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Abstract

A critical period in establishing pregnancy occurs after the onset of implantation but before placental
development. Evidence strongly suggests that abnormalities occurring during this period can result
in pregnancy termination or in pre-eclampsia; the latter may lead to small-for-gestational-weight
offspring that are likely to be unhealthy. Clearly, events occurring in the endometrium during the
implantation process are crucial for proper fetal development and for optimal offspring health. In
several mammalian species bi-directional communication between the conceptus and endometrium
during implantation is required for successful pregnancy. Although different implantation and
placentation modes occur in different mammalian species, common aspects of this bi-directional
signaling may exist. The molecular signals from the trophoblast cells of the conceptus, which direct
endometrial changes during implantation progression, are well known in some non-rodent species.
Currently, we know little about such signaling in rodents during implantation progression, when the
endometrium undergoes decidualization. This review focuses on data that support the hypothesis that
paracrine signals from the rodent conceptus influence decidualization. Where possible, these findings
are compared and contrasted to information currently known in other species that exhibit different
implantation modes.

INTRODUCTION

In mammals implantation of the conceptus (embryonic and extra-embryonic cells arising from
the fertilized oocyte) involves a series of processes that begins with the attachment of the
blastocyst to the uterine wall and ends when the mature structure of the placenta is formed. In
rodents and humans implantation begins at Day 4.5-5 and Days 5-7 of pregnancy, respectively
(Finn and McLaren, '67; Psychoyos, '73; Enders and Schlafke, '86; Enders and Schlafke, '67).
As reviewed elsewhere (Dey and others, '04; Psychoyos, '73; Yoshinaga, '88; Tabibzadeh,
'02; Finn, '77), implantation only occurs during a specific period after (a) the endometrium has
undergone a series of hormone-dependent changes to become receptive to the implanting
blastocyst and (b) the embryo is at the proper developmental stage. Initially relating to rodents,
Enders and Sclafke (Enders and Schlafke, '67; Enders and Schlafke, '69) described three stages
of implantation that can be applied to mammals in general. Although implantation in all
mammals involves the first two stages, apposition and adhesion, only those having invasive
conceptuses exhibit the third stage, invasion and embedding to varying degrees (Carson and
others, '00; Wooding, '02). Thus, implantation varies from relatively non-invasive to invasive
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resulting in the formation of epitheliochorial (e.g. pig, sheep, horse, cow) and hemochorial
(e.g. mouse, rat, human, baboon) placental types, respectively (Wooding and Flint, '94;
Wooding, '02; Johnson, '07). In laboratory rodents, implantation first involves apposition and
adhesion of the blastocyst to the endometrium. This process is followed by the apoptotic
displacement of epithelial cells, leading to blastocyst invasion (Weitlauf, '88).

Research efforts to date have focused on determining the molecular mechanisms and the
embryo-endometrial dialogue involved in the apposition and adhesion stages in early
mammalian implantation. In rodents, apposition and adhesion result in the fixation of the
“hatched” blastocyst embryo to the epithelial cells lining the antimesometrial chamber of the
uterine lumen. In recent years, a great deal has been learned about the molecules involved in
blastocyst-endometrial signaling during apposition and adhesion (Carson and others, '00;
Imakawa and others, '04; Paria and others, '01; Wang and Dey, '06; Kennedy and others, '07;
Kimber and Spanswick, '02). The first result of the interaction between the rodent blastocyst
and luminal epithelium is an immediate increase in endometrial vascular permeability
(Psychoyos, '60) (see Fig. 1A and B). Increased endometrial vascular permeability occurs only
in implantation segments; it is the first macroscopically observable sign that implantation has
begun, and can be visualized using an intravenous injection of a macromolecular dye such as
Evans blue. The change in permeability is followed by apoptosis of the adjacent luminal
epithelial cells (Parr and others, '87; Schlafke and others, '85; Welsh and Enders, '91).
Conceptus-derived paracrine signals do not appear to be required for initiating characteristic
changes in the rodent endometrium. A review of recent literature highlights the fact that the
physical stimulus, not the signaling molecules of the implanting conceptus, elicits these
changes, as long as the endometrium is properly hormonally “sensitized” for the deciduogenic
stimulus (Kennedy and others, '07). Similar changes in vascular permeability and epithelial
cell displacement can also occur in response to an artificial implantation stimulus in a non-
pregnant endometrium that has been adequately sensitized for a deciduogenic stimulus
(Lundkvist, '78; Milligan, '87; Milligan and Mirembe, '85; Andrade and others, '96).

Paracrine factors from the conceptus likely play important roles in the endometrium during the
progression of implantation. During early implantation in rodents, endometrial stromal
differentiation begins before complete displacement of the luminal epithelial cells in contact
with the blastocyst. This stromal differentiation transforms endometrial tissue into decidual
tissue in a process commonly referred to as decidualization. As discussed below, the onset of
decidualization can occur when an artificial implantation stimulus is applied; paracrine signals
directly from the conceptus are not required. However, signaling from the conceptus remains
essential. There is significant evidence that certain molecules play critical roles in facilitating
the bi-directional dialog between the conceptus and endometrium during implantation in
several non-rodent species. For example, there is evidence that a trophoblast-derived type |
interferon, interferon tau (IFNt), exerts paracrine and endocrine effects on ungulate uteri and
ovaries, respectively (Roberts, '07; Spencer and others, '07; Thatcher and others, '01). In
humans and some non-human primates there is strong evidence that trophoblast-derived
chorionic gonadotropin provides paracrine signals to the endometrium during early pregnancy,
before the hormone exerts its endocrine effects on the ovary (Sherwin and others, '08; Licht
and others, '07). These observations indicate that trophoblast-derived paracrine factors play
important roles to ensure that successful changes in the endometrium enable the normal
progression of implantation in several non-rodent species. Rodents do not appear to possess
genes orthologous to IFNt or to chorionic gonadotropin in their genomes. Compared to certain
other species, relatively little is known about the target of conceptus-derived paracrine signals
in rodents and their influence on gene expression during implantation progression. Although
signaling between the conceptus and endometrium at this stage is likely bi-directional, this
review is confined to an assessment of some key aspects of potential paracrine effects of the
conceptus on the endometrium during decidualization in rodent species. Some of the non-
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conserved and potentially conserved features between rodent and other mammalian species
are described below.

