
  
 

   

2023 PhD projects and supervisory teams  
Doctoral Fellowships for Clinicians 

 
 
 
 
Mechanisms and functions of host metabolic reprogramming in liver cancer development. 
Supervisory team: Dimitrios Anastasiou (primary supervisor, Crick) and Emmanouil Tsochatzis 
(UCL) 
 
Linking form to function: modelling and investigating feedback effects of nuclear shape 
abnormalities in laminopathies. Supervisory team: Katie Bentley (primary supervisor, Crick) and 
Francesco Saverio Tedesco (UCL) 
 
Mitochondrial regulation of neurons in health and disease: synapses, axons and circuits. 
Supervisory team: Mike Devine (primary supervisor, Crick) and Selina Wray (UCL) 
 
Developing high-throughput genome editing platforms to enable precision medicine 
approaches to cancer diagnosis and treatment. Supervisory team: Greg Findlay (primary 
supervisor, Crick) and Marc Mansour (UCL) 
 
Between life and death – cellular strategies for coping with acute energetic stress. Supervisory 
team: Nathan Goehring (primary supervisor, Crick), Guillaume Charras (UCL) and Rickie Patani 
(UCL/Crick) 
 
Developing novel cancer therapeutics by functional interrogation of the nervous system. 
Supervisory team: Leanne Li (primary supervisor, Crick), Andreas Schaefer (UCL/Crick) and Rickie 
Patani (UCL/Crick) 
 
Prolonging survival in adults with chronic hepatitis B virus (HBV) infection through risk-
stratified treatment and surveillance. Supervisory team: Philippa Matthews (primary supervisor, 
Crick) and Douglas MacDonald (UCL) 
 
Mutations and mosaicism in human embryonic development. Supervisory team: Naomi Moris 
(primary supervisor, Crick) and Cristina Dias (King’s College London)  
 
Identification of molecular subtypes of amyotrophic lateral sclerosis (ALS) to enable patient 
stratification and treatment. Supervisory team: Anne Schreiber (primary supervisor, Crick) and 
Rickie Patani (UCL/Crick) 
 
Cancer Dynamics. Supervisory team: Samra Turajlic (primary supervisor, Crick) and Kevin 
Litchfield (UCL) 
 
A BCG skin challenge model to assess TB vaccines in humans. Supervisory team: Robert 
Wilkinson (primary supervisor, Crick) and Brian Robertson (Imperial College London) 



   

Mechanisms and functions of host metabolic reprogramming in liver 
cancer development  
A PhD project for the 2023 doctoral clinical fellows programme with Dimitrios Anastasiou 
(primary supervisor, Crick) and Emmanouil Tsochatzis (UCL) 

In the last three decades, there has been an alarming increase in the number of patients with liver 
disease linked to obesity, alcohol consumption, environmental toxins and pathogens [1,2]. If current 
epidemiological trends continue, about a fifth of these patients will develop hepatocellular carcinoma 
(HCC), which has a high mortality rate due to lack of effective therapies. It is unclear what causes 
progression from liver disease to HCC but stopping this transition would halt the imminent increase in HCC 
incidence. This project will use mouse models to understand how systemic metabolic changes in the host, 
mediated by specific hepatic cell populations, contribute to HCC development. 

The Anastasiou Lab are studying, among other topics, how whole-body and liver metabolism co-
adapt to obesogenic diets and during the development of HCC. Our ultimate goal is to identify the 
molecular mechanisms that mediate the transition from liver disease to HCC and design new therapeutic 
strategies that target these mechanisms. In recent unpublished work, using in vivo metabolic imaging and 
ex vivo metabolomic analyses, we have shown that HCC induces characteristic changes in carbohydrate 
and lipid metabolism in the peritumoral liver. Using immunodeficient mice, we have also shown that HCC-
induced host metabolic changes require a functioning immune system, which has important roles in 
tumorigenesis and response to therapy [3,4]. 

In this project, the successful candidate will study how HCC influences the composition of 
peritumoral immune cell populations; we will then investigate the role of the altered immune 
environment in HCC-induced host metabolic reprogramming. To this end, we will use flow cytometry and 
mass cytometry (CyTOF) to characterise immune cells in mouse models of HCC, and mouse genetics to 
interfere with metabolic pathways in hepatocytes and the function of immune cells to study their impact 
upon HCC development. These approaches will be complemented by nuclear magnetic resonance (NMR) 
and mass spectrometry (MS) metabolomics combined with stable isotope tracers in cultured cells and in 
mice. In addition to uncovering fundamental principles of metabolic homeostasis, this project will also 
provide important insights towards targeting both HCC and host metabolism for cancer therapy. 
 
