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Abstract: Among prostaglandins, Prostaglandin E2 (PGE2) (PGE2) is considered especially 
important for decidualization, ovulation, implantation and pregnancy. Four major PGE2 receptor 
subtypes, EP1, EP2, EP3, EP4, as well as peroxisome proliferator-activated receptors (PPARs), 
mediate various PGE2 effects via their coupling to distinct signaling pathways. This review 
summarizes up-to-date literatures on the role of prostaglandin E2 receptors in female reproduction, 
which could provide a broad perspective to guide further research in this field. PGE2 plays an 
indispensable role in decidualization, ovulation, implantation and pregnancy. However, the precise 
mechanism of Prostaglandin E2 (EP) receptors in the female reproductive system is still limited. 
More investigations should be performed on the mechanism of EP receptors in the pathological 
states, and the possibility of EP agonists or antagonists clinically used in improving reproductive 
disorders. 
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1. Introduction 

Prostaglandin (PG) E2, one of the prostanoid family, is a lipid mediator formed commonly in 
human bodies, and it plays the central role in female fertilization [1]. PGE2 is the major prostaglandin 
synthesized by the endometrium [2], ovary [3] and placenta [4]. PGE2 plays an indispensable role in 
decidualization, ovulation, implantation and pregnancy. It can modulate the balance ratio of Th1/Th2 
(T helper cell type 1/T helper cell type 2) [5], regulate chemokine secretions[5] and inhibit lymphocyte 
alloreactivity [6].  

The biosynthesis of PGE2 is a three-step process and three types of enzymes are included 
(Figure1). Firstly, arachidonic acid (AA) is released from acid plasma membrane phospholipids, after 
hydrolysis of the sn-2 bond by phospholipase A2 (PLA2) [7]. The released AA is then converted to 
prostaglandin G2 (PGG2) and prostaglandin H2 (PGH2), the two unstable intermediates, by the 
action of cyclooxygenase (COX) [8]. Three isoforms of COX enzymes have been described: COX-1, 
COX-2, and COX-3. Finally, the unstable precursor, PGH2, is catalyzed into different prostanoids, 
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including PGE2, PGF2α, PGD2, PGI2 and thromboxane A2 (TXA2), by their respective terminal PG 
synthase enzymes: PGE synthase (PGES), Prostacyclin (PGI) synthase, prostaglandin D (PGD)  
synthase, prostaglandin F (PGF) synthase and thromboxane synthase [9]. Following synthesis, PGE2 
is transported across the plasma membrane by multidrug resistance protein 4 (MRP4) [10] and 
activates its receptors. Alternatively, newly synthesized extracellular PGE2 is imported back into cells 
via the prostaglandin transporter (PGT), to suppress the signal pathway by preventing PGE2 from 
attaching to prostaglandin E2 receptors (EPs) [11,12].  

PGE2 exerts its biological actions via binding to its seven-transmembrane, G-protein coupled 
receptors (GPCRs), termed EP1, EP2, EP3 and EP4 [9]. PGE2 can also function as ligands for the 
nuclear receptor, and peroxisome proliferator activated receptors (PPARα, PPARβ/δ and PPARγ). EP 
receptors and PPARs can be expressed in the endometrium, the ovary, and placenta [13,14]. COX-2−/− 
female mice showed a reduction in ovulation and severe failure in fertilization, implantation and 
decidualization [15], implying that COX-2-generated prostaglandins and their receptors play an 
important role in female reproduction. EP2 (−/−) female mice showed the failure of oocyte maturation 
or cumulus-expansion [16]. EP4-deficient mice die within a few days after birth, because of an 
impaired cardiovascular remodeling system during birth [17]. Female mice lacking EP1 and EP3 
remain elusive in reproduction, therefore most studies focus on the function of EP2 and EP4. PPARs-
knockout rodents showed serious abnormalities in reproduction [18,19]. In this review, we attempt 
to summarize present knowledge of prostaglandin E2 receptors in the regulating of various 
physiological and pathological states of female reproduction. 

