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Generation of distinct classes of neurons which are
allocated at the specific sites and construction of
histologically divergent tissues, such as layers and
nuclei, is fundamental processes during the brain
development. Our laboratory has been studying
the mechanisms underlying regional specification of
the vertebrate brain. The embryonic brain that
consists of a sheet of neuroepithelia is subdivided
into many domains or compartments, which can be
recognized by expression of a number of
transcription factors and signaling molecules. The
major issues here are how those molecularly distinct
patterns are created and how the regionally defined
neural progenitors generate divergent
cytoarchitecture through an apparently common
basic principle of neurogenesis. We are addressing
those issues by means of molecular and cellular
biology, experimental embryology, live imaging,
and genetics.

R Fab
ARREOEAL - ERFEET

"

A\t m ®\TO

SP ﬁm

St ﬂagm MES \ R vs R R O B AR IE
SEERBAEIRMANER) 2 — LIRG R
R EOXE L

1. WIREE DB — e R DR B AR 2L £ C

— 243 —



A il kA Name and Position
WA el Btz Kenji Shimamura, Professor
B Bh# Jun Hatakeyama, Assistant Professor
1L EE FrEF¥ENEER Haruka Sato, Postdoctoral Fellow
e Hilrve g Junko Kusuura, Technical Assistant

4, i Name TEFE I TEFEIRFIE A R 5T
f# (%) &1 | Takako Higuchi 2003.4.1-2009.3.31 | filrtE B HR R R
oW W%k Hiromi Takenouchi 2009.8.1-2010.4.30 | filrtE B
HHOEA Michio Yoshida 2004.4.1 -2009.6.30 | Bh# AL FFZERT
g E Shinji Saitoh 2008.4.1 -2010.3.31 KRB
it B Tomoko Magarikaji | 2010.9.1-2010.9.30 | ffliftE & BT
75 PR 22
il 1T Hideyuki Nakajima | 2010.9.1 -2011.331 | s/t & %%%ﬁﬂ%& X
Tt
K —F& Kazutaka Oozono 2010.7.1 -2011.6.30 KRFREE REAR K FIpbE
PO BER Momoyo Nomaguchi | 2010.9.1 -2011.9.30 | #ffrite & A th= 1~V
e 2o kR s
L K Daishi Moriyama 20115.12012.1.31 | #fiisite B :ﬁ’ﬁ N RO

— 244 —




Foxix, BOIIEY OFEARFEZH L)
T D702, BHEENMDIRORN - A2 B4R
H7eEM & L THFE 21T > TV D, I - fik R
TIE, FEIRCERALIC &> TR B RERESH &
RERFEDBEE T Y . TN EIRIERERED
TGN 7o TN D, 2D X 5 7l
DOFEBAFF R, AN E 5 —# Ok~
TRNE — BRI o THESL S VD, FEAEMIZ
BT D FARAHRR R D EHAL T & D ik b R
BEORZ U770 7R (BLF, fREaisA
fa & Frd) 1%, HGE - BOER LSS, =a—
o 7 TS OO A FEAET S,
TR FAE LN DB s M- AR O
FERR D FEARIFEL 2 I 5025 2 L 34 58
D—E L7 ThHY | YT — /L RIC
BITFHEBMETH D,

ZNETOWIE T, BIsFRBUT K > TRl
b &3 5 AR BRAI L O SEI M DT R . <
T D AT D AR RGRI R O AL R A 2R I O
REED T2 LI L, Z OFSEFEIRO
ERICER L7, o b EbhH, R
R OYI ORI LRI BT LTI, K O BRAE
BILOEAEORIHIIBEIC —EDIkIZE L=
LEZEZTWD, £ZTC, (EFMEEE Lo
AR TSR AR 23 U N L RIS RT FR ) 7 KRR RE 2 A
C AU DOWTEFIZED A TND, MO
AR E LT, =a—umrnE@iRic
BlET DR EE . =a2—n U OEEHNLIKR
WCERET A2MREERH Y . ORI L > TR
THMRIEREN R > TS, L, #hfea]
ERAEIL 3 G5 - BOERL, =a—m . 7Y
TRl EEAT HREIZIAS B TH D, L
NoT, ZOEREIHDOWNIRDHINT A—H —
DB X > TR DEMIPREN L0 SN D
DA FRIT L, AR ATBEARIE O SRS & BLE 35
K1~ & OEHE 2 B 520N 5 X< WFE & HEdE
Thb,

