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MAMMALS CANNOT REPAIR 

THEIR CENTRAL NERVOUS 

SYSTEM (CNS) AFTER 

INJURY OR IN 

NEURODEGENERATIVE 

DISEASE. OUR GROUP IS 

USING THE AMAZING 

CAPACITY OF THE 

ZEBRAFISH TO REGENERATE 

THEIR SPINAL CORDS AND 

IN PARTICULAR MOTOR 

NEURONS TO ELUCIDATE 

THE MOLECULAR AND 

CELLULAR MECHANISMS 

UNDERLYING FUNCTIONAL 

REPAIR OF THE CNS. 

 

 
 
 

Zebrafish have an amazing capacity for 

central nervous system (CNS) regeneration. 

They regain function after complete lesions 

of the spinal cord or the optic nerve. Such 

lesions in mammals are not repaired and 

functions are permanently lost. We ask three 

key questions in the group: 

 

* How can zebrafish replace lost neurons 

from adult stem cells? 

* How are severed axonal connections 

repaired? 

* How are these processes related to 

developmental neurogenesis and axonal 

pathfinding? 

 

To address these questions we are 

investigating the axonal connections 

that convey information from the 

brain to the spinal cord and eventually 

to the output cells, the spinal motor 

neurons, which control muscle 

contraction during swimming. 

 

Motor neurons are important target 

cells for axons descending from the 

brainstem that control swimming  

movements. We have shown that 

regeneration of descending axons is 

necessary for functional recovery after 

a spinal lesion. If regeneration of 

these axons is blocked, either 

physically by the insertion of a piece 

of teflon tape into the spinal lesion 

site, or molecularly, by interfering 

with the expression of genes essential 

for axonal growth, swimming 

behaviour does not return. 

 

Strikingly, we have found that after a 

spinal lesion in the adult zebrafish, 

resident progenitor cells are triggered 

to replace motor neurons that are 

lost. Some of these fully mature and 

become integrated into the spinal 

network. Similar progenitor cells have 

been found in the adult mammalian 

brain and spinal cord. It is therefore 

not unlikely that these progenitors 

could be re-activated to replace motor 

neurons lost after spinal injury or due 

to motor neuron disease. We are 

The development of motor 
neurones and their axons can be 
studied in transgenic zebrafish. In 
this fish, the projection of the 
motor axons has been altered by 
perturbation of a cell surface 
receptor, plexinA3. 
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In the translucent zebrafish embryo, 
the entire motor system can be 
visualized and studied. In this 
image of an embryo 24 hours post 
fertilisation, TH expressing fibers 
(red) project into the spinal cord 
close to the cell bodies of motor 
neurones (green). 

currently investigating the molecular 

pathways controlling this astonishing 

neurogenesis in zebrafish. 

 

spinal cord to the muscle. We have found 

that in embryonic motor neurons, 

transcriptional co-factors control the 
expression of specific cell recognition 

molecules, such as plexins and neuropilins. 

These in turn are necessary for pathfinding 

of embryonic motor axons and may also 

direct the axons of newly generated motor 

neurons to their targets. 

 
By analysing development and 

regeneration of important cell types in the 

zebrafish we hope to gain insight into 

fundamental developmental and 

regenerative mechanisms in the CNS, and 

to ultimately increase our understanding of 

human conditions, such as spinal cord 

injury and motor neuron disease. 

 

 

A wide variety of model 
organisms can be use to 
study different aspects of 
spinal cord regeneration 

To this aim, we are now using small 

molecule (drug) screens and gene 

expression profiling on cDNA 

microarrays to discover new factors 

that are important for motor neuron 

differentiation, both during 

development and adult 

regeneration. 

 

In parallel, we are investigating 

factors that contribute to successful 

outgrowth of motor axons from the  
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