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I. Scientific excellence 

Alzheimer’s disease (AD) is the major form of dementia, and memory loss is its main symptom. 
Recently, the protein REST has been strongly implicated in AD by a high-profile study, revealing 
high REST brain levels in healthy elderly individuals but not in AD. The supervisor of this project 
has previously generated a conditional knockout (cKO) mouse model lacking REST in the brain. 

 

II. Clear aim and hypothesis 

Enhancing REST function might combat cognitive decline in AD. This project aims to take the 
next steps in this direction by using brain tissue from REST cKO and control mice and by 
computational approaches. 

 

III. Methodology and innovations 

Brain tissue already collected from REST cKO and control mice and stored at -80°C will be used 
for the following experiments: 

1. Genomics 

RNA-Seq analysis of global (whole-genome) gene expression 

2. Epigenetics 

a) Study of DNA-protein interactions in gene promoters by chromatin immunoprecipitation 
(ChIP) 

b) ChIP-Seq analysis of global DNA binding 

3. Biochemistry 

Western blot analysis for the NMDA receptor subunits GluN2A and GluN2B 

4. Histology 

a) Golgi staining 

b) Immunohistochemistry for -amyloid and phosphorylated Tau 

5. Computational modelling 

Molecules potentially enhancing REST function will be designed by computational modelling (the 
3D structure of REST is already known). 
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IV. Strategic relevance 

This project aligns very well with the strategic priorities of the DTA3 programme and those of 
the University of Central Lancashire, for the following reasons: 

a) It is strongly related to a global health issue, dementia, and to the promotion of healthy 
ageing 

b) It belongs to a key research theme of the University, Neuroscience 

c) It will address important scientific questions for a protein strongly implicated in healthy 
ageing (at high levels) and AD (at low levels) 

d) It will strongly involve collaboration and mobility 

 

V. Interdisciplinarity and fit with relevant DTA programme 

This project fits very well with the DTA programme of Applied Biosciences for Health (Healthy 
Ageing), as described above, and is highly interdisciplinary, involving a wide variety of research 
fields/methods: 

1. It is related (and will be combined with, upon publication) to knockout mouse generation 

2. It will use various epigenetic, biochemical and histological methods, including elaborate 
whole-genome analyses 

3. It will include computational modelling, a very different type of approach, with strong 
complementarity with the other experiments and significant pharmaceutical potential 
arising from the resulting combination 
 

 
Lay summary (max 200 words) to be used for reference as part of the selection process 
where non-specialists are involved 
 Alzheimer's disease (AD) is the main form of dementia, and memory decline is its primary 
symptom. Despite substantial progress in understanding many aspects of the disease, no 
treatment or clinical trial to date has achieved significant retardation of memory decline in AD 
patients. Recently, a protein called REST was found to be present at high levels in the brain of 
healthy elderly individuals but not in the brain of AD patients. The first supervisor of this project 
has previously generated a genetically modified mouse model lacking REST in the brain. This 
project aims to a) take the next steps towards unravelling some of the mechanisms involved in 
the role of REST in AD, by the use of brain tissue from this mouse model, and b) to use 
computational approaches for designing chemicals aiming to enhance REST function, as 
potential pharmaceuticals for the treatment of AD. 
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Industrial/Employer placement opportunity please include details, where known, of any 
external placement opportunities or collaborations available to the student as part of 
the project 
The student will be able to conduct part of the epigenetic experiments in the laboratory of Prof. 
Noel Buckley, at the University of Oxford. Prof. Buckley, who is the external supervisor in the 
project, is an expert on epigenetics and an important collaborator in this line of research, with a 
strong interest in the transcription factor REST. I have previously worked as postdoctoral fellow 
in Prof. Buckley’s group (at King’s College London) and have generated the REST conditional 
knockout mice during that period. While later working in the group of Prof. Richard Morris, at 
the University of Edinburgh, I have fruitfully collaborated with Prof. Buckley, establishing a REST 
conditional knockout mouse colony. 
 
