
cell
geneexample

different

data

called

neural tube brain

s
e
q
u
e
n
c
e

level

way

s
p
e
c
i
f
i
c

s
t
r
u
c
t
u
r
e important

DNA
signal p

r
o
t
e
i
n

p
a
r
t
i
c
u
l
a
r

model
sequencing

part

courseinformation

region

d
e
v
e
l
o
p
m
e
n
t

start

happen

role

d
i
s
e
a
s
e

process

saw

used

transcription factor

little bit

g
e
n
e
 
e
x
p
r
e
s
s
i
o
n

another mutation

step

expression

determine

genome

time

even

become

vector

regulatory network

f
l
o
o
r
 
p
l
a
t
e

generate

g
e
n
e
 
r
e
g
u
l
a
t
o
r
ysecondary organiser

rise

allow

area

cell type

RNA

provide

using

molecule

read

possible

function

fundamental

know

understand

change

formation

genetic

inaudible

top

patient

S
o
n
i
c
 
H
e
d
g
e
h
o
g

many

talk

mean
stage

gastrulation

something

neuron

e
x
p
e
r
i
m
e
n
t

number

regulation

type

n
e
u
r
o
n
e

Wnt

method

new

histone

state

e
v
e
n
t
u
a
l
l
y

still

basically

chromatin

tool

b
i
o
l
o
g
i
c
a
l

interaction

e
p
i
g
e
n
e
t
i
c

codon

e
x
p
r
e
s
s
e
d

effect

t
h
i
n
k

term

m
i
d
b
r
a
i
n

based

g
e
n
e
 
t
h
e
r
a
p
y

single

t
r
a
n
s
c
r
i
p
t
i
o
n

mechanism

contribute

virus

complex

later

big

template

exon

organise

o
r
i
g
i
n
a
t
e
d

r
o
o
f
 
p
l
a
t
e

ventralising signal

network

molecular

sense

keep

o
r
d
e
r

specifically

laterallysignaling

ventral part

nervous

call

element

d
o
n
e

stable

activate idea

lateral part

p
a
r
t
i
c
u
l
a
r
 
r
e
g
i
o
n

study

point

seen

related

kind

interesting

Pack

remnant

neural plate

tube gets neural ridgei
m
p
o
r
t
a
n
t
 
o
r
g
a
n
i
s
e
r

neuroscience

m
a
k
e
s

together

f
o
r
m

end

translation

position

cellular

influence

activation

present

instead

talking

bind

strand

key

modification

detail

human

assume

high

generation

context

embryo

long

already

product

imagine

a
l
o
n
g

create

diversity
small

c
o
n
s
t
i
t
u
t
e

d
e
t
e
r
m
i
n
a
t
i
o
n

precise

epigenetic modification

single cell

viral vector

clinical trial

non

help

within

depend

act

phase

typically

c
o
r
t
e
x

provided

involved

large

transcriptomic

AAV

Search MOOC Video

1

https://cede-webapps.epfl.ch/video-sequence-search/?csv=en_NEUROSCIENCE-1
https://mediaspace.epfl.ch/media/0_w52dj4n7
https://mediaspace.epfl.ch/media/0_w52dj4n7