FORMATION OF THE DECIDUA IN RODENTS

A broad description of decidualization includes the endometrial changes required to form
decidual tissue. These changes include the re-differentiation of endometrial fibroblast-like cells
into epithelial-like decidual cells (decidual cell differentiation), as well as the immune cell
changes, vascular changes and extensive tissue remodeling activities that occur independently
of embryo invasion. Readers are referred to several excellent reviews on this topic
(Abrahamsohn and Zorn, '93; Abrahamsohn and others, '91; Abrahamsohn and others, '02;
Kennedy and others, '07; Krehbiel, '37; Tachi and Tachi, '74). Unlike humans, in whom
decidualization begins during later menstrual cycle phases under the influence of progesterone,
rodent decidualization does not begin naturally during the estrous cycle (Gellersen and others,
'07). Rather, rodent decidualization occurs after normal entrance into pregnancy following
cervical stimulation and insemination. The conceptus must be at the proper developmental
stage to provide an “implantation stimulus” to the responsive endometrium. After such a
stimulus ensues in mice and rats, local increased endometrial vascular permeability is easily
observed at 6-8 h; the onset of decidualization is observed at 24-36 h (see Fig. 1). Initially,
decidualization occurs in several cell layers of the endometrial stroma immediately adjacent
to the implanting conceptus. This area is known as the primary decidual zone (PDZ) and is
located adjacent to the antimesometrial chamber of the uterine lumen that surrounds the
conceptus (Fig. 1C). The PDZ is fully formed by Day 5.5 of pregnancy in mice. Decidualization
then extends to the remainder of the antimesometrial region of the endometrium, forming the
secondary decidual zone (SDZ; Fig. 1D). Decidualization in the mesometrial region of the
endometrium ensues, forming the mesometrial decidua (Fig. 1D). Since the mesometrial
decidua is the site of placental development, changes that occur in this region are more complex
than the formation of the PDZ and SDZ in the antimesometrial region. In the antimesometrial
region a thin layer of endometrial fibroblast-like cells adjacent to the myometrium do not
differentiate; these cells may help repopulate the cells of the endometrium after parturition.

During implantation, the endometrial tissue undergoing decidualization must provide a
supportive environment for the conceptus. Initially, the PDZ (Fig. 1C) is avascular and thus
less permeable to macromolecules compared to regions of non-decidualized endometrium.
This avascular barrier is believed to protect the developing embryo early in implantation (Parr
and Parr, '86). However, the PDZ disappears shortly after it forms. Three days after the onset
of implantation (Day 7.5) the conceptus is surrounded by decidual tissue of the SDZ and
mesometrial decidua (Fig 1D). This decidual tissue is highly vascular; both primary and
secondary trophoblast giant cells come into direct contact with the maternal blood and immune
cells. Later in pregnancy, once the mature placenta structure is formed, only a few of the large
and polyploid antimesometrial decidual cells remain; these cells form the decidua capsularis
while the decidual cells in the mesometrial region form the maternal component of the placenta
called the decidua basalis.

THE DECIDUA VERSUS DECIDUOMA

Since the early 20th century, several studies have established methods for artificially inducing
decidual-like tissue formation in rodents (Krehbiel, '37; Loeb, '07; Loeb, '08; Parkes, '14).

Artificial induction of decidual-like tissue is commonly achieved by injecting sesame oil into
the uterine lumens of either pseudopregnant or ovariectomized hormone-treated rodents as a
deciduogenic stimulus. The tissue that forms in response to an artificial stimulus is termed the
‘deciduoma’, which distinguishes it from the natural decidua formed during normal pregnancy.
To date, the precise mechanism by which an artificial stimulus causes decidualization remains
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unknown, however it is believed to be initiated via physical trauma rather than through
hormonal or chemical conceptus secretions, and to involve prostaglandins (Kennedy and
others, '07). Although this proposed mechanism clearly demonstrates that paracrine signals
from the conceptus are not absolutely required for decidualization, it is unclear whether the
two tissue types are identical. Several studies have highlighted differences between decidua
and deciduoma formation in rodents. For example, Krehbiel (Krehbiel, '37), Deanesly
(Deanesly, '71) and Wang et al. (Wang and others, '04) described small morphohistological
differences in the deciduoma, particularly in the equivalent of the PDZ and mesometrial
decidua. These studies also indicated that the rate of decidualization itself may differ between
the decidua and deciduoma. Thus, morphohistological differences between the decidua and
deciduoma may exist. Most workers in the field believe that these differences depend on the
type of artificial deciduogenic stimulus employed, the timing of when the stimulus is applied,
and the strain of animal used. Comparative studies are needed to determine which of the
currently used artificial models are more biologically relevant. Arguably, the best deciduoma
model would be one in which the morphohistological and molecular changes in the
endometrium during decidualization are spatially and temporally similar to those observed
during deciduas formation. Periodically in the literature gene expression studies have utilized
both natural and artificially-induced decidualization models to study potential effects of
paracrine factors from the conceptus on the endometrium during decidualization in rodents.
We provide descriptions of some of these studies in the following sections.

EFFECT OF THE CONCEPTUS ON ENDOMETRIAL IMMUNE CELL
POPULATIONS

Uterine natural killer (UNK) cells are the most abundant immune cells present in the
endometrium during decidualization in rodents. The biology of uNK cells in mammals has
been reviewed extensively (Archer, '07; Ashkar and Croy, '01; Bilinski and others, '08; Bulmer
and Lash, '05; Croy and others, '06; Croy and others, '00a; Croy and others, '00b; Croy and
others, '03a; Croy and others, '03b; Dietl and others, '06; Dosiou and Giudice, '05; Engelhardt
and King, '96; Head, '96; King and others, '96; Leonard and others, '06; Liu and Young, '01;
Quenby and Farquharson, '06; Santoni and others, '08; Tayade and others, '07; van den Heuvel
and others, '05; Zhang and others, '05; Zhang and Tian, '07), therefore discussion here is limited.
Briefly, uNK cell numbers are low in the uteri of non-pregnant rodents; at the onset of
decidualization during early pregnancy, however, uNK cells increase in number.
Decidualization is progesterone-dependent, and progesterone is believed to play a key role in
uNK cell biology in both rodents and humans (Croy and others, '06; Yoshinaga, '08). As rodent
decidualization proceeds, uNK cells are activated, develop into granulated mature uNK cells,
and become the major source of IFNy. Because mice deficient in UNK/NK cells exhibit normal
fertility competence (Croy and others, '06), uNK cells are not absolutely required for successful
murine pregnancy. However, research with these mice clearly shows that uNK cells are
required for maintaining a normal decidua and spiral arteriole modifications, as seen in the
second half of pregnancy (Ashkar and Croy, '01; Croy and others, '00b; Ashkar and others,
'03; Chantakru and others, '02; Guimond and others, '98; Guimond and others, '96). Finally,
the importance of uNK cells in implantation is likely not only restricted to rodents since uNK
cell recruitment during early pregnancy may be a conserved feature in other mammalian
species, albeit with different modes of implantation (Croy and others, '06; Arrighi and others,
'07; Engelhardt and others, '02).