Prof. Buckley has confirmed his willingness to be the external supervisor and a collaborator in 
this project and that he would be happy to host the student at the University of Oxford. This will 
be a valuable experience for the student and an important part of the mobility aspect of this 
project. The project will also benefit from the fact that certain specialised equipment in Prof. 
Buckley’s laboratory will be available to the student. 
 
The contribution to the project by the second and third internal supervisors is also an important 
aspect and with a key collaborative and interdisciplinarity element, given Dr Hayes’ strong 
expertise in computational modelling in a pharmaceutical context. Dr Alder is a very 
experienced PhD supervisor, with expertise in most of the epigenetic, biochemical and 
histological techniques that will be used. 
International placement opportunity please include details, where known, of any 
potential international placement opportunities or collaborations available to the 
student as part of the project 
The initial part of the whole-genome experiments of the project (RNA-Seq and ChIP-Seq) will be 
performed at the Genomics facility of the Institute of Genetics and Molecular and Cellular 
Biology, Strasbourg, France (http://genomeast.igbmc.fr), partly as a paid service and partly as a 
collaboration. I have visited this facility in December 2017, on the occasion of a conference, and 
discussed the details of the experiments. This Institute has an excellent reputation for 
epigenetics research and services, and a welcoming and internationally-oriented mentality. 
Although no student placement opportunities have been discussed during my visit, it is very 
likely that such a placement will be possible. 
 
I have also been fruitfully interacting with Dr Chantal Mathis (a behavioural neuroscientist and 
the organiser of the conference mentioned above) and Dr Anne-Laurence Boutillier (an expert 
in epigenetics of learning and memory), both at the University of Strasbourg, France, who are 
also likely to be willing to offer a placement to the student. 
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Scientific, economic and societal impact of the project 
I believe that this project will provide key insights into an important but only recently identified 
aspect of research into ageing and Alzheimer’s disease (AD), the role of the transcription factor 
REST. The knowledge that will be gained by this project on epigenetic and subcellular 
mechanisms (and the potential of their pharmacological targeting) could contribute to the 
development of novel therapeutic approaches for AD. Furthermore, the project will take the first 
steps towards designing pharmaceuticals aimed to enhance REST function (and therefore to 
mimic the high REST levels in the brain of healthy elderly individuals) for potential use in AD 
treatment. 
 
There are currently around 850,000 people in the UK and around 50 million people worldwide 
living with dementia, and it is estimated that the annual cost of dementia is around £26 billion in 
the UK and more than £500 billion worldwide (source: Alzheimer’s Research UK). As life 
expectancy increases, the number of people leaving with dementia rises, and these numbers 
are predicted to keep increasing. Living with dementia poses a significant burden to patients 
and carers. It is therefore of major societal and economic importance to improve dementia 
treatment and promote healthy ageing. This project, which will address highly relevant scientific 
questions, with implications for the development of novel pharmaceuticals, is expected to have 
a significant impact in that respect. 
 
The project aligns very well with the research strategic aims of the University of Central 
Lancashire. I believe that the combination of the project’s novelty, collaborative nature and 
supervisory team expertise will lead to highly valued publications, which in addition to the 
scientific and societal impact, will also have a significant impact with respect to the Research 
Excellence Framework and the attraction of future external funding. The relevance of the 
project to a global health issue and its collaborative and international aspects also strongly fit 
with the strategic priorities of the Lancashire Research Institute for Global Health and Wellbeing 
(LIFE). 
 
I wish to note that I have extensive experience in AD research and have previously worked in 
some of the top research groups in this field, such as the group of Prof. Richard Morris at the 
University of Edinburgh (a renowned group for memory research) and the group of Prof. Jie 
Shen at Harvard University (well-known for research on presenilins in AD). Also, several of my 
publications are in high-profile journals, such as Nature, Nature Communications, and Neuron, 
and I believe that the likelihood that the results of this project are published in similar-level 
journals is high. Furthermore, I have been recently awarded a research grant by the Royal 
Society for the period of 31/3/2018 - 30/3/2019, which I believe will be of further help to this 
project, as the PhD programme will start in a well-equipped laboratory, strongly active in 
Neuroscience research. 
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