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Neurogenesis and Cell Polarity

 







Neuroblasts segregate from clusters of 
equivalent neurectodermal cells by lateral inhibition



Neurogenic mutants





Lateral inhibition in fields of equivalent cells 
leads to spaced patterns of different cell types



The nervous system derives from stem cells called neuroblasts

Uncommitted 
neurectodemal cells

Neuroblast 
segregation

Neuroblast
division produces
ganglion mother cells
….and neurons





Segregation of determinants requires:

1.The establishment of cell polarity

2. The asymmetric segregation of 
determinants with respect to the axis
of polarity

3. The orientation of cell division with
respect to the segregation of
determinants



These complexes localise to specific epithelial membrane domains:

+ Crb, Sdt, Patj

Baz,aPKC,Par6
Crb,PatJ,Sdt

E-cad,α-cat,β-cat

Scrib, Dlg, Lgl

Bazooka complex 
Crumbs complex
Intercellular junction

Scribbled complex





Prospero



1. How are ganglion mother cells (GMCs) made different 
from neuroblasts (NBs)?

2. How are GMCs made different from each other?



The difference between the NB and GMC is set 
at each neuroblast division by the segregation of determinants.

One of these determinants is encoded by the gene prospero, 
whose protein product is a transcription factor

Prospero segregates only into the GMC
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Prospero acts in each GMC
1. To limit cell division to just one further cycle
2. To initiate neural programmes of gene expression



The identity of GMCs is set by the segregation of determinants 
that are expressed in dynamic patterns in the NBs

Wild type expression pattern:
constellation of TFs expressed 
changes with each cell cycle

Altering the pattern of TF
expression in the NB changes 
GMC fate



The identity of GMCs is set by the segregation of determinants 
that are expressed in a dynamic pattern, changing with 
every cell cycle of the parent neuroblast (NB) stem cell
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How are daughters of GMCs made different 
from each other?

aCC

pCC



Skeath & Thor 2003
Curr.Op.Neurobiol.
13: 8-15



Is planar cell polarity important for NS development?

1. Sensory organ precursor division

2. Patterning in the vertebrate cochlea



Some of the asymmetric divisions that generate the peripheral (sensory) system
occur in the plane of the epithelium



Fanto, M. et al. J Cell Sci 2004;117:527-533

The products of many PCP genes are asymmetrically 
localised in wing cells



Now the Baz complex is 
posterior (rather than apical) 
and this localisation depends 
on Frizzled

In the PNS sensory organ 
precursors (SOPs) divide in the 
plane of the epithelium

The  asymmetric division of 
neuroblasts in the CNS 
depends on polarity in the 
apicobasal  axis







Development of 
hair cell stereocilia
in the cochlea



Mutations in PCP genes produce inner ear defects

SEM from wild type adult mouse

and wild type embryo

Iin an embryo mutant for Crash
(vertebrate homologue of flamingo)
the hair cell bundles are misaligned



F-actin
Microtubules
Synapsin 1



Microtubules transport
Membrane vesicles 
charged with cargo
along axons 



Axonal transport depends on the activity of the 
microtubule motor proteins (dynein and kinesin)
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Cell polarity and neurogenesis    Helen Skaer 
 
We shall consider cell polarity in two axes: in the apicobasal (top-to-bottom) axis and in 
the planar (side-to-side) axis, focussing on the significance of cell polarity for the 
development of the nervous system. 
 
Apicobasal polarity is pronounced in epithelial cells and it is here that many of the 
molecules and the processes that establish and maintain polarity have been uncovered. 
Three groups of proteins (the Crumbs, Bazooka and Scribbled complexes) interact with 
each other to establish apical and basolateral domains of the cell.  
 
When neuroblasts (neural stem cells) delaminate from the ectodermal epithelium, the 
inheritance of this information is critically important in setting the fate of their progeny. 
At each division, one neuroblast daughter retains stem cell characteristics while the other, 
the ganglion mother cell (GMC), divides just once to produce differentiated neurons 
and/or glia. Apicobasal cell polarity regulates the asymmetric segregation of the 
determinants (such as Prospero, Brat and Numb), that set cell fates, and the orientation 
and position of cell division, which dictates daughter cell size. 
 
As neurons begin to differentiate they form cell extensions or neurites. One of these 
neurites increases in length to become the axon. This growth is at the expense of other 
neurites, some of which persist as the much shorter dendrites. This process involves 
polarised trafficking of membrane and other materials along elements of the cell’s 
internal architecture, the cytoskeleton. We shall discuss the evidence that the Bazooka 
complex, required to set up apicobasal polarity, might also act to establish neuronal 
polarity and the stabilisation of axons.  
 
Planar polarity has also been studied in epithelia and the developing wing of the fly can 
be taken as a case study. It appears that two types of signalling act to establish planar 
polarity; long range interactions carried by graded signals and interactions between 
neighbouring cells carried by locally acting signals. This axis of polarity is essential for 
the development of the sensory nervous system in flies. The neural precursors (sensory 
organ precursors, SOPs) divide asymmetrically, as neuroblasts do, but they remain within 
the surface epithelium and depend on planar polarity cues to organise the segregation of 
determinants. 
 
In another sensory system, the cochlea, planar polarity underlies the asymmetric 
organisation of individual hair cells and is also manifest in the graded changes in hair cell 
structure across the cochlear epithelium that allows us to hear tones of different pitch. 
There is increasing evidence that molecular elements of the planar polarity pathway 
described in the fly are also involved in setting this axis in the cochlea.  
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