Regardless of whether a conceptus is present, uNK cells emerge in increasing numbers in the
rodent uterus at sites undergoing decidualization during decidua and deciduoma formation.
This finding implies that the conceptus is not required for emergence and development of uNK
cells in the rodent endometrium during decidualization (Bany and Cross, '06; Herington and
Bany, '07a; Herington and Bany, '07b; Martel and others, '89; Peel, '89). However, compared
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to the decidua of pregnant mice, the total number of uNK cells in the mouse deciduoma is
dramatically reduced, and their pattern of localization is abnormal (Bany and Cross, '06;
Herington and Bany, '07b). Otherwise, the development and maturation of uNK cells in the
deciduoma and in the decidua appear to be relatively similar (Herington and Bany, '07b).
Therefore, subsequent observations of increased gene expression levels (Kashiwagi and others,
'07), including secreted phosphoprotein 1 (Sppl) (Herington and Bany, '07a), in the decidua
compared to their mMRNA levels in the deciduoma may be due to larger uNK cell populations
in the decidua. These results indicate that signals from the conceptus can influence total UNK
cell numbers and their distribution patterns in the endometrium during decidualization. The
precise mechanism by which the conceptus achieves this effect remains to be determined.
Notably, evidence suggests that the effect of the conceptus on cell numbers does not likely
involve the modulation of uNK cell proliferation (Herington and Bany, '07b). Therefore the
conceptus may provide signals that either trigger an increased recruitment of circulating pre-
UNK cells into the endometrium, or enhance uNK cell survival.

The prolactin family 4 subfamily a member 1 (Prl4al) gene encodes a protein (PRL4AL1) that
is believed to regulate uNK cells. The highest expression level of Prl4al during pregnancy in
mice and rats occurs in trophoblast cells from mid-pregnancy onwards (Campbell and others,
'89; Deb and Soares, '90; Lin and others, '97; Ma and Linzer, '00; Muller and others, '98), after
implantation is complete. Although Prl4al expression is greatest in the latter half of pregnancy,
trophoblast cells also express Prl4al in the pregnant mouse and rat during the late phase of
decidualization (Ain and others, '03b; Bany and Cross, '06). PRL4A1 has been shown to bind
activated Fc receptor-like 6 (also called GP42)-positive uNK cells at mid-pregnancy (Muller
and others, '99). Although its putative receptor remains unknown, PRL4AL increases during
intracellular calcium mobilization and suppresses IFNy production in rodent uNK cells (Ain
and others, '03b). Trophoblast-derived PRL4A1 might play an important role in uNK cell
trafficking and may control the ability of the uNK cells to limit trophoblast invasion during
the latter half of pregnancy (Ain and others, '03a; Ain and others, '03b). Recently, Prl4al
knockout mice were shown to undergo normal pregnancies and exhibit normal uNK cell
distributions, although significantly elevated IFNy expression levels were observed in their
mesometrial decidua (Ain and others, '04). It appears that neither maternal nor conceptus
Prl4al expression is required for normal pregnancy. Notably, however, when these knockout
mothers with knockout conceptuses were exposed to the abnormal environmental condition of
hypobaric hypoxia, placental development was severely impacted, and pregnancy was
terminated. Notably, wild-type mothers pregnant with wild-type embryos were not affected
under these conditions (Ain and others, '04).

Many important questions remain concerning the effect of the conceptus on immune cell
populations in the rodent uterus during decidualization. Little is known about how pre-uNK
cell recruitment into the rodent uterus is controlled by decidualization and the conceptus.
Perhaps mechanisms required for immune cell trafficking to other tissues are involved.
Nonetheless, additional information is necessary to understand the potential effects of the
conceptus on other immune cell types known to be present in the uterus during decidualization,
including dendritic, eosinophil, neutrophil, macrophage, and regulatory T cells (De and Wood,
'91; Tachi and Tachi, '86; Finn and Pope, '91; Rogers and others, '92; Brandon, '93; McMaster
and others, '93; Saito and others, '07; Wang and others, '00).

PROGESTERONE AND DECIDUALIZATION

Progesterone action on the uterus is essential for conceptus implantation in rodents. This
requirement is demonstrated by the fact that progesterone receptor (Pgr)-knockout female mice
are infertile due to defects in ovulation, fertilization, and failure of implantation plus
decidualization (Lydon and others, '95). The A and B isoforms of PGR appear to play roles in
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negatively and positively regulating endometrial epithelial cell proliferation, respectively
(Conneely and others, '01; Mulac-Jericevic and others, '03); only the PGR A isoform is required
to mediate the decidualization response in the endometrium (Conneely and others, '02;
Conneely and others, '01; Mulac-Jericevic and others, '00; Mulac-Jericevic and others, '03).
Expression of the PGR A isoform is essential for adequate uterine responses to progesterone
because, unlike the B isoform, the A isoform can control the expression of a subset of genes
in the endometrium required for implantation (Mulac-Jericevic and others, '03; Mulac-Jericevic
and others, '00; Mulac-Jericevic and Conneely, '04).

No evidence exists to suggest that the expression of progesterone receptors themselves may
be under the control of paracrine signals from the conceptus. Limited evidence suggests that
paracrine signals from the conceptus might influence progesterone-regulated responses in the
endometrium that are important for decidualization. The FK506-binding protein 52 gene
(Fkbp4) encodes an immunophilin protein that acts as a chaperone for steroid receptor signaling
(Smith and Toft, '08). FKBP4 was originally identified as a downstream target of HoxA10
function in the peri-implantation mouse uterus (Daikoku and others, '05), and to play a critical
role in establishing uterine receptivity for embryo implantation (Tranguch and others, '05).
Moreover, FKBP4 was found to regulate the PGR A isoform (Yang and others, '06), and FKBP4
deficiency confers uterine progesterone resistance and implantation failure (Tranguch and
others, '07). However, this resistance is specific to genetic background and pregnancy-stage;
implantation can be restored with progesterone supplementation. Artificially-induced
decidualization cannot be restored by progesterone supplementation, suggesting that a role for
cellular signals arising from the conceptus (Tranguch and others, '07).

