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Placenta accreta spectrum disorder (PAS) is a kind of disease of placentation defined

as abnormal trophoblast invasion of part or all of the placenta into the myometrium,

even penetrating the uterus. Decidual deficiency, abnormal vascular remodeling in

thematernal–fetal interface, and excessive invasion by extravillous trophoblast (EVT)

cells contribute to its onset. However, the mechanisms and signaling pathways

underlying such phenotypes are not fully understood, partly due to the lack of

suitable experimental animal models. Appropriate animal models will facilitate the

comprehensive and systematic elucidation of the pathogenesis of PAS. Due to the

remarkably similar functional placental villous units and hemochorial placentation to

humans, the current animal models of PAS are based on mice. There are various

mouse models induced by uterine surgery to simulate different phenotypes of PAS,

such as excessive invasion of EVT or immune disturbance at the maternal–fetal

interface, which could define the pathological mechanism of PAS from the

perspective of the “soil.” Additionally, genetically modified mouse models could be

used to study PAS, which is helpful to exploring the pathogenesis of PAS from the

perspectives of both “soil” and “seed,” respectively. This review details early placental

development inmice, with a focus on the approaches of PASmodeling. Additionally,

the strengths, limitations and the applicability of each strategy and further

perspectives are summarized to provide the theoretical foundation for researchers

to select appropriate animal models for various research purposes. This will help

better determine the pathogenesis of PAS and even promote possible therapy.

KEYWORDS

placenta accreta spectrum, animal model, placenta development, mouse placenta,
trophoblast invasion, decidual deficiency
1 Introduction

Placenta accreta spectrum disorders (PAS) refer to a group of diseases in which

abnormal trophoblasts invade part or all of the placenta into the myometrium of the

uterine wall (1). Although the first case series of placenta accreta (PA) was published in

1937 by Irving and Hertig (2), PAS was a relatively newly defined disorder of placentation

until 2018, when the International Federation of Gynecology and Obstetrics (FIGO) named
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the morbidly adherent placenta, abnormal invasive placenta,

adhesive placenta, and other related series of placenta accreta

disease as PAS (3). Three subtypes were differentiated from PAS

according to the depth of trophoblast invasion into the

myometrium (1): placenta accreta, where the villi attach directly

to the surface of myometrium without intervening decidua (2);

placenta increta, where the invasion of the trophoblast has been into

the myometrium over the 1/3; and (3) placenta percreta, where the

invasion of villous reaches and penetrates through the

myometrium, serosa, and surrounding structures, such as bladder

(1, 4). Noticeably, there are often multiple degrees of EVT invasion

into the myometrium in one patient, such as the presence of both

accreta and percreta in one patient (1). Histopathological

examination, the gold standard for the diagnosis of PAS, is very

important to detect the occurrence and depth of abnormal EVT

invasion (5).

The prevalence of PAS ranged from 0.01% to 1.1% from 1981 to

2012, and continues to increase, especially in countries with high

caesarean section (CS) rates (6, 7). Compared with other

pregnancy-related diseases, such as gestational diabetes mellitus

(GDM) or preeclampsia (PE), the incidence of PAS is relatively

lower (8). However, maternal mortality in PAS patients is higher

than that in other obstetric diseases due to severe postpartum

hemorrhage (4, 9–11). Therefore, it is urgent to clarify the

mechanisms of PAS, which will definitely help to improve

pregnancy outcomes for patients.

At present, little is known about the pathogenesis of PAS. It is

generally accepted that incomplete or absent decidua in pregnancy

is the main cause (12). Normal decidualization of the endometrium

can prevent excessive invasion of trophoblast cells and suppress the

maternal immune response to maintain implantation and

decidualization (13). When the structural integrity of the

endometrium or myometrium is impaired, scars form locally and

the myometrium around the scar often shows degeneration

and hyalinosis, accompanied by fibrous tissue hyperplasia and

inflammatory cell infiltration, which is not conducive to embryo

implantation and placental development (14, 15). When the

placenta is attached to the scar site, the villi directly contact the

myometrium, which is one of the pathogenic mechanisms of PAS

(16). Recently, researchers have suggested that the distorted

uteroplacental interface caused by dense fibrous deposition is an

essential factor contributing to abnormal placental attachment (2,

17, 18). This challenged the classical concept that placenta accreta is

simply due to villous tissue sitting atop the superficial myometrium

without interposed decidua.

Elucidating its pathogenesis is the key foundation for improving

the pregnancy outcome of PAS patients clinically. Appropriate

animal models could facilitate comprehensive and systematic

research on the pathogenesis of PAS. Similarities in genetic

information between mice and humans have been reported (19).

Although the structures of the mouse placenta terminology are

highlighted dissimilarity with humans, mouse placentas are highly

functionally conserved and the functional placental villous units are

remarkably similar in mice and humans (Figure 1) (21, 22). In

addition, both mouse and human placentas possess similar

hemochorial blood flow (20, 23, 24) and undergo trophoblast
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infiltration and uterine spiral artery remodeling (20, 25–28).

Regarding the time of pregnancy period, less time is required in

mice, which facilitates animal experiments since it is measured in

days rather than in months (27, 28).

