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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 2017.

(1) Distinct regulations among pluripotent stem cells
The epiblast formed after embryonic implantation represents the founding tissue for all somatic lineage
derivations and is modeled in mouse pluripotent epiblast stem cell (EpiSC) lines adapted in serum-free
culture conditions. In a previous study, we identified five major TFs that regulate the epiblast cell state and
their somatic cell derivation, i.e., ZIC2, OTX2, SOX2, POU5F1, and POU3F1, including the SOX2-POU5F1
pair, considered to be involved in the regulation of pluripotency states. To elucidate the regulatory function
of the TFs, we performed chromatin immunoprecipitation-sequencing (ChlP-seq) over the entire genome
sequence. This enabled us to determine the binding sites of the TFs and to identify the group of genes
regulated by these TFs as well as the TF combination that plays a major role in the regulation of EpiSC-
specific genes. The central regulatory function of the SOX2-POU5SF1 pair in mouse embryonic stem cells
(ESCs) is well established. Therefore, we compared the action of this TF pair in EpiSCs with that in mouse
ESCs. We used biotinylated TFs to pull down TF-DNA complexes using streptavidine instead of conventional
antibody-dependent pulldown, allowing analysis with a high signal-to-noise ratio. If two TFs cooperate by
binding to adjacent DNA sequences, an overlap of ChlP-seq peaks of these TFs is detected.

We identified ZIC2-OTX2 as the major TF pair that regulates the EpiSC state and not SOX2-
POUSF1 despite a high expression level of SOX2 and POU5F1 in these cells. Comparison of the TF-binding
sites in EpiSCs with those in mouse and human ESCs indicted the following. Pluripotent stem cells differ in
the major acting TF pairs. The SOX2-POU5F1 pair exerts its major regulatory function only during
preimplantation stages, represented by mouse ESCs. The SOX2-POUS5F1 pairing is largely lost in
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pluripotent stem cells of human ESCs and mouse EpiSCs and is superseded by the ZIC2-OTX2 pair in
EpiSCs. This transition is primed by the binding of ZIC2 at the preimplantation stage and is manifested by
the activation of OTX2 expression.

We also found that when the ZIC2-OTX2 pair gains major regulatory function, their binding
regions are subjected to histone modifications H3K4me1 plus H3K27Ac, a signature for active enhancers,
or H3K4me1 plus H3K27me3, a signature for poised enhancers. These histone markings may involve the
interaction of ZIC2 with chromatin remodeling factors.

(2) Endodermal regionalization via counteraction of TFs
The TF SOX2 is expressed in the anterior endoderm and its embryonic derivative, the foregut. We
investigated how SOX2 regulates foregut development using conditional Sox2-KO mouse embryos in which
SoxZ is inactivated in the endoderm by FoxAZ-CreER, which was activated by tamoxifen administration.
SoxZinactivation in the endoderm resulted in the formation of a single foregut duct connecting the pharynx
and stomach, in the middle of which a pair of bronchial tubes developed.
The foregut duct that developed from SOX2-less endoderm was made of columnar epithelium and
expressed the trachea-characteristic TF NKX2.1, indicating the development of a trachea-like esophagus.
Our results combined with a previous report stating that NkxZ2. 7-KO results in the development of a single
foregut but with esophagus characteristics and expressing high SOX2 indicate that SOX2 and NKX2.1
counteract each other in the endoderm to support the development of the esophagus and trachea,
respectively.

Although SOX2 was inactivated only in the epithelial component of the foregut tube, the

surrounding mesenchymal

Single foregut tube formed in the absence of SOX2 tissues also changed their
displayed trachea characteristics characteristics to match those

in both epithelium and mesenchyme of  the trachea. The

SOX2 +/+ Sox2 -/- mesenchyme surrounding the
trachea-like esophagus

— Single foregut tube  expressed TF TBX4 at all axial
levels, which is characteristic of
A” the trachea and lung
mesenchyme. This observation
TraChea! indicates that the tissue identity
of the epithelial component
impacts the surrounding
mesenchyme to warrant the
development of a functional

organ.
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