibodies
(immunoglobulin [Ig]-M and IgG). For all groups, the exclusion
criteria were age over 35 years, active pelvic infections, undi-
agnosed vaginal bleeding, uterine anomalies, endometriosis
or karyotype anomalies in one or both partners, and active
use of medications that interfere with prostaglandin synthesis
such as non-steroidal anti-inflammatory drugs (NSAIDs). Re-
cruited from our gynecologic clinic for well woman examina-
tions, fertile control patients were women aged younger than
35 years, with at least one live birth and no associated medical
and gynecologic comorbidities.

Patients were regularly followed up with transvaginal ul-
trasound for the development of a dominant follicle. Once the
ovulation of the dominant follicle was confirmed with ultra-
sound, the patients were scheduled for sampling. After confir-
mation of ovulation based on blood progesterone levels,
endometrial samples were taken between days 19-21, which
are believed to reflect the window of implantation. Endome-
trial biopsies obtained using a Pipelle (Laboratoire CCD) were
immediately snap frozen and transferred in liquid nitrogen to
a -80°C refrigerator. Once all samples were obtained, they
were again transferred in liquid nitrogen to the Biology
Laboratory in Istanbul University.

In the biology laboratory, to isolate the compounds of
interest, partial purification was achieved through extraction
using C18 solid-phase extraction columns. The columns were
then washed with 2.5 mL high Performance liquid chromatog-
raphy-grade water and 1.5 mL 40% methanol. Elutions of
1.5 mL of 60%, 75%, 85%, and 100% methanol were collected
in individual autosampler vials. The vials were stored at
-80°C until required for mass spectrometry (MS) analysis.
Ultra-performance liquid chromatography diode array
detector electrospray ionisation tandem mass spectrometry
(UPLC-DAD-ESI-MSMS) analysis was performed following
the protocol described by Walker et al. (8).

Chemicals and Reagents

Prostaglandin D1 (PGD1), prostaglandin E1 (PGE1), prosta-
glandin Fla (PGFla), 6-ketoprostaglandin Fla (6-keto-
PGF1q), prostaglandin D2 (PGD2), prostaglandin E2 (PGE2),
prostaglandin F2« (PGF2w), 15-deoxy-A12,14 prostaglandin
J2 (15-deoxy-A12,14 2-PGJ2), prostaglandin D3 (PGD3), pros-
taglandin E3 (PGE3), prostaglandin F3« (PGF3«), thromboxane
B2 (TXB2), 13,14-dihydro PGE1, 13,14-dihydro PGF1e, 13,14-
dihydro PGF2«, 13,14-dihydro-15-keto PGE1, 13,14-dihydro-
15-keto PGE2 and 13,14-dihydro-15-keto PGF2a were
purchased from Cayman Chemicals. The acetonitrile, glacial ace-
tic acid, and ethanol were purchased from Sigma Aldrich. TXB3
was not purchased because of funding and company limitations.
We looked for 18 of the 19 reported prostanoids.

UPLC-DAD-ESI-MS/MS analysis

UPLC-DAD-ESI-MS/MS analysis was performed using a
Waters Acquity UPLC system coupled to a diode array detec-
tor (DAD) and Xevo TQD (double-quadrupole analyzer) mass
spectrometer (Waters), which was equipped with a Z-spray
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TABLE 1

Demographic features of patients with repeated implantation failure, unexplained infertility, recurrent miscarriages, and controls.

Variable Control (n = 23) RIF (n = 15) UIF (n = 18) RM (n = 16)
Age (y) 32.52 +£3 .80 33.77 £2.33 34.15 £+ 3.80 3443 £ 1.53
BMI (kg/m2) 24.15 £+ 1.56 25.36 £ 1.19 23.14 £ 1.84 2427 £1.32
Day 3 E2 (pg/mL) 51.85 + 15.36 38.41 +£45.10 47.43 + 22.96 42.54 + 35.34
Day 3 FSH (mIU/mL) 6.75 £ 1.97 7.12+£2.18 6.47 £ 2.67 7.02 +£1.05
Day 3 TSH (mIU/mL) 2.46 £+ 1.22 2.18 £ 1.04 2.03 £+ 1.31 232 +0.84
Mean day of biopsy 19.78 £ 0.97 19.68 + 0.84 20.00 £ 0.78 20.14 £ 0.79

Note: Data presented as mean = standard deviation, unless stated otherwise. BMI = body mass index; E2 = estradiol; FSH = follicle-stimulating hormone; RIF = repeated implantation failure; RM =
recurrent miscarriages; TSH = thyroid stimulating hormone; UIF = unexplained infertility. P values were not significant.

