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(1)

TEEDREERE

IET SR NDOFICIRABEBNRILT ZBED. SESIXRBMERINERES LI CHOE—RETH 2,
IETSANDRICTEBRILS cEiEIE Node E[REZETH D, YIADIET X NN S, BEFRGT
T Node HOMBBKREEZIED . ZNHSHEEMNBAZHELHIED B I CHDOFEZRET Ul 2N 5 DR
ReEZEHET. REIDRNRDOFEMAEE LT 3IRTIEE. Nodal R T HILOHHE. Wnt ¥ 7 FILDOBEEN
PRCEBDBETHD ZENN DI o T,

IETSRANREBZEH O T 2BEERFICKEFEULHEZRASHCT BRI, TETSANFMEZAWNWT,
ZF CHIEEEE RIET 2 EER S5 DOBEERT. ZIC2, OTX2, SOX2, POU5SF1, POU3F1 @4/ AL D#E
EEAI%ZE. ChiP-seq FEAWTRELUfc, TORR., ThETOMENS IEFEI NG >TRDFLWAER
NESNT. (1) 7/ LI BLEFEENEL ZC2 HFEIMUMNBEBR X ARN—X (100 HIEEMEEDEE &
BERFEEMES POUSFT OFEEEMUNBERERIRAICEND T IRELNSHB>TWD, (2) TET
Z A NG TERTOEMECICED ZEERFIF. ZIC2 & OTX2 DRT7ICK > TEEELESNTWS, (3) ES
g Tld. SOX2 & POUSF1 OEBERTFR7ZHAEBGHIEEZIE > TWHDICH LT, TET S X Ml
Tl ZIC2-OTX2 RO AR AR HIEEEEZES & ERRLU T, TET S X MNEHETD SOX2 ¥ POUSFT O
EaEEIE. ESHRICEIT2EEHEEBEFIRELER S,

Node M5 (F. BREARENEET 50 AREFEGEERTF SOX2 ZHFEL TRENSBICNT TOHELEANE
FAET D5, COX2 #HIBE U BN EHKET D58, NKX2.1 #HIB LU TCRERS CICHIcRKET 2EEIcHH
N3, TONKET Sox2 BETERKEIEDEAREORENED LS ICENRTZ2ON%E. YT AKRZEFAWTHE
T UTco SOX2 DHEBMNRLBR>TH, ARELENBICZEDZ ZEIFRVWD, RETZI2RENTEDEE XD
£SILEBZ EhDbh T,

IET 5 X NN S ML < R Z BT 25 EEZRELL o MRStk z B 3 2B TD Wnt
VU FINDBREZRET B & FROPRERROFEROBIRIC KN U o & F S HREIFFEZ 15 > Ic iR el iatk
ZRIIS DT ENTE R, B Wnt FHFIE, BRICTR UL (Otx2 FIR) Migtkz . Wnt BE WL EERESRIC
WU Tz (Hox FIR) MK EEHE UTc, O ETcOEIBIFENEIIS NS &0 WIThOKBIBEERHED Wnt ¥4
FILBEZZASIETHZOEBFEFLRE ICHEI N MERGICB T & BRSEZR>IcEF. —2—AV.
Astrocyte. Oligodendrocyte IcMb U7z,

EEE TKREAREECFEIRZE I NIEEMEIC Notch Y7 FHILOBERIEZMZ 2% &, MEMIEDKENKRE
lCMbks 3222 RBHEL. TDBREEMEITU Iz, Notch ¥ FILOBAEICSI =H LT, Prox]. Pitx1 RE, K&
BEEOYIEEZTEZBEERFHIRERI N, COMRADER. MEBERICKBENDBENZAMEEENEEL
THED., TNHAEBRERETIE Notch Y7 FILREDHIEBMHEEERICK > TIFlEhTWd 2 &, ZDHNH
NEREIND EKBEADMENREZ ZEERUc, DFED. HEBRTORHEDHIEREIZ. BEROEL ST
HIREANOMEEEZED Z ENH DD ZOBEICIIIEEECL > AN E—FENAEMEDL B 5T TV,
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3.

