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ABSTRACT

Placenta accreta spectrum results in significant morbidities. Implantation process is regulated by PGE2 among other
factors. This review aimed to discuss the role of PGE2 in the placenta accreta spectrum. Review of literatures searched
in PubMed, PubMedCentral, EuropePMC, Wiley, and Science Direct with relevant keywords. Articles found were
screened by authors and voted for inclusion. PGE2 is synthesized from arachidonic acid by COX. Increased synthesis of
PGE2 results in increased angiogenesis and placental invasion. PGE2 action mainly occurs through the EP1-EP4 as the
main receptors of PGE2. Reduced PGE2 receptors expression may results in defective decidualization resulting in poor
pregnancy outcomes. Inactivation of PGE2 occurs through HPGD enzyme. Upregulation of HPGD results in lower
PGE2 tissue concentration leading to decreased PGE2 activity. Disorders of HPGD expression has been implicated in
abnormal implantation in animals. PGE2 synthesis, signaling, and inactivation plays significant role in placental
invasion. Defects in any of the processes may lead into placenta accreta spectrum.

Keywords: Prostaglandin E2; Prostaglandin Receptor; Hydroxyprostaglandin Dehydrogenase; Placenta Accreta
Spectrum

1. INTRODUCTION

Placenta accreta spectrum (PAS) is a type of abnormal implantation resulting in increased placental invasion (Jauniaux et
al., 2019) Worldwide increasing incidence of cesarean section may lead into increased risk of PAS (Jauniaux et al., 2018,
2019) Riskesdas showed increasing trend of cesarean section, from 9.8% in 2013 to 17.6% in 2018.(Aryananda et al., 2024)
Higher incidence of of cesarean section translates into increasing risk of PAS, which in turn leads into increased perinatal
death. Considering that 28.7% of all maternal death relates to peripartum hemorrhage, the burden of PAS is not
insignificant (Badan Pusat Statistik, 2024; Rahmi et al., 2025).

Patients with PAS is at increased risk of severe postpartum hemorrhage requiring emergency hysterectomy, massive
transfusion, and invasive bleeding control measures.(Marcellin et al., 2018) Increased risk of bleeding also carries an
increased risk of bladder and ureter injury, disseminated intravascular coagulation, maternal and perinatal death.(Yifru
Berhan & Tadesse Urgie, 2020) It is estimated that PAS incidence will increase concurrent with the increase of cesarean
section (Morlando et al., 2013):(Beigi et al., 2012) Implantation is a highly orchestrated event involving several functional
and structural remodeling of the uterine tissues. These changes involve several primary mediators, including estrogen and
progesterone acting in conjunction to promote immune tolerance and uterine receptivity (Kim & Kim, 2017).

In the light of this view, successful implantation is a concerted effort involving sevaral regulatory factors. Progesterone
and estrogen, being the main sex steroid hormones, plays important role in regulation of implantation. Changes in
progesterone and estrogen expression after implantation leads into several changes in uterine cavity. Progesterone in
particular stimulates endometrial receptivity Kim & Kim, 2017) Nevertheless, implantation, being a pro-inflammatory
process, requires inflammatory mediators, including cyclooxygenases (COX) and prostaglandins (PGs). (Norwitz, 2006)
InIndeed, luminal epithelial prostaglandin E2 (PGEZ2) expression is known to increase after implantation, promoting
blastocysts attachments and vascular permeability in the site of implantation (Kim & Kim, 2017).

Prostaglandin is a lipid mediator originiaing from the cyclooxygenase-catalyzed metabolism of arachidonic acid.
Prostaglandin E2 is known as the most significant type of prostaglandin in the reproductive tissues, where PGE2 has been
implicated during the process of ovulation, implantation, angiogenesis, uterine contractility, and vascular homoestasis in
pregnancy. In addition of previously mentioned roles, PGE2 is also known to modulate trophoblast differentiation and
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migration, endometrial decidualization, and the implantation of the embryo (Norwitz, 2006) Thus, the role of PGEZ2 in the
early stages of trophoblast proliferation is not to be viewed lightly. In this review, we aimed to elaborate the role of PGE2 in
the placenta accreta spectrum.

