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Great advances in understanding the brain's basic plan have come
especially from two traditional lines of biological thought—evolution and embryology,

because each begins with the simple and progresses to the more complex.
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Brain

- by Larry W. Swanson (2003)
Arc h Itecture Oxford Univ. Press

UNDERSTANDING THE BASIC PLAN

“Larry Swanson, one of the great contemporary students of brain anatomy, has given us
a broad overview of the structure and function of the brain using insights from embryol-
ogy and from evolutionary comparison to highlight the principles that govern the
anatomical substrates of behavior. This book will be read avidly by both students and
practicing scientists.” —Eric R.Kandel, M.D.,

Howard Hughes Medical Institute, Columbia University,
Nobel Laureate in Physiology or Medicine

ABouT THE Book
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Planar cell polarity (PCP)
signaling

Figure 1| PCP signalling is required for zebrafish neural tube formation.

Nature 439, 220-224, 2006 (1/12 issue)

) ) . . Morriss-Kay and I<. Tuckett
Environmental and genetic aberrations

lead to neural tube closure defects (NTDs)
in 1 out of 1,000 births.

Loss of zebrafish Van Gogh-like (vangl2)
[also known as strabismus]

orientation of cell division,

intercalation (behavior of cells exchanging their neighbors)
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Fig. 8. Model of the alterations in the brain development of the Wnt7a

werexpressing transgenic mice =
UXEIRS & & - nestin-Wnt7a

Molecular Cellular Neuroscience 30, 437-451, 2005
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Neuron, Vol. 28, 31-40, October, 2000, Copyright ©2000 by Cell Press

Induction of Midbrain Dopaminergic Neurotechnique

Neurons from ES Cells by Stromal

Cell-Derived Inducing Activity

Hiroshi Kawasaki,* Kenji Mizuseki,*
Satomi Nishikawa,! Satoshi Kaneko,#
Yoshihisa Kuwana,§ Shigetada Nakanishi
Shin-Ichi Nishikawa,t and Yoshiki Sasai* #
*Department of Medical Embryology
and Neurobiology

Institute for Frontier Medical Sciences
Kyoto University

tDepartment of Molecular Genetics
$Department of Biological Sciences

Kyoto University Faculty of Medicine

Kyoto 606-8507

SPharmaceutical Research Institute

Kyowa Hakko Kogyo Co.

Shizuoka 411-8731

Organogenesis and Neurogenesis Group
Center for Developmental Biology

RIKEN

Kobe 650-0047
Japan
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Retinoic-acid-concentration-dependent acquisition of neural cell iGentity |
during in vitro differentiation of mouse embryonic stem cells iPSifllia, ES#lfa T o7

Yohei Okada™"*, Takuya Shimazaki®, Gen Sobue®, Hideyuki Okano™**

*Department of Physiology, Keio University School of Medicine, Shinjuku-ku, Tokyo 160-8582, Japan
*Department of Neurology, Nagoya University Graduate School of Medicine, Showa-ku, Nagoya 466-8550, Japan
“Core Research for Evolutional Science and Technology (CREST), Japan Science and Technology Agency, Kawaguchi, Saitama 332-0012, Japan
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Progenitor cell’sf&
job is division.
Progenitor is defined

by its ability to divide e
(or progress cell cycle). 7=

P->P+N
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Lineage analysis in the vertebrate nervous system by

retrovirus-mediated gene transfer
(retrovirus vectors/ B-galactosidase /neural progenitors/retina)

Jack Price*t, Davip TURNER?S, AND CoNsTANCE CEpPkOFY

*Center for Cancer Research, Massachusetts Institute of Technology, Cambridge, MA 02139; and *Department of Genetics, and $Program in Neuroscience,
Harvard Medical School, Boston, MA 02115
Retrovirus (RNA virus) vector:
(1) Infect a M-phase progenitor cell.
(2) Integrate a viral-derived DNA into genome of one of the
daughters Founder cell
(of the infected M-phase cell).
(3) Inheritance of the viral-derived DNA by the descendants of
the founder cell ------- > expression of a reporter aene (f-gal,
GFP, etc)
throughout a cl

division
division :

division

Founder cell that integrated
a viral-derived DNA
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Neuron 31, 727, 2001; Development 131,
3133, 2004; Curr. Biol. 17, 146, 2007
Mol. Cell. Neurosci. 40, 225, 2009
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Postnatal Cerebellar Growth (sagittal sectional view)
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Lineage Identity and Medulloblastoma For

Is a Critical Determinant of Progenitor Cell
Competence to Form Shh-Induced Medulloblastoma