The partner institution for this project is UCL. 
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Linking form to function: Modelling and investigating feedback effects of 
nuclear shape abnormalities in laminopathies 
A PhD project for the 2023 doctoral clinical fellows programme with Katie Bentley (primary 
supervisor, Crick) and Francesco Saverio Tedesco (UCL) 

Mutations in the LMNA gene, encoding lamin A/C, cause severe, incurable disorders collectively known as 
laminopathies [1]. Striated (skeletal and cardiac) muscle is the main tissue manifesting phenotypes, with 
cardiomyopathies being the most common manifestation and LMNA-related congenital muscular dystrophy 
(L-CMD) being the most severe. L-CMD is characterised by progressive muscle wasting and weakness from 
infancy, and premature death due to cardiorespiratory failure [1].  

Lamin A/C forms a supportive structural meshwork beneath the inner nuclear membrane called the 
nuclear lamina that also has important roles in genome organisation and gene expression regulation. 
Laminopathies are typically associated with abnormally shaped cell nuclei, decreased nuclear membrane 
integrity and altered genome organisation [1]. However, to date the mechanistic link between form (i.e. 
dysmorphic nuclei) and function (i.e. muscle weakness and wasting) remains elusive, ultimately delaying 
development of therapies for this groups of severe disorders. 

A key bottleneck of current studies developing experimental therapies for muscle laminopathies 
lays in the use of suboptimal in vitro and in vivo models, as well as of invasive procedures (i.e. biopsies) to 
source essential material to conduct studies. To overcome these hurdles, Dr Tedesco and his team harness 
the controllable expansion and differentiation capacity of human induced pluripotent stem cells (hiPSCs) to 
assess the emergence of early onset phenotypes in vitro in cell types otherwise impossible to study (e.g., 
embryonic/foetal myoblasts and myofibres) [2,3,4]. They have pioneered the development of patient-
specific models of skeletal muscle laminopathies from hiPSCs (including bioengineered 3D human muscles) 
[3] and discovered that nuclear elongation is a prominent dysmorphic feature, which could be used as a 
phenotypic readout correlating with the clinical severity of specific LMNA mutations [4]. However, the 
mechanistic interplay by which nuclear form feedsback with gene expression changes and functional are 
unclear. Dr Bentley is an expert in developing predictive computational models capturing how cell shape-
signalling feedback can drive emergent changes in cell behaviour [5] and has developed a prototype spatial 
simulation of nuclear envelope dynamics [unpublished].  
 
Hypothesis: muscle contractions cause deformities and elongation in myonuclei with mutant lamins; this in 
turn causes altered genome organisation and gene expression, ultimately impairing muscle cell function. 
 
Key aims, objectives and timeline: 
1. Validate robustness of abnormal nuclear shape and elongation as disease-specific phenotypic readouts 

by cross-comparing nuclear morphometrics data of 2D and 3D in vitro cultures vs muscle biopsies. (Yr 
1). 

2. Determine what causes changes in nuclear morphology, testing if mechanical challenges (e.g. muscle 
contraction) induce persistent deformities in LMNA mutant nuclei. Develop an In silico model calibrated 
to this data to predict how perturbations to the tissue contractions/genetics impact mechanistic 
feedback followed by validation in vitro and model refinement using 3D LMNA mutant engineered 
muscles before and after stimulation (Yr 2). 

3. Perform RNA- and ATAC-sequencing on bulk and isolated nuclei groups, including bioinformatics analyses 
to correlate changes in gene-expression and genome organisation to classes of nuclear shapes 
determined by computational morphometric analyses (Yr 2). 

4. Correlate nuclear morphology to chromatin state, transcriptional profile and functional outcomes (e.g., 
force of contraction) comparing to refined simulation predictions (Yr 3). 

The partner institution for this project is UCL. 
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Mitochondrial regulation of neurons in health and disease: synapses, 
axons and circuits 
A PhD project for the 2023 doctoral clinical fellows programme with Mike Devine (primary 
supervisor, Crick) and Andrea Serio (King’s College London) 

Project background and description 
Fundamental to the success of complex multicellular life has been the evolution of the nervous system, 
because this enables organisms to respond to stimuli in a rapid and coordinated manner. However, nervous 
systems are expensive: the human brain comprises just 2% of the body's mass, yet utilises 20% of the body's 
energy. Much of this energy is needed to power synapses, where neurons communicate with each other. In 
order to carry out neuronal computation, not all synapses are active simultaneously; therefore energy usage 
varies hugely at individual synapses over time. Additionally, neurotransmitter release at synapses is 
triggered by a rapid influx of Ca2+ ions in response to incoming action potentials, so synapses must quickly 
clear Ca2+ to stop neurotransmission and prepare for future release events. A key question in the field is 
how do neurons meet such spatiotemporally diverse energy and Ca2+ buffering requirements?  

