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Introduction

This handbook provides an overview for prospective students looking to study for a DPhil in
Cancer Science starting in 2026 at Oxford University. The Programme provides research based
doctoral training for cancer researchers from clinical, biological, engineering, mathematics,
and statistics background. Students will receive a world-leading research training experience
that integrates an education initiative spanning cancer patient care, tumour biology and
research impact; on- and post-programme mentorship; and a specialised, fundamental,
subject-specific training tailored to individual research needs. Students participating in the
scheme will be offered:

a choice of interdisciplinary cutting-edge cancer research projects.

the ability to gain a working in-depth knowledge of the fundamentals of cancer biology
and cancer patient care through advanced level seminars.

a world-renowned research environment that encourages the student’s originality
and creativity in their research.

opportunities to develop skills in making and testing hypotheses, in developing new
theories, and in planning and conducting experiments.

an environment in which to develop skills in written work, oral presentation and
publishing the results of their research in high-profile scientific journals, through
constructive feedback of written work and oral presentations.

At the end of their DPhil course, students should:

have a thorough knowledge of the basic principles of cancer research including the
relevant literature and a comprehensive understanding of scientific methods and
techniques applicable to their research.

be able to demonstrate originality in the application of knowledge, together with a
practical understanding of how research and enquiry are used to create and interpret
knowledge in their field.

have developed the ability to critically evaluate current research and research
techniques and methodologies.

be able to act autonomously in the planning and implementation of research.

have the grounding for becoming an influential cancer researcher of the future.
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Selection Criteria & Eligibility

The DPhil in Cancer Science programme has four different tracks with two different pathways
of entry. This booklet will focus on Tracks 3 and 4; non-clinical/fundamental scientists, who
will select their preferred research projects from this ‘DPhil in cancer science — Non-clinical
project booklet’

Non-clinical/Fundamental scientists will enrol on a four-year programme with the first year
consisting of two six-month rotational projects in different research groups. This provides
students with a broad base of experience and the opportunity to explore different aspects of
research prior to deciding on a final project for their second year onwards. All students are
admitted directly to work under the supervision of a Principal Investigator (PI) which will
change between the rotation projects. Once the final project is chosen, the relevant Pl will be
formally appointed as the DPhil supervisor.

Application Track 3 — Non-Clinical/Fundamental Scientist. Science graduates that hold (or be
predicted to achieve) the equivalent of a first-class or strong upper second-class
undergraduate degree with honours in biological, medical, or chemical science, as
appropriate for the projects offered.

Application Track 4 — Non-Clinical/Fundamental Scientist. Science graduates that hold (or
be predicted to achieve) the equivalent of a first-class or strong upper second-class
undergraduate degree with honours in engineering, mathematical/data, or physical science,
as appropriate for the projects offered.

All applicants will be judged on the following:
e commitment and passion to a career in cancer research
e evidence of motivation for and understanding of the proposed area of study
e commitment to the subject, beyond the requirements of the degree course
e preliminary knowledge of relevant research techniques
e capacity for sustained and intense work
e reasoning ability and academic curiosity.

Funding
All offered places are fully funded at the home rate. This includes salary/stipend,
University/College fees, and a research consumables budget.

Salary and stipend provisions are summarised below:
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e Application Tracks 3 and 4: Four years of stipend at the flat rate of £22,123 per
annum.

Applications from international students (including EU) will be accepted, however the funding
from CRUK only covers fees at the home rate, so successful international candidates will be
awarded top-up funding from elsewhere in the institution to cover the remaining fees. For
more information about funding please see Funding — University of Oxford, Medical Sciences
Division.

International students are also welcome to apply for external scholarships.

Notable Scholarships

Black Academic Futures Scholarships

These awards offer UK Black and Mixed-Black students scholarship funding to pursue
graduate study at Oxford, alongside a programme of on course mentoring and support. The
Medical Sciences Division has guaranteed places across its DPhil courses (including the DPhil
in Cancer Science). For more information, visit the Black Academic Futures website.

To receive a Black Academic Futures Scholarship, submit your application to the DPhil in
Cancer Science Programme by the December deadline. Applications that specify eligible
ethnicity will be automatically considered. You do not need to submit any additional
documents and there is no separate scholarship application form for these awards.

CRUK Black Leaders in Cancer DPhil Scholarship Programme

The CRUK postgraduate studentship programme, Black Leaders in Cancer, was developed in
close consultation with the research community, including the expert partner
organisations Black in Cancer and Windsor Fellowship. This programme aims to help develop
the next generation of Black leaders in cancer research.

Students on this scheme will benefit from being a part of Oxford’s DPhil in Cancer Science
Programme which provides interdisciplinary cutting-edge training in a world-renowned
research environment. As well as having access to a comprehensive programme of mentoring,
career support, leadership training and networking led by the Windsor Fellowship and Black
in Cancer.

Students will be accepted onto our non-clinical programmes via Track 3 (Biological) or Track
4 (Maths/Physics/Engineering), whichever is relevant to their scientific background.

One non-clinical studentship place will be available at Oxford for the 2026 intake. Please
select a prioritised list of 3 projects from this, non-clinical booklet.


https://www.medsci.ox.ac.uk/study/graduateschool/application-process/funding
https://www.medsci.ox.ac.uk/study/graduateschool/application-process/funding
https://www.ox.ac.uk/admissions/graduate/access/academic-futures#content-tab--2
https://www.cancerresearchuk.org/funding-for-researchers/our-funding-schemes/black-leaders-in-cancer-phd-scholarship-programme
https://www.blackincancer.com/
https://www.windsor-fellowship.org/programmes/black-leaders-in-cancer-phd-scholarship-programme/
https://www.ox.ac.uk/admissions/graduate/courses/cancer-science-biological
https://www.ox.ac.uk/admissions/graduate/courses/cancer-science-maths-physics
https://www.ox.ac.uk/admissions/graduate/courses/cancer-science-maths-physics
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Eligibility

This scheme is aimed at students from Black heritage backgrounds pursuing a DPhil in a
cancer-related field. It is open to people who self-identify as being from a Black heritage
background, including a mixed background, for example: Black African, Black Caribbean, Black
Other, Mixed background (to include Black African, Black Caribbean or other Black
backgrounds).

You can read more information on the above eligibility requirements in CRUK’s frequently
asked questions

In addition to the eligibility for the Black Leaders in Cancer programme, you must also meet
the general entry requirements for the DPhil in Cancer Science programme which can be
found on the course pages; Track 3 (Biological) or Track 4 (Maths/Physics/Engineering),
whichever is relevant to your scientific background.

You will need to apply to both the Windsor Fellowship and the DPhil in Cancer Programme to
be eligible for the Black Leaders in Cancer scholarship. See full details below.

Information sessions
The Windsor Fellowship are running an insight session later this year:

= 7th October 2025 at 12:30 — 14:00

The session will be an opportunity for candidates interested in the programme to find out
more information and ask questions to a panel of representatives from the training centres,
Cancer Research UK and Black in Cancer. You can learn more about the programme and the
insight sessions here.

How to apply:
1) Submit a formal application to the Windsor Fellowship to register your interest and
confirm eligibility for the programme.
2) Apply through the University of Oxford Graduate Admissions website for the relevant
track, based on your scientific background:

= Track 3 (Non-Clinical/Fundamental Scientist - Biological background)

= Track 4 (Non-Clinical/Fundamental Scientist - Maths/Physics background)

On the application form, in the section headed ‘Departmental Studentship Applications’, you
must indicate that you are applying for the studentship and enter the reference code for this
studentship “BLCSP25”

Applicants must apply with a prioritised list of three projects selected from the non-clinical
booklet

If you have any questions about the Black Leaders in Cancer Scholarship Programme, please
get in touch: cancertraining@medsci.ox.ac.uk
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Relevant Networks

Africa Oxford Initiative
AfOx is a cross-university platform based at the University of Oxford with the aim of

facilitating equitable and sustainable collaborations between researchers based at the
University of Oxford and African universities, as well as increasing the number of African
students pursuing postgraduate degrees in Oxford.

In support of students, and in partnerships with the Oxford University Africa Society, AfOx
runs academic support programs to enhance the graduate experience at Oxford, promote a
sense of belonging and enhance the academic success of emerging African leaders in
Oxford. These targeted programs include essay writing workshops and tips on undertaking
DPhils in Oxford.

For more information, please visit their website.

How to Apply

A detailed summary on how to apply can be found here. In brief, prospective students must
apply with a prioritised list of three projects selected from this booklet by Tuesday 2™
December 2025 at mid-day.

Please note, although you are choosing your preferred DPhil research projects, you will be
required to undertake two of the rotational projects outlined during the first year before
making a final choice.

Successful, students will then begin their first year with two lab rotations based on project
preferences selected at the application stage, before choosing one to complete a three-year
DPhil. Itis strongly suggested that students contact supervisors of projects they are interested
in applying for prior to application.

Initial Screening

Each year we receive a high volume of competitive applications across the Track 3 (Non-
clinical / Fundamental Scientist - Biological background) pathway compared to the number
of interview space we have available. To ensure we are identifying the strongest candidates
to invite for formal interview we will be piloting the use of initial screening meetings for the
2026 admissions round.


https://www.afox.ox.ac.uk/
https://www.cancer.ox.ac.uk/study#how-to-apply
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Up to 30 of the top-ranked candidates will be invited to participate in an online initial
screening meeting. The meetings will be a structured discussion of around 10-15minutes
with a select panel of the Cancer Science Programme’s Directors. This discussion will serve
as an opportunity to assess each candidate's research experience, suitability, and motivation
for applying to the programme.

From the initial screening meetings, up to 16 of the strongest candidates will be invited for a
formal interview for the DPhil in Cancer Science.

Interviews
Final interviews will be offered to the top-ranked applicants across all tracks and will take
place in January, with the outcomes being shared shortly afterwards. All candidates will be
judged on the following;
= Evidence of a prior interest in the area of research proposed is likely to advantage
your application.
* Prior publications are not required, but research experience and a track record
demonstrating an interest in research may be an advantage.
* |t would be expected that graduate applicants would be familiar with the recent
published work of their proposed supervisor.
= Commitment to and passion for a career in cancer research.
» Reasoning ability and academic curiosity.

These interviews will take place online and candidates will receive an email which will
provide detailed information on how to join and what you will need to do to prepare.

If you have any further questions about the programme or the application, please
email cancertraining@medsci.ox.ac.uk.
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Projects
Clicking on a project title below will take you to the relevant project page. The 6-month rotational
project can be found at the end of each project page.

Contents
Projects 7
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1. ADP-ribosyl hydrolase as a biomarker for PARP inhibitor
sensitivity/resistance — Ilvan Ahel

Primary Supervisor: lvan Ahel
Additional Supervisors: Dragana Ahel
Eligibility: Track 3 and Track 4 applicants are eligible to apply for this project

Abstract of the project

To protect the genome from damage organisms have evolved a cellular defence mechanism termed the DNA
damage response (DDR). The DDR includes a diverse set of signal transduction pathways and effector proteins
that act to sense DNA lesions and effectively repair the damage, limiting the propagation of genomic instability.
Exploiting DDR pathways to specifically target and kill cancer cells has become an attractive therapeutic avenue
within cancer research. This is exemplified by the synthetic lethal interaction between PARP inhibition and
BRCA1 or BRCA2-deficient tumours?. lvan Ahel (co-supervisor on this project) laboratory recently identified HPF1
protein as a novel interactor and critical regulator of PARP1 ADP-ribosylation activity upon DNA damage?.
Functionally, HPF1 suppresses DNA damage-induced hyper auto-modification of PARP1 and promotes in trans
ADP-ribosylation of histones and many other proteins involved in regulation of genome stability. They further
demonstrated that HPF1 is a critical specificity factor that allows modification of target proteins by PARP1 on
serine residues (Ser-ADPr)>*. Crucially, the work also identified ARH3 as a hydrolase which specifically removes
Ser-ADPr® and further showed that Ser-ADPr is the major form of ADP-ribosylation following DNA damage®.
Taken together, the insights surrounding Ser-ADPr open a large, exciting, and novel area of research into the
fundamental understanding of the pathways regulated by this modification. Strikingly, our recent data show
that ARH3 knockout in model cell lines associates with PARP inhibitor (PARPi) resistance, while ARH3
overexpression is associated with PARPi sensitivity’. Based on these results, we hypothesize that ARH3 activity
and protein levels affect sensitivity to PARPi, thus representing; i) a predictor for the success of these therapies
and, ii) a novel target for further drug development. Currently, PARP inhibitors are used to treat ovarian cancer
and several other cancers, and we therefore propose to test the hypothesis that ARH3 expression might be a
useful diagnostic tool with which to stratify cancer patients into sub-groups that will be sensitive/resistant to
PARPi treatment with a particular focus on ovarian cancer. The mechanism of sensitivity/resistance of cells with
deregulated ARH3 expression cells to PARPi is unknown, and elucidating this mechanism will be another goal of
this proposed work.

Research objectives and proposed outcomes

Objective 1.

Characterise the effect of ARH3 under- and overexpression in a series of model and primary cancer cell lines on
PARP inhibitor sensitivity/resistance. We will collect and test a variety of ovarian cancer cell lines, profiling them
for ARH3 protein expression levels and then treating with several different PARPi of varying PARP-trapping
capabilities (olaparib, talazoparib, veliparib). To determine the impact of ARH3 protein levels on PARPi
vulnerability, we will not only assess drug sensitivity and levels of PARP1, PARG, and ARH3 across a panel of
ovarian cancer cell lines, but also assess the impact of systemically varying ARH3 by knockdown, knock out and
inducible overexpression in HGSOC lines of defined genotype, including Ovcar8 (BRCA1/2 wt, PARPI resistant),
PEO1 (BRCA2-mutant, PARPi sensitive), Kuramochi (BRCA2-mutant, PARPi partially sensitive) and COV362
(BRCA1-mutant, PARPi sensitive). Rescue experiments with wild type vs. catalytically inactive ARH3 will assess
the suitability of ARH3 as a target for the development of inhibitors.
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Objective 2.

To determine the frequency of ARH3 gene alterations in a larger set of HGSOC samples, we will: i) interrogate
data of an ongoing whole exome sequencing study of 504 ovarian cancers searching for ARH3 and PARG copy
number alterations and mutations; and ii) perform semi-quantitative detection of ARH3, as well as of PARG,
PARP1 and PAR, by immunohistochemistry (IHC) on two independent sets of tissue microarrays (TMAs)
containing a total of 1200 ovarian cancers. To augment these analyses, which will be limited by the small number
of tumors treated with PARPi, we will also evaluate levels of ARH3, PARG, PARP1 and PAR in patient-derived
xenograft (PDX) models that have been assayed for response to single-agent PARPi, including ones that have a
high HRD score but did not respond. This objective will be performed in co-supervisor (Prof Ahmed Ahmed)
laboratory at the Nuffield Department of Women's & Reproductive Health, University of Oxford.

Objective 3.

Elucidating the mechanistic basis for the sensitivity/resistance of cells with deregulated ARH3 expression cells
to PARPi (modulation of the PARP-trapping, regulation of DNA repair pathway choice, regulation of the
chromatin structure/epigenetic marks). For these studies we will use largely cell biology/biochemical and
genomics approaches.

Translational potential of the project

Our data suggest that ARH3 protein expression levels in cancer patients might be a marker that confers
sensitivity/resistance of the tumour to PARPi, providing a rationale for using PARPi for certain patients. In longer
term, understanding the mechanisms of DNA repair and PARPi resistance through studies of ARH3 protein, may
reveal new, unexpected avenues for treatments in the future.

Training opportunities

The student will have opportunities to train in diverse set of methods including cell biology/cell culture
approaches for structure/function analyses, well-established cell survival assays that we be applicable for wide
range of cell toxicity studies, immunohistochemistry methods and patient-derived xenograft (PDX) models.

Rotational Project: Assessing the effect of ADP-ribosylhydrolase under- and overexpression on PARP
inhibitor sensitivity/resistance and genome stability

Abstract of the project

To protect the genome from damage organisms have evolved a cellular defence mechanism termed the DNA
damage response (DDR). The DDR includes a diverse set of signal transduction pathways and effector proteins
that act to sense DNA lesions and effectively repair the damage, limiting the propagation of genomic
instability. Exploiting DDR pathways to specifically target and kill cancer cells has become an attractive
therapeutic avenue within cancer research. This is exemplified by the synthetic lethal interaction between
PARP inhibition and BRCA1 or BRCA2-deficient tumours. Ilvan Ahel laboratory recently identified HPF1 protein
as a novel interactor and critical regulator of PARP1 ADP-ribosylation activity upon DNA damage.
Functionally, HPF1 suppresses DNA damage-induced hyper auto-modification of PARP1 and promotes in
trans ADP-ribosylation of histones and many other proteins involved in regulation of genome stability.
Crucially, our work also identified ARH3 and several other hydrolases which specifically remove PARP1-
dependent ADP-ribosylation. Taken together, the insights on regulation of DNA damage inducible ADPr open
a large, exciting, and novel area of research into the fundamental understanding of the pathways regulated
by this modification. Strikingly, our recent data show that knockouts of ADP-ribosylhydrolases or their
overexpression in model cell lines associates with PARP inhibitor (PARPi) resistance or sensitivity. Based on
these results, we hypothesize that ADP-ribosyl hydrolase activity and protein levels affect response to PARPi,
thus representing a predictor for the success of these therapies. This project will assess how ADP-
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ribosylhydrolase protein levels in different cancer cell lines correlate with their sensitivity or resistance to
PARP inhibitors currently used in the clinic.

Training opportunities

The student will have opportunities to train in cell culture approaches, western-blotting and well-established
long-term cell survival assays.

Ideal student background: Knowledge of some aspects of cancer biology and basic molecular biology
techniques. Interest in molecular mechanisms underlying cancer.
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2. Engineer Multicellular 3D Microtumours to Model Ovarian Cancer
Minimal Residual Disease — Hagan Bayley

Primary Supervisor: Hagan Bayley
Additional Supervisors: Mara Artibani and Linna Zhou
Eligibility: Track 3 and Track 4 applicants are eligible to apply for this project

Abstract of the project

Ovarian cancer is one of the most common cancers in women. Drug resistance in cancer treatment is responsible
for the majority of cancer deaths. Cancer cells remaining after treatment, termed minimal residual disease
(MRD), are capable of reinitiating tumours. Our understanding of MRD biology in solid tumours is limited due to
the difficulty associated with isolating and characterising MRD cells from patients. Here we propose to engineer
a representative 3D MRD model containing both chemotherapy resistant cancer cells and adipocytes which are
known to play an important role in ovarian cancer relapse. The MRD cells will be generated from cancer
organoids derived from the biopsies of ovarian cancer patients. We aim to develop a microfluidics-based method
to fabricate the 3D microtumours with MRD cells surrounded by adipocytes and compatible extracellular matrix
(ECM), mimicking the tumour microenvironment of MRD. We will also test the effect of different ECM materials
in MRD progression. The MRD model will be used to investigate molecular pathways involved in the survival of
MRD cells and screen novel therapeutics that specifically target MRD.

Project plan and previous work

Here we propose to develop a multicellular 3D MRD model derived from patients’ cancer cells to i) investigate
molecular pathways associated with MRD in ovarian cancer, and ii) screen novel therapeutics to eradicate MRD.
We also propose that patterning MRD cells with surrounding adipocytes in Extracellular Matrix (ECM)
representative of ovarian cancer will recapitulate the tumour microenvironment, which is important for ovarian
cancer relapse.

