Special Section

Embryo-Endometrial I nteraction

Carlos Simén Valles, MD; Francisco Dominguez, PhD

Embryonic implantation, the process by which the human embryo orientates towards,
attaches to and finally invades the underlying maternal endometrial tissue, requires a recep-
tive endometrium, a functionally normal blastocyst and an adequate cross-communication
between them. During apposition, human blastocysts find a location in which to implant,
while they are guided to a specific area in the maternal endometrium. In the adhesion phase,
which occurs 6 to 7 days after ovulation, within the so-called “implantation window”, direct
contact occurs between the endometrial epithelium (EE) and the trophectoderm (TE).
Finally, in the invasion phase, the embryonic trophoblast traverses the basement membrane
and passes the endometrial stroma and reaches the uterine vessels. Many molecules (hor-
mones, cytokines, integrins, enzymes, etc) take part in the dialogue between the human blas-
tocyst and the maternal endometrium to achieve implantation. Here, we present our pub-
lished data on the embryonic regulation of endometrial epithelial molecules such as

chemokine receptors and the leptin system. (Chang Gung Med J 2006; 29:9-14)
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Introduction

mbryonic implantation, the process by which the

human embryo orientates towards, attaches to
and finally invades the underlying maternal endome-
trial tissue, requires a receptive endometrium, a func-
tionally normal blastocyst and an adequate cross-
communication between them. During apposition,
human blastocysts find a location in which to
implant, while they are guided to a specific area in
the maternal endometrium. In the adhesion phase,
which occurs 6 to 7 days after ovulation, within the
so-called “implantation window”, direct contact
occurs between the endometrial epithelium (EE) and
the trophectoderm (TE). Finally, in the invasion
phase, the embryonic trophoblast traverses the base-
ment membrane and passes the endometrial stroma
and reaches the uterine vessels.

Many molecules (hormones, cytokines, inte-
grins, enzymes, etc) take part in the dialogue
between the human blastocyst and the maternal

endometrium to achieve implantation. Here, we pre-
sent our published data on the embryonic regulation
of endometrial epithelial molecules such as
chemokine receptors and the leptin system.

Hormonal and Embryonic Regulation of
Chemokinereceptors CXCR1, CCR2, CCR5
and CXCR4 at the mater nal-embryonic inter -
phase

Chemokines (short for chemoattractant
cytokines), a family of small polypeptides with mol-
ecular weight in the range of 8 to 12 kD, attract spe-
cific leukocyte subsets by binding to cell-surface
receptors. In reproductive biology, these molecules
have been implicated in crucial processes such as
ovulation, menstruation, embryo implantation and
parturition and in pathological processes such as
preterm delivery, HIV infection, endometriosis and
ovarian hyperstimulation syndrome.®? Accumulated
evidence suggests that chemokines produced and
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incorporated by the endometrial epithelium and the
human blastocyst is implicated in this molecular net-
work. During implantation, leukocytes are recruited
into the endometrium. The regulation of the uterine
tissue during this process is thought to be orchestrat-
ed by uterine epithelia cells, which release an array
of chemokines in a precise temporal pattern driven
by ovarian steroids®® and, possibly, semina factor.©®
Chemokines act on a range of leukocyte subsets,
which in turn release a number of proteases and other
mediators that facilitate embryo invasion.®

Chemokines and their receptors are divided into
two families based on structural and genetic consid-
erations. All chemokines are structurally similar,
having at least three beta-pleated sheets and a C-ter-
minal-helix. In addition, most chemokines have at
least four cysteines in conserved positions. In the
CXC chemokine family (a-chemokines), the two
cysteines nearest the N-termini of family members
are separated by a single (and variable) amino acid
whereas CC chemokines ([3-chemokines) no amino
acid is between the two cysteines.