Mitochondria are ideally suited to help with this, because they are a major source of ATP (via 
oxidative phosphorylation) and they avidly take up local Ca2+ via the mitochondrial calcium uniporter. 
Crucially, they are also mobile: they move around within neurons to where they are most needed. 
Unsurprisingly, they frequently localise at presynapses where they support synaptic transmission via 
provision of ATP [1]. But we and others have shown that presynaptic mitochondria can also lower 
neurotransmission via buffering local Ca2+ [2]. Therefore, mitochondria play a dual role in shaping synaptic 
activity, which has major implications for neurodegenerative diseases where synaptic pathology precedes 
neuronal loss (e.g. Alzheimer’s, Parkinson’s and ALS; reviewed in [1]) but also diseases featuring a mismatch 
between energy demand and supply (stroke, epilepsy) or circuit dysfunction (dystonia, psychiatric 
conditions). 

Combined with the Serio lab’s expertise in bioengineering, we can start to address these crucial 
questions in patient-derived induced Pluripotent Stem Cell (iPSC) models of disease. Using these models we 
can generate specific neuronal subtypes of interest, with unparalleled control over synapse location, axonal 
length and neuronal circuit configuration. 
 
Potential projects 
The exact project (and disease focus) would be developed in discussion with the applicant. Potential 
projects include (but are not limited to) studying: 

(1) the role of mitochondria in regulating synapses in midbrain dopaminergic neurons (the neurons most 
vulnerable in Parkinson’s) and whether they could contribute to the ‘silencing’ of these synapses 
[3], 

(2) how mitochondria interact with other intracellular organelles such as endoplasmic reticulum or 
lysosomes (which can also buffer Ca2+ thereby tuning synaptic activity [4]) and how these 
interactions change in neurodegenerative conditions, 

(3) how physical parameters such as axonal length / circuit shape can influence the internal metabolic 
and regulatory dynamics of neurons, and how these parameters could affect pathologically relevant 
phenotypes in neurodegenerative diseases such as ALS or Parkinson’s disease, since longer neuronal 
fibres are more prone to degeneration in these conditions [5]. 

Techniques include primary neuronal and slice culture, iPSC culture and differentiation, live cell imaging, 
super resolution microscopy, electron microscopy, bioengineering, bioinformatics, electrophysiology and in 
vivo imaging. 
 
Medical relevance 
The goal of the lab is to unpick the molecular mechanisms by which mitochondria govern neuronal/synaptic 
function, and how this regulation changes in neurological and psychiatric disease, with the aim of opening 
up new therapeutic avenues for these disorders. 

The partner institution for this project is King’s College London. 
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Developing high-throughput genome editing platforms to enable precision 
medicine approaches to cancer diagnosis and treatment  
A PhD project for the 2023 doctoral clinical fellows programme with Greg Findlay (primary 
supervisor, Crick) and Marc Mansour (UCL) 

The promise of using an individual’s DNA as a means of guiding diagnostic and therapeutic approaches is 
predicated on the ability to accurately interpret rare genetic variants. In the context of cancer, 
understanding the effects of variants in established oncogenes and tumour suppressors is of great 
importance because the information can determine whether a patient is genetically predisposed to cancer 
and which pharmacologic interventions will optimise outcomes [1]. Despite rapidly growing demand for 
accurate variant interpretation, our ability to assess the functional effects of rare human variants remains 
highly limited. Even in the most well-studied genes, it is challenging to predict which mutations have 
molecular consequences that impact our health. This is illustrated by the 100,000s of variants of uncertain 
significance (VUS) seen across genetic databases such as ClinVar. Outside of well-studied coding sequences, 
we lack a firm understanding of precisely which non-coding elements perform key functions, and relatedly, 
which rare variants in these regions account for the missing hereditability seen across cancers. 

To address this challenge, the Crick’s Genome Function Laboratory leverages the latest innovations 
in genome editing to ask experimentally which variants contribute to human disease and how. We use 
CRISPR-based tools to alter the genomes of human cells grown in culture and next-generation sequencing 
to track effects of millions of mutations simultaneously. We interpret our experimental results in the 
context of genetic data from the clinic and computational models to confidently predict not only which 
mutations cause disease, but also the underlying genetic mechanisms driving clinical phenotypes. 

This clinical PhD project will leverage large-scale genetics data such as UK Biobank, as well as 
artificial intelligence-driven models, to define priority regions for functional interrogation. New, higher-
throughput methods will be developed to greatly expand the lab’s ongoing studies of tumour suppressor 
genes such as BRCA1 and VHL. The clinical PHD student will learn state-of-the-art genome editing methods, 
such as saturation genome editing to pinpoint the precise variants implicated in disease [2, 3] and CRISPR-
based guide-RNA screening to characterise vast regions of the genome with unknown function [4]. Variants 
will be explored with a range of cell-based functional assays, including single-cell transcriptomics, to 
explore numerous dimensions of variant effect, thus providing opportunities to dive deeper into specific 
molecular pathways and genetic mechanisms. The student will also be trained to analyse complex, 
sequencing-based datasets in conjunction with large-scale genetics and genomics data and medical records. 

This project will ultimately advance our understanding of the diverse pathways through which 
mutations lead to cancer and promises to have a direct clinical impact by improving our ability to interpret 
variants seen in patients.  
 
