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ABSTRACT

Equine conceptus development is a critical study area due to its significant implications for the equine breeding
industry. Following a high fertilization success rate of 71-96 % (Ball, 1988), it is concerning that 30-40 % of
developing embryos may not survive beyond the crucial initial two weeks of gestation, coinciding with the onset
of gastrulation (Ball, 1988).

The pregnancy in mares lasts 330-345 days. The underlying molecular mechanisms of the embryonic period
are not fully explained in mares. During early pregnancy in mares, the following takes place: the descent of the
blastocyst from the oviduct to the uterus around 5-6 days post-fertilization; migration of the spherical conceptus,
surrounded by a glycoprotein capsule in the uterine lumen; fixation of the vesicle near the base of the uterine
horn around 16-17 days post-fertilization; implantation; development of endometrial cups that produce chori-
onic gonadotropin, as well as an additional corpus luteum that produces progesterone. In mares, there is no clear
determination of what constitutes the early signal of pregnancy recognition. The results of previous research
indicate that mechanical stimuli, i.e. the movement of the conceptus in the uterine lumen, trigger a cascade of
molecular events in the endometrium responsible for the luteostasis and the maintenance of early pregnancy in

mares.

This study aims to provide a synthetic summary of the knowledge we have gained so far about early pregnancy
and to attempt to answer the question of what molecular mechanisms underlie maternal recognition of preg-

nancy in mares.

1. Introduction

The development of equine conceptuses is a critical area of study due
to its significant implications for the equine breeding industry. Despite
high fertilization rates ranging from 71 % to 96 % (Ball, 1988), a sub-
stantial number of embryos-approximately - 30-40 % - do not survive
past the early stages of gestation, particularly during the first two weeks
when gastrulation occurs (Ball, 1988). This early embryonic loss rep-
resents a considerable economic burden, especially given the advance-
ments in treatments for common sub-fertility issues and assisted
reproductive technologies aimed at improving reproductive success.

The causes of early embryonic death are diverse and can include
factors such as persistent mating-induced endometritis and subclinical
endometritis (LeBlanc & Causey, 2009; Siemieniuch et al., 2016, 2019;
Gajos et al., 2015), endometrial fibrosis (Szostek et al., 2012, 2013),
cervical incompetence, and corpus luteum (CL) failure, as well as
chromosomal and genetic anomalies (LeBlanc, 2004). This problem is
particularly pronounced in older mares with a history of reproductive
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challenges, where studies have reported embryonic loss rates between
62 % and 73 % in the critical days following ovulation. In these cases,
the loss is often attributed to intrinsic embryonic defects rather than
uterine issues (Ball et al., 1989).

Given these challenges, researchers and practitioners in the equine
reproductive field must continue investigating the underlying mecha-
nisms of embryonic development and loss. Understanding these factors
can lead to improved strategies for monitoring early pregnancy and
enhancing the chances of successful gestation, thereby mitigating the
economic impacts and improving the overall efficiency of equine
breeding programs.

Pregnancy in mares lasts about 330-345 days. The first 40 days of
pregnancy constitute the embryonic period, followed by the fetal period.
The embryonic period in horses lasts until the embryo reaches the peak
of the embryonic vesicle, the yolk sac undergoes reduction, and the
formation of the umbilical cord begins (Ginther, 1998). The embryonic
period in mares can be divided into several stages: 1) the descent of the
embryo from the oviduct to the uterus on the 5th-6th day after
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fertilization; 2) the intrauterine migration of the spherical conceptus,
during which the yolk sac plays a dominant role in nourishing the em-
bryo; 3) fixation of the conceptus on the 16th day after fertilization; 4)
orientation of the embryonic vesicle — the positioning of the pole of the
embryonic vesicle containing the embryo downward; 5) formation of
endometrial cups and additional corpora lutea after five weeks from
fertilization (Ginther, 1998). In mares, there is no clear determination of
what constitutes the early signal of pregnancy recognition. This period
in mares occurs around 10-13 days post-fertilization. Previous studies
suggest the existence of a complex maternal mechanism for pregnancy
recognition, which includes the migration of the embryonic vesicle in
the uterine lumen, production of luteotropic prostaglandin E; (PGEj),
changes in the direction of luteolytic prostaglandin Foa secretion
(PGF,), secretion of estradiol and estrone, a decrease in the expression
of the oxytocin receptor in the endometrium, as well as the production of
many other biologically active substances and the complicated regula-
tion of the expression of many genes. This study aims to provide a
synthetic summary of the knowledge we have gained so far about early
pregnancy and to attempt to answer the question of what molecular
mechanisms underlie maternal recognition of pregnancy in mares.