BondmmEIE, BEAWFE, HREDF E
DFHEE N 2. FAEEFIZBWCHlla L
UL B LV E D STERO AW R
EhbZ S ND, 2, MO, fH
gL, FHEEM T b TREICSZHEL

LTCW5, SERIC L 2ENEAETD LS e,
M OENE b7 57 L < B BB 5 2
LIk 0 JEmEC ISR O O S BRAL -
HALO—EH LMNICT 5 L2 BIEL TV,

NN IR AN il ¥ S o 2 AR A
PHRRRTER AL, MR < OV fAERE LA
B CdH 0 . WEM (apical ) TITAIEHES
IZ X o THHET DML & MEICREE LTS
OO, FBEIIIEC CEONEEE 2, HE
McnHT>d, £/, BRICE>TAHELE==
— 2 E, RS2 AR AT BRI AR O FRIBR & B Bh
U CHIEMANCERET D, D F 0 APRRATERH
flT & DD TEIRNRREICSH D | BhH Tl
IZHEE T AIMEMZRE, BHET DML DE
MIEEE LA A LTV D, — I, ==2—n
VTR T AN ER D DHE T 5 & &
IWTWTZA, 22T XK - TN & 25 %
AR L TS Z L AL NC Lz, i
ML OFAFIN FL ) 7o e B &2 Ref- U, BEE @
H oY [0 AR BAER Z 5 Notch &7
Fv & RS ORSEERIBILR & MRET L 7RG R
WEDHAICER LT, =a2—a Y EADR
—ALERETHE NI ET VERRE LD, B
2 X o T Notch ¥ 7 F VN EIZIEHEAL E 2.
ATERAIIL DA EMERMR o D — 05, HE W &
Tl % = & TRIFEIZ Notch ¥ 7" F Vs ARiEAL
S, =a—aripbMeEsns (X2 58),
RN St ik

I J ! in the adjoining cells

Gl ™

., Y Neural progenitors stay
"N/ unditferentiated

Detach the apical endfeet from
the apical lumen

[ Shut down of Notch signaling
in the surrounding cells

] Neural progenitors can
differentiate into neuron

Delta-expressing cell Delta-expressing cell

cell-cell ju‘fmvien

X 2. hti=a—u L DOEELOBAEIT X A
BEATEE AR oD 43 b AR

— 245 —



= a—a R, HEHOEEORAEIZL -
TR O3 b 2 HIE T2 &V o T A7
T AREMEICB T 2 2<HLWEETH D,
AR XA T 17 AN X% Notch 27 F
JV ORI « E B 7R FHENC K o TR 2 Mk
FERNAET D LN IR ERGEF Th 5,

2. WREDOIZEEIAIC 31T 2 85 FUf i o2 E)
MFIETIX, NZ—UTRRIC L > THEE LT
R RTER AR O REIRME 2 HERF T 2 7201, BER
FAE & R D MRS TFAE L TV 5, B
faz K< AR~ 2Tk, MOBERRICERE
RREEEL AN, FORIEMREIIAHATH S,
Foxix, \ERHIEOREA, X ONFEIEORRE
Rk EOZREIZIA LT HZ E2HEELTY
%o BESHIIENE T DIRESEN, o T HIRFS %
fEMT L 7= A5, BRI IC @m0 E & b o
Rt & LT, Bl OB & 7 8 A2 XOE A
WZEE L7z (M3 &), BfE, Zo&EENZ O
T, MRMEFZAL & RN PR H LT
RN 24T > TN B,