Bone morphogenetic protein 2 (Bmp2) gene expression, along with stromal cell proliferation
and decidual cell differentiation in the endometrium, is significantly lower in the decidua
compared to that in the deciduoma (Kashiwagi and others, '07). BMP2 is a key regulator of
progesterone-dependent endometrial stromal cell proliferation and differentiation into decidual
cells (Lee and others, '07b). Several BMP genes are expressed in a spatiotemporally specific
fashion in the rodent endometrium during decidualization (Ying and Zhao, '00). Expression of
Bmp2 in the endometrial stroma is under the control of an epithelial-stromal signaling and
progesterone receptor-regulated pathway; this pathway involves Indian hedgehog (IHH) and
nuclear receptor subfamily 2 group F member 2 (NR2F2, also called COUP-TFII) proteins
(Kurihara and others, '07). BMP2, in turn, regulates the expression levels of target genes in the
endometrium during decidualization (Lee and others, '07b). An effect of paracrine signals from
the conceptus on the BMP2 pathway is intriguing, and the differential expression of Bmp2
between the decidua and deciduoma (Kashiwagi and others, '07) warrants further investigation.
Recently we have shown little difference in temporal changes in Bmp2 gene expression (or
that of the several downstream genes it regulates) in the mouse uterus during the formation of
the decidua compared to that in the deciduoma (Herington and Bany, submitted). Notably, our
work involved the use of what seems to be a more “physiological” implantation stimulus in
pseudopregnant mice that has only been reported in a single past publication (Sakoff and
Murdoch, '94). In our hands, the use of this stimulus resulted in a similar decidualization
response compared to time-matched pregnant uteri. There is a need for additional work in
comparing and contrasting the strengths and weaknesses of some of the current models of
deciduoma induction and their usage in research studying the decidualization process.

DISCOVERY-BASED APPROACHES FOR STUDYING CONCEPTUS EFFECTS
ON THE ENDOMETRIUM DURING DECIDUALIZATION

Discovery-based approaches at the protein level have been used to identify the emergence of
conceptus-dependent protein secretions by the rodent endometrium during decidualization. In
a series of studies conducted 30 years ago, a comparison was made between the secreted
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proteins from mouse decidua and/or deciduoma tissue explants using 2-dimensional
polyacrylamide gel electrophoresis (2-D PAGE) and fluorography techniques (Weitlauf, '87;
Weitlauf, '89; Weitlauf and Suda-Hartman, '88). Differences were detected between pregnant
uteri and uteri administered an artificially-induced deciduogenic stimulus. Embryo-
conditioned medium caused detectable differences in specific secreted protein levels compared
to explants not incubated with the conditioned medium. Due to technological limitations, none
of these studies identified the protein identity or its cellular source. The advent of new high-
throughput proteomics technologies enables scientists to re-evaluate the effect of the rodent
conceptus on endometrial tissue proteome profiles. A myriad of powerful techniques are now
available to evaluate proteome differences among different samples (Aebersold and Mann,
'03; Gorg and others, '04; Minden, '07; Pandey and Mann, '00; Patterson and Aebersold, '03;
Patton, '02). New approaches at the protein level are currently used to study other aspects of
implantation biology in rodents and other species. Recently, Burnam and colleagues (Burnum
and others, '08) reported on their use of matrix-assisted laser desorption/ionization mass
spectrometry directly on uterine sections. This study highlighted differences in the proteome
signatures of pregnant mouse implantations verses inter-implantation sites, and between the
implantation sites of phospholipase A2 group 4a (Pla2g4a)-knockout verses wild-type
mothers.

Little is known about rodent endometrial gene expression during decidualization that is under
the control of conceptus-derived paracrine factors. However, the availability of cDNA
membrane arrays (Bany and Cross, '06) and more powerful microarrays (Kashiwagi and others,
'07) has enabled more comprehensive gene expression comparisons between the developing
decidua and the deciduoma. In recent work, the differential expression of several gene groups
sharing acommon function has been verified using independent techniques. Furthermore, these
gene groups have been identified as potential targets of molecular signals from the conceptus.
For example, uNK cell-specific transcripts such as those encoding certain granzyme genes,
perforin, and Sppl are expressed at greater levels in the decidua compared to the deciduoma
(see Table 1) (Herington and Bany, '07a; Kashiwagi and others, '07). That these genes may be
targeted by conceptus signaling is a reasonable conclusion, since uNK cell numbers distribution
areas are smaller in the deciduoma than in time-matched deciduas (Bany and Cross, '06;
Herington and Bany, '07b). Other gene groups expressed differentially between the decidua
and deciduoma include genes exhibiting a potential function in vascular changes (such as
Angptl, Angpt2, Fgfrl, and Procr), IFN-regulated processes (Irf8, Rtp4/larp, 1fi202b, ligpl,
Ifi27/1sg12), tissue growth and remodeling (Htral, Htra2, Mmp9, Timp3, Fstl3, Bmp2, and
Bmp7) and immune cell regulation or function (Nkg7, Prl4al, Pri8a2)(see Table 1). These
array studies, and additional work on smaller numbers of genes (e.g. (Bany and Cross, '06;
Kashiwagi and others, '07)), provide valuable insight into the identity of possible conceptus-
directed genes in the rodent endometrium during decidualization. Verification of much of these
findings is required, and potentially should involve more suitable deciduoma models. Once
verified, more work is required to determine the mechanism by which the conceptus exerts its
effects and to determine the precise functions of these target genes in the endometrium during
decidualization. Although a list of potential target endometrial genes has been suggested, little
is known of the identity or source of the potential conceptus paracrine factors that may be
responsible for controlling their expression (see Table 1). Undoubtedly, the use of genetic and
in vitro models will assist in such studies. Overall, the use of decidua versus deciduoma models
and array profiling methods appear valuable as an initial step toward identifying relevant
paracrine factors.
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THE VALUE OF GENETIC MODELS FOR STUDYING CONCEPTUS EFFECTS
ON DECIDUALIZATION

The trophectoderm cells (see Fig. 1B) of the blastocyst differentiate into the various trophoblast
cell types of the mature placenta (Simmons and Cross, '05). The trophoblast cells that arise
early during decidualization are the primary and secondary trophoblast giant cells that originate
from trophectoderm and ectoplacental cone cells, respectively (Fig. 1C-D). When these giant
cells initially appear, they are localized at the interface of the developing conceptus and the
maternal endometrium. Therefore, trophectoderm cells are well-positioned to profoundly
impact the endometrium during decidualization. Using genetic models, a great deal has been
learned about specific gene functions toward successful implantation (Lee and others, '07a).
Most of these genes appear to play roles in critical events either just prior to or at the onset of
implantation in mice. However, genetic mouse models have provided little information on
trophoblast giant cell-derived paracrine factors that affect the endometrium during
decidualization after implantation onset. Examples of paracrine factors that are known are those
encoded by proliferin, placental lactogen | (Prl3d1), and Prl4a genes (Carney and others,
'93;Fang and others, '99;Campbell and others, '89;Deb and Soares, '90;Lin and others, '97;Ma
and Linzer, '00;Muller and others, '98). Of these only Prl4al knockout mice have been
generated and pregnancies with knockout conceptuses in knockout mothers appear normal
unless the mothers are exposed to a hypobaric plus hypoxic environmental stress (Ain and
others, '04).