Urich Schiller, 514 Vivi M. Heine,"67-'4 Junhao Mao,'® Alvin T. Kho," Allison K. Dillon,’ Young-Goo Han,”  Cancer Cell 14, 123, 2008
Emmanuelle Huillard,’#7 Tao Sun,! Azra H. Ligon,®'* Ying Qian,* Qiufu Ma,* Arturo Alvarez-Buylla,”# S_phase cel | S
Andrew P. McMahon,'® David H. Rowitch, 575+ and Keith L. Ligon! 231213+ e ini the early

Medulloblastoma Can Be Initiated 33 “postnatal

by Deletion of Patched - ~cerebellum
in Lineage-Restricted Progenitors or Stem Cells  ¢2ncer Cell 14,135, 2008 —

Zeng-Jie Yang,' Tammy Ellis,? Shirley L. Markant,' Tracy-Ann Read,' Jessica D. Kessler,' Melissa Bourboulas,?
Ulrich Schiiller,* Robert Machold,® Gord Fishell,’ David H. Rowitch,® Brandon J. Wainwright,** and Robert J. Wechsler-Reya'*

VOLUME 15 | NUMBER 9 | SEPTEMBER 2009 NATURE MEDICINE

Dual and opposing roles of primary cilia in
medulloblastoma development

Young-Goo Han', Hong Joo Kim?, Andrzej A Dlugosz®, David W Ellison*, Richard J Gilbertson® & Arturo Alvarez-Buyl

Medulloblastoma mode
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2 Plus-end proteins

Figure 2. Two Models for Nucleckinesis
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Ndell complex
| Sunl
* Phosphorylation by cdk5

Figure 3. Molecules Likely Involved in Stabilization of Centrosome
to Nucleus Bridging MTs and in MT Capture at the Nuclear En-

Figure 1. Movement of the Centrosome Precedes Movement of velope

the Nucleus

Neuronal components include the nucleus, perinuclear microtu- Nucleokinesis in Neuronal Migration

bulse, the ‘centrosoms; ‘and e lesding: process ‘microtubules. (reviewed by Tsai & Gleeson, Neuron 46, 383-388, May 2005)

Gleesont

R SEE

HE

FZE(ZHIFBDoublecortin® B 5 (ZEH T S8R4T :

(BREFERZ BEFSHE.

IRTEIIRAKFEIZEEFIF 9 EF) tetanaka@m.u-tokyo.ac.jp




) .-W
Wv«!{r

. \u.\w»/ ‘. v.\%.....\ Mw. -
e

; ,f.-\...:u. ﬁw./

S ‘}‘\\t , X . ll\,.. » i
o s 2 o | bv.T I,

BT g,




cP

TL =Translocation neurons
MP = Multipolar TL2 CP
. e
LC = Locomotion ‘ r
c? o
P =

k LC2

Jejodiun |__|
\
; > -
\

C\;( #
o> || MP2 SVZ

g’ MP:
40 VZ

=
e A
ejodig
3
N

- pojejos|
o

v

S——
— e OYI-uld
G
4

.

mi

S
W
3
(3



ﬁb\eﬁ/\_ 7‘n_l\‘}b1b_ :5-.5’&'

‘t"?"b’DT {*U%Q
EERT ? ﬁi&ﬁowao&
Lob b ERUDES




ﬁ

5-min-intervals, 24 hr

O /4

S

:zgci%s‘:m%aﬂuﬂ.
)

»



B, —EOHRET, #HiE - .
(ﬁﬁwi) b‘ Ei-t "\% wb\ ? Anterior Posterior

Spinal
Al nerve G
U HibE ) Cs ,
E— (8 |
I . = | || i Ty
:—;:,‘:-- N+ et
— /"”fl‘ , ’ |
: I N Spinal
/ T | Sc_lcmt('rmc cord
f;, s\ . of somltcsI7 U y‘:;%
—ii EEAFHLE,
p — jjllki N'Egmm T
/ g/
I\
_ I
g‘,
Al
A | [ e
gl '@
y’ -k'
) -
Al k o2
9 <;» unen : ‘:“ :
J 372';"‘"" e?b —
Rhas (#\

:



Development of the

Nervous System

Academic Press (2005)
D,FEDEH.

. HE (hRo—#)

L &S0y



Develomental BiOlO SCIENCE VOL 307 4FEBRUARY 2005 665

The Unexpected Brains Behind
Blood Vessel Growth

Two of the hottest fields in developmental biology—neural guidance and:angiogenesis%—
are beginning to merge as scientists find that similar proteins control both processes
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Follow me. In developing chick skin, arteries (red) align closely with nerves (green).




I ig\n‘c 2. A Schematic, "ara.\ngatml View of the Baswe, Subcortical
Trajectory of the Parent Axons That Form the Corticospinal and Cor-
ticopontine Projections
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Lateral ventricle

Adult 7
Neu rogenes

ird ventricle

Dentate gyrus

Fourth ventricle

Subventricular zone along lateral wall
of the lateral ventricles

How do we say “neurons are
newly generated” in adult brains?