Previously, Dr Artibani performed transcriptomics analysis of biopsies from ovarian cancer patients after
chemotherapy. We revealed that MRD cells share similar molecular signatures as tumour-initiating cells,
expressing adipocyte-like gene signature and dependent on fatty acid oxidation (FAO) for survival and resistance
to chemotherapy.® Further, the Bayley Lab and Dr Linna Zhou has established a high-throughput 3D microtumour
platform using microfluidics (Fig. 1A-B).® The 3D microtumours derived from cancer cell lines are able to recreate
key tumour features including hypoxia that cannot be achieved using 2D cultures. The drug-resistant 3D MRD
microtumours (from cancer cell lines) were able to reflect the non-genetic heterogeneity previously observed in
patients’ samples (Fig. 1C).6 RNA sequencing revealed that the 3D MRD microtumours resemble MRD in ovarian
cancer patients with upregulated genes involved in fatty acid metabolism. We also demonstrated the use of 3D
microtumours for drug development with the identification of a promising FAO inhibitor, perhexiline, that
specifically targets MRD cells (Fig. 1D).

Research objectives and proposed outcomes

To advance and validate the clinic relevance of our 3D MRD microtumour model, as well as develop novel
therapeutics against ovarian cancer MRD, we aim to: 1) Generate MRD cells from ovarian cancer organoids
derived from patients’ biopsies. The organoids will be treated with chemotherapy drugs to generate the MRD
cells. 2) Develop a microfluidic approach to fabricate patterned 3D MRD microtumours with patient-derived
MRD cells surrounded by adipocytes, mimicking the MRD microenvironment in vivo. 3) Test the role of different
ECM materials, including synthetic peptide gels, in maintaining MRD characteristics. 4) Perform molecular
characterisations of the 3D MRD model through live imaging, immunofluorescent staining and RNA sequencing.
5) Test novel therapies. We will test the effect of previously discovered FAO inhibitors, drugs targeting potential
new molecular pathways discovered in 4), as well as have co-cultures with T cells to test the hypothesis that
drugs targeting metabolism could increase T cell response.”?
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We propose that this project will reveal new MRD mechanisms and discover novel treatments. With proven
expertise in their respective fields, the supervisors will provide critical guidance and support to the candidate
throughout the project.
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Figure 1: Microfluidic-based 3D microtumour technique and drug testing using the 3D MRD microtumours.®
A, Schematic illustration of 3D microtumour fabrication by the microfluidic platform (left) and long-term culture
of 3D microtumours composed of OVCAR-5/RFP (red) and Matrigel (right). Scale bars are 300 um. B, Different
patterned 3D microtissues from microfluidics. C, Percentage of cells with clinic MRD-related cell states in 3D
microtumours and 2D cultures. Data from RNA sequencing of OVCARS5 cultures treated (MRD) or non-treated
(Naive) with carboplatin. D, Perhexiline, a FAO inhibitor, specifically kills MRD cells in 3D microtumours.

Translational potential of the project

Drug resistance is the leading cause of cancer deaths. The proposed project would combine a novel microfluidic
technigue and patient-derived cells to fabricate realistic 3D MRD models that are hard to achieve with the
organoid method. Specifically, we will advance the previously established 3D MRD microtumour platform by
incorporating representative ECM and adipocytes, whose cross-talk with ovarian cancer cells has been widely
documented.®*° This model would be used for mechanistic studies and drug discovery of MRD. The proposed
research aligns with CRUK and the Oxford Centre’s research priorities in developing novel therapeutics. New
treatment strategies discovered in this project might be used for the treatment of ovarian cancer MRD in clinic.

Training opportunities

The potential DPhil student will be trained in the following fields: 1) Establishment and maintenance of cancer
organoids and 3D microtumour cultures; 2) Adipocytes differentiation and their co-cultures with cancer cells; 3)
Microfluidic fabrication and hydrogel manipulation; 4) Microscopy (especially confocal microscopy) and general
molecular biology techniques; 5) RNA sequencing and data analysis; 6) Testing therapeutics using the 3D MRD
microtumours.
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Rotational Project: Microfluidics-based 3D Microtumours to Model Ovarian Cancer Minimal Residual
Disease

Abstract of the project

Ovarian cancer is one of the most common cancers in women. Drug resistance in cancer treatment is
responsible for the majority of cancer deaths. Cancer cells remaining after treatment, termed minimal
residual disease (MRD), are capable of reinitiating tumours. Our understanding of MRD biology in solid
tumours is limited due to the difficulty associated with isolating and characterising MRD cells from patients.
Here we propose to use microfluidics to fabricate 3D MRD microtumour model using cancer cells derived
from patients. We will test the molecular charatisctics of the MRD microtumour model and the influence
of different extracellular matrix materials on the MRD cells.

Training opportunities

The potential DPhil student will be trained in the following fields: 1) Establishment and maintenance of
cancer organoids (derived from patients’ biopsies) and drug treatment to generate the MRD cells; 2)
Microfluidic fabrication and hydrogel manipulation; 3) Microscopy (especially confocal microscopy) and
general molecular biology techniques.

Ideal student background: The proposed project is multidisciplinary. The potential candidate will have a
background in either cancer biology, bioengineering (or another engineering field), or biochemistry.
Experience in cell and organoid culture is desirable. Experience in microfluidics, hydrogels and
biofabrication is favorable, but could be learned during the training process. The candidate will work
collaboratively with team members engaged in cancer biology, bioengineering and polymer chemistry.
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3. Quantification of circulating p53 antibodies to predict cancer
development in high-risk individuals - Matthew Bottomley

Primary Supervisor: Matthew Bottomley
Additional Supervisors: Jason Davis
Eligibility: Track 3 and 4 applicants are eligible to apply for this project

Abstract of the project

Cancer is a leading cause of death and illness in patients receiving pharmacological immunosuppression, such as
after kidney transplant. The most common cancer, cutaneous squamous cell carcinoma (CSCC), is over 100 times
more common compared to the general population. We previously undertook a cohort study of long-term
kidney transplant recipients (KTR) at high risk of developing cancer and have demonstrated that perturbations
in the circulating immune system may identify those at increased risk of subsequent cancer [1, 2]. However,
these are all cell-based markers which have limitations in the they require specialised sample processing and
flow cytometric analysis. A serum-based marker would be preferrable in processing of these samples are quicker
(ergo cheaper) and more standardised across laboratories.

An early event in CSCC development is mutation of the tumour suppressor gene TP53 [3]. This may allow for the
development of an immune response against the abnormal p53 protein, including the development of p53
autoantibodies (p53aa). Recently, a sophisticated and ultrasensitive sensor was developed by the research group
of the primary supervisor for the selective detection of p53aa against a rarely mutated part of the protein [4].
The sensory configuration combines state of the art magnetically assisted microfluidics, capture nanoparticles
and amplified electrochemistry.

This DPhil is an entirely new collaboration between the Nuffield Department of Medicine and the Department
of Chemistry. The project will combine the expertise of the two laboratories by quantifying circulating p53aa
levels in previously collected sera from high-risk kidney transplant recipients and non-immunosuppressed
controls with and without history of previous cancer. The study will evaluate whether prior cancer is associated
with altered p53aa levels, as well as evaluating their predictive value for subsequent cancer development based
on previously collected outcomes data for the cohort.

The findings from this DPhil may translate into a novel method to identify patients at high risk of developing
CSCC, which may allow for pre-emptive intervention to reduce future cancer burden.

Research objectives and proposed outcomes
This project has academic objectives from a chemistry (analytical) and a medical (clinical) perspective.

Analytical perspective:

e Build upon the use of synthesised magnetic immunonanoparticles and advanced microfluidics to
selectively extract p53aa from low volumes of serum, using highly non-fouling (likely polymeric) surface
chemistry on the nanoparticles and the integration of p53aa-specific peptide antigen mimics.

e Refine sensor performance, including:

o Exploration of the integration of new signal-generating modalities, both within the capture
particles and at the sensor interface.
o Refinement of the microfluidics target isolation configuration.
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Clinical perspective:

e Confirm the presence of p53aa antibodies within sera from KTR and non-immunosuppressed controls
—and then evaluate (a) their association with prior history of CSCC/other cancer and (b) predictive value
for subsequent CSCC/cancer development.

e Depending on the candidate’s interest and initial findings, further work within the project may include:

o Evaluation of circulating B cell populations in patients exhibiting p53aa;

o Delineation of the isotype of detected antibodies

o Detection of these antibodies within excised CSCC from these patients, potentially with spatial
transcriptomic analysis to evaluate the local effect of the presence of these antibodies.

This award would also cement a new collaboration between the COl and Department of Chemistry.

Translational potential of the project

This represents a truly translational project, with supervision from both a chemist and a practicing clinician
scientist. Cancer is a major source of morbidity and mortality in immunosuppressed populations. Whilst various
interventions have been proposed to CSCC risk in KTR, accurate stratification of cancer risk to allow targeted
deployment of these are an unmet need [5].

This project straddles chemistry and clinical practice. The candidate will further the development of a cutting-
edge and novel approach to detect p53aa, combined with evaluation of its clinical performance as a predictive
biomarker. The development of new signal generating technologies, new assaying capabilities and nanoparticle
chemistries has applicability to biomarker assays generally, with potential for use across the clinical spectrum.

Training opportunities

The student will gain understanding and experience in the development of novel assays for clinical use,
including their validation and testing on patient samples. They will also gain insight into cancer immunology
and the use of biomarkers to predict cancer risk.

Within the Davis Group, they will have extensive training in electroanalysis, assay development, microfluidics,
3D printing and nanoparticle chemistry, all strongly supported by the infrastructure and personnel in the Davis
Group.

Through training in the Bottomley Group, they will gain experience in handling human samples, such as serum.
They will receive training in univariate and multivariate survival analysis, including use of competing risk models.
Depending on their interest, they would also have the option to receive training in undertaking and analysing
immuno-histological and transcriptomic approaches such as immunofluorescence and spatial transcriptomic
analysis of excised tumours.
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Rotational project

Abstract of the project

For those projects applicable to non-clinicans, please give a brief outline (500 words max) of a project suitable
for the 6-month rotation which forms part of the overall 3-year DPhil. P53 comparative immunoassays
Abstract: Among the myriad of cancer biomarkers, p53, encoded by the TP53 gene, has gained prominence
due to its core antiproliferative function in preserving genomic stability. In more than 50% of human cancers,
aberrant p53 proteins, encoded by a mutated TP53, accumulate in cancer cells and may further promote
tumor growth and metastasis. This accumulation manifests as an increased concentration of p53 proteins in
serum and has, for example, been assayed at levels markedly higher than those of healthy controls in
patients. The robust assaying of circulating p53 is, however, made challenging due to both the heterogeneity
of both its mutated forms and post translational modifications. The abnormal accumulation of p53 proteins
triggers the generation of anti-p53 antibodies. These antibodies are largely structurally consistent, and their
quantification, at levels (~100 ng/mL), i.e., spiking to hundreds of times higher than that of the antigen in
serum, is more accessible. This 6-month project will develop comparative p53 autoantibody assays by both
novel electrochemical methods and comparative “gold standard” optical/elisa methods. After initial training,
analyses will be run of commercial p53 antibodies in buffer and then serum by Elisa and electrochemistry.
Results will be cross correlated and methods optimised before analyses will be carried out on ~20 KTR and
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control patient serum samples. The project will establish a firm grounding in basic immunoassay methods,
correlating data sets and an initial view of patient sample data sets prior to developing more sophisticated
antibody pre capture and amplified assaying methods.

Training opportunities

The training opportunities will be as follows: 1. Training in basic electrochemistry/electroanalysis 2. Training
in basic surface chemistry 3. Training in blood handling 4. Training in Elisa based immunoassays 5. Training in
electrochemical immunoassays 6. Training in statistical analysis 7. Training in presentational and writing skills

Ideal student background: The ideal student would have an undergraduate degree or Master’s in chemistry,
biochemistry or medical sciences. It would be beneficial, though not mandatory, if the student had prior
exposure to analytical assays and/or handling of human samples.
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4. Leveraging systemic disturbances to amino acid metabolism to
interrogate the impact of histone modifications on cancer
development and host defences - Pablo F. Céspedes

Primary Supervisor: Pablo F. Céspedes
Additional Supervisors: Pawel Swietach
Eligibility: Track 3 applicants are eligible to apply for this project

Abstract of the project

As demonstrated by multiple epidemiological studies, oncogenesis and cancer progression are influenced by risk
factors such as dysregulated metabolism and immune responses. However, our understanding of cancer biology
has been informed by a combination of in vitro experiments using standardised media that inadequately model
the tumour microenvironment and in vivo studies that have limited scope for controlling metabolic variables.
One strategy for interrogating the influence of metabolic disturbances on immune cell functions is using
genetically altered mice with systemically disturbed metabolism. Such animal models can produce sustained
metabolic disturbances of magnitude and duration necessary for tracking immune responses in a complete
organism.

In this project, you will study the consequences of disturbed amino acid metabolism in a mouse model of
impaired processing of propiogenic substrates. These substrates, including isoleucine, valine and methionine,
are catabolised to propionyl-CoA, an ester of three-carbon propionate. Normally, mitochondrial propionyl-CoA
carboxylase (PCC) converts this intermediate to a four-carbon derivative that can enter the Krebs cycle.
However, loss-of-function mutations in PCC produce a build-up of propiogenic substrates, which clinically
manifests as the disease propionic acidaemia. From an experimental viewpoint, mice with impaired PCC activity
generate a milieu that is enriched in the propionylating agent propionyl-CoA, the histone deacetylase inhibitor
propionate, and the methylating agent S-adenosyl-L-methionine (SAMe). We have shown that these mice
experience a systemic change in histone methylation and acylation, offering unprecedented insight into the
consequences of these epigenetic changes on the host organism, developing tumours, and immune responses.

You will use these mice to obtain biological materials for detailed studies using state-of-the-art methods. We
will determine the impact of sustained histone modifications and describe mechanisms for the interplay
between metabolic disturbances, immune surveillance, and cancer progression. This effort will define and test
the scope of metabolic interventions in modulating cancer risk and progression. To support you in this ambitious
and innovative project, we offer combined expertise inimmunology and metabolism, and a bespoke programme
of interdisciplinary training and mentorship.

Research objectives and proposed outcomes

Aim 1: To elucidate the regulatory roles of propionyl-CoA and SAMe accumulation on the differentiation of T
cells into memory subsets and their anti-tumor effectors. We have developed innovative tools for you to
study the effects of histone modifications on epigenetic, structural and functional adaptation of T cells to
homeostatic environments and the tumor milieu. The synergy between the Cespedes and Swietach labs will
expedite your efforts to elucidate the roles of these metabolic intermediates in T-cell differentiation in
otherwise healthy human organoids and mice, and test their killing efficacy of xenografted tumors.

Aim 2: To elucidate how altered propionyl-CoA and SAMe fluxes influence tumor growth, immune resilience
and spread. You will identify the cell-intrinsic effects of disturbed amino acid metabolism in terms of anti-tumor
immunity at a T-cell centric level, influence on tumor growth, immune resilience and metastasis. The project will
offer opportunities to characterise the tumor milieu using spatial transcriptomics and high-dimensional flow
cytometry. Using our bespoke lymphoid organoids and tumoroid methods, you will assess whether the overload
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of propiogenic substrates leads to changes to the dynamics of human T-cell cytotoxicity and its correlation with
biochemical, cellular, and physical aspects of the tumor milieu, including pH.

Translational potential of the project

As the project matures, you will develop ex vivo models for wider translational immuno-oncology and
experimental medicine studies. Translation of your observations made in the animal model to CRISPR/Cas9-
edited cells will deliver timely societal and scientific impact and much-needed mechanisms. The concurrent
development of bespoke human ex vivo systems will reduce animal experimentation as part of our commitment
to the 3Rs. A realistic translational opportunity is to repurpose precision diets for managing systemic metabolic
disturbances for use in controlling tumour biology and immune responses. This effort leverages of a wealth of
knowledge obtained from managing various metabolic disorders in patients.

Training opportunities

You will work closely with an inter-disciplinary team to elucidate whether, and how, T cells differentiate across
gradients of propiogenic substrates using the mouse model as well as ex vivo models of human immunity. A
programme of research, tailored to your interests, will involve high-dimensional flow cytometry (conventional
and spectral), high-content microscopy, proteomics, metabolomics, and conventional techniques across
molecular and cellular immunology and physiology. The generation of OMICS datasets and the use of genetic
and pharmacological manipulations will be applied to human ex vivo systems, including lymphoid organoids and
histocultures (explants), for a complete and ambitious project.

Rotational Project: Studying T-cell-intrinsic and extrinsic roles of histone methylating and acylating
metabolites in tumor rejection

Abstract of the project
Same as above.

Training opportunities:

You will work closely with Dr Cespedes and Professor Pawel Swietach to elucidate whether and how T cells
differentiate across gradients of propiogenic substrates using in vivo knockin mice, as well as ex vivo models
of human immunity. Therefore, depending on your interest you will have the opportunity to work with high-
dimensional flow cytometry (conventional and spectral), high-content microscopy, proteomics,
metabolomics, and conventional techniques across molecular and cellular immunology and physiology. The
generation or use of OMICS datasets and the use of genetic and pharmacological manipulations are
considered in human ex vivo systems, including lymphoid organoids and histocultures (explants).
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5. Design of novel CD4+ T cell platforms for chimeric antigen
receptor-T cell therapy - Ronjon Chakraverty

Primary Supervisor: Ronjon Chakraverty
Additional Supervisors: Persephone Borrow and Paresh Vyas
Eligibility: Track 3 and 4 applicants are eligible to apply for this project

Abstract of the project

The recent finding that B-lineage blood cancers can respond to anti-CD19 chimeric antigen receptors (CAR) T
cells is a major clinical advance. However, treatment failure is observed in 50% or more of patients (1), arising
most commonly through the escape of immune edited variants or failure of the T cell response. Accordingly,
most technological advances in the field are focussing upon broadening T cell reactivity to multiple antigens or
improving the function and survival of transferred T cells. However, this innovation has mostly centred around
role of CD8+ T cells, while the role of CD4+ T cells in promoting anti-tumour immunity is under-explored. In this
project, we will address how CAR transduction of CD4+ T cells with distinct cellular states will shape an anti-
CD19 CAR-T response in vivo. We will compare CD4+ T cell populations in terms of their capacity to contribute
to direct tumour control versus providing help to co-infused CD8+ CAR-T cells, as well as examining their broader
engagement with host immunity and long-term fate. This information will be used in the design of novel CD4+ T
cell platforms for antigen-specific adoptive T cell therapy.

