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Introduction
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The conditions that permit the human fetus to evade
rejection by its mother’s immune system are still not
fully elucidated. Half of fetally derived antigens are
of paternal origin; therefore, if classical rules of trans-
plantation immunity applied to pregnancy, the fetus
ought to be rejected. Anti-fetal, anti-placental and anti-
paternal antibodies are detectable in sera of women
with successful pregnancies [1], clearly showing that
though maternal recognition of fetal antigens takes
place, it does not compromise pregnancy.

Lymphocytes incubated with placentas from normal
pregnancies release Th2 cytokines, whereas cells from
aborted placentas induce production of Th1 cytokines
[2]. Thus, the maternal immune system might not only
recognize pregnancy, but react in a differential way
resulting in either success or failure. Activation of the
immune system seems to be necessary for a normal
pregnancy outcome. Non-specific immune-stimulation
of the pregnant females reduces the originally high
resorption rates in an abortion prone murine strain
combination [3] and the same effect is achieved by
immunization of the mothers with paternal strain type
spleen cells [4]. Taken together these data suggest that
immunological recognition of pregnancy is needed for
the success of gestation.

The maternal immune system is exposed to pater-
nal alloantigens throughout gestation. An inadequate
response to these antigens might result in infertility,
or pregnancy failure. Successful gestation implies a
complex interaction between the mother and the fetus.

The sperm already represents an antigeneic chal-
lenge for the female immune system. Anti-sperm
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antibodies are present in more than 10% of
women with unexplained infertility, [5–7], and these
antibodies have been shown to inhibit in vitro fertiliza-
tion of viable human oocytes by human spermatozoa
[8–12].

Seminal plasma contains paternal type I and type
II MHC antigens and high concentrations of trans-
forming growth factor-� (TGF�). The latter induces
regulatory T cells or Th17 cells [13]. In mice, exposure
to seminal fluid at mating induces tolerance to pater-
nal alloantigens and an accumulation of Treg cells in
the uterine draining lymph nodes, which may facilitate
implantation [14].

IMPLANTATION

Implantation occurs between 6 to 12 days after ovu-
lation. Several conditions need to be satisfied for a
successful implantation. The “implantation window” is
a well defined period, when the conditions are optimal
and the endometrium is ready to receive the embryo.
Several factors including hormones, growth factors,
cytokines, chemokines, adhesion molecules, extra-
cellular matrix components, and matrix-degrading
enzymes are involved in creating the appropriate envi-
ronment for implantation.

Progesterone regulated genes are crucial for the
establishment and maintenance of pregnancy. A mem-
ber of homeobox gene family; Hox-A10 plays a
role in formation of the receptive endometrium,
among others- by mediating progesterone-stimulated
proliferation of uterine stromal cells [15]. In the peri-
implantation endomerium of Hox-A10 deficient mice
Natural Killer (NK) cell differentiation is inhibited [16]
and polyclonal T cell proliferation can be observed
[15].
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To be able to implant, the blastocyst first sheds the
zona pellucida. This is followed by apposition, adhe-
sion and implantation of the blastocyst. From this point
on, embryo derived signals also contribute the prolif-
eration of the stroma. The initial implantation steps
are characterised by the rather extensive use of inflam-
matory molecules. Complement related pathways are
involved in the regulation of angiogenesis as well as in
expression of adhesion molecules, matrix metallopro-
teinases (MMPs) and serine proteases. The invading
trophoblast anchors the embryo and also establishes
an immunological interface between the mother and
the fetus. The placenta formed from the decidua and
outer layers of the embryo, connects the developing
fetus to the uterine wall to allow nutrient uptake, waste
elimination, and gas exchange via the mothers’ blood
supply.

UTERINE NK CELLS

In the peri-implantation period there is extensive
infiltration of cells of uterine Natural Killer (uNK) lin-
eage which will ultimately represent up to 50–70%
of the cellular content of the basal decidual stroma.
Decidual NK cells represent a phenotypically and func-
tionally distinct cell population. While approximately
90% of human peripheral NK cells express a low den-
sity of CD56 (CD56dim) and high levels of the FCgRIII
(CD16), the majority of decidual NK cells express a
high density of CD56 (CD56bright) and no CD16 [17].
The temporal and spatial distribution of these cells sug-
gests that one of their functions might be the control
of placentation. By producing the chemokines CXCL8
and CXCL10, decidual NK cells regulate trophoblast
invasion [18].

The genes selectively over expressed in decidual
NK cells suggest that these cells might contribute to
the generation of an immunosuppressive environment
at the maternal fetal interface [19]. Via their inten-
sive cytokine production, these cells play a crucial role
in local angiogenesis, particularly, by controlling the
development of a special functional arterial system, the
spiral arterioles. Decidual NK cells secrete angiogenic
factors [19] and induce vascular growth in the decidua
[20]. NK cell deficient mice [21] have an abnormally
small placenta and low birth weight fetuses [22].

The rapid increase of NK cell counts in the early
decidua may be caused by proliferation of the resident
population, recruitment of CD56bright lymphocytes
from the circulation, or both. Progesterone plays a
role in uterine homing of NK cells by promoting NK

cell interactions with the endothelium [23], and by
progesterone-induced specific endometrial production
of chemokines [24, 25]. Uterine NK cells increase in
number during estrus and proestrus in rodents and dur-
ing the luteal phase in women and are enriched at sites
where fetal trophoblast infiltrates the deciduas in early
pregnancy [23].

