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Extended exposure of progesterone and conceptus estrogen influences
the vascular compartment of the uterus and expression of many factors,
such as prostaglandins (PGs), growth factors, extracellular matrix and
adhesion molecules, cytokines and transcription factors. One of the
supportive mechanisms by which the conceptus inhibits luteolysis is by
changing PG synthesis in favor of luteoprotective PGE2. Alteration in PG
synthesis may result from increased PGE synthase (mPGES-1) expression
in the trophoblast and endometrium on days 10-13 of pregnancy with
simultaneous down-regulation of PGF synthase (PGFS) and prostaglandin
9-ketoreductase (CBR1). Conceptus and endometrial, rather than luteal,
synthesis of PGE2, is involved in the process of maternal recognition of
pregnancy. However, complex (direct and indirect) actions of estrogen
on the CL, including decreased luteal VEGF soluble receptor on day 12
of pregnancy, are important for luteal maintenance. Moreover, conceptus
signals affect another lipid signaling component - lysophosphatidic acid
receptor (LPA3), as well as HoxA10 and Wntin the endometrium, to create
the appropriate uterine environment for establishment of pregnancy and
implantation.

Antiluteolytic mechanisms

In pigs, corpora lutea (CL) regression on days 15-16 of the estrous cycle results from an increase -
in pulsatile endometrial secretion of prostaglandin F2a (PGF2a) (for review, see Bazer et al,
1982). Basal PGF2a release by endometrium increases 3-fold between day 5 and 14 of the
estrous cycle (Stepien et al. 1999). According to Krzymowski & Stefanczyk-Krzymowska (2008},
the PGF2a pulsatile elevation in the blood outflowing from the uterus during luteolysis and
shortly afterwards, results from decreased blood flow in the endometrium and excretion of
PGF2c and its metabolites to lymph, blood and tissue fluids which accumulate PGs. However,
oxytocin, luteinizing hormone (LH) and tumor necrosis factor ¢ should be considered as potential
modulators of endometrial PGF2a production during luteolysis {Uzumcu et al. 1998, Blitek
& Ziecik 2006, Blitek et al. 2007).

The porcine Cl. is unusual among domestic animals because it does not display a luteolytic
response to exogenous PGF2a, until days 12-13 of the estrous cycle. The insensitivity of early
CL to exogenous PGF2a is explained partially by low number of iuteal PGF2a receptors (FPr)
(Boonyaprakob et al. 2003) and a deficiency in post-FPr signaling (Zorrilla et al. 2009). Lower
FPr concentration on day 14 of pregnancy/pseudopregnancy in comparison to the estrous cycle
suggests that conceptus signals may inhibit FPr expression in the CL (Gadsby et al. 1993). The
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role of oxytocin in controlling PGF 2¢ secretion is not as well defined as in ruminants (for review
see, Ziecik et al. 2006). Systemic infusions of oxytocin-antagonist between days 12 and 20 of
the estrous cycle reduce amplitude of PGFM (PGF2a metabolite) pulses, but does not prevent
luteolysis (Kotwica et al. 1999). Surprisingly, oxytocin concentration in the uterine lumen
significantly increases on days 12-14 of pregnancy when compared to corresponding days of
the estrous cycle (Vallet et al. 1998). Moreover, oxytocin is not luteolytic when administered
locally to the uterine fumen as it is when administered systemically (Sample et al. 2000) and
intra-uterine infusion of oxytocin decreases plasma concentrations of PGFM on day 16 after
estrus {Sample et al. 2004).

Maternal recognition of pregnancy (days 11-13) and implantation (days 14-19) are critical
for CL maintenance and pregnancy establishment. Maternal recognition of pregnancy occurs
simultaneously with rapid transformation of trophoblast from spherical to tubular then
filamentous forms between days 10-12 just prior to implantation. During this period, conceptuses
secrete elevated levels of estrogens, mainly estradiol-17p. A second, more sustained increase of
estrogen secretion is observed between days 15 and 25-30 of pregnancy (Geisert et al. 1990).
Inhibition of luteolysis and establishment of pregnancy in pigs require this biphasic pattern
of estrogen secretion that results in prolonged luteal life span and progesterone secretion (for
review, see Geisert et al. 1990). Systemic estrogen administration on days 11-15 of the estrous
cycle prevents CL regression and extends CL life span (Frank et al. 1977). The luteoprotective
action of estrogen is complex (Fig. 1). Estrogen stimulates luteal progesterone secretion directly
(Conley & Ford 1989) as well as by increasing luteal LH receptor (LHR) concentration (Garverick
et al. 1982) and by decreasing PGF2a release from uterus into peripherial circulation (Moeljono
et al. 1977, Bazer & Thatcher 1977).

Estrogen receptor (ESR) expression in luminal (LE) and glandular epithelium (GE) of the
endometrium (Geisert et al. 1993) and in the conceptus (Kowalski et al. 2002) coincides
with estrogen secretion from the conceptus, which suggests both autocrine and paracrine
responses. Baoth sufficient conceptus estrogen secretion {less than 2 conceptuses in each horn
results in pregnancy failure) and timing of endometrial exposure to estrogen is critical for
establishment of pregnancy. Early administration of estrogen on days 9-10 of pregnancy results
in embryonic loss and altered endometrial expression of many genes, during later pregnancy,
probably causing desynchronization of the uterine environment and conceptus implantation
(Geisert et al. 2006). Included among the altered genes is an enzyme involved in PG synthesis
{prostaglandin-endoperoxide synthase 2; PTGS2).

Endometrial function and conceptus development during the peri-implantation period of
pregnancy are uniquely regulated through interacting effects of progesterone from the CL
and estrogen from the conceptus. Estrogen is suggested to be involved in changes of uterine
secretory activity (Geisert et al. 1982), increased blood flow {for review see, Bazer et al. 1982),
endometrial edema (Laforest & King 1992), and regulation of endometrial expression of many
factors (Fig. 1). However, other reports indicate that concentrations of many proteins within
the uterine lumen during early pregnancy are independent of the presence of the conceptus
(Vallet et al. 1998, Kayser et al. 2006).

Factors involved in PG synthesis and signaling during inhibition of luteolysis and pregnancy
establishment

Concentrations and peak amplitude of PGF2a in utero-ovarian vein plasma are higher in
cyclic than in pregnant gilts on days 12-17 (Bazer & Thatcher 1977, Moeljono et al. 1977}
Moreover, uterine flushings of pregnant pigs contain higher amounts of PGF2a than those from







































