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Imaging and Biomedical Engineering

This theme focuses on the link between biomedical and physical sciences – particularly
physics, engineering and computational approaches. Clinical functional and molecular
imaging (MRI, PET, X-MR and PET-MR) is a major strength, along with
computational modelling and biomaterials.

When choosing a project from this catalogue in the funding section of the online
application form please enter: MRCDTP2021_Theme4
Deadline for application: Sunday 29th November 2020
Shortlisted candidates will be contacted in early January.
Interviews: Wednesday 27th January & Thursday 28th January 2021
The 2021/22 studentships will commence in September 2021.
For further Information or queries relating to the application process please
contact mrc-dtp@kcl.ac.uk

Projects listed in this catalogue are subject to amendments, candidates
invited to interview will have the opportunity to discuss projects in
further detail.
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1.4 Design of novel 18F molecular probes for positron emission tomography imaging of the
cannabinoid receptors
Co-Supervisor 1A:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Dr Vincenzo Abbate
School of Population Health & Environmental Sciences
vincenzo.abbate@kcl.ac.uk
https://www.kcl.ac.uk/people/vincenzo-abbate-1

Co-Supervisor 1B:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Dr Ran Yan
School of Biomedical Engineering and Imaging Sciences
ran.yan@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/ran.yan.html

Project description:
The endocannabinoid system, and in particular Cannabinoid-1-receptors (CB1R), is involved in various
physiological processes including memory, mood, pain-sensation, and appetite. Human brain imaging of CB1R
via Positron Emission Tomography (PET) has the potential to provide non-invasive and quantitative
measurement for the in-vivo evaluation of the biology and pharmacology of CB1R in numerous conditions such
as obesity, mood disorders, and addiction. Recently, cumyl-carboxamide synthetic cannabinoids have emerged
as highly potent drugs of abuse. These potent and selective CB1R agonists (EC50 0.43−12.3nM) will be
employed as lead compounds for CB1R PET tracer development in this interdisciplinary/translational project.
We will prepare a library of 18F-labelled cumyl-carboxamides and systematically evaluate them in vivo (see
figure below) to identify the most promising CB1R PET tracer to enable translation into patients for the
diagnosis of conditions described above.

18F for PET Imaging
Tracer injection

PET Imaging

radiolabelled synthetic cannabinoid receptor ligand

Techniques and skills:
The student will receive following training: Organic synthesis; analytical chemistry; safe handling of radioactive
material; 18F-labelling methods; personal animal licence; biodistribution study; metabolite analysis; in vivo
pharmacokinetics; PET imaging and data analysis; planning for clinical translation of the new tracers.
Objectives:
Year 1: Synthesis and characterization of the nonradioactive and 18F-labelled cannabinoid library.
Year 2: In vitro evaluation of 18F-labelled cumyl-carboxamides including logD measurement, stability in human
serum, and binding affinity and selectivity to CB1R.
Year 3:
4

•
•

In vivo PET imaging, blocking study using the CBR1 antagonist rimonabant, metabolism study, ex
vivo biodistribution, and brain tissue radioautography of 18F-labelled cumyl-carboxamides.
Planning for clinical translation of the new tracers; thesis writing up and preparation for publication and
conference presentation.

One representative publication from each co-supervisor:
[1] The Ongoing Challenge Of Novel Psychoactive Drugs Of Abuse. Part I. Synthetic Cannabinoids
Abbate, V., Schwenk, M., Presley, B. & Uchiyama, N. 2018, PURE AND APPLIED CHEMISTRY.
[2] Z Lu, J Xie, R Yan, Z Yu, Z Sun, F Yu, X Gong, H Feng, J Lu, Y. Zhang; A pilot study of pancreatic islet
amyloid PET imaging with [18F]FDDNP. Nuclear Medicine Communication. 2018, 39(7), 659-664.
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2.4 Neuroadaptive functional MRI for studying early human brain development
Co-Supervisor 1A:
School/Division & CAG:
KCL/KHP E-mail:
KCL/KHP Website:

Dr Tomoki Arichi
School of Biomedical Engineering and Imaging Sciences
tomoki.arichi@kcl.ac.uk
https://www.kcl.ac.uk/people/tomoki-arichi

Co-Supervisor 1B:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Prof Robert Leech
Institute of Psychiatry, Psychology & Neuroscience
Robert.leech@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/robert.leech.html

Project description:
In early human life, the brain undergoes a dramatic sequence of maturation during which its life-long network
architecture and connectivity framework is established. During this period, activity has a key role in controlling
regional organisation and guiding/consolidating neural connections. Recent developments in fMRI and MRcompatible robotics have enabled safe and accurate mapping of the spatial properties of this activity even in
newborn infants as shown below.

In a traditional fMRI experiment, patterns of activity induced by a specific stimulus or task are identified.
Whilst powerful, this approach limits generalisability and constrains study populations to only those who can
meet specific conditions. This project will apply a new methodology which specifically addresses these
problems: neuroadaptive Bayesian optimisation (Lorenz et al. 2017, Trends in Cognitive Sciences) which
combines real-time fMRI with machine learning to automatically search through experimental conditions and
identify those that are optimal. This method is particularly attractive for studying newborn infants, who cannot
be directed in a task and have a rapidly developing brain which means that generalisation across different
populations and ages is not appropriate.
Objectives:
Year 1/3: Training in neuroimaging methods. Development of neuroadaptive Bayesian optimisation
methodology and robotic stimulation tools for neonates in collaboration with Professor Burdet (Bioengineering,
Imperial College).
Year 2/3: Data collection from newborn infants.
Year 3/3: Completion of data collection and analysis. Dissemination of results, thesis preparation.
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Training:
fMRI methodology and analysis, machine learning, and developmental neuroscience through the supervisory
team; the School’s educational program; external educational courses and conferences.
One representative publication from each co-supervisor:
[1] Dall’Orso S, Steinweg J, Allievi AG, Edwards AD, Burdet E, Arichi T. Somatotopic mapping of the
developing sensorimotor cortex in the preterm human brain. Cerebral Cortex 2018; 28(7): 2507-15.
[2] Lorenz R, Hampshire A, Leech R. Neuoroadaptive Bayesian optimization and hypothesis testing. Trends
in cognitive sciences 2017; 21(3): 155-67.
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3.4 Patient-specific prediction of ablation therapy for atrial arrhythmias using image-based modelling
and deep reinforcement learning
Co-Supervisor 1A:
School/Division & CAG:
KCL/KHP E-mail:
KCL/KHP Website:

Dr Oleg Aslanidi, Reader in Biophysical Cardiac Modelling
School of Biomedical Engineering and Imaging Sciences, Imaging and
Biomedical Engineering Clinical Academic Group
oleg.aslanidi@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/oleg.aslanidi.html

Co-Supervisor 1B:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Dr Maria Deprez, Lecturer in Medical Imaging
School of Biomedical Engineering and Imaging Sciences
maria.deprez@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/maria.deprez.html