The partner institution for this project is UCL. 
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Between life and death – cellular strategies for coping with acute 
energetic stress 
A PhD project for the 2023 doctoral clinical fellows programme with Nathan Goehring (primary 
supervisor, Crick), Guillaume Charras (UCL) and Rickie Patani (UCL/Crick)  
 
Life for many organisms is characterised by encounters with unreliable environments that pose existential 
threats to their survival. Organisms have therefore evolved numerous mechanisms to adapt to changing 
environments. One strategy used by many organisms to cope with extreme stress such as oxygen deprivation 
is to enter states of suspended animation or dormancy that minimise energy consumption while maintaining 
long term viability [1]. Induced suspended animation is also used clinically to extend organ viability, for 
example, in trauma patients to extend time available for transport and treatment. 

Suspended animation often involves wholesale alterations in physicochemical properties of cells. 
For example, in some organisms, the fluid-like interior of the cell transitions into a protective solid or glass-
like state [2,3]. Arrest can also trigger reversible phase separation of protein complexes within clusters and 
or droplets, potentially to sequester molecules in a protective conformation [4].  While such processes have 
been studied in unicellular organisms, we have much less understanding of how physicochemical changes in 
animal cells help them achieve viable, but suspended states. In particular, acute changes to cellular 
architecture have not been explored extensively. 

Our labs are particularly interested in how self-organizing processes that establish cell architecture 
are affected by entry into suspended states. Under normal circumstances cells constantly consume ATP to 
drive processes responsible for maintaining their internal organization. This includes assembly of the 
cytoskeleton and patterning of the cell membrane into functional domains, but also numerous homeostatic 
pathways such as regulation of membrane identity and cell cycle status that depend on ATP-consuming 
cycles of phosphorylation and/or GTP hydrolysis. This raises the question of how such processes respond to 
conditions of restricted energy expenditure and whether cells have evolved general strategies to allow them 
to avoid the collapse of internal architecture in suspended states. 

To address these questions, this project will explore the cellular response to suspended animation 
using mammalian tissue culture cells and/or the C. elegans embryo.  Preliminary data obtained by our labs 
and others are consistent with large scale organizational changes to these cells. Building on these 
observations, this project could take a number of directions depending on the interests and experience of 
the candidate. Some examples of approaches could include analysis of changes to the phospho-proteome 
and cellular metabolites, exploration of the biophysical response of arrested cells, how anoxia impacts 
phase separation, or how anoxia impacts tissue architecture and function. A key motivation will be to 
understand how such changes are induced and whether they reflect specific adaptations to promote the 
ability of cells to recover upon reanimation. 

We envision that this work will reveal general principles of the cellular response to entry into 
suspended animation. These principles will help inform our understanding of clinically-relevant examples 
of cellular dormancy, from arrested mammalian oocytes, embryos and stem cells to long term persisting 
cancer cells, improve our understanding of how stress influences cellular behaviours such as when cancer 
cells encounter oxygen-depleted micro-environments, and guide strategies for organ and tissue 
preservation. 
 
The partner institution for this project is UCL. 
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Developing novel cancer therapeutics by functional interrogation of the 
nervous system  
A PhD project for the 2023 doctoral clinical fellows programme with Leanne Li (primary supervisor, 
Crick), Andreas Schaefer (UCL/Crick) and Charles Swanton (UCL/Crick) 

The course of cancer progression is dictated by the complicated interplay between cancer cell intrinsic 
factors and extrinsic environmental factors. Tumours are made up of both cancer cells and host cells that 
support the tumour’s growth. Interactions between the different types of cells in the tumour constantly 
shape the behaviour of the cancer cells and affect how the disease will progress. Therefore, in order to 
develop more efficacious cancer therapies, we need to understand how cancer cells communicate with the 
host or ‘stromal’ cells within the area directly around the tumour, called the tumour microenvironment. 
Furthermore, we also need to know how the tumour communicates with the rest of the body.  

In particular, accumulating evidence has indicated that cancer and the nervous system bear a much 
closer, entangled relationship than had been appreciated. Changes of the innervation landscape, 
significantly impacting cancer progression, have been observed in many cancer types. However, 
perturbations of neural activity have yielded incoherent results in distinct cancer types, and sometimes 
even in the same cancer type across different studies. This variability may be due to the limitations in the 
currently employed methodologies: the composition of cancer-innervating neuronal populations has not 
been extensively profiled, and the standard methods used to manipulate neural activity, such as surgical 
denervation and pharmacological treatment, lack specificity and selectivity in both the location of the 
perturbation and types of neurons affected, which complicates the interpretation of results. 

We are interested in elucidating the interactions between cancer and the nervous system. In 
particular, we aim to reveal how tumour innervation may affect cancer progression, and whether interfering 
with such a crosstalk could provide novel inroads for cancer therapy. 

