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The nervous system: physiological point of view



Cranial nerves



Spinal nerves
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Nervous tissue



Neuronal diversity

Ramon y Cajal, 1905

Ø Morphology

Ø Connectivity

Ø Electrical properties

Ø Neurotransmitter

…



Glial cells and their functions



Dorsal view of the human brain showing the progression of myelination 
(“white matter”) over the cortical surface during adolescence

The myelination process



Ø Nervous system development

Neurulation
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Blastoporal superior lip



Gastrulation (amphibian)

http://www.snv.jussieu.fr/bmedia/xenope1/gastrulation/Gastrula.html
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Many structures are derived from the three embryonic germ layers
during organogenesis



Major derivatives of the ectoderm

Three subdivisions of the ectoderm:

• Surface
• Neural Crest
• Neural Tube



Three subdivisions of the ectoderm:

• Surface
• Neural Crest
• Neural Tube

= CNS

Major derivatives of the ectoderm

=> Embryological point of view of the nervous system subdivisions



Primary neurulation (chick)

Folding
Elevation
=> Neural grove

Convergence

Fusion
Þ neural tube isolation
Þ neural crest delamination

proliferation allowing growth in thickness



The neural crest cells



Neurulation in the xenopus embryo



Neurulation in human



Anencephaly = absence of a major 
portion of the brain resulting from a 
neural tube defect occurring when 
the rostral end of the neural tube 
(anterior neuropore) fails to close.  



Neurulation in human



Spina Bifida = defect occurring 
at the posterior part of the neural 
tube.  (prevalence: 1/2000)
ÞSurgery
ÞOften times, locomotor 

disorders

Lightest form: asymptomatic



Expression of N- and E-cadherin adhesion proteins during neurulation in 
chick

Rogers et al., 2018



Expression of N- and E-cadherin adhesion proteins during neurulation in 
chick

Rogers et al., 2018



Secondary neurulation:
example in the caudal region of a 25-somite chick embryo

Shimokita and Takahashi., 2011



Choi et al., 2021



Secondary neurulation:
in Human



neuromesodermal common
progenitor cells

neural restricted lineage

?



Control CDC42 activation Rac1 inhibition

D’après Shimokita and Takahashi, 2011

Mesenchymal-epithelial transition during secondary neurulation is regulated by 
differential roles of Cdc42 and Rac1

Electroporated cells



Early brain development

Proliferation to grow in thickness => Vesicule formation due to differential proliferation



Telencephalon 
derived

Diencephalon
Derived

Mesencephalon 
derived

Metencephalon
derived

Myelencephalon
derived

Early brain development



prosencephalon

mesencephalon

rhombencephalon

Curving of the neural tube



Ø Neural induction
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Neural induction



WT Dickkopf-1-/-

Mouse embryo E9,5

Wnt: posteriorization of the brain

B
F1

WT Dickkopf-1-/-

NB: Same
results with

other markers



Bel-Vialar et al., 2002

Sensitivity of the neural tube to FGF



Regionalization defects

Example: Holoprosencephalias:

Anomalies during the subdivision of the
prosencephalon to generate the telencephalon and
the diencephalon. Moreover, the telencephalon
does not divide totally into two hemispheres.

There are variable degrees of malformation.



To sum up 

chordin, noggin, follistatin

RA



Hindbrain: an example of regionalisation



Krox20

Kreisler



D’après Giudicelli et al., 2001



The main central pattern generators (CPGs) in the brainstem and the 
spinal cord

Steuer and Guertin, 2019



The PreBötzinger complex: 
The respiratory central pattern generator



souris

chick hindbrain

grafted r3r4

grafted r6r7r8

grafted spinal 
segment30s

r6r7r8: Genetic program leading to the PreBötzinger complex

A P



Control of the dorso-ventral patterning

Modifié d’après Maden, 2007

Wnts



Cascade of inductions initiated by the notochord 
in the ventral neural tube 

Jacob and Briscoe, 2003; Le Dréau and Marti, 2012

Determination

Differentiation

HH16

HH24



Placzek et al., 1990



antagonizing Shh activity dorsally: a role for the Wnt canonical pathway signaling
from the roof plate

Cyclopamine Hh signaling



Proliferation and differentiation

Leclerc et al., 2012



Proliferation and differentiation



Neurogenesis defects

Disease Description Symptoms
Megalencephaly

(macroencephaly)
Brain bigger than

normality
The size of the head is

increased

Hemimegalencephaly One hemisphere bigger
than normality

Intelectual disorders, 
epilepsy, paralysis on 
one side of the body

Microencephaly Brain smaller than
normality Intelectual disorders



Neuronal migration

Example: migration of glutamatergic and GABAergic neurons in the telencephalon

Luhmann et al., 2015

Ø Intrinsic cues: Transcription factors
Ø Chemical cues: semaphorines and ephrins (attracting or repelling signals)
Ø chemico-mechanical guiding structures: vertical fibers of radial glial cells
Ø extracellular matrix protein



Þmalformations of the cerebral cortex, 
which is not organized in six layers, as 
it should do. 
Variable degrees: conserved

organization in layers or architecture is
totally disorganized

=> Gyrus are reduced compared to 
normal, or totally absent.