Currently, uterine surgeries to simulate the risk factors for PAS

are the main approaches to establish disease models. Uterine

surgery can damage the endometrium or myometrium, which is

helpful to exploring the pathogenesis of PAS from the perspective of

“soil” abnormalities. The genetically modified strategy could be

another option, which targets the editing of cell invasion or

metastasis-related genes; it can not only mimic the abnormal

decidua but also simulate the excessive invasion of trophoblast

cells or the placenta in PAS, which is helpful for exploring the

pathogenesis of PAS from the perspectives of both the “soil” and the

“seed” respectively.

This review details early placenta development in mice, with a

focus on the approaches of PAS modeling. Additionally, the

strengths and limitations of each strategy and further perspectives

are summarized to provide the theoretical foundation for

researchers to select appropriate animal models for different

research purposes. This will help better determine the

pathogenesis of PAS and even promote possible therapy.
2 Placental development in mice

The oocytes and sperm at fertilization to form totipotent zygote

are the beginning of embryogenesis in both humans and mice,

which occurs at embryonic day (E) 2 in mice. Two distinct

populations of cells, the inner cell mass (ICM) and trophoblast

ectoderm (TE), emerge through the establishment of cell polarity

and several rounds of cell division, respectively, which occurs at

E3.5 in mice and approximately day 5 postcoitum in humans to

form the blastocyst (Figure 2) (19). Blastocyst implantation occurs

at E4.5 in mice and days 7–8 postcoitum in humans, when maternal

endometrial stromal cells undergo a specific reaction called

decidualization under the influence of a variety of hormones,

which is widespread in both mice and humans (29). During

decidualization, the accurate and ongoing crosstalk between

embryonic-derived trophoblast cells and the decidua is an

essential “warrantor” for further successful placentation and

pregnancy (30). Any factors that lead to impaired decidualization,

such as endometriosis or uterine scarring, exert a higher risk of

infertility and abnormal placentation (31, 32).

The TE cells in mouse blastocysts continue to proliferate after

implantation to form embryonic ectoderm (ExE) and the

ectoplacental cone (EPC). At approximately E6.5, the

extraembryonic mesoderm lineage is generated, which further

forms the allantois and extraembryonic mesodermal layers of the

amnion and chorion (19). At approximately E8.5, the fusion of the

chorion and allantois is the essential step in the process of forming a

mature placenta. Chorion and allantois fusion allows the

endoderm-derived blood vessels of the embryo to enter the

chorionic trophoblast layer (33). This interfinger differentiation

between fetal blood vessels and trophoblast-lined maternal

sinuses forms the labyrinth, the basic structure of the mouse
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placenta (34). After that, the multipotent progenitor cells in the

mouse placenta facilitate the expansion of the labyrinth, as well as

the differentiation into syncytial trophoblast cells (STB) and sinus

trophoblast giant cells (TGCs) (35, 36).

At approximately E10.5, three layers clearly developed in the

mouse placenta: the decidua, the junctional zone (JZ), and the

labyrinth (20, 37). The labyrinth, which is near the fetal side, is a

functional structure where gas–nutrient exchange occurs (38).

Maternal blood is separated from fetal blood by three layers of

trophoblasts in this layer (39). In the human placenta, there are

initially two layers of chorionic villi, and later in pregnancy, there is

one functional trophoblast layer that separates maternal and fetal

blood (20). The function of the labyrinth is similar to that of the

human chorionic villus. The JZ is next to the labyrinth and lies

directly beneath the decidua, which consists of parietal trophoblast

giant cells and spongiotrophoblasts. Spongiotrophoblasts give rise

to TGCs and glycogen trophoblast cells that largely function in

hormone secretion and metabolism (22, 40). More importantly,

both TGCs and glycogen trophoblast cells are functionally invasive,

similar to human EVTs (41), although the two kinds of trophoblast

cells anchoring the placenta to the uterine wall in the mouse are not

nearly as invasive as the equivalent EVTs in humans, where these

cells invade up to one-third of the thickness of the uterine wall,

including the maternal arterioles (20). Some glycogen trophoblast

cells migrate deep into the maternal decidua, where they are
Frontiers in Endocrinology 03
thought to help enhance maternal blood flow (20). All of these

properties lie down the foundation for exploring human EVT-

related diseases through a focus on TGCs and glycogen trophoblast

cells in the mouse placenta.

Although there are some discrepancies in the morphology and

terminology of the mouse placenta from the human placenta, the

two species appear more equivalent at the functional placental

villous units and the cellular composition level. Therefore, the

mouse placenta is an appropriate tool for research on human

placenta-related diseases.
3 Approaches to establish the
PAS model

3.1 Surgery-induced models

Prenatal prediction of PAS is important to determine the

appropriate delivery time and multidisciplinary planning for

operative management (42), which is mostly based on ultrasound

signs and risk factors (12). The main risk factors for PAS include

cesarean section, placenta previa, in vitro fertilization and embryo

transplantation, and uterine surgery history, such as hysteroscopic

operation and endometrial curettage (43–45).
FIGURE 1

Morphology of mouse (left) and human (right) placenta. Left: Three layers clearly in the mouse placenta. The upper is maternal decidua. The middle layer
of the supportive JZ contains spongiotrophoblasts, which give rise to TGCs and glycogen trophoblast cells. Both TGCs and glycogen trophoblast cells
are invasive. The labyrinth is the functional structure of the mouse placenta where gas/nutrient exchange occurs. Maternal blood is separated from fetal
blood by SynT-I, SynT-II, and sinusoidal giant cells. Right: The functional structure for gas/nutrient exchange is the chorionic villus in the human
placenta. EVTs arise from the trophoblast cell column and are highly invasive, penetrating up to one-third of the thickness of the uterus. Endovascular
EVTs extensively remodel maternal spiral arterioles to ensure correct blood supply to the growing embryo. Trophoblast giant cells (TGCs), junctional
zone (JZ), extravillous trophoblast cells (EVTs), syncytiotrophoblast-I (SynT-I), syncytiotrophoblast- II (SynT-II). Modified from (20).
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Most of the existing PAS animal models simulate PAS by

