
MASTER IN CELLULAR AND MOLECULAR BIOLOGY
Developmental Neurobiology -Cortical Development

May 2020 - Week 1

Tuesday 5th of May:

Lecture 1: Cellular and molecular organization of the cerebral cortical 
progenitors in mammals

11:00-13:00 – Personal Introduction + Lecture + Questions

Thursday 7th of May:

14:00-16:00 - Novel technologies used in neurobiology - (i) 3D whole brain 
imaging; (ii) rabies virus  tracing and optogenetics; (iii) scRNAseq & cell 

lineage tracking; (iv) IPSCS & brain organoids; (v) in vivo & in vitro 
reprogramming.

Tasks for students:

1) Read the article that will be presented on Week 2 (prepare questions)
2) Work on the articles related to the novel technologies (presentation due in Week 3)



Developmental Neurobiology - Cortical Development
Week 2

Monday 11th of May:   

Lecture 2: Acquiring neural diversity in the developing cerebral cortex

14:00-16:00 – Lecture and questions

Tuesday 12th of May:

Lecture 3: Presentation of a scientific paper: 
initial hypothesis and final product

11:00-13:00 - Lecture and questions

14:00-16:00 - Introduction to the task of writing a fellowship proposal

Tasks for students:
1) Work on the articles related to the novel technologies (presentation due in Week 3)
2) Choose the article for the fellowship proposal presentation (presentation due in Week 4)



Developmental Neurobiology -Cortical Development
Week 3

Monday May 18th

Lecture 3: Brain disease modelling for understanding neurodevelopmental 
disorders in humans.

14:00-16:00 – Lecture and questions

Tuesday May 19th

11:00-13:00 – Student presentation on novel technologies 
(5 groups - 2-3 per group ! 15-20’ per group + questions)

Task for students:
Work on the fellowship proposal 



Developmental Neurobiology -Cortical Development

Week 4

Monday May 25th

14:00-17:00 – Discussion with each group separately to give feedback on the 
fellowship proposal (15-20’ per group)

Thursday May 28th

10:00-13:00 – Student presentation of the fellowship proposal by the 
different groups (15-20’ per group)



Scientific cursus
Michèle Catherine STUDER married MENEGHELLO 
1 child born in 2003

POSITION: Research Director Inserm since 2009 
at the Institute of Biology Valrose, iBV
University de Nice Sophia-Antipolis (UNS)
Nice, France

Group Leader (PI) of the “Development and Function of Brain Circuits Lab”;

EDUCATION: 1987: "Laurea 110/110 cum laude" in Biological Sciences
at the University of Pisa, Pisa, Italy. 
Work on “Population cytogenetics of Albanians in the province of Cosenza: 
frequency of Q and C band variants.” 

1989: Visiting Research Fellow at Fidia S.P.A. 'Research Laboratories', Abano, Italy
1990: Visiting Research Fellow at Research Institute of Molecular Pathology (IMP), Vienna,

Austria

1990: PhD in Molecular Biology
at the “Istituto di Ricerche Farmacologiche Mario Negri, Milano, Italy”.
Work on “Transcriptional regulation of the mouse liver/bone/kidney-type alkaline 
phosphatase gene in vitro.”



Scientific cursus
1991-1997: POST-DOC Research Fellow at: 
Division of Developmental Neurobiology, 
MRC/National Institute for Medical Research, London, UK.
Head of Laboratory: Robb Krumlauf

Work on: “In vivo genetic interactions and functional characterization 
of the mouse homeotic gene Hoxb1 in the developing hindbrain”.

1997-2001: MRC Research Group Leader/ Junior Lecturer
MRC Centre for Developmental Neurobiology, King's College, Guy's 
Campus, London, UK. 
Centre Director: Andrew Lumsden

Work on: “Role of retinoic acid signaling during forebrain patterning”.

1994:  Visiting Research Fellow at Baylor College of Medicine, 
Houston, USA; Head of Laboratory: Alan Bradley

2000:  Visiting Research Fellow at UCSF, San Francisco, USA 
Head of Laboratory: John Rubenstein



Scientific cursus

2001-2009:  Full Investigator and Responsible of the Transgenic and 
Knock-out Core Facility at TIGEM (Telethon Institute of Genetics and 
Medicine), Napoli, Italy. 
Institute Director: Andrea Ballabio

Work on: “Functional and genetic characterization of area patterning 
genes during cortical development ”.

Since 2009: Directeur de Recherche (DR2-DR1) Inserm; University of 
Nice Sophia-Antipolis, Valrose Campus, Nice, France.