2. Methodology

Electronic databases of published scientific literature were the main
source for this review. PubMed, Scopus and Google Scholar were
searched for early pregnancy and maternal recognition of pregnancy in
mares. Additional articles of interest were obtained through cross-
referencing of published literature. The primary key terms used were
“early pregnancy”, “gastrulation”, “embryo”, “maternal recognition of
pregnancy”, and “mare” which resulted in 927 search hits. Papers not
related to processes of equine embryo development and migration or the
mechanisms of maternal recognition of pregnancy were excluded,
leaving 86 papers that met the criteria for inclusion. Only English lan-
guage papers were taken into consideration.

3. Physiology of early pregnancy in mares

Early pregnancy in mares is characterized by several unique features
that distinguish horses from other mammalian species. These include: an
extended period of the embryo presence in the oviduct (Freeman et al.,
1991), the passage of only viable embryos from the oviduct to the uterus
(Betteridge et al., 1974; J.A. Weber et al., 1991), the movement of the
spherical conceptus, surrounded by a glycoprotein capsule (Oriol et al.,
1993), within the uterine lumen (Ginther, 1983; Betteridge et al., 1982),
and the formation of endometrial cups producing equine chorionic
gonadotropin (eCG) (Wooding et al., 2001).

The process of early embryonic development begins with fertiliza-
tion in the oviduct, leading to the formation of a zygote that contains all
the genetic information necessary for development. Following fertil-
ization, the zygote undergoes a series of rapid cell divisions known as
cleavage, resulting in the formation of a morula, which is a compact ball
of cells. As the morula develops, it consists of two distinct groups of cells:
a smaller cluster of internal cells and a larger group of peripheral cells
known as blastomeres. The peripheral cells are destined to become the
trophoblast (or trophectoderm), which plays a critical role in implan-
tation and the formation of the placenta. Most of these trophoblast cells
will not contribute to the embryo itself but will instead give rise to the
chorion, the outer layer of the fetal portion of the placenta. Initially, the
morula lacks an internal cavity. However, during a process called
cavitation, the trophoblast cells secrete fluid that forms small cavities
(lacunae) within the mass of cells. These cavities eventually merge to
create a single large cavity known as the blastocele. The formation of the
blastocyst, characterized by the presence of the blastocele, marks a
significant milestone in mammalian embryonic development and sets
the stage for further differentiation and development of the embryo
(Gilbert, 2000).
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Following blastocyst formation, the cells within the blastocyst
differentiate into two primary lineages: the trophoblast and the inner
cell mass (ICM). The trophoblast is responsible for forming the placenta
and facilitating implantation into the uterine wall, while the ICM will
give rise to the embryo. After this initial allocation, both lineages un-
dergo distinct biochemical and developmental changes. The trophoblast
cells begin to express specific genes that promote their role in implan-
tation and placentation, such as those involved in cell adhesion and
invasion. In contrast, the ICM cells experience a series of changes that
prepare them for subsequent differentiation into the three germ layers
during gastrulation: ectoderm, mesoderm, and endoderm. This process
involves the activation of specific transcription factors and signaling
pathways that guide the cells toward their future fates (Imakawa et al.,
2004).

As gastrulation approaches, the ICM cells undergo processes such as
cell signaling, proliferation, and migration, leading to the establishment
of the body plan of the developing embryo. These early developmental
events are critical for ensuring the proper formation of tissues and or-
gans in the later stages of embryogenesis (Gaivao & Stout, 2012).