The doctoral project will develop around the two key questions: Does the presence of a tumour 
rewire the nervous system, both locally and remotely? Can we treat cancers by manipulating the nervous 
system? 

We use a variety of highly translational genetically-engineered mouse models (GEMMs) of cancer [1-
3] and GEMM-derive cancer cell lines as our principal platforms of investigation. These include but are not 
limited to lung and pancreatic cancers. We will interrogate the role of innervation in tumour progression, 
using co-culture of cancer organoids and neurons, in vivo manipulation of neural activity, etc. A wide range 
of advanced techniques will be employed, including microCT, MRI, ultrasound, advanced microscopy 
imaging, optogenetics [4], chemogenetics, microfluidic devices, intravital imaging, iPSC, proteomic and 
metabolomic studies [5] etc.  

Clinicians who are interested in cancer research or neuroscience, who are passionate in 
understanding the basic mechanisms of cancer progression and its interaction with the nervous system, and 
who are enthusiastic about developing novel therapeutic options for cancer patients are welcome to join 
us. Discussions are welcome to tailor the projects according to your clinical interests. 
 
The partner institution for this project is UCL. 
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Prolonging survival in adults with chronic hepatitis B virus (HBV) infection 
through risk-stratified treatment and surveillance  
A PhD project for the 2023 doctoral clinical fellows programme with Philippa Matthews (primary 
supervisor, Crick) and Douglas MacDonald (UCL/Royal Free Hospital/UCLH).  

There is a huge global burden of hepatitis B virus (HBV) infection, but it is a neglected disease accounting 
for approaching a million deaths from cirrhosis and hepatocellular carcinoma (HCC) annually [1]. Current 
treatment guidelines recommend therapy in only a minority of those affected, and ultrasound surveillance 
for HCC in those most at risk [2]. However, the routine clinical parameters used for assessment miss a 
substantial proportion of patients at risk of complications [3], including early cancers at a potentially 
curable stage. Enhanced risk-stratification in these cohorts, using an expanded dataset of clinical and 
laboratory parameters representing host and viral factors, may identify those who would benefit from 
earlier treatment, contribute to development of refined risk scores, and cost-effective use of enhanced 
surveillance. This PhD project sets out to refine clinical and laboratory approaches to determine and tackle 
the long-term risk of HBV complications. 

Working with clinical and research collaborators in the UK and South Africa, we have access to 
clinical samples and host data representing varied populations. The Royal Free London (RFL) NHS trust has 
the largest HBV cohort in England delivered across areas of high HBV prevalence, and offers liver 
transplantation and clinical trials, while the University College London Inclusion Health programme delivers 
care to vulnerable, high-risk populations with expertise in screening and management of blood-borne 
infection. 

The overall aim of the project is to develop an enhanced understanding of the clinical and laboratory 
profile of HBV infection to inform enhanced interventions, with a specific focus on reducing adverse 
outcomes including HCC. The project will generate high-resolution data using the following approaches: 

• Collection of high-resolution clinical data (demographics, co-morbidity, imaging, laboratory, 
treatment information) from real-world cohorts;  

• Host and pathogen sequencing [4], and measurement of existing and novel biomarkers including 
multiplex approaches to measuring host and viral parameters;  

• Analysis of liver tissue from biopsies or explants to phenotype end-organ disease in tissue, for 
correlation with peripheral biomarkers.  

These data will be used to identify individuals and populations at the highest risk of complications, and thus 
to develop an evidence base for enhanced intervention (including enhanced risk stratification and 
surveillance, earlier treatment and dual treatment).  
 
The supervision team will comprise clinician scientists based at the Crick and clinicians working in diverse 
hepatitis services. Laboratory work will be undertaken in partnership with the Scientific Technology 
Platforms, ‘STPs’, (including high throughput sequencing, metabolomics, chemical biology, and 
biostatistics).  

Lab members are encouraged to contribute to ideas and planning throughout the course of the PhD. 
Our aim is to develop and maintain an atmosphere that nurtures scientific creativity and productivity, 
capitalizing on many opportunities for collaboration.  

We particularly welcome applications from candidates with an interest in infectious diseases and 
microbiology, hepatology, cancer biology, and/or global health. You will have the opportunity to collaborate 
in a diverse programme of research with strong translational links, with the aim of developing insights that 
provide an evidence base for informing clinical practice and policy, and taking steps towards international 
targets for HBV elimination [5].  

 
The partner institution for this project is UCL. 
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Mutations and mosaicism in human embryonic development  
A PhD project for the 2023 doctoral clinical fellows programme with Naomi Moris (primary 
supervisor, Crick) and Cristina Dias (King’s College London).  