uterine surgery, such as uterine incision, endometrial curettage,

and hysterotomy, and check the pathological phenotypes of

placentas in the subsequent pregnancy. Any surgery that damages

the endometrium or myometrium may affect the regeneration and

repair of endometrial epithelial cells, further resulting in the loss of

decidua and the excessive invasion of EVT in the subsequent

pregnancy, leading to possible placental abnormalities (46, 47).

The PAS models established by different uterine surgeries are

described in the following.
3.1.1 Uterine incision
The morphological changes and healing process of the mouse

uterine incision within 2 weeks after surgery are similar to humans

(48). In terms of the healing process, the epithelium of the lesion of

the mouse uterus began to repair on the second day after the

operation, and on the fourth day, the wound was completely filled

with endometrial tissue on the uterine cavity side and covered by

adipose tissue attached to the mesentery on the abdominal side (48).

Moreover, the process of healing of the postoperative incision is

associated with the estrus cycle of mice, and it is also similar to

humans in that the process of healing is associated with changes in

hormones (49).

It has been reported that making an incision (0.5–0.8 cm) on

one side of the uterine horn of C57BL/6J mice simulates uterine

damage, and the placenta showed pathological changes similar to
Frontiers in Endocrinology 04
PAS in the subsequent pregnancy (50). Specifically, although the

areas of the placental JZ and labyrinth were not significantly

different between the model and control groups, nor was the ratio

of the placental JZ to labyrinth different, the model group showed a

larger area of invasive trophoblast cells in the decidua than that in

the control group. This corresponds to the extensively altered

expression of genes involved in cellular invasion at the placental

interface, such as Mmp2, Mmp9, Mmp3, and Dock4 (50–52).

Meanwhile, the number of blood vessels in the placenta increased

significantly in this model, which is similar to the hypervascularity

in the placenta of PAS patients (53, 54). In accordance with the

hypervascularity in the maternal–fetal interface, the serum levels of

the angiogenic factors epidermal growth factor (EGF) and vascular

endothelial growth factor (VEGF) tended to increase, while the

levels of the antiangiogenic factors soluble fms-like tyrosine kinase 1

(sFlt) and endoglin (ENG) decreased in this model (50). Regarding

the immune environment in the decidua and placenta, the

proportions of T and natural killer cells (NK) in the decidua

diminished significantly at the maternal–fetal interface in this

model, and the number of NK cells and M2 macrophages showed

a great decline, especially with respect to decidual NK (dNK) cells

(50). In terms of inflammatory conditions, the expression of TNF-a
and IL-4 in the decidua was upregulated but the expression of IFN-g
and IL-10 was downregulated in this model. These phenotypes are

similar to the altered immune environment at the maternal–fetal

interface in PAS patients, which is often accompanied by abnormal

polarization of macrophages (55) and immune cell infiltrates (56).
FIGURE 2

Major event time points in mouse and human pregnancy. The timeline for both species is calculated from conception. Days of development are
denoted embryonic (E) in the mouse and week (Wk) or day (D) of development in the human. Late blastocyst implantation in mice occurred at
approximately E4.5, followed by endometrial decidualization. The formation of the labyrinth at approximately E8.5, with branching morphogenesis
complete by E10.5. At E10.5, the junctional zone and TGCs are also fully formed, and glycogen trophoblast cells continue to differentiate and invade
the uterus along with specific TGC subtypes and form a fully functional placenta. At the same time, the embryo developed rapidly at the later stage
until delivery at approximately E19.5. In humans, after a series of processes, such as trophoblast cell invasion and uterine spiral artery remodeling, a
mature placenta is formed at approximately 12 weeks of gestation. The fetus develops rapidly in the later stage and is normally delivered at
approximately 37–40 weeks.
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In this PAS model, the increased IL-4 may function as a

“shooter” to the overactive immune environment at the

maternal–fetal interface, which further induces M2-like THP-1

macrophages to increase the expression of granulocyte colony-

stimulating factor (G-CSF), prompting the proliferation, invasion,

and adhesion of trophoblast cells (55). These alterations are

different from PE, where decreased IL-4 in return activates B

cells, prompting autoantibody production and eventually leading

to endothelial dysfunction and hypertension (57, 58). Compared to

the increased IL-4 in this PAS model, the decreased IL-4 in PE is

consistent with the notion that shallow cytotrophoblast invasion is

implicated in the pathogenesis of PE (58–61). These findings

indicate that the immunomodulation in PE and PAS may be

totally different, although both are diseases caused by abnormal

placental development. The in-depth immune regulation

mechanism could also be one of the directions for future research

in both PE and PAS.

The uterine incision in the mouse led to an expansive invasion

of trophoblast cells, combined with alterations in the immune

microenvironment and cytokine levels in the decidua, which

recapitulates the classical phenotypes of PAS in the clinic.