Chemokine receptors belong to the superfamily
of G-protein-coupled receptors (GPCRs). These
receptors display seven sequences of 20-25
hydrophobic residues that form an a-helix and span
the plasma membrane, an extracellular N-terminus,
three extracellular 1oops, three intracellular domains
and an intracellular C-terminal tail. These receptors
transmit information to the cell about the presence of
chemokine gradients in the extracellular environ-
ment. They are named depending on the structure of
their ligand (CXC or CC). CXCR4 is expressed in
neutrophils, monocytes, B and T lymphocytes, and
its primary ligand is the stromal derived factor-1
(SDF-1). CCRS5, a receptor of RANTES and
macrophage inflammatory protein-1 (MIP-1) a and
B3, is expressed in monocytes, dendritic cells, activat-
ed T lymphocytes and NK cells. CCR2B, expressed
in monocytes, basophils, dendritic cells, NK cells
and activated T lymphocytes, is the main receptor for
monocyte chemotactic proteins (MCP) 1, 2, 3 and 4.
CXCR1, areceptor of interleukin 8 (IL-8) and granu-
locyte chemotactic protein-2 (GCP-2), is expressed
mainly in neutrophils and dendritic cells. A specific
molecular cross talk between embryo and endometri-
um has been reported to take place during the human
implantation process.”® The endometrial epithelium
is a key site where molecular interactions between
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the embryo and endometrium seem to be initiated,*
and from which chemokines are produced and secret-
ed W

The mRNA expression of these four chemokine
receptors was analyzed throughout the natural cycle
using quantitative fluorescence PCR (QF-PCR).
CXCR1 and CCRS5 receptors showed a progesterone
dependent pattern in the early secretory phase (40
and 47-fold increase, respectively) that continued
into the mid secretory phase (157 and 176 fold-
increase and was maximal in the late secretory phase
(628 and 560 fold-increase, respectively). Unlike the
previous receptors studied, CXCR4 presented a more
pronounced up-regulation in the mid luteal phase
than in the early and late luteal phases (an increase of
9 fold versus increases of 0.5 and 5.7, respectively).
Therefore, this receptor, which is located in the
endometrial epithelium, is specifically up regulated
during the implantation window.®

To study the “in vivo” hormonal regulation of
chemokine receptors CXCR1, CCR2, CCR5 and
CXCR4, endometrial biopsies were obtained in hor-
monal replacement therapy (HRT) cycles.
Immunohistochemistry was carried out for protein
localization.

On day 13 (n = 3), when patients were treated
solely with estradiol, a very weak staining for
CCR2B, CCR5 and CXCR4 was localized in the
luminal and glandular epithelium and endothelial
cells. During the pre-receptive and receptive periods
(days 18 and 21 respectively), an increase of staining
intensity for CXCR1 receptor was noted in the glan-
dular compartment. A slight signal was observed in
stromal cells. CCR5 receptor was also immunolocal -
ized, mainly at the luminal epithelium but also in the
stromal and perivascular cells, showing a slight
increase compared to the non-receptive phase.
CCR2B receptor showed a moderate increase of
staining on day 18 and 21 in the luminal epithelium
while no staining was observed in endothelial cells
or stroma. CXCR4 receptor showed the same stain-
ing as CCR5, mainly expressed in the epithelium on
days 18 and 21. Endothelial and stromal cells were
also positive.®?

The embryonic impact on immunolocalization
and polarization of chemokine receptors CXCR1,
CXCR4, CCR5 and CCR2B in cultured EEC was
investigated using our apposition model for human
implantation. When the blastocyst was absent,
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Chemokine receptors CXCR1, CXCR4 and CCR5
produced a barely detectable staining in only a few
cells at the EEC monolayer. However, when a human
blastocyst was present, there was an increase in the
number of stained cells for CXCR1, CXCR4, and
CCRS5 and polarization of these receptors in one of
the cell poles of the endometria epithelium.

An immunolocalization and polarization change
in CCR2B receptor was not present in the EEC
monolayer and this receptor was not up regulated by
the presence of the human blastocyst. Finally, we
have detected immunoreactive CCR2B and CCR5
receptors in the human blastocyst. CCR2B staining
was localized mainly at the inner cell mass, whereas
CCRS5 staining can be visualized across the trophec-
toderm. In all cases (n = 3), CCR5 staining was more
intense than that of CCR2B receptor, while the pellu-
cide zone was not stained in any case. Immunoreac-
tive CXCR4 and CXCR1 were not detected in
human blastocysts when the same technique was
used.

Relevance of leptin and leptin receptor in
human endometrium

Obesity is a condition that is reaching epidemic
proportions in the United States. The prevaence of
obesity has doubled in the past decade and one of the
pathological consequences is infertility, indicating a
link between adipose tissue and the reproductive sys-
tem.® High BMI has been associated with low IVF
pregnancy rates,*® suggesting the involvement of
endometrial receptivity and implantation in these
conditions.