Extensive epigenetic remodelling occurs during human embryonic development, as cells make fate decisions 
that establish the required cell types for functional organs and tissues. As a result, mutations in these 
factors often cause embryonic lethal effects around the point of gastrulation. For instance, ablations in 
ARID1A (a component of the SWI/SNF complex) in mice prevents progression through gastrulation, with the 
absence of mesodermal differentiation and resultant lethality (Gao et al., 2008). Heterozygous mouse 
mutants die mid to late gestation, showing neural tube and cardiac defects. However, patients with 
heterozygous ARID1A mutations present primarily with intellectual disability, dysmorphic features and 
variable congenital anomalies including skeletal, gastrointestinal and cardiovascular (Kosho et al., 2014). It 
is possible that previously reported mosaicism in these patients, genetic background or human-specific 
chromatin remodelling functions, lead to a less severe phenotype.  The advent of high throughput genomic 
sequencing technology has afforded the identification of the underlying genetic cause of this and several 
other congenital anomaly phenotypes. 

To explore these possibilities, a new method for studying human embryonic development in vitro, 
known as human gastruloids will be utilised (Moris et al., 2020). These are 3D aggregates of human 
Embryonic Stem Cells (ESCs) that spontaneously self-organise, polarise their gene expression, undergo 
morphological elongation and display axial gene expression organisation that mirrors elements of a 20-22 
day old human embryo. The proposed project will harness the power of this novel technology to interrogate 
fundamental questions of human embryogenesis that lead to developmental arrest or severe congenital 
phenotypes. 

Using patient-derived iPS cell lines (Devito et al., 2021), CRISPR/Cas9 repaired isogenic controls, 
and genetically engineered ESC control lines, human gastruloids will be generated and fully characterised. 
Imaging techniques including confocal and light-sheet microscopy will be combined with gene expression 
analysis including single-cell RNA-seq and single-cell ATAC-seq to determine the dynamic effect on cell fate 
specification. The project will therefore focus on the role of mutations and cellular mosaicism in 
specification of germ layer derivatives during human peri-gastrulation development.  

The project will be a collaboration between Dr Naomi Moris at the Francis Crick Institute 
(Developmental Biologist) and Dr Cristina Dias at Kings College London (Clinical Geneticist and Clinician 
Scientist). Training will involve ample opportunity for professional development, with training in tissue 
culture techniques, imaging, sequencing and data analysis provided alongside gene editing, interpretation 
of human genomic mutation and phenotypic correlation. 

 
Candidate background 
This project would suit candidates with an interest in embryology and developmental biology or a 
background in clinical genetics/epigenetics. We are particularly interested in hearing from candidates with 
experience in (human, pluripotent) stem cell culture and/or 3D organoid or embryoid technologies. 
 
The partner institution for this project is King’s College London. 
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Identification of molecular subtypes of amyotrophic lateral sclerosis 
(ALS) to enable patient stratification and treatment  
 

A PhD project for the 2023 doctoral clinical fellows programme with Anne Schreiber (primary supervisor, 
Crick) and Rickie Patani (UCL/Crick)  
 
Neurodegenerative diseases are characterized by the progressive degeneration of the structure and function 
of the central or peripheral nervous system and are often characterized by mitochondrial dysfunction and 
protein aggregation with the latter at least in part caused by a disturbance in pathways regulating cellular 
proteostasis such as autophagy or the ubiquitin-proteasome system (UPS).  Although the prevalence of 
ageing-related neurodegenerative diseases increases, most of them remain incurable. The urgent need to 
develop new treatments for neurodegenerative diseases underscores the great importance of understanding 
their aetiology both at the cellular and molecular levels. It is therefore critical to develop reliable cellular 
model systems to dissect and untangle the key molecular hallmarks of neurodegeneration.  

Progress has at least in part been hampered due to the inability to obtain brain and spinal cord 
biopsies for tissue analysis, limiting our current understanding of cellular pathways contributing to the 
development of neurodegenerative diseases, in particular sporadic forms. Recently, the use of stem cell 
technology has emerged as a promising alternative approach to infer disease pathways from cell lines 
derived from patients’ blood samples with recent experimental evidence suggesting that patient-derived 
iPS and neuronal cells can reproduce the pathological features observed in patients.  

In this project we will focus on the specific biological pathway(s) which drive ALS in order to improve 
patient stratification for clinical trials and to devise more effective treatment strategies.  
In collaboration with Rickie Patani’s laboratory (The Francis Crick Institute/UCL) we will generate induced 
pluripotent stem (iPS) cells, derived from ALS and FTD patients, differentiate them to neuronal cells and 
systematically assess the activity of the ubiquitin-proteasome system and autophagy to quantitively measure 
proteostasis defects in those patients with the aim to better characterize the cellular underpinnings of the 
pathology in individual patients.  
In parallel, we will characterize mitochondrial dysfunction and other frequently observed pathological 
hallmarks of ALS (e.g. cytoplasmic TDP-43 and FUS aggregation) enabling their correlation with UPS and 
autophagy pathway activity to allow better patient stratification for clinical trials to aid drug development 
efforts.  