Therefore, the model can be applied to investigate the abnormal

placentation induced by uterine damage, especially to study

immune disorders and inflammation regulation at the maternal–

fetal interface in PAS, which are currently few studies. In addition to

placental abnormalities, changes in serum sFlt and VEGF were

found in this model, which suggested that it could be used for the

study of serological changes in PAS, further prompting the

development of clinical diagnostic markers and prediction models

for PAS.

3.1.2 Caesarean section
Caesarean section (CS) is an independent risk factor for PAS

(62). It is essential to note that the increase in the incidence of PAS

paralleled the promotion of CS (5, 12). The relative risk of PAS was

8.8 (95% CI: 6.1–12.6) for previous CS, 6.6 (95% CI: 4.4–9.8) for a

single CS, 7.4 (95% CI: 4.4–9.8) for two CS, and 55.9 (95% CI: 25.0–

110.3) for a history of three or more CS (45). The process of uterine

tissue repair after CS is often accompanied by decreasing

endometrial glands, inhibition of myometrial smooth muscle cell

growth, excessive collagen fiber deposition, and massive leukocyte

infiltration, which leads to long-term and chronic inflammation

and scarring (63). There appears to be preferential attachment of

the blastocyst to the scar site, which may be associated with

defective decidua in that region, resulting in abnormal

implantation (64). In turn, disorientation of the implanted

embryo and restricted stromal cell proliferation could also lead to

defective decidualization and abnormal placental development,

including excessive invasion of trophoblasts into the decidua and

insufficient branching of fetal blood vessels (65, 66). Clinically,

single-cell RNA sequencing of the PAS placenta of humans shows

that in the absence of the decidua, invasive trophoblasts of various

differentiation states interact strongly with maternal stromal cells,

which might allow the placental villi to migrate to the serosal

surface of the uterus and be associated with hypervascularity in PAS
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patients (67). All of these results indicate that incomplete or absent

decidua is one of the key drivers of PAS.

S. D. Burke et al. simulated CS in peripartum mice by

hysterotomy in experimental CD-1 mice. Concretely, an incision

was made along the entire length of the experimental uterine horn,

alongside the mesometrial insertion of blood vessels within 24 h of

parturition, which destroyed the integrity of the myometrium and

formed the uterine scar locally (68). When the recovered mice were

pregnant, an increased depth of trophoblast invasion in the

unmanipulated uterine horn was observed, which was assessed by

measuring the cytokeratin-positive area extending beyond the

placenta proper. This finding indicated that placental paracrine or

endocrine signaling may induce a similar placenta accreta

phenotype in the unmanipulated horn. In addition, when the

researchers examined the disruption or dysplasia of the uterine

smooth muscle by HE staining, they found that in this peripartum

scar model, the myometrial integrity was significantly disrupted in

both the manipulated and unmanipulated uterine horns (68).

This model simulates the characteristics of myometrium damage

after clinical CS through hysterectomy in peripartum mice, and the

impaired integrity of the myometrium is an important cause of

excessive EVT invasion. However, the mechanism and signaling

pathway of how myometrial injury affects EVT invasion and

placental development is rarely reported. Only a few studies have

reported that EVTmigration and invasion into the myometriummay

be related to the downregulation of functional E-cadherin in the

myometrium of uterine scars (64). This model is very suitable for

research on the pathomechanism of PAS in the aspect of impaired

myometrium. Moreover, it is worth noting that an increase in the

depth of trophoblast invasion in the unmanipulated uterine horn was

observed in this model, while how the damaged uterus may induce

PAS phenotypes in the unmanipulated uterine horn through

paracrine or endocrine signaling is also an interesting direction for

further investigation. This will help to understand the clinical

pathological mechanism of placenta accreta in non-uterine scar sites.

3.1.3 Dilation & curettage
Dilation & curettage (DC) is a surgery generally considered to be

relatively safe, but it is still associated with some long-term

complications. The most well-known complication is intrauterine

adhesions, also known as Asherman syndrome, which may lead to

menstrual disorders and fertility problems (69). Previous studies have

shown that the uterus of Sprague Dawley (SD) rats presents a series of

abnormal changes when intrauterine adhesions occur, such as a

decreased number of endometrial glands, increased deposition of

collagen and fiber deposition, and disorganized morphology and

structure of the myometrium (70, 71). A history of D&C is

associated with the occurrence of PAS (OR 2.8; 95% CI 1.7–4.6) (62,

72). However, published studies mainly focus on the assessment of risk

factors and the diagnostic utility of D&C in PAS; there is a lack of

studies on the mechanism by which D&C affects blastocyst

implantation and subsequent placental development.

In this kind of PAS model induced by D&C, three rounds of

oblique angle curetting of the endometrium were used to simulate

the history of D&C in CD-1 mice. When the recovered mice were
frontiersin.org
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pregnant, researchers found that the trophoblast invasion areas

were deeper in the experimental uterine horn combined with

significant myometrium impairment (68). This strategy to

construct the PAS model indicates that D&C can affect the repair

of damaged myometrium and subsequent pregnancy outcome.

Further studies are clearly needed to address the poorly

understood physiology of involution and regeneration of the

myometrium after surgery and may help to elucidate the

pathogenesis of PAS from the aspect of damaged myometrium.