The embryo descends into the uterus in the late morula or early
blastocyst stage approximately 144 h (6-6.5 days) after ovulation. The
movement of the embryo to the uterus is driven by PGE,, synthesized by
the living embryo from about the 4th-5th day after ovulation. PGEy
exhibits a relaxing effect on the uterine smooth muscle, counteracting its
contractility; it may also facilitate the transport of the embryo toward
the uterus by relaxing the muscle in the area of the isthmus of the
oviduct (J.A. Weber et al., 1991). Upon reaching the uterine lumen, the
embryo rapidly grows, continuing to maintain its spherical shape. On
Day 7 post-ovulation, the ICM is located on one side of the blastocyst,
with a discontinuous layer of cells beneath it. Primitive endoderm cells,
which are essential for early embryonic development, are initially
scattered and found lining the mural trophoblast (the outer layer of the
blastocyst). By Day 8, these isolated endoderm cells begin to coalesce,
forming a continuous layer that constitutes the bilaminar blastocyst.
This process of forming a primitive endoderm layer from scattered cells
is noted to be unusual and significantly different from what is observed
in other mammals (Enders et al., 1993). The formation of the bilaminar
blastocyst is a critical step, as it sets the stage for further differentiation
and development of the embryo, ultimately leading to the formation of
the three germ layers that will give rise to all tissues and organs in the
developing organism (Enders et al., 1993).

POUS5F1, also known as Oct3 and Oct4, is a pivotal transcription
factor that plays a crucial role in the regulation of early embryonic
development and the maintenance of pluripotency in stem cells. Its
significance was first highlighted in studies conducted on mice (Scholer
et al., 1989b), where it was found to be expressed in pluripotent cells,
particularly in embryonic stem cells and in the inner cell mass (ICM) of
blastocysts. The expression of POUSF1 is essential for sustaining the
pluripotent state of these cells, enabling them to differentiate into
various cell types during development. Research has shown that any
spontaneous or induced loss of pluripotency in stem cells correlates with
decreased expression of POUSF1 (Scholer et al., 1989a). This un-
derscores the transcription factor’s critical role not only in maintaining
pluripotency but also in guiding the differentiation processes that follow
during embryogenesis. The expression pattern of the POUSF1 gene,
which encodes a key transcription factor involved in maintaining plu-
ripotency in early embryonic development, exhibits significant vari-
ability among different species. In many species, maternal POU5F1
protein is present in oocytes and can be detected in early embryos. The
transition to embryonic expression typically occurs around the 4- to
16-cell stage of development (Palmieri et al. 1994; Cauffman et al.
2005). The study by Choi et al. (2009) provides important insights into
the role of the POUSF1 protein during the early development of equine
embryos. POU5F1 protein is initially found in both the cytoplasm and
nucleus of immature equine oocytes. Its levels decrease during the first
five days of embryonic development, likely due to the depletion of
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maternal protein and mRNA stores. After day 5, POU5SF1 levels increase
again, indicating the activation of transcription from the embryonic
genome. POUSF1 is expressed in the trophectoderm (TE) of equine
blastocysts produced in vitro. However, this expression is suppressed in
the TE of embryos recovered from the uterus, whether produced in vivo
or transferred after in vitro production. This suggests that the uterine
environment is crucial for the proper regulation of POU5SF1 and subse-
quent differentiation of the TE. The abnormal expression of POU5F1 in
vitro cultured equine embryos may contribute to developmental issues,
such as the failure to form the embryonic capsule and improper allo-
cation of cells to the inner cell mass (ICM) and endoderm. This supports
findings from previous studies indicating that in vitro conditions do not
adequately replicate the in vivo environment needed for normal equine
embryo development (Buehr et al., 2003; Choi et al., 2009). The lack of
normal POUSF1 signaling observed in equine embryos in vitro may
explain the failure of the embryonic capsule to form in cultured equine
embryos (Choi et al. 2004), and underlie the apparent failure of allo-
cation of internal cells to ICM and endoderm in these embryos (Hinrichs
et al. 2007). The development of equine embryos in vitro can be influ-
enced by various transcriptional factors. While some transcriptional
factors have been identified in the context of horse embryogenesis, it is
indeed possible that additional factors remain to be discovered.