Demiral Keles. Prostanoid profiles of infertile endometria. Fertil Steril 2019.

ESI source operating in negative mode/positive mode. Data
acquisition was accomplished using MassLynx v 4.1 software
(Waters). The instrument was operated in the negative mode.

The analyses were performed using an Acquity BEH C18
analytical column (100 x 2.1 mm, 1.7 um). To analyze the
prostanoids, the mobile phases consisted of two solvents,
i.e., 90:10:0.02 (v/v/v) bidistilled water: acetonitrile: glacial
acetic acid (solvent A) and 10:90:0.02 (v/v/v) bidistilled wa-
ter: acetonitrile: glacial acetic acid (solvent B). The standards
of prostanoids were analyzed using gradient elution: (Flow
rate = 0.2 mL/min; column temperature: 30°C): O mins 70%
A-30% B; 4th min 70% A-30% B; 7th min 60% A-40% B
(slope 1.0); 9th min 40% A-60% B (slope 1.0); 13th min
10% A-90% B (slope 1.0); 16th min 70% A-30% B (slope
1.0). All injected solutions were stored at 8°C in the auto-
sampler. The injection volume was set to 5 uL in partial
loop with needle overfill (PLINO) mode. The ionization work-
ing conditions were set for the Xevo TQD mass spectrometer
as follows: capillary voltage, 3.9 kV; collision energy, 3 V;
cone voltage, 40 V; cone gas flow rate, 35 L/h; desolvation
temperature, 400°C; desolvation gas flow rate, 650 L/h.
Cone voltage and collision energy were optimized for each
compound using the IntelliStart software (Waters).

Stock standard solutions of eighteen prostanoids were
prepared in ethanol at a concentration of 100 mg/L (ppm)
each. A linear concentration range was studied using mixed
standard solutions ranging from 1 to 1000 ug/L (ppb) by dilu-
tion of the stock solutions in ethanol-water (1:1, v/v). All
stock and working solutions were stored at —20°C before
analysis.

Statically analysis

To compare the concentrations of prostanoids between each
disease group (UIF, RIF, RM) with fertile controls, Wilcoxon
rank sum tests were performed. We believe this method was
the most appropriate because we had multicollinear variables.
Multiple Bonferroni testing correction was needed because we
performed Wilcoxon rank sum tests comparing concentra-
tions of multiple lipids.

RESULTS

Eighteen prostanoids were identified using mass-to-
charge (m/z) transitions of precursor and product ions in

the multiple reaction monitoring mode (Supplemental
Table 1). Using the above working mode, the prostanoids
were identified by matching retention times, ultraviolet—
visible spectroscopy, and mass spectral data with those
of the standards concerned. Calibration curves were estab-
lished for the compounds of interest as peak area versus
concentration (deuterated standards were not used for
quantification in this study; reference certified materials
were used).

The extracted ion chromatograms of individual prosta-
noids are shown in Supplemental Figure 1. Calibration curves
for concentration (10 different concentrations) versus
response ratios were plotted for each analyte and slope and
(a) intercept (b) and correlation coefficients (r) were evaluated.
The limit of detection and limit of quantification were calcu-
lated at the critical signal-to-noise ratios of 3 and 10, respec-
tively (Supplemental Table 2).

The demographic features of each group are shown in
Table 1. Seven of 18 prostanoids were not detected in
endometrial samples. The non-detected prostanoids were
13,14-dihydro PGE1, 13,14-dihydro-15-keto PGF1la, 13,14-
dihydro-PGF2«, 15-deoxy-A12,14 2-PGJ2, PGD3, PGE3
and PGDF3a. For the 11 detected prostanoids, the distribu-
tions of concentrations of prostanoids for each group are
illustrated as boxplots in Figure 1. It can be observed that
the concentrations of detected prostanoids varied greatly.
The median concentrations of all prostanoids across all sam-
ples ranged from O (i.e. non-detected for 13,14-dihydro-15-
keto-PGE1) to 2480.15 pg/mg (for 13,14-dihydro-15-keto
PGF24q).