Using genetic models, two major clues suggest that secreted paracrine factors of the trophoblast
giant cells may play key roles in the endometrium during decidualization. Jun-B oncogene
(Junb) and GATA binding proteins 2 (Gata2) and 3 (Gata3) genes encode transcriptional
regulators of trophoblast gene expression (Ma and Linzer, '00; Ma and others, '97; Ng and
others, '94). The Junb-encoded protein is a component of the AP-1 transcription factor complex
that regulates trophoblast cell gene expression, including Mmp9, Prl3d1, and proliferin
(Schorpp-Kistner and others, '99). The protein encoded by Gata2 (GATAZ2) isa major regulator
of Prl4al gene expression in primary trophoblast giant cells (Ma and Linzer, '00), whereas
GATAZ2 and GATA3 together are major expression regulators of several trophoblast cell genes.
Notably, Junb- (Schorpp-Kistner and others, '99) and Gata2/Gata3-knockout (Ain and others,
'04) mice trigger diminished expression of trophoblast proliferin and potentially other genes
that, in turn, may cause poor decidual vascular development. Since proliferin has been shown
to be a major angiogenic factor for endothelial cells (Groskopf and others, '97; Jackson and
others, '94), it has been suggested that the abnormal proliferin expression in these knockout
mice cause the poor development of the decidual vasculature observed at midpregnancy (Ma
and others, '97; Schorpp-Kistner and others, '99). As major placental development begins when
decidualization is almost complete, shortly after mid-pregnancy (see Fig. 1A), many of the
trophoblast cell types express a variety of angiogenic and anti-angiogenic factors (Hemberger
and others, '03; Cross and others, '02). The altered expression levels of these or other genes in
the Gata2/3 and Junb knockout mice may also contribute to the altered decidual vascular
phenotype. Many other prolactin-like protein genes that are expressed in the developing and
mature placenta play potential roles in conceptus-decidual paracrine signaling (Soares and
others, '07; Soares, '04; Ain and others, '03a; Ain and others, '06; Alam and others, '06; Wiemers
and others, '03) later in pregnancy, after decidualization is complete. Although there is a
significant amount of evidence suggesting that specific trophoblast-secreted paracrine factors
participate in conceptus-endometrial-vascular signaling in the rodent, more definitive work is
required to identify these factors and/or determine if their effect occurs during decidualization
or later, when major placental development events are taking place.
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IN VITRO APPROACHES TO STUDYING CONCPETUS EFFECTS ON
DECIDUALIZATION

In vitro studies of trophoblast-endometrial signaling have verified some of the in vivo evidence
that rodent conceptuses can regulate endometrial gene expression during decidualization. The
placement of ectoplacental cones on mouse endometrial stromal cells undergoing
decidualization dramatically up-regulates Cst3 expression in endometrial stromal cells (Afonso
and others, '02). Incubation of similar endometrial cells with trophoblast giant-cell conditioned
medium induces 1sg15 expression (Bany and Cross, '06). Recent microarray analysis of the
transcriptomic changes in human endometrial stromal cells undergoing decidualization in
response to human trophoblast cell-conditioned medium has identified several target
endometrium genes regulated by the human conceptus, including immune and angiogenic
modulators (Hess and others, '07). This in vitro approach will be a valuable tool for future
studies aiming to determine the effect of conceptus-derived paracrine factors on rodent
endometrial stromal/decidual cell gene expression.

ASSESSING EXPRESSION OF GENES ONE-BY-ONE: WHAT HAVE WE
LEARNED?

Much of the research examining conceptus-uterine signaling during decidualization in rodents
comes from descriptive work on uterine gene expression in which single genes or small gene
groups were examined. Over the years, the expression levels and patterns of numerous genes
in the endometrium during decidualization has been reported. Many of these genes are thought
to play key roles in the general processes of decidualization, including decidual cell
differentiation, angiogenesis, cytokine signaling, immune cell regulation and tissue
remodeling. However, little is known about what specific factors and pathways control their
expression. On the conceptus side, factors expressed by trophoblast giant cells have been
described that have a potential impact on the endometrium. No results prove unequivocally
that these conceptus-produced paracrine factors have specific paracrine effects on the rodent
endometrium when it is undergoing decidualization. Although they have received less
attention, some gene expression data have been collected for both rodent deciduas and
deciduomas together in the same study. Using this dual approach, researchers have found that
the expression of some genes may be under paracrine signaling control, originating from the
rodent conceptus during decidualization; some of these studies are summarized in Table 1. The
following three topics provide preliminary evidence that trophoblast cell signals from the
rodent conceptus may influence the rodent endometrium during decidualization.

Barrier Function of the PDZ

Specialized permeability junctions form between PDZ cells in the decidua and deciduoma with
the initiation of decidualization of the rodent endometrium. This zone of the pregnant
endometrium (Parr and Parr, '86; Rogers and others, '83; Tung and others, '86) and its equivalent
in the deciduoma (Abrahamsohn and Zorn, '93; Kleinfeld and others, '76; O’Shea and others,
'83) shows similar histological and ultrastructural features. It contains tightly packed polypoid
cells that form a tissue that is avascular and contains abundant tight, gap- or desmosome-like
junctions. The PDZ of the pregnant endometrium is more impermeable to macromolecules
compared to adjacent regions, and forms a partial permeability barrier between the conceptus
and endometrium (Parr and Parr, '86; Rogers and others, '83). Of the many genes encoding
proteins that may be involved in forming various inter-decidual cell junctions, only a few have
been studied in the endometrium during early decidualization. Expression of the tight junction
protein 1 (Tjpl) (see Fig. 1C, lower panels), tight junction protein 2 (Tjp2), claudin 1 (Cldn1)
and cadherin 1 (Cdh1) genes has been shown in the mouse PDZ on Day 5.5 of pregnancy, and
the encoded proteins may form functional complexes (Paria and others, '99; Wang and others,
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'04). Recently, it was reported that the expression of Tjp1 and formation of a permeability
barrier is not found in the deciduoma of pseudopregnant mice on Day 5.5 of pseudopregnancy
using sesame oil as the deciduogenic stimulus (Wang and others, '04). In addition, trophoblast
vesicles can induce decidualization onset in pseudopregnant mice, with the formation of a
permeability barrier equivalent to the PDZ of the decidua (Wang and others, '04). Therefore,
currently available evidence suggests that trophoblastic tissue directs the formation of the
permeability barrier of the PDZ during rodent pregnancy. The potential paracrine effect of
trophoblast cells early in decidualization requires further exploration.