2. EP and PPAR� Receptors Signaling 

Although recognizing PGE2 as a ligand, the homology among these receptors is limited. Both 
EP1 and EP2 share more identities with other prostanoid receptors than with other EPs [20]. Among 
several conserved regions of EPs, the most highly conserved regions are located in the second 
extracellular loop (ECL2) and the seventh transmembrane domain (TMVII) [21]. All the EPs had been 
cloned by 1994. Since then, the amino acid sequences have been compared, to elucidate the 
prostaglandin receptor-specific events and understand the structure–function relationships of 
GPCRs. The aromatic amino acids in the second intercellular loop (ICL2) of EP2 are identified to 
mediate the Gs protein coupling, which offers an insight into the role of ICL2 in other GPCRs in 
coupling with G protein [22]. Other studies, focusing on highly conserved residues among EPs of 
many species, have identified that arginine residue in TMVII is essential to selective G protein 
coupling [23], while serine residue in TMVI and threonine residue in ECL2 are essential to ligand 
binding [24]. 

EP1 is mainly coupled to Gq/G11, and induces the Ca(2+) mobilization and activates protein 
kinase C (PKC) via the phospholipase C (PLC)-dependent pathway (Figure 1) [25]. Its downstream 
effectors include tyrosine-protein kinase Src (c-Src), focal adhesion kinase (FAK), and nuclear factor 
'kappa-light-chain-enhancer' of activated B-cells (NF-κB) [26]. Recent studies show the EP1-mediated 
PKC is also responsible for cyclic adenosine monophosphate (cAMP) formation, and the following 
cAMP/PKA/cAMP-response element binding protein (CREB) pathway, which might reveal the 
interaction among EPs in this pathway [27]. Additionally, EP1 is able to upregulate the expression of 
hypoxia-inducible factor-1α (HIF-1α), via activation of the phosphoinositide-3 kinase 
(PI3K)/AKT/mammalian target of rapamycin (mTOR) signaling by coupling to Gi/Go [28]. 
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Figure 1. PGE2 biosynthesis and signaling pathways. PGE2 exerts its effect via binding four G protein-
coupled receptor subtypes (EP1–4). PGE2 coupling with EP1 activates Gi and PI3K-AKT-mTOR 
signaling to enhance the transcription of HIF-α. EP1 also induces Gq and activates the PLC/DAG/PKC 
pathway to stimulate NF-κB gene expression. PGE2 binding to EP2 and EP4 induces Gs, increases 
intracellular cAMP levels, and activates the PKA pathway to stimulate the transcription of beta-hCG 
via CREB. EP4 combines to Gi and activates the PI3K/AKT pathway to stimulate NF-κB and CREB 
transcription expression. The activated EP3/Gi1 can stimulate ERK1/2, which eventually enhances 
PAI-1 and ERK-1 gene transcription. EP3 also couples with Gq and activates the PLC/IP3/Ca2+ 
pathway. Additionally, AA is released, and ultimately catalyzed into PGE2 and increased CREB and 
RXR transcription to enhance various downstream gene expression. COX—cyclooxygenase; CREB—
response element binding protein; cAMP—cyclic adenosine monophosphate; Gi—G protein alpha 
inhibitor; Gq—G-protein alpha q; Gs—G protein alpha stimulator; PAI-1—plasminogen activator 
inhibitor type 1; ERK1/2—extracellular signal-regulated kinases 1/2; PGE2—prostaglandin E2; 
PGH2—prostaglandin H2; PGG2—prostaglandin G2; PKA—protein kinase A; PKC—protein kinase 
C; PI3K—phosphoinositide-3 kinase; HIF-1α—hypoxia-inducible factor-1α. 