While our understanding of familial ALS (fALS) and its genetic risk factors provides some clues for 
drug development, little is known about the defects in specific biological pathway(s) in patients with 
sporadic ALS/FTD. To identify suitable pharmacological interventions, we will use patient-derived iPS cells 
characterized for pathway activity in the first part of this project (see above) to understand whether the 
genetically engineered autophagy or UPS dependent degradation of different suggested disease-causing 
agents (e.g. protein aggregates or defective mitochondria) could at least in part increase cell survival. By 
comparing and genetically mimicking different treatment options currently in development (e.g. degrader 
probes like ATTECs or PROTACs) we would enable personalised therapeutic strategies. By collecting 
genomic, proteomics, mitochondrial function and pathway activity data, aided by state-of-the-art data 
analysis and machine learning techniques, we aim to derive biological signatures and establish patterns that 
may result in a better understanding of the underlying disease mechanisms and potential subgroups to 
improve both patient stratification and treatment selection. 
 
The partner institution for this project is UCL. 
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Cancer Dynamics 
A PhD project for the 2023 doctoral clinical fellows programme with Samra Turajlic (primary 
supervisor, Crick) and Kevin Litchfield (UCL) 

We are looking for a doctoral clinical fellow to join the Cancer Dynamics laboratory - a multi-disciplinary 
team of cancer biologists and translational research clinicians concerned with both basic evolutionary 
principles and application of evolutionary rules in the clinic, as well as emergent clinical questions such as 
the bases of anti-tumour immunity and immunotherapy benefit. We collaborate nationally and 
internationally and there will be ample opportunities for training at the Crick and beyond.  

We have two potential projects that may be of interest to clinical fellows:   

Project 1: Resolving the evolutionary dynamics of renal cancer metastases and therapy resistance  
Evolutionary principles are increasingly applied to help us understand cancer initiation and progression as 
evidence by our work to date (1) (2) (3, 4). In the context of renal cancer, we observe that the mode of 
evolution can determine the growth of the primary tumour and the patterns of metastatic progression. 
Renal cancer in particular exhibits a wide range of metastatic phenotypes- from very latent metastases with 
predilection for endocrine tissues; oligometastases where metastases are confined to a single organ; and 
widespread/rapid metastases. To build on this we will decipher the evolutionary dynamics of renal cancer 
metastases, characterizing the sources of selection that lead to emergence of metastasis-competent clones 
at the site of the primary tumour;  understand the patterns and timing of metastatic spread; identify 
novel/common vulnerabilities within the metastatic process, that may inform new strategies for therapeutic 
targeting; and understand the mechanisms of resistance to targeted and immune-oncology agents. This is 
very pertinent in the context of renal cancer because the therapies used to treat the disease target the 
tumour microenvironment (angiogenesis or immune cells).  

Through established research studies: TRACERx Renal and a post-mortem (PEACE) Study, there is a 
unique opportunity to sample a whole range of metastatic sites. The TRACERx Renal study has complete 
recruitment and we have already performed 20 renal cancer post-mortem with both studies contributing 
100s of samples that undergo whole exome, genome and RNA sequencing, generating the largest dataset of 
this type worldwide. This is an opportunity to work with this dataset to provide unprecedented insights into 
patterns of renal cancer spread and the variation in evolutionary patterns between cases. There is also an 
opportunity to contribute to mathematical modelling to predict cancer evolution (5). 

Understanding evolutionary dynamics in renal cancer also has the potential to inform design of 
future clinical trials with regards to the timing of therapy. The current paradigm rests upon an assumption 
of linear progression and will be challenged in this project. 

On this project we will also collaborate with James Larkin at the Royal Marsden/The Institute of 
Cancer Research.  

This project would suit a candidate with a background in mathematics, physics, statistics, 
bioinformatics, evolutionary biology who has an interest in cancer evolution, cancer biology and 
translational research. Prior experience of computational methods especially in cancer genomics and cancer 
evolution is useful, but ample opportunities for training will be provided to those without such experience. 
Candidates from any clinical background and at any stage of clinical training are encouraged to apply. 

 
Project 2: Understanding immunE-related toXicities to uncover mechanisms of autoimmunity and 
inflammation induced by immune checkpoint blockade  
Immune-related adverse events (IrAEs) are a significant cause of discontinuation of checkpoint inhibitor 
(CPI) therapy and patient morbidity. IrAEs are common, largely unpredictable in timing and organ systems 
affected, and range from manageable endocrinopathies to potentially fatal pneumonitis, colitis, 
neurological and cardiac toxicities. Their impact is increasingly relevant as CPIs are tested and approved 
for an expanding number of indications (5), including the adjuvant setting. The management of irAEs 
remains crude involving high-dose steroids, which cause profound morbidity and could impact anti-cancer 
immunity. There is very limited understanding of the biology underlying irAEs and potentially multiple 
mechanisms implicated including host factors such as pre-existing sub-clinical autoimmunity, germline 
polymorphisms and the immune landscape of the tumour itself. At the same time, they present an ideal 
model of induction and understanding of autoimmune disease, given the opportunity to obtain samples 
before autoimmunity/autoinflammation set in. Over the last decade our group has extensively clinically 
phenotyped irAEs (6) and established treatment algorithms (7,8), and more recently begun to define the 