Research objectives and proposed outcomes

Background: Preclinical studies have shown that CD4+ T cells are important players in promoting anti-tumour
immunity (2). As a function of their plasticity, CD4+ T cell populations exert anti-tumour responses through a
broad array of mechanisms including cytotoxicity, the provision of help for B cells or CD8+ T cells, or the wider
engagement of host immunity. Two distinct cellular states, that of cytotoxic CD4+ T cells (Tctx) and follicular
helper CD4+ T cells (Tfh) are of interest because they generate robust anti-tumour immunity via distinct
mechanisms (cytotoxicity versus T/B help, respectively) (3, 4) and because their differentiation is reciprocally
regulated and mutually antagonistic (5, 6). Thus, Tfh and Tctx responses often do not occur within the same
experimental models or same locality, making direct comparisons of anti-tumour proficiency difficult. While
CD4+ T cells are components of CAR-T products and promote efficacy, the precise mechanisms involved and the
CD4+ T cellular states that contribute most to anti-tumour immunity are less clear. This lack of information is
important because most engineering strategies to improve CAR-T efficacy (e.g., using small molecules, cytokines
or genetic re-wiring) have been directed at modifying CD8+ T cells but do not address how they will affect the
CD4+ T cell component of the product. To address this question, we have developed methods to isolate human
circulating PD-1+CXCR5+ Tfh and SLAMF7+ Tctx cells by flow cytometry (Fig. 1A-B) and expand these populations
by modifying rapid expansion protocols used for CAR-T manufacture (Tfh, Activin A, IL-12. IL-7; Tcx, high dose IL-
2); under these conditions, each subset retains their canonical profile as assessed by flow cytometry and
transcription for up to 21 days in culture (Fig. 1C). When co-cultured with autologous CD8+ T cells, we have
found that Tfh cells shifted CD8+ T cell differentiation towards a ‘less differentiated’ phenotype with
transcriptional profiles of memory T cells, whereas Tctx had little effect (Figure 1D-G). Our proof-of-concept that
we can isolate and expand each human CD4+ T cell population now provides an important opportunity to directly
compare their functions.
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Figure 1: CD4+ Tfh and CD4+ Tctx selection and expansion * co-culture with CD8+ T cells. A Gene correlation
matrix showing correlation of cytotoxicity genes with SLAM?7. B Flow cytometric plots showing markers used to
sort CD4+CXCR5+PD-1+ Tfh-like cells or CD4+SLAMF7+ Tctx. C. After 21 days culture, Tfh and Tctx maintained
their phenotype. D. Tfh and Tctx were co-cultured with CD8+ T cells using a rapid expansion protocol over 21
days. E. UMAPs showing clustering of CD8+ T cells derived from a 23-marker flow panel. F. Projections of
individual markers are shown. G. Heat map showing CD8+ T cell up-regulation of genes linked to memory
formation and down regulation of genes linked to exhaustion and senescence following co-culture with Tfh after
21 days.

Research objectives and proposed outcomes

1. What are the direct anti-tumour functions of CD4+ CAR-Tfh or CD4+ CAR-Tctx? As a 6-month project or part
of a DPhil project, we will generate CD4+ CAR-T by selecting Tfh and Tctx before electroporation/RNP based
CRISPR gene editing of the TRAC locus to knock down the endogenous TCR to prevent alloreactivity versus 3rd
party tumour or xenogeneic GVHD. Flow sorted TCRneg cells will then be transduced with lentivirus containing
an anti-CD19 CAR construct that incorporates a CD34 mimotope to allow immune-magnetic selection of
transduced T cells. CD4+ CAR-Tfh or CD4+ CAR-Tctx will be co-incubated with CD19-expressing human B-lineage
ALL cell lines in vitro (e.g., Nalm-6) and analysed for effector cytokine generation, activation marker expression
and killing function; these will be compared to a CD8+ CAR-T (positive control) and mock transduced CD4+ Tfh
or Tctx cells (negative controls). We will then compare CAR sensitivity of each CD4+ T cell subset (and in relation
to CD8+ T cells) using the Nalm-6 CombiCell model (7); this experimental system, designed by Dushek group,
allows precise titration of CD19 surface expression as well determination how accessory molecules (e.g. LFA-1)
influence CAR sensitivity. As part of a continuing DPhil project, we will then test the respective capacity of each
individual CD4+ CAR-T subset for direct control tumour control in vivo by infusing into NSG recipient mice
engrafted with Nalm-6 using systems already set up in the laboratory. We anticipate that CAR-Tctx will
demonstrate greater direct control of Nalmé growth than CAR-Tfh.

2. Do CD4+ CAR-Tfh or CD4+ CAR-Tctx provide help to co-transferred CD8+ CAR-T cells? Using the same in vivo
model described above, we will adoptively transfer a sub-optimal dose of CD8+ CAR-T (that partially controls
Nalm-6 growth) either alone or in combination with CD4+ CAR-Tfh or CD4+ CAR-Tctx. CD4+ T cell helper functions
for CD8+ T cells will be evident where the level of tumour control following co-transfer of the CD8+ and CD4+
CAR-T cell subsets exceeds the sum of tumour control when each subset is transferred alone. We anticipate that
Tfh will demonstrate greater helper functions that Tctx. If a helper effect is observed, this would provide an
opportunity to define the mechanism for help and we will be guided by data from recent CD8 Tfh interactome
experiments which have yielded several candidate molecular interactions. For example, we would test whether
the Tfh canonical cytokine, IL-21, is required by using intravenous injection of blocking antibodies.
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3. How do CD4+ CAR-Tfh or CD4+ CAR-Tctx engage the host immune system? To answer this question, we will
adapt our model by using humanised NSG mice that have been prepared by prior infusion of human cord blood-
derived CD34+ cells; these mice contain myeloid cells, NK cells, T and B cells allowing host immune-CAR-T
interactions to be characterised (8). To evaluate how CD4+ CAR-Tfh or CD4+ CAR-Tctx engage the host immune
system following infusion, we will use multi-parametric flow cytometry to define specific subsets (e.g., host B
cells, T cells, macrophages, DCs, NK cells) at timed intervals in the spleen, lymph node and bone marrow. These
findings will be compared to mice receiving CD8+ CAR-T or mock transduced CD4+ T cells. Deeper targeted
interrogation by flow cytometry (e.g., for cytokines) and single cell RNA sequencing will further evaluate of the
consequence of host-immune-CD4+ CAR T cell interactions. Where a candidate CD4-host interaction is
identified, additional experiments will be directed at understanding how that interaction contributes to anti-
tumour immunity (e.g., through in vivo cell depletion).

4. What are the fates of CD4+ Tfh-CAR or CD4+ Tctx-CAR following transfer? Using the humanised NSG model,
we will examine the persistence, location, phenotypic stability and long-term function of adoptively transferred
CD4+ CAR-Tfh versus CD4+ CAR-Tctx-cells. Survival of CAR-T will be evaluated by determining numbers CD4+
CD34-mimotope+ cells in the blood through serial sampling, and at timed intervals in the spleen, lymph node
and bone marrow. Stability of the infused versus current phenotype (e.g., by measuring CXCR5, PD-1, ICOS for
Tfh-like cells or SLAMF7, CTRAM, Granzyme B for T-ctx), as well as other markers of activation or memory
differentiation will be tested. These studies could be combined with immunofluorescent confocal imaging to
define where the surviving CAR-T are located. Where the two CD4+ CAR-T subsets diverge in relation to the
above readouts, we will seek to define potential mechanisms that underpin these differences. For example,
persistence of a CAR-T subset, but lack of phenotypic stability could relate to precursor-like properties of the
infused subset. Lack of persistence of an individual subset could also relate to loss of critical niches (for example,
through loss of B cells following anti-CD19 CAR-T) and this could be evaluated by using CD4+ CAR-T directed at
alternative non-B cell targets.

Translational Potential of the project
This project aims to identify the optimal CD4+ T cell states that can be incorporated into manufacture of CAR-T
and design of other antigen-specific T cell therapies.

Training opportunities:

The DPhil student will be trained in: 1) fundamental methods of immunology, specifically cell culture and
manipulation, flow cytometry and single cell RNA sequencing (2) molecular biology, including methods for both
gene editing/transfer (3) in vivo model design (4) computational biology and statistics. The training will be
focussed on specific skill sets that are critical for developing immune therapies.

Rotational Project: Design of novel CD4+ T cell platforms for chimeric antigen receptor-T cell therapy

Abstract of the project

The recent finding that B-lineage blood cancers can respond to anti-CD19 chimeric antigen receptor (CAR)-T
cells is a major clinical advance. However, treatment failure is observed in 50% or more of patients, arising
most commonly through the escape of immune edited variants or failure of the T cell response. Accordingly,
most technological advances in the field are currently focussed upon broadening T cell reactivity to multiple
antigens or improving the function and survival of transferred T cells. However, this innovation has mostly
centred around role of CD8+ T cells, whilethe role of CD4+ T cells in promoting anti-tumour immunity is
under-explored. As a function of their plasticity, CD4+ T cell populations exert anti-tumour responses through
a broad array of mechanisms including cytotoxicity, the provision of help for B cells or CD8+ T cells, or the
wider engagement of host immunity. In this project, we will address how CAR transduction of CD4+ T cells
with distinct cellular states will shape anti-CD19 CAR function. Two distinct cellular states, that of cytotoxic
CD4+ T cells (Tctx) and follicular helper CD4+ T cells (Tfh) are of interest because they generate robust anti-
tumour immunity via distinct mechanisms (cytotoxicity versus T/B help, respectively) and because their
differentiation is reciprocally regulated and mutually antagonisticl,2. While CD4+ T cells are components of
CAR-T products, the CD4+ T cellular states that contribute to anti-tumour immunity are not known. To
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address this question, we have developed methods to isolate human circulating PD-1+CXCR5+ Tfh and
SLAMF7+ Tctx cells and then expand these populations by modifying rapid expansion protocols used for CAR-
T manufacture. In this 6-month project, we will compare Tfh and Tctx CD4+ T cell populations transduced
with anti-CD19 CAR in terms of their activation profile, cytokine generation and capacity to kill CD19+target
cells in vitro. As a 6-month standalone project or part of a longer DPhil project, we will then compare CAR
sensitivity of each CD4+ T cell subset (and in relation to CD8+ T cells) using the Nalm-6 CombiCell model3;
this experimental system, designed by our collaborator, Omer Dushek, allows precise titration of CD19
surface expression on target cells as well determination of how accessory molecules (e.g. LFA-1) influence
CAR sensitivity. These data could be incorporated into to a future DPhil project in which each CD4-CAR
population is tested for their respective capacity (1) to exert direct tumour control in vivo (2) to provide help
to co-infused CD8+ CAR-T, (3) to engage with the host immune system and (3) to persist and maintain
function long term. Together, this information will be used in the bespoke engineering of novel CD4+ T cell
platforms that favour cell states with the greatest potential to promote anti-tumour immunity.

Training opportunities

The student will be trained in: (i) fundamental methods of immunology, specifically cell culture and
manipulation, flow cytometry and single cell RNA sequencing (2) molecular biology, including methods for
both gene editing/transfer (3) in vivo model design (4) computational biology and statistics. The training will
be focussed on specific skill sets that are critical for developing immune therapies.

Ideal student background: The student will have a First Class or Upper Second Bachelor’s degree (BSc or BA)
in basic sciences or intercalated degree as part of a medical degree from a well-recognised academic
institution, that will include exposure to immunology. Further laboratory experience is not essential but
highly desirable. A prior laboratory or clinical publication record is desirable.

References:
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6. Mechanisms and consequences of HLA-II expression in colorectal
and endometrial cancer — David Church

Primary Supervisor: David Church
Additional Supervisors: Luciana Gneo
Eligibility: Track 3 applicants are eligible to apply for this project

Abstract of the project

Presentation of antigen to T cells by HLA/MHC molecules is critical for tumour suppression and immunotherapy
response. MHC-I molecules present antigen to CD8* cytotoxic T cells, are expressed by all nucleate cells and
frequently downregulated in cancers as a mechanism of immune evasion. MHC-Il molecules present antigen to
CDA4* cells and are normally only expressed by professional antigen-presenting cells. However, MHC-Il expression
is inducible in epithelial cells, with our recent analysis indicating that this occurs in 20-50% of colorectal and
endometrial cancers. Epithelial MHC-II has been shown to present antigen to T cells in inflammatory bowel
disease, but its function in cancer is little understood, and the consequences of its dysregulation in cancer
undefined.

Research objectives and proposed outcomes

The objectives of this project are:

1. To define the frequency and consequences of MHC-II expression in colorectal and endometrial cancers and
pre-cancers

2. To assist with the functional characterisation of MHC-II dysregulation in model systems

Research plan

The project aligns with a recent Cancer Research UK Senior Cancer Research Fellowship (Pl: Church), and will
benefit from the samples and data currently under generation in the Oxford LynchVax (Pl: Church) and GO-
PRECISE CRC-VAX (co-PI: Church) projects.

Correlates and candidate mechanisms

In collaboration with the Koelzer group (University of Basel), we have recently used Al-based image analysis to
analyse MHC-Il in nearly 3,500 colorectal and 1,500 endometrial cancers and a small number of LynchVax colonic
precancers. Preliminary analysis reveals epithelial MHC-II expression coincides with the onset of dysplasia and
is found in 20-50% of cancers; current work will define the clinical and molecular correlates of such expression
along with its prognostic value. The student will have the opportunity to contribute to these analyses, and will
lead the detailed study of MHC-II expression and its correlates in the large cohort of colonic precancers we are
generating under the LynchVax and GO-PRECISE CRC-Vax industry collaborations. This work will leverage the
exceptional multimodal data we will have for these samples including whole genome and transcriptome
sequencing, immunopeptidomics and state-of-the-art spatial analyses of transcripts (Xenium 5k) and protein
(phenocycler). This work will benefit from the multidisciplinary collaboration across the LynchVax and CRC-Vax
groups.

Selected outputs from this work will include:

e Timing and frequency of MHC-II expression in colon and endometrial cancer

e Discovery and validation of genomic and transcriptomic features associated with MHC-II dysregulation (IFNg
pathway activation, alterations in MHC-Il pathway etc)

e Relationship between MHC-Il expression and immune infiltrate, focusing on localisation and
activation/exhaustion status of CD4, CD8 and other key cell types
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Parallel work will investigate the functional role of MHC-II in cancer. This work aligns with the aim of the funded
SCaRF (Church lab), and will benefit from the model systems to be generated under this work. As part of this
work, the student will assist with the generation and characterisation of mice carrying conditional alleles of the
MHC-Il master regulator CIITA together in combination with other alleles we have shown induce MHC-II
expressing tumours (e.g. Pole). Deep phenotyping will include analysis of precancers and cancers to define the
consequences of MHC-II dysregulation on tumour development, immune infiltrate and depending on results,
immunopeptidomics on primary tumours or tumour-derived organoids. Complementary human analyses will
include generation of ex-vivo organoids, induction of MHC-II by eg IFNg, and detailed phenotyping including
immunopeptidomics and potentially, co-culture with HLA-matched CD8 and CD4 T cells.

Translational potential of the project

The widespread use of ICB for colorectal and endometrial cancers and the proven importance of antigen
presentation in sensitivity to such agents provides immediate translational relevance. We will aim to rapidly
transfer the findings of this work into the clinic through our network.

Training potential

The student will join a well-supported and highly collaborative research program, and benefit from teaching on
all skills required. Bioinformatic analyses will be done under the supervision of the Church group, LynchVax and
CRC-Vax team, and experimental work supported by dedicated postdoctoral scientist and research assistants in
the Church laboratory.

Rotational Project:

Abstract of the project

Presentation of antigen to T cells by HLA/MHC molecules is critical for tumour suppression and
immunotherapy response. MHC-I molecules present antigen to CD8" cytotoxic T cells, are expressed by all
nucleate cells and frequently downregulated in cancers as a mechanism of immune evasion. MHC-II
molecules present antigen to CD4" cells and are normally only expressed by professional antigen-presenting
cells. However, MHC-II expression is inducible in epithelial cells, with our recent analysis indicating that this
occurs in 20-50% of colorectal and endometrial cancers. Epithelial MHC-II has been shown to present
antigen to T cells in inflammatory bowel disease, but its function in cancer is little understood, and the
consequences of its dysregulation in cancer undefined.

Training Opportunities
Analysis of genomic, transcriptomic, spatial and immunopeptidomic data.
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7. Decoding chromosomal translocations in B cell malignancies: From
detection to functional interrogation - James Davies

Primary Supervisor: James Davies
Additional Supervisors: Sarah Gooding and I-Jun Lau
Eligibility: Track 3 and 4 applicants are eligible to apply for this project

Abstract of the project

Chromosomal translocations—where DNA from different chromosomes is abnormally joined—are a hallmark of
many blood cancers, particularly multiple myeloma and B cell malignancies! These structural changes often lead
to activation of cancer-driving genes by placing them next to powerful regulatory elements, yet how these
rearrangements occur and how they reprogram gene regulation remains poorly understood®?® This project aims
to address three major challenges in this area: (1) improving the detection of chromosomal translocations using
new long-read sequencing approaches, (2) understanding how these rearrangements affect gene cellular
behaviour, and (3) developing genetic engineering tools to model translocations and study their effects in living
cells and animal models. The insights gained will deepen our understanding of the biological role of
chromosomal translocations as founder events in generating cancers, help improve diagnostics and potentially
identify new treatment strategies for patients with blood cancers.

Research objectives

Objective 1: Develop a long-read, targeted sequencing method for detecting chromosomal translocations.
The student will use an established targeted long-read sequencing platform using PacBio technologies, to
sensitively identify chromosomal translocations in multiple myeloma and B cell malignancies.* This approach
aims to improve the resolution and accuracy of structural variant detection compared to current short-read
methods or cytogenetics.> The focus will be to apply this approach to patient-derived tumour samples for
precise characterisation of translocation breakpoints at nucleotide resolution. By mapping breakpoints across a
cohort of samples provided by the MOSAIC study due to open later in 2025, as well as the OTMCbio Myeloma
Biobank, the project will seek to identify genomic “hotspots” that are recurrently involved in translocations.
These may coincide with regions of chromatin fragility, transcriptional activity, or underlying genetic variation
such as single nucleotide variants (SNVs), which could predispose specific loci to breakage and rearrangement®.
Together, these findings will improve understanding of the mechanisms driving translocation formation and
inform future strategies for early detection and risk assessment.

Objective 2: Investigate how translocations affect gene regulation.

This project will explore how chromosomal translocations rewire gene expression and disrupt normal regulatory
architecture. The student will use transcriptomic and epigenomic profiling techniques—such as RNA-seq, ATAC-
seq, and chromatin conformation assays (e.g., Micro-Capture-C’)—to explore how chromosomal translocations
alter gene expression, enhancer hijacking, and 3D genome organisation in human cell lines and patient samples.
These data will help to define how rearrangements rewire gene regulatory networks and contribute to malignant
transformation.

Objective 3: Develop CRISPR-based systems to model translocations and study their impact.

This project will harness CRISPR-Cas9 genome engineering to recreate recurrent oncogenic chromosomal
translocations seen in B cell malignancies —such as t(11;14) and t(4;14)—in human haematopoietic cells,
enabling functional dissection of their oncogenic consequences. The student will design and optimise CRISPR
tools to induce specific rearrangements at endogenous loci, facilitating accurate modelling of translocation
events. The student will also develop in vivo mouse models by engrafting genetically modified haematopoietic
cells into mice. These models will allow the induction of translocations in a developmentally controlled manner,
specifically in B-cells at defined stages of differentiation, to explore how the cell of origin shapes disease
initiation, latency, and clinical phenotype. This approach will provide a powerful system for studying the
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early biological effects of translocations and for identifying novel vulnerabilities that may be exploited
therapeutically.

(i) Academic Value of the Research

Myeloma and other B cell malignancies are primarily driven by IgH translocations with sweeping effects on
oncogenic transcriptional programmes which remain poorly understood in many cases, particularly regarding
how very different cancers in the B cell lineage may arise from effectively the same translocation (eg t(8;14)).
Outputs of this project have the potential to significantly improveour understandingof how genome stability,
gene regulation, and cancer development can have very different outcomes following a single common event.
It will establish new methods for studying chromosome-level DNA rearrangements and their effects. These tools
and insights will be relevant to a wide range of researchers working on blood cancers and structural variants in
cancer more broadly.

(ii) Collaborations and Facilitation by the Award

This project represents a new cross-cutting collaboration between experts in genome engineering and B cell
malignancies, bringing together complementary expertise in gene regulation, cancer genetics, and translational
haematology across Oxford. It will be co-led by researchers at the MRC Weatherall Institute of Molecular
Medicine and the Oxford Translational Myeloma Centre, with pioneering experience in 3D genome architecture,
including development of Micro Capture-C (James Davies), myeloma genetics and disease biology (Sarah
Gooding), epigenetic gene regulation, access to patient samples and integration with clinical research (I-Jun Lau).

