
Neurodegenerative diseases  
– a new therapeutic target?

What is the problem?

What does it mean? 
Who am I?

What did we find?

What are we  
interested in?

What did we do?
Neurodegenerative diseases are highly prevalent across 
the globe, affecting over 50 million people worldwide. 
They are debilitating conditions that arise due to the 
progressive loss of function, structure and degeneration 
of neurones (brain 
cells) (see Figure 1). 
Alzheimer’s disease, 
Parkinson’s disease and 
motor neurone disease 
are some examples 
of the most common 
neurodegenerative 
disorders affecting 
the human population. 
Symptoms that arise 
from these diseases 
include memory loss, 
involuntary movements 
and muscle weakness, 
respectively. The high 
rate of prevalence and the limited treatments available 
for these disorders make the development of effective 
therapeutics of major importance.

Since our findings show that neurones that lack calretinin 
are more vulnerable to oxidative stress, this means that 
calretinin may play a neuroprotective role in cells undergoing 
oxidative stress. As oxidative stress is a common feature 
of neurodegenerative disorders, such as Alzheimer’s and 
Parkinson’s disease, if we could find a way to manipulate 
calretinin levels in humans we might be able to develop a 
treatment or therapy.

I am in my final year of my Neuroscience degree at the 
University at Edinburgh. I did this research project in the Summer 
of 2015 and I’d like to thank Medical Research Scotland for the 
funding support and my supervisors, Professor Tom Gillingwater 
and PhD student Ines Amorim, for their help and encouragement 
throughout the project. Although I am still considering my career 
choices, because of this experience, I am now inching closer 
towards pursuing a PhD in the area of neurodegenerative 
diseases followed by a career in clinical research.
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We found that the level of cell death was significantly greater in the neurones 
which lacked calretinin compared to control neurones when the cells had been 
treated with 100μM H202 (see Figure 3). 

Calretinin, a calcium binding 
protein, is present in neurones 
throughout the central and 
peripheral nervous system. 
Although its function is still 
unknown, it was recently 
identified as a novel regulator 
of neurodegeneration in the 
mammalian nervous system. 
In this project, by applying cell 
death causing stimuli to cells with 
and without calretinin, we sought 
to determine whether calretinin 
is involved in neurodegenerative 
pathways, or whether it otherwise 
plays a protective role in  
neuronal stability.

We took neurones from part of the brain (the hippocampus)  
of embryonic mice and grew them in the lab in culture for 12 days. 
We inflicted an insult on the cells, known as oxidative stress (by 
adding hydrogen peroxide (H2O2) to the cells), which is known to 
cause neurodegeneration and cell death.

We also used a molecular technique to stop some of the cells 
producing the calretinin protein by adding siRNA (small interfering 
RNA) molecules. The siRNA interferes with the translation of 
messenger RNA (mRNA) to protein after the mRNA has been 
transcribed from the gene’s DNA sequence. siRNA works by 
breaking up the calretinin messenger RNA (mRNA) molecule.  
We called the cells we treated with siRNA, Calretinin Knock Down 
(Calretinin KD) neurones. 

We used the following protocols for two groups of our cells:

Group A: Control neurones

The neurones were grown under normal lab conditions and at day 
12 we either: 
i) broke the neurones open and measured the levels  
 of calretinin protein; or 
ii) added hydrogen peroxide to the neurones for 2 hours  
 before breaking them open and measuring the levels  
 of calretinin protein.

Group B: Calretinin Knock Down (Calretinin KD) neurones

The neurones were grown under normal lab conditions until day 
10 when we added siRNA. At day 12 we either: 
i) broke the neurones open and measured the levels  
 of calretinin protein; or 
ii) added hydrogen peroxide to the neurones for 2 hours  
 before breaking them open and measuring the levels  
 of calretinin protein.

Some of the neurones we had grown were also fluorescently 
labelled with an antibody 
which specifically binds 
to a molecule used to 
detect damaged DNA 
(called gH2AX). Damaged 
DNA is used as a marker 
of cell death. Using an 
epifluorescent microscope 
to image the fluorescent 
label, the number of live 
and dead cells in each 
culture was quantified 
based on the morphology 
and staining of the cells’ 
nuclei (see Figure 2).
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Figure 1 One of the first drawings of 
a neurone, by Ramon y Cajal. 
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Figure 2 shows the nuclei of neurones exhibiting 
damaged DNA (blue) of cells treated with H2O2: (A) 
Control neurones at 0μM H2O2; (B) Control neurones 
at 100μM H2O2; (C) Calretinin KD neurones at 0μM 
H2O2; and (D) Calretinin KD neurones at 100μM H2O2.

Figure 3 Bar chart showing the percentage of cell 
death in control neurones and neurones which 
did not express the calretinin protein (Cr KD) after 
treatments with either 0μM or 100μM H202. 