2. RESEARCH METHOD

This literature review was conducted through independent searches by the authors on relevant publications in the past 10
years, although older publications were also considered if deemed relevant by the authors. Searches were conducted in
PubMed, PubMedCentral, EuropePMC, Wiley, and Science Direct with any combination of the following keywords:
“prostaglandin E2”; “PGE2”; “prostaglandin receptor”; “EP receptor”’; “HPGD”; “hydroxyprostaglandin dehydrogenase”;
“placental invasion”; “implantation”. After thorough review of the literatures, we categorized and synthesized relevant
literatures into different sections. All prospective papers were included if the full paper was able to be obtained by the

author(s) and all authors agreed for inclusions.

3. RESULTS AND DISCUSSION
3.1 Prostaglandin E2 in Placenta Accreta Spectrum

Prostaglandin (PG) is synthesized from the arachidonic acid by phospholipase A2 from membrane phospholipids.
Arachidonic acid is metabolized into different subtypes of PG by prostaglandin-endoperoxide synthases (PTGSs) or
cyclooxygenases (COXs). The rate of synthesis of PG is regulated by different mitogens, proinflammatory cytokines,
hormones, and growth hormones. PGE2 was synthesized from PGH2 by PGE synthase, located downstream of PG
synthesis pathway. Endothelial cells are known to synthesize large quantities of PGs as response for different noxious
stimuli related to tissue damage, which in turn allows PGE2 in particular to stimulate angiogenesis through
bFGF-mediated pathway.(Simmons et al., 2004; Tamura et al., 2006) In pregnancy, PGE2 is mainly synthesized by the
first-trimester trophoblastic villi resulting in a positive feedback loop of invasion and survival of trophoblast.(Biondi et al.,
2006)

Nucleus

Figure 1. PGE2 biosynthesis and signaling pathway.(Ye et al., 2020) PGE2 is synthesized from arachidonic acid (AA) via
cyclooxygenase (COX) and prostaglandin E synthase (PGES). PGE2 is then released by MRP4 transporter to form
heterodimer complex with membrane-bound EP1, EP2, EP3, and EP4 receptors. Each receptors activate different signaling
pathways: EP1 through Gq and Gi activates PLC, IP3, and Ca?*; EP2 and EP4 through Gs increase cAMP which activates
PKA, EPAC, and B-catenin; and EP3 and its several isoforms increase or lower cAMP concentration through Gi or Gq/G11.
Activation of downstream pathways, including PISK/AKT, PKC, ERK1/2, CREB, NF-xB, and AP-1 finally regulates
expression of several genes important in proliferation, inflammation, angiogenesis, and differentiation of cells.

The role of PGE2 in placental angiogenesis is widely known. Increased PGE2 secretion is known to stimulate VEGF
expression and synergistically interact with bFGF to stimulate proliferation, migration, and differentiation of placental
endothelial cells. The significant role of PGE2 in placental invasion is not to be underestimated; particularly important,
expression of PGE2 ensures steady availability of oxygenated and nutrient-rich blood in the uteroplacental interface
essential for the growth and development of fetus (Simmons et al., 2004; Tamura et al., 2006; Young & Thorburn, 1994).
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Prostaglandin E2 (PGE2) is known to intimately regulate implantation and trophoblast proliferation, invasion,
angiogenesis, and secretion of pregnancy-related hormones. Thus, it is fair to speculated that dysfunction in PGE2
synthesis may impact placental invasion crucial in the pathogenesis of PAS (Huang et al., 2015; Ye et al., 2018, 2020)
Indeed, Peng et al. has highlighted the role of PGE2 through EP4 receptor in the trophoblast function. Their study in
HTR-8/SVneo and JEG-3 culture showed that decreased EP4 expression resulted in defective proliferation and cellular
viability in addition to increased apoptosis. This significant impact of PGE2-EP4 axis was discovered to occur through the
cAMP-PKA-pCREB pathway-related decrease of B-hCG and progesterone expression. Thus, disruption in PGE2-EP4 axis
may result in aberrant control of trophoblast invasion and survival, which in turn may significantly impact pathogenesis of
PAS (Peng et al., 2021).