Schizencephaly, heterotopia, 
polymicrogyria, lyssencephaly

Migration and gyration defects
08/10/2018 07(12PDF.js viewer

Page 7 sur 30http://studylibfr.com/viewer_next/web/viewer_study.html?file=…6869440441511&ids=2612118805,2336786632,4579806594,4855138767



Synaptogenesis

growth cone elongation

non specific
target cell

repulsion of 
the axon

cue
cell

adhesion
molecules

Retinal
ganglion cell

Retina

Chemical
attractive 

signal

Lateral
geniculate

body

target cell

Axon

Ø Selective recognition of the right way and 
the right targets by the axon growth cone

Ø Formation of the synapses

Then adjustments:
• Neuronal apoptosis
• Synaptic pruning: reduction in the

number of synaptic connections =>
conservation of more efficient
synaptic configurations



Mechanical regulation

Pillai and Franze et al., 2023 



Development of a stiffness gradient in the 
Xenopus embryo brain

- precedes axon turning of ganglion cells
- is necessary for its correct elongation. 

BI2536: mitotic blocker

Thompson et al., 2019 

K = the apparent elastic modulus
ó a measure of tissue stiffness



Development and therapy
=> IPSc



Applications

Discovery of potential developmental
defects linked to the emergence of a 

disease

Organoids

3D neuronal 
culture



Inhibitory GABAergiques neurons (Nkx2.1+) are 
involved in autism
Þ generation of these neurons from IPSc

BMP inhibition:  SB431542 et BMPRIA
Wnt inhibition: DKK-1 (Dickkopf-1)
Shh activation: PM (purmorphamine) 
(Y-27632 for iPS survey) 

Nicholas et al., 2013 





LETTERRESEARCH

Extended Data Figure 1 | In vitro analysis of dopaminergic neuron 
progenitors. a, The protocol for the induction of dopamine neuron 
progenitors. Y, Y-27632; BDNF, brain-derived neurotrophic factor;  
GDNF, glial cell line-derived neurotrophic factor; AA, ascorbic acid; 
dbcAMP, dibutyryladenosine cyclic monophosphate. b, Percentages  
of CORIN+ cells at day 12. Values are mean ±  s.d. (n =  4 each for PD  
group and healthy group). c, Representative images of immunostaining 
for FOXA2, NURR1, TUJ1, PAX6, and SOX1 at day 26. Scale bar, 50 µ m. 

d, e, Quantification of immunostaining for FOXA2 (d) and NURR1 (e) 
at day 26. Values are mean ±  s.d. (n =  4 each for PD group and healthy 
group). f, A representative current-clamp recording of the action potentials 
induced by brief current pulses at day 70 (1231A3). g, A representative 
chromatogram from HPLC analysis at day 42 (1231A3). DOPAC, 
3,4-dihydroxyphenylacetic acid. t-tests were performed in b, d, and e. 
There was no significant difference between healthy and PD groups.

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

Parkinson’s disease: degeneration of midbrain dopaminergic neurons
Þ Human iPS cell-derived dopaminergic neurons function

in a primate Parkinson’s disease model 

LETTER RESEARCH

Extended Data Figure 2 | Behavioural analysis of monkeys. a, Rating 
scale of PD model monkeys. b, PD scores of each monkey. c–f, The 
video analysis system. Schematic view of the video recording system 
(c), simplified illustration of the special cage for the video recording 
(d), a photo of the cage with the LED backlight switched on (e), and a 
representative capture from the video recording (f). g–j, Representative 
captures of the video analysis when the monkey’s number of movements 
was quantified as 5,316 (g) and 15,212 (i), and the moving time of each 

monkey analysed by video recording when the threshold was set to 5,000 
(h) or 10,000 (j) pixels per 0.033 seconds. In h and j, values are shown 
relative to each pre-operative value, which was set to 1. k, l, Improvement 
of monkey PD scores (k) or fold change in spontaneous movement 
analysed by video recording (l) after administration of one-shot l-DOPA 
or transplantation. Horizontal bars designate the mean value. Two-tailed 
Wilcoxon matched-pairs signed rank-test was performed. * P <  0.05.

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

Kikuchi et al., 2017 

Vehicle: monkeys that received control injection
Healthy: monkeys transplanted with cells derived from healthy individuals
PD: monkeys transplanted with cells derived from PD patients




