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For students:




How the brain is developed!?

Copyright @ 2002, Elsevier Science (USA). All rights reserved.



How diverse brains are evolved?
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Four areas of biology by Tinbergen

FOUR AREAS OF
BIOLOGY:
FOUR QUESTIONS

Two objects of explanation

A sequence that results
in the trait

Proximate

Explains how organisms
work by describing their
mechanisms and their
ontogeny

Ontogeny

Q: How does the trait develop in
individuals?

A: Description of the trait’s forms at
sequential life stages, and the
mechanisms that control
development.

Evolutionary
Explains how a species came
to its current form by
describing a sequence of
forms, and how they were
influenced by selection and

other evolutionary
factors.

Two kinds of explanations

Phylogeny

Q: What is the phylogenetic history
of the trait?

A: Description of the history of the trait
as reconstructed from its phenotype
and genotype precursors

The trait at
one slice in time

Neurophysiology

i viton dionin

Q: How have variations in the trait
interacted with environments to
influence fitness in ways that help to
explain the trait’s form?

A: Description of how variations in the
trait have influenced fitness




Four areas of biology by Tinbergen

Two objects of explanation
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A key factor

Pax6 1 *

transcription factor

Pax-EGFP mouse@E10.5
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Unique shape of radial progenitors

y Pax6
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Taken by Dr. Miyata



Radial glia
® Highly polarized w/ long apical and basal
processes

® Neural stem/progenitor cells

® Scaffold for neuronal migration

METInEUEN

RG



Radial glia
® Highly polarized w/ long apical and basal
processes

® Neural stem/progenitor cells

® Scaffold for neuronal migration

METInEUEN

Fly NSCs gl

From Matsuzaki Lab
HP@ CDB
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Hansen et al.: Neurogenic radial glia in the outer subventricular zone of human neocoretex.
Nature, 2010



Unique shape of RG:
a key to corticogenesis
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RG become longer & longer...
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Molecules working in/around the radial glia

Tujl: neurons

Pax6: RG Basal molecules

Secreted molecules
Integrins

Cyclin D2, FMRP
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Radial glial molecules

Fabp7/BLBP
~ LewisX/CD15

Basal molecules

Secreted molecules

Integrins
Cyclin D2, FMRP




Cell cycle regulator: Cyclin

INK CDK inhibitors
(p15, p16, p18, p19)

Cyclin D1 ablation Cyclin B:

CDK

Cyclin D: |

- lengthens G1 phase CDK4, CDKé6

- increase differentiation

KIP/CIP CDK inhibitors

(p21, p27, p57)
Cyclin A:
. . CDK1
Cyclin D2 ablation Cyclin E:
CDK2

- lengthens G1 phase
- induces differentiation

- reduces cortical thickness

Cyclin A:
CDK2

Dehay and Kennedy et al., 2007; Lange et al., 2009; Glickstein et al., 2009; Pilaz et al., 2009



at the basal endfoot
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Tsunekawa et al.,, EMBO |, 2012



Cyclin D1 Cyclin D3




Cyclin D2 localization
at basal endfeet

/tubulin /tubulin /[laminin EGFP
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Similar Cyclin D2 expression in human fetal ctx

D2

Human fetal brain
@GWI9

In collaboration w/ Dr.
Seong-Seng Tan




How basal Cyclin D2




A cis-acting transport element of Cyclin D2 mRNA
resides in its 3’ UTR?

DNA injection to the
dlencephalon

Whole embryo culture




A 50 bp cis-acting transport element of
yclin D2 mRNA in its 3’ UTR

5'UTR ORF 3'UTR

cis-acting transport element
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ggacggugggugaugguuugggaaguuugagagagaaaacgggagcagee

Tsunekawa et al., EMBO J,2012



Deletion of Cyclin D2 cis-element

Method 1 Method 2
RNA —5 RNA =5 vl
59 ‘ Cas9 59 ‘ Cas9 SORNA ‘ Cas9
3'UTR Ccnd2 CTE 3'UTR Ccend2 CTE :
'(_SEB—AC—)_G-(;'_I'GGGTGATGGTTTGGGAAGTTTGAGAGAGAAAACGGGAGCA(;C‘C—'I:(-B—C\A' -é_G_/-{C_).G—(;'.I'GGGTGATGGTTTGGGAAGTTTGAGAGAGAAAACGGGAGCA(—B-CNC—'I—'(\B—C‘A-
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pX330 Cas9 mRNA

sgRNA /
U6 CBh Cas9 pA

fertilized egg

Score 3

CAG EGx targetgene xXFP pA
[ pCAG-EGxxFP w el

Screening of sgRNA Analysis of embryonic brains

Dr. Kikkawa collaboration w/
Dr. Inoue@NCNCP



Ablation of Cyclin D2 basal localization

Method 1 | Method 2
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Cyclin D2