Project description:
Background:
Catheter ablation (CA) is the only proven curative therapy for the most common arrhythmia, atrial fibrillation
(AF), which affects millions and is associated with high levels of morbidity and mortality. However, CA has
poor long-term success rate, with AF reoccurring in ~50% of patients. This can be due to empirical nature of
CA procedures that are blinded to AF genesis in a given patient.
Aims and objectives:
This project will develop a novel approach combining biophysical modelling and deep reinforcement learning
(DRL) to predict patient-specific ablation strategies for AF. To achieve this, we will simulate multiple AF
scenarios in MR image-based biophysical models of 3D atria, and use the simulated AF scenarios as
environments for a moving catheter in a DRL algorithm that performs CA. The catheter’s behaviour will be
determined by a process called deep Q-learning, where movements more likely to terminate AF are rewarded.
The trained DRL algorithm will be able to predict patient-specific CA from the underlying MRI datasets,
providing a fast and clinically-compatible software tool.
Objectives:
Year 1: Acquiring and processing MR images from 120 AF patients to generate 3D atrial models.
Year 2: Simulating patient-specific AF scenarios in the image-based models.
Year 3: Training, testing and validating the DRL algorithm to perform AF ablation on the patient-specific
datasets.
Skills:
The student will learn about cardiac anatomy and function, models of cardiac electrophysiology and
arrhythmias, as well as deep convolutional network architecture. They will also gain advanced skills in imageprocessing, biophysical modelling, computer programming and deep learning.
One representative publication from each co-supervisor:
[1] A Roy, M Varela, O Aslanidi. Image-based computational evaluation of atrial wall thickness and fibrosis on
re-entrant drivers for atrial fibrillation. Frontiers in Physiology 2018; 9: 1352.
[2] M Deprez, AN Price, DJP Christiaens, et al. Higher order spherical harmonics reconstruction of fetal
diffusion MRI with intensity correction. IEEE Transactions on Medical Imaging 2020; 39: 104-1113.
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4.4 Understanding the mechanisms regulating collective cell migration by the integration of computer
simulations and in vivo experimentation
Co-Supervisor 1A:
School/Division & CAG:
Institute
KCL/KHP Email:
KCL/KHP Website:

Dr Katie Bentley
Faculty of Natural and Mathematical sciences and The Francis Crick
katie.bentley@kcl.ac.uk
https://www.kcl.ac.uk/people/katie-bentley (and
https://www.crick.ac.uk/research/labs/katie-bentley)

Co-Supervisor 1B:
Dr Claudia Linker
School/Division & CAG:
Faculty of Life Science, Randall Centre
KCL/KHP Email:
Claudia.linker@kcl.ac.uk
KCL/KHP Website:
https://www.kcl.ac.uk/lsm/research/divisions/randall/research/sections/motility/linker/linkerclaudia
Project description:
Collective cell migration (CCM) is fundamental for life and a key characteristic of cancer metastasis. CMM
involves the coordinated movement of cell populations and many characteristics of this system are emergent
properties, arising from the interactions between cells and their environment. Importantly, cell populations not
only move collectively, but also act in coordination to maintain tissue homeostasis. Our understanding of
morphogenesis and pathological conditions critically lack the population view. It is paramount to elucidate how
the mechanisms that regulate migratory and proliferative capacities in single cells, are integrated at the
population level. The only solution to tackle this multiscale problem is to adopt a multidisciplinary approach,
coupling computational modelling with in vivo experimentation.
The crux of this project is to develop the computational side required to untangle how Notch cell-cell
communication mechanisms feedback with cell-cycle dynamics to coordinate CCM. We use zebrafish trunk
neural crest as a model system due to their amenity to experimentation, ease of imaging, genetic tractability,
and remarkable similarity to metastatic cells. This is an exciting cutting-edge project as cell-cycle and Notch
have only recently been recognised with many open questions as to how if unfolds and impacts CCM..
Objectives:
1)
Design a sophisticated 3D cell-based model integrating the biophysical and spatiotemporal effects of
the confined in vivo environment
2)
Incorporate Notch lateral inhibition and cell cycle signalling into the model
3)
Develop computational image analysis solutions to acquire quantitative measurements from the in vivo
data to calibrate and later validate the model
4)
Perform perturbation and sensitivity studies to predict key mechanistic players of notch-cell cycle
feedback for experimental validation.
One representative publication from each co-supervisor:
[1] Ubezio, B et. al. Synchronization of endothelial Dll4-Notch dynamics switch blood vessels from branching
to expansion. eLife 2016;5:e12167
[2] Richardson, J et al. Leader cells define directionality of trunk, but not cranial, neural crest cell migration.
Cell Rep. 2016. http://linkinghub.elsevier.com/retrieve/pii/S2211124716305113
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5.4 Deep Learning for the automated prediction of diabetic retinopathy progression
Co-Supervisor 1A:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Dr Christos Bergeles
School of Biomedical Engineering & Imaging Sciences
christos.bergeles@kcl.ac.uk
https://www.kcl.ac.uk/people/christos-bergeles-1

Co-Supervisor 1B:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Prof Timothy L. Jackson
School of Life Course Sciences
t.jackson1@nhs.net
https://www.kcl.ac.uk/people/timothy-jackson

Project description:
This PhD project will create longitudinal Deep Learning (DL) models capable of predicting the risk of Diabetic
Retinopathy (DR) progression over a 1 to 3-year period. Earlier identification may prompt proactive lifestyle or
medical interventions to mitigate the risk of developing vision-threatening DR. DL models may uncover new
high-risk features of DR progression within retinal images and facilitate individualised screening intervals that
target resources more appropriately.
This proposal is timely and with great potential impact, as DR is estimated to affect a third of the 422 million
people living with diabetes worldwide, of whom 3.8 million have vision-threatening DR. The number of
diabetic people in the UK is reported to be ~4.7 million (6.6% prevalence) and is predicted to rise to >5 million
by 2025.
This PhD project will leverage the UK’s DR screening programme, the largest in the world, with >2 million
patient episodes per year over 10 years, each with retinal imaging. Starting from state-of-the-art results on DL
for prediction of referable DR and maculopathy (approximately 95% sensitivity/specificity), this translational
PhD project will investigate DL architectures tailored to clinical data that represent unbalanced classes. The
PhD student will investigate hard-example mining approaches, combination of multiple datasets for network
learning bootstrapping, and application specific data augmentation. In collaboration with the London AI Centre
for Medical Image Analysis and Value-Based Healthcare, hosted at King’s, the project has the potential to
develop ground-breaking clinically relevant AI to determine DR progression and save sight.
One representative publication from each co-supervisor:
[1] Nunez do Rio, J. M., Sen, P., Rasheed, R., Bagchi, A., Nicholson, L., Dubis, A. M., Bergeles, C*,
Sivaprasad, S.* (2020) ‘Deep learning-based segmentation and quantification of retinal capillary non-perfusion
on ultra-wide-field retinal fluorescein angiography’, J. Clinical Medicine, 9, p. 2537.
[2] Jackson T L, Johnston RL, Donachie PHJ, Williamson TH, Sparrow JM, Steel DHW. The Royal College
of Ophthalmologists' National Ophthalmology Database Study of Vitreoretinal Surgery: Report 6, Diabetic
Vitrectomy. JAMA Ophthalmol. 2016; 134(1): p. 79-85.
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6.4 Neuroreceptor-enriched functional MRI analysis in preclinical models
Co-Supervisor 1A:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Dr Diana Cash
IOPPN, Neuroscience
diana.cash@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/diana.cash.html