EP2 and EP4 have long been known to activate the cAMP/PKA/CREB signaling pathway via Gs 
(Figure 1). Besides, both receptors are able to induce the translocation of β-catenin, which is involved 
in promoting gene transcription [29]. Following activation of cAMP, either of them can also induce a 
PKA-independent exchange protein activated via the cAMP (EPAC) pathway [30]. However, 
consistent with different molecular structures, ligand infinities, and distributions, there are several 
fundamental differences in signaling transduction between EP2 and EP4. The most important one is 
that EP4, rather than EP2, couples to Gi/Go and is responsible for the subsequent PI3K pathway, 
including phosphorylation of the extracellular signal-regulated kinase (ERK)1/2, and induction of 
early growth response protein 1 (EGR-1) [31]. Furthermore, the translocation of β-catenin and the 
activation of CREB, achieved by EP2 and EP4, occur through distinct upstream pathways. EP4-
mediated activation is PI3K-dependent to a large extent, while EP2-mediated activation is PKA-
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dependent [32]. In addition, the finding that PI3K inhibits the activity of PKA underlies the 
connection between these two major pathways [32]. These similarities and differences in signaling, 
and the close interaction among them, indicate a fine and complex regulation of EP2 and EP4 
signaling transduction. 

EP3 stimulation mainly induces inhibition of adenylyl cyclase (AC) activity, and enhances 
Ca(2+) entry and mobilization via Gi-coupling (Figure 1) [33]. However, among four EPs, EP3 is the 
most unique, due to its diverse C-terminal tails by alternative splicing. For example, the human EP3 
gene, containing 10 exons and 9 introns, generates 9 distinct mRNAs and encodes at least 8 isoforms 
[34]. Consistent with its multiple splicing variants, EP3 has been reported to activate AC and Rho 
protein via Gs and G12/G13 [35]. Therefore, its downstream targets include the majority of pathways 
of the other EPs, such as PKA/β-catenin [36] and PI3K/AKT signaling [37]. In addition, one bovine 
isoform of EP3 is indicated to induce phosphatidylinositol turnover and intercellular Ca(2+) increase 
by coupling to Gq/G11 [38]. 

PPARs combine with the 9-cis retinoic acid receptor (RXR), another nuclear receptor, to form a 
heterodimer. This heterodimer binds to a specific DNA sequence-peroxisome proliferator response 
element (PPPE) and activates transcription of various target genes [39]. 

3. EP Receptors in the Endometrium 

PGE2 is the predominant prostaglandin in endometrium [2], and is indispensable to inducing 
the vascular permeability, angiogenesis and decidualization during implantation [40]. 
Decidualization is a process of endometrial stromal cells differentiation into decidual cells, and is a 
prerequisite for blastocyst implantation. This process is known to be induced by the cyclic adenosine 
monophosphate (cAMP) and progesterone signaling pathways, which are associated with the gene 
expression of prolactin (PRL) and the insulin-like growth factor-binding protein 1 (IGFBP-1) as 
decidual markers [41]. PGE2 was found to be involved in an increase in intracellular cAMP level, and 
in stimulating the activity of the cAMP dependent protein kinase A (PKA) pathway [42]. PGE2 and 
progesterone synergize to regulate interleukin-11 (IL-11) expression and secretion via the cAMP/PKA 
pathway in human endometrial stromal cells, which is critical in initiating decidualization [43]. The 
concentration of PGE2 in endometrial fluid is considered as a biomarker of endometrial receptivity 
[44]. In addition, PGE2 is proposed to participate in the endometrial repair process in menstruation, 
by upregulating the angiogenic factor interleukin-8 (IL-8) [45].  