Neuron

Neuron 63, 774-787, September 24, 2009

Roles of Disrupted-In-Schizophrenia 1-Interacting
Protein Girdin in Postnatal Development
of the Dentate Gyrus

Atsushi Enomoto,'411.* Naoya Asai,’'" Takashi Namba,61 Yun Wang,''' Takuya Kato,! Motoki Tanaka,”

Hitoshi Tatsumi,? Shinichiro Taya,*® Daisuke Tsuboi,??® Keisuke Kuroda,*® Naoko Kaneko,® Kazunobu Sawamoto,?
Rieko Miyamoto,' Mayumi Jijiwa,' Yoshiki Murakumo,! Masahiro Sokabe,?7 Tatsunori Seki,%'° Kozo Kaibuchi,?#
and Masahide Takahashi'-*

Department of Pathology

?Department of Physiology

3Department of Cell Pharmacology

Nagoya University Graduate School of Medicine, 65 Tsurumai-cho, Showa-ku, Nagoya 466-8550, Japan

dInstitute for Advanced Research, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8601, Japan

SDepartment of Neurochemistry, National Institute of Neuroscience, 4-1-1 Ogawahigashi, Kodaira, Tokyo 187-8502, Japan
6Department of Anatomy, Juntendo University School of Medicine, 2-1-1 Hongo, Bunkyo, Tokyo 113-8421, Japan

“International Cooperative Research Project/Solution Oriented Research for Science and Technology, Cell Mechanosensing, Japan Science
and Technology Agency, Nagoya 466-8550, Japan

8Core Research for Evolutionary Science and Technology (CREST), Japan Science and Technology Agency, Saitama 332-0012, Japan
9Department of Developmental and Regenerative Biology, Institute of Molecular Medicine, Nagoya City University Graduate School of
Medical Sciences, 1 Kawasumi, Mizuho-cho, Mizuho-ku, Nagoya 467-8601, Japan

'%Division of Developmental Neuroscience, Center for Translational and Advanced Animal Research, Tohoku University Graduate School of
Medicine, 2-1, Seiryo-machi, Aoba-ku, Sendai, 980-8575, Japan

"These authors equally contributed to this work

*Correspondence: enomoto@iar.nagoya-u.ac.jp (A.E.), mtakaha@med.nagoya-u.ac.jp (M.T.)

DOI 10.1016/j.neuron.2009.08.015



EETH BAEICHSIIIHE=—1—0O0V0ER

s 2. i

BET®WIC(E, EXMEE (Type E cell),
FPAROYA bk (Type B cell),

i) —EMIRMME (Type C cell),
fiE—a1—0O (Type A cell) HBFEETD.

C“‘J fyso)sﬁg:z—n‘/rf)ﬁﬂ)
Reelin, PK2, T in- >
eelin, PK2, Tenascin-R gggg BEETEI»PSBRBETCOHFE=-_1—OC0OER

(@ SHIR#BEH (chain migration) __—FZba%q b )

(Type B cell)

RERES 25, 346-351, 2007
B MIE R (BTHAK)

$E=2-0>
MMM E (EF : PSA-NCAM, ErbB4, a681 1 771 > (Type Acell

\..: iE= 2 —0 83| - SBEF : PK2, GDNF, Slit-Robo Ptbf Kazu nObU Sawamoto
sawamoto@med.nagoya-cu.ac.jp




Cells Tissues Organs 2008;188:212-224

Characterization of Adult Neural Stem
Cells and Their Relation to Brain Tumors

Erica L. Jackson Arturo Alvarez-Buylla

Department of Neurological Surgery and Institute for Regeneration Medicine, University of California,
San Francisco, Calif,, USA

the adult neural stem and/or progenitor cells may be likely
candidates for the brain tumor cell of origin

N Engl ] Med 2005;353:811-22.
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Neural Stem Cells and the Origin of Gliomas

Nader Sanai, M.D., Arturo Alvarez-Buylla, Ph.D., and Mitchel S. Berger, M.D.



Generation of Neurons and Astrocytes from Isolated .
Cells of the Adult Mammalian Central Nervous System Science 255, 1707, 1992

BRENT A. REYNOLDS AND SAMUEL WEIss*
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days after birth.

“neurosphere” assay to see
“self-renewability” Factors to induce
stem cells to generate
various types of
neurons....
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y-aminobutyric acid and substance P, two neurotransmitters of the adult striatum i
vivo.nns,oeﬂsoftheadultmmuemhaved:empadtymdiﬁdcmg
differentiate into neurons and astrocytes. =
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