The results of the pairwise comparisons of prostanoid
concentrations between each disease groups (UIF, RM and
RIF) versus the fertile controls are presented in Table 2.
When prostanoid concentrations in the endometrium samples
of patients wih RM were compared with fertile controls, TXB2
and 13,14-dihydro-15-keto PGF2« were significantly higher:
858.70 pg/mg vs. 133,50 pg/mg and 3907.30 pg/mg vs. 17.80
pg/mg, respectively (adjusted P values <.001). Similarly,
TXB2 was higher in the endometrium samples of patients
with RIF in comparison with the fertile controls (adjusted P
<.001): 843.10 pg/mg vs. 133.50 pg/mg. When the TXB2
concentration was further compared between the samples of
patients with RM and RIF, there was no statistically signifi-
cant difference (P >.05).
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Distributions of concentrations for the 11 detected prostanoids. For each prostanoid, boxplots of concentration values for fertile control (Control),
repeated implantation failure (RIF), recurrent miscarriages (RM), and unexplained infertility (UIF) are shown.
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DISCUSSION

This study is the first to assess previously reported infertility-
related prostanoids in the endometria of three infertility sub-
groups during the WOI. We observed two prostanoids of
significant importance: high TXB2 levels in RM and RIF, and
high levels of 13,14-dihydro-15-keto PGF2« (PGFM) in RM.

The first publication suggesting the association of prosta-
glandins with fertility was in 1969 by Nutting and Cammarata
(9). This study was performed on rats. With this study, the
question about the potential relationship between prostanoid
and implantation/infertility was raised and it was in 1981
when the first paper assessing prostanoids in infertile women
was released: TXB2 was found increased in the peritoneal
fluid of infertile women with endometriosis (10).

A literature search revealed numerous studies on prosta-
glandins and their role in implantation. The first studies high-
lighted prostanoid production from the blastocyst side
(11-15). Later, the endometrium became the focus of
investigation. Recently, attention was paid to NSAIDs:
during pregnancy, the use of NSAIDs, by inhibiting
prostaglandin synthesis, was associated with an increased
risk of miscarriage (16). In infertile women, it can be
suggested to limit the use of NSAIDs because they decrease
PGE2, the latter being positively involved in fertility (17). In
our study, we found two lipid prostanoids at increased
concentrations in the endometrium compared with the
fertile controls: TXB2 in patients with RIF and RM, and
13,14-dihydro-15-keto PGF2« in patients with RM. Although
it is impossible to differentiate whether these prostaglandins
are the cause or result of infertility, they most likely have a
strong influence on the endometria of patients with RIF and
RM. Their potential roles are discussed below.

Thromboxane B2

Thromboxane A2 (TXA2) is synthesized from PGH2 via
thromboxane synthase. Within 30 seconds, TXA2 is

converted to its metabolite thromboxane B2 (TXB2). The
latter, whose half-life is 7 minutes, is further metabolized
into 11-dehydro-TXB2 (18). Therefore, instead of TXA2,
TXB2 and 11-dehydro-TXB2 are measured in biologic sam-
ples. The main functions of thromboxanes are platelet activa-
tion, recruitment of platelets into the injury site, smooth
muscle proliferation, and vasoconstriction (19).

Swanson et al. (20) showed that thromboxane synthase
was expressed in human endometrial glands, stroma, myome-
trial smooth muscle, and uterine blood vessels, along with
TXA2 receptors. This means that thromboxane is transported
via blood vessels and synthesized locally in the uterus. Multi-
ple studies reported its association with normal menstruation,
dysmenorrhea, uterine smooth contractions, endometrial
cancer, and preeclampsia (20, 21).

In terms of infertility, thromboxane was first investigated
in endometriosis; its level was found increased in the perito-
neal fluid of patients with endometriosis (10, 22, 23). In 1991,
Tulppala et al. (24) reported that a thromboxane dominance
and prostacyclin deficiency was observed in the urine of preg-
nant women with RM experiencing miscarriages when
compared with pregnant women with no history of abortion.
According to the same authors, when not pregnant, patients
with RM demonstrated similar thromboxane levels in urine
compared with fertile women (25). In our study, we found
increased TXB2 levels in the endometria of non-pregnant pa-
tients with RM. These outcomes may not be contradictory
because we assessed endometrial biopsies and Tulppala urine
samples. We might even hypothesize that the thromboxane
dominance observed in the endometrial environment starts
being reflected in the urine when a patient with RM becomes
pregnant. Pregnancy might induce a shift from a local to a
systemic effect.