Expressions of EP receptors vary during different phases of human normal endometrium, with 
inconsistent results. Carson et al. (2002) observed that EP1 is higher in the mid-secretory phase than 
in the early secretory phase of human endometrium, by high density microarray screening [46]. 
Catalano et al. (2011) detected that EP1 peaks during the early secretory phase, while EP2, 3 and 4 
peak during the mid-secretory phase across the regular human menstrual cycle, via reverse 
transcription polymerase chain reaction (RT-PCR) [47]. Besides, EP1 is located in different regions of 
glands depending on different phases [47]. However, Zhu et al. (2018) found that EP1 is expressed 
highly during the proliferative phase, and decreases sharply during the early secretory phase in both 
epithelium and stroma cells of the normal endometrium, with the method of immunohistochemistry 
[48]. All studies indicate that EP1 may be regulated by sex hormones and may also play a role in 
mediating implantation. Another study showed that EP2 has no change throughout the menstrual 
cycle, while EP4 is maximum in the late proliferative phase in human nonpregnant endometrium 
across the menstrual cycle [49].  

In mice, EP2 immunostaining was strongly observed at 24 h and 48 h after hormone primed, oil-
induced decidualization [50]. Hoxa 10 is a highly expressed homeobox transcription factor in 
decidualizing stromal cells, and deletion of Hoxa-10 in mice showed severe decidualization defects 
[51]. On day 4 of pregnant Hoxa-10 (−/−) mice, down-regulation of EP3 and EP4 in the uterine stroma 
suggested that Hoxa-10 might regulate these genes during implantation and decidualization [52]. 
However, the mechanism of how EP receptors modulate decidualization is still unknown. 

3.1. Endometriosis 
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PGE2, secreted predominantly by endometrial stromal cells (ESCs) and macrophages (Mφ), also 
result in an increase in peritoneal fluid and menstrual fluid of women with endometriosis [53,54]. 
Peritoneal fluid concentrations of PGE2 are higher in women with endometriosis, which is related to 
the survival and growth of endometriosis lesions [55]. The over-expression of COX-2 and the 
resulting high production of PGE2 are closely linked to pain, infertility, and a high risk of recurrence 
[56–58]. A selective COX-2 inhibitor is effective to prevent the ectopic implants in rats [59]. 
Experiments in vitro, with immune cells derived from women with endometriosis, showed that 
PGE2’s effect on immune suppression is achieved by inhibiting the growth of peripheral blood 
lymphocytes, the phagocytic ability of Mφ, the chemotaxis of peripheral blood polymorphonuclear 
leukocytes, and natural killer (NK) cell activity [54,60]. Treatment with PGE2 ultimately leads to 
increased Escherichia coli colonies in vitro, and endometriotic lesions in vivo [54,60]. 

EP4 gene expresses the highest in ESCs among four Eps, and, together with EP3 mRNA, is 
reported to be significantly up-regulated in endometriotic tissue [61]. Inhibition of EP2/EP4 decreases 
the growth, survival, angiogenesis and innervation of endometriosis lesions, and suppresses the 
proinflammatory state of dorsal root ganglia neurons to decrease pelvic pain [55]. 

4. EP Receptors in Ovarian Development 

Ovulation and fertilization are key processes in female reproduction, which is highly regulated 
by the follicle-stimulating hormone (FSH) and luteinizing hormone (LH). PGE2 is one of the major 
mediators in response to the gonadotropins, and is expressed in the ovary. LH regulates PGE2 
synthesis and the expression of EP1-4 [3]. The role of EP receptors has been studied most extensively 
in mice and primates, compared with human. 

EP2−/− mice exhibit impaired ovulation and fertilization due to defects in cumulus cell functions 
[16]. Tamba et al. (2010) suggested the reason might be that EP2 deficiency affected the expression of 
cAMP-related and epidermal growth factor genes, and ECM-related and chemokine genes in the mice 
cumulus cells [62]. Human fetal ovarian germ cells express COX-2, EP2 and EP4 receptors, and PGE2 
regulates growth and survival factors, such as the neurotrophins brain-derived neurotrophic factor 
(BDNF), activin A, and Myeloid cell leukemia 1 (MCL1) between 8 and 20 weeks’ gestation during 
ovarian development [63]. 