Co-Supervisor 1B:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Dr Mattia Veronese
IOPPN, Neuroscience
mattia.veronese@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/mattia.veronese.html

Project description:
Describe the scientific basis of project and translational aspect of the project (where relevant), specify the
techniques and skills that will be learnt, provide a description of the skills training available in the project, and
a set of over-arching objectives for each year of the PhD project. (maximum 250 words):
Background:
Functional MRI (fMRI) has revolutionized our understanding of human brain, exploiting hemodynamic
responses to provide information on neuronal activity at rest and across different tasks in normal and
pathological conditions. Despite its wide use, the method does not provide specific information about the
underlying molecular and cellular phenotypes that are driving these effects.
Aims:
The aim of this project is to develop and validate multi-modal neuroimaging methods to enrich functional MRI
data (including rs-fMRI for brain connectivity and ASL for cerebral blood flow) with molecular imaging and
genetic maps of neuroreceptors, neurotransporters and gene expression in preclinical studies. By applying the
methodology to experimental models of brain disorders, the student will investigate the molecular and genetic
underpinnings of disorders such as schizophrenia and Alzheimer’s Disease (AD). Moreover, these methods will
add molecular specificity when testing the efficacy of putative treatments, ultimately providing novel
biomarkers for preclinical-to-clinical translation in drug discovery and management of brain disorders.

Example of enriching resting state fMRI with Dopamine and Noradrenaline transporters to study the effect of
Methylphenidate in human brain. From Dipasquale et al (2020).
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Objectives
Year 1: Method development and validation of molecular enrichment of resting-state MRI data. Specifically,
the student will investigate solutions to integrate PET imaging into the statistical modelling of the fMRI data.
Year 2: Method development and validation of molecular and genetic enrichment of ASL MRI data.
Specifically, the student will investigate new ways to identify data-driven associations between receptor
systems, gene expression maps and cerebral blood flow alterations.
Year 3: Application of the methods to preclinical models of brain disorders such as AD and schizophrenia and
comparison with clinical studies in human patients.
Skills
The student will utilise and learn skills in Matlab, Python and R scripting, image analysis tools (e.g. FSL,
ANTs, SPM, PMOD), as well as gain practical training in MRI and PET data acquisition.
One representative publication from each co-supervisor:
[1] Polsek D, Cash D, Veronese M, Ilic K, Wood TC, Milosevic M, Kalanj-Bognar S, Morrell MJ, Williams
SCR, Gajovic S, Leschziner GD, Mitrecic D, Rosenzweig I (2020) The innate immune toll-like-receptor-2
modulates the depressogenic and anorexiolytic neuroinflammatory response in obstructive sleep apnoea. Sci
Rep 10:404–13. doi: 10.1038/s41598-020-68299-2
[2] Dipasquale O, Selvaggi P, Veronese M, Gabay AS, Turkheimer F, Mehta MA (2019) Receptor-Enriched
Analysis of functional connectivity by targets (REACT): A novel, multimodal analytical approach informed
by PET to study the pharmacodynamic response of the brain under MDMA. NeuroImage 195:252–260. doi:
10.1016/j.neuroimage.2019.04.007
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7.4 Sideromycin derivatives as templates in the development of fluorescent probes for the imaging of
Gram+/-ve bacterial infections
Co-Supervisor 1A:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Dr Daniele Castagnolo
School of Cancer and Pharmaceutical Sciences
daniele.castagnolo@kcl.ac.uk
https://www.kcl.ac.uk/people/daniele-castagnolo

Co-Supervisor 1B:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Dr Agostino Cilibrizzi
School of Cancer and Pharmaceutical Sciences
agostino.cilibrizzi@kcl.ac.uk
https://www.kcl.ac.uk/people/agostino-cilibrizzi

Project description:
Albomycin and salmycin belongs to the class of sideromycin antibiotics. Structurally, albomycin consists of a
thioribosyl pyrimidine antibiotic linked to a siderophore carrier responsible for its active transport into Gram+ve
and Gram-ve bacteria. Inside bacterial cells, albomycin is cleaved off the Fe3+ carrier by peptidase N,
encoded by pepN. The antibiotic stays inside the cells, whereas the iron-free carrier is excreted. Salmycin is
a siderophore‐linked-aminoglycoside and it inhibits almost exclusively Gram+ve bacteria. Salmycin is
cleaved inside bacterial cells by Fe3+-reductase.
This project aims to exploit sideromycins as templates for the synthesis of novel fluorescent probes for bacterial
imaging. The siderophore carriers of albmomycin and salmycin will be linked to appropriate fluorescent probes
(i.e. fluorescein, dansyl, benzofurazans) which will be actively carried inside the bacterial cells and released after
metabolic cleavage allowing the imaging of the microorganisms. The cleavage of salmycin by Fe3+-reductase
activity will be further exploited to design a switchable siderophore-fluorescein probe able to become
fluorescent only once internalised in bacteria as shown in Figure 1.

In addition, the less selective siderophore carrier of albomycin will be synthetically modified in order to increase
its selectivity toward strains of Gram-ve bacteria (in partcular N. gonorrea and K. pneumoniae). The project
will be carried out in close collaboration with Public Health England, which will provide a panel of ESKAPE
bacteria for imaging and toxicity studies.
This project is multidisciplinary and it offers a combination of expertise and skills ranging from synthetic organic
and inorganic chemistry, fluorescence spectroscopy, microscopy, imaging and microbiology.
13

One representative publication from each co-supervisor:
[1] Masci, D.; Hind, C.; Islam, M.K.; Toscani, A.; Clifford, M.; Coluccia, A.; Conforti, I.; Touitou, M.;
Memdouh, S.; Wei, X.; La Regina, G.; Silvestri, R.; Sutton, J. M.; Castagnolo, D.* “Switching on the
activity of 1,5-diaryl-pyrrole derivatives against drug-resistant ESKAPE bacteria: Structure-activity
relationships and mode of action studies” Eur J. Med. Chem. 2019, 178, 500-514
[2] Chuljerm, H.; Deeudom, M.; Fucharoen, S.; Mazzacuva, F.; Hider, R.C.; Srichairatanakool, S.; Cilibrizzi,
A.* “Characterization of two siderophores produced by Bacillus megaterium: A preliminary investigation into
their potential as therapeutic agents” Biochim. Biophys. Acta, Gen. Subjects 2020, 1864 (10), 129670.
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8.4 Developing the next generation of tractography algorithms to map human brain connectivity
Co-Supervisor 1A:
School/Division & CAG:
KCL/KHP E-mail:
KCL/KHP Website:

Dr. Flavio Dell’Acqua
IOPPN / Academic Psychiatry
flavio.dellacqua@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/flavio.dellacqua.html

Co-Supervisor 1B:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Prof. Marco Catani
IOPPN / Academic Psychiatry
marco.1.catani@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/marco.1.catani.html

Project description:
Mapping the intricate wiring of the human brain is one of the main goals of modern neuroscience. Diffusion
MRI tractography is the only imaging method that allows researchers probing white matter connections invivo, making it a unique tool for both research and clinical investigations. The aim of this PhD project is to
develop a new family of tractography algorithms to overcome some of the main challenges of modern
tractography and open the door to more advanced analysis.
Objectives:
The first year will be to learn about tractography algorithms, how to program them and how to apply new
biologically inspired solutions to improve anatomical accuracy. During the second year, new deep learning (DL)
tractography methods will be evaluated and refined. By combining high-quality multi-fibre orientation
information with prior anatomical knowledge of individual tracts, the goal will be to improve the reliability of
current automatic dissections. During the third year and final part of the PhD, the DL-Tractography framework
will be then used to train a specialised neural network that will incorporate state-of-the-art anatomical
knowledge of the majority of known white matter pathways. The final goal is to provide a tool for fully
automatic and anatomically accurate tractography dissections.
Dr. Flavio Dell'Acqua will provide the necessary guidance over the computational and methodological aspects
of the PhD while Prof. Marco Catani will offer the neuroanatomical expertise required to train and verify the
anatomical consistency of the results.
The project requires advanced coding experience with high proficiency in Matlab, Python and C languages.
One representative publication from each co-supervisor:
[1] Modelling white matter with spherical deconvolution : How and why? Dell'Acqua, Flavio; Tournier, J.
Donald. NMR in Biomedicine, 2019; 32 e3945
[2] Differences in Frontal Network Anatomy Across Primate Species. Barrett, Rachel L C; Dawson, Matthew;
Dyrby, Tim B; Krug, Kristine; Ptito, Maurice; D'Arceuil, Helen; Croxson, Paula L; Johnson, Philippa J;
Howells, Henrietta; Forkel, Stephanie J; Dell'Acqua, Flavio; Catani, Marco. Journal of Neuroscience, Vol. 40,
No. 10, 04.03.2020, p. 2094-2107
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9.4 Understanding how tumour hypoxia is linked to chemo-resistance and immune evasion of cancers
Co-Supervisor 1A:
School/Division & CAG:
KCL/KHP E-mail:
KCL/KHP Website:

Dr Gilbert Fruhwirth, Senior Lecturer in Imaging Biology
School of Biomedical Engineering & Imaging Sciences
gilbert.fruhwirth@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/en/persons/gilbert-fruhwirth(e089cca1-30414cae-92ed-c401bc7a2ba5)/biography.html

Co-Supervisor 1B:

Dr Timothy Witney, Senior Lecturer in Molecular Imaging and Wellcome
Senior Research Fellow
School of Biomedical Engineering & Imaging Sciences
tim.witney@kcl.ac.uk
https://www.kcl.ac.uk/people/tim-witney-1

School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Project description:
Tumour growth is reliant on oxygen supply, supported within a tumour by angiogenesis and vasculogenesis.
Insufficiency in these processes results in tumour hypoxia, which increases tumour aggressiveness and facilitates
evasion of the immune system. Most notably, tumour hypoxia renders cancers resistant to treatment
[Eckert_Front Immun_2019]. Many mechanistic aspects of the interplay between hypoxia, chemo-resistance
and immune evasion, however, remain elusive.
In this project, we aim to define how tumour hypoxia changes the susceptibility to chemotherapy, how
persistent these effects are, and what consequences they have for the immune compartment of tumours.
We will exploit a new in vivo fate-mapping approach [Godet_NatComm_2019] that we modified to identify
cancer cells that had experienced hypoxia at any point in their life-courses using radionuclide imaging (Fig.A).
Our approach is based on established fluorescence-radionuclide reporters [Fruhwirth_JNuclMed_2014]
exclusively controlled by the hypoxia regulator HIF1alpha. The generation of hypoxia reporter lung cancer cell
lines (Year 1) will enable us to identify, spatiotemporally monitor, and subsequently analyse cells that have
previously experienced a hypoxic microenvironment. We will apply this methodology to study the impact of
hypoxia on treatment outcomes in lung cancer using normal and chemo-resistant tumours, including the
characterisation of their immune cell infiltrates (Year 2). Single-cell transcriptomics of re-isolated cancer cells
will identify phenotypes of chemoresistance in post-hypoxic cancer cells. Re-establishment of syngeneic
tumour models will further reveal how stable such phenotypes are in vivo and validate molecular imaging of the
antioxidant response network (xCT (Fig.B); Nrf2) as markers for chemo-resistance in this setting (Year 3).
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Figure. (A) Scheme depicting our new fate-mapping approach. Tumour cells express a red fluorescent cytosolic
reporter. Once tumour cells experience hypoxia, the corresponding master regulator HIF1alpha is stabilized
and triggers a change in reporter expression that turns tumour cells to become green fluorescent and detectable
by radionuclide imaging. (B) Molecular imaging of the cystine/glutamate antiporter (xCT) activity using the
positron emission tomography (PET) probe [18F]FSPG (hue). Anatomical context is provided by coregistration with x-ray computed tomography (grayscale). Coronal section of a mouse bearing lung cancer;
signals outside of the lung depict other tissues with significant xCT activity or the radiotracer excretion route
(bladder).
One representative publication from each co-supervisor:
[1] Volpe A, Lang C, Lim L, Man F, Kurtys E, Ashmore-Harris C, Johnson P, Skourti E, de Rosales RTM,
Fruhwirth GO. Spatiotemporal PET Imaging Reveals Differences in CAR-T Tumor Retention in TripleNegative Breast Cancer Models. Mol Ther. 2020 Jun 27:S1525-0016(20)30318-X. doi:
10.1016/j.ymthe.2020.06.028. Epub ahead of print. PMID: 32645298.
[2] H.E. Greenwood, P.N. McCormick, T. Gendron, M. Glaser, R. Pereira, O.D.K Maddocks, K. Sander, T.
Zhang, N. Koglin, M.F. Lythgoe, E. Årstad, D. Hochhauser and T.H. Witney (2019). Measurement of tumor
antioxidant capacity and prediction of chemotherapy resistance in preclinical models of ovarian cancer by
positron emission tomography. Clin Cancer Res 25, pp.2471-2482. doi: 10.1158/1078-0432.CCR-18-3423.
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10.4 Unveiling the hidden secrets of aortic aneurysm formation through 3D in vitro and in silico models
of matrix remodelling
Co-Supervisor 1A:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Dr Eileen Gentleman
FoDOCS, Centre for Craniofacial and Regenerative Biology
Eileen.gentleman@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/eileen.gentleman.html