Around 9 days post-ovulation, the conceptus (the products of
conception of all stages of development, embryo proper plus the extra-
embryonic tissues) begins to migrate within the uterine cavity. Between
days 9 and 15 post-fertilization, it moves within the uterine cavity 10-20
times a day. The intense motility of the conceptus is associated with the
high contractile activity of the muscle layer of the uterus at that time.
The conceptus moves at a speed of 3.4 mm/min (Ginther, 1998). The
greatest activity of the equine conceptus occurs between days 10-14
post-ovulation, up to about day 16 when the embryo anchors at the base
of one of the uterine horns (Ginther, 1983). It has been found that the
migration of the conceptus throughout the entire uterus is essential for
maintaining pregnancy, as closing one horn leads to luteolysis and
pregnancy termination (McDowell et al., 1985; Stout & Allen, 2001).
During the migration within the uterus, the conceptus signals its pres-
ence to the endometrium, triggering signaling cascades in the endome-
trium and ovaries that lead to further production of progesterone by the
corpus luteum (CL) (D.C. Sharp et al., 1989).

4. The capsule

The zona pellucida is a crucial structure in the reproductive process
of many large domestic animals, serving as the primary extracellular
coating that surrounds the oocyte and developing conceptus before
implantation. It plays an important role in fertilization, protection of the
oocyte, and early embryonic development. Approximately 8 days post-
ovulation, the zona pellucida, which surrounds the embryo, begins to
break down. Instead, an acellular glycoprotein capsule primarily con-
sisting of mucin proteins (Oriol et al., 1993) and uterocalin, produced
under the influence of progesterone, which binds fatty acids and retinol,
forms around the blastocyst (Oriol et al., 1993; Smits et al., 2012; Squire
et al., 2001). This blastocyst capsule provides additional protection and
support to the developing conceptus during the critical early stages of
gestation, specifically during the second and third weeks
post-fertilization. The presence of the blastocyst capsule in horses is
significant because it helps maintain the integrity of the developing
embryo as it moves through the uterine environment. This unique
adaptation is thought to be important for the successful implantation
and development of the equine embryo, contributing to the overall
reproductive success of the species (Betteridge et al. 1982). The transi-
tion from the zona pellucida to the capsule is an important develop-
mental process in equine embryos. Initially, the zona pellucida provides
a protective environment for the embryo as it travels through the
reproductive tract. However, as the embryo enters the uterus, the
capsule becomes the primary protective layer. The capsule is composed
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of glycoproteins and plays a crucial role in supporting the embryo’s
development and facilitating interactions with the uterine environment.
This change occurs around day 7 post-ovulation, which is critical for
further embryonic development. The reduction in thickness of the zona
pellucida and its eventual disappearance allow for the embryo to
establish connections with maternal tissues, which are essential for
nutrient transfer and hormonal signaling.

The presence of this capsule gives the embryo a spherical shape while
moving inside the uterus. It is assumed that it also plays a role in pro-
tecting the embryo from potential infectious agents (Oriol, 1994). It has
also been noted that during the migration of the conceptus, proteins
produced by uterine glands adhere to the capsule, and it may play an
important role in nourishing the embryo, especially since its growth
during this period is very intense (Allen, 2001). Embryos that do not
form a capsule are unable to develop properly. This is likely related to
the fact that other biologically active factors are associated with the
glycoproteins of the capsule, which play a role in the development of the
embryo. Furthermore, the capsule possesses anti-adhesive properties,
allowing the embryo to migrate within the uterine lumen, which is one
of the most significant anti-luteolytic mechanisms (Stout et al., 2005;
Arar et al., 2007). Around the 21st day of pregnancy, the glycoprotein
capsule disappears (Allen, 2001).