Successful ovulation requires elevated follicular PGE2 levels. PGE2 and EP receptors in 
granulosa cells are essential for successful ovulation, and PGE2 acts directly at mammalian oocytes 
to delay nuclear maturation [64]. EP2, EP3 and EP4 are expressed in germinal vesicle intact (GV) 
oocytes from both monkeys and mice [64]. Kim et al. (2016) summarized the expression of EP1–4 
within distinct cell types of the monkey ovulatory follicle [3]: EP2 and EP4 in the oocyte couple to 
Gαs to delay nuclear maturation and fertilization, while EP2, EP4 and EP3 isoform 9 in cumulus cells 
can promote cumulus expansion, oocyte maturation and fertilization. EP2 and EP4 in mural 
granulosa cells are responsible for the multiple rupture sites in ovulatory follicles, via increasing 
cAMP, while EP1 and EP3 isoform 5 limit proteolysis in the follicle by decreasing cAMP and 
increasing intracellular Ca2+. EP3 and EP4 in vascular endothelial cells of stromal vessels participate 
in maintenance of stable vessels [3]. 

PGE2 is an important modulator of follicular angiogenesis in non-human primates, while PGE2 
and all EP receptor agonists induce migration of human ovarian follicular endothelial cells 
(hOMECs). EP3 and EP4 were proved to be the primary EP receptors in the endothelial cells of 
established vessels in the monkey ovarian stroma [65]. By contrast, EP1 and EP2 were identified as 
main mediators of PGE2-stimulated vascular sprouting in the human ovulatory follicle [66]. Trau et 
al. (2016) further observed that agonists selective for each EP receptor increased migration of 
hOMECs, and only EP1 affected sprout length [66]. 

PGE2 is required for follicle rupture. Markosyan et al. (2009) found that PGE2 increased the 
Tissue plasminogen activator (tPA) protein via EP2 and EP3, while enhancing the PAI-1 protein via 
EP1 and EP3 in monkey granulosa cells, suggesting that elevated PGE2 late in the periovulatory 
interval acts to stimulate proteolysis and follicle rupture [67]. PPAR gamma mRNA was localized 
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primarily to granulosa cells, and its level was decreased 64% at 24 h post-hCG (Human chorionic 
gonadotropin) in rats [68]. 

EP receptors play different roles in luteal function in ewes: EP1/3 decreases luteal mRNA for LH 
receptors for luteolysis, while EP2 mediates prevention of luteolysis, via regulation of luteal mRNA 
for LH receptors to sustain luteal function [69]. 

Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders in females, 
and is characterized by ovulatory dysfunction, hyperandrogenism, and polycystic ovarian 
morphology, based on ultrasound. PGE2 concentrations are increased in the follicular fluid of women 
with PCOS, and have an inhibitory effect on the expression of the human zince fingere gene (ZNF) 217, 
a candidate gene for PCOS, in a dose-dependent manner in KGN cells (a human granulosa-like tumor 
cell line) [70]. Higher amounts of PGE2 were found in polycystic ovary granulosa cells, compared 
with granulosa cells from normal ovulating women [71]. 

5. EP Receptors in the Trophoblast/Embryo 

PGE2 plays an essential role in implantation, consistent with the fact that its secretion increases 
during the window of implantation [44]. Confined to ethical standards, researchers are limited to 
animal embryos and trophoblast cells. Embryo implantation is the most unique and key step in 
mammalian reproduction, and differs with various species. Both a receptive endometrium and well-
developed embryos are indispensable to successful implantation. The process of implantation in 
mouse and human is classified into three stages: apposition, adhesion and penetration. PGE2 plays a 
role in embryo apposition, and adhesion to the decidua for implantation, mainly through inducing 
chemokine expression. 

