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Placental Formation and Functions

While the embryonic epiblast is undergoing cell movements reminiscent of those seen in reptilian or
avian gastrulation, the extraembryonic cells are forming the placenta, a distinctly mammalian set of
tissues that enable the embryo to survive within the maternal uterus. Although the initial trophoblast
cells of mice and humans divide like most other cells of the body, they give rise to a population of
cells in which nuclear division occurs in the absence of cytokinesis. The original trophoblast cells
constitute a layer called the cytotrophoblast, whereas the multinucleated cell type forms

the syncytiotrophoblast. The cytotrophoblast initially adheres to the endometrium through a series of
adhesion molecules, as we saw above. Moreover, cytotrophoblasts contain proteolytic enzymes that
enable them to enter the uterine wall and remodel the uterine blood vessels so that the maternal
blood bathes fetal blood vessels. The syncytiotrophoblast tissue is thought to further the progression
of the embryo into the uterine wall by digesting uterine tissue. The cytotrophoblast secretes
paracrine factors that attract maternal blood vessels and gradually displace their vascular tissue
such that the vessels become lined with trophoblast cells (Fisher et al. 1989; Kndfler 2010). Shortly
thereafter, mesodermal tissue extends outward from the gastrulating embryo. Studies of human and
rhesus monkey embryos have suggested that the yolk sac as well as primitive streak-derived cells
contribute this extraembryonic mesoderm (Bianchi et al. 1993).

The extraembryonic mesoderm joins the trophoblastic extensions and gives rise to the blood vessels
that carry nutrients from the mother to the embryo. The narrow connecting stalk of extraembryonic
mesoderm that links the embryo to the trophoblast eventually forms the vessels of the umbilical cord.
The fully developed extraembryonic organ, consisting of trophoblast tissue and blood vessel-
containing mesoderm, is the chorion, and it fuses with the uterine wall decidua to create the
placenta. Thus the placenta is an organ derived from two genetically different organisms.

The chorion may be very closely apposed to maternal tissues while still being readily separable from
them (as in the contact placenta of the pig), or it may be so intimately integrated with maternal
tissues that the two cannot be separated without damage to both the mother and the developing
fetus (as in the deciduous placenta of most mammals, including humans).[1] Beyond their role in
nourishing the embryo, placentas are endocrine and immunological organs. They produce hormones
(such as progesterone) that enable the uterus to retain the pregnancy and accelerate mammary
gland development. Recent studies also suggest that the placenta generates several mechanisms
that block the mother’s immune system from attacking foreign substances produced by the embryo
or fetus (Warning et al. 2011; Rowe et al. 2012).

After 6 weeks of gestation, the human embryo lies within the amnion, and its blood vessels extend
into the chorionic villi. The embryo is encased in the amnion and is further shielded by the chorion.
The blood vessels extending to and from the chorion are readily observable, as are the villi that
project from the outer surface of the chorion. These villi contain the blood vessels and allow the
chorion to have a large area exposed to the maternal blood. Although fetal and maternal circulatory
systems normally never merge, diffusion of soluble substances can occur through the villi (Figure 1).
In this manner, the mother provides the fetus with nutrients and oxygen, and the fetus sends its
waste products (mainly carbon dioxide and urea) into the maternal circulation. The maternal and
fetal blood cells usually do not mix, although a small number of fetal red blood cells are seen in the
maternal blood circulation.
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Figure 1 Relationship of the chorionic villi to the maternal blood supply in the primate uterus. In the
umbilicus, there are two arteries and a single vein.

There are numerous types of placentas, and the extraembryonic membranes form differently in
different orders of mammals (see Cruz and Pedersen 1991). Although mice and humans gastrulate
and implant in a similar fashion, their extraembryonic structures are distinctive. It is very risky to
extrapolate developmental phenomena from one group of mammals to another. Even Leonardo da
Vinci got caught (Renfree 1982). His remarkable drawing of the human fetus inside the placenta is
stunning art but poor science: the placenta is that of a cow.
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