Research projects and annual reports

We investigate the functions of major transcription factors (TFs), e.g., SOX2 and signaling factors, e.g. Wnts,
in epiblast cells and in the derivations of somatic cell lineages from the epiblast. The strategies include: (1)
Use of conditional knockout mouse embryos that allow inactivation of specific TFs in defined cell groups
and/or developmental stages; (2) Use of epiblast stem cell lines derived directly from mouse embryo

ep

iblasts to analyze the process of regionalization of the epiblast cell sheet in vitro; (3) Derivation of stem

cell lines representing an intermediate step of somatic development from the epiblast stem cells, in order

to

(1)

investigate the somatic lineage regulations.

The first step in the specification of somatic cell lineage is the regionalization of the epiblast cell sheet.
The most prominent regional structures are the Node and the primitive streak. Starting from the
epiblast stem cells in culture, we investigated the conditions under which cell organization representing
Node-streak structures are formed and endoderm tissues are derived. We found that the three-
dimentional culture of epiblast stem cells, low Wnt signaling, and high Nodal signaling are the minimal
requirement for the formation of such cell organization.

To obtain an insight into the transcription factor (TF)-dependent regulation of epiblast stem cells
(EpiSCs), we performed ChlP-seq analysis of the genomic binding sites in EpiSCs of five major TFs,
ZIC2, OTX2, SOX2, POU5SF1, and POU3F1, using biotinylated TF. We identified the following new
features: (1) The genomic domains of megabase scale rich in ZIC2 peaks and genes, and those rich in
POU3F1 but sparse in genes, alternate in EpiSCs, reflecting the clustering of regulatory regions that
act in short- and long-ranges, which involve binding of ZIC2 and POUS3FT, respectively. (2) The
enhancers bound by ZIC2 and OTX2 prominently regulate TF genes in EpiSCs. (3) The binding sites for
SOX2 and POU5SF1 in mouse ESCs and EpiSCs are divergent, reflecting the alteration of the TF pair of
major regulatory functions from SOX2/POU5F1 in ESCs to OTX2/ZIC2 in EpiSCs.

Alternating ZIC2-rich and POU3F1-rich genomic domains
(OTX2 tends to associate with ZIC2, while SOX2 and POU5F1 with POU3F1)
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(3) The endoderm that is derived from the node is regionalized with expression of the transcription factors

Sox2 (esophagus and stomach precursor), Cdx2 (gut precursor) and Nkx2.1 (trachea and lung
precursor). Conditional knockout of Sox2 in the endoderm resulted in transformation of the esophagus
into trachea-like tissue, whereas gut development was not affected.

We established NSC lines from EpiSCs via passages in a serum-free culture condition. The NSC lines
thus established produced neurons, astrocytes, and oligodendrocytes under differentiation conditions.
We also established NSC lines with addition of either Wnt antagonist or Wnt agonist to the culture
medium. Microarray analyses focusing on transcription factor transcripts indicated that NSC lines
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established under low- and high-Wnt conditions had characteristics of anterior and posterior CNS,
marked by the expression of Otx2 and Hox genes, respectively. Our results suggest that the
manipulation of extracellular signals during the NSC derivation allows the establishment of NSC lines
harboring various regional specificities.

(5)Embryonic neural retinas of

With DAPT at Day 14 which is a paradigm of trans-
o-crystallin differentiation. Retina-to-lens

transdifferentiation occurs in
spreading cultures, suggesting it
is triggered by altered cell-cell
interactions. Addition of Notch
signal inhibitors strongly
promoted lens development from
the neural retina. After Notch
signal inhibition, transcription factor genes that regulate the early stage of eye development, Prox1 and
Pitx3, were sequentially activated. These observations indicate that the lens differentiation potential is
intrinsic to the neural retina, and this potential is repressed by Notch signaling during normal
embryogenesis.
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