Interferon-Stimulated Gene 15 (Isg15)

Trophoblast cell-derived paracrine factors that control Isg15 gene expression in the
endometrium during implantation have been demonstrated in the cow (Austin and others,
'96; Hansen and others, '97; Johnson and others, '98), sheep (Johnson and others, '00; Johnson
and others, '99), mouse (Austin and others, '03; Bany and Cross, '06), baboon and human
(Bebington and others, '99a; Bebington and others, '99b). Although little is known about its
precise function in the endometrium during implantation in any of these species, many potential
functions of the protein (ISG15) encoded by this gene have been reviewed recently (Andersen
and Hassel, '06; Dao and Zhang, '05; Ritchie and Zhang, '04). Briefly, 1ISG15 is an ubiquitin-
like protein that is covalently conjugated to intracellular proteins; it may also leave cells in a
non-conjugated form to act as a cytokine. Conjugating and de-conjugating complexes or
enzymes also exist for ISG15. Unlike ubiquitinylation, this “ISG15ylation” alone does not
directly target proteins for proteosome degradation.

Expression of Isg15 occurs in different endometrium cell types during implantation, depending
on the mode of implantation of the conceptus; its expression was initially described during
implantation in the uteri of cows (Austin and others, '96; Hansen and others, '97; Johnson and
others, '98) and sheep (Johnson and others, '00; Johnson and others, '99). In these species, with
a more superficial implantation type, 1sg15 expression is located mainly in the epithelial cells
of the endometrium. A significant volume of research shows that 1sg15 expression in epithelial
cells is regulated by trophoblast-derived IFNt (Roberts, '07; Spencer and others, '07; Thatcher
and others, '01). I1sg15 expression also occurs in the endometrial decidual cells of the baboon
and human during early pregnancy (Bebington and others, '99a; Bebington and others, '99b).
In these species, Isgl5 expression is located in the epithelial cells of the endometrium during
the menstrual cycle, with a change in expression pattern to the decidual cells during early
pregnancy. Murine 1sg15 gene expression is undetectable in the pregnant endometrium until
after the onset of decidualization on Day 5.5 of pregnancy. As in primates, this expression level
dramatically increases during the progression of decidualization over the following 3 days
(Austin and others, '03; Bany and Cross, '06). Therefore, the endometrial expression of

Isg15 during implantation appears to be somewhat conserved in certain mammals; however,
more work is required to determine if its expression in primates and rodents is controlled by
paracrine factors from the trophoblast cells in a similar fashion to that in the cow and sheep.

Isg15 gene expression has been localized to the antimesometrial decidual cells on Day 7.5 of
mouse pregnancy (Austin and others, '03; Bany and Cross, '06). Four observations suggest that
paracrine factors from the rodent conceptus control 1sg15 expression during decidualization.
First, 1sg15 expression is only detected in the implantation regions whereby the endometrium
is undergoing decidualization, and not in inter-implantation regions (Bany and Cross, '06).
Second, its expression in the uteri of pseudopregnant mice is undetectable or barely detectable,
compared to that in pregnant animals as decidualization progresses (Austin and others, '03).
Third, at several time points the expression level of Isg15 in uteri undergoing artificially-
induced decidualization is dramatically lower than that in the pregnant uteri (Bany and Cross,
'06). Finally, type I IFNs (Austin and others, '03) or a presumptive type | IFN produced by
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trophoblast giant cells in vitro (Bany and Cross, '06) induces Isgl15 expression in cultured
mouse endometrial stromal and decidual cells. Therefore, current evidence suggests that the
mouse trophoblast giant cells secrete a paracrine factor that controls endometrial 1sg15
expression during decidualization. An ortholog to ruminant IFNt does not exist in the mouse
or human genomes. Since type | IFNs induce Isg15 expression in cultured mouse endometrial
decidual cells (Austin and others, '03; Bany and Cross, '06), the trophoblast-derived molecule
may be at least a type | IFN. However, little is known about type I IFN production and the
expression of type I IFN receptor genes in the rodent trophoblast and endometrium during
decidualization.

Although murine Isg15 expression during decidualization appears in the antimesometrial
decidua (Austin and others, '03; Bany and Cross, '06), little is known about the role of ISG15
and other ubiquitin-like modifiers in the rodent endometrium during implantation.
Furthermore, a recent study showed that I1sg15 is expressed in both the antimesometrial plus
mesometrial decidua and placenta on Days 12.5 and 17.5 of murine pregnancy, after
decidualization is complete (Rempel and others, '07). Therefore, ISG15 likely also plays a role
in the post-decidualization period. Although Isg15 knockout mice appear to have no problems
during pregnancy (Osiak and others, '05), it has been suggested this observation may depend
on their genetic background (Rempel and others, '07). Regardless, it seems that 1sg15 is not
absolutely required for successful pregnancy. This implication is complicated further by the
finding that mice deficient in functional ubiquitin specific peptidase 18 (USP18), a protease
that de-conjugates 1SG15 from proteins, have abnormal placentas and suffer from significant
fetal loss (Rempel and others, '07).

Notably, other ubiquitin-like protein modifications may also occur in the endometrium during
decidualization in rodents. Neural precursor cell expressed, developmentally down-regulated
gene 8 (Nedd8) and SMT3 suppressor of mif two 3 homologs 1 to 3 (Sumol, Sumo2 and
Sumo3) transcripts are also found in the mouse uterus during decidualization (Bany,
unpublished data). Although these genes encode proteins that can also be conjugated to other
proteins (Herrmann and others, '07; Kerscher and others, '06; Yeh and others, '00), even less
is known about their function during decidualization. There is some evidence to suggest that
such “neddylation” and “sumoylation” pathways may be important modulators of steroid
hormone responsiveness in the uterus (Fan and others, '02; Jones and others, '06). Since most
of what happens in the endometrium during decidualization is dependent upon progesterone,
Nedd8 and Sumol1-3 may indeed play an important role in decidualization processes. More
work is required to determine whether the “neddylation” or “sumoylation” pathways play roles
in the endometrium during decidualization and whether they are influenced by the conceptus.