Let's now go a little bit more molecular and look at which particular
cues and how they determine neurulation. First, important cue, Sonic
Hedgehog, is a ventralising signal. At the beginning, Sonic Hedgehog
gets completely provided by the pre-notocardal and notocardal tissue.
We saw at the beginning, development is used to just determine the
region that is going to become a proper neuroectoderm and will give
rise to the neural lineage, as opposed to more lateral part, that we saw
are going to give rise to the epidermis. Later on, the effect of Sonic will
be inhibiting of a set of transcription factors that are going to be
expressed then more laterally, like Pax3, Pax7, Msx1, Msx2. This will
contribute to the polarisation of the neural tube in floor plate, basal
plate, alar plate, and roof plate. Interestingly also, the more ventral part
of the neural tube, gets such a high signal of Sonic, triggers gene
regulatory networks that make the cell actually become themselves,
cells that express Sonic and further signal it to the nearby cells. In this
way, actually, the floor plate becomes what is called a secondary
organiser.
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Cells of the neural tube, they organise first from the notochord, primary
organiser, then they assume on themselves the role of keep going and
signaling this ventral line signal to cells later on, while now the
notochord becomes dispensable for this ventral signal. Overall, in this
way, the symmetry of the neural tube gets maintained and the signal for
the ventralisation kept being provided. Let's see what happened more
laterally when the level of sonic are not high enough. Instead, more
lateral signals from the BMP families like BMP4 and BMP7 are actually
activating the... They're enough to activate the suppressional slug, and
then later snail. This will determine actually a dorsal signaling that acts
both in a sense directly from the lateral part, but also more specifically
at the neural ridge, the region from which neural crest is going to be
originated, that signal the activation of Pack 3 and Pack 7 that instead,
you remember, were repressed by ventralising signals. Those
ventralising and dorsalising signal play in concert and they oppose each
other and they contribute to a stable and very precise definition of areas.
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While, for example, one single ventralizing signal could provide that for
ventralization, this opposition of these opposing signals generates an
even more precise encoding for the position of the cells. Finally, in this
case, for the roof plate, other signaling pathways like Wnt will kick in at
particular later stages, and they will be involved in taking over part of
the dorsal activation. This is also which exactly family of dorsalising
genes with dorsal singular use depends also a little bit on which
particular region of the brain we find ourselves. We're going now to talk
a little bit about that also and about secondary organisers.
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As we have seen in the previous slide, from the example of Sonic
Hedgehog, notochord, that is ventralising, generating cells in the fore
plate of the neural tube then becomes what we call the secondary
organisers, a set of neuroepithelial cells that is able itself to signal, to
take over the role of secreting particular morphogenes for the
continuation of development so that the neural tube can become
autonomous for providing the signal. This is not only something that
happens in the floor plate, but it's a more general pattern, it's more
general idea in how the neural tube develops. This specific neural
progenitors that orchestrate the morphogenes of the brain called signal
organizer, they acquire specific set of signals that makes them unique
and provide unique cues to the surrounding tissue. Let's have a little bit
of a look in actual depiction of the neural tube of a stage of development
that you might recognise being approximately 9 and 10. The
ventralising organizer that we talked about before, the floor plate lines
up all the ventral part of the neural tube. It actually even extends in
particular region, the zonal limitants intrathalamica, at the boundary
between the metencephalon, the midbrain, and the forebrain.
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We've been talking about dorsalisation. Line up of cells that are present
dorsally all along the neural tube, they express BMPs and Wnts. But
now we see also other important organiser, for example, the anterior
neural ridge is the remnant of the anterior signaling. We saw the KK1,
we saw earlier in gastrulation. We saw, for example, anterior
transcription factor, Sox1. This is like the remnant of those signal and
takes over the role of signaling to other cells, what is the anterior
posterior axis. We have other structures and other organiser that also
appear later, like the so-called hem and the antihem that's organised
within the telencephalon within the forebrain, mediolateral axis that's
going to be important for the determination of the cell types at the level
of the cortex. We have a very important organiser, it's called the
histamus or the midbrain-hind brain boundary that really provides a fine
and very precise lineup of cells that distinguish the region of the
midbrain from the hindbrain and induces both upwards and downward,
different sites to the corresponding cell. It's a particular organizer that
express different FGFs and has also an asymmetric role. It's signalling
differently.
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It's polarising, signals differently to the more rostral and the counterpart.
To conclude, the establishment of secondary organisers is important for
brain development. It constitutes the step where the role of providing
special cues is relayed from other structures that were originated during
gastrulation, to cells of the neural tube themselves. This will allow a
more fine regulation and formation of specific regions in the complex
anatomy of the brain.
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