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3. Research projects and annual reports
We have investigated how transcription factors regulate developmental processes under the inflow of various
external signals involving cell-cell or cell-substrate interactions. This year, we focused on the following research

projects to conclude issues that we previously raised.

This year’s accomplishments
1) Deriving neural stem cell lines with specific anteroposterior CNS regionalities from epiblast stem cells

We have previously developed a procedure to directly establish the neural stem cell lines from epiblast stem cells
under a serum-free culture condition. This procedure simplifies the neural stem cell-deriving processes during
embryogenesis by starting from the epiblast stem cells. (1) The employment of the serum-free culture condition
allowed the analysis of the processes of neural stem cell derivation and regional specificity endowment, being
freed from complex interactions with the surrounding tissues that occur during embryogenesis. (2) Establishing
neural stem cell lines in culture is equivalent to arresting the neural developmental process at the stem cell stage
and accumulating the stem cells. In contrast, the stem cells in embryos proceed to neurogenesis differentiating

neurons and glial cells.

40



This study highlighted the anteroposterior variations in the Wnt signal strength imposed on the
embryonic CNS, which occur confined to the developmental stages of establishing the neural stem cell regional
identities.

When the epiblast stem cells were placed in the neural stem cell-deriving culture condition, the cells
developed as clumps in the first five days, without assuming a neural stem cell-like morphology. However, during
this period, the epiblast-characteristic Pou5f1 was already downregulated, and the neural-characteristic Sox1 was
activated. The above and other observations indicated that the neural characteristics and anteroposterior regional
specificities were established earlier than the neural stem cell stabilization into cell lines, which occurred after
three weeks.

The expression of the Otx2 gene in the fore/midbrain and the Hoxa genes in the hindbrain and the
spinal cord was investigated to identify the regional specificities associated with the individual neural stem cell
lines. The analysis indicated that the neural stem cell lines established under the low, medium, and high Wnt
condition beard the regional identities of fore/midbrain, hindbrain, and trunk spinal cord, respectively, of the
~E10.5 CNS (Fig. 1).

Moreover, the established anteroposterior regional specificity of the neural stem lines was stably
maintained without relying on the subsequent Wnt signal levels. In embryos, the anteroposterior differences of
Wnt signal inputs to the neural tissues occur before E10, but are then lost. Thus, both in vivo and in vitro, the
differences in the Wnt signal inputs during the neural stem cell derivation provide the regional identity to the
neural stem cells; once the stem cells are established, the regional identities are stably maintained regardless of
the Wnt signal inputs at later stages.

2) Involvement of the transcription factor ZIC2 in the regulation of endoderm derivation from the epiblast

We have previously shown that epiblast stem cell aggregates cultured under a low-Wnt signal condition undergo
cell rearrangements analogous to the node-proximal gastrulation upon transferring in the laminin-rich Matrigel
matrix (Inamori, Fujii, et al.,, 2010). We also found that the endoderm-characteristic transcription factor
gene Sox17 was activated synchronously with the Zic2 gene activation. We examined the consequence
of Zic2 knockout in the mouse embryos at the gastrulation stage to investigate the relationships
between Zic2 and Sox17 gene functions.

We set up genetically engineered mouse lines where the Zic2 gene is knocked out (ablated) in
the FoxaZ2-expressing cells, the precursors for the endoderm development in the epiblast, to see the consequence
of Zic2 gene knockout in these cells. The mouse lines produced by genetic crossing harbored the tamoxifen-
activatable recombinase gene CreER in the Foxa2 locus and a LoxP sequence-flanked Zic2 exon. Administration
of tamoxifen to the pregnant mice allows inactivation of the Zic2 gene in the Foxa2-expressing cells in developing
embryos, the timing of which can be manipulated (Fig. 2).

Taking advantage of these mouse lines, we collected E6.5 embryos with Zic2 knockout and
immunostained for SOX17 expression. The data showed that Zic2 ablation in the Foxa2-expressing cells caused
the Sox17 downregulation, the gastrulation inhibition, and the endoderm loss in the embryos. These observations
indicated that the transcription factor ZIC2 is involved in the endoderm genesis, and Sox17 is downstream of
Zic?2.
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