The above methods to establish PAS models by uterine surgery

damaged the normal structure of the endometrium or myometrium

of mice, which further facilitated EVT invasion. Moreover, uterine

incision surgery can lead to immune imbalance and inflammatory

infiltration in the uterine environment, causing local tissue

homeostasis imbalance in the uterus, which in turn leads to PAS

through multiple immune and inflammation-related signaling

pathways (56, 73), which also highlights that PAS is a

multifactorial disease. The strengths, limitations, and applicability

of each uterine surgery model are shown in Table 1. In summary,

these approaches comprehensively reflect the pathological

phenotype of PAS and are appropriate to explore the

pathogenesis of PAS from the perspective of “soil” abnormalities,

either the damaged endometrium or myometrium. However, there

is a lack of published research to explore the possibility that IVF

could be accessible to establish the PAS model, so it is an important

direction worth exploring to establish a new model.
3.2 Genetically modified models

With the development of the clustered regularly interspaced

short palindromic repeat-associated nuclease 9 (CRISPR−Cas9) and
Frontiers in Endocrinology 06
the cyclization recombinase locus of X (cross)-over in P1(Cre-loxP)

target genome editing systems, genetically modified mice have been

widely used and are considered to be an ideal tool to study

molecular and genetic pathways in multiple diseases, especially

cancers and some monogenic diseases (77). In addition, genetically

modified animal models are also researched in other pregnancy-

related diseases, such as GDM, PE and PAS.

Current genetically modified mouse models have been

established to mimic the aberrant function of both “soil” and

“seed.” Specifically, editing of some targeted genes could result in

the abnormality of decidua, and editing of other targeted genes

could result in excessive invasion of EVT or the mature placenta.

The pathological phenotype and pregnancy outcome of each

genetically modified model are depicted in the following sections.

3.2.1 Decidual deficiency
Normal decidua can prevent excessive invasion of trophoblast

cells and suppress the maternal immune response to maintain

implantation and decidualization (13). Incomplete or absent

decidua may be involved in the pathogenesis of PAS (78).

Recently, a GRB2-associated binding protein 3 knockout

(Gab3-/-) mouse model showed reduced decidual depth in mouse

placentas and the spiral artery walls appeared to be heavily invaded

by TGCs at approximately E12.5 (74). On E18.5, Gab3-/- mice

showed a significant expansion of trophoblasts in the labyrinth and

JZ in placentas, leading to an overall increase in the depth of the

labyrinth, JZ, and uterine wall (74). GRB2-associated binding (Gab)

family proteins, including Gab1–3, are involved in the assembly of

intracellular activation signaling complexes by acting as scaffolds to

perform docking functions (79, 80). As a regulator, Gab3 is essential

for NK cells to perform their functions, including uterine NK (uNK)

cells (74). uNK cells are predominantly located in the decidua and
TABLE 1 Summary of modeling methods, strengths and limitations, and applicability of the PAS mouse models.

Model Approaches Strengths Limitations Applicability Reference

Surgery-
induced
models

Uterine incision Accompanied by impaired
immune and inflammatory

environment in the maternal–
fetal interface

Invasive surgery, possibly
embryonic resorption

Suitable for the research of disordered
immune and inflammation in maternal–

fetal interface of PAS

(50)

Cesarean section Damage to the myometrium,
simulate the most essential

PAS risk factor CS

Invasive surgery, disturb the
estrous cycle

More suitable to investigate the
pathomechanism of PAS in the aspect of

myometrium abnormalities

(68)

Dilation & curettage Surgical procedures before
pregnancy, mostly impair the

endometrium

Invasive repeated operation More suitable to investigate the
pathomechanism of PAS in the aspect of

endometrial abnormalities

(68)

Genetically
modified
models

Simulate the decidual
deficiency (Gab3

knockout)

High stability theoretically,
non-invasive, pinpoint the
role of specific gene in PAS

progress

The modeling success rate
might be relatively low,

possible embryonic death,
lower birth rates

Suitable to investigate the
pathomechanism of PAS in aspect of
decidua deficiency, also to explore the
mechanism of uNK cells in the PAS

(74)

Simulate the excessive
invasion of EVT

(MARVELD1knockout)

Simulate the excessive invasion of
trophoblast cells of PAS

(75)

Simulate the invasion
of the mature placenta

(adrenomedullin
knockdown)

Optimal tool to study the placental
vascular remodeling in PAS, also suitable
to develop the angiogenesis-related marker

in serum.

(76)
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are required for the early development of the decidua base and

vascular remodeling during pregnancy (81–87). Many studies have

shown that uNK cell deficiency facilitates impaired trophoblast

invasion in the mouse placenta (88–90). Gab3-/- mice exhibited

impaired uNK cell expansion associated with abnormal spiral artery

remodeling and increased trophoblast invasion in the decidua

basalis (74). After Gab3 knockout, the average minimal distance

between trophoblasts and the uterine wall was ~130 mm, whereas

the average minimal distance from the wild-type mouse placenta

was ~490 mm, which further indicated that Gab3 is a key

component required for cytokine-mediated NK-cell priming and

expansion that is essential for limiting trophoblast cell invasion

during pregnancy (74).

3.2.2 Excessive invasion of EVT
As mentioned earlier, excessive invasion by EVT cells

contributes to PAS onset (91). In addition to “soil” abnormalities,

EVT invasion can be facilitated. Some genetic mutations related to

cell-cycle activity can also lead to changes in the cell’s own ability to

invade, which means abnormalities in “seed.” There are some

animal models made by editing the genes that regulate the

proliferation and invasion of cells to simulate this pathological

phenotype of PAS.

