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Coincident with the time of conceptus apposition is the appearance of chorionic binucle-
ate cells (BNC; Guillomot et al. 1981) within the trophectoderm layer. The BNC result from
consecutive nuclear divisions of trophectoderm uninucleate cells (UNC), without cytokinesis
following the second division (Wooding 1992), and comprise 15-20% of the trophectoderm.
Essentially throughout gestation, 15-20% of the BNC are migrating through the tight junctions
formed by the UNC (Wooding 1983). Fusion of the BNC with uterine epithelial cells form
trinucleate cells, and continued fusion of BNC with the initial trinucleate cells result in the
formation of syncytial plaques, comprised of 20-25 nuclei, linked by tight junctions (Wood-
ing 1984; Wooding 1992). At mid-gestation in sheep and goats the fetomaternal interface is
totally comprised of syncytium (Wooding 1984; Wooding 1992). By contrast, in cattle and
deer, the uterine epithelium is reestablished, such that continued BNC migration and fusion
results in transient trinucleate cells (Wooding & Wathes 1980). The formation, migration and
fusion of BNC not only serves in the development and formation of the expanding fetal villi
and the fetomaternal interface, but they also serve in the synthesis and delivery of placental
hormones, such as placental lactogen (PL; Milosavljevic et al. 1989; Kappes et al. 1992) to
the maternal circulation.

This brief description of ruminant placenta development and structure is meant to provide an
appreciation of the complexity of the ruminant placenta. If one just considers the villous tree
of the fetal cotyledon, it is comprised of UNC, BNC, villous mesenchyme, vascular endothelial
and smooth muscle cells, and the proportion of each within a single cotyledon changes as
pregnancy progresses (Kappes et al. 1992). Furthermore, there is the fetomaternal syncytium,
and when separating the placentome into its cotyledon and caruncle components, residual
tissue from either the maternal or fetal components contaminate the other (Bridger et al. 2007).
Consequently, the recent use of microarray-based gene profiling methods to assess placental
gene expression (Everts et al. 2008) in cattle may be confounded by the multiple cell types
present in the ruminant placenta. Subsequent quantitative reverse transcriptase-polymerase
chain reaction (qQRT-PCR) can be used to validate the changes in mRNA concentration (Aston
et al. 2009), but the combination of subsequent qRT-PCR and in situ hybridization (Ushizawa
et al. 2007) likely gives a clearer interpretation of the microarray results. However, important
changes in MRNA concentrations of “lowly”-expressed genes might be overlooked or muted
by the relative composition of the tissue used for RNA isolation. Use of laser-capture micro-
dissection to harvest the cell population of interest (e.g., trophoblast layer) may enhance the
validity of the results obtained from gene profiling experiments.

In vitro assessment of placental gene function

For years, in vitro investigation into ruminant placental gene regulation and function was ham-
pered by the lack of ruminant-specific cell lines. Often human or rat choriocarinoma cell lines
were used to investigate the transcriptitional regulation of sheep and cattle genes expressed
in the placenta (e.g., Liang et al. 1999; Ezashi et al. 2001; Limesand et al. 2004). To provide
relevance to the ruminant, we also utilized nuclear extracts from isolated sheep BNC in DNase
footprinting (Liang et al. 1999), electrophoretic mobility shift assays (Limesand et al. 2004) and
Southwestern analysis (Jeckel et al. 2009), to verify the results obtained with choriocarcinoma
cell lines. In our experience (Liang et al. 1999; Limesand et al. 2004; Jeckel et al. 2009) BeWo
cells (human choriocarcinoma cell line) have served as a useful model system for studying the
transcriptional regulation of sheep PL. Recently, Bridger et al. (2007) reported the establishment
of trophoblast cultures from cattle placentomes, and subsequently they reported the culture
of BNCs for 90 days in culture (Landim et al. 2007) and proliferation of bovine trophoblast
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Fig. 2. PRR15 mRNA concentration in oTR cells cultured on Matrigel®. oTR-17 cells were
plated on plastic culture dishes, or on dishes coated with 3, 6 or 9 mg/ml of Matigel” for
48 hours. PRR15 mRNA concentration was assessed by qRT-PCR as described in Purcell

et al. (2009).
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Fig. 3. Phenotypic change in oTR cells cultured on Matrigel®. 0TR-23 and 0TR-25 cells were
cultured on plastic culture dishes, or on dishes coated with 6 mg/ml of Matrigel®. Panels A
& B: 0TR-23 and -25 cells grown on plastic. Picture was taken just before harvesting the
cells for plating onto Matrigel®. Panels C & D: oTR-23 and -25 cells following 3 hours of
culture on Matrigel®. Panels E & F: 0TR-23 and -25 cells following 5 hours of culture on
Matrigel®. Panels G & H: 0TR-23 and -25 cells following 20 hours of culture on Matrigel®.
100X magnification.
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