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DEVELOPMENTAL BIOLOGY

Early embryos
kept in check

As pluripotent stem cells become primed to give rise to all bodily cell types, they
begin to form the amniotic cavity in which the mammalian fetus will grow. A
checkpoint that gates this transition has now been identified.
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uring embryonic development, cells
D differentiate into particular lineages

according to information about their
position in the embryo. This adoption of a par-
ticular cellular identity often triggers changes
in the organization of the embryo, which, in
turn, results in new positional information.
These cycles of differentiation and morpho-
genesis are key to normal development — but
how do embryos coordinate them? One way
is to implement checkpoints, similar to those
in place during the cell cycle, to block progres-
sion until specific criteria are met. In a paper
online in Nature, Shahbazi et al.' report just
such a checkpoint during early development
in mammals.

In mammalian development, the embryo
forms a structure called the blastocyst’, which
contains a mass of pluripotent cells — those
that can give rise to any cell type in the body.
In most mammals, the blastocyst implants into
the uterus. Implantation can be put on hold by
maternal hormones, which induce the blasto-
cyst to secrete the protein leukaemia inhibitory
factor (LIF) and to enter a dormant state’.

Pluripotent cells isolated from the blastocyst
for growth in vitro — called embryonic stem
(ES) cells — can be maintained in a ‘naive’
pluripotent state by LIF (ref. 4). When LIF is
removed, ES cells become ‘primed’ and can
initiate their differentiation into the various
progenitors that build the body. The role of
these different states in vivo is not clear, but
one hypothesis has been that LIF removal
primes the embryo to resume development’,
thereby constituting a bona fide checkpoint for
implantation.

At the implantation stage of development,
embryos also undergo a dramatic change in
shape. The amniotic cavity, which will con-
tain the growing embryo and the fluids that
surround it, begins to form within a circle of
primed pluripotent cells. The formation of the
amniotic cavity has been poorly characterized,
because this process occurs during early stages

of embryo implantation, which are difficult to
access experimentally. But key insights into
the process have come in the past three years,
thanks to previous work from the group that
performed the current study. The authors,
along with other groups, greatly improved
in vitro culture conditions for human®® and
mouse’ embryos, and succeeded in growing
embryos outside the uterus until shortly after
the implantation stage.

Shahbazi et al. used their ex utero culture
systems to study the coordination between the
exit from pluripotency and the formation of
the amniotic cavity. First, the authors noticed
that the downregulation of pluripotency genes
coincided with the appearance of the amniotic
cavity in both mouse and human embryos.
Next, they observed that maintaining pluri-
potent cells in a naive state in embryos by arti-
ficially supplying LIF prevented the cells from
forming the amniotic cavity.

To carefully dissect this coordinated process,
Shahbazi and colleagues turned to mouse ES
cells as a proxy for the embryo. When placed
in specific culture conditions, ES cells can
form an epithelium — a highly organized and
cohesive tissue in which polarized cells align
along their apical-basal axes and form spe-
cialized contacts called tight junctions. And,
like other epithelial cells®, ES cells can form a
structure resembling the amniotic cavity when
grown in 3D culture systems™. However, the
authors found that the cells do so only when
primed by the removal of LIF. They therefore
investigated the specific step that is controlled
by LIF removal.

Shahbazi et al. determined that naive ES
cells grown in 3D culture undergo several of
the steps needed to form a cavity. First, the cells
arrange into circular rosette structures, with
their apical ends in close proximity (Fig. 1).
Second, fluid-containing vesicles are traf-
ficked towards the apical interfaces between
cells, and tight junctions form. These steps
are key prerequisites for the accumulation of
fluid between apical interfaces’. However, the
authors found that naive cells lack negatively
charged, membrane-spanning apical proteins
called sialomucins, which induce the repul-
sion of contacting apical membranes to form
a negatively charged gap in the centre of the
rosette'’. Shahbazi and colleagues showed that
sialomucin production is induced after LIF
removal, suggesting that the checkpoint is not
the formation of a polarized epithelium, but
the repulsion of apical surfaces.
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Figure 1| A checkpoint that coordinates embryonic development. As mouse and human embryos
implant into the uterus, the amniotic cavity (which will hold the developing fetus) begins to form.
Shahbazi et al.' provide in vitro evidence that, before implantation, naive pluripotent cells (which can give
rise to all bodily cell lineages) place their apical edges in contact to form a polarized ‘rosette’ structure.
The secreted protein leukaemia inhibitory factor (LIF) promotes expression of pluripotency genes in
naive pluripotent cells, and these genes, in turn, inhibit the production of sialomucins — negatively
charged proteins needed for amniotic-cavity formation. During implantation, LIF is removed and
pluripotent cells become primed to differentiate. At this stage, the polarized transport of sialomucins
towards apical interfaces causes them to repel each other, leading to cavity opening. This set-up ensures
that implantation of the mammalian embryo is coordinated with its development.
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Next, the researchers used available genomic
data'' to gain mechanistic insight into how the
exit from naive pluripotency controls cavity
formation. This analysis unveiled a poten-
tial role for the protein OCT4 in regulating
sialomucin expression. When taken together
with a recent study” that described the effects
of OCT4 deficiency on preimplantation
human embryos, the authors’ finding suggests
an important role for OCT4 in controlling
early human development.

Although the expression of sialomucins is
essential for cavity formation, the group found
that addition of these proteins to naive cells
did not, in itself, induce such a transition. This
suggests that the delivery of sialomucins to the
apical interface might require other proteins,
such as the tight-junction protein cingulin,
which the researchers showed was produced
upon LIF removal. Cingulin has been impli-
cated in the tethering of vesicles to the apical
membrane, indicating that it might have a role
in cavity formation”.

Future work will be needed to identify
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the cocktail of proteins that is sufficient to
trigger naive cells to form a cavity. Moreover,
whether the molecular events described in
ES cells occur in mouse and human embryos
remains to be verified. Understanding how
the formation of the amniotic cavity is regu-
lated at the molecular and cellular levels will
support future studies of the physical events
that control cavity formation, and will lay the
foundations for modelling this process’.
Altogether, Shahbazi and colleagues’ find-
ings allow them to outline a mechanism by
which embryos coordinate the exit from
pluripotency and the formation of the amni-
otic cavity. In this scenario, naive cells form a
polarized epithelium that is poised for cavita-
tion. Only when cells become primed do their
apical interfaces begin to repel one another,
allowing fluid to accumulate. This provides
evidence that the naive state has a biologi-
cal role, acting as a checkpoint to ensure that
the amniotic cavity forms only when cells are
primed. In this way, embryos can keep mor-
phogenesis and differentiation in synchrony. m
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