A balance between thromboxane and prostacyclin is
important for tissue perfusion (26). In patients with RM, a
defect in perfusion may lead to thrombosis in the vasculature,
especially in the placenta. Antiphospholipid antibodies are
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TABLE 2

Results of the Wilcoxon Rank Sum tests comparing the disease groups unexplained infertility, recurrent miscarriages, and repeated implantation

failure versus the fertile control group (control).

C(n = 23) UIF (n = 18) RM (n = 16) RIF (n = 15)
Median Median Median Median

Prostanoid (pg/mg) (pg/mg) vs. C Adj-P (pg/mg) vs. C Adj-P (pg/mg) vs. C Adj-P
6-keto PGF;, 19.5 0 1 7.55 1 25.3 1
TXB, 133.5 637.4 1 858.7 <0.001 843.1 <0.001
PGF;, 78.7 84 1 243.65 1 253 0.41
PGF;, 312.2 123.85 1 439.45 1 728.6 0.5
PGE, 203.9 34 1 177.75 1 286.2 1
PGE, 56.4 21.45 1 80.5 1 70.8 0.86
PGD; 160.1 73 1 160.5 1 183.8 1
PGD> 105 79.15 1 248.15 1 299.3 1
13,14-dihydro-15-keto PGF;, 17.8 2897.05 1 3907.3 <0.001 3308 0.07
13,14-dihydro-15-keto PGE, 0 2.9 1 10.65 1 20.1 1
13,14-dihydro-15-keto-PGE, 0 0 1 0 1 0 1

Note: Adj-P = adjusted P value; C = control; RIF = repeated implantation failure; RM = recurrent miscarriages; UIF = unexplained infertility. Median (pg/mg) is median concentration value of the

prostanoid in the given group.

Demiral Keles. Prostanoid profiles of infertile endometria. Fertil Steril 2019.

found in 20% of patients with RM; one of the mechanisms
suggested for the thrombosis associated with these antibodies
is the increased production of thromboxane by platelets (27).
Therefore aspirin, by inducing a shift from thromboxane to
prostacyclin, might be suggested during the pregnancy of pa-
tients with RM.

Although increased TXB in the endometrium leads to
adverse pregnancy outcomes, the embryonic side of the
fetomaternal crosstalk in implantation has a different feature:
TXB is a molecule consistently found in studies assessing the
prostaglandin production of blastocysts/embyros (11, 12, 14).
One study reported lower TXB levels in the villous tissue of
patients with early pregnancy losses when compared with
women who underwent legal induced abortion (28).

The association between thromboxane and RIF is not
strongly supported by previous literature. Battaglia et al.
(29) demonstrated that patients who become pregnant after
in vitro fertilization treatment had lower endometrium
thromboxane concentrations. This study supports our results
because endometrial levels of thromboxane were found to be
higher in patients with RIF.

Taking the literature and our results into consideration,
the embryo should synthesize and secrete thromboxane.
However, on the opposite side, if the endometrium has a
high thromboxane level, the implantation area might experi-
ence a perfusion defect meaning that the embryo cannot
develop properly. In other words, TXB2 levels exceeding a
‘threshold’ become detrimental for implantation and develop-
ment of pregnancy.

13,14-dihydro-15-keto PGF2«

13,14-dihydro-15-keto PGF2« (PGFM), the first and major
stable metabolite of PGF2«, is a successful marker of
in vivo PGF2« production (30-32). The measurement of
PGFM reflects PGF2« because it is rapidly metabolized to
its metabolite; therefore, we will base our discussion on
studies with PGF2« and PGFM.