5. Maternal recognition of pregnancy in mares

Maternal recognition of pregnancy in the mare is a unique process
that differs significantly from the mechanisms seen in other large do-
mestic animals. In mares, the conceptus, which is the developing embryo
and associated tissues, plays a crucial role in signaling its presence to the
mother to ensure the continued production of progesterone, a hormone
vital for maintaining pregnancy (Kastelic et al., 1987; Allen, 2001;
Spencer et al., 2004). In most large domestic species, such as cattle and
sheep, the conceptus produces specific signals that directly act on the
maternal uterus to prevent the regression of the corpus luteum (CL) after
fertilization. In cows, for instance, interferon-tau is the key signal that
inhibits prostaglandin production, which would otherwise lead to the
lysis of the CL (Johnson & Bazer, 2024).

In the case of horses, it has not been clearly established what signals
confirm early pregnancy (Bazer, 1992; Johnson & Bazer, 2024).

The unique characteristics of equine embryonic development,
particularly the maintenance of a discrete and spherical shape, set it
apart from other species such as pigs and ruminants. In those species,
rapid elongation of the embryo serves to maximize contact with the
endometrium, which is crucial for pregnancy recognition. In contrast,
equine embryos achieve a similar goal through a different mechanism:
they migrate continuously throughout the entire uterine lumen. This
continuous migration is facilitated by myometrial contractions, which
are likely stimulated by the production of prostanoids from the
conceptus. This distinct approach allows the equine embryo to interact
with the endometrial lining effectively, ensuring adequate signaling for
the maintenance of pregnancy (Gastal et al., 1998; Stout & Allen, 2001).

The migrating conceptus is responsible for the production of a
biochemical signal that prevents luteolysis and maintains progesterone
production by the corpus luteum (CL), which provides the appropriate
uterine environment for the growth and survival of the embryo (Short,
1966). In horses, it is most likely a combination of mechanical stimuli
(the migration of the conceptus within the uterine lumen) along with the
secretion of various biologically active substances, such as
17-a-hydroxyprogesterone (Goff et al., 1993), estrogens (Flood et al.,
1979), prostaglandins (PGs) (T.A.E. Stout & Allen, 2002), and in-
terferons (Cochet et al., 2009). The migration of the embryonic vesicle
within the uterus counteracts the production and secretion of PGFa by
the endometrium, which has a strong luteolytic effect, meaning it causes
the destruction of the CL that supports the pregnancy and the resump-
tion of cyclic ovarian activity. In mares, the so-called maternal recog-
nition of pregnancy is largely the result of the movement of the
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conceptus within the uterine lumen (Martal et al., 1994) and plays a role
until approximately day 15 post-fertilization (Martal et al., 1990). The
presence of the embryo inhibits the pulsatile release of PGFa in
response to oxytocin (OT) released from the posterior pituitary
(Vanderwall et al., 1998) or from the endometrium (Stout et al., 2000)
between days 10 and 16 after ovulation (Goff et al., 1987). From day 12
of pregnancy, there is a decrease in the expression of genes for PG
synthases (PTGS2) and OT receptors in the endometrium of pregnant
mares (Boerboom et al., 2004). Moreover, equine embryos produce
interferon D (IFND) (Lefevre et al., 1998), PGE, (T.A. Stout & Allen,
2002), insulin-like growth factor 1 (IGF1) (D.C. Sharp et al., 1989), and
estradiol (E2) (Zavy et al.,, 1979), all of which may participate in
maternal recognition of pregnancy, embryo migration (Stout & Allen,
2001), angiogenesis and vasculogenesis/vascularization (Silva et al.,
2005), and secretory activity of the uterus (Zavy et al., 1982). In cyclic
mares, the increase in PGFoa concentration in both the uterine venous
blood and uterine flushings is observed between days 14 and 16 of the
cycle. This rise in PGFya coincides with luteolysis, marked by a decline
in plasma P4 levels, as PGFya is a key mediator in the regression of the
CL. Luteal cells have a high density of PGFsa receptors from Day 14 of
the estrous cycle up until estrus, as well as on Day 18 of pregnancy. This
suggests that the luteal cells remain responsive to PGFsa during this
critical period (Bazer et al., 2009; de Ruijter-Villani & Stout 2015).
However, in the context of pregnancy, the presence of the equine
conceptus plays a significant role in altering the normal luteolytic pro-
cess. The conceptus exhibits migratory behavior between the two uter-
ine horns until it becomes fixated on Day 18 of pregnancy. During this
time, it exerts an antiluteolytic effect, leading to a reduction in PGFaa
concentrations in uterine fluids and venous plasma. Interestingly, in
pregnant mares, there is no observed pulsatile pattern of PGFya secre-
tion. Furthermore, the conceptus inhibits the endometrial production of
PGFou in response to cervical stimulation (via the Ferguson Reflex) and
exogenous oxytocin (OXT). This inhibition is associated with a decrease
in the expression of endometrial oxytocin receptors (OXTR) in pregnant
mares, which further supports the idea that the presence of the
conceptus alters the normal endocrine responses that typically occur
during the estrous cycle (Bazer et al., 2009; de Ruijter-Villani & Stout
2015).