Translational potential

Chromosomal translocations are already used as diagnostic and prognostic markers in myeloma but current
technologies can miss clinically important events®>®° . By developing more sensitive detection tools and
uncovering how these changes rewire the genome, this project could improve early diagnosis and enable more
precise patient stratification. Furthermore, new models of translocation-driven cancers will provide valuable
systems to test targeted therapies, including those exploiting gene

Training opportunities

This project offers comprehensive training in cutting-edge techniques spanning molecular biology, genome
engineering, and translational cancer research. The student will gain expertise in long-read sequencing
technologies and the development of targeted capture approaches for breakpoint detection in patient-derived
samples. They will be trained in high-resolution chromatin conformation assays, particularly Micro Capture-C,
to study gene regulation around translocation breakpoints. Additionally, the project will provide hands-on
experience in CRISPR-Cas9-based genome editing. Crucially, the student will also develop and work with in vivo
models to investigate the role of translocations in different cell types and developmental stages. The student
will also received training in bioinformatic analysis of high thoughput sequencing data including ATAC-seq and
chromosome conformation capture methods. The student will benefit from interdisciplinary mentorship across
molecular biology, bioinformatics, and clinical research, with access to state-of-the-art core facilities and clinical
sample resources at the MRC Weatherall Institute of Molecular Medicine and the Oxford Translational Myeloma
Centre.

Rotational Project: Investigation of chromosomal translocations in haematological malignancy

Abstract of the project

Blood cancers such as multiple myeloma and B cell malignancies frequently arise from chromosomal
translocations—genetic rearrangements where segments of DNA from different chromosomes are
abnormally joined. These events often place cancer-promoting genes next to powerful regulatory elements,
driving malignant transformation. However, how these rearrangements form and the mechanisms by which
they disrupt gene regulation remain poorly understood.

This 6-month rotation project will focus on key aspects of detecting and studying chromosomal translocations
using modern molecular biology and genomics techniques. The work will focus on three simplified aims: (1)
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optimising a long-read sequencing protocol for characterising translocations in human cell lines, (2) using
transcriptomic and epigenomic methods to study how translocations affect gene regulation, and (3)
designing CRISPR-Cas9 tools to model a specific translocation in cultured cells.

First, the student will set up a targeted long-read sequencing pipeline (using PacBio) in B cell lines known to
carry specific chromosomal translocations. This phase will involve optimising DNA extraction, library
preparation, and sequencing to reliably capture and map translocation breakpoints at high resolution. The
goal is to improve sensitivity and accuracy over traditional short-read approaches.

Second, the student will explore the regulatory impact of these translocations using transcriptomic and
epigenomic sequencing techniques to measure gene expression, chromatin accessibility and chromatin
conformation changes around breakpoint regions. This work will reveal how gene regulation is altered and
help identify oncogenic mechanisms like enhancer hijacking.

Finally, the student will design CRISPR-Cas9 guide RNAs targeting regions involved in common myeloma-
associated translocations (e.g. t(11;14)), with the aim of inducing specific rearrangements in B cell lines. This
will lay the groundwork for future functional studies.

Training opportunities

The student will receive practical training in a wide range of cutting-edge molecular and genomic techniques,
enabling them to build a strong foundation in translational cancer research:

Long-read sequencing: Introduction to Oxford Nanopore or PacBio technologies, including DNA extraction,
targeted enrichment, library preparation, sequencing, and basic analysis of structural variants.
Transcriptomic and epigenomic profiling: Training in RNA-seq and ATAC-seq to assess gene expression and
chromatin accessibility changes associated with translocations. Data interpretation will be supported by
standard pipelines and tools.

CRISPR-Cas9 guide design: The student will learn how to design and evaluate guide RNAs for inducing
chromosomal rearrangements in cell lines, including the use of online design tools and validation by PCR or
sequencing.

Bioinformatics and data handling: Exposure to tools used for analysing long-read and RNA-seq data,
including alignment, structural variant detection, and expression analysis.

The project provides a focused, hands-on experience with state-of-the-art genomic methods in cancer
research. Supervision will be provided by a multidisciplinary team at the Oxford Translational Myeloma
Centre and the MRC Weatherall Institute of Molecular Medicine, with access to excellent lab and
computational facilities.
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8. A statistical analysis of captured p53 antibodies — Jason Davis

Primary Supervisor: Jason Davis
Additional Supervisors: Christiana Kartsonaki
Eligibility: Track 3 and 4 applicants are eligible to apply for this project

Abstract of the project

The tumour suppressor gene TP53 is mutated in over 50% of human cancers, leading to uncontrolled
proliferation of cells. The accumulation of abnormal p53 protein results in the body activating an immune
response to produce antibodies that recognise p53 in the blood. These antibodies are attractive biomarkers for
early cancer detection since, contrary to the many versions of mutated p53 protein in different cancers, the p53
antibody structure is relatively consistent and so one detection assay can pick up a wide range of cancers.
Additionally, p53 antibody levels increase to a much greater extent than the mutated p53 protein and so they
are easier to detect over the background level. We have developed an electrochemical sensor platform that
utilised specific peptide sequences that mimic a region of the p53 protein that is rarely mutated (Kang et al.
2024). When integrated into the surface of manipulatable nanoparticles these enable the isolation of antibodies
from blood serum prior to very sensitive amplified quantification. This project will optimise the nanoparticle
surface chemistry and associated microfluidics/magnetic fields to refine the specificity of this target capture and
will apply these analyses to plasma samples of patients with cancer and potentially healthy controls to assess
the extent to which p53 can be detected in patients whose tumours are likely to harbour mutations in TP53.

Research objectives and proposed outcomes

Plasma proteomics have shown great promise for use in risk prediction and early detection of cancer in
asymptomatic individuals (Kartsonaki et al. 2022; Papier et al. 2024). Of particular interest is p53, the protein
associated with the tumour suppressor gene TP53, of which both germline and somatic mutations are implicated
in many types of cancer. The accumulation of abnormal p53 protein results in the body activating an immune
response to produce antibodies that recognise p53 in the blood. These antibodies are attractive biomarkers for
early cancer detection since, contrary to the many versions of mutated p53 protein in different cancers, the p53
antibody structure is relatively consistent and so one detection assay can pick up a wide range of cancers.
Additionally, p53 antibody levels increase to a much greater extent than the mutated p53 protein and so they
are easier to detect over the background level. We have developed an electrochemical sensor that uses
nanoparticles coated in peptide sequences from a region of the p53 protein that is rarely mutated (Kang et al.
2024). These p53 peptide-coated nanoparticles selectively bind to p53 antibodies from blood serum, which are
then isolated and presented to the sensor for quantification. The next step to assess the potential utility of this
assay in detecting cancer earlier or predicting future risk of developing cancer would include validation of the
method in stored plasma samples of patients with cancers which are likely to harbour somatic mutations in
TP53, as well as patients with germline alternations or TP53 mosaicism. Subsequently studies comparing patients
with cancer to healthy control participants may be conducted, with the ultimate aim of assessing the utility of
the assay in asymptomatic participants in order to detect p53 antibodies before a tumour becomes apparent,
such as samples from large-scale perspective cohort biobank studies.

This project will form the basis of an entirely new collaboration between Prof. Jason Davis (Department of
Chemistry), who has developed the p53 assay, and Dr Christiana Kartsonaki (Nuffield Department of Population
Health), who has expertise in the analysis of proteomics and other biomarkers in cancer risk prediction and early
detection.

Translational potential of the project
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The project has the potential to lead to the development of a biomarker for the early detection of a number of
cancers, as well as potentially useful in the monitoring of cancer among patients with specific cancer types. It
may also be helpful in the design of future precision prevention clinical trials.

Rotational Project: Ultrasensitive p53 assay for early detection of cancer

Abstract of the project

The tumour suppressor gene TP53 is mutated in over 50% of human cancers, leading to uncontrolled
proliferation of cells. The accumulation of abnormal p53 protein results in the body activating an immune
response to produce antibodies that recognise p53 in the blood. These antibodies are attractive biomarkers
for early cancer detection since, contrary to the many versions of mutated p53 protein in different cancers,
the p53 antibody structure is relatively consistent and so one detection assay can pick up a wide range of
cancers. Additionally, p53 antibody levels increase to a much greater extent than the mutated p53 protein
and so they are easier to detect over the background level. We have developed an electrochemical sensor
that uses nanoparticles coated in peptide sequences from a region of the p53 protein that is rarely mutated
(Kang et al. 2024). These p53 peptide-coated nanoparticles selectively bind to p53 antibodies from blood
serum, which are then isolated and presented to the sensor for quantification. This project will optimise
target recruitment and then the analysis of stored plasma samples of patients with cancer to assess the
extent to which p53 can be detected in patients whose tumours are likely to harbour mutations in TP53. It
will integrate state of the art statistical analyses.

Training opportunities
The student will receive training in electrochemical assays, microfluidics, and statistical analysis of the
resulting data.

Ideal student background: This project would be suitable for a student with an interest in biochemistry
and cancer biology, chemistry, as well as interest in developing interdisciplinary skills including data
analysis.
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9. Generation of selective immune checkpoint inhibitors with high on-
target efficacy and low off-target toxicity — Omer Dushek

Primary Supervisor: Omer Dushek
Additional Supervisors: David Church
Eligibility: Track 3 and Track 4 applicants are eligible to apply for this project

Abstract of the project

Immune checkpoint inhibitors (ICl) are soluble biologics that have been successful at treating a variety of cancer
indications. However, these therapies also induce severe autoimmune toxicities in patients, and in some cases
these are fatal. Indeed, the overall efficacy of the therapy is often associated with its overall toxicity. This trade-
off between efficacy and toxicity has dramatically hampered the ability to increase the efficacy of ICls. Here, we
propose to explioit basic mechanisms of how T cells discriminate between non-self (e.g. pathogen and cancer
antigens) and self antigens to develop Selective ICI (SICI) therapeutics that breaks this trade-off by enabling
highly efficacious yet non-toxic immune response

Research objectives and proposed outcomes

T cells are activated to respond when their T cell antigen receptors (TCRs) recognise peptide antigens displayed
on major histocompatibility complexes (pMHCs). They are not usually activated by normal cells that only
present self-peptides because their TCRs have low-affinity to self pMHCs and because of co-inhibitory
receptors such PD-1, which act as immune checkpoints preventing inappropriate activation.

T cells can activate to abnormal infected or cancerous cells because these cells present higher-affinity non-self
pMHCs (e.g. viral or mutated peptides). However, cancers evolve to engage co-inhibitory receptors and hence
inhibit T cell responses.

ICls that block immune checkpoint receptors are widely used to treat many forms of cancer. However, while ICls
increase T cell responses to higher-affinity cancer antigens, they also increases T cell responses to lower-affinity
self-antigens leading to autoimmune toxicity. This toxicity is often but not exclusively presented in the gastro-
intestinal track.

Through our basic research on the mechanism of TCR discrimination, we have identified T cel surface proteins
that selectively modulate responses to lower-affinity but not higher-affinity pMHCs. We will exploit these
insights to develop selective ICIs that increase T cell responses to higher-affinity tumour antigens but not low
affinity self-antigens, thereby improving the therapeutic index of ICls.

The D.Phil projects will facilitate collaboration between the laboratories of Omer Dushek (Dunn School), Ricardo
Fernandes (COl at NDM), and David Church (CHG at NDM). Prof. Fernandes has expertise in the generation of
bi-specific soluble reagents that can modulate the activity of surface proteins, Prof. Dushek has expertise in
primary T cell assays for on-target efficacy and off-target toxicity including mechanisms that manipulate
discrimination, and Prof. Church is a clinician scientist with expertise in the genetic underpinnings of antigen
display, including on-target antigens in the gastro-intestinal track.

Translational potential of the project

The project aims to take the first step along the translational path by exploiting our basic understanding of self
vs non-self antigen discrimination by T cells to reduce (or abolish) autoimmune toxicities in T cell-based
therapies. These toxicities are often but not exclusively displayed in the gastro-intestinal track. By producing
novel therapeutics that selectively reduce T cell resposnes to self antigens, the project will demonstrate the
ability to produce highly effective but non-toxic therapeutics
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Training opportunities

The specific training will be catered to the experience and interest of the student. The project will involve
theoretical training in the quantitaitive process of T cell antigen recognition, including the mechanisms of
antigen discrimination, using mathematical modelling (no prior experience required). On the experimental side,
the project can involve the molecular design of selective immune checkpoint inhibitors and their production and
purification. The project will also involve isolation, expansion, and culture of primary human T cells along with T
cell activation assays through co-culture where activation is assessed by flow cytometry, ELISAs, and imaging-
based IncuCyte instruments. Training will also be provided in quantitative data analysis.

Rotational Project: Generation of selective immune checkpoint inhibitors with high on-target efficacy and
low off-target toxicity

Abstract of the project

Immune checkpoint inhibitors (ICl) are soluble biologics that have been successful at treating a variety of
cancer indications. However, these therapies also induce severe autoimmune toxicities in patients, and in
some cases these are fatal. Indeed, the overall efficacy of the therapy is often associated with its overall
toxicity. This trade-off between efficacy and toxicity has dramatically hampered the ability to increase the
efficacy of ICls. Here, we propose to explioit basic mechanisms of how T cells discriminate between non-
self (e.g. pathogen and cancer antigens) and self antigens to develop Selective ICI (SICI) therapeutics that
breaks this trade-off by enabling highly efficacious yet non-toxic immune response.

Training opportunities

The 6-month rotation project would be designed to provide the student an opportunity to perform proof-
of-principle experiments to manipulate T cell cross-reactivity using soluble bi-specific molecules.
Depending of the expertise and interest of the student, the project can more heavily involve the
biochemistry of the bi-specific (design and production) or more heavily involve the cellular assays for T cell
cross-reactivity.

Ideal student background: No specific background is required. The project will involve cellular
biology/immunology work, including primary human cell culture, cellular activation assays, and
quantitative data analysis. The project can also involve molecular design and biochemistry of protein
production/purification. General background in biology, biochemistry, biomedical sciences, medical
sciences, etc are most suitable
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10.Tackling Cancers Defective of High-Fidelity DNA Repair
Mechanisms — Fumiko Esashi

Primary Supervisor: Fumiko Esashi
Additional Supervisors: Bass Hassan
Eligibility: Track 3 and 4 applicants are eligible to apply for this project

Abstract of the project

Recent technological advancements in cancer genomics have revealed significant cell-to-cell heterogeneity,
highlighting the role of mutability in driving cancer evolution, posing therapeutic challenges (1). A recent study
has indicated that the simultaneous impairment of two key high-fidelity DNA repair mechanisms, homologous
recombination (HR) and mismatch repair (MMR), contributes to adaptive mutability and drug resistance (2).
Notably, while HR loss is lethal in most cell types, MMR deficiency may mitigate this lethality. Our hypothesis is
that MMR-defective backgrounds enable the survival and rapid evolution of cancer cells with HR loss. To
investigate the impact of MMR/HR dual deficiencies on cancer development, we propose innovative
experimental and bioinformatic approaches. Specifically, by conditionally inactivating HR in MMR-defective
cellular model systems, we will identify genetic and genomic factors affecting cell survival. Additionally, we will
perform association analyses based on somatic cancer mutations databases to uncover potential biomarkers
and therapeutic strategies for early diagnosis and treatment of these cancers.

Research objectives and proposed outcomes

Individuals with inherited mutations within genes encoding MMR or HR factors exhibit increased risk to develop

a wide range of cancers, as seen in patients with hereditary nonpolyposis colorectal cancer/Lynch syndrome
(HNPCC/LS) or hereditary breast and ovarian cancer syndrome (HBOC), respectively. It is widely described that

MMR defects confer mutator phenotypes with no lethal impact. Conversely, the biallelic mutations of genes
encoding key HR regulators, such as the breast cancer susceptibility 2 (BRCA2) and the partner and localizer of

BRCA2 (PALB?2), elicits lethality, although monoallelic BRCA2 or PALB2 mutations are sufficient to increase cancer

risk. Notably, a recent study suggests that the simultaneous impairment of MMR and HR drives adaptive
mutability and drug resistance (2). However, the causal relationship of this phenomenon remains unclear. We
hypothesise that MMR defective mutator background alleviates the lethal impact of HR loss and assists rapid
evolution of cancer. This project tests this hypothesis and identifies genetic and genomic elements that are
associated with MMR- and HR-defective cancers.

The genetic concept of ‘synthetic
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. . Figure 1. A. HCT116 mAID-BRCAs/PALB2-mAID cells were seeded in 6-well plates, and grown for 10
screens in knockout cell lines. days with and without auxin (IAA). Colonies were then fixed and stained with crystal violet. B-C: HCT116
However, this approach has mAID-BRCA2/PALB2-mAID and parental HCT116 cells were first treated with IAA for 2 hours, and subse-
limitations, such as phenotypic quently exposed to olaparib. After 5 days, cell survival was tested by WST assay. (n=3), error bars, SD.

Asterisks indicate p value <0.0001 = ****.
changes obscured by secondary P

mutations. This project tackles these shortcomings by utilising the auxin-inducible degron (AID) technology (3)
to conditionally deplete endogenous BRCA2 or PALB2 in MMR-defective HCT116 cell lines. This allows for highly-
specific examination to uncover the direct impact of BRCA2 or PALB2 depletion in MMR-defective mutator
background.
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Our preliminary study shows that, indeed, the acute depletion of BRCA2 or PALB2 confers lethality (Fig 1A), as
well as increased sensitivity to a chemotherapeutic drug, poly (ADP-ribose) polymerase inhibitor olaparib (Fig
1B, C) as expected (4). To identify genes that affect normal survivals of BRCA2- or PALB2-depleted HCT116 cells,
we leverage the CRISPR-mediated modulation of transcription, namely CRISPR interference/activation
(CRISPRi/a) (5). Our lab has already established the systems combining AID and CRISPRi/a and identified genetic
factors, down- or up-regulation of which affects the survival of BRCA2- or PALB2-depleted cells. The project will
characterise the cellular and molecular functions of these hits.

In parallel, we will directly assess genome changes that occur upon BRCA2- or PALB2 depletion in HCT116 cells.
We will isolate several clonal HCT116 cell lines which have survived upon depletion of BRCA2 or PALB2 for one
month. Our preliminary analysis indicates distinct chromosomal aberrations in these cells, arising highly
repetitive centromeric regions of chromosomes. This observation is particularly intriguing as these repetitive
regions are known to be targeted by MMR or HR (6, 7). To gain high resolution pictures of genome changes at
these regions, we will conduct long-read whole genome sequencing using Oxford Nanopore Technology (ONT)
that has advantages over traditional short-read sequencing. It enables the detection of alterations in repetitive
sequences, as well as DNA modifications, such as CpG methylation. This approach is expected to provide a
comprehensive understanding of the observed genome changes.

Finally, we will conduct a bioinformatic assessment of publicly available somatic cancer mutation databases,
including COSMIC, to determine the prevalence of simultaneous impairment of MMR and HR pathways. We will
initially focus colon cancers, which exhibit MMR deficiency in approximately 15% of cases. We will also explore
the potential correlation between MMR/HR co-downregulation and the development of drug resistance. By
examining the factors identified in our CRISPRi/a and long-read sequencing studies, we aim to uncover their
association with drug resistance mechanisms. This integrative approach will provide valuable insights into the
underlying mechanisms driving drug resistance in these specific cancer types and inform the development of
targeted therapeutic strategies.

