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Neuronal vulnerability in neurodegenerative disease 
 

DEGENERATION OF THE 

NERVOUS SYSTEM CAUSES 

SOME OF THE MOST 

DEBILITATING AND 

DEVASTATING CONDITIONS 

AFFECTING THE HUMAN 

POPULATION, BRINGING WITH 

THEM HUGE PERSONAL, 

EMOTIONAL, FINANCIAL AND 

SOCIAL COSTS. WE AIM TO 

UNDERSTAND WHY SPECIFIC 

POPULATIONS OF NEURONS IN 

THE CENTRAL AND/OR 

PERIPHERAL NERVOUS 

SYSTEMS ARE VULNERABLE TO 

DIFFERENT 

NEURODEGENERATIVE STIMULI, 

WITH SPECIFIC EMPHASIS ON 

EVENTS OCCURRING IN 

SYNAPTIC AND AXONAL 

COMPARTMENTS. OUR LONG-

TERM GOAL IS TO DEVELOP 

THERAPEUTIC STRATEGIES TO 

DELAY OR PREVENT 

NEURODEGENERATION IN 

HUMAN PATIENTS. 
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SYNAPSES & AXONS 

  Most research in our lab is based 

around the working hypothesis 

that synaptic and axonal 

compartments of neurons contain 

the molecular machinery required 

to independently instigate and 

regulate neurodegenerative 

pathways. As a result, synapses 

and axons are now considered 

early pathological targets across a 

broad spectrum of 

neurodegenerative conditions; 

ranging from Alzheimer’s disease, 

stroke and lysosomal storage 

disorders through to motor neuron 

diseases (such as amyotrophic 

lateral sclerosis [ALS] and spinal 

muscular atrophy [SMA]). 

Understanding the compartmental-

specific pathways that control 

degeneration in synapses and 

axons is therefore critical for the 

development of new therapeutic 

approaches designed to delay or 

prevent the progression of disease. 

 

 

 

 

LAB TECHNIQUES 

   Our lab combines morphological 

and molecular approaches to 

investigate neuronal form and 

function in health and disease, in 

vivo and in vitro. For morphological 

experiments we routinely combine 

immunofluorescence microscopy, 

laser-scanning confocal microscopy 

and transmission electron 

microscopy. For molecular 

experiments we routinely combine 

quantitative genomic (e.g. qRT-

PCR) and proteomic (e.g. western 

blot) techniques alongside whole 

genome or whole proteome 

screens.  

  

 

Confocal micrograph of immunohistochemically-
labelled neuromuscular junctions undergoing 
degeneration after nerve injury in a Wasted mouse 
lumbrical muscle. See Murray et al (2008) J Anat 
213:633-645. 

Electron micrographs of synapses 
in the striatum of the brain (top 
panel) and at the neuromuscular 
junction (bottom panel).  

smathes1
Placed Image



THE WLDS MUTATION 

   The discovery of a spontaneous 

genetic mutation (Wlds) in mice 

that significantly delays axonal and 

synaptic degeneration (but not 

degeneration of the neuronal cell 

body) has generated considerable 

excitement around the possibility 

of being able to directly influence 

axon- and synapse-specific 

degeneration mechanisms during 

neurodegenerative disease. We are 

investigating how this mutant gene 

influences degeneration pathways 

in axons and synapses. Our recent 

data have suggested that 

mitochondria are likely to be key 

cellular mediators of this 

neuroprotective phenotype. We 

have also shown that the presence 

of the Wlds gene modifies basal cell 

cycle and cell stress pathways in 

neurons, supporting the hypothesis 

that Wlds may act, at least in part, 

by providing a ‘priming’ stimulus to 

neurons. We are currently 

investigating proteomic data which 

has identified candidate proteins 

for downstream mediators of the 

Wlds phenotype. 

 

SPINAL MUSCULAR ATROPHY 

[SMA] 

 The childhood motor neuron 

disease Spinal Muscular Atrophy 

(SMA) is the most common genetic 

cause of infant mortality in humans, 

with an incidence of around 

1:6,000-10,000.  

 

 

 

 

 

 

This disease targets lower motor 

neurons in the ventral horn of the 

spinal cord, resulting in 

denervation and atrophy of 

muscles in the limbs and trunk. We 

have recently shown that 

neuromuscular junctions are early 

and important pathological targets 

in SMA. We have also identified 

selectively vulnerable populations 

of lower motor neurons that are 

particularly susceptible to the 

disease. In addition, we have 

shown that muscle pathology can 

be dissociated from neuronal 

pathology, suggesting a role for 

both nerve and muscle in SMA 

pathogenesis. Current projects 

include investigations into the 

molecular pathways associated 

with selectively vulnerable motor 

neurons and attempts to identify 

novel biomarkers for SMA that 

report directly on the pathological 

status of the neuromuscular 

system. 

 
OTHER GENETIC FACTORS 

  Alongside the disease- and gene-

specific projects detailed above, we 

also are currently undertaking 

experiments investigating the 

impact of other genetic 

abnormalities on 

neurodegenerative events. For 

example, we are examining 

synaptic vulnerability in the brain 

during lysosomal storage disorders  

 

 

 

 

 

 

as well as neuropathological 

changes in the peripheral nervous 

system following disruption in 

genes involved in DNA repair 

pathways and cholestrol 

metabolism pathways.  
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