In the case of pregnant mares, there is a decrease in the concentration
of luteolytic PGFaa, and additionally, there is an absence or a signifi-
cantly reduced number of OXTR in the uterine smooth muscle, without
which uterine contractility will not be possible. The lack of OXTR ac-
tivity ensures relaxation of the uterus, which is essential during preg-
nancy. The mechanism that conditions the movement of the conceptus
within the uterus during early pregnancy is not clearly explained. Be-
tween days 8 and 20 post-fertilization, high concentrations of estradiol
and estrone secreted by the equine conceptus are observed. However,
experiments involving the administration of these hormones to prolong
the endocrine activity of the CL have not yielded conclusive results, nor
has the administration of PGE; alone. Swegen et al. (2017) conducted a
proteomic analysis of embryos collected from the uterus on the 8th day
post-ovulation. The embryos were then cultured in vitro, and the secre-
tory products released into the culture medium, as well as those con-
tained in the blastocoel of the embryos and the acellular capsule
surrounding the embryo, were subjected to proteomic analysis after the
first and second days of culture. Blastocysts produced a
pregnancy-specific proteinase (PAG) on day 10, and the secretion of
prostaglandin receptor inhibiting protein (PTGFRN) and a progesterone
potentiating factor (FKBP4) was also confirmed in the fluid present in
the blastocoel (Swegen et al., 2017). Since the PGE, receptors were not
detectable as expressed in the equine embryo, the results obtained
suggest that PGEy produced by the embryo mainly acts on the endo-
metrium, while PGFou affects both the embryo and the endometrium
(Vegas et al., 2022). It can further be presumed that the production of
estrogens and/or proteins by the embryo in early pregnancy inhibits the
synthesis and release of the luteolytic PGFa by the endometrium and
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sustains the secretory activity of the CL, participating in the luteostasis
and maintenance of early pregnancy.