Translation potential of the project

The proposed project holds significant translational potential. Firstly, by identifying genetic and genomic
elements that influence the survival of HR- and MMR-deficient hypermutable cells, our research is expected to
identify early diagnostic markers and strategies for timely intervention. We can exploit vulnerabilities specific to
these cancer cells, leading to more effective treatments while minimising adverse effects. Secondly, by
integrating bioinformatic analyses of cancer genomes, this project is expected to reveal the prevalence of
simultaneous impairments in MMR and HR pathways in colon cancer and potentially identify previously
unspecified cancer 'signatures' associated with dual HR/MMR deficiency. Further assessment of correlation
between MMR/HR co-downregulation and the development of drug resistance will offer an opportunity to
develop novel therapeutic strategies for these challenging-to-treat cancers. In future, similar approach could be
applied to assess other types of cancers, such as ovarian cancer and pancreatic cancer, which are commonly
observed in HNPCC/LS and HBOC patients

Training opportunities

Our research project offers valuable training opportunities in key areas of cancer research, including: (1) cell
culture techniques, encompassing cell line maintenance, manipulation, and experimental assays; (2) the
opportunity to learn and apply long-read sequencing techniques, including sample preparation, data generation,
and analysis; and (3) bioinformatic techniques for analysing publicly available somatic cancer mutation
databases and exploring genetic patterns. By providing training in these areas, our project equips researchers
with essential skills for future scientific endeavors in the field of cancer research. The candidates will be well
supported in the Dunn school in related methods training, including CRISPR, light microscopy imaging and flow
cytometry through in-house facilities, namely the Genome Engineering Oxford (led by Dr Joey Riepsaame), the
Dunn School Bioimaging Facility (led by Dr Alan Wainman), and the Don Mason Facility of Flow Cytometry (led
by Dr Robert Hedley), respectively.
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Rotational Project: Understanding BRCA2 and Cancer Risk

Abstract of the project

The breast cancer susceptibility gene 2 (BRCA2) is crucial for maintaining genomic stability. Mutations in
the BRCA2 gene are strongly associated with an increased risk of developing several types of cancers, most
notably breast and ovarian cancer. This condition is often referred to as Hereditary Breast and Ovarian
Cancer syndrome (HBOC). Individuals with inherited mutations in BRCA2 have a significantly higher
likelihood of developing these cancers compared to the general population. Interestingly, while BRCA2
mutations are linked to cancer, complete loss of BRCA2 function in normal cells typically results in cell
death. This paradox suggests that cancer cells which are deficient in BRCA2 must acquire additional genetic
changes that allow them to survive and proliferate despite the absence of this critical gene.

We hypothesis that BRCA2-deficient cancer cells survive due to the loss or gain of other genetic factors
that compensate for the absence of BRCA2. These compensatory genetic alterations help the cancer cells
maintain essential functions, such as DNA repair, that would otherwise be compromised. To identify these
compensatory genetic factors, we have conducted a genome-wide screen. This approach aims to find
genes that, when inactivated, are lethal to cells lacking BRCA2. This concept, known as synthetic lethality,
implies that while cells can survive the loss of either BRCA2 or another specific gene independently, the
simultaneous loss of both genes results in cell death. By identifying such genes, we hope to uncover
potential targets for cancer therapy, particularly for cancers associated with BRCA2 mutations.

Training opportunities

During the six-month rotation, the student will be involved in evaluating the candidate factors identified
from the genome-wide screen. This evaluation will focus on understanding how these factors contribute
to genome stability in the absence of BRCA2. The student will employ various techniques commonly used
in the group, which may include:

Molecular Biology Techniques: These might include PCR, Western blotting, and cloning to analyse the
expression and function of candidate genes.

Ideal student background: An enthusiastic individual who has experience in research lab. Previous
experience in tissue cell culture, molecular biology and/or bioinformatics analyses will be an advantage. It
requires meticulous attention to detail, excellent communication skills, and the ability to develop the
project in close interaction with supervisors.
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11. Dissecting the relationship between cytomegalovirus and tumour
immunosurveillance in the skin — Benjamin Fairfax

Primary Supervisor: Benjamin Fairfax
Additional Supervisors: Paul Klenerman
Eligibility: Track 3 and 4 applicants are eligible to apply for this project

Abstract of the project

Cytomegalovirus (CMV) is a betaherpes virus with a seroprevalence of approximately 50% in the UK and >80%
worldwide. CMV has profound effects on immunity, leading to T cell memory inflation, with altered T cell
clonality and gene expression. We have recently shown that CMV infection is associated with multiple positive
prognostic factors in metastatic melanoma, including reduced neutrophil:lymphocyte ratio and reduced
numbers of circulating regulatory T cells. In addition, we find that CMV interacts with melanoma epidemiology
in @ manner in keeping with protection against metastatic BRAF mutated melanoma, whilst delaying
presentation by up to 9 years of metastatic BRAF wild-type melanoma. The mechanism whereby this occurs is
unclear, although we postulate CMV alters resident skin immune cell subset frequencies and function, with
consequences in immuno-surveillance. This DPhil will explore the effects on the skin immune microenvironment
in the context of CMV infection, as well as other organs. The relationship between T cell clonality, and tissue-
specific immunosurveillance will also be examined using a mixture of bioinformatic and immunological
techniques including spatial transcriptomics and functional immunology.

Objectives:

1 To characterise variation in skin immunity in patients with melanoma pre and post checkpoint
immunotherapy2 to explore interactions of these features with patient germline genetics and environmental
factors including CMV infection

Translational potential of the project

CMV is the first environmental factor found to influence both response and toxicity to checkpoint
immunotherapy. The mechanism whereby this occurs is yet to be deduced, but may provide insights into
advanced therapeutics and inform treatment stratification. The data analysed are all within the OxCITE project
(https://www.cancer.ox.ac.uk/research/projects/oxcite) and therefore of high translational value.

Training opportunities

Successful candidates will gain expertise in single cell transcriptomics, population genetics, flow cytometry,
spatial transcriptomics, eQTL amongst other techniques in use within the group. They will learn to collect and
analyse data as well as present it in person to group meetings, and national/ international events with a view to
publishing work in high impact journals.

Rotational Project: CMV and skin immunity

A 6-month rotational project would encompass a component of the above project. Examples that are suitable include
assessing presence of CMV across multiple tissues using droplet PCR as well as characterising local skin immune
composition using flow cytometry; or alternatively, characterising skin immune composition using single-cell
sequencing of cells extracted from skin biopsies of patients prior to and post receipt of checkpoint immunotherapy.

Ideal student background: The successful candidate will be required to be enthusiastic, reflective, highly-organised,
tenacious and patient. The position is suitable for undergraduates who are taking time out from a medical degree to
undertake a DPhil — as per the supervisor — as well as both equally for clinically qualified and non-clinical trainees.

The group-leader is happy to discuss the project informally with any potential applicants.
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12. Agonist Peptide Identification in Cancer Specific T Cell Immunity —
Ricardo Fernandes

Primary Supervisor: Ricardo Fernandes
Additional Supervisors: Tao Dong
Eligibility: Track 3 and Track 4 applicants are eligible to apply for this project

Abstract of the project
T cells are central to immune surveillance, using their T-cell receptors (TCRs) to scan peptide-MHC complexes

and mount targeted responses against infected or malignant cells. The quality and magnitude of these responses
are shaped by signals from both the TCR and co-receptors. Advances in single-cell sequencing now enable the
identification of TCRs from clonally expanded, tumour-infiltrating lymphocytes (TILs), yet defining their antigen
specificity remains a major bottleneck, particularly due to the inherent cross-reactivity of TCRs, which can
recognise multiple distinct peptides. This limits our ability to rationally exploit TCRs in immunotherapy. This
project aims to develop a robust framework to identify tumour-related agonist peptides recognised by TIL-
derived TCRs from solid tumours. To achieve this, we will pursue complementary strategies to build a high-
resolution connectivity map linking TCR sequences to their cognate tumour-associated peptide antigens.

2. Research objectives and proposed outcomes
Identifying the peptide antigens recognised

by T-cell receptors (TCRs) remains a major Aim1 Aim 2 Aim 3

. . . Antigen Discovery  Screen related TCRs TCR Engineering
challenge due to the extraordinary diversity inpublio databases )
and complexity of the three molecular Canéer TCR QTCR
components involved: peptide ligands, the cell ‘ ¥ !
TCR  repertoire, and the  major TCR sequence
histocompatibility complex (MHC). This |4 databases
project aims to define the antigenic

i H Connectivity map
landscape recognised by TCRs derived .from D © 5 o ¢ ¢ O
clonally expanded and tumour-reactive T S §
cells and uncover the principles linking TCR Candidate peptides Related TChs
. ()
sequence, structure, and function. The ) @D
analysis will focus on T cells isolated from Reactivity profiling
melanoma, lung and breast cancer. | Figure 1 | Overview of the workflow aimed at generating
Specifically, we aim to: (1) deorphanise | comprehensive datasets linkihg TCR sequences to tumour-
TCRs from tumour-infiltrating lymphocytes associated peptides, structural features, and functional
responses

using affinity and functional screening
platforms; (2) explore antigen reactivity across related TCRs in public databases, supported by structural studies;
and (3) engineer high-potency TCRs with refined specificity (see Fig. 1). These efforts will yield a comprehensive
dataset linking TCR sequences to tumour-associated peptides, structural features, and functional responses,
with direct applications in immunotherapy design and a deeper understanding of T cell-mediated tumour
recognition.

Aim 1: Deorphanising tumour-reactive TCRs through affinity and functional screening
Our first goal is to identify cognate peptide ligands, including mimotopes and tumour-associated peptides for
clonally expanded tumour-infiltrating lymphocytes (TILs). We will employ two complementary platforms:
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affinity-based selection using peptide-MHC yeast display libraries, and a functional screen using engineered T
cells carrying sensitive reporter systems. The combination of affinity- and activity-based selection strategies
allows us to capture both high-affinity binders and physiologically relevant functional agonists. Using custom-
built computational algorithms, we will map identified mimotopes to candidate wild-type peptides from the
human proteome, iteratively refining these predictions through cycles of experimental validation.

Aim 2: Exploring TCR-antigen connectivity across public repertoires

To extend our findings beyond individual TCR sequences, we will mine large-scale public TCR sequence databases
(e.g. the Observed TCR sequence space) to identify clonotypes that are closely related to the tumour-reactive
TCRs identified in Aim 1. These related sequences will be expressed and evaluated using the same affinity and
functional screening pipelines. Our objective is to uncover patterns of antigen reactivity across similar TCRs, and
to identify sequence features that predict tumour specificity. This analysis will be complemented by structural
studies of selected TCR-pMHC complexes to mechanistically link sequence variation to binding geometry and
functional output.

Aim 3: Engineering high-potency TCRs with reduced cross-reactivity
Building on insights from Aims 1 and 2, we will select a subset of high-value TCRs for structure-guided

engineering. Using site-directed mutagenesis, we will introduce targeted amino acid substitutions and assess
their impact on antigen recognition, potency, and specificity. These experiments will help clarify how subtle
sequence changes influence TCR behaviour, providing a fundamental understanding of the sequence—function
relationship. In parallel, this work will enable the generation of enhanced TCRs with improved therapeutic
potential and reduced risk of off-target effects.

In parallel with our antigen discovery and TCR mapping efforts, we will perform single-cell transcriptomic
analysis of relevant T cell populations expressing TCRs under investigation. This will add a critical phenotypic
dimension to our dataset, enabling us to link TCR sequence and antigen specificity to functional state, activation
status, and differentiation trajectory. By integrating agonist peptide identification with transcriptional profiling
at single-cell resolution, we aim to dissect the roles of diverse T cell subsets during anti-tumour immune
responses.

Together, these three aims will produce an integrated map linking TCR sequence, structure, reactivity, and
function. This work will not only deepen our understanding of T cell recognition in cancer, but also inform the
design of safer and more effective TCR-based therapies. Importantly, the methods, datasets, and engineered
TCRs generated will be made available to the broader scientific community, with potential applications
extending beyond oncology to infectious diseases and autoimmune disorders

Translational Potential

This research programme is designed to bridge fundamental T cell biology with translational immuno-oncology.
By identifying tumour-reactive TCRs and mapping their interactions with cancer-related agonist peptides, we
aim to both elucidate mechanistic principles of antigen recognition and open new avenues for therapeutic
development. The datasets generated through this work, including TCR-peptide connectivity maps, functional
and structural profiling, will provide a valuable resource for guiding the selection of optimal TCRs for adoptive
cell therapies or for further engineering as affinity-enhanced TCRs. Furthermore, the identification of agonist
peptides may lead to the discovery of previously uncharacterised antigens associated with tumour growth,
offering opportunities to expand the known tumour antigen landscape. Together, these advances position the
project to contribute directly to the design of next-generation immunotherapies and improve our capacity to
target cancer with precision
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Training opportunities

The student will gain hands-on expertise in a range of cutting-edge techniques, including yeast and mammalian
display technologies, peptide—MHC library generation, TCR engineering, high-dimensional flow cytometry and T
cell phenotyping and manipulation. The project also offers the opportunity to develop skills in molecular
modelling and structural interpretation of TCR—pMHC interactions. Exposure to translational pipelines, including
TCR validation, antigen screening, and therapeutic candidate selection, will provide valuable insight into the
clinical development process for immunotherapies. The student will benefit from mentorship within a
collaborative, cross-disciplinary environment that includes close interactions with the labs of Professors Tao
Dong, Omer Dushek and Charlotte Deane. Attendance at departmental seminars, national and international
conferences, and specialist training workshops will further support the student’s scientific and professional
development, preparing them for diverse future careers in academic research, biotechnology, or clinical
translation.

Rotational Project: Developing a novel functional screen to identify potent agonists for engineered T cells

Abstract of the project

A central challenge in cancer immunology is identifying the precise peptide antigens recognised by tumour-
reactive T-cell receptors (TCRs). This complexity arises from the vast diversity of peptide ligands, the TCR
repertoire, and major histocompatibility complex (MHC) molecules. Understanding these interactions is key
to advancing TCR-based immunotherapies. This rotation project will support a broader DPhil goal: to map
the antigenic landscape of tumour-infiltrating lymphocytes (TILs) and define how TCR sequence and
structure drive specificity and function.

The rotation will specifically focus on developing a high-sensitivity functional screening platform in

mammalian cells to identify cognate peptide agonists for tumour-reactive TCRs. This will complement
parallel efforts using yeast-based affinity selection systems. The functional screen is based on a recently
developed strategy where peptide-MHC libraries are expressed on the surface of engineered T cells, fused
to intracellular signalling domains that report productive TCR-pMHC interactions.

To enhance sensitivity, especially for low-affinity, physiologically relevant agonists, the student will optimise
the use of “switch receptors.” These are chimeric receptors that redirect inhibitory signals into activation,
such as newly engineered PD-1 variants with intracellular domains from CD28 or 4-1BB. The project will
involve comparative testing of these constructs to identify combinations that amplify weak signals without
compromising specificity.

Training opportunities

In parallel, the student will explore improved T cell activation readouts for rare-cell detection. These may
include engineered reporters such as GFP under the control of activation-induced promoters (e.g., NFAT),
or cell-surface markers that enable antibody-free sorting (e.g., SpyTag/SpyCatcher-based systems).
Together, these enhancements will enable more efficient isolation of agonist peptides across a range of
potencies.

The primary goal of the rotation will be to establish a robust, tunable mammalian display system for
functional screening of peptide-MHC libraries. This tool will be used in the main DPhil project to deorphanise
TCRs isolated from TILs in melanoma, lung, and breast cancer, enabling the identification of clinically
relevant antigens. The student will receive comprehensive training in molecular cloning, mammalian cell
culture, genetic engineering, flow cytometry, and functional assay development. While prior experience in
these techniques is advantageous, it is not required. All technical and analytical skills will be taught as part
of the rotation.
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Ideal student background: The candidate will be highly motivated, with a strong interest inimmunology and
the role of T cells in recognising and eliminating cancer cells. Prior hands-on experience in molecular cloning,
cell culture, and/or protein expression is advantageous but not essential. A background in immunology,
molecular biology, or related fields is preferred. The project requires a willingness to engage with both
experimental and computational aspects of T cell research. Full training will be provided for all laboratory
and analytical techniques required, making this a valuable opportunity for skill development in translational
immunology
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13. The development of inhibitors of DHCR24 to validate its role in
clear cell Renal Cell Carcinoma — Matthew Fuchter

Primary Supervisor: Matthew Fuchter
Additional Supervisors: Ester Hommond
Eligibility: Track 3 applicants are eligible to apply for this project

Abstract of the project

Clear cell Renal Cell Carcinomas (ccRCC) are an aggressive subtype of kidney cancer that have limited therapeutic
options. These tumours are distinct and histologically defined by the presence of large lipid stores called lipid
droplets (hence the name “clear cell”) meaning they display an altered metabolism that define their clinical
presentation. Lipid droplets store free fatty acids and cholesteryl esters, which are predominantly synthesized
by de novo lipogenesis and the sterol synthesis pathway, respectively. This altered metabolism in ccRCCs is
genetically underpinned by loss of the tumour suppressor VHL and stabilisation of the Hypoxia Inducible Factors
(HIFs). HIFs are known to drive dependency on lipogenic enzymes, but little is known about theirimpact on sterol
biosynthesis machinery [2]. We have identified cholesterol biosynthesis proteins to be important for ccRCC
growth, including the terminal enzyme 24-dehydrocholesterol reductase (DHCR24) [1]. DHCR24 acts at the
terminal end of the sterol biosynthesis (Figure 1), where it takes Bloch pathway sterols and reduces them to
generate KR pathway sterols, ultimately generating cholesterol. Utilising siRNA to deplete over 220 metabolic
enzymes, we found that silencing of DHCR24 reduced ccRCC cell number, while having no effect on the normal
cell line HK-2. Curiously, silencing of the upper sterol synthesis pathway i.e. HMGCR, had no effect on cell
viability, suggesting that the pathway in its entirety is not essential, but only terminal components, such as
DHCR24. This is in line with previous studies that have shown that ccRCC cells replete in lipid droplets are
auxotrophic for cholesterol, meaning that they do not synthesize cholesterol from acetyl-CoA but are reliant on
sterol uptake [3].

In unpublished work we have developed a preliminary steroidal inhibitor of DHCR24 (called P-3), which we are
using to further validate DHCR24 as a target and further understand the consequences of DHCR24 inhibition in
ccRCC. We find that our inhibitors of DHCR24 have a selective effect on ccRCC and result in a potentially new
form of ferroptosis as the main mechanism of cell death (Figure 1). This project will build on this prior work,
aiming to improve our current DHCR24 inhibitors and use them to specifically explore the mechanistic link
between DHCR24 dependency and hypoxia.
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Research objectives and proposed outcomes

The rationale for this project is twofold. Firstly, we aim to further optimise our inhibitors of DHCR24, which can
then be used to validate the role of this enzyme as a target in ccRCC. Our initial inhibitor (P-3) was developed as
a mimic of the natural substrate of DHCR24. While P-3 is already more specific than comparator molecules in
the literature (such as Triparanol and SH-42), there is still significant potential to improve the potency of our
inhibitors as well as their physiochemical properties to allow for optimal tissue penetration. Secondly, we aim
to explore the mechanistic link between inhibition of DHCR24 in ccRCC and hypoxia. cRCCs are the typical
hypoxic tumours due to VHL loss and HIF protein stabilization. We have already observed that an increase in
DHCR24 protein expression in ccRCC cells correlates with HIF2 expression and we aim to further explore this
relationship. Interestingly, it has been shown previously that HMGCR regulation by low oxygen is independent
of HIFs [4], meaning that regulation of DHCR24 by HIFs is novel and distinct to other proteins in sterol
biosynthesis. Prof. Fuchter is an experienced medicinal chemist who has recently moved to Oxford. Prior to that
he was a Professor of Chemistry at Imperial College London and Director of the Imperial College Centre for Drug
Discovery Science. Prof. Hammond is an expert in redox and hypoxia biology in cancer. Thus their collaborative
partnership and co-supervision will be highly complementary with all the necessary technical expertise for the
proposed project. The project will be additionally in collaboration with Dr. Barrie Peck (Barts Cancer Institute).
Dr. Peck’s main academic interest is in identifying novel fundamental metabolic dependencies in cancer and
translating this knowledge into clinical advances. His work previously uncovered the novel role for DHCR24 in
ccRCC and he and Prof. Fuchter previously collaborated to identify P-3.