3.2 Prostaglandin E2 Receptors in Placenta Accreta Spectrum

Prostaglandin E2 (PGEZ2) acts through EP1, EP2, EP3, or EP4 receptors in pregnancy. Unfortunately, no specific research
of PGE2 and EP receptors in PAS has been conducted and the role of EP receptors are still purely hypothetical.
Nevertheless, several evidence has emerged that EP receptors may play significant role in placenta signaling relevant in
PAS due to increased evidence of EP receptor imbalances in maternal decidualization (Mirani et al., 2023; Ye et al., 2020).

Endometrium
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EP1: Implantation
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EP2, 4: Endometriosis
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Figure 2. Role of prostaglandin receptors in uterus (Ye et al., 2020) Prostaglandin E2 (PGE2) and its receptors
significantly regulates wide ranges of reproductive function. Inside endometrium, PGE2 increases endometrial
receptiveness and significantly support implantation and decidualization. In addition, PGE2 and its receptors has been
implicated in the pathogenesis of endometriosis, another type of placental invasion-related condition in pregnancy. PGE2
role also extends to endometrial tissue, where PGE2 stimulates endometrial receptiveness to support implantation and
decidualization in addition to be implicated in the endometriosis. During embryonal implantation, EP1-EP4 receptors
mediate adhesion, invasion, extracellular matrix remodeling, and trophoblast migration and proliferation. EP2 and EP4
receptors are known to affect oocyte maturation, ovulation, and fertilization. EP1 and EP3 receptors are known to limit
proteolysis and prevent luteolysis in the granulosa cells and oocytes. In cumulus cells, activation of EP2, EP4, and EP3
isoform 9 receptors stimulate oocyte maturation and fertilization. EP1 and EP2 receptors angiogenesis in endothelial cells.

Due to current theory of PAS as a result of failure of regulation of maternal decidualization process, particularly in the
uterine scar, it is expected that PGE2 signal dysregulation may affect PAS pathogenesis. It is postulated that disruption of
progesterone-related EP2 signaling may result in defective formation of uterine barrier important in prevention of
unregulated trophoblast invasion. In addition, EP4 receptor in particular has been implicated in the regulation of
extravillous trophoblast signaling pathways significant for proliferation, apoptosis, and secretion of B-hCG and
pregnancy-related chemokines. A study in recurrent pregnancy loss has discovered the decreased EP4 expression in the
extravillous trophoblast cells from subjects with recurrent pregnancy loss, in addition to another study showing vitro EP4
signaling blockade may result in defective trophoblast proliferation and stimulates apoptosis. Additionally, EP2 and EP4
directly affects local immune response via T-cell and macrophages activities modulation, promoting maternal immune
tolerance crucial for the successful pregnancy. Imbalances in EP4 signaling may negatively affect delicate balance of
maternal immune tolerance necessary for successful pregnancy (Kandola et al., 2014; Peng et al., 2021; Stadtmauer &
Wagner, 2022; Ye et al., 2020).
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On the other hand, the role of EP1 and EP3 receptors in PAS are related to the regulation of myometrial contraction
and inflammation in lieu of defective decidualization process. Both EP1 and EP3 receptors are known to regulate uterine
contraction, where increased EP3 signaling has been disovered in the placentae taken from recurrent pregnancy losses due
to its role in the regulation of inflammation microenvironment. Unfortunately, evidence has yet to emerge on the role of
EP1 and EP3 in defective decidualization characteristic of PAS (Huang et al., 2015; Ye et al., 2018, 2020).

3.3 Hydroxyprostaglandin Dehydrogenase

HPGD (15-hydroxyprostaglandin dehydrogenase) belongs to the family of short-chain alcohol dehydrogenase.(Ensor et al.,
1990; Krook et al., 1990) This enzyme is approximately 42-51.5 kDa and has significant role in inactivating PGE1 and
PGE2 with the assistance of NADH co-enzyme.(Braithwaite & Jarabak, 1975; Ensor et al., 1990) HPGD enzyme inactivates
physiologically-active PGE2 into physiologically-inactive 15-keto-PGE2 with the assistance of NAD* through hydroxyl
group dehydrogenization in the 15t carbon position.(Okita & Okita, 1996) The HPGD is coded by HPGD gene and known to
be upregulated in the endometrial stroma culture when exposed with trophoblast cells;(Popovici et al., 2006) providing
evidence for the crucial role of HPGD enzyme in the regulation of PGE2 expression in maternal-fetal interface during the
normal pregnancy. The HPGD expression itself is known to come from fetal tissues in lieu of maternal tissues (Erwich &
Keirse, 1988).
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Figure 3. Formation of 15-keto-PGE2 from PGE2 by HPGD and NAD* co-enzyme(Okita & Okita, 1996)