Countering Trophoblast Invasion

A delicate balance exists between proteinases and their inhibitors in the endometrium during
mammalian implantation. This balance determines where and when tissue remodeling occurs
in the endometrium in species with not only invasive (Salamonsen, '99) but also relatively non-
invasive (Hashizume, '07; Roberts, '07) modes of implantation. For rodents and humans, the
endometrium must allow trophoblast cell subtypes to invade and enable placental development
as well as the tissue remodeling associated with decidualization. In species that exhibit a more
superficial-type implantation, extensive tissue remodeling also occurs in the endometrial tissue
during implantation. In ungulates, the caruncular endometrial tissue is the site of implantation
and undergoes a rapid enlargement due to proliferation and differentiation (Hafez, '87).
Although not well studied, it has been suggested that a decidual cell-like differentiation occurs
in these species (Maclntyre and others, '02; Joyce and others, '05; King and others, '80; Johnson
and others, '03; Kellas, '66; Mossman, '37). Thus, regardless of the depth of invasion of
trophoblast cells, endometrial tissue remodeling and differentiation may be a common
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implantation feature in mammals that are not commonly believed to exhibit endometrial
decidualization (Johnson, '08).

The levels and localization patterns of proteinase and proteinase inhibitor gene expression
determine when and where protein degradation occurs in the extracellular space of the
endometrium during mammalian implantation. In some cases, specific proteinases from
trophoblast cells enter the endometrial tissue to promote embryo invasion, while the
endometrium produces inhibitors to prevent over-invasion (see Fig. 2). An example of this
scenario in the rodent uterus during decidualization involves the matrix metalloproteinase-9
(MMP9) produced by giant cells. Its inhibitor, tissue inhibitor of metalloproteinase-3 (TIMP3),
is produced in adjacent decidua (Alexander and others, '96;Salamonsen, '99;Curry and Osteen,
'03;Leco and others, '96). Other examples are cathepsin enzymes produced by the trophoblast
giant cells; at least one of their inhibitors (cystatin 3, CST3) is produced in adjacent decidua.

Several cathepsin proteinases are expressed in the rodent uterus or trophoblast cells during
decidualization. As recently reviewed, cathepsins B (CTSB) and L (CTSL) are C1A clan
cysteine cathepsins that play diverse roles in several intracellular compartments; they may also
be secreted into the extracellular space (Brix and others, '08). During rodent decidualization,
a major source of CTSB and CTSL are the trophoblast giant cells (Afonso and others, '97;
Afonso and others, '99; Cheon and others, '04; Afonso and others, '02). Thus, CTSB and CTSL
may be involved in trophoblast invasion if, when they are secreted, they reach the extracellular
space of the endometrium and are present in an active state. Treatment of mice with E-64 on
Day 4.5-5.5 of pregnancy, after the onset of implantation, severely impairs implantation and
decidualization (Afonso and others, '97). Since this compound is an inhibitor of cysteine
proteinases (Barrett and others, '82; Barrett and others, '81), it was speculated that the effects
of E-64 were due to the inhibition of trophoblast-derived CTSB and CTSL. However, knockout
mice deficient in either or both CTSB and CTSL are viable and fertile (Halangk and others,
'00; Stypmann and others, '02; Felbor and others, '02).

The expression of several C1A clan cathepsin inhibitors is observable on the maternal side in
the rodent endometrium during decidualization (Fig. 2). The cystatin 3 gene (Cst3) encodes
low molecular weight protein (CST3) that is secreted by many cell types; it inhibits
extracellular C1 cysteine proteinases, including CTSB and CTSL (Barrett and others,

'84; Abrahamson and others, '03;Abrahamson and others, '86;Abrahamson and others, '90;Hall
and others, '95;Tavera and others, '90). In the mouse and rat, Cst3 expression increases in the
endometrium following decidualization onset (Afonso and others, '97;Quinn and others, '06).
However, to the best of our knowledge, there is currently no published experimental evidence
clearly demonstrating a difference in expression between the decidua and deciduoma in these
species. The cytotoxic T lymphocyte-associated protein 2 beta (Ctla2b) gene encodes a second
inhibitor of cysteine proteinases, including CTSB and CTSL, which are found in the mouse
endometrium during decidualization (Cheon and others, '04). Expression of this gene is induced
in response to an artificial-deciduogenic stimulus (Cheon and others, '04); therefore paracrine
factors from the conceptus are not required. During decidualization, other modulators in the
uterus also directly or indirectly influence cathepsin activity secreted from the trophoblast cells.
For example, the cathepsin D gene (Ctsd) encodes an aspartyl proteinase that is also produced
by trophoblast giant cells (Afonso and others, '99) as well as in the endometrium (Elangovan
and Moulton, '80;Moulton, '74). Although levels of this protein are dramatically down-
regulated during decidualization (Elangovan and Moulton, '80;Moulton, '74), it reportedly
inactivates the anti-proteolytic activity of CST3 (Lenarcic and others, '91). Finally, alpha-2-
macroglobulin (A2m) is also expressed in the rodent endometrium (He and others, '05;Gu and
others, '92). The protein encoded by this gene inhibits CTSB and CTSL activities in other
tissues (Buttle and others, '91;Peloille and others, '97). Therefore, the control of trophoblast-
secreted cathepsin activity in the uterus during decidualization might be quite complex.
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Several observations suggest that during decidualization Cst3 expression in the rodent
endometrium is induced by paracrine signals from the conceptus (Table 1). First, as the mouse
endometrium undergoes decidualization, mMRNA and protein levels increase continuously
(Afonso and others, '97). Second, Cst3 expression is not detectable in mouse trophoblast giant
and ectoplacental cone cells. The highest level of Cst3 expression has been detected in the
adjacent decidual cells (Afonso and others, '97). Third, mouse endometrial decidual cells
isolated from Day 7.5 pregnant uteri express Cst3 in vitro; this expression pattern is
significantly enhanced upon co-culture with ectoplacental cone cells (Afonso and others,
'02), suggesting that these cone cells might secrete a paracrine factor that induces decidual cell
Cst3 expression. Although transforming growth factor beta (TGF) and epidermal growth
factor (EGF) signaling can control Cst3 expression by decidual cells (Afonso and others,
'02), the exact identity of the paracrine factor(s) involved remains undetermined. Notably, there
is some evidence suggesting that the conceptus of non-rodent species may also control Cst3
expression in the uterus during implantation. For example, IFN< is secreted by sheep
trophoblast cells and appears to stimulate endometrial Cst3 expression in the sheep uterus
during implantation (Song and others, '06). Currently it is unknown whether rodent giant or
ectoplacental cone cell-derived type | IFNs play a role in stimulating Cst3 expression in rodent
decidual cells. However, Cst3 knockout mice have normal fertility capacity, indicating that
Cst3 is not absolutely required for successful pregnancy (Huh and others, '99).