Translational potential of the project

In the UK over 13,322 cases of renal cancer are diagnosed annually, establishing it as a significant threat to
kidney health. The incidence of kidney cancer is also increasing, due to factors such as obesity and poor diet,
meaning that this disease burden will grow. ccRCC is the most common subtype of renal cancer (70-80% of cases)
and is extremely aggressive. It is a tumour type of significant clinical unmet need due to the lack of efficient
standard and targeted therapies. Current clinical trials are focussed on assessing the efficacy of
immunotherapies, yet is is appreciated that there is need to identify novel, robust, synthetically lethal targets
that inpact cells that have lost VHL [5]. When we assessed whether sterol biosynthesis is associated with ccRCC
aggressiveness, only increased expression of DHCR24 was associated with a poorer overall survival (p=0.0021).
Immunotherapy is currently being investigated as a novel therapeutic strategy to treat ccRCC, but this will only
be efficacious in patients who have a high neoantigen burden. Importantly, higher DHCR24 expression is still
prognostic of a poorer overall survival in neoantigen low tumours (p=0.00062), suggesting that its increased
expression could be responsible for driving disease aggressiveness and could be a good anti-cancer target in
these patients that will not benefit from immunotherapy. This project will provide novel inhibitors and novel
target validation of DHCR24 that should lay the ground work for further translational efforts towards new
treatments for ccRCC. Prof. Fuchter has significant experience in translational drug discovery in oncology, being
an inventor of two drugs currently in clinical trials and founder of a new immunotherapy spinout company NK:I1O
Ltd.

Training opportunities:

This project represents a new collaborative interaction between Prof. Fuchter and Prof. Hammond. Both
supervisors have a strong track record for multidisciplinary cancer science and supervising doctoral and
undergraduate students. The student will be based jointly in the Fucher lab (Department of Chemistry) and
Hammond lab (Department of Oncology), with strong links to the Peck group. The student will have the
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Rotational Project: The development of inhibitors of DHCR24 to validate its role in clear cell Renal Cell
Carcinoma

Abstract of the project

Clear cell Renal Cell Carcinomas (ccRCC) are an aggressive subtype of kidney cancer that have limited
therapeutic options. These tumours are distinct and are histologically defined by the presence of large lipid
stores called lipid droplets (hence the name “clear cell”) meaning they display an altered metabolism that
define their clinical presentation. We have identified cholesterol biosynthesis proteins to be important for
ccRCC growth, including the terminal enzyme 24-dehydrocholesterol reductase (DHCR24). Importantly, when
ablated in a large panel of renal cell lines, silencing of DHCR24 had no effect on normal cells, suggesting it is
a cancer-specific dependency. In unpublished work we have developed a preliminary steroidal inhibitor of
DHCR24 (called P-3), which we are using to further validate DHCR24 as a target and further understand the
consequences of DHCR24 inhibition in ccRCC. We find that our inhibitors of DHCR24 have a selective effect
on ccRCC and result in (a potentially new form of) ferroptosis as the main mechanism of cell death (Figure 1).
This project will build on this prior work, aiming to using synthetic and medicinal chemistry to improve our
current DHCR24 inhibitors and conduct preliminary cell-based experiments to explore the mechanistic link
between DHCR24 inhibition and hypoxia.

Training Opportunities

This project represents a new collaborative interaction between Prof. Fuchter and Prof. Hammond. Both
supervisors have a strong track record for multidisciplinary cancer science and supervising doctoral and
undergraduate students. The student will be based jointly in the Fucher lab (Department of Chemistry) and
Hammond lab (Department of Oncology), with strong links to the Peck group. The main focus of this rotation
will be to focus on the medicinal chemistry of our current lead molecule (P-3). The student will have the
opportunity to learn a wide range of techniques spanning synthetic chemistry and medicinal chemistry and
chemical biology. Towards the end of the placement, the student will have some exposure to molecular and
cell biology techniques (tissue culture, protein analysis, use of hypoxia chambers, etc.)

Ideal student background: The student will require an undergraduate degree in Chemistry, ideally including
theoretical and pratical expertise in chemical biology and/or medicinal chemistry. They should have a
strong motivation towards multidisciplinary research at the interface between chemistry and biology.

References

[1] Miess, H., et al.,The glutathione redox system is essential to prevent ferroptosis caused by impaired lipid
metabolism in clear cell renal cell carcinoma. Oncogene 2018. 37(40): p. 5435-5450.

[2] Jain, I. H., et al., Genetic Screen for Cell Fitness in High or Low Oxygen Highlights Mitochondrial and Lipid
Metabolism Cell, 2020. 181(3): p. 716-727.e11

[3] Riscal, R., et al., Cholesterol Auxotrophy as a Targetable Vulnerability in Clear Cell Renal Cell Carcinoma.
Cancer Discov, 2021. 11(12): p. 3106-3125.

[4] Dickson, A. S., et al., A HIF independent oxygen-sensitive pathway for controlling cholesterol synthesis. Nat.
Commun., 2023, 14: p. 4816.

[5] Liao, C., Hu, L. & Zhang, Q. Von Hippel-Lindau protein signalling in clear cell renal cell carcinoma. Nat. Rev.
Urol. 2024. https://doi.org/10.1038/s41585-024-00876-w

47

Return to Projects list



https://doi.org/10.1038/s41585-024-00876-w

OXFORD

348% CANCER | OXFORD
3  RESEARCH | CENTRE

CANCER ety UK

14. Deciphering the phagocytic and antigen presenting landscape
within Hepatocellular Carcinoma — Felipe Galvez-Cancino

Primary Supervisor: Felipe Galvez-Cancino
Additional Supervisors: Ignacio Melero
Eligibility: Track 3 and Track 4 applicants are eligible to apply for this project

Abstract of the project

Hepatocellular carcinoma (HCC) is the fourth most common cancer worldwide and one of the fastest growing in
the UK. The HCC leukocyte tumour microenvironment (TME) is rich in phagocytes, including Tissue-Resident
Kupffer cells (TRMs), monocyte-derived macrophages (MDMs), monocytes, neutrophils, and dendritic cells
(DCs). Whether we can engage these phagocytes to kill tumour cells or other components of the tumour
microenvironment and thus control or even clear HCC needs to be addressed. While antibody-dependent
cellular cytotoxicity (ADCC) is usually considered the primary mechanism underlying the activity of depleting
antibodies (mAbs) targeting antigens on the surface of tumour cells, these also trigger antibody-dependent
cellular phagocytosis (ADCP) that contributes to their activity. Harnessing ADCP enhances the activity of
rituximab, a depleting mAb targeting B-cell lymphomas, while enhancing T-cell priming.

However, the cells that drive ADCP, the mechanisms that restrict this process within solid tumours, and whether
the antigens derived from the phagocytosed cells are cross-pressented, priming novel clones of CD8* T cells are
not fully understood. The work of our team has recently focused on understanding the phagocytic populations
within solid tumour and the role of cross-presenting cells in the priming of effector CD8* T cells. Our key findings
are the identification of FcgR" monocyte-derived macrophages (FcgR" MDMs) as key mediated of ADCP and the
study of cross-presentation as a fundamental mechanism to elicit CD8* T cell priming within tumours. A better
understanding of ADCP and cross-presentation within the TME has the potential for devising novel depleting
antibody combinations that unleashes the potential of the myeloid compartment in HCC to clear tumours. This
proposal addresses three critical questions:

1. What is the phenotype, dynamics and spatial distribution of FcyR-expressing cells in HCC?
2. Which cells mediate ADCP, and whether they cross-present antigens from the phagocytosed tumour cells?
3. How can ADCP be best exploited therapeutically in HCC?

Hypotheses.

1. FcyR" MDMs are highly phagocytic and essential for the activity of depleting antibodies.

2. Enhancing the phagocytic capacity of FcyR" MDMs will improve the efficacy of depleting antibodies while
cross-priming phagocytosed antigens and eliciting novel clones of tumour-reactive CD8* T cells.

Aims. (1) Assess the FcyR landscape in HCC in mice and humans and characterise the dynamics, phenotype and
transcriptome of FcyR-expressing leukocytes; (2) Interrogate which cells mediate ADCP in vivo and whether this
mechanism leads to antigen cross-presentation; and (3) evaluate novel immunotherapy agents and rational
combinations to treat HCC.

Methods. Mouse models of multifocal HCC and human surgical HCC samples. Single-cell technologies will reveal
transcriptional profiles and phagocytic receptors in human and murine myeloid cells of HCC. Novel multispecific
mAbs targeting tumour cells, alongside combinatorial approaches, will be evaluated using humanised mouse
models and human tissue samples.
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Research objectives and proposed outcomes

What is the phagocytic capacity and origin of FcyR" MDMs? Depleting anti-Glypican-3 antibodies will be tested
using an HCC mouse model expressing Glypican-3. According to Hypothesis 1, FcyRhi MDMs exhibit superior
phagocytic activity. To quantify the phagocytosis of tumour cells, you will use TdTomato expressing tumour cells
in our mouse model of HCC, as this fluorescent protein allows the detection of tumour cells engulfed by
phagocytes. If ADCP is a property exclusive to MDMs, therapeutic strategies must enhance MDM activity while
considering their functional differences from tissue-resident macrophages.

The impact of anti-Glypican-3 will be further assessed using single-cell and spatial transcriptomic analyses. These
will: 1. inform the enrichment pf phagocytic and antigen cross-presentation signatures within FcyR" MDMs as a
measure of their phagocytic and cross-presenting potential. 2. Determine the FcyR" MDMs tumour niches and
identify cellular interactions (e.g., Treg-MDM). The cellular origins and dynamics of FcyRhi MDMs will be
analysed using Photoconvertible Kaede mice to distinguish resident macrophages (TRMs) from newly infiltrating
myeloid cells (MDMs, dendritic cells, and neutrophils) within the tumour. This analysis will be complemented
with monocyte fate-mapping (Ms4a3-RFP), allowing tracking of monocyte-derived cells and their differentiation
into FcyR" MDMs[18].

Do FcyR" MDMs mediate ADCP that results in antigen cross-presentation following anti-Glypican-3
treatment? Aim 1 will determine if FcyRhi MDMs are the most phagocytic. According to Hypothesis 1,
macrophage depletion should abrogate the effect of anti-Glypican-3 antibodies. You will investigate the roles of
key immune populations using depleting antibodies targeting neutrophils, NK cells, monocytes and Clodronate
liposomes to eliminate macrophages. To differentiate between MDMs and TRMs, you will delete the FcRy-chain
(FcRy-flox) on MDMs (Ms4a3-Cre) and TRMs (Clec4f-Cre). To verify that human (hlgG1l) anti-Glypican-3
antibodies interact effectively with cells expressing human FcyRs and HCC, you will utilise humanised FcyR mice.
Phagocytosis of Glypican-3* tumour cells is expected to result in antigen cross-priming, activating new tumour-
specific T-cell clones that will be assessed by TCR-sequencing. You will use peptide-restimulation and MHC-
tetramers to assess the generation of tumour-reactive CD8+ T cells, including those that react to Glypican-3.

To validate the findings in human cells, you will purify FcyR-expressing cells from human HCC, including resection
and ascites and perform in vitro ADCP assays using human anti-Glypican-3 (hlgG1) antibodies and Glypican-3+
tumour cells. Finally, you will use the liver perfusion system within the OrganOx device. to understand whether
FcyRM MDMs undergo phenotypic changes by flow cytometry or spatial transcriptomics and mediate ADCP
following the administration of human anti-Glypican-3 mAbs.

Enhancing the phagocytic and cross-presenting capacity of FcyR" MDMs. In addition to using exploring the
effects of anti-Glypican-3 depleting antibodies you will design and test novel therapeutics with the potential of
enhancing ADCP and antigen cross-presentation.

Translational potential of the project

Describe the relevance of the project to cancer research or patient care.ADCP and antigen cross-priming are
critical to the function of therapeutic antibodies in the treatment of cancer. This proposal will interrogate how
these mechanisms are controlled in HCC. Using this knowledge, you will then develop and test new therapeutics
harnessing ACDP with the potential to be translated into clinical trials for these patients.

Training opportunities

The student will perform mouse work using cutting-edge single cell and spatial transcriptomics techniques.
Furthermore, with our clinical collaborators you will collect human tissues to assess the different FcgR
populations within human tissues and their interactions. Finally, this program expects to generate rich datasets
that will require the student to learn and develop bioinformatics expertise.

49



44% CANCER | OXFORD
OXFORD RESEARCH | CENTRE

CANCER Ay UK

Rotational Project: Deciphering the phagocytic and antigen presenting landscape within Hepatocellular
Carcinoma

Abstract of the project

Hepatocellular carcinoma (HCC) is the fourth most common cancer worldwide and one of the fastest
growing in the UK. The HCC leukocyte tumour microenvironment (TME) is rich in phagocytes, including
Tissue-Resident Kupffer cells (TRMs), monocyte-derived macrophages (MDMs), monocytes, neutrophils,
and dendritic cells (DCs). Whether we can engage these phagocytes to kill tumour cells or other components
of the tumour microenvironment and thus control or even clear HCC needs to be addressed. While
antibody-dependent cellular cytotoxicity (ADCC) is usually considered the primary mechanism underlying
the activity of depleting antibodies (mAbs) targeting antigens on the surface of tumour cells, these also
trigger antibody-dependent cellular phagocytosis (ADCP) that contributes to their activity. Harnessing ADCP
enhances the activity of rituximab, a depleting mAb targeting B-cell lymphomas, while enhancing T-cell
priming.

However, the cells that drive ADCP, the mechanisms that restrict this process within solid tumours, and
whether the antigens derived from the phagocytosed cells are cross-pressented, priming novel clones of
CD8+ T cells are not fully understood. The work of our team has recently focused on understanding the
phagocytic populations within solid tumour and the role of cross-presenting cells in the priming of effector
CD8+ T cells. Our key findings are the identification of FcgRhi monocyte-derived macrophages (FcgRhi
MDMs) as key mediated of ADCP and the study of cross-presentation as a fundamental mechanism to elicit
CD8+ T cell priming within tumours. A better understanding of ADCP and cross-presentation within the TME
has the potential for devising novel depleting antibody combinations that unleashes the potential of the
myeloid compartment in HCC to clear tumours. This proposal addresses three critical questions:

1. What is the phenotype, dynamics and spatial distribution of FcyR-expressing cells in HCC?

2. Which cells mediate ADCP, and whether they cross-present antigens from the phagocytosed tumour
cells?

3. How can ADCP be best exploited therapeutically in HCC?
Hypotheses.
1. FcyRhi MDMs are highly phagocytic and essential for the activity of depleting antibodies.

2. Enhancing the phagocytic capacity of FcyRhi MDMs will improve the efficacy of depleting antibodies while
cross-priming phagocytosed antigens and eliciting novel clones of tumour-reactive CD8* T cells.

Aims. (1) Assess the FcyR landscape in HCC in mice and humans and characterise the dynamics, phenotype
and transcriptome of FcyR-expressing leukocytes; (2) Interrogate which cells mediate ADCP in vivo and
whether this mechanism leads to antigen cross-presentation; and (3) evaluate novel immunotherapy agents
and rational combinations to treat HCC.

Training opportunities.

Mouse models of multifocal HCC and human surgical HCC samples. Single-cell technologies will reveal
transcriptional profiles and phagocytic receptors in human and murine myeloid cells of HCC. Novel
multispecific mAbs targeting tumour cells, alongside combinatorial approaches, will be evaluated using
humanised mouse models and human tissue samples.
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15. Investigating changes in RNA-binding proteins in hypoxia — Ester
Hammond

Primary Supervisor: Ester Haommond
Additional Supervisors: Faraz Mardakheh
Eligibility: Track 3 applicants are eligible to apply for this project

Abstract of the project

Hypoxia (conditions of insufficient oxygen) is a common feature of the tumour microenvironment leading to
therapy resistance and poor patient prognosis. Hypoxic cells undergo transcriptional stress, which we have
recently shown to involve R-loop accumulation, nucleolar reorganisation and repression of rRNA synthesis.
Furthermore, our previous study demonstrated that increasing R-loop accumulation in hypoxia led to significant
changes in expression of RNA binding proteins. These data led us to hypothesis that the study of RNA-binding
proteins in the context of hypoxia-induced transcriptional stress could identify both novel biology and
therapeutic targets. Therefore, we set out to identify novel RNA-binding and/or R-loop-binding proteins that
regulate the transcriptional stress response. We successfully isolated RNA-binding proteins from cells and
generated samples for mass spectrometry to quantify changes in the RNA-bound proteome between normoxic
and hypoxic cells. Importantly, hypoxic samples were also prepared with cells overexpressing RNase H1, an
endonuclease that degrades the RNA strand of R-loops, to investigate RNA-bound proteome differences
between hypoxic cells with and without significant R-loop levels. Approximately 70 proteins were identified
which showed changes in RNA binding activity in hypoxic conditions, of these 20 also changed in an RNase H1
dependent manner suggesting a role at R-loops. The aim of this project is to further define the roles of specific
RNA-binding and/or R-loop-binding proteins in hypoxia and identify potential targets for novel therapeutic
strategies

Research objectives and proposed outcome
Initial research objectives (likely the first 12-18 months) are detailed below, longer term objectives will be

determined by the supervisory team and student in response to the data obtained.

1. Target selection

Proteins of interest will be determined based on the available literature, availability of reagents (in particular
validated antibodies), the existence of small molecule inhibitors, dysregulated expression in human cancers and
reported links to hypoxia biology. Outcome — a shortlist of 5-10 proteins of interest.

2. Validation oxygen-dependent RNA binding activity/R-loop association

Using Orthogonal organic phase separation (OOPS), we will verify that the RNA binding of the candidate proteins
changes in an oxygen dependent manner. This will include the use of a range of physiologically relevant oxygen
concentrations (0.1-2% 02). Furthermore, we will look for evidence for an association with R-loops (stable
hybrids formed between DNA and RNA) using the $9.6 antibody to immunoprecipitate R-loops and associated
proteins. Outcome — validation of RNA binding proteins which are regulated in an oxygen dependent manner.

3. Impact on nuclear and cytoplasmic damage

siRNA mediated depletion of the target protein (or inhibition where an inhibitor is available) will be used to
determine the impact of the protein on DNA damage in both normoxic and hypoxic conditions. For nuclear
damage we will use immunofluorescence to detect 53BP1 foci and, as a marker of possible cytoplasmic damage,
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gPCR for interferon stimulated genes (ISGs) and type | interferons. Outcome —identification of potential target(s)
which could be exploited to increase therapy response in hypoxic tumours.

Translational potential of the project

The goal of this project is to identify novel biology which can be exploited to improve therapy response.
Specifically, we aim to identify targets which when lost or inhibited lead to better outcomes for hypoxic tumours
treated with standard therapies (e.g. radiotherapy). Prof Blagden’s involvement as a collaborator is absolutely
essential to this project as she brings significant expertise in targeting the RNA binding protein, LARP1 for therapy
and will be able to assist with this aspect of the project.

Training opportunities

The student can expect training in molecular/cell biology, biochemistry and proteomics. In addition, preclinical
testing of promising candidates and understanding of the challenges to successful clinical translation. The
student is expected to spend time in both the Hammond and Mardakheh labs, the latter in particular for
biochemistry/proteomics training.