Kikkawa, unpublished



Making F| generation to avoid mozaichism

sgRNA1 _ CyCIin D2 mRNA CTE
GGGCTTTGTGGTA \L _TQC%CTAGCCAGTGTTTATC
=969 4015 sgRNAS8
3970 4019

GGTGGGTGATGGTTTGGGAAGTTTGAGAGAGAAAACGGGAGCAGCCTGCA

Pronuclear-injection

6T i 50 bp deleton  CTTTGTGGTAGGACIGCTAGCCAGTGT

sgRNA/CAS9 - %H ‘ (+-) 50 bp deletion CTTTGTGGTAGGAC|GCTAGCCAGTGT
complex - :
I

monoallelic mutation
- th hh il
AlalNal A VAL el AN e L LA ANAL
- - }T%i; —_ i Cyclin D2 mRNA CTE I

biallelic mutation
mosaic 3966 4015
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3970-4019 (50 bp)

Ojietal., 2016

3967-4024 (58 bp)
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ACTE mutant generated by genome editing

. Cyclin D2 mRNA CTE |
| |

3966 4015

v " 3970-4019 (50 bp) ]

= T 3067-4024 (58 bp) ]
Cyclin D2 mRNA e 3949-4020 (72 bp) ]
50 bp deletion 58 bp deletion 72 bp deletion
+/+ -] - +/+ -/ - +/+ -/ -

Ccnd?2

Kikkawa, unpublished @E16.5



ACTE mutant generated by genome editing

Kikkawa, unpublished



ACTE mutant generated by genome editing

SgRNA _@Casg SgRNA -@Casg

SUTRI Cend2 CTE I

GGACGGTGGGTGATGGTTTGGGAAGTTTGAGAGAGAAAACGGGAGCAGCCTGCA

\

Kikkawa, unpublished



ACTE mutant generated by genome editing

Cyclin D2 protein

/2 bp deletion

+/+ -/ -

Kikkawa, unpublished



ACTE mutant generated by genome editing

Cyclin D2 protein

/2 bp deletion

Ccnd2

FMRP (Fragile X mental retardation protein)
: RNA binding protein

FMRP CFP FMRP CFP
Pilaz et al., 2016

No (or minor?) phenotype in basal endfeet

Kikkawa, unpublished



Impaired layer formation especially in upper layers
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ignificance of basal




Evolutionary implication

B
W\
ﬁ“é&@%
Cortical ;imb‘?‘
plate AN \
A Rodent Intermediate
\ A 7 zone/subplate
(A 4 £ f
Cortical "&‘i&ﬁ’fvﬂ‘!}d“ 4'.?4":', ;
plate o q"""a\& Mature Outer fiber layer %=
.---' il ek O I. heuron
{ >
Outer subventricular
Intermediate zone \‘
zone
Migrating e
heuron . P g
e = =5 " :.yz.: Inner fiber layer “--
Subventricular T2 ( y ¢
G} 1 Se|G—1P : e\ d
zone ® - Inner subventricular
O A6
zone
. SNP(?) .
Ventricular RG Ventricular
zone zone

/ O(\;'

\\

/ /4
’45"4% Integrin
Y AV Mature
> neuron:
NeuN*
/ Migrating
/ neuron:
NeuN*
) T1BR2
Notch
oRG
SOX2+
PAX6+
HES1+
®—__OsvziIp  TBR2

SNP(?)

vRG

SOX2*
PAX6*
HES1+
TBR2-

; CB-__--_____‘§§‘|qu:|p

SOX2-
HES1-
neR2¢4

Lui et al.: Development and evolution of the human neocortex. Cell, 201 |




Basal sequestering of Cyclin D2

affects cell fates
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Lengthening of neurogenic period




Molecules working together in radial glia

Tujl: neurons
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My questions
(For your report as well)

®VWhy more boys than girls in autism!?