The functions of PGF2« on the reproductive tract are lu-
teolysis (33), proliferation of endometrial epithelial cells (34),
mediating vasoconstriction in endometrial spiral arterioles,
and initiating myometrial contraction thus causing uterine
ischemia (35-39), control of Na® and K' transport on
surface endometrial epithelial cells (40), and induction of
endometrial connexins (41). Its synthesis is controlled by
estrogens (stimulating) and progestins (inhibiting) (42, 43).
Therefore, its level varies during the cycle: elevated levels
are observed during the implantation period (highest) and
before menstruation (7, 44). While causing endometrial
hypoxia, PGF2« also helps endometrial repair by increasing
VEGF (45) and adrenomedullin, which boosts vascular and
lymphatic endothelial proliferation and branching (46). On
a pregnant endometrium, PGF2« has additional effects: it
increases matrix metalloproteinase activity and decreases its
inhibitor activity, increases oxytocin and its receptor
expression, and decreases the response to progesterone.
These effects are important because they include ‘decidual
activation’ and are involved in parturition (47). Therefore,
PGF2« is known to cause abortion, along with PGE2.

The homeostasis between the fetal unit and the maternal
immune system is maintained through cytokines. When this
very delicate and accurate balance is negatively affected, an
aberrant immunoregulatory mechanism may break this ho-
meostasis and cause pregnancy failure (48). PGF2« controls
this complex ‘cytokine activity’ via its receptor (49-51).
Thus, the delicate balance of PGF2« in the endometrium
has important reflections. Vilella et al. (52) showed that the
inhibition of PGF2«, along with PGE2, prevented embryo
attachment. The use of NSAIDs during pregnancy, by
inhibiting cyclooxygenase and subsequent prostaglandin
synthesis, may be associated with miscarriages (52).
Patients with RIF have defective prostaglandin synthesis in
their endometria (5). On the other hand, pregnancy is an
anti-inflammatory state. PGFM and PGF2« were found to
be significantly lower in the first trimester-decidua of patients
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choosing elective pregnancy termination when compared
with secretory endometria of non-pregnant women (53). Ba-
jekal and Li suggested that an increased production of PGF2«
resulted in a dysfunctional uterine contraction that subse-
quently led to infertility issues such as abnormal sperm
migration, defective transport of fertilized eggs, and impaired
nidation (54, 55). Intramural myomas, which are reported to
have higher PGF2« levels in the nodule and the corresponding
endometrium, cause lower pregnancy and implantation rates
even when they do not distort the uterine cavity (55).

PGF2« has been studied in patients experiencing miscar-
riages. Spontaneous abortion was shown to be associated
with elevated levels of prostaglandins in amniotic fluid (56).
One study reported that increased levels of PGFa were
observed in the decidua of incomplete abortion compared
with missed abortion and normal pregnancy (57). The authors
concluded that PGF2« caused contraction, which led to the
expulsion of the uterine content. Another study confirmed
these findings by reporting higher PGF2« levels in the
decidua of spontaneous abortion with vaginal bleeding
compared with spontaneous abortion without vaginal
bleeding and normal pregnancy (58). These findings were
reinforced by Miura who hypothesized that, with the help of
vascular channels, the increased PGF2« was transported to
the subendometrial myometrium (junctional zone) and endo-
metrium, which are believed to be the areas initiating uterine
contraction and peristaltic movement (59).

The embryo itself also has a strong influence on PGF2a. A
study performed on pigs showed the estrogen derived from
the conceptus directed PGF2« from the uterine vasculature
to the uterine lumen (60). In the uterine lumen, PGF2« was
observed to promote the proliferation of trophoblasts and
their adhesion to extracellular matrix protein (61). Indeed,
the conceptus upregulates PGF2« through its receptor (62).
We may conclude that the conceptus lowers its levels in the
endometrium to a point that the detrimental effects of
PGF2« are no longer effective. If the conceptus cannot induce
this shift or the endometrium is refractory to its signal, ‘too
much’ PGF2« triggers the ‘pregnancy loss’ cascade.

PGF2« is a dangerous key player; it controls the crosstalk
between the endometrium and blastocyst; therefore, it is
essential. However, too much PGFa causes disharmony, re-
sulting in pregnancy loss.

Before concluding, we would like to assess the strengths
and limitations of our study. Samples were taken during the
WOI; accordingly, great care was taken to obtain enough
endometrial tissue such that analysis could be performed
properly. Samples were washed so that blood, coagulum,
and mucus were removed, only clean tissues were assessed.
Transfer of tissues was performed by the same person (I.D.K.).