4 3. TSR O FE

3. KIMFERE D R A2
RIFBFIEDIEFIZ TS 2 Fef8 1%, E/LV7 +
7ol UCRIMEE OS2 — RIS H 0
Btk e Ri=F 2 nmon<Tnd, Z0
Fgf8 ORBUL, MFENSIFHBICEDLE T, B
HEEWIH] TR BE I ORAF S AL TV 2208, MDA ]
FAEIZB T AR EERH D OO, K
I B2 2 b 7o T W HEED A C D38 A 1% B OB RE
FARATH D, Fox i, BEMRIZIHIT 5 1EF Fef
T FIVOEREE ST D Z LT, ELE
DS KR RS - - LA 2DV T o
TENGELND DO TRV EE X, T 21T
S>TW5D,

X H\T, REE 1 TR EEAEEIC X DRy
LFAIZOWT, w7 A« =U kU M TRk
T A2 &Ik, fEEHE TR DM
[ C R 72 D AHMAE S D BB DUV THFZE L T
AV

4. KRIMBEREBE I I T 2 BRSO E|

W LR OO KT R Tk, fEEF & MEIE N S 1E
WMENER S D, FNENOMHEEIE, 50
TREEREDN 7 D, BDIEL N RTIR 5 7 G
P bR ->TRY, —RE IR 2 5 KM
BANOEEN 2Rk EE LCRESND, 2
DX O IREBFROIEN, BENEREZ LD
FTLLBRIZONT, BRSO ABMECTER
L CHFEZ1T> T 5,

3 o o o o

0000 BO 0O QO

4
1 - o T o o
A LAy 4 A
s A A A A AR
Iy [

N N T

4 4. PP E SR R C O Mg AL & A TR
HMEPR I ODIEE

Our ultimate goal in biology 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 of vertebrate
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
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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
neurogeneis.

It is generally accepted that nascent neurons born at
the ventricular surface of the brain lose their
anchoring at the ventricular zone to migrate basally.
We found however that neurons retain the apical
processes by maintaining the adherens junction for
limited period of time. We further revealed that
these neuronal apical processes serve as switch for
neurogenesis through Notch signaling. The
retention period of the apical endfeet through
dynamics of the adherens junction could be
reflected by the pace of neuron production. We are
currently addressing the possibility that temporal
and quantitative differences in Notch signaling
created by the dynamics of the adherens junction
lead to the regionally distinct histological
organization of the brain tissues.

regulation  of

2. Roles of the boundary cells in the
morphogenesis of the brain vesicles
After the compartments or domains being specified
in the sheet of neuroepithelia, a specialized cell
population called boundary cells are generated at the
interfaces of the compartments which maintain and
pattern the flanking domains. Mice that lack the
boundary cells exhibit severe deformation of the
brain vesicles. We have been studying roles of the
boundary cells in morphogenesis of the brain
vesicles. Through intensive analyses of
morphological, cellular and molecular
characteristics of the boundary cells, we identified
novel boundary cells at the ventral limit of the
preoptic area where the optic chiasm is formed later

in development.  We continue to investigate
possible roles of this novel boundary in the
formation of optic cup and ganglionic eminences of
the telencephalon.

3. Role of the dorsal midline FGF signaling in the
pallium development of the non-cortical
animals

It has been shown that FGF signaling emanating
from the dorsal midline of the telencephalon play a
central role in patterning of the neocortical areas in
mammals. While the midline expression of FGF8
is well conserved among the vertebrate species, it is
not known functions of this FGF signaling in the
vertebrates that do not evolve the neocortex and
cortical areas. We have been addressing this issue
using chick embryos. The results obtained so far
suggest that FGF signaling is not involved in
regional  patterning, but solely regulating
proliferation of the progenitor cells in the chick
dorsal telencephalon. It is currently under
investigation whether this difference underlies
evolution of the telencephalon or it may imply
uncovered mechanism for neocotical area pattering
in mammals.

4. Role of the thalamic afferents in the areal
differentiation of the neocortex.

The mammalian neocortex 1is 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. 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 in vivo.
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