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(Wnt-producing cells stretched in the developing neural tube promotes proliferation of

neural progenitor cells)

Intercellular signaling regulates proliferation and differentiation of cells as well as
regionalization of tissues during development. In these processes, the mechanisms
underlying secretion of signal proteins in the producing cell and intracellular
transduction of signals in the target cell have been well studied. On the other hand, the
distribution of signal proteins in the developing tissues still remains unclear.

One of the important points that should be considered for understanding the
regulatory mechanisms of intercellular signaling is the positional relationship between
cells that produce signal proteins and those receive them. Since cells often change their
morphology and relative position to neighboring cells during development, these
changes possibly regulate intercellular signal transduction. However, it also remains
unclear whether and how morphological change of cells affects transmission of
intercellular signaling proteins to target cells.

In this study, | focused on Wnt proteins, which are secreted from the roof plate cells,
and their signaling during mouse spinal cord development. In the early development of
vertebrate spinal cord, the roof plate acts as an organizing center. Wntl and Wnt3a,
which are specifically expressed in the roof plate, play roles in the regulation of cell
proliferation and specification in the dorsal spinal cord. After mid-gestation, the
morphology of the spinal cord dynamically changes with reduction of lumen.
Interestingly, roof plate is stretched in zebrafish during this morphological change. This

finding suggests that Wnt producing roof plate cells changes their morphology and



morphological change of signal producing cells may affect to regulation of signal target
cell. However, the expression and the role of Wnt in the later development of the spinal
cord remain unclear.

First, 1 analyzed distribution of Wnt protein during the mouse spinal cord
development. To visualize the Wnt protein in vivo, | performed immunohistochemistry
for Wntl and Wnt3a, and generated egfp-Wnt3a knock-in mice. In the early
development of the spinal cord, Wnt proteins localized in most dorsal region, roof plate.
Of note, in later, the distribution of Wnt protein dynamically changed and elongated
along the dorso-ventral axis accompanied by reduction of lumen. With this elongation
of the Wnt producing cell, activating region of Wnt/B-catenin signaling is expanded.
Interestingly, after elongation of the roof plate, Wnt/B-catenin signaling is strongly
activated in the cells surrounding reduced lumen adjacent to tip of elongated Wnt
localizing area. In addition, sparsely labeled experiment of roof plate cells and
observation by electron microscopy revealed that each roof plate cell extended cell
protrusion and ventral tip of the cell protrusion reach to the reduced luminal surface.
These results suggest that elongated roof plate maintains Wnt protein expression and
these signals act in roof plate and luminal cells.

Next, to reveal the Wnt/B-catenin signaling from the elongated roof plate cells, |
specifically inhibited secretion of Wnt protein in the roof plate. |1 conditionally
inactivated WIs, which is essential for the secretion of Wnt proteins. Analysis of WIs
cKO mice revealed that Wnt proteins, which secreted from roof plate cells, are required
for proper elongation of roof plate. During the elongation, each roof plate cell
rearranged along the dorso-ventral axis in normal embryos, but it was disturbed in Wls
cKO embryos. In addition, | found that activation of Wnt/B-catenin signaling in the cells
surrounding the reduced lumen is significantly reduced in the Wis cKO embryos. The
analysis of the cell proliferation revealed that the number of proliferating cells in

luminal cells is significantly reduced in WIs cKO embryos. These results suggest that



elongation of roof plate cells enabled Wnt/B-catenin signaling to be transmitted from
the roof plate to the luminal cells and promote cell proliferation of the luminal cells. In
addition, in respond to spinal cord injury in the adult mice, | found that inhibition of
Wnt secretion from the roof plate causes significant decrease in the number of
proliferating neural progenitors, which located in around reduced lumen.

Here, I showed that Wnt producing roof plate cells change their morphology and
Wnt/B-catenin signaling is activated and play a role in the luminal cells, which are
considered to possess a potential of neural progenitor cells, in later spinal cord
development. Since the cells in the luminal cells are originally exist in the ventral spinal
cord, these data suggest that target cells of Wnt/f-catenin signaling changes from dorsal
spinal cord to neural progenitor cells accompanied by elongation of the roof plate cells.
Thus, dynamic morphological change of producing cells, which are expressed secreted
signaling proteins, can cause a shift of signal target cells and generate a new role of

signal producing cells.
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