In 2018, a genetically modified mouse model of PAS was

developed by conditional knockout of MARVEL domain

containing 1 (MARVELD1−/−), a tumor-suppressor gene located

on human chromosome 10q24.2 (92). MARVELD1 has important

biological functions in DNA damage repair, cell proliferation,

metastasis, and invasion (93). It has been reported that the

expression of MARVELD1 is ubiquitous in the endometrium,

ovary, and other normal human tissues but is downregulated by

promoter methylation in multiple primary tumors derived from the

ovary, uterus, breast, testis, and so on (94–97). Yue Chen et al.

reported that MARVELD1 was highly expressed in the wild-type

mouse placenta, and its expression was increased in the placentas

from E10.5 to E18.5, which paralleled ongoing trophoblast cell

invasion. On E18.5, MARVELD1 was highly expressed in

trophoblast cells that tended to migrate into the JZ (75). For the

molecular mechanism, MARVELD1 binds to the integrin b4
promoter to activate its transcription, and active integrin b4
facilitates cell adhesion and suppresses cell migration. In the

MARVELD1−/− mouse placenta, the boundary of the JZ was

indistinct and was highly occupied by trophoblast cells, combined

with the abnormal adhesion of the placenta to the myometrium,

which is a placenta accreta phenotype exactly (75). On E18.5,

placenta attached to the maternal uterus and the trophoblast cell

invasion area into the maternal decidua was increased 3.83 times in

MARVELD1−/− mouse placenta compared to the wild type, which

was observed by cytokeratin 18 staining (75). All of these results

could be explained by the signaling that the deletion of MARVELD1

resulted in decreased expression of integrin b4 in labyrinth layer

trophoblast cells, and the adhesive ability of cells was suppressed,

which boosted cell migration and invasion, leading to the excessive

invasion of trophoblast cells and the placenta accreta phenotype in

this model (75).
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In regard to cancer and PAS, there are definitely some

interesting parallels (98). For example, EVT cells and cancer cells

both possess considerable invasion ability and epithelial–

mesenchymal transformation (EMT) in the process of migration

and invasion (99, 100). Therefore, some cell invasion, metastasis,

angiogenesis, and immune-associated genes that have been

elucidated in cancer development may be important regulators

involved in PAS progression, and it could be one of the directions

for research in the future.

3.2.3 Invasion of the placenta
Invasion of fetal placental tissue beyond the maternal decidua

causes abnormal anchoring of the placenta to the uterine

myometrium, which is the typical ultrasonographic manifestation

of PAS patients (101, 102). Invasion of the placenta into the uterus

is associated with significant maternal morbidity and mortality due

to the possibility of hemorrhage during delivery (103). It has been

reported that in adrenomedullin knockout heterozygotes (AM+/-),

the fetal placental tissue invaded into the adjacent maternal–fetal

interface, hypertrophied, and extended beyond the confines of the

maternal decidua. H&E staining showed the abnormal invasion of

TGCs, a small area of labyrinth layer, a significantly reduced

spongiotrophoblast layer, and almost no maternal–fetal interface

(76). In other words, the AM+/- intercross placenta completely

lacked the normal histological characteristics of a wild-type

placenta. All of these characteristics resemble the abnormal

invasion of placental tissue into uterine tissue (76). In addition to

morphological changes in the placenta, overcrowded conceptuses, a

high incidence of fetal growth restriction (FGR) in AM+/–

intercrosses, and embryonic loss occurring between E9.5 and

E12.5 are the main reasons for the reduced fertility observed in

female AM+/– mice (76). This is consistent with the circumstance

that except for hemorrhage or other adverse maternal pregnancy

outcomes, clinical PAS patients possibly have FGR in some cases

(104–106).

Adrenomedullin (AM) is located on human chromosome

11p15.4. The protein encoded by this gene is a preprohormone

that is cleaved to form two biologically active peptides,

adrenomedullin and proadrenomedullin N-terminal 20 peptide.

Adrenomedullin is a bioactive peptide consisting of 52 amino

acids (107) that possesses a variety of biological functions,

including vasodilation, regulation of hormone secretion,

promotion of angiogenesis, and antimicrobial activity (108–111).

Previous studies have shown that AM and its receptors are highly

expressed in the uterus and placenta, especially in the fetal

membranes and umbilical cord blood vessels, which could relax

the placental blood vessels in a dose-dependent manner through

autocrine or paracrine forms and reduce the resistance of placental

blood vessels (112, 113). Abnormal AM levels are related to some

pregnancy-related diseases, such as GDM and abortion (114, 115).

All of these studies confirmed that adrenomedullin possesses

multiple functions in both human pregnancy and animal models

(116–118).

In regard to the regulation of placental vascular remodeling and

fetal perfusion, in addition to the AM, many molecules have been
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elucidated to be clearly involved, including VEGF and placental

growth factor (PlGF). Correspondingly, there are studies reporting

that dysregulating placental vascular remodeling is clearly evident

in the majority of PAS cases, which are combined with the

alteration of VEGF, PlGF, and their receptors (VEGFR) in both

the placenta and serum (119, 120). Therefore, genetically modified

animal models based on the current understanding of molecular

biological processes involved in the abnormal vascular remodeling

of PAS will also become one of the paths to establish new PAS. For

example, VEGF-targeted gene editing has been found to be an

essential regulator in the placental vascular abnormalities of PAS

(73, 120, 121).