Co-Supervisor 1B:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Dr Pablo Lamata
School of Biomedical Engineering and Imaging Sciences / Dept. Biom. Eng.
pablo.lamata@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/pablo.lamata.html

Project description:
During aortic aneurysm formation, the balance between synthesis and degradation of the extracellular matrix
(ECM) of the vessel wall is disrupted, which compromises its structural integrity and can result in death. The
mechanisms that underly this dysregulation are not well understood, but both heritable and haemodynamic
explanations have been proposed. In this project, we will combine a bioreactor that applies both controlled shear
and interstitial flow to primary and human induced pluripotent stem cell (iPSC)-derived endothelial and vascular
smooth muscle cells embedded within a modifiable synthetic hydrogel that mimics the native ECM (Jowett et
al.). Then, by combining this 3D in vitro model of the vascular wall with its digital twin (Corral-Acero et al.)
that has been built using computational models that describe the physics of the flow extracted from 4D MRI
data, we aim to unravel the relative contributions of haemodynamic and genetic factors to aneurysm formation.
This novel combination of techniques will enable us to extend the fidelity of our computational models to provide
patient-specific and new avenues to stratify patients for aneurysm risk using non-invasive imaging techniques.
This project will provide training in the formation of synthetic hydrogels, 3D iPSC and primary cell culture,
molecular biology, imaging and computational modelling.

One representative publication from each co-supervisor:
[1] Jowett GM, Norman MDA*, Yu TTL*, Arévalo PR, Walters NJ, Hoogland D, Lust S, Read E, Niazi U,
Foyt DA, Zabinski T, Lord GM, Dreiss CA, Hilborn J, Danovi D, Evans ND, Bozec L, Oommen OP, Lorenz
CD, da Silva RMP, Neves JF†, Gentleman E† (2020) “ILC1 drive intestinal epithelial and matrix remodelling.”
Nature Materials 10.1038/s41563-020-0783-8 *These authors contributed equally. †Joint corresponding
authors.
[2] Corral-Acero J, Margara F, Marciniak M, … and Lamata P “The Digital Twin to enable the vision of
precision cardiology” European Heart Journal https://doi.org/10.1093/eurheartj/ehaa159.
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11.4 Predicting surgical outcome in patients with valvular heart disease using AI-enabled analysis of
echocardiography images.
Co-Supervisor 1A:
School/Division & CAG:
KCL/KHP E-mail:
KCL/KHP Website:

Dr Andrew King
School of Biomedical Engineering and Imaging Sciences
andrew.king@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/andrew.king.html

Co-Supervisor 1B:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Prof Phil Chowienczyk
Cardiovascular medicine and sciences
phil.chowienczyk@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/phil.chowienczyk.html

Project description:
In patients with aortic valve disease, predicting outcome of valve repair remains challenging. Conventional
biomarkers from echocardiography are often not able to sufficiently capture the complex changes in cardiac
function in these patients and therefore it remains difficult to predict whether and at what time surgical
correction of the defect will improve a patient’s condition.
In this project, we will use artificial intelligence (AI) to analyse echocardiography images of a large cohort
(>1,000) of patients with valve disease collected at the specialist valve clinic of the Department of Cardiology
at Guy’s and St Thomas’ Hospitals, as part of the EchoTrack research database. The AI algorithms used will
consist of automated deep learning-based segmentation models, as well as machine learning-based methods for
robust quality control of the input (imaging data) and output (clinical biomarkers) of the developed framework.
Subsequently, we will use multivariate statistical and AI techniques to combine the learnt echocardiographyderived biomarkers for better prediction of surgical correction outcomes.
In this project, the student will obtain skills in implementing and evaluating a range of AI techniques, including
segmentation, classification and prediction methods. In addition, the student will gain knowledge about medical
imaging and its place in healthcare, more specifically echocardiography and cardiology. The student will be
mentored during the project by a multidisciplinary team of biomedical engineers and clinicians who have a
strong track record in building and translating clinically relevant AI tools for cardiac imaging and have
experience in developing new imaging biomarkers for aortic valve disease.sciences who is willing to cross the
boundaries of stem cell biology, mechanics and biomaterials synthesis
One representative publication from each co-supervisor:
[1] B. Ruijsink, E. Puyol-Antón, I. Oksuz, M. Sinclair, W. Bai, J. A. Schnabel, R. Razavi, A. P. King, “Fully
Automated, Quality-Controlled Cardiac Analysis From CMR: Validation and Large-Scale Application to
Characterize Cardiac Function”, JACC: Cardiovascular Imaging, 13(3):684-695, 2020.
[2] Houtian Gu, Sahrai Saeed, Andrii Boguslavskyi, Gerald Carr-White, John Chambers, Phil Chowienczyk,
“First-Phase Ejection Fraction Is a Powerful Predictor of adverse Events in Asymptomatic Patients With
Aortic Stenosis and Preserved Total Ejection Fraction”, JACC: Cardiovascular Imaging, 12(1):52-63.
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12.4 Mechanical force and epigenetic regulation of muscle stem cell function
Co-Supervisor 1A:
School/Division & CAG:
KCL/KHP E-mail:
KCL/KHP Website:

Dr Robert Knight
FoDOCS/ Centre for Craniofacial and Regenerative Biology
Robert.knight@kcl.ac.uk
https://www.kcl.ac.uk/research/knight-group

Co-Supervisor 1B:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Prof Karen Liu
FoDOCS/ Centre for Craniofacial and Regenerative Biology
karen.liu@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/karen.liu.html

Project description:
While muscle stem cells (muSCs) hold great promise for regenerative biology, little is known about how
environmental and molecular cues trigger their activation. Our hypothesis is that the DNA landscape
(epigenetics) within the muSC makes these cells responsive to mechanical stretch, leading to the activation of
a suite of genes necessary for regeneration.
In this project we propose to use multiphoton microscopy to measure how muscle stem cells (muSCs) in mice
respond under variable mechanical loads. Using a culture system, we will apply defined forces on muSCs,
comparing muSCs with different epigenetic states, as well as measuring how well the muscles repair after injury.
Finally, we will identify key genes regulated by the epigenetic “hallmark” of muSCs. We predict that these
newly identified genes will be important during tissue regeneration.
Objectives:
Year 1: Analyse muSC responses to mechanical stretch under different epigenetic regimes
Year 2: identify genes showing mechanoresponsive behaviour from an in vitro system
Year 3: functionally test candidate mechanosensitive genes for roles in regulating muSCs
Rotation:
The student will learn to dissect muscle fibres from mice carrying a genetically encoded fluorescent actin
reporter. Muscle fibres will be mounted in rig allowing application of mechanical stretch during imaging and
muSC from wildtype fibres compared against those treated with an EZH2 inhibitor to determine how the
cytoskeleton is impacted by altering a crucial epigenetic regulator.
Skills:
Multiphoton, live imaging, high-content image analysis and statistical analysis. Epigenomics and quantitative
PCR. Gene function will be tested using interfering RNA, CRISPR knockdown or pharmacological inhibition.
One representative publication from each co-supervisor:
[1] Moyle, L. A., Blanc, E., Jaka Irizar, O., Prueller, J., Banerji, C. R., Tedesco, F. S., Harridge, S. D. R.,
Knight, R.* D. & Zammit, P. S.* Ret function in muscle stem cells points to tyrosine kinase inhibitor therapy
for facioscapulohumeral muscular dystrophy 14 Nov 2016 In : eLife. 5, p. 1-35, e11405.
[2] Gonzalez Malagon SG, Lopez Munoz AM, Doro D, Bolger T, Poon E, Tucker E, Adel Al-Lami H,
Krause M, Phiel C, Chesler L and Liu KJ. GSK3 controls migration of the neural crest lineage. Nature
Communications, 9, 116 2018. doi:10.1038/s41467-018-03512-5.
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13.4 High Resolution Quantitative MRI for Neurology in Children
Co-Supervisor 1A:
School/Division & CAG:
KCL/KHP E-mail:
KCL/KHP Website:

Dr Shaihan Malik
School of Biomedical Engineering and Imaging Sciences Engineering
Shaihan.malik@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/shaihan.malik.html

Co-Supervisor 1B:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Dr Jonathan O’Muircheartaigh
IoPPN, Imaging & Biomed Engineering CAG
JonathanOM@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/jonathanom.html

Project description:
Neuroimaging in childhood is technically and clinically challenging. In children with neurological disorders,
abnormalities sought using Magnetic Resonance Imaging (MRI) can be visually subtle, needing better image
contrast than currently available on conventional scanners. Surgical targets for treatment (e.g. subthalamic
nucleus) can be physically very small, needing higher resolution than is available on conventional MRI.
Ultra high-field (7T) MRI may be able to address both problems, providing higher signal to noise and better
resolution. The overarching goal of this PhD project is to use the cutting-edge new 7T MRI scanner based at
St. Thomas’ hospital to develop high resolution and robust quantitative neuroimaging for use in paediatric
subjects with neurological conditions (movement disorders and epilepsy).
There are technical challenges for 7T MRI stemming from the much higher resonant frequency required, which
can lead to non-uniform image properties and higher energy deposition in patients. Children cannot easily
remain still in the MRI environment. This movement causes blurring that fundamentally limits the image
resolution that can be achieved.
This project (suitable for a student with an engineering/physical science background) will develop methods for
high precision quantitative MRI (measuring relaxation parameters T1, T2* and tissue susceptibility) and make
these inherently motion tolerant, tailored for use in children (years 1&2). In collaboration with paediatric
neurology at the Evelina Children’s Hospital, the resulting sequences will be tested in cohorts of children with
movement disorders and epilepsies (year 3). The student will be trained in MR physics, operating and
programming MRI scanners, statistics and neuroimaging analysis.

One representative publication from each co-supervisor:
[1] Beqiri, A., Hoogduin, H., Sbrizzi, A., Hajnal, J. V. & Malik, S. J. Whole-brain 3D FLAIR at 7T using
direct signal control. Magn. Reson. Med. 1–13 (2018). doi:10.1002/mrm.27149
[2] O'Muircheartaigh, J., Vavasour, I., Ljungberg, E., Li, D. K., Rauscher, A., Levesque, V., ... & Kolind, S.
(2019). Quantitative neuroimaging measures of myelin in the healthy brain and in multiple sclerosis. Human
brain mapping, 40(7), 2104-2116.
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14.4 Characterising Atrial Fibrosis Properties for Predicting Atrial Fibrillation Ablation Outcome
Co-Supervisor 1A:
School/Division & CAG:
KCL/KHP E-mail:
KCL/KHP Website:

Prof Steven Niederer
Biomedical Engineering & Imaging Sciences
steven.niederer@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/steven.niederer.html

Co-Supervisor 1B:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Dr Martin Bishop
Biomedical Engineering & Imaging Sciences
martin.bishop@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/martin.bishop.html

Project description:
Atrial fibrillation (AF) is the most common arrhythmia. AF is often treated by catheter ablation to isolate
aberrant atrial tissue. However, response is suboptimal and patient-specific. Atrial fibrosis is a common change
in the atrial substrate in AF patients that has repeatedly been identified as a predictor of patient response to
catheter ablation. Some patterns of fibrosis are benign while others are critical to sustaining AF. Cardiac
magnetic resonance (CMR) late gadolinium enhancement (LGE) imaging currently provides the only noninvasive measure of atrial fibrosis. Typically, most of the information from these images is discarded and fibrosis
is characterised by the percentage of the atria surface that it covers, with no consideration for the pattern or
distribution of fibrosis and how this may relate to electrophysiology activation patterns that lead to or sustain
AF. This PhD project will develop a combined modelling and imaging approach to apply machine learning
image analysis techniques to identify critical structures in in the LGE-CMR fibrosis distribution that support
atrial fibrillation to guide ablation therapy.
This project provides training in signal and image processing techniques (Dr Bishop), computational modelling
and machine learning algorithms (Prof Niederer), in close collaboration with the clinical teams at GSTT.
Objectives:
Year 1: To use and develop registration techniques for fusing electro-anatomical mapping data and LGE-CMR
data.
Year 2: To determine local electrical properties from LGE-CMR data using Gaussian Markov Random Fields
and Convolutional Neural Networks approaches.
Year 3: To investigate arrhythmia sustaining features by combining biophysical simulations and machine
learning techniques.
One representative publication from each co-supervisor:
[1] https://www.ncbi.nlm.nih.gov/m/pubmed/30618838
[2] https://www.frontiersin.org/articles/10.3389/fphys.2020.572874
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15.4 3D Molecular imaging of fibrosis in deep vein thrombosis
Co-Supervisor 1A:
School/Division & CAG:
KCL/KHP E-mail:
KCL/KHP Website:

Dr Alkystis Phinikaridou
School of Biomedical Engineering and Imaging Sciences
alkystis.1.phinikaridou@kcl.ac.uk
https://www.kcl.ac.uk/people/alkystis-phinikaridou

Co-Supervisor 1B:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Prof René M. Botnar
School of Biomedical Engineering and Imaging Sciences
rene.botnar@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/rene.botnar.html

