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Page 2 – Project Description 

Scientific Excellence 
(500 words) 

Tristan McKay is a Professor of Stem Cell Biology at MMU with 
over 10 years of experience in applying pluripotent stem cell 
models to address basic biological principles underlying 
developmental, ageing and disease states. Most recently his 
research has  focussed  largely on the molecular biology 
underlying inflammation and hypoxia (physiological oxygen 
depletion) in the context of cortical neuronal health (Hawkins et 
al. Cell Reports, 2016; FitzPatrick et al. Stem Cell Reports, 2018; 
Foxler et al. EMBO Mol Med, 2018). More recently, McKay has 
developed collaborations with medicinal chemists to evaluate 
drugable targets within cell signalling pathways that could 
ameliorate age-related disease (Smith et al. J Med Chem, 2019).  
Dr. Mark McLaughlin is a Lecturer and early career researcher in 
Medicinal Chemistry at MMU. He carried out his PhD under the 
supervision of Prof. Matthew Cook at Queen’s University Belfast 
and was awarded a prestigious internship at Genentech, San 
Francisco, USA (McLaughlin et al. Cehm Comms, 2014; 
McLaughlin et al. Organic Lett, 2016). He worked as a post-doc 
at the Institute of Cancer Research, London for 2 years then 
joined Prof. Paul Brennan’s group at the University of Oxford 
developing fragment based approaches to small molecule 
inhibitors of several important biological targets (Bavetsias et al. 
J Med Chem, Kiely-Collins et al, Chem Comms 2018) . In 
January 2018 he moved to Manchester Metropolitan University 
as a Lecturer in Medicinal Chemistry where his group focusses 
on both medicinal and synthetic organic chemistry. 
Simon Waddington is a Professor of Gene Transfer Technology 
at University College London. He is internationally recognized 
for his excellence in pre-clinical in vivo evaluations of disease 
interventions including drugs (Ridley et al. J Biol Chem, 2013; 
Banushi et al. Nat Comms, 2016) and most often gene therapy 
(Baruteau et al. Nat Comms, 2018, Massaro et al. Nat Med, 
2018, Tordo et al. Brain, 2018). 
 

Aim (400 words) 
 

Many neuronopathic diseases affecting the ageing population 
such as Alzheimer’s, Parkinson’s, Huntington’s, ALS with 
Frontotemporal dementia and Lewy body dementia all result 
from the aberrant accumulation of substrate in intracellular 
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vesicles within cortical neurons. The result in neuronal cell death 
and wider neurinflammatory exacerbation in all cases. This 
diverse range of dementia-related diseases all result in similar 
neuropathology but the underlying molecular biology is poorly 
understood. It is recognised in all diseases, the process of 
intracellular recycling known as autophagy becomes chronically 
deregulated in affected neurons. This has many negative 
consequences on a cellular level although none have been 
definitively shown to directly result in disease. Most recently, a 
link between deregulated autophagy and DNA damage has 
been discovered (Wang et al. Mol Cell, 2016) and further, 
associated with neural degeneration (Walker et al. Nat 
Neurosci, 2018). 
We propose a new hypothesis, based on the accumulation of 
DNA damage being the central cause of neural cell death in 
these dementia causing diseases, rather than the direct 
consequences of substrate accumulation. 
Hypothesis: Alzheimer’s disease neurons apoptose due to the 
accumulation of genomic mutations caused by aberrant 
autophagy, resulting in defective DNA repair mechanisms. 
Methodology: In this project we will apply state-of-the-art tools 
and technologies to investigate our hypothesis. 
We have induced pluripotent stem cell (iPSC) lines derived from 
Alzheimer’s disease (AD) patients and age-matched control 
iPSC lines. These iPSC lines will be differentiated into structures 
called “brain organoids” and evaluated for the accumulation of 
genomic DNA double stranded breaks (DSB) under conditions 
that promote or block autophagy. 
The AD and control iPSC lines will be genetically modified to 
either over-express or deplete the autophagic adaptor protein 
p62 in order to genetically modulate autophagy and assessed 
for the accumulation of DSB. 
This will allow us to assess whether AD brain organoids 
accumulate DSB at a greater rate compared to controls and 
whether this is in a p62-dependent manner. 
We will develop a series of small molecule inhibitors designed 
against the ubiquitination binding domain of p62 to functionally 
interrupt its nuclear inhibition of DSB repair mechanisms. These 
will be evaluated in vitro and, if successful, in vivo in established 
AD models at UCL. 
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Innovations: This project will employ the latest enabling 
technologies to study AD in a human, disease-relevant model. If 
our hypothesis is proven, and we develop a small molecule to 
contextually disrupt p62 activity, this project could result in the 
development of a first line treatment for not only AD but 
potentially all age-related dementias. 

Strategic Relevance 
(300 words) 

The Centre for Bioscience (CBS) recognises that the UK 
Industrial Strategy Grand Challenges endorse and promote 
Healthy Ageing as a priority area for research and innovation. 
CBS has 3 main themes; the largest being Ageing & Lifelong 
Health, spanning epidemiological and genomic population 
level studies through to basic cell and molecular biology. We 
recognise that the lack of progress in developing effective 
treatments for age-related dementias is due to two main road 
blocks; a lack of understanding of the basic molecular 
mechanisms of disease and a lack of early diagnostic 
biomarkers facilitating early treatment. In this project we will 
take a hypothesis driven approach to interrogate a specific 
molecular mechanism for Alzheimer’s disease pathogenesis. 

Interdisciplinarity and 
fit with DTA3 

This project will combine the latest tools and technologies in 
cell and molecular biology with the design, production and 
implementation of small molecules using medicinal chemistry. 

Industrial Relevance 
(300 words) 
 

It may be possible to develop a placement at the Medicines 
Discovery Catapult at Alderley Park or other relevant 
opportunities. 

Economic and 
Societal Impact (300 
words) 

The successful development of new drugs for the treatement of 
Alzheimer’s disease (AD) would have profound economic and 
societal effects. As the aging population increases in the UK so 
does the number of people affected by AD. The development 
of a drugable small molecule that shows efficacy in human in 
vitro models and pre-clinical efficacy in established animal 
models would likely result in substantial intellectual property 
generation and biotech start-up potential in the short term. In 
the longer term there is the potential for clinical trial and 
making real societal change by effectively treating one of the 
most debilitating diseases in our ageing population. 
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Page 3 – Admission Requirements 

 

Specific Admission 
Requirements 
 

Essential: Cell and Molecular Biology related degree 
Desirable: Experience of culturing iPSC 
Desirable: Experience of neuronal culture and maintenance 
Desirable: Experience in genetic modification of cells in culture 
 

Minimum IELTS score  
 

 

 