Taken together, target gene editing is a non-invasive strategy

with good theoretical stability to pinpoint the role of specific genes

in disease onset and progression (122). Targeted gene editing in

mice leads to abnormal decidua and excessive invasion of

trophoblast cells or placenta, which is helpful to exploring the

pathogenesis of PAS from both the perspective of “soil” and “seed”

abnormalities. However, it should be emphasized that PAS is not a

unifactorial disease caused by either uterine or placental

abnormalities but is a multifactorial disease. The interactions of

“soil” and “seed” lead to PAS. Therefore, when using genetically

modified animals, one should not only observe one of the

phenotypes but should be explored comprehensively.

Additionally, there are still some limitations to genetically

modified animals, complete gene knockout mice will lead to

embryonic death or birth defects, while the construction cycle of

the conditional knockout mouse model is relatively long (123). In

addition, the incidence of PAS in targeted gene-edited mice might

be relatively low. For instance, 45.95% of MARVELD1−/− mice

exhibit the placenta accreta phenotype (75). Researchers should

select appropriate target genes and gene editing methods according

to the experimental design and objective.
4 Summary and prospects

The existing animal models mostly simulate the risk factors or

pathological phenotypes by uterine surgeries or targeted gene

editing in mice. Various surgeries, whether uterine incision, CS,

or D&C, can damage the endometrium or myometrium, which

could define the pathological mechanism of PAS from the

perspective of “soil.” Genetically modified animal models can not

only mimic the abnormal decidua but also simulate the excessive

invasion of trophoblast cells or the placenta in PAS, which is helpful

for exploring the pathogenesis of PAS from the perspectives of both

the “soil” and the “seed” respectively.

Notably, since PAS is a multifactorial disease, it is caused by the

interaction between the uterus and placenta. Therefore, the criterion for

animalmodels should not be solely limited to the excessive invasiveness

of EVT or the damaged uterus locally. In future studies of animal

models, more systematic model evaluation criteria should be

established to comprehensively and accurately simulate the clinical

manifestations of PAS patients. In addition, when using animal models
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for research, attention should be given to the difference in the

physiological structure of the experimental animal uterus and

humans; for example, mice have a bichorned uterus, while surgical

modeling is usually performed only on one side, and the

unmanipulated uterine horn may be affected by the surgical side

through paracrine or endocrine mechanisms. Except for existing

genetically modified animal models, other genetically modified

animal models based on the current understanding of molecular

biological processes associated with PAS will also become one of the

paths in the field of PAS animal model development. Undoubtedly,

although little is known about the pathogenesis of PAS, the

development and application of animal models will help advance the

research of PAS to elucidate its pathological mechanism and possible

treatment and prevention.
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et al. Can necrosis and ovarian vein thrombus be a serious complication in morbidly
adherent placenta? Open J Obstetrics Gynecol (2021) 11(11):1477–83. doi: 10.4236/
ojog.2021.1111138

106. da Cunha AC, da Silveira Betat R, Dal Pai TK, Arcolini CP, Gobatto AM, de
Holleben Bicca AM, et al. Prenatal diagnosis of a true umbilical cord knot in a fetus
with intrauterine growth restriction and placenta accreta. Taiwan J Obstet Gynecol
(2016) 55(4):616–7. doi: 10.1016/j.tjog.2015.02.007

107. Fischer JP, Els-Heindl S, Beck-Sickinger AG. Adrenomedullin - current
perspective on a peptide hormone with significant therapeutic potential. Peptides
(2020) 131:170347. doi: 10.1016/j.peptides.2020.170347

108. Boorsma EM, Ter Maaten JM, Damman K, van Essen BJ, Zannad F, van
Veldhuisen DJ, et al. Albuminuria as a marker of systemic congestion in patients with
heart failure. Eur Heart J (2022). doi: 10.1093/eurheartj/ehac528

109. Kita T, Ashizuka S, Takeda T, Matsumoto T, Ohmiya N, Nakase H, et al.
Adrenomedullin for biologic-resistant crohn's disease: A randomized, double-blind,
placebo-controlled phase 2a clinical trial. J Gastroenterol Hepatol (2022) 37(11):2051–9.
doi: 10.1111/jgh.15945
Frontiers in Endocrinology 11
110. Corr MP, Fairley D, McKenna JP, Shields MD, Waterfield T. Diagnostic value
of mid-regional pro-adrenomedullin as a biomarker of invasive bacterial infection in
children: a systematic review. BMC Pediatr (2022) 22(1):176. doi: 10.1186/s12887-022-
03255-9

111. Martinez-Herrero S, Martinez A. Adrenomedullin: Not just another
gastrointestinal peptide. Biomolecules (2022) 12(2). doi: 10.3390/biom12020156

112. Thota C, Gangula PR, Dong YL, Yallampalli C. Changes in the expression of
calcitonin receptor-like receptor, receptor activity-modifying protein (RAMP) 1,
RAMP2, and RAMP3 in rat uterus during pregnancy, labor, and by steroid hormone
treatments. Biol Reprod (2003) 69(4):1432–7. doi: 10.1095/biolreprod.103.015628

113. Nikitenko LL, Brown NS, Smith DM, MacKenzie IZ, Bicknell R, Rees MC, et al.
Differential and cell-specific expression of calcitonin receptor-like receptor and
receptor activity modifying proteins in the human uterus. Mol Hum Reprod (2001) 7
(7):655–64. doi: 10.1093/molehr/7.7.655