CONSERVATION AMONG MAMMALIAN SPECIES?

Throughout this review, we have discussed certain potentially common features regarding the
conceptus effects on the endometrium in non-rodent species. It is surprising, however, that
common features exist between some of these species, because they exhibit different modes
of implantation and placentation. Trophoblast IFN<t is a major regulator of endometrial function
during implantation in ruminants, while chorionic gonadotrophin is a major regulator in
humans and some other primates. Although mice, humans and baboons apparently do not
encode IFNT in their genomes, another type | IFN from the trophoblast giant cells in these
species may control Isg15 expression in the endometrium during decidualization. Since several
other type | IFN-regulated genes are also controlled by IFNz in ungulates, it would be
interesting to identify the potential type | IFN(s) responsible for this effect in rodents. The
effect of the rodent trophoblast giant cells on the expression of the type | IFN-regulated genes
in the endometrium needs further assessment. Type | IFN-induced genes may play an important
role in implantation in mammals in general.

SUMMARY AND PERSPECTIVE

Mammalian species have developed a spectrum of strategies to undergo implantation. In all
mammalian species it is likely that bi-directional paracrine signaling between the conceptus
and endometrium plays an important role throughout pregnancy. The focus of this review was
to cover what is currently known on the effects of conceptus-induced paracrine signals on the
endometrium while it is undergoing decidualization in rodents. Current evidence indicates that
such signals exist in rodents and exert their effects on PDZ formation, endometrial stromal cell
gene expression, endometrial proteinase-antiproteinase balance, vascular changes, and
immune cell populations in the endometrium during decidualization. It appears that trophoblast
cells, especially the giant cells, may be the major source of paracrine factors that exert at least
some of these effects. An alternative explanation is that paracrine signals from the conceptus
play a negligible role in decidualization and merely the mechanical stimulus provided by the
conceptus is all that is required to set into motion all of the requisite changes in endometrial
gene expression for normal decidualization. At this time we feel that more work is required to
understand fully whether these paracrine effects exist and if they play a role in decidualization;
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such work will require genetic models to identify and test the paracrine factors and their targets
in the endometrium during decidualization.

Coordination of embryo development, decidualization and placenta formation is important for
successful pregnancy. It is believed that abnormalities in the paracrine interactions between
trophoblast cells and the endometrium can lead to complications later in pregnancy, abnormal
conceptus development, or even pregnancy loss in humans (Heazell and others, '08; Huppertz,
'08; Goldman-Wohl and Yagel, '07). For example, during early human pregnancy,
preeclampsia and intrauterine growth restriction are believed to be the results of improper
decidual processes leading to improper trophoblast-maternal endothelial cell signaling and
shallow placentation (Brosens and others, '02). Studying the biology of conceptus-endometrial
communications during decidualization in other species may help us understand potential
causes of and treatments for clinically relevant issues in human pregnancy. For obvious
reasons, these processes are challenging to study in vivo during human implantation. Studies
of other species may provide valuable insights into conceptus-endometrial interactions during
decidualization. The rodent provides a good model of decidualization due to well-elaborated
and numerous powerful genetic approaches available in these species. Such approaches include
transgenesis and tissue-specific plus whole animal gene knockout techniques, which are
particularly useful in the mouse.
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Figure 1.

Timing of events and histology of during the first half of mouse pregnancy. A. Timeline of
Days 0.5 to 11.5 of pregnancy. Implantation begins in the dark phase between Days 3.5 and
4.5. B. With the onset of implantation of the blastocyst the first macroscopically observable
sign it has begun is the increased vascular permeability or “bluing reaction” (arrows) at
implantation segments of the uterus where the implantation has begun along the uterine horns.
C. Conceptus (egg cylinder embryo) and uterine implantation site on Day 5.5. With the onset
of decidualization, a primary decidual zone (PDZ) is fully formed in the antimesometrial
endometrium by Day 5.5 as shown by Tjp1 protein immunohistochemical staining (blue). D.
Conceptus and uterine implantation site on Day 7.5. As decidualization continues in the
antimesometrial region and mesometrial region, an antimesometrial (AD) mesometrial (MD)
decidua are formed by Day 7.5. Conceptus acronyms: amniotic cavity (AC), conceptus (C),
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ectoplacental cone (EPC), exocelomic cavity (EC), ICM, inner cell mass (ICM), parietal
endoderm (PE), trophectoderm (TE), trophoblast giant cells (primary, PTG; secondary, STG),
Reichert’s membrane (RM). For more detail on conceptus histology during decidualization
please see books by Kaufman or Theiler (Kaufman, '02; Theiler, '89).
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Figure 2.

Examples of balancing of proteinase and anti-proteinases produced by the conceptus and
endometrium during decidualization. The balance of these in the extracellular space determines
if the extracellular matrix (ECM) is stable or undergoing remodeling.

J Exp Zool B Mol Dev Evol. Author manuscript; available in PMC 2010 December 15.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Herington and Bany Page 28

Table 1

The expression of target genes of various functions in regions/cells of the endometrium that may be regulated
by paracrine factors from the conceptus.

ENDOMETRIUM CONCEPTUS
TARGET GENE SOURCE PARACRINE FACTOR SOURCE

Barrier Function

Trophoblast/Ectoplacental

Tjpl PDZ ? cone?
Interferon-regulated
Irf8 ? ? ?
1fi202b ? ? ?
ligp ? ? ?
Ifi27/1sg12 ? ? ?
Isg15 Decidua Type | INTERFERON? Giant Cells
Rtp4/larp ? ? ?
Tissue Growth/Remodeling
Cst3 Decidua ? ?
Bmp2 Decidua ? ?
Bmp7 Decidua ? ?
Fstl3 Decidua ? ?
Htral Decidua ? ?
Htra2 Decidua ? ?
Mmp9 Decidua ? Trophoblast MMP9
Timp3 Decidua ? ?
Upa Decidua ? ?

Immune Cell Regulation/Function

GzmE uNK? ? ?
Gzmf uNK? ? ?
Nkg7 uNK? ? ?
Perforin uNK ? ?
Prl4al uNK? ? ?
Priga2 Decidua ? ?
Sppl uNK ? ?
Vascular Changes
Angptl ? ? ?
Angpt2 Decidua ? ?
Fafrl ? ? ?
Procr Decidua ? ?
? endothelial? Proliferins Trophoblast

Unknown Function?
Pglyrpl ? ? ?
Pripb Decidua ? ?
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