The rapid development of advanced molecular methods in recent
years has allowed for the use of modern techniques to assess the tran-
scriptome and proteome of both the endometrium and the embryo
during maternal recognition of pregnancy (Smiths et al., 2018, 2020;
Vegas et al., 2021; Scaravaggi et al., 2019; C. Klein, 2015; C. Klein &
Troedsson, 2011). The transcriptome of endometrial biopsies was
analyzed using microarrays and RNA sequencing (RNA-seq) (Klohonatz
et al., 2015). The transcriptome in the glandular, luminal epithelium
and stromal cells of the endometrium was also evaluated using laser
capture microdissection (Vegas et al., 2022; Scaravaggi et al., 2019). In
the search for factors that may play a role during maternal recognition of
pregnancy, the transcriptome of embryos (Smits et al., 2020; C. Klein,
2015; C. Klein & Troedsson, 2011) and the miRNA profile in uterine
fluid (Smits et al., 2020) were analyzed. One of the recently published
studies examined the transcriptome, miRNA, and proteome of horse
embryonic vesicles between days 10 and 13 of pregnancy, which is the
period during which maternal recognition of pregnancy occurs (Vegas
et al., 2022). miRNAs are considered regulatory factors for gene
expression during pregnancy, especially during embryonic development
(Morales Prieto & Markert, 2011; Reza et al., 2019). The research by
Vegas et al. (2022) found that the expression profile of mRNA, miRNA,
and the proteome is dynamic and more characteristic of the size of the
embryonic vesicle rather than its age. The expression profile changes
with the growth of the embryonic vesicle; one profile is characteristic of
smaller vesicles (2.5-5 mm), while the other is typical for larger vesicles
(7-11 mm) (Vegas et al., 2022). An increased expression of mRNA for
genes associated with steroidogenesis was observed, including HSD3B2
(hydroxy-delta-5-steroid dehydrogenase, 3 beta- and steroid
delta-isomerase 2, involved in P4 synthesis), CYP11Al (cytochrome
P450 family 11 subfamily A member 1), and STAR (steroidogenic acute
regulatory protein) in larger embryos, especially those from day 13 of
pregnancy (Vegas et al., 2022). Genes for enzymes responsible for the
production of estradiol E2 were also up-regulated at this stage of
development, including cytochrome P450 family 17 subfamily A mem-
ber 1 (CYP17A1), CYP19A1 (aromatase, cytochrome P450 family 19
subfamily A member 1), and HSD17B1 (estrogen activation, hydrox-
ysteroid 17-beta dehydrogenase 1) (Vegas et al., 2022). Since the equine
embryo synthesizes PGE; at a very early stage of development, this
prostaglandin has naturally been considered as one of the factors in
maternal pregnancy recognition. The expression of mRNA and protein
for genes belonging to the phospholipase A2 (PLA2) group, responsible
for the release of arachidonic acid from cell membrane phospholipids,
which is a precursor for prostaglandin synthesis, has been confirmed.
The expression of mRNA and protein of PTGS1 (prostaglandin-endo-
peroxide synthase 1, also known as COX-1) and PTGS2 (prostaglandi-
n-endoperoxide synthase 2, also known as COX-2) has been confirmed in
embryos on days 10-13 of pregnancy and was not differentiated based
on the size of the embryonic vesicle. PTGS-1 and 2 are responsible for
converting arachidonic acid to prostaglandin H (PGH3), which is then
further metabolized by specific prostaglandin synthases to PGE; and
PGFz(X.

In contrast to ruminants, in which interferon tau is the main signal
for maternal pregnancy recognition (Bazer, 1992; Johnson & Bazer,
2024), the role of interferons in pregnancy recognition in horses remains
unclear and in this case the horse conceptus is much more similar to the
pig conceptus in making IFNs that are not antiluteolytic (La Bonnar-
diere, 1993; La Bonnardierre et al., 1991). Considering the results of
transcriptomic studies, essentially none of them are considered the sole
signal for early pregnancy recognition (Budik et al., 2010; C. Klein &
Troedsson, 2011; Lefevre et al., 1998; Vegas et al., 2022).

6. Fixation and implantation of the embryo

The fixation of the embryo at the base of one of the two horns of the
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uterus occurs 15-17 days after fertilization. The embryo does not need
to be located on the same side as the ovary from which the oocyte was
released. Although in mares bred during the post-foaling estrus, im-
plantation usually occurs in the previously non-pregnant horn, which is
related to the faster involution of that uterine horn. Around the 16th
day, the conceptus changes its shape from round to triangular and
significantly increases in size. The cessation of the conceptus’s migration
and its fixation is associated with several phenomena. The reduction of
progesterone receptor expression in the uterine epithelium and the loss
of the glycoprotein capsule of the embryo allow for the attachment of
the embryonic trophoblast to the endometrial epithelial cells, inducing
the proliferation of trophoblast cells and modifying the epithelial gly-
cocalyx in the uterus (Carson et al., 1998; Dy et al., 2004; Wilsher et al.,
2013). Rather, processes related to the desialylation of the capsule allow
for the expression of the embryo’s adhesive capabilities (Arar et al.,
2007). Progesterone produced by the CL and embryonic estradiol most
likely stabilize the attachment of the trophectoderm to the epithelial
cells of the endometrium by increasing the expression of integrin aVp3,
fibronectin, fibrinogen, and CD44 (C. Klein, 2015). During a rectal ex-
amination during this period, a change in the tension of the uterine wall
can be felt, which becomes thicker and more elastic. The increase in
uterine wall tension is most likely related to the increased amount of
estradiol secreted by the embryo. Once the conceptus is established at
the base of one of the horns, there is the orientation of the embryo,
which involves positioning the embryo in a ventral location within the
vesicle (Ginther, 1998; Silva & Ginther, 2006). Genes encoding cyto-
kines, growth factors, hormones, and their receptors are strongly
expressed in the trophectoderm, the endometrium, or both structures
between the 3rd and 4th week of pregnancy in mares (C. Klein &
Troedsson, 2011; C. Klein, 2015). These include, among others: genes
encoding aromatase, leukemia inhibitory factor and its receptor,
interleukin-6, proteins belonging to fibroblast growth factors, and pro-
teins that bind insulin-like growth factors (C. Klein & Troedsson, 2011;
de Ruijter-Villani et al., 2013; Herrler et al., 2000).

