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3. Research projects and annual reports

We investigated how transcription factors (TFs) regulate developmental processes via binding to regulatory
sequences of their target genes at the genome-wide scale and via intercellular signaling pathways. We
achieved the following major results during 2018.

(1) Possible functional cooperation between SOX2 and ZIC2 in the establishment of embryonic neural
primordia

The TF SOX2 plays a central role in the development and maintenance of neural primordia. Because the

function of SOX2 relies on interacting partner TFs, it is important to determine which TFs cooperate with
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SOX2 as the partner factor in neural primordia. To address this problem, we investigated the SoxZ2 D1
enhancer, because D1 enhancer is activated at an early stage of neural development, and its activity
uniquely covers the entire neural primordium, in contrast to other CNS region-specific enhancers of SoxZ2.

We divided the D1 enhancer sequence of ~440 bp, which is conserved across the amniotes, into the
blocks A to E, and assessed the enhancer activity of the blocks using ptkEGFP reporter, which was
electroporated into chicken embryos or transfected in neural stem cell lines. We found that the centrally
located blocks C and D in combination bear the major regulatory function of the D1 enhancer.

Mutational analysis of the block C + D sequence indicated that two SOX binding sequences and a ZIC
binding sequence are involved in the D1 enhancer activation. In addition, the D1 enhancer was activated by
the combination of SOX2 and ZIC2, suggesting that the novel pair of TFs, SOX2 and ZIC2 plays important
roles in the regulation of neural stem cells, including Sox2 autoregulation.

(2) Anterior mesendoderm-dependent regulation of brain precursor development determined via live
imaging of avian embryos

The early regulatory processes of brain development in avian embryos remain poorly understood, because
of the lack of live-cell imaging data. To establish a fate map for each embryonic brain portion, EGFP was
expressed in a randomly selected cells of stage 4 chicken embryo epiblast. The resulting EGFP-expressing
cells were followed to trace the origin of the cells contributing to different brain portions. The results
indicated that brain precursors were more widely distributed in the epiblast than previously believed and the
precursors of the forebrain, midbrain, and hindbrain were regionally arranged from the antero-central to the
medio-lateral portions of the epiblast in order.

Grafting an exogenous node into an anterior position of the host embryo led to the development of a
secondary and imperfect brain structure. To investigate this process, mCherry-expressing quail nodes were
transplanted at various anterior positions of chicken embryos, where the epiblast cells were randomly
labeled with EGFP. The grafted node developed into the anterior mesendoderm (AME), followed by local
gathering of host head precursors surrounding the graft-derived AME, which in turn led to the development
of a secondary brain portion that reflected the regional specificity of the gathered head precursors. The
AME’s head precursor-gathering activity was mimicked by grafting COS cells secreting BMP antagonist
Noggin.

Our results indicate that node-derived AME provides a center for the gathering of brain precursors in
the epiblast by inhibiting BMP signaling, which comprises the initial step of head morphogenesis.

(3) Endodermal SOX2 expression determines the esophagus character of the anterior foregut in both
epithelial and mesenchymal components

The TF SOX2 is expressed in the anterior endoderm and its derivative anterior foregut (AFG) epithelium,
which further develops into the epithelia of esophagus and respiratory system. We investigated the
consequence of endoderm-specific SoxZ2 inactivation to clarify how SOX2 function is involved in the AFG
development. The SOX2-less AFG epithelium developed into a single epithelial tube connecting the pharynx
and stomach, from the middle of which a pair of bronchi branched out, as examined at E11~12.5. The
SOX2-less AFG epithelium expressed trachea/bronchi-characteristic NKX2.1, indicating the change of
esophagus to trachea/bronchus. SOX9 expression level in the epithelia varies depending on the region of
the respiratory system: low from the trachea to proximal bronchi, and high in the distal bronchi. SOX2-less
AFG epithelial tube from the pharynx to the to the middle was low in SOX9 expression, while its expression
level increased toward the stomach, indicating that anterior and posterior halves of SOX2-less AFG
epithelium developed as those of trachea and bronchi, respectively.
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E12~13
Wild type

SOX2-less alimentary
tract lacking esophagus

The mesenchymal tissues
surrounding the esophagus and
trachea/bronchi are clearly
distinguished, e.g., the former
expresses Whnt4, whereas the
latter expresses SOX9 and Tbx5.
The mesenchyme associated with
SOX2-less AGF showed all
characteristic of trachea/bronchi,
indicating that the absence of
SOX2 in the developing AFG
epithelium also caused an overt
change in the surrounding
mesenchyme. Thus, endodermal
SOX2 expression determines the
esophagus character of the AFG
in both epithelial and
mesenchymal components.

(4) Development of multiple pituitary pouches from the oral ectoderm in hedgehog signaling-defective

avian embryos causing ectopic lens development

Hedgehog signaling has versatile regulatory functions in tissue morphogenesis and differentiation. For the

interest in its involvement in the pituitary precursor development and in the lens precursor potential of

pituitary precursors, we investigated Talpid mutant Japanese quail embryos, which are defective in

Hedgehog signaling. Talpid mutants developed multiple pituitary precursor-like pouches of variable sizes
expressing the TF LHX3 from the oral ectoderm, in addition to normally positioned Rathke’s pouch, which
are collectively called pituitary pouches. Some parts of the pituitary pouches co-expressed TFs SOX2 and

PAX6 in the nuclei, presumably primed for lens development, bulged out and activated TF PROX1 with

concomitant loss of LHX3 expression. This was followed by the development of small lens tissues consisting

of lens epithelium and lens fiber compartments and expressing all a-, -, and 8-crystallins. Thus, hedgehog

signaling acts on
Rathke’s pouch
development in two
different steps, first
to confine Rathke’s
pouch development
in the hedgehog
signal-low area of
oral ectoderm, and
second to sustain
LHX3 and to inhibit
lens development
from the pouch.
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Rathke’s pouch
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