We have several limitations. For patients included in the
RM group, karyotypes were performed on all patients but not
on all products of conception. Therefore, some miscarriages
lacked karyotyping in order to rule out an embryo factor.
Another limitation is that pathologic examinations were not
performed on endometrial samples. The schedule of sampling
was performed according to ovulation confirmed on ultra-
sound. We assumed that days 19-21 would reflect the window
of implantation for all patients. Pathologic examinations of
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endometria would have given more strength to our results.
To confirm ovulation, we checked progesterone levels before
sampling; any level above 10 ng/mL was accepted as positive
for ovulation. The potential relationship between progester-
one and each group/each prostanoid is seen as beyond this
paper’s aim; therefore, we did not record any progesterone
levels. With a Pipelle, 85%-90% of the uterine cavity is
sampled; however, the area of implantation might still have
been missed. Sufficient endometria are retrieved using a Pi-
pelle for microarray analysis; however, the amount of tissue
is less and more superficial compared with dilatation and
curettage.

CONCLUSION

Negative pregnancy outcomes from natural or stimulated
cycles remain psychological and economic burdens for so-
ciety. Therefore, endometrial receptivity holds crucial
importance and needs to be revealed as soon as possible.
Recent studies suggested that lipids might play role in
implantation.

By looking for 18 previously reported prostanoids,
we identified the increased endometrial presence of TXB2
in patients with RM and RIF, as well as PGFM/PGF2« in
patients with RM. The increased concentration of TBX2 in
patients with RIF and RM indicates that there might be a
common component in the pathogenesis of these conditions.
Although the association of TXB2 with RM has been re-
ported previously, PGF2« may become a new tool for deeper
investigation in the multifactorial etiology of RM. Another
interesting feature of our results is that these two molecules
are essential in the establishment and development of preg-
nancy; however, their levels should be within limits:
increased levels start the cascade that leads to adverse
pregnancy outcomes.

By revealing these important components of infertility,
we believe that this study provides further insight into the
common and distinct aspects of various causes of infertility.
Differences in endometrial prostanoid-producing enzymes
could be a new area for investigation: ‘normalizing’ the
endometrial prostanoid profile might open new treatment
options.
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ORIGINAL ARTICLE: REPRODUCTIVE SCIENCE

Comparacion de los perfiles de prostanoides endometriales en tres subgrupos infértiles: ;La parte perdida de la receptividad?

Objetivo: Estudiar el perfil de prostanoides del endometrio de pacientes con fallo de implantacién recurrente (RIF), infertilidad de causa
desconocida (UIF) y abortos recurrentes (RM), y compararlos con el endometrio de controles sanas y fértiles.

Diseno: Estudio prospectivo de cohorte.
Ubicacion: Hospital universitario.
Paciente(s): Se reclutaron quince pacientes con RIF, 18 pacientes con UIF, 16 pacientes con RM y 23 controles fértiles.

Intervencion(es): Se tomaron muestras endometriales durante la ventana de implantacién. Después de la homogenizacién celular y
extraccion, se realizé un analisis mediante cromatografia liquida de ultra rendimiento y espectrometria de masas en doble tandem
con detector de matriz de diodos e ionizacién por electropulverizacion.

Principales medidas de resultado: Se evaluaron las concentraciones de prostaglandina (PG) D1, PGE1, PGF1«, 6-ketoPGF1a, PGD2,
PGE2, PGF2q, 15-desoxy-Deltal12, 14-PGJ2, PGD3, PGE3, PGF3«, tromboxano B2, 13,14-dihidro-PGE1, 13,14-dihidro-PGF1«, 13,14~
dihidro-PGF2«, 13,14-dihidro-15-ceto-PGE1, 13,14-dihidro-15-ceto-PGE2, y 13,14-dihidro-15-ceto-PGF2«.

Resultado(s): La comparacion del endometrio de pacientes con UIF con controles no mostré diferencias significativas. Al comparar el
endometrio de las pacientes con RIF con los controles, el tromboxano B2 (TXB2) se encontrd significativamente mas elevado (843.1 pg/
mg vs. 133.5 pg/mg). Cuando se compard el endometrio de los pacientes con RM con el de los controles, se encontré que el 13,14-dihi-
dro-15-ceto PGF2a y el TXB2 eran significativamente mas altos.