Inhibition of COX and EP2 in trophectoderm and inner cell mass greatly decreases the mouse 
embryo adhesion to the human endometrial epithelial cell (EEC), which can be completely reversed 
by adding PGE2 or EP2 agonist [44]. Butaprost (an EP2 agonist) increases the mouse embryo adhesion 
by 20% compared with control [44], indicating that EP2 functions in embryo adhesion. A similar 
result is also observed in the adhesion of porcine and the HTR-8/SVneo human trophoblast cell line 
to fibronectin, one component of ECM [72]. The HTR-8/SVneo human trophoblast cell line expresses 
all other Eps, such as EP1, EP3 and EP4 [73]. Leukemia inflammatory inhibitor (LIF), a marker of 
endometrial receptivity, can also increase the synthesis of prostaglandins, and the expression of EP1, 
EP2, EP4 and COX-2 in the HTR-8/SVneo trophoblast cell line [74]. Expression of COX-2 is absent in 
the stroma around the embryo during the attachment stage in LIF (−/−) mice, suggesting that the 
PGs mediate the effect on implantation of LIF via the PG receptors [75]. 

Over expression of COX-2 and PGE2 are implicated in the down-regulation of Mucin-1 (MUC1), 
a main glycoprotein mediating trophoblast adhesion, to disturb the embryo adhesion to the right 
place. Elevated COX-2 and PGE2 are consistent with depressed αVβ3 integrin in unreceptive 
endometrium [76]. This might be due to the fact that PGE2 binds to EP1 and activates the 
diacylglycerol-mediated PKC pathway, which is a requisite for the tumor necrosis factor-alpha 
converting enzyme (TACE)/dependent MUC1 proteolytic [77]. In human endometriotic epithelial 
cells, selective inhibition of EP2 and EP4 decreases membrane-type 1 matrix metalloproteases (MT1-
MMP) via the Src/β-arrestin 1 protein complex [78]. Both TACE and MT1-MMP are demonstrated to 
have MUC1 ectodomain proteolysis activity, which might be another mechanism to decrease MUC1 
at the implantation site [79,80]. 

5.1. ECM Remodeling 

ECM has been reported to play an important role in decidualization, trophoblast invasion, and 
placentation in early pregnancy [81]. PGE2 has been reported to affect the remodeling and 
degradation of endometrial ECM via sex steroids, cytokines, and growth factors in early pregnancy 
[82]. PGE2 binds to EP2 and EP4, and has been reported to stimulate hyaluronan synthesis in the 
remodeling of sheep cervical ECM [83]. 

PGE2-induced activation of the cAMP pathway decomposes ECM via decreasing the secretion 
of chemokine ligand (CCL)7 and CCL2 [62]. Meanwhile, PGE2 via EP2 and EP4 has been reported to 
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mediate IL-1β, by inhibiting the secretion of the chemokines CCL7 and CCL2, to enhance ECM 
disassembly for fertilization [84]. 

5.2. Trophoblast Invasion 

Invasion of trophoblast cells into the endometrial stroma, and complete remodeling of the 
maternal spiral arteries by the invading extravillous trophoblasts, are essential processes for the 
development of the definitive maternal-fetal circulation, and for pregnancy success. PGE2 play an 
indispensable role in trophoblast migration, proliferation and invasion. EP1, EP2 and EP4 agonists 
promote the migration of HTR-8/SVneo cells, and LIF stimulates the expression of EP1, EP2 and EP4 
to benefit extravillous trophoblast (EVT) invasion in the first trimester of pregnancy [74]. PGE2 binds 
to EP1 and EP4 to promote HTR-8/SVneo cell migration, which is mediated by activation of the ERK 
pathway [73]. However, Biondi et al. demonstrated that PGE2 suppresses HTR-8/SVneo cell 
proliferation and migration through EP2 and EP4 receptors, by increasing intracellular cAMP [85]. 
These contradictory results are due to different experimental conditions, such as the different 
concentrations of PGE2 and the stimulation period. Additionally, human umbilical vein endothelial 
cells (HUVECs) can express all four EP receptors, but cannot migrate or form sprouts in vitro in 
response to PGE2 [66]. 

