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Pluripotency is defined as an ability of a cell to
differentiate all types of terminally-differentiated
cells in an organism. We are studying about the
molecular  mechanisms  determining  cellular
pluripotency in mouse embryonic stem (ES) cells.
The projects are divided into 3 subjects: (1) Analysis
of the functions of transcription factor network and
epigenetic mechanisms to maintain pluripotency, (2)
Analysis of the mechanisms governing the transition
of transcription factor network during differentiation,
and (3) Analysis of the molecular mechanisms that
direct the maintenance of pluripotency. We aim to
reveal the general principles governing the
regulation of gene expression program in cellular
differentiation.
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Pluripotent  stem cells are derived from
pre-implantation embryos. They possess abilities to
differentiate all terminally-differentiated cells in an
organism (pluripotency) and to self-renew. Mouse
embryonic stem (ES) cells continue self-renewal in
an optimized culture condition in vitro. Pluripotency
is not a character that is morphologically obvious
but quite unique in the character of genome
programming. Genome programming is achieved by
the combination of the transcriptional regulation by
the transcription factors and the epigenetic
regulation of the genome, and defines

cell-type-specific gene expression pattern. In ES
cells, the pluripotency-associated transcription
factor network with strong autonomous regulation
governs gene expression of the genome with very
limited epigenetic regulation in the extracellular
signal-dependent manner. The pluripotency-specific
genome program undergoes transition toward the
differentiation-coupled (somatic) genome program
that is regulated by the transcription factor network
coupled with epigenetic regulation. Such dynamic
change is observed within few days in the ES cell
system in vitro, providing unique opportunity to
analyze the molecular events in detail. We take this
advantage of the ES cell system and perform 3
subjects of the basic research: (1) Analysis of the
functions of transcription factor network and
epigenetic mechanisms to maintain pluripotency, (2)
Analysis of the mechanisms governing the transition
of transcription factor network during differentiation,
and (3) Analysis of the molecular mechanisms that
direct the maintenance of pluripotency.

(1) Analysis of the functions of transcription factor
network and epigenetic mechanisms to maintain
pluripotency

Pluripotency is determined by the activity of the
transcription factor network (Niwa Development
2018). The maintenance of the
pluripotency-associated transcription factor network
depends on the external signals, and the change of
the signals triggers its transition for differentiation.
It is known that the LIF and Wnt signals involve in
the maintenance of self-renewal of mouse ES cells.
Esrrb involves in the transduction of both signals.
Especially, its function is essential to mediate the
Wnt signal to maintain pluripotency (Martello et al
Cell Stem Cell 2012). The LIF signal activates
multiple intracellular signal transduction pathways.
Among them, the Jak-Stat3 signal mediates the
signal to maintain pluripotency whereas the MAPK
signal induces differentiation. The quantitative
balance of these two signals is varied among the
different genetic backgrounds. The Jak-Stat3 signal
is predominantly activated in /29 strain whereas the
MAPK signal is over-stimulated in NOD strain,
resulting the different action of LIF to sustain
pluripotency (Ohtsuka and Niwa Development
2015). In addition, we have revealed that Tip53, Xpc
and Zscanl0 are dispensable for the maintenance of
pluripotency of mouse ES cells although the
previous reports suggested their involvement
(Shigeta et al Sci Rep 2013: Tto et al FEBS Lett
2014: Yamane et al BBRC 2015).

DNA methylation is one of the major epigenetic
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mechanisms to repress gene expression although it
is dispensable for self-renewal of ES cells. To
address the role of DNA methylation on the
regulation of differentiation ability of ES cells, we
assessed the response of wild-type and
Dnmt3a/3b-null ES cells to the artificial activation
of Gata4 after induction of differentiation. As the
result, we found that the wild-type ES cell-derived
cells do not respond to the Gata4 activation, but a
subset of the Dnmt3a/3b-null differentiated cells
respond to it and undergo differentiation toward
primitive endoderm lineage as in the case of
undifferentiated ES cells. We believe that this is the
first demonstration of the functional significance of
DNA methylation to determine the restriction of
differentiation competency (Oda et al PLoS Genet
2013).

(2) Analysis of the mechanisms governing the
transition of transcription factor network during
differentiation

Mouse ES cells undergo differentiation toward
trophoblast stem cells by repression of Oct3/4.
During this transition, the expression of Sox2, one of
the essential transcription factors for ES
self-renewal, is maintained at functional level. We
analyzed the function of Sox2 in transition of ES
cells to TS cells and found that Sox2 is essential for
self-renewal of TS cells by mediating the FGF
signal. ChIP-seq analyses of Sox2 during transition
revealed that Sox2 targets distinct sets of the genes
by cooperating with different transcription factors in
ES and TS cells (Adachi et al Mol Cell 2013). These
findings contribute to the hypothetical transcription
factor network model involving in the transition of
cell state (Niwa Development 2018).

