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(Intercellular exchange of Wnt ligands reduces cell population heterogeneity)

Cells are the smallest units that constitute the body of an organism, and these cells
come together to form a collective property. Various types of cell populations exist in
vertebrate embryogenesis, but the environment surrounding these populations is
continually changing. Cells must respond to these changes, sometimes robustly and
sometimes flexibly. In such cases, cells might respond to the situation individually or
they might communicate and respond collectively. However, how they communicate
within the group is not well understood.

If they respond as a group, various possible ways of intercellular communication
are assumed.In this study I focused on the possibility that intercellular communication
using secreted signaling proteins may be involved in cell-to-cell communication
within a cell population. A communication using secretory signaling proteins has been
studied for a long time, but secretory and receptor cells have been separatable in most
cases. In contrast, in some cases when collective response takes place, individual cells
in a population may communicate within the population by exchanging secreted
signals from each other. Is such communication actually occurring, and if so, how is it
reflected in the properties of the cell population?

To address this question, I examined intercellular communication through Wnt
ligands in cell populations. To this end, I analysed Wnt-mediated communicationin
epiblasts located caudally in the mouse embryo during body axis elongation. The body

axes of vertebrate embryos elongate through the continuous generation of cells from



progenitor cells, which are located at the posterior end of the embryo, called the
epiblast. Lineage analysis has shown that some of these progenitor cells, called
"Neuro-Mesodermal Progenitors" (NMPs), give rise to both neural and paraxial
mesoderm cells. Importantly, NMPs and surrounding epiblast cells secrete Wnt ligands
and simultaneously receive them. In such cases, non-cell-autonomous communication
within the population may be established by the secretion and acceptance of secretory
signals by cells to each other, while cell-autonomous activation may also occur within
individual cell. Therefore, I attempted to separate cell autonomous and non-cell-
autonomous functions.

For this purpose, I decided to generate knock-in mouse embryos, in which Wnt3a
ligand retains cell-autonomous function but lost its non-cell autonomous function In
this study, I designed a membrane-tethered artificial Wnt ligand, by fusing mouse
Wnt3a to d human FrizzledS. In cultured cell experiments, this membrane-tethered
Wnt3a retained its cell-autonomous function but lost its non-cell autonomous
function, as expected. Membrane-tethered Wnt3a homozygous embryos (Wnt3a-Fzd5
embryos) showed morphological abnormalities. Previous studies have shown that
NMP is maintained depending on the Wnt signaling, and body axis elongation is
arrested depending on the degree of reduced function. In these embryos, although
Wnt3a-FzdS5 fusion ligand retains full signaling activity in in vitro assay, the neural
tube failed to close posterior to hindlimb and the tail was thin and short. Furthermore,
in these embryos, NMP was reduced , but maintained until the stage just before tail
elongation ceases. These results suggest that the phenotypes in Wnt3a-Fzd5 embryos
cannot be explained by a simple reduction in Wnt activity, and are probably due to a
loss of non-cell autonomous function.

To further examine this Wnt3a-Fzd5 phenotype, Wnt signaling in Wnt3a-Fzd5
embryos was analysed at the single-cell level using Wnt reporter mice. Interestingly,

even in wild-type embryos, there are cells with strong and weak Wnt signaling within



the NMP. The heterogeneity of Wnt signaling was even stronger in Wnt3a-Fzd5
embryos. These results suggest that the non-cell autonomous function of Wnt3a has a
role in reducing the heterogeneity of Wnt activity within a cell population.

Interestingly, the heterogeneity in Wnt signaling in the NMP region in Wnt3a-Fzd5
embryos increased apecifically after somites are developed. Since retinoic acid (RA),
which is synthesised in somites, inhibits Wnt function in epiblasts, I assumed that
Wnt3a-Fzd5 embryos may be more sensitive to RA signaling. To examine this
possibility, pregnant female mice were treated with RA and Wnt signaling in Wnt3a-
Fzd5 embryos was monitored. The results show that RA was specifically affected in
Wnt3a-Fzd5 embryos for body axis elongation and Wnt signaling activity in the
epiblast, suggesting that Wnt-mediated intercellular communication confers
robustness to external stress, such as RA.

Taken together, these results suggest that intercellular communication using Wnt
ligands in NMP cell populations reduces the heterogeneity of Wnt signaling and
provides robustness to cell populations against external stresses such as RA. This
study reveals the molecular basis underlying of secretory signaling in cell populations

and provides new ideas about its role in the maintenance of cell populations.
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