In normal pregnancy, HPGD expression level is closely related to the trophoblast differentiation level. A study of
pregnant placental cytotrophoblast cell cultures showed significant increase of HPGD expression in conjunction with the
increased cytotrophoblast differentiation into syncytiotrophoblast lineage. In addition, previously mentioned study also
showed that changes in both HPGD expression and activity is tightly regulated by the level of cellular cAMP concentration
(Lennon et al., 1999) In addition to the trophoblast differentiation phase, HPGD expression is known to be mediated by the
tissue concentration of cortisol and progesterone. Indeed, during the study of trophoblast cell culture exposed to cortisol
and steroid, it has been discovered that the downregulation of HPGD mRNA occurred in line with the increase of cortisol
and steroid concentration. Thus, that study provided evidence of the role of cortisol as a competitive inhibitor in the
downstream effector of HPGD synthesis in chorion and placenta (Li et al., 2013; Patel et al., 2003). In addition, chorionic
HPGD expression is known to be regulated by the expression of progesterone receptor, where the decrease of PR-B receptor
expression resulted in the reduced HPGD expression in conjunction with the increase of PR-A receptor expression (Li et al.,
2013).
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Figure 4. Prostaglandin metabolism-related pathways.(Phillips et al., 2014) Figure presented above showed enzymatic
components (colored boxes) related to the synthesis of prostaglandin precursors, prostaglandin synthesis, prostaglandin
transports, and prostaglandin inactivation in addition to the end-product of the metabolism (oval).

During the process of placental prostaglandin metabolism, HPGD enzyme is known to be related in the maintenance of
PGE2 balance by the means of PGE2 inactivation. During the normal pregnancy, HPGD expression is known to be
upregulated in the pregnancy not yet in labor, but significantly downregulated near labor. HPGD expression is also
differentially regulated, where HPGD expression was found to be higher in the placenta and choriodecidua and lower in the
amniotic membrane. Further immunohistochemical study showed that HPGD is also expressed in the extravillous
trophoblast and decidua cells in addition to the choriodecidual membrane (Phillips et al., 2014). A study of cow placenta
shoed that expression of HPGD mRNA was significantly upregulated in the uterine wall during the early stages of
pregnancy in comparison with the later stages of pregnancy. In addition, it was discovered that HPGD protein is mainly
expressed in the trophoblast and maternal-side epithelilal cells in the maternal-fetal interface. In the uterine tissue itself,
highest level of HPGD expression was discovered in the endometrial glands and the uterine lumen epithelial cells,
although lesser expression of HPGD could be discovered in the myometrial tissues. Immunohistochemical study provided
evidence of downregulation of HPGD expression in the later stages of pregnancy in comparison with the earlier stages of
pregnancy (von Hof et al., 2017). In the model of rat pregnancy, it was discovered that HPGD activity in the basal zone is
significantly reduced in the mid-pregnancy vs. later stage of pregnancy or early stage of pregnancy. On the other hand,
HPGD activity in the labyrinth zone tend to decrease from the early pregnancy and reaches its lowest point at the term
placentae (Nagai et al., 1991). Mice model of Hpgd gene knockout showed that increase HPGD expression occurred in the
6.5th through 8th day of pregnancy, whereas the Hpgd knockout results in the absorption of the mice embryo due to the
increase of PGE2 and PGF2a expression. In addition, Hpgd gene knockout also results in the abnormal location of
implantation of the embryo (Roizen et al., 2019).

4. CONCLUSION

PGE2 synthesis, inactivation, and metabolism significantly affects trophoblast invasion and decidualization process.
Disruption in PGE2 signaling or PGE2 inactivation process may significantly increase trophoblast invasion, resulting in
increased risk of placenta accreta spectrum disorder. Further studies should elaborate the role of PGE2 in the pathogenesis
of placenta accreta spectrum to potentially target this important regulator of implantation.
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