114. Wilson C, Nikitenko LL, Sargent IL, Rees MC. Adrenomedullin: multiple
functions in human pregnancy. Angiogenesis (2004) 7(3):203–12. doi: 10.1007/s10456-
004-4183-5

115. Di Iorio R, Marinoni E, Letizia C, Cosmi EV. Adrenomedullin in perinatal
medicine. Regul Pept (2003) 112(1-3):103–13. doi: 10.1016/S0167-0115(03)00028-4

116. Lenhart PM, Caron KM. Adrenomedullin and pregnancy: perspectives from
animal models to humans. Trends Endocrinol Metab (2012) 23(10):524–32. doi:
10.1016/j.tem.2012.02.007

117. Matson BC, Caron KM. Adrenomedullin and endocrine control of immune
cells during pregnancy. Cell Mol Immunol (2014) 11(5):456–9. doi: 10.1038/
cmi.2014.71

118. Li M, Schwerbrock NM, Lenhart PM, Fritz-Six KL, Kadmiel M, Christine KS,
et al. Fetal-derived adrenomedullin mediates the innate immune milieu of the placenta.
J Clin Invest (2013) 123(6):2408–20. doi: 10.1172/JCI67039

119. Li SC, Lan KC, Hung HN, Huang WT, Lai YJ, Cheng HH, et al. HSPA4 is a
biomarker of placenta accreta and enhances the angiogenesis ability of vessel
endothelial cells. Int J Mol Sci (2022) 23(10). doi: 10.3390/ijms23105682

120. Duzyj CM, Buhimschi IA, Laky CA, Cozzini G, Zhao G, Wehrum M, et al.
Extravillous trophoblast invasion in placenta accreta is associated with differential local
expression of angiogenic and growth factors: a cross-sectional study. BJOG (2018) 125
(11):1441–8. doi: 10.1111/1471-0528.15176

121. Alzoubi O, Maaita W, Madain Z, Alzoubi M, Sweis JJG, Arar AR, et al.
Association between placenta accreta spectrum and third-trimester serum levels of
vascular endothelial growth factor, placental growth factor, and soluble fms-like
tyrosine kinase-1: A meta-analysis. J Obstet Gynaecol Res (2022) 48(9):2363–76. doi:
10.1111/jog.15330

122. Liu R, Liang L, Freed EF, Gill RT. Directed evolution of CRISPR/Cas systems
for precise gene editing. Trends Biotechnol (2021) 39(3):262–73. doi: 10.1016/
j.tibtech.2020.07.005

123. Kos CH. Cre/loxP system for generating tissue-specific knockout mouse
models. Nutr Rev (2004) 62(6 Pt 1):243–6. doi: 10.1301/nr2004.jun243-246
frontiersin.org

https://doi.org/10.1016/j.ygyno.2020.01.006
https://doi.org/10.1016/j.ygyno.2020.01.006
https://doi.org/10.21037/atm.2019.04.38
https://doi.org/10.1146/annurev-animal-020420-031544
https://doi.org/10.1146/annurev-animal-020420-031544
https://doi.org/10.1016/j.placenta.2020.01.004
https://doi.org/10.1096/fj.202001559RR
https://doi.org/10.1111/1471-0528.15306
https://doi.org/10.1053/j.semperi.2018.11.009
https://doi.org/10.1080/00016340600617312
https://doi.org/10.4236/ojog.2021.1111138
https://doi.org/10.4236/ojog.2021.1111138
https://doi.org/10.1016/j.tjog.2015.02.007
https://doi.org/10.1016/j.peptides.2020.170347
https://doi.org/10.1093/eurheartj/ehac528
https://doi.org/10.1111/jgh.15945
https://doi.org/10.1186/s12887-022-03255-9
https://doi.org/10.1186/s12887-022-03255-9
https://doi.org/10.3390/biom12020156
https://doi.org/10.1095/biolreprod.103.015628
https://doi.org/10.1093/molehr/7.7.655
https://doi.org/10.1007/s10456-004-4183-5
https://doi.org/10.1007/s10456-004-4183-5
https://doi.org/10.1016/S0167-0115(03)00028-4
https://doi.org/10.1016/j.tem.2012.02.007
https://doi.org/10.1038/cmi.2014.71
https://doi.org/10.1038/cmi.2014.71
https://doi.org/10.1172/JCI67039
https://doi.org/10.3390/ijms23105682
https://doi.org/10.1111/1471-0528.15176
https://doi.org/10.1111/jog.15330
https://doi.org/10.1016/j.tibtech.2020.07.005
https://doi.org/10.1016/j.tibtech.2020.07.005
https://doi.org/10.1301/nr2004.jun243-246
https://doi.org/10.3389/fendo.2023.1118168
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Animal models of the placenta accreta spectrum: current status and further perspectives
	1 Introduction
	2 Placental development in mice
	3 Approaches to establish the PAS model
	3.1 Surgery-induced models
	3.1.1 Uterine incision
	3.1.2 Caesarean section
	3.1.3 Dilation &amp; curettage

	3.2 Genetically modified models
	3.2.1 Decidual deficiency
	3.2.2 Excessive invasion of EVT
	3.2.3 Invasion of the placenta


	4 Summary and prospects
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


