
 

 Research Briefings 
   David Price 
   How brains are made 

 
 

 

 

 

 

 

 

 

 

 

  

 

 
 
 
 
 
 
David Price,  

Professor of 

Developmental 

Neurobiology  

Tel: 0131-650-3262 

Email: David.Price@ed.ac.uk 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Max 600 words (importance and 

future directions, Vendena 8) 

 

1-3 ‘eye-catching’ Figures (with 

brief legends) 

Max 5 references (include 

reviews) 

 
Research is supported by  
 
Please note: Full text should not 
go over 2 pages 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

WE STUDY HOW THE 

BRAIN DEVELOPS IN THE 

EMBRYO. THE BRAIN 

DEVELOPS ALONG 

SIMILAR LINES IN ALL 

MAMMALS EVEN THOUGH 

ITS SIZE VARIES 

GREATLY BETWEEN 

SPECIES. WE STUDY 

DEVELOPMENT IN MICE 

BUT OUR FINDINGS ARE 

APPLICABLE TO 

DEVELOPMENT OF 

HIGHER MAMMALS 

INCLUDING HUMANS. WE 

STUDY THE FUNCTIONS 

OF GENES REQUIRED FOR 

BRAIN DEVELOPMENT BY 

MANIPULATING THEIR 

EXPRESSION IN 

DEVELOPING BRAIN. 

 

 
 

Two great breakthroughs 

During the early 1980s, scientists working 

on development of the fruit fly, Drosophila 

melanogaster, made a breakthrough that 

was to have a major impact on our 

understanding of how the embryonic 

mammalian brain develops. They 

discovered new families of molecules that 

control normal development by regulating 

the expression of specific downstream 

genes. Such regulators of gene expression 

are called transcription factors; these 

molecules are the molecular switches that 

determine the molecular make-up of a cell 

and hence its morphology, function and 

fate. Remarkably, they found that these 

molecules are very highly conserved in all 

animals including mammals and that many 

of them are expressed in the developing 

mammalian brain.  

The 1980s also saw the landmark 

discovery of methods for the generation of 

transgenic mice that allow the 

experimental manipulation of specific 

genes. The convergence of these two great 

breakthroughs spawned extensive 

research in which large numbers of 

mammalian transcription factors important 

for brain development were discovered 

through their similarity to Drosophila 

genes and then manipulated using 

transgenic methods to discover their 

functions. It is now known that many 

congenital abnormalities in humans are 

caused by mutations in these genes.  

 

 

Our current research 

Research in this area has now 

entered a new phase. Although 

transgenic mice lacking the function 

of specific transcription factors 

provide powerful evidence for the 

importance of these factors in 

particular developmental processes, 

they do not tell us why a particular 

factor is required for a particular 

process. Understanding the 

mechanisms of action of 

transcription factors and why their 

mutation causes developmental 

defects remains a huge challenge. 

We are now using mouse models in 

which only some cells are mutant 

for a gene, either through 

conditional gene inactivation (e.g. 

using Cre recombinase-loxP) or the 

generation of chimaeras, offering 

routes to understanding more 

precisely in what cells and cellular 

processes specific transcription 

factors act. The great virtue of 

these methods is that they can test 

whether a cellular process that is 

defective in mice lacking a 

particular factor requires that factor 

primarily within the defective cells 

themselves (i.e. cell autonomously) 

rather than within other interacting 

cells whose normal functions are 

required for that process (i.e. cell 

non-autonomously). Knowledge of  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the cell autonomous actions of a 

transcription factor in a particular 

set of developing cells paves the 

way for accurate strategies to find 

the molecular pathways that it 

regulates.  

Our future plans  

We shall continue to focus our 

research on three transcription 

factors called Pax6, Foxg1 and 

Gli3 without which the brain does 

not develop. Mutations of the 

genes that encode these factors 

have been implicated in human 

congenital diseases. Our current 

research has shown that these 

factors control the proliferation 

and differentiation of neurons in 

developing brain by acting cell 

autonomously in neuronal 

progenitor cells. Next, we want to 

know what downstream genes 

they control. 

We have started to investigate 

this by searching for genes whose 

expression is altered when the 

transcription factors are removed. 

To do this we have used a genetic 

trick to isolate cells that express 

the transcription factor of interest 

away from those that do not, 

thereby ensuring that the 

changes we find are more likely 

direct effects of the loss of that 

transcription factor. So far, we 

have discovered about 200 genes 

that might be regulated by Pax6; 

many of them are involved in 

regulation of the cell cycle and 

control of neuronal differentiation. 

This indicates that the gene 

networks regulated by these 

transcription factors are likely to  

 

 

 

 
Figure 1 Normal mouse embryo on the 
left; mouse embryo lacking the 
transcription factor Gli3 on the right; 
the brain (Br) is poorly developed in 
the mutant. 
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Figure 2 Cells in a chimaeric mouse 
made by mixing wild type and Pax6-null 
cells together; the Pax6-null cells 
(labelled with red dots) do not express 
the same genes as the surrounding 
wild-type cells (labelled green).  
 

be large and complex. Much more research 

will be needed before we understand the 

ways in which transcription factors control 

brain development. 

 