The yolk sac in mares, unlike in most domestic animals, plays a
significant role in embryo development for a relatively long time, and
for the first 3-4 weeks of pregnancy, it is an essential structure that
nourishes the embryo (Sharp, 2000). The yolk sac absorbs nutrients from
the uterine environment and provides them to the developing
conceptus. On day 21 post-fertilization, an amniotic cavity can be seen
on ultrasound imaging. As the pregnancy progresses, the yolk sac space
decreases in favor of the allantoic cavity, and around day 30 of preg-
nancy, their spaces become comparable, with the embryo located be-
tween them. During this period, the embryo begins to move upward in
the embryonic vesicle, while the yolk sac gradually diminishes, and the
allantoic cavity enlarges. At the junction of the yolk sac and the amniotic
cavity, around the 30th day of pregnancy, a chorionic ring forms, which
is a structure ranging in width from one to several millimeters. The
chorionic ring is formed by cells derived from the trophoblast, which
migrate to the endometrium between the 36th and 38th days of preg-
nancy and ultimately settle in the connective tissue stroma of the uterine
mucosa, between the uterine glands, creating structures characteristic of
this species, raised above the surface of the endometrium, called endo-
metrial cups. The endometrial cups produce the pregnancy hormone -
equine chorionic gonadotropin (eCG) (choriogonadotropin from preg-
nant mares). The hormone eCG exhibits biological actions similar to
follicle-stimulating hormone (FSH) and luteotropic hormone (LH), in a
ratio of 1.4:1. It is believed that the role of eCG is to support the addi-
tional corpora lutea that form during this period of pregnancy, thus
acting as a luteotropic hormone (Ousey, 2004). Approximately during
the formation of the endometrial cups and after they begin their hor-
monal activity, i.e. around the 40th-42nd day of pregnancy, the em-
bryonic period ends, and the fetal period begins. The endometrial cups
reach their maximum size around the 60th-70th day of pregnancy and
produce eCG until about the 100th-120th day of pregnancy. If the em-
bryo or fetus dies after the 35th day of pregnancy, the cyclic sexual
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activity of the mare is inhibited until the endometrial cups regress. As a
result, the mare will not conceive again in that breeding season. Addi-
tional corpora lutea form on the ovaries as a result of the ovulation of
ovarian follicles, or there may be luteinization without ovulation of the
oocyte. The role of these corpora lutea is to provide additional pro-
duction of progesterone, which plays a crucial role in maintaining
pregnancy during the early stages in mares.

7. Conclusion

Early pregnancy in mares involves a series of biological processes,
without which proper embryo development, and subsequently implan-
tation and placentation, would be impossible. The dialogue between the
endometrium and the embryo during maternal recognition of pregnancy
is very complex and, as seen from research, is not limited to the pro-
duction of one or several factors by the embryo. The process of maternal
recognition of pregnancy in mares can rather be compared to an or-
chestra performing a complicated piece; without the participation of
even one instrument, the concert would be incomplete.
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