Conclusion(es): Identificamos un incremento en la presencia endometrial de TBX2 en pacientes con RM y RIF, y de 13,14-dihydro-15-
ceto PGF2« en pacientes con RM. Aunque se observa un terreno comuin para RM y RIF, los prostanoides, por otro lado, podrian hacer su
propia contribucién a la receptividad endometrial de manera tan importante como la de los genes y las proteinas. Los intentos de nor-
malizar el perfil de prostaglandinas del endometrio a través de la actividad enzimatica pueden abrir nuevas opciones terapéuticas.

678 VOL. 113 NO. 3/ MARCH 2020
Downloaded for Anonymous User (n/a) at Acibadem University from ClinicalKey.com by Elsevier on March 07, 2023.
For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.



Fertility and Sterility®

100 100
6-keto PGF1q 13,14-dihydro-PGFyq
miz 369.29 > 163.19 miz 355.42>113.19
] Area 7.24e4 & Area 2.40e4
o T T T T T T T T T T T T T T o T r - T T T T T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
100+ i
= PGF3q b PGDy
miz) 190129 > 4937 miz 363.22 > 317.23
ER| Area; :5.0884 a2 Area 7.85e5
0 T T T T T T T T T T T T T T o T T T T T T T T T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 200 400 6.00 8.00 10.00 12.00 14.00
100+ 100+
PGD,
i aeEs 1;’;‘?} miz  361.22>316.23
] miz Areal 24ias - Area 2.71e5
0 i .
T T T T T T T T T T T T T T - T - T T T T T T T T T T T
200 4.00 6.00 8.00 10.00 12:00 14.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
100+ 1001 13,14-dihydro-PGF1q
PGE; miz 357.35> 11312
miz  349.29 > 269.33 Area 2.01ed
® Area 1.43e5 3 e ¢
0 o =
T T T 7 T T T T T T T T T T T T T T T T / 7 r T T T T T
2,00 4.00 6.00 8.00 10.00 12.00 14.00 200 400 6.00 800 10.00 1200 14.00
100 H
oy 100 13,14-dihydro-PGEy
miz 365.42 > 237.28
miz  349.29 > 269.33
Area 4.97ed
= Area  1.65e5 ] b
0 T T T T T T T T T T T T T 0 T T T T T T T T T T  : T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
100 —y 100 13,14-dihydro-15-keto PGF,q
miz 356.29 > 293.28 miz 353.35>113.13
2] Area 4.48e4 » Area 7.33e4
o T T T T T T T T T T T T T T [ T T T T ) T T T T T T T T 1)
2.00 400 6.00 8.00 10.00 12,00 14.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
1004 100 13,44-dihydro-15-keto PGE2
PGF2a miz 351.35>175.22
o miz 363.22> 193.16 R Ares 5A%64
Area 5.92e4
o T T T T T 1 T T T T T T T T o T T T T T T T T 3 ¥ T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
100+ 100-
PGE, 13,14-dihydro-15-keto PGE,
miz  351.16 > 315.23 miz  353.29 > 113.07
= Area 2.32e5 ] Area 9.79e4
o T T T T T T T T T T T T T T o . r . . T . . . - . . - . -
2.00 4.00 6.00 8.00 10.00 1200 14.00 2.00 4.00 6.00 8.00 10.00 12,00 14.00
100 -
PGE, 10 15-deoxy-A 12,14 PGJ,
miz 353.29 > 317.22 miz  315.29 > 203.26
3 Area 8.19e5 ] Area  2.15e4
0 T T T T T T T T T T T T T T 0 T T T T T T T T T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 2.00 4.00 6.00 800 10.00 12.00 14.00
Time (min) Time (min)
Extracted ion chromatograms of eighteen prostanoids
Demiral Keles. Prostanoid profiles of infertile endometria. Fertil Steril 2019.
VOL. 113 NO. 3/ MARCH 2020 678.el

Downloaded for Anonymous User (n/a) at Acibadem University from ClinicalKey.com by Elsevier on March 07, 2023.
For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.



	Comparison of endometrial prostanoid profiles in three infertile subgroups: the missing part of receptivity?
	Materials and methods
	Patient selection and sample collection
	Chemicals and Reagents
	UPLC-DAD-ESI-MS/MS analysis
	Statically analysis

	Results
	Discussion
	Thromboxane B2
	13,14-dihydro-15-keto PGF2α

	Conclusion
	Acknowledgments
	References