Decidual NK cells fulfil dual tasks. During nor-
mal conditions they contribute to creating a favourable
environment for placentation, but at the same time they
are equipped with cytotoxic potential to fight intrauter-
ine infections. High levels of perforin and granzymes
A and B are expressed by decidual NK cells [19, 26],
suggesting that decidual NK may have cytotoxic poten-
tial.

NK cells express activating and inhibitory recep-
tors. NK cytotoxic activity results from the balance of
inhibitory and activating signals, following the inter-
action of NK cell activating and inhibitory receptors
with ligands expressed on the surface of the target cell
[27–29]. Increased expression of HLA-G, the ligand
for NK inhibitory and activating receptors, controls
NK activity in the presence of progesterone.

It will be shown in this issue that uNK cells of
women predisposed to miscarriage may have a higher
activating potential and that both inhibitory and acti-
vating killer immunoglobulin like receptors (KIRs) on
uNK cells are important for the maintenance of preg-
nancy.

TROPHOBLAST INVASION

Trophoblast invasion is a prerequisite of successful
pregnancy. Invasive trophoblast anchors the placenta
to the uterus, modulates implantation as well as
secretion of hormones and cytokines and most impor-
tantly plays a crucial role in remodelling of maternal
spiral arteries. During early human pregnancy extravil-
lous cytotrophoblasts invade these vessels and replace
the endothelial cells. This renders the spiral arteries
expandable and of low resistance, which is required to
increase blood flow to the placenta, in order to provide
sufficient oxygen and nutrient supply for the develop-
ing fetus.

Failure of the latter process can result in in
pre-eclampsia [30], fetal growth restriction, and mis-
carriage. The invading trophoblast also gets in contact
with the decidual lymphocyte populations, thereby
establishing an immunological interface between the
fetal and maternal compartments. Trophoblast inva-
sion is transient, with spatial and temporal control
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[31]. It involves attachment of the trophoblast cells
to the extracellular matrix (ECM) components, degra-
dation of the ECM and migration through the eroded
connective tissue.

Several enzymes, hormones, cytokines, growth fac-
tors and extracellular matrix glycoproteins have been
reported to play a role in both trophoblast and tumor
invasion. Progesterone is one of the factors to con-
trol trophoblast invasiveness either directly [32] or
via progesterone-induced blocking factor (PIBF) by
reducing the secretion of MMP9 from trophoblasts.

Extracellular stimuli activate different signalling
pathways, e.g. the MAPK-, focal adhesion kinase
(FAK), the phosphoinositide 3-kinase (PI3K) – Akt,
STAT or the Wnt pathway that control trophoblast
invasion proliferation, differentiation, migration and
apoptosis.

CYTOKINES

In the post implantation period, the invading tro-
phoblast starts to express Class I MHC antigens. Class
I antigens, render the fetus allogeneic, and are pre-
sented to specific maternal CD4+ T helper cells, which
release various cytokines in response to these alloanti-
gens. Th1, Th2 and Th17 cells are involved either in
allograft rejection (Th1 and Th17 cells) or in allo-
graft tolerance (Th2 cells). In the peri-implantation
period both Th1 and Th2 type cytokines are expressed
locally in a stage-specific manner [33] and certain
Th1 cytokines (e.g. LIF, IL-11 and IFN-�) seem
to be crucial for implantation of the mouse blasto-
cyst [34–37]. A mild local inflammatory reaction is
required for loosening the endometrial tissue thus
promoting implantation, however, in later stages of
pregnancy the dominance of Th1 cytokines seems to
be detrimental. It has been suggested that significantly
increased Thl cytokine expression might represent the
underlying phenomenon leading to reproductive fail-
ure [38, 39].

NEUROENDOCRINE-IMMUNE
INTERACTIONS

The successful establishment and maintenance of
pregnancy is influenced by environmental factors. Epi-
demiological studies suggest the role of stress in
miscarriage and pre-term delivery.

Progesterone is critical for the establishment and the
maintenance of pregnancy, both by its endocrine- and
immunological effects. The genomic actions of proges-

terone are mediated by the intracellular progesterone
receptors; A and B [40, 41]. A protein called PIBF, by
inducing a Th2 dominant cytokine production medi-
ates the immunological effects of progesterone [42,
43]. Progesterone plays a role in uterine homing of
NK cells [23] and up-regulates HLA-G gene expres-
sion [44], the ligand for various NK receptors. At high
concentrations progesterone is a potent inducer of Th2-
type cytokines as well as of LIF and M-CSF production
by T cells.

High levels of glucocorticoids inhibit pituitary
luteinizing hormone and ovarian estrogen and proges-
terone secretion. Exposure to stress induces abortion
in mice via a significant reduction in progesterone lev-
els, accompanied by reduced serum levels of PIBF and
diminished expression of progesterone receptors at the
feto-maternal interface. These effects are corrected by
progesterone supplementation.

IN SUMMARY

There is a complex network of interacting molecules
and systems that contribute to successful implantation
and gestation. To provide a suitable microenvironment
for the implanting embryo and the developing fetus,
a coordinate action of the precizely tuned cytokine
balance, appropritae function of decidual NK cells,
controlled trophoblast invasion and an appropriate
coordination of the neuroendocrine and immune sys-
tems are needed. However, there are still ample open
questions, e.g., which are the signals that allow certain
embryos, but not others- to implant in an otherwise
receptive endometrium? What is the origin of decidual
NK cells? How do embryo-derive signals affect their
function?

Recently a European network of laboratories –
named EMBIC – sponsored by the European Union,
undertook to investigate these problems. Some aspects
will be presented in this issue.
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