Leptin is a 16 KDa non-glycosylated polypep-
tide of 146 amino acids discovered in 1994 by Zhang
et al.® [t is initialy thought to be secreted by adi-
pose tissue. Its secretion istightly linked to food con-
sumption, energy balance and body weight. More
recently, investigations have implicated leptin in the
regulation of reproductive function.®

Leptin receptor is the product of the LEPR or
OB-R gene and belongs to the class | superfamily of
cytokine receptors. In humans and rodents, two
major forms of leptin receptors (OB-R) are
expressed. The short form (OB-RS) is detected in
many organs and is considered to lack signaling
capability,®® as it has a truncated intracellular
domain.*”? The long form (OB-RL), with a complete
intracellular domain, predominates in the hypothal a-
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mus, anterior pituitary, and is also expressed in low
amounts in peripheral tissues.®®

An early observation indicated that ob/ob
female mice (which lack functional leptin) and db/db
mice (which lack functional leptin receptor) are char-
acterized by obesity and sterility.® Fertility in the
ob/ob animals can be restored by exogenous admin-
istration of leptin but not by food restriction, indicat-
ing that leptin per seis required for normal reproduc-
tive functioning.®

Similar findings in congenital leptin deficien-
cy® and leptin mutation® have aso been reported in
humans. In keeping with its predominant role as a
signal for starvation, leptin also seems to be impor-
tant in mediating undernutrition-induced deficits in
reproductive function. In starved mice, the lack of
reproductive function coincides with the fall of plas-
ma leptin level and several neuroendocrine changes.
An exogenous leptin injection restores fertility in
these mice.®

Although the leptin system clearly influences
reproduction, whether leptin exerts its effect, as an
endocrine or paracrine mediator is yet to be resolved.
A large body of data supports the notion that the
reproductive actions of leptin involve a direct effect
on the brain, specifically the hypothalamus.
Expression of functional leptin receptors has also
been detected in rodents® and humans,® and follic-
ular and serum leptin production seems to be influ-
enced by the ovarian functional state.® To the pre-
sent date, the mechanism linking leptin, LH and
estradiol levels has not been clearly established.

Several research groups have described the pres-
ence of the leptin receptor in the human endometri-
um. All groups affirm that the long form of leptin
receptor (OB-RL) mRNA is detectable in the human
endometrium. In addition, OB-RL has been detected
by RT-PCR and Western Blot in cultured human
endometrial epithelial cells (EEC).® Interestingly,
Kitawaki et al. reported that OB-R mRNA expres-
sion peaked in the early secretory phase when semi-
quantitative RT-PCR was employed® whereas others
found that OB-RL was low during the early secretory
phase and higher during the proliferative and late
secretory phases.®2 Leptin mRNA and protein have
been also identified in secretory endometrium and in
EEC.®» These findings suggest that the endometri-
um is a target tissue for circulating leptin and, in
addition, isasite of local production.



In the embryonic context, leptin and STAT3 pro-
teins have been immunolocalized in a polarized man-
ner in mouse and human oocytes and in pre-implan-
tation embryos. Both molecules were found in pre-
implantation embryos, with differences in the aloca-
tion of blastomeres occurring after the first cell divi-
sion (2-4 cell stage). A potential role of these pro-
teinsin early development has been suggested due to
the fact that at the morula stage inner blastomeres
contain little leptin/STAT3, while outer cells contain
both leptin/STAT3 rich and poor cells. Using a cocul-
ture model, our group described, for the first time,
that the concentration of immunoactive leptin secret-
ed by human competent blastocysts was significantly
higher than that secreted by arrested blastocysts cul-
tured alone,® suggesting that this molecule may be a
marker of embryonic vitality. In mouse, it have been
described that leptin promotes the embryo develop-
ment.®® Moreover, it have been published that the
leptin receptor is present throughout the early preim-
plantation development in human and mouse.®=
Nevertheless, leptin is only detected at blastocyst
stage.® All these findings strongly suggest that this
system takes part in the embryonic-endometrial dia-
logue during the adhesion phase of human embryon-
ic implantation.
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