   

mechanisms of irAEs (9). We have already established the bases of liver inflammation driven by CPI. We 
have established a study EXACT – understanding immunE-related toXicities by multifACeT profiling. We will 
study a cohort of 200 patients with cancer treated with combination anti-PD-1/anti-CTLA4 therapy, 
collecting peripheral blood throughout and affected tissue samples, especially skin and gut. We will use 
flow cytometry and cytoff as well as multiplex immunohistochemistry to characterise the immune and 
signalling changes associated with these phenomena and incorporate information on the microbiome, and 
germline   variation, especially in known loci associated with autoimmune disease. Ultimately, the aim is 
to develop a multiparametric biomarker to predict irAEs and provide mechanistic insights and thereby 
therapeutic targets for prevention and/or management of irAEs. The candidate will have the opportunity 
to train in flow cytometry, mass cytometry, cutting-edge imaging techniques, and cancer biology and 
immunology.  

On this project we will also collaborate with Carola Viunesa, PI in A at the Francis Crick Institute, 
Andrew Furness, PI in Adoptive therapy at the Royal Marsden/The Institute of Cancer Research and James 
Larkin at the Royal Marsden/The Institute of Cancer Research.  

This project would suit a candidate with a background in immunology, immunotherapy and 
translational research, but candidates without prior experience and from any clinical background and at 
any stage of clinical training are encouraged to apply.  
 
The partner institution for these potential projects is UCL. 
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A BCG skin challenge model to assess TB vaccines in humans 
A PhD project for the 2023 doctoral clinical fellows programme with Robert Wilkinson (primary 
supervisor, Crick) and Brian Robertson (Imperial College London) 

Tuberculosis remains a major infectious cause of death. The mainstay of control is antibiotic treatment of 
passively detected symptomatic cases who may have already led to extensive transmission. Thus, there are 
~10 million newly diagnosed cases with 1.5 million deaths annually. Bacille Calmette Guérin (BCG) is the 
only licenced vaccine for TB but does not prevent infectious lung disease of adults. Barriers to the 
development of more efficacious vaccines include imperfect understanding of the immunology of human 
tuberculosis, and animal models incompletely recapitulating the natural history of the disease. 
Consequently, TB vaccine development has been slow and costly with only a small number reaching 
advanced clinical trials, and even smaller numbers showing efficacy that reflects performance in animal 
models.  

We propose to develop a human challenge model to assess vaccine candidates more readily and 
help select those progressing to larger scale trials that elicit an antimycobacterial response in humans. 
However, Mycobacterium tuberculosis itself is a poor candidate challenge agent since the 6 months multi-
drug therapy needed to terminate infection, without utterly assuring bacillary clearance, is ethically 
unacceptable. As an alternative our collaborator at Imperial Brian Robertson has engineered an avirulent 
BCG vaccine strain that expresses bright fluorophores that can be detected non-invasively through the skin 
after intradermal injection using a low-cost digital camera system. In this way bacillary viability in the 
absence or following experimental vaccine administration can be inferred. 
 
This project would therefore  

1) at Imperial, via microbial genetics, improve the current reporter system to the stage where it could 
be used for a first-in-man experiment to address the sensitivity of detection in human volunteers. 
We would determine whether engineering a fluorophore to make it unstable (e.g. adding C-terminal 
tripeptide tags) adds any value to the system in terms of detection sensitivity, by measuring the 
rate at which the fluorescent signal is lost in vitro and in vivo models in the mouse model of TB. 
The candidate will learn laboratory skills handling mycobacteria and in vitro and in vivo models for 
evaluation of the reporter strains generated. In anticipation of clinical trials seed stocks of the 
optimised fluorescent BCG reporter strain will be made by fermenter culture in partnership with 
the UK-HSA and further validated in the mouse model. 

2) Samples collected from the in vivo testing will be used for immunological analyses at Crick to 
investigate the immune response to the bacterial reporter in vaccinated versus unvaccinated 
animals. This will potentially inform human correaltes analysis in subsequent clinical work. 
Specifically single cell RNA sequencing (established in the lab by a current clinical PhD student) of 
peripheral blood cells and multiparameter flow cytometric analysis (a skill provided by an 
experienced PLRS) will be used. 

3) In parallel the candidate will have the opportunity to be involved in the path to clinic with the 
planning of a Phase 1 trial to address questions about the sensitivity of detection in human 
volunteers. Thus, a clinical PhD student would have the opportunity to be trained in Microbial 
genetics, Immunology and Bioinformatics and participate in the planning of a clinical trial. 

The partner institution for this project is Imperial College London. 
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