5.3. Pregnancy Related Diseases 

PGE2 is found to be increased in the cervical ovulatory mucus [86] and the endometrium [76,87] 
of Recurrent Miscarriage (RM) women, compared to healthy controls during implantation. Until 
now, reports on the EP receptor’s expression in the pathological mechanism of RM have been rare. 
Our research group has recently found that PGE2, in combination with the EP3 receptor in 
extravillous trophoblasts, contributes to a decreased production of β-hCG and progesterone via Gi1 
and AC, thus causing reduced levels of cAMP and deactivated activity of PKA [88]. An EP3 
antagonist (L-798,106) down-regulates EP3 expression without influencing the β-hCG expression in 
JEG-3 cells, indicating that L-798,106 might be a ‘potential therapeutic candidate’ for the treatment of 
unexplained RM [88]. In addition, our research group observed that PPARγ is diminished in 
macrophages of RM placentas compared to those of healthy controls in the first trimester, which is 
related to a specific inflammatary reaction against the fetus [89]. 

The expression of COX-2 and EP3 receptors were significantly elevated at 24 h after ischemia-
reperfusion injury, with a rat model of intrauterine growth restriction [90]. Lower expression of COX-
2 and PGE2 in the embryos of streptozotocin-induced diabetic rats and their yolk sacs is associated 
with a malformed embryo and unhealthy placenta in gestational diabetes mellitus (GDM) [91]. 

6. Conclusion 

Numerous studies have revealed the presence and significance of PGE2 in the reproductive 
system. PGE2 and EP receptors are present in the endometrium, ovary and trophoblast of various 
species in pathological conditions. Although PGE2 is related to endometriosis, PCOS, RM, FGR and 
GDM, the mechanism of EP receptors is still limited. Further research is required to investigate 
whether prostaglandin E2 receptors are involved in the course of the pathological state of the female 
reproductive system. In addition, more investigations should be performed so that EP receptor 
agonists or antagonists can be applied clinically to improve reproductive disorders. 
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Abbreviations 

PG Prostaglandin 
AA arachidonic acid 
PLA2 phospholipase A2  
PGG2 prostaglandin G2  
PGH2 prostaglandin H2  
COX cyclooxygenase  
TXA2 hromboxane A2 
PGES PGE synthase  
MRP4 multidrug resistance protein 4 
PGT prostaglandin transporter 
GPCRs G-protein coupled receptors  
EP prostaglandin E receptor  
PPARs Peroxisome proliferator activated receptors 
ECL2 second extracellular loop 
TMVII seventh transmembrane domain 
ICL2 cond intercellular loop  
PKC protein kinase C 
PLC phospholipase C 
FAK focal adhesion kinase 
cAMP cyclic adenosine monophosphate  
CREB response element binding protein 
HIF-1α hypoxia-inducible factor-1α  
PI3K phosphoinositide-3 kinase 
mTOR mammalian target of rapamycin 
ERK extracellular signal-regulated kinase 
EGR-1 early growth response protein 1  
AC  adenylyl cyclase 
RXR retinoic acid receptor 
PPPE peroxisome proliferator response element  
IL-8 interleukin-8 
RT-PCR reverse transcription polymerase chain reaction  
ESCs endometrial stromal cells  
Mφ macrophages  
NK natural killer 
FSH follicle-stimulating hormone 
LH  luteinizing hormone 
BDNF brain-derived neurotrophic factor  
GV germinal vesicle 
hOMECs human ovarian follicular endothelial cells 
EEC endometrial epithelial cell  
TACE tumor necrosis factor-alpha converting enzyme 
MT1-MMP membrane-type 1 matrix metalloproteases  
HUVECs Human umbilical vein endothelial cells 
ECM extracellular matrix 
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