Project description:
Deep vein thrombosis (DVT) affects 1 in 1000 people. Although thrombus fibrosis determined by the collagen
concentration determines the response to thrombolytic treatment there are no established methods to quantify
thrombus fibrosis. We aim to develop collagen-specific imaging probes and new non-contrast T1rho and
magnetisation transfer (MT) MRI protocols to quantify and characterise thrombus fibrosis and provide ‘virtual
histology’ in an experimental animal model and in man that would help guide treatment.
Objectives:
1) To develop and use collagen-I and collagen-III specific imaging probes to quantify and investigate the role
of collagen remodelling in thrombus organisation; resolution and treatment-response in a murine model of DVT
(year 1 & part of year 2).
2) Work together with MRI physicist to optimise non-contrast enhanced MRI imaging protocols (T1rho &
MT) in phantoms and implement these sequences to quantify collagen remodelling in a murine model of DVT
(part of year 2).
- All MRI findings for Aims 1&2 will be validated ex vivo.
3) To test the translational value of the non-contrast enhanced sequences in quantifying thrombus fibrosis in
DVT patients scheduled for endovascular treatment (year 3).
Techniques:
• Animal husbandry, handling and surgical techniques.
• Co-ordination of lanthanides and radioisotopes to Dota-peptides.
• In vitro binding and biodistribution studies.
• In vivo molecular MRI imaging of thrombus.
• Ex vivo tissue analysis: histology, immunohistochemistry, proteomics, western blotting, ELISA, ICPMS, radio-immunoassay and proteomics.
• Image processing and statistical software.
One representative publication from each co-supervisor:
[1] Lavin B, Lacerda S, Andia ME, Silvia Lorrio, Robert Bakewell, Smith A, Imran Rashid, Botnar RM,
Phinikaridou A. Tropoelastin: An in vivo imaging marker of dysfunctional matrix turnover during abdominal
aortic dilation. Cardiovascular Research. 2019 Jul 8.
[2] Andia ME, Saha P, Jenkins J, Modarai B, Wiethoff AJ, Phinikaridou A, Grover SP, Patel AS, Schaeffter
T, Smith A, Botnar RM. Fibrin-targeted magnetic resonance imaging allows in vivo quantification of
thrombus fibrin content and identifies thrombi amenable for thrombolysis. Arterioscler Thromb Vasc Biol.
2014; 34:1193-8.
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16.4 Machine learning enabled assessment of brain development in fetuses with congenital heart
disease
Co-Supervisor 1A:
School/Division & CAG:
KCL/KHP E-mail:
KCL/KHP Website:

Dr. Emma Robinson
School of Biomedical Engineering and Imaging Sciences
emma.robinson@kcl.ac.uk
https://www.kcl.ac.uk/people/emma-robinso

Co-Supervisor 1B:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Prof. Serena Counsell
School of Biomedical Engineering and Imaging Sciences
serena.counsell@kcl.ac.uk
https://www.kcl.ac.uk/people/serena-counsel

Project description:
Congenital heart disease (CHD) affects almost 1% of UK births, and is the most frequent congenital
malformation. Improvements in antenatal diagnosis, cardiac surgery, and perioperative care mean that most
infants born with CHD now survive. However, children and adults with CHD who required cardiopulmonary
bypass surgery in infancy are at increased risk of adverse neurodevelopmental sequalae. The underlying
mechanisms leading to these impairments are not clear but are likely to begin in utero when critical processes
of brain development are taking place.
Using quantitative MRI techniques, we have shown altered brain development after birth in infants with CHD.
This study will use state-of-the-art fetal neuroimaging combined with machine learning approaches to assess
brain development in fetuses with CHD and in healthy fetuses in order to determine whether brain
development is impaired in the CHD sample before birth.
Skills training:
Machine learning approaches to analyse neuroimaging data (Dr Robinson), fetal neuroanatomy (Prof Counsell),
neuroimaging of brain development in CHD (Prof Counsell), multimodal neuroimaging analysis in the fetal
brain (Dr Robinson & Prof Counsell).
Objectives:
Year 1: Learn state of the art machine learning and AI algorithms in order to apply them to patient data.
Undertake a literature review on fetal brain development in congenital heart disease.
Year 2: Multimodal neuroimaging analysis of a large cohort of healthy and CHD fetuses (diffusion MRI of
white matter, regional brain volume, cortical grey matter features).
Year 3: Assess differences in brain development in healthy and CHD fetal cohorts.
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Figure 1. In utero diffusion MRI of the fetal
brain at 30 weeks gestation acquired using the
same parameters as outlined in this proposal
(unpublished data courtesy of Dr M Pietsch,
Centre for the Developing Brain, KCL).

Figure 2. Cortical microstructural development is
impaired in infants with CHD. Orientation dispersion
index (ODI) is reduced in CHD infants compared to
controls (yellow-red), indicative of impaired
dendritic arborisation.

One representative publication from each co-supervisor:
[1] D Batalle, EJ Hughes, H Zhang, J-D Tournier, N Tusor, P Aljabar, L Wali, DC Alexander, JV Hajnal, C
Nosarti, AD Edwards, SJ Counsell. Early development of structural networks and the impact of prematurity
on brain connectivity. NeuroImage 2017 Jan 30. Apr 1;149:379-392. doi: 10.1016/j.neuroimage.2017.01.065.
Epub 2017 Jan 30.
[2] Bass C, da Silva M, Sudre C, Tudosiu PD, Smith S, Robinson E. ICAM: Interpretable Classification via
Disentangled Representations and Feature Attribution Mapping. arXiv preprint arXiv:2006.08287. 2020 Jun
15.
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18.4 Detecting evolving radio/chemotherapeutic cardiac injury using nuclear molecular imaging.
Co-Supervisor 1A:
School/Division & CAG:
KCL/KHP E-mail:
KCL/KHP Website:
Co-Supervisor 1B:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Dr Richard Southworth
School of Biomedical Engineering and Imaging Sciences, Imaging Chemistry
and Biology
richard.southworth@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/richard.southworth.html
Dr Samantha Terry
School of Biomedical Engineering and Imaging Sciences, Imaging Chemistry
and Biology
samantha.terry@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/samantha.terry.html:

Project description:
Cancer treatment by chemotherapy and radiotherapy carries significant risk of off-target injury to other tissues,
particularly the heart. As cancer detection rates improve, these therapies are being applied earlier (and in
younger patients), meaning that cancer patients are increasingly surviving their cancer only to then succumb to
heart failure. This “cardiotoxicity” is highly variable and unpredictable; the tools used to detect it clinically
(MRI and echocardiography) can only detect contractile dysfunction which manifests very late in injury
progression, when treatment options are limited. We have recently gained access to a state-of-the-art small
animal irradiator (PXI SmART), capable of performing radiotherapy (and invoking “off target” cardiac
irradiation) exactly as would happen clinically. In this project, which would best suit a biologist/biochemist, we
will determine which of our novel nuclear molecular imaging probes targeted variously at oxidative stress,
mitochondrial dysfunction and tissue hypoxia are able to detect biochemical injury in the heart before
contractile dysfunction manifests. These technologies could allow clinicians to better plan and deliver cancer
therapies which maximise tumour dose while minimising cardiovascular risk, as Dr Southworth discusses here:
https://www.youtube.com/watch?v=W4suoXUs4ZE&t=1098s
Objectives:
Months 1-6: Assay development and training including ECG, echocardiography, MRI, assays for
oxidative stress, hypoxia, metabolomics etc.
Months 6-18: Create and longitudinally characterise rodent models of radiotherapeutic cardiotoxicity
Months 12-24: Create and characterise rodent models of Sunitinib cardiotoxicity
Months 24-36: Longitudinal profiling of cardiac injury in the models created during months 6-24 using
PET/SPECT molecular imaging, comparing their sensitivity with the biomarkers of cardiac injury
established in months 1-6.
One representative publication from each co-supervisor:
[1] Detection of anthracycline-induced cardiotoxicity using perfusion-corrected 99mTc sestamibi SPECT.
Zaitulhusna M. Safee, Friedrich Baark, Edward C. T. Waters, Mattia Veronese, Victoria R. Pell, James E.
Clark, Filipa Mota, Lefteris Livieratos, Thomas R. Eykyn, Philip J. Blower & Richard Southworth. Scientific
Reports 9: 216 (2019) https://www.nature.com/articles/s41598-018-36721-5
[2] Can 111In-RGD2 monitor response to therapy in head and neck tumour xenografts? Terry SYA, Abiraj,
K, Lok J, Gerrits D, Franssen GM, Oyen WJG, Boerman OC. J Nucl Med (2014) 55:1849-55.
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19.4 Biosynthesis of near infrared quantum dots as tools for image guided surgery in cancer
Co-Supervisor 1A:
School/Division & CAG:
KCL/KHP E-mail:
KCL/KHP Website:

Dr Graeme Stasiuk
School of Biomedical Engineering and Imaging Sciences, Imaging Chemistry
and Biology
Graeme.stasiuk@kcl.ac.uk
https://www.kcl.ac.uk/people/graeme-stasiuk l

Co-Supervisor 1B:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Prof. Mark Green
Physics
mark.a.green@kcl.ac.uk
https://www.kcl.ac.uk/people/mark-green

Project description:
The primary treatment for cancer is surgery, which often does not remove all the tumour is then followed by a
significant chemotherapy regime. The aim of this project is to utilise the cancer cells to biosynthesise a
fluorescent tool for image guided surgery (IGS). This tool will specifically delignate the tumour margins and
allow for greater resection of the tumour and lessen the need for chemotherapeutics. In this study ovarian cancer
cells will be used to biosynthesise Ag2S quantum dots. The near-infrared emitting QDs will grow directly in
the tumour and upon external light excitation, will be visible as a fluorescent tag for the cancer. This will allow
the surgeon to precisely remove the tumour. The project will validate the biosynthesis of the Ag2S QDs in
various ovarian cancer cell lines using a variety of precursors, developing biocompatible tools to be used in IGS.
Objectives:
Year 1: Developing cell culture techniques and validating toxicological of the precursors with cancer and health
cell lines (A2780, A2780cis and HEK 293). MTS/MTT Toxicology assays, confocal microscopy, and flow
cytometry.
Year 2: Preparation of Ag2S in tumour cells and chemical synthesis. Developing molecules to allow metal salts
to enter the cancer cell. Undertaking biosynthesis studies in a variety of cell lines, fluorescence and TEM
imaging in and out of cells. Making Ag2S QDs via chemical methods as controls.
Year 3: Optimisation of biosynthesis and use in biological imaging.
Fully characterised biosynthesised QDs (UV, PL, XRD, TEM). Imaging in murine model of ovarian cancer.
One representative publication from each co-supervisor:
[1] “Synthesis of super bright InP based quantum dots through thermal diffusion”, M. T. Clarke, F. N.
Viscomi, T. W. Chamberlain, N. Hondow, A. M. Adawi, J. Sturge, S. C. Erwin, J.-S. G. Bouillard, S.
Tamang and G. J. Stasiuk*, Communication Chemistry, 2, Article number: 36 (2019). (NPG)
[2] “Biosynthesis of Luminescent Quantum Dots in an Earthworm.” S. R. Stürzenbaum, M. Hoeckner, A.
Panneerselvam, J. Levitt, J.-S. Bouillard, S. Taniguchi, L.-A. Dailey, R. Ahmad Khanbeigi, E. V. Rosca, M.
Thanou, K. Suhling, A. V. Zayats, M. Green.* Nature Nanotechnology, 2013, 8, 57.
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20.4 Development of Exosome-loaded, Mucosal Healing Hydrogels for Inflammatory Bowel Disease
Co-Supervisor 1A:
School/Division & CAG:
KCL/KHP E-mail:
KCL/KHP Website:

Dr Driton Vllasaliu
Institute of Pharmaceutical Science
Driton.vllasaliu@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/driton.vllasaliu.html

Co-Supervisor 1B:
School/Division & CAG:
KCL/KHP Email:
KCL/KHP Website:

Dr Cecile Dreiss
Institute of Pharmaceutical Science
cecile.dreiss@kcl.ac.uk
https://kclpure.kcl.ac.uk/portal/cecile.dreiss.html

Project description:
Mucosal healing is a key therapeutic goal in inflammatory bowel disease (IBD), associated with clinical
remission and improved patient outcomes. Current treatments (including biologics) cannot achieve this
effectively, meaning that patients may eventually require surgery. Novel mucosal healing treatments are
urgently required.
Exosomes (extracellular nanovesicles) from stem cells mediate therapeutic effects of stem cells. Mesenchymal
and intestinal epithelial stem cell exosomes (MSCexo and ISCexo, respectively) possess powerful mucosalhealing properties and have shown therapeutic potential in IBD, promoting intestinal wound repair. To harness
the therapeutic potential of exosomes for IBD, it is crucial to deliver exosomes to, and prolong their residence
at, the inflamed mucosa. Project will generate novel mucosal-healing hydrogels for sustained delivery of
MSCexo and ISCexo to inflamed intestinal mucosa, administered rectally or via endoscopy.
Objectives:
Year 1: Exosome isolation (from MSC&intestinal organoids), characterisation and confirmation of therapeutic
potential (cell proliferation/intestinal wound healing assay).
Year 2: Fabrication & characterisation of novel (hyaluronic acid) exosome-loaded hydrogels (assembled via βcyclodextrin host-guest interaction). These will be injectable, self-healing, and mucoadhesive, providing
sustained exosome delivery at target.
Year 3: Evaluate therapeutic potential (mucosal healing) of hydrogels via intestinal wound healing assays.
Year 3.5: Thesis writing.
Training:
The student will gain inter-disciplinary skills, from physico-chemical characterisation (rheology, neutron
scattering) and polymer chemistry, to biological evaluation (exosomes, cell/organoid culture, imaging,
bioassays). They will participate in journal/writing clubs, seminars, public engagement, conferences and science
commercialisation training. They will work in a vibrant environment with state-of-the-art laboratory facilities,
with training needs regularly reviewed, and min. 10 days/year training activities (centrally-provided).
One representative publication from each co-supervisor:
[1] Carobolante et al. Pharmaceutics 2020, 12(3), 226
[2] Jowett et al. Nature Mat. 2020 https://doi.org/10.1038/s41563-020-0783-8
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