Rotational Project: Targeting RNA-binding proteins to induce DNA damage in hypoxia

Abstract of the project

Hypoxia (conditions of insufficient oxygen) is a common feature of the tumour microenvironment leading to
therapy resistance and poor patient prognosis. Hypoxic cells undergo transcriptional stress, which we have
recently shown to involve R-loop accumulation, nucleolar reorganisation and repression of rRNA synthesis.
Furthermore, a previous study demonstrated that increasing R-loop accumulation in hypoxia led to significant
changes in expression of RNA binding proteins.

These data led us to hypothesis that the study of RNA-binding proteins in the context of hypoxia-induced
transcriptional stress could identify both novel biology and therapeutic targets. Therefore, we set out to
identify novel RNA-binding and/or R-loop-binding proteins that regulate the transcriptional stress response.
We successfully isolated RNA-binding proteins from cells and generated samples for mass spectrometry to
quantify changes in the RNA-bound proteome between normoxic and hypoxic cells. Importantly, hypoxic
samples were also prepared with cells overexpressing RNase H1, an endonuclease that degrades the RNA
strand of R-loops, to investigate RNA-bound proteome differences between hypoxic cells with and without
significant R-loop levels. Approximately 70 proteins were identified which showed changes in RNA binding
activity in hypoxic conditions, of these 20 also changed in an RNase H1 dependent manner suggesting a role
at R-loops. The aim of this rotation project is to choose one of the RNA binding proteins identified with an
available inhibitor and carry out relevant assays to determine if inhibition of the protein in hypoxic conditions
leads to an accumulation of DNA damage. The use of the inhibitor in combination with radiation will then be
investigated in both normoxic and hypoxic conditions.

Training opportunities include tissue culture, use of hypoxia chambers, immunofluorescence for detection
of DNA damage (53BP1 foci assay), gPCR, siRNA-mediated knock down and FACS.

Ideal student background: A background or clear interest in cancer biology.
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16. SHLD?2 as a Determinant of Response to PolB Inhibition Combined
with Radioligand Therapy — Geoff Higgins

Primary Supervisor: Geoff Higgins
Additional Supervisors: Edward O’Neil
Eligibility: Track 3 applicants are eligible to apply for this project

Abstract of the project

DNA polymerase theta (PolB) is a DNA repair polymerase known for its role in micro-homology mediated end
joining (MMEJ) and whose disruption is known to cause synthetic lethality in homologous recombination (HR)
deficient tumours. We have previously shown that Pol@ inhibition (Pol8i) renders cells sensitive to radiotherapy
(RT) treatment both in vitro and in vivo independently of the HR proficiency status®. We have recently conducted
a CRISPR screen and established that loss of SHLD2 (a key component of the Shieldin complex which regulates
DNA end resection) increases cancer cell sensitivity 1) to radiotherapy alone, and 2) to PolBi in combination with
radiotherapy. Of note, SHLD2 is frequently deleted in prostate cancer.

We are now seeking to establish the mechanism by which SHLD2 exerts these effects. Since PSMA targeted
radioligand therapy is now used in the treatment of metastatic prostate cancer, we will also investigate whether
SHLD2 KO cells are more sensitive to radioligand therapy as a single-agent, and in combination with Pol6
inhibitors.

Research objectives and proposed outcomes

PolBi are novel small-molecule drugs that target DNA damage repair (DDR) %23, and are currently being tested
in clinical trials. We have previously shown that these agents cause tumour-selective radiosensitisation®. To
identify putative biomarkers to predict response to Pol6i plus radiotherapy, we undertook a CRISPR screen of
DDR genes (Fig 1A) which found that loss of SHLD2 and other components of the Shieldin complex rendered
DLD1 cells more sensitive to PolBi plus RT (Fig 1B).

Since SHLD2 function is disrupted in up to 10% of prostate cancers, we created SHLD2 KO cells in the DU145 and
22RV1 prostate cancer cell lines and showed that the Pol6 inhibitor ART558 markedly increased their sensitivity
to radiation, thereby confirming the CRISPR screen results (Fig 1C and D). As further validation, we demonstrated
that restoration of SHLD2 function in these KO cell lines reversed the Pol6i induced radiosensitisation (Fig 1E).

Subcutaneous xenograft tumours were established in NRG mice using both the DU145 WT and DU145 SHLD2 KO
tumours. Although Pol6i alone and combined with RT had little or no effect on the WT tumours (Fig 1F), the
SHLD2 KO cells were significantly more sensitive to radiation alone with a marked synergistic effect in
combination with PolBi (Fig 1G).

We are now seeking to understand the mechanism by which SHLD2 disruption renders tumour cells more
sensitive to PolBi-mediated radiosensitisation. Key areas of interest we will explore include whether SHLD2
influences PolB-mediated repair by modulating DNA end resection, the interplay between SHLD2 and PolB in
microhomology-mediated end joining (MMEJ), and the relationship between Pol6 and SHLD2 in post-replicative
gap filling and the response to replication stress.

We hypothesise that prostate cancer patients whose tumours show loss of SHLD2 function, will be more
responsive to radiotherapy (including PSMA RLT), and that these tumours will be radiosensitised by PolBi. We
will therefore expand our pre-clinical work to PolBi studies in combination with RLT treatment. Using both alpha
and beta emitting PSMA treatments, we will use relevant prostate cancer models to determine the impact of
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SHLD2 loss on PolBi-induced radiosensitisation both in vitro and in vivo prior to developing clinical trials in this
area.
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Figure 1. (A} Schematic of the DDR CRISPR screen in DLDA cells. (D) Funcltional association networks of genas
whose knockoul caused signiiicant radiopolentiation by Polgi in the DDHE CRISPR screan (BioGnd) (C) Surviving
fractions from colony formation assays of DU145 SHLDZ WT (parental) vs KO (clone AZ) prostale cancar calls, traated
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Translational potential of the project

By understanding the mechanisms by which Pol® inhibitors induce radiosensitisation we will be better able to
design clinical trials stratifying those patients likely to benefit from PolB treatment. The RLT aspects are of direct
translational potential. Demonstrating that SHLD2 deficient tumours are more sensitive to RLT and are rendered
more radiosensitive by PolB inhibition would enable us to translate these findings into clinical studies of FDA-
approved PSMA therapies including at earlier stages of disease.

Training opportunities

In addition to gaining exposure to routine tissue culture techniques and specialist DNA repair assays, the
student will also be able to receive training in radioligand studies and murine xenograft experiments. They can
also collaborate with our industry partners (such as Artios Pharma) and observe their approach to commercial

drug development.
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Rotational Project: Radioligand Therapy in Combination with Pol6 Inhibitors

Abstract of the project
DNA polymerase theta (PolB) is a DNA repair polymerase known for its role in micro homology mediated

end joining (MMEJ). We have previously shown thatPol6 depletion or inhibition renders cells sensitive to
radiotherapy (RT) treatment both in vitro and in vivo. We have recently found that loss of SHLD2 (a key
component of the Shieldin complex which regulates DNA end resection) increases cancer cell sensitivity to
radiotherapy alone and synergises with Pol8 inhibition to further enhance radiosensitivity. Since PSMA
targeted radioligand therapy (RLT) is used in the treatment of metastatic prostate cancer, (which frequently
exhibits loss of SHLD2), we will investigate whether SHLD2 KO cells are more sensitive to radioligand
therapy as a single-agent, and in combination with Pol8 inhibitors.

Training Opportunities

This project will focus on a section of the work contained within the full DPhil proposal in order to allow
the student to assess whether this work is aligned with their interests. It will enable the student to become
competent in multiple tissue culture techniques including Western Blotting, PCR, FACS, cell viability/colony
formation studies and the use of PSMA-based RLT.

Ideal student background: The student is required to have experience in biological/medical sciences or
medicine and an interest in radiotherapy/radioligand therapy and/or drug development.
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16. Leveraging the metabolic vulnerabilities of macrophages in
pancreatic cancer — Keaton Jones

Primary Supervisor: Keaton Jones
Additional Supervisors: Eric O’Neill
Eligibility: Track 3 and Track 4 applicants are eligible to apply for this project

Abstract of the project

Pancreatic cancer is one of the deadliest malignancies and remains largely resistant to immunotherapy. A major
contributor to this resistance is the presence of tumour-associated macrophages (TAMs), which can suppress
immune responses and promote tumour growth. Emerging research shows that the metabolic activity of these
macrophages plays a critical role in shaping their function. However, how macrophage metabolism influences
treatment response in pancreatic cancer remains poorly understood.

This project aims to investigate the metabolic landscape of macrophages in pancreatic tumours that either
respond or do not respond to immunotherapy. Using advanced single-cell technologies and imaging techniques,
the metabolic profiles of macrophages in both mouse models and human samples will be characterised. The
metabolic traits that support immune suppression or stimulation will be identified, and we will explore how
these can be targeted to enhance immunotherapy responses in pancreatic cancer. Ultimately, this work seeks
to uncover new therapeutic strategies that reprogram the tumour microenvironment and improve patient
outcomes.

Research and proposed outcomes

1. Identify how macrophage metabolism changes during immunotherapy response.

2. Determine which metabolic traits promote immune suppression or activation.
3. Test whether targeting specific metabolic pathways in macrophages improves immunotherapy
responses.
Immunotherapy Aim 1: Identify spatio-temporal changes in macrophage Immunotherapy
resistant metabolism during immunotherapy responses responsive ®
PDAC tumour + Single-cell metabolic : PDAC tumour
[ profiling ] — [ :s:‘zz;f:;’;’;‘;i::::’e J CD8+ T cell
& ()
Aim 2 : Define the metabolic traits of macrophages in
resistant versus sensitive tumours Tumour cell
[ ¢ LC-MS metabolomics ] _.[ * Metabolite identification
« CD8+ T cell assays « CD8+ T cell cross-talk
'Permissive'
Aim 3 : Target macrophage metabolism to improve macrophage
immunotherapy responses *
« Therapeutic efficacy of — : ::::::;r::;:';x:xfed ‘Immunosuppressive'
metabolic TAM targeting ealataiics macrophage

This project builds on new insights into immunometabolism to uncover how metabolic cues influence immune
responses in cancer. It will generate foundational knowledge of macrophage biology in the tumour
microenvironment (TME), with relevance across multiple cancer types.
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Translational potential of the project

Pancreatic cancer is notoriously difficult to treat, with minimal benefits from current immunotherapies. By
understanding how macrophages influence treatment outcomes through their metabolic activity, this project
aims to identify new therapeutic targets. Promising pathways such as creatine metabolism and PI3Ky inhibition
are already being explored in early-stage drug development. If successful, this project could lay the groundwork
for clinical trials combining metabolic reprogramming agents with immunotherapy in pancreatic cancer.

Training opportunities
The student will gain hands-on training in:

e  Preclinical animal studies, Home Office Personal Licence A/B/C training provided.

e Single-cell metabolic and proteomic profiling (CyTOF, scMEP, IMC) with opportunities to attend hand
on data analysis courses within the Medical Sciences Division.

e Functional immunology assays, including T cell cytotoxicity, antigen presentation, and macrophage-T
cell co-cultures.

e Translational human tissue analysis using fresh pancreatic cancer resections.

The student will work in a multidisciplinary team combining immunology, oncology, metabolism, and clinical
science, with access to national facilities and a strong track record of mentorship and career development.

OXFORD
CENTRE

Rotational Project: Metabolic Profiling of Polarised Macrophages and Spatial Analysis of Tumour
Microenvironments in Pancreatic Cancer

Abstract of the project

Pancreatic ductal adenocarcinoma (PDAC) is one of the most lethal solid tumours and remains largely
unresponsive to immunotherapy. Macrophages—key immune cells in the tumour microenvironment
(TME)—play a pivotal role in driving immunosuppression in PDAC. Recent evidence suggests that the
metabolic state of tumour-associated macrophages (TAMs) underpins their ability to either promote or
suppress antitumour immunity. However, the metabolic features that define these functional states remain
poorly understood.

This 6-month project will combine in vitro and in silico approaches to characterise the metabolic profiles of
polarised macrophages and map these features within the spatial architecture of the TME. The project
comprises two complementary components:

1. LC-MS Metabolomics of In Vitro Polarised Macrophages

The first component will use liquid chromatography-mass spectrometry (LC-MS) to profile intracellular
metabolites in bone marrow-derived macrophages (BMDMs) polarised to distinct phenotypes (M1-like, M2-
like, and tumour-educated). Metabolic reprogramming is a hallmark of macrophage polarisation—pro-
inflammatory macrophages rely on glycolysis, whereas anti-inflammatory ones utilise oxidative
phosphorylation and fatty acid metabolism. This work will define key metabolic signatures associated with
different macrophage states and identify candidate metabolites or pathways involved in
immunosuppressive or pro-inflammatory phenotypes.

2. Bioinformatic Analysis of Imaging Mass Cytometry (IMC) Data from Mouse Pancreatic Tumours

In the second component, the student will analyse existing IMC datasets from murine PDAC tumours (KPC-F
and KPC-Y models) treated with immunotherapy. These samples have been stained using a custom panel
incorporating phenotypic and metabolic markers (e.g. glucose transporters, amino acid transporters, key
metabolic enzymes). IMC provides high-dimensional, spatially resolved single-cell data, enabling exploration
of how metabolic traits are organised in the TME and how they relate to immune cell phenotypes and
therapy response.
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The student will:

e Learn IMC image processing using software such as MCD Viewer, llastik, and CellProfiler.

e Identify spatial relationships between metabolic marker expression and immune cell populations
(e.g. CD8+ T cells, TAM subsets).

e Generate visualisations to describe the spatial organisation of metabolic activity in tumours.

This component will provide insight into the spatial distribution of metabolically distinct macrophages in
pancreatic tumours and how these relate to treatment response.

Training opportunities
The student will receive training in:

e Macrophage culture and polarisation

e LC-MS sample preparation and analysis

e IMC bioinformatics, image segmentation, and single-cell spatial analysis
e Data visualisation and biological interpretation

This project offers a unique opportunity to explore cancer immunometabolism using cutting-edge analytical
tools, generating data with both mechanistic and translational significance.

Ideal student background: This exciting project is ideally suited to both clinicians and non-clinicians wishing
to gain significant experience in cancer immunology. Students should have a background in biological
sciences with some basic laboratory experience.
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17. Modelling stromal inflammation and interactions in high-risk
paediatric acute lymphoblastic leukaemia organoids — Abdullah Khan

Primary Supervisor: Abdullah Khan

Additional Supervisors: Anindita Roy
Eligibility: Track 3 applicants are eligible to apply for this project

Abstract of the project

Despite improved survival in paediatric acute lymphoblastic leukaemia (ALL), outcomes for children with high-
risk (HR) molecular subtypes remain poor, particularly those with early relapse or refractory disease. The bone
marrow (BM) microenvironment plays a key role in leukaemia persistence, mediating immune evasion, therapy
resistance, and inflammation. However, the precise mechanisms by which HR-ALL remodels and exploits the BM
niche remain unclear, especially in the paediatric setting. We have recently developed a novel human bone
marrow organoid (BMO) model that recreates key elements of the paediatric BM, including stromal, endothelial,
and immune compartments®2. This project will use BMOs engrafted with primary HR-paediatric ALL samples to
systematically model stromal interactions, inflammation, and niche remodelling, employing advanced imaging,
cytokine profiling, and single-cell transcriptomics.

Research objectives and proposed outcomes
Aim 1: Model HR-paediatric ALL expansion and localisation in an engineered human bone marrow organoid

niche (BMO) [Collaboration: Dr Jana Koth]

We will engraft primary leukaemic blasts from two well-characterised HR-paediatric ALLs: KMT2Ar ALL, TCF3-
HLF ALL onto Dr Khan’s BMO platform and compare them to a standard-risk subtype: ETV6-RUNX1 ALL. Patient
samples are already available in the Roy lab, and through the national VIVO Biobank. In addition, the Roy lab has
developed human fetal HSPC derived models of both KMT2Ar? and TCF3-HLF ALL, which allows us to carry out
this research even when patient material is limited, especially in the rare HR-ALL subtypes.

Co-cultures will be maintained for 2 weeks to allow dynamic stromal-leukaemia interactions to develop.
Leukaemia burden and their effects on BMO populations will be assessed using spectral flow cytometry (panel
to identify myeloid, lymphoid, and stromal cells). The spatial distribution and relationship with stromal and
vascular elements will be assessed using 3D confocal microscopy and quantitative image analysis. Specifically,
localisation to distinct niches (e.g. Osteoblastic, perivascular niches). To determine how HR-ALL remodels the
stromal inflammatory landscape, we will collect cell culture supernatants at defined timepoints post-
engraftment and perform OLINK assays. This will generate temporal secretory profiles unique to each patient
sample, providing insights into niche activation, immunosuppressive signalling, and potential biomarkers.

Aim 2: Map ALL-stromal-immune crosstalk at single cell resolution.

We will perform single-cell RNA sequencing (scRNA-seq) of the leukaemia engrafted organoids at key time points
identified using data from Aim 1. Using cell-cell interaction modelling (CellChat, nichenet) and integration with
imaging data, we will construct interaction networks between ALL cells and niche components, identifying key
ligand-receptor pathways driving leukaemia persistence and stromal remodelling. This will provide the first high-
resolution map of HR-ALL-niche interactions in a humanised, physiologically relevant model.

Aim 3: Validation of novel therapeutics in an ALL-BMO model [Collaboration: Prof A Karadmtris]

The ALL-BMO system will be used to validate novel cellular therapies developed by the Roy/Karadimitris labs *.
‘Off-the-shelf’ bispecific CAR-iNKTs targeting CD19/CD133, have shown promising results with better efficacy
than CAR-T cells in preclinical in vivo xenograft models against KMT2Ar ALL>. We will test these immunotherapies

61



OXFORD

CANCER

&% CANCER
RESEARCH
UK

OXFORD
CENTRE

in this human BMO pre-clinical model to assess the efficacy of the therapy in a native niche with differential

leukaemia burdens.
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Translational potential of the project

This project represents a novel approach to modelling HR-paediatric ALL within an organoid system that
faithfully replicates the human BM niche. By elucidating the inflammatory and stromal mechanisms supporting
ALL persistence, this work will reveal new therapeutic targets and inform strategies to disrupt niche support in
HR-ALL. Furthermore, patient-specific inflammatory signatures may serve as predictive biomarkers of therapy
response or relapse risk, enabling more personalised treatment strategies for these high-risk patients

Training opportunities

The student will be embedded within the Khan and Roy labs at the WIMM, benefiting from expertise in
leukaemia biology, organoid technology, imaging, and computational biology. They will receive comprehensive
training in BMO culture and engraftment, advanced microscopy, cytokine profiling, scRNA-seq, and cell-cell
interaction modelling. The project provides a unique translational opportunity to work with primary patient
samples, immunotherapy, develop expertise in complex multiomic data integration, and present findings at
national and international conferences.

Rotational Project: Modelling stromal inflammation and interactions in high-risk paediatric acute
lymphoblastic leukaemia using bone marrow organoids

Abstract of the project

Despite advances in treatment, children with high-risk (HR) paediatric acute lymphoblastic leukaemia (ALL)—
such as KMT2Ar and TCF3-HLF subtypes—continue to experience poor outcomes. Increasing evidence
suggests that leukaemia persistence is shaped not only by intrinsic genetic factors but also by interactions
with the bone marrow (BM) microenvironment, which provides inflammatory and protective niches for
leukaemic cells. However, the mechanisms by which HR-ALL remodels the stromal and immune architecture
of the paediatric BM remain poorly understood.