The functional domain of Sox2 is assessed by the
complementation assay of inducible Sox2-null ES
cells. When various Sox family members form
different species as well as artificial mutants were
examined, we found that few conserved amino acids
in the HMG-box are important to define the specific
function in ES cells. We confirmed that the
Drosophila SoxB can replace the endogenous Sox2
with keeping proper pluripotency that is assessed by
chimera formation assay (Niwa et al BMC Evol Biol
2016).

(3) Analysis of the molecular mechanisms that
direct the maintenance of pluripotency.

To maintain continuous self-renewal, ES cells
should keep genome integrity during multiple
rounds of replication with maintenance of telomere
length. It was reported that ES cells predominantly

use atypical telomere elongation system based on
the homologous recombination with Zscan4 rather
than the canonical telomerase-dependent system.
Zscan4 is transiently expressed in 5% of ES cell
population, but the molecular mechanism governing
this interest regulation pattern is largely unknown.

NrObl  encodes nuclear receptor  family
transcription factor and expresses at high level in ES
cells. We addressed the function of NrObl using
inducible knockout system and revealed that it is
dispensable for maintenance of pluripotency but
essential for rapid proliferation. We found dramatic
increase  of  Zscan4-positive  population in
NrOb1-null ES cells, suggesting the role of NrOb1 as
a transcriptional repressor of Zscan4 (Fujii et al Sci
Rep 2015).

For further analysis of the regulatory mechanism
of Zscan4 expression, the fluorescent reporter under
the regulation of Zscan4 promoter was introduced
into ES cells for time-lapse imaging of Zscan4
expression. As the result, we found that the
cell-cycle length has strong correlation to the
activation of Zscan4. The cell-cycle length of ES
cells is 12 hours in average but varied among the
cells in population. During the proliferation, the
cell-cycle length tend to elongate, and Zscan4 is
preferentially activated when the length reach to 20
hours. We hypothesize that it happens by the
shortening of telomere length and Zscan4 works to
elongate shortened telomere to rejuvenate the cells
(Futatsugi-Nakai and Niwa Stem Cell Rep 2016).
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Hitoshi Niwa: Overlapped function of KIf
family members to maintain pluripotency in
mouse mebryonic stem cells. 2nd Kumamoto
IRCMS International Symposium and 17th
Kumamoto AIDS Seminar, 31 October, 2016,
Kumamoto, Japan.

Hitoshi Niwa, Yoko Futatsugi: Regulation of
2-cell specific gene expression in mouse ES
cells. CSHA/ISSCR Joint Meeting-Stem
Cells:from Basic Biology to Disease Therapy,
19-23 October, 2015, Suzhou, China.

10.

11.

12.

13.
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Hitoshi Niwa, Yoko Ftatsugi: Regulation of
2-cell specific gene expression in mouse ES
cells. Cold Spring Harbor Laboratory
Meeting: Stem Cell Biology, 7-11 October,
2015, Cold Spring Harbor Laboratory, USA.

FEP ok s = 2 ES fifao et &
ET DRGSRy hU—27, %3 9l
Ry AR T T L EHIAMEE & DI,
7 H 31 H, 2015, [ff.

Hitoshi Niwa: transcription factor network
governing pluripotency, ISSCR Regional
forum series: Global controls in stem cells, 5-7
November, 2014, Singapore.

Hitoshi Niwa: transcription factor network
governing pluripotency, The 2014 Till &
McCulloch Meetings, 27-29 October, 2014,
Ottawa, Canada.

Hitoshi Niwa: Input and output of
pluripotency-associated transcription factor
netowrk, FEARIES: « AMRIEEEES VR Y
U L TEpifiia hil i & g, 9 A 4-5 |,
2014, FEA

Hitoshi Niwa: Input and output of
pluripotency-associated transcription factor
network, The 5th conference in the
Copenhagen Bioscience Conference: The
Stem cell Niche 2014, 18-22 May, 2014,
Copenhagen, Denmark.

Hitoshi Niwa: restriction of pluripotency in
development - modeling in vitro, The 61st
NIBB Conference: Cellular Community in



14.

Mammalian Embryogenesis 10-12, July, 2013,
[e] 5

Hitoshi Niwa; Molecular mechanism to
maintain pluripotency of mouse ES cells,
International Symposium on Recent Advances
in Stem Cells and Cancer & the 8th Annual
Meeting of TSSCR, 14 October, 2012,
Kaoshung, Taiwan.

7 LU—FEE Outreach activity

1.

FER s B ST )\ AR 2R R
X6 A 16 0. 2017, REA.
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Fxbh L 10 H 18 H, 2016, fE

FER s REARIRNL AU AR
Fxti. 6 H 19 B, 2015, HE
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