Work on: “Molecular and cellular mechanisms during assembly of brain 
circuits”. http://ibv.unice.fr/research-team/studer/



Cellular and molecular organization of the cerebral 
cortical progenitors in mammals
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Regional signalling centres in the developing forebrain
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The mammalian brain based on the prosomeric model



Localized signalling in the forebrain
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Cortical Projection neurons and Interneurons are born from
different D/V regions of the telencephalon
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Sulci and gyri of the neocortex 







The cortex is subdivided into six distinct layers
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Morphological heterogeneity of cortical neurons 



How can a relatively simple pseudostratified neuroepithelium
transform into a complex structure organized into layers?



Mammalian corticogenesis

modified from Kwan et al., 2012





First stage: proliferation via symmetric division

Pr

Pr

Pr

Interkinetic nuclear migration



Second stage: proliferation via asymmtric division
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Self-renewing and intermediate progenitors in the developing mammalian neocortex



Symmetric and asymmetric progenitor divisions



Lateral
expansion

Differences in cell division modes during lateral versus radial expansion

Symmetric: increase in number of radial Symmetric: increase in number of radial 
columns + surface expansion of the cerebral columns + surface expansion of the cerebral 
cortex 

VZ
Radial
expansion

SVZ

Asymmetric: increase in number of Asymmetric: increase in number of 
neurons within radial columns without a neurons within radial columns without a 
change in the cortical surface area change in the cortical surface area 
(radial)



Differences in cell number for lateral vs radial expansion

Virginia Fernández et al. EMBO J. 2016



Florio & Huttner, Development, 2014

Sulci and gyri in primates
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Different types of progenitors in VZ and SVZ

Namba & Huttner, 2016
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Different types of progenitors in VZ and SVZ 

undergo mitosis in a secondary germinal zone located
basal to the VZ called the subventricular zone (SVZ),
hence the name BPs. The BP type initially character-
ized in mouse and rat typically undergoes only one
cell cycle, lacks apical-basal polarity at mitosis,18 and
divides to generate two neurons, that is, it functions
as an intermediate progenitor cell.15–17,19 In addition,
the NPC lineages from RGCs to neurons have
recently been determined by an elegant clonal analy-
sis approach in mouse embryos in vivo.20

Extending the analyses of NPCs in embryonic/
fetal neocortex from lissencephalic rodents to gyren-
cephalic species,21–23 that is, primates (notably
human) and ferret, led to the identification and initial
characterization of a second principal type of BP
that, in contrast to intermediate progenitors, retains
certain RGC features.24–26 This BP type, in particu-
lar, has been implicated in the increase in neuron
number and the expansion of the neocortex in devel-
opment and evolution. Moreover, during the past
few years, an increasing complexity of BP subtypes
has become apparent.27 In this review, we summarize
the current knowledge about NPCs in the embryonic/
fetal neocortex of lissencephalic and gyrencephalic
mammals, and discuss their role in neocortex devel-
opment and evolution. As to the evolution of neuro-
genesis in the diverse metazoan nervous system,
including nonmammalian vertebrates, the reader is
referred to a comprehensive recent review28 and a
recent original paper.29

CYTOARCHITECTURE OF
DEVELOPING NEOCORTEX
The basic principles of the cytoarchitecture of the
developing neocortex in lissencephalic rodents and
gyrencephalic primates or ferret are similar. In all
mammals, a pseudostratified neuroepithelium
(Figure 2(a)) is formed after neural tube closure.
NECs then produce the first-born neurons, and thus
a preplate and a VZ emerge.21,30 Subsequently, with
the appearance of the cortical plate (CP), the preplate
is split into a marginal zone and a subplate. At the
same time, a SVZ arises basal to the VZ. In
between the CP and SVZ, an intermediate zone
(IZ) develops30 (Figure 2(c) and (d)).

A major difference between the lissencephalic
rodent and gyrencephalic primate or ferret neocortex
concerns the SVZ. Although the thickness of the VZ
is not massively different between rodents and pri-
mates, the primate SVZ is substantially thicker than
that of rodents and split into an outer SVZ (oSVZ)
and an inner SVZ (iSVZ)21 (Figure 2(c) and (d)). The

thickness of the oSVZ increases massively during the
neurogenic period, whereas that of the iSVZ does not
change that much. Therefore, the oSVZ, in particu-
lar, has been implicated in the expansion of the neo-
cortex in primates.21–23,31–34

PROGENITOR CELL CLASSES, TYPES,
AND MODES OF DIVISION
NPCs in the embryonic/fetal neocortex fall into two
major classes (Figure 3) that can be distinguished by
cell biological features, notably cell polarity32 (see
also a recent discussion about NPC nomenclature35).
NPCs that have apical junctions and thus are inserted
into the apical junctional belt and that undergo mito-
sis at the apical surface are referred to as apical pro-
genitors (APs).32 The other class of NPCs undergoes
mitosis at a nonapical, that is, basal location and are
delaminated from the apical junctional belt. These
NPCs are referred to as BPs.

