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Generation of distinct types of neurons which are allocated at the specific sites and construction of
histologically divergent tissues, such as layers and nuclei, are fundamental processes during the brain
development. Recent extensive studies have greatly advanced our understanding of brain development,
establishing the basic principle of neurogenesis in which neural progenitors proliferate, self-renew, and
produce neurons and glia to construct brain structure. Our laboratory has been focusing on 1) how regionally
distinct brain structures within the same species are generated, and 2) how interspecific diversity in brain size,
morphology, and structure is generated through this apparently common basic principle of neurogenesis. We
are tackling these issues by means of molecular and cellular biology, experimental embryology, live imaging,
and genetics. The expected outcomes may also contribute to understanding of human brain diseases and
disorders as well as development of tissue level researches in regenerative medicine of brain.
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1R E Staff (2018.3)
Al Tk Name and Position

AT IR iz Kenji Shimamura, Professor
Bl B2 Jun Hatakeyama, Assistant professor
Ve W& RA K2 (%% PD) | Haruka Sato, Postdoctoral fellow (JSPS PD fellow)
Hov TV Kbt Piyali Sarkar, Graduate Student
HR e KA Sanka Yoshimochi, Graduate student
W MET Hoitiie & Junko Kusuura, Technical assistant, Lab manager
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Our ultimate goal in science is to understand how
the animals shape their bodies both externally and
internally during development, a process called
morhphogenesis. We have been studying
morphogenesis of the embryonic brain as a model
system. In particular, we focus on the regional
diversity explicitly exhibited in both developing and
mature brain. Numerous studies, including ours,
have established a principle scenario or outline for
how the embryonic brain is patterned and each brain
primordium acquires its regional identity during the
early phase of development. However, it still
remains to be understood how the neural progenitors
at  different  locations  generate  distinct
cytoachitecture and histological organization
according to their assigned regional identities. Yet,
the basic principle of neural histogenesis is
apparently common throughout the brain; the neural
progenitors undergo extensive cell division to
produce themselves and constituents of the CNS,
neurons and glia; neurons produced at the inner side
of the ventricular wall then migrate outwards
radially to populate marginal regions of the brain
vesicles; in some cases they also migrate
tangentially. Our current working hypothesis is that
temporal and quantitative differences in kinetics of
the basic principle would eventually lead to the
distinct structures such as cortices and nuclei. These
structural differences among the different regions
within a single species are also found among
different vertebrate species. We would like to know
whether the same mechanisms operate to generate
species’ difference of the brain structures to gain an
insight into how the vertebrates evolve their brain.
We believe that our research outcomes will also help

development of various technologies in regenerative
medicine.

1. Novel mechanisms for the regulation of Notch
signaling.

It is generally accepted that nascent neurons born at
the luminal surface of the brain vesicles lose their
anchoring at the ventricular lining to migrate basally.
We found however that nascent neurons retain the
apical engagement by maintaining the adherens
junction for a limited period of time. We further
revealed that these neuronal apical endfeet serve as
a plug for neurogenesis through Notch signaling so
that the retention period of the apical endfeet
regulated by dynamics of the adherens junction is
reflected by the pace of neuron production
(Hatakeyama et al., 2014). We are currently
investigating a role of differential pace control of
neuron production in the regionally distinct
histogenesis of the brain. Regarding another cellular
mechanism for Notch signaling, we demonstrated in
collaboration with Prof. Jin W. Kim at KAIST
(Korea) that apical-to-apical interaction between the
pigment retina and neural retina mediates Notch
signaling  to  regulate  retinal  progenitor
differentiation(Ha et al., 2017).

2. Role of the thalamic afferents in the areal

differentiation of the neocortex.
The mammalian neocortex is organized into
functionally and histologically distinct subregions
called cortical areas. It has been reported that
intrinsic mechanisms within the cortical primordium
initially pattern the spatial organization of the
neocortical areas. However, it was recently shown
that secreted factors emanating from the thalamic
afferents that innervate the specific areas could
influence some cytoarchitectonic features of the
neocortex in vitro (Sato et al., 2012). Since then, we
have been investigating roles of the thalamic
afferents in the development of the cortical areas in
conjunction with the potential plasticity of the
developing neocortices. We obtained evidence in
vivo that thalamic afferents regulate the number of
layer 4 neurons in the somatosensory area via
secreted factors emanating from their nerve
terminals.

3. Evolution and diversity of mammalian cerebral
cortices

Extremely huge and extensively folded brain is a

hallmark of human brain, on which higher cognitive,

behavioral, emotional, and mental functions, as well

as our intelligence are based. Moreover,
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abnormalities in its construction often lead to mental
diseases or disorder, such as autism and
schizophrenia. As recent intensive studies on the
development of cerebral cortex in mice have greatly
advanced our understanding of brain development,
next obvious question is how enormous diversity in
brain morphology and structure among mammalian
species arises through the apparently common
principle. We have been focusing on two issues
here: 1) Expansion of cerebral cortex in primates,
and 2) Mechanism underlying the cortical folding.
We have been studying a role of choroid plexus in
expansion of the cerebral cortex in primates, and
identified several secreting factors that expressed
preferentially in monkey embryonic choroid plexus
that promote proliferation of neural stem cells. We
have also been studying how brain folds are formed,
which is missing in mice and rats. We have been
focusing on post-neurogenic developmental events
unlike others based on the observation that the brain
folds emerge after all the neurons are produced.
Moreover we have established guinea pigs, which
belong to rodents as mice but have very simply
folded brain, as a new experimental model to study
cortical folding or gyrification(Hatakeyama, Sato et
al., 2017).

4. A novel role of FGF signaling in the choroid
plexus formation

While the molecular cascade that leads to cellular
differentiation of the choroid plexus, an organ that
produces cerebrospinal fluid, has been studied, its
morphogenetic aspects remain elusive. We found
that activation of FGF signaling in the spinal cord
resulted in broadly expanded roof plate, a feature
characteristic to the choroid plexus rudiment of the
third ventricle. Conversely, inhibition of FGF
signaling in the hindbrain led to marked reduction in
size of the choroid plexus. However, FGF signaling
failed to induce the choroid plexus-specific gene
expression (e.g., TTR), suggesting that early
morphogenetic  aspects of  choroid plexus
development are regulated by FGF signaling and its
later differentiation aspects are regulated by other
signaling(s), such as BMP signaling.
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