Another NPC classification is based on cell line-
age (Figure 3). Primary NPCs divide to produce
(1) primary NPCs (self-renewal), (2) secondary
NPCs, and/or (3) neurons. During this process, they
undergo symmetric or asymmetric cell division. Sec-
ondary NPCs produce secondary NPCs and/or neu-
rons, undergoing symmetric or asymmetric divisions.
Prior to neurogenesis, there is only one type of pri-
mary NPC, the NECs, which belong to the APs. With
the onset of neurogenesis, the primary NPC type are
the aRGCs (which are also APs), and the secondary
NPCs comprise both APs, that is, apical intermediate
progenitor cells (aIPs), and BPs, that is, basal RGCs
(bRGCs) (for their origin in the developing ferret
neocortex, see Ref 36) and basal intermediate pro-
genitors (bIPs). Implicit in this classification is that
there are no basal primary NPCs. Although bRGCs
share some morphological features and marker
expression with aRGCs, a recent study showed that
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FIGURE 3 | Classification of neural progenitor cells in the
developing neocortex (For details, see text).
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Namba & Huttner, 2016 
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Mouse vs human progenitor expansion



Lui et al., Cell, 2011

Molecular characterization of the different cell types



(Hansen et al.,Nature, 2010)
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The human cortex generates more basal radial glia (OSVZ)
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Morphological and cellular features of cortical progenitors

Govindan & Jabaudon, 2017
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Morphological transition of radial glia subtypes

Nowakowski et al., 2016



Delamination of neural progenitors via adherens junction proteins

Tavano et al., 2018

Plekha7: adherens
junction belt-
specific protein 



Human outer Radial Glia (oRG) cells retain a distinct molecular identity 
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Signalling pathways:
- Growth factors (maturation)
- Integrin (promotes RG identity)
- LIFR/STAT3 (maintain RG ientity)
- pY705/STAT3 (cell cycle progression)

Pollen et al., 2015
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The ferret: an ideal animal for studying mechanisms
leading to cerebral cortical gyrencephaly

De Juan Romero et al., 2015



Looking for genes involved in cortical folding in the ferret

De Juan Romero et al., 2015



Differential gene expression between splenial gyrus (SG) 
and lateral sulcus (LS) along germinal layers
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Stahl et al., 2013
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Overexpression of Trnp1 in vivo Increases the Number of Apical Progenitors 
and Promotes Lateral Expansion



Knockdown of Trnp1 In Vivo Increases the Number of Basal Progenitors 
and Promotes Radial Expansion
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Stahl et al., 2013



Stahl et al., 2013
Martinez et al., 2016



High levels of Hippo-YAP signalling pathway expands oRG 

Kostic et al., 2019

The Hippo-YAP pathway
coordinates growth-factor-
mediated signalling 
pathways.



Florio et al., Science 2015

Gene expression changes affecting neural progenitor cells 



Evolution of the Rho–GTPase gene ARHGAP11B

Florio & Hutner, 2017



Human-Specific NOTCH2NL Expand Cortical Neurogenesis through Delta/Notch Regulation 

Article

Human-Specific NOTCH2NL Genes Expand Cortical
Neurogenesis through Delta/Notch Regulation

Graphical Abstract

Highlights
d Identification of >35 HS protein-coding genes expressed

during human corticogenesis

d NOTCH2NL human-specific paralogs of NOTCH2 expressed

in human cortical progenitors

d NOTCH2NL genes expand human cortical progenitors and

their neuronal output

d NOTCH2NL promotes Notch signaling through cis-inhibition

of Delta/Notch interactions

Authors
Ikuo K. Suzuki, David Gacquer,

Roxane Van Heurck, ..., Franck Polleux,

Vincent Detours, Pierre Vanderhaeghen

Correspondence
pierre.vanderhaeghen@kuleuven.vib.be

In Brief
Human-specific NOTCH2NL expands

cortical progenitors and neuronal output

and thus may have contributed to the

expansion of the human cortex.

Suzuki et al., 2018, Cell 173, 1370–1384
May 31, 2018 ª 2018 The Authors. Published by Elsevier Inc.
https://doi.org/10.1016/j.cell.2018.03.067

Suzuki et al., 2018

Notch signaling promotes 
proliferative signaling during 
neurogenesis



Mechanisms and genes associated with bRG generation/amplification

Penisson et al., 2019



Cytoarchitecture and cell types in the developing mammalian neocortex 

Pinson et al., 2019