This 6-month rotation project will use a novel, human bone marrow organoid (BMO) platform developed by
the Khan lab to model dynamic leukaemia—stroma interactions. BMOs recapitulate key components of the
paediatric BM, including stromal, endothelial, and immune elements. In this project, BMOs will be
engrafted with primary HR-ALL blasts or patient-derived cell lines and maintained in culture to enable
stromal crosstalk and niche remodelling. The student will characterise changes in the inflammatory
secretome and spatial organisation of leukaemic cells, generating insights into how the BM niche is
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exploited in high-risk disease. This rotation provides a strong foundation for pursuing further mechanistic
and therapeutic questions in the main DPhil.

Training opportunities

This project offers a rich and interdisciplinary training experience across organoid culture, leukaemia biology,
imaging, and cytokine profiling. The student will: Learn advanced 3D culture techniques: including the
preparation, maintenance, and engraftment of human BM organoids with primary ALL samples or patient-
derived cell lines. Gain hands-on experience with high-content imaging and microscopy: including 3D
confocal microscopy and image analysis to map the localisation of leukaemic cells in relation to stromal and
vascular elements within the organoid.

Conduct cytokine profiling assays: using OLINK technology to quantify inflammatory mediators secreted by
the niche in response to HR-ALL, enabling the generation of temporal secretome signatures.

Use flow cytometry to analyse cell populations: The student will work with spectral flow panels to track shifts
in immune and stromal subsets following engraftment.

Develop data analysis skills: including basic R-based analysis of imaging and cytokine datasets, with the
opportunity to expand to more complex single-cell or cell-cell interaction modelling in the full DPhil project.
The student will be embedded within the Khan and Roy labs, benefiting from mentorship in translational
haematology and tissue engineering. They will also gain experience working with patient-derived materials,
contributing to a broader translational research environment at the MRC Weatherall Institute of Molecular
Medicine (WIMM). Depending on progress and interest, results generated during the rotation may directly
feed into subsequent DPhil aims involving single-cell transcriptomics and immunotherapy testing.

This project is ideal for students interested in leukaemia biology, tissue engineering, and inflammation, and
will provide a strong foundation in both experimental and translational research techniques within a highly
collaborative setting.

Ideal student background: This project would be suitable for a medical science, biochemistry/biology
undergraduate or master’s student who wants to explore the fundamentals of leukaemia biology to improve
patient outcomes. It is also suitable for clinicians because of the direct relevance to patient care and potential
translational benefits. To deliver the project we are seeking a motivated and curious undergraduate/master’s
student, who has an understanding of biological processes. We are particularly keen to support
students/clinicians who want to pursue a career in cancer research, as this project will provide a broad skill
base to build upon for a future independent research career. Previous lab experience, particularly in cell
culture, would be beneficial, but is not essential.
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18. Optimizing therapeutic intervention in paediatric myelodysplastic
syndrome with mathematical modelling - Verena Korber

Primary Supervisor: Verena Korber
Additional Supervisors: Eleni Louka & Adam Mead
Eligibility: Track 3 and 4 applicants are eligible to apply for this project

Abstract of the project

Paediatric myelodysplastic syndrome (MDS) is a rare disorder characterised by inefficient haematopoiesis, and
a high risk of progression to acute myeloid leukaemia (AML). To date, the only cure available is bone marrow
transplantation, however timing of therapeutic intervention is challenging due to the highly variable disease
course. This DPhil project will develop mechanistic mathematical models of disease evolution to better
understand the timescales of malignant transformation and to characterise the dynamics of disease progression
in different MDS entities. We will integrate multimodal datasets, including whole genome sequencing (WGS)
and epigenetic data, to derive mathematical models of clonal evolution which will form the basis for the first
risk stratification algorithm for paediatric MDS. The output of this project will lay the foundation for risk
stratification based on clonal evolution, and will aid future therapeutic interventions.

Research objectives and proposed outcomes

Paediatric MDS is a rare, clonal form of inefficient haematopoiesis, associated with a high risk of progression to
AML. In contrast to adult MDS, paediatric MDS can develop in the background of inherited bone marrow failure
syndromes or, more rarely, following the acquisition of molecular events such as RAS/MAPK pathway mutations
and Monosomy 7.! Differences in the genomic landscape and pathophysiology of paediatric and adult MDS
suggest that they are fundamentally distinct. However, paediatric MDS remains largely understudied. Currently,
the only curative treatment is allogenic stem cell transplantation. Yet, determining the optimal timing for stem
cell transplantation is challenging as the timescales of disease progression are highly heterogenous across
patients. To address this gap, we will develop mechanistic mathematical models of tumour evolution that
quantify the clonal dynamics driving paediatric MDS and AML in real-time. We will advance our prior work on
neuroblastoma, medulloblastoma and clonal haematopoiesis®® to develop new models that reconstruct the
evolutionary dynamics driving paediatric MDS from the statistics of variant allele frequencies measured with
WGS (Figure 1). Complementing these models with genome-wide epigenetic data, we will advance our
understanding of the dynamics and molecular mechanisms of disease evolution, thus facilitating improved risk
stratification, understanding the source of variability in time to progression and identification of novel
therapeutic vulnerabilities.
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Figure 1. Quantifying evolutionary dynamics in bulk whole genome sequencing (WGS) data. Models are built
using population-genetics theory and take cell division and loss (due to differentiation or death) as well as
somatic mutation into account. Model-predicted variant allele frequency distributions are contrasted with
measured correlates during parameter inference.

Aims and objectives

This project will quantify genetic evolution of haematopoietic stem and progenitor cells towards paediatric MDS,
and, ultimately, AML. We will apply principles from population genetics to generate mechanistic mathematical
models that infer disease evolution from multimodal next generation sequencing data. Harnessing patient data
from a spectrum of disease outcomes, we will search for novel biomarkers of progression. Finally, we will
leverage evolutionary trajectories with genome-wide epigenetic profiling to search for novel therapeutic
vulnerabilities.

WP1. Mechanistic modelling of disease evolution. We will develop a mechanistic model of mutation and clonal
selection to describe malignant transformation from early-life haematopoiesis throughout childhood. Akin to
our previous work on tumour initiation in embryogenesis®>® and adult haematopoiesis®, the model will interpret
the accumulation of somatic variants as a molecular clock to quantify clonal dynamics from deep WGS data.
Using WGS data from 20 cases for model calibration, we will determine, at the level of individuals (i) when
malignant transformation occurs, (ii) how quickly malignant clones expand, and, at the level of patient
collectives, (iii) how heterogeneous the clonal dynamics are.

WP2. Identifying epigenetic changes associated with clonal dynamics. We will identify molecular changes
associated with malignant transformation and progression from genome-wide methylation and open chromatin
data at single-cell resolution, generated for the cases profiled in WP1. We will employ deep learning to infer
transcription factor activity and gene regulatory networks from these data’8, and contrast epigenetic states with
clonal dynamics and disease evolution. Using this approach, we will extend existing computational tools to
quantify clonal dynamics from stochastic fluctuations in genome-wide methylation state®°. This will identify (i)
epigenetic states associated with disease progression, and (ii) novel therapeutic vulnerabilities.

WP3. Model validation using in larger patient cohorts and design of multi-modal risk stratification algorithms.
Inferred clonal dynamics will be verified in large patient cohorts including adult and paediatric cases, leading to
the development of a novel computational tool for predicting clonal evolution, which is currently not available.
In this WP, we will assess the ability of inferring clonal dynamics from next-generation sequencing data, while
also generating targets for downstream functional validation, which can alter the current landscape of this
disease characterised by poor prognosis.

Translational potential of the project

Paediatric MDS/AML is a cancer with urgent unmet clinical need. Major obstacles in patient care include optimal
timing of bone marrow transplantation, aggravated by extensive disease heterogeneity, and no alternative
therapeutic strategies. Understanding the clonal dynamics driving disease progression at the level of individuals
may enable improved risk stratification and optimize the timing of bone marrow transplantation. Identifying
molecular changes underlying these dynamics may reveal novel therapeutic vulnerabilities.

Training opportunities

The student will work within a multidisciplinary team of mathematicians, biologists and clinicians. They will learn
how to develop mathematical models of tumour evolution and to train them with next generation sequencing
data. They will also learn how to analyse and interpret WGS data, genome-wide methylation array data and
single-cell assay for transposase-accessible chromatin (ATAC) sequencing data. The student will develop
bioinformatic pipelines that integrate existing and new computational tools
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Rotational Project: Quantifying disease origin of paediatric myelodysplastic syndrome

Abstract of the project

In a shorter rotation project, track 3/4 students will quantify the origin of paediatric myelodysplastic
syndrome (MDS) by adapting existing mathematical models (Korber et al., Nature Genetics, 2023), and
calibrating them with whole genome sequencing (WGS) data. The students will learn how to
bioinformatically pre-process WGS data, and how to analyze somatic variants with population genetics-
based modelling. They will closely interact with Eleni Louka and her team to learn the experimental bases
of the sequencing data and the clinical background of paediatric MDS. They will also regularly meet with
Ruth Baker and Helen Byrne to advance their knowledge in mathematical modelling and techniques to
calibrate models to data. The output of this project will lay the foundation for follow-up analyses in a DPhil
project, aiming at quantifying evolutionary dynamics during malignant transformation and progression in
real time. Ultimately, these analyses may inform novel risk stratification tools.

Training Opportunities

The student will work in an interdisciplinary team of experimentalists, clinician scientists, systems biologists
and mathematicians. They will learn the experimental basis of WGS experiments, including quality control
metrics. For the computational analyses, they will have access to the high-performance computer cluster
at the Weatherall Institute of Molecular Medicine. The student will learn how to bioinformatically pre-
process next generation sequencing data. Specifically, they will learn how to write bash scripts, apply state-
of-the-art bioinformatic tools (for read alignment, identification of single nucleotide variants, copy number
variants and structural variants) and how to perform appropriate quality control. Downstream analyses
will include identification and analyses of mutational signatures. Moreover, the student will learn how to
develop and adjust mathematical models of tumour evolution in standard programming languages (e.g., R
and python), and how to use these models for parameter estimation from WGS data with computational
Bayesian inference technique.

Ideal student background: The student will have a computational background, with an undergraduate
degree in mathematics, physics, statistics, engineering, systems biology or similar. They will be interested
in developing models of tumour evolution, and calibrate them with next generation sequencing data.

References:

e Schwartz, Jason R., et al. "The genomic landscape of pediatric myelodysplastic syndromes." Nature
communications 8.1, 1557 (2017).

e Hofmann, I. Pediatric myelodysplastic syndromes. ] Hematopathol 8, 127-141 (2015)

e Korber, Verena, et al. "Neuroblastoma arises in early fetal development and its evolutionary duration
predicts outcome." Nature Genetics 55.4, 619-630 (2023).

e  Okonechnikov, Konstantin, et al. "Oncogene aberrations drive medulloblastoma progression, not
initiation." Nature, 1-11 (2025).

e Martina-Perez, Simon F. et al. “Modeling cell differentiation in neuroblastoma: insights into
development, malignancy, and treatment relapse. https://arxiv.org/pdf/2502.20939 (2025).

e Korber, Verena, et al. "Detecting and quantifying clonal selection in somatic stem cells." Nature
Genetics (in press).

e Li, Hao, et al. "Inferring transcription factor regulatory networks from single-cell ATAC-seq data based
on graph neural networks." Nature Machine Intelligence 4.4, 389-400 (2022).
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19. Dietary modification to augment colorectal cancer treatment —
Dimitrios Koutoukidis

Primary Supervisor: Dimitrios Koutoukidis
Additional Supervisors: Simon Buczacki and Victoria Woodcock
Eligibility: Track 3 applicants are eligible to apply for this project

Abstract of the project

Obesity is associated with worse progression-free survival among cancer survivors. One of the reasons might
be that patients with obesity are receiving lower doses of chemotherapy compared with patients without
obesity. Preclinical models show that energy restriction reduces chemotherapy toxicity and may augment
chemotherapy efficacy. This is hypothesised to be driven by improvements in glucose regulation and
reductions in IGF-1 through stress resistance in healthy cells and stress sensitisation in cancer cells.
Furthermore, they suggest that standalone energy restriction is not as efficacious as a combination of energy
restriction and established cancer treatments, such as chemotherapy.?!

Although fasting itself around chemotherapy seems to not raise safety concerns based on a limited number of
clinical cases and has shown some preliminary potential for increasing chemotherapy efficacy (higher
radiological response and percentage of Miller Payne 4/5), adherence is challenging, the employed protocols
vary, and the substantial increase in energy intake for 2-3-week period following the short-term (24-60h)
fasting period during chemotherapy administration may negate its benefits. Furthermore, the 24-60h fasting
that has shown benefit in mice cannot be expected to have the same effect as a 24-60h fast in humans, given
the different physiology and lifespan. Instead, it is likely that a longer period of energy restriction will be
required to achieve results of similar magnitude. Additionally, intentional weight loss may be considered
counterintuitive during cancer treaatmtent as weight loss, primarily muscle mass loss, has been associated
with worse outcomes.?3

Existing low-energy dietary interventions in other clinical settings have been shown to affect the postulated
mechanism. Intentional weight loss among people with obesity in other clinical settings has reliably improved
glucose regulation and reduced insulin with the relationship following a dose-response manner and substantial
weight loss to be required for a clinically meaningful improvement in glucose regulation to be observed. We
and others have shown high adherence and significant weight loss with 800kcal/day diets including high-
protein nutritionally replete total diet replacement with soups and shakes and food-based low-carbohydrate
diets.*”

This DPhil project will aim to adapt one such exisitng intervention, test its feasibility in a randomised controlled
trial, and explore the mechanisms through which the intervention may increase chemotherapy efficacy.

Research objectives and proposed outcomes

WP1: Adapting the intervention to the setting.

Using the established Intervention Mapping approach and the MRC framework for complex interventions,
together with involvement of relevant patient representatives, clinicians, and researchers. Through an iterative
process, WP1 will focus on adapting an existing feasible and effective total diet replacement intervention.

WP2: Testing the feasibility of the intervention
WP2 will involve running a randomised controlled trial to test the feasibility of the intervention. Specifically,
the feasibility will be judged against pre-determined criteria on

- recruitment
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- adherence to the diet

- retention at the last follow-up

- experience of participants following the intervention.
Population: Patients with obesity (BMI > 30kg/m?) and metastatic colorectal cancer.
Intervention: The exact nature of the intervention will depend on the findings on WP1, but we envisage that it
involve a low-energy (800kcal/day) intervention through total diet replacement or through food-based low-
carb diet from 5 days before each chemotherapy cycle to 1 day after each cycle followed by advice for a
healthy balanced diet for the remaining period.

Figure 1: Proposed diet for the first 2 cycles of chemotherapy by day. Green indicates low-energy diet Orange
indicates healthy balanced diet, and blue indicates days of chemotherapy.

Days -4 -3 -2 -1 O 1 2 3 4 5 6 7 8§ 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Low-energy diet Healthy balanced diet Low-energy diet Healthy balanced diet
1st cycle 2nd cycle

Comparator: Standard care (chemotherapy and existing CRUK leaflet on diet during treatment).

Sample size: With 72 patients (36 in each group), the trial will be 90% powered at one-sided 5% level based on
the normal approximation approach to detect whether the proportions for adherence and retention criteria
are truly above 35% and 65%, respectively, based on an alternative hypothesis that they will be above 60% and
85%, respectively.

Feasibility outcomes: These will include rates of recruitment, adherence, and retention.

Process outcomes: Experience and acceptability of the intervention based on semi-structured qualitative
interviews with intervention participants.

Exploratory outcomes: Relative dose intensity, toxicity, and tolerance; and health-related quality of life.

WP3: Exploring the mechanisms of the intervention
The objectives of this WP is to explore potential mechanisms through which the intervention may increase
chemotherapy efficacy.
Process: Participants will be asked to provide blood and urine samples before and after each cycle of the low-
energy diet and each cycle of chemotherapy. Samples will be analysed for
- inflammation and immune serum markers (using the Olink Explore384 and macc cytometry (CyTOF)).
The Olink panel will enable quantification of 368 low-abundance inflammatory cytokines and soluble
immune mediators and CyTOF will enable quantification and functional assessment of >50 distinct
immune cell subsets.
- urine and serum metabolomics and proteomicsmTOR & pmTOR PBMC ELISA.
- Translational potential of the project. Describe the relevance of the project to cancer research or
patient care.

Developing novel therapeutics that are safe and effective with minimal side effects is a key priority for both
cancer research and patient care. This need is highest among patients with metastatic disease, which this DPhil
targets. This project will pave the way for a definitive clinical trial that will assess the effectiveness of this
intervention in improving response to chemotherapy. If successful, this is likely to reduce the burden for
patients and increase their progression-free survival.

Training opportunities

The student will have the opportunity to be trained in an array of different methodologies, including the
development of complex interventions, recruiting to, managing, and analysis the results of a randomised
clinical trial, qualitative analysis of interviews, laboratory techniques, and analysing of complex large-scale
biomarker data. This will include targeted formal courses within and outside Oxford as well as on-the-job
training. They will have access to standard operating procedures from a relevant clinical trials unit, weekly
meetings with supervisors, and access to a diverse pool of researchers applying the above methodologies at
both NDPCHS and NDS.
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Rotational Project:

Abstract of the project

The student will rotate on ongoing projects of systematic reviews, patient and clinician interviews, and
randomised clinical trials of interventions for weight loss, weight loss maintenance, and dietary
modification within the Health Behaviours team. These will expose the student to various methodologies,
practical considerations, and dietary interventions allowing them to make informed choices about the
design and conduct of their proposed projects. Rotations to relevant lab-based basic science projects will
also be considered based on availability and the student’s preferences and interests.

Ideal student background: This project will suit an enthusiastic researcher with some relevant
experience. This may include experience in qualitative research, lab work, running/managing clinical
trials, and/or quantitative data analysis. The candidate will have strong verbal and written
communication skills, with evidence of presentations and contributrions to publications. Clinicians,
nurses, dietitians, and allied health care professionals are particularly encouraged to apply.

References

1. Nencioni. Nat Rev Cancer 2018;

2. de Groot. Nat Commun 2020;

3. Vernieri. Nat Commun 2020;

4. Astbury. BMJ 2018;
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20. Patient-derived organoids from colorectal cancer provide an in-
vitro platform for the development and testing of novel peptide-
based cancer vaccination strategies - Nicholas La Thangue

Primary Supervisor: Nicholas La Thangue
Additional Supervisors: Garret Rochford
Eligibility: Track 3 applicants are eligible to apply for this project

Abstract of the project

Cancer vaccination has provided a novel mechanism through which to target multiple cancer types. This novel
therapeutic strategy utilises identifying antigens generated by cancer cells to provoke the patient’s immune
response to existing tumours [1]. This technique allows for a personalised immune-therapeutic approach to
treatment of colorectal cancer, of which new cases in the UK exceed 40,000 annually [2]. The E2F/Rb family are
a group of transcription factors that traditionally play a role in cell cycle regulation and DNA synthesis. However,
recent studies have demonstrated the importance that they play in immune recognition. The targeting of the
E2F/Rb family has been shown to generate a potent peptide responsive immune response, making it a key
mechanism to design and test candidate cancer vaccines [3]. Organoid models are powerful in-vitro tools for
both the study of tumour biology and for evaluating novel therapeutic approaches [4]. These models allow for
the generation of patient specific tumours in an in-vitro context, providing an opportunity to evaluate responses
to cancer vaccination strategies prior to the clinic. Overall, the development of patient-derived organoid models
(PDOs) of colorectal cancer can provide a personalised therapeutic approach to the development of a novel
cancer vaccination strategy.

Research objectives and proposed outcomes

Generation of patient-derived organoid from colorectal cancer patients (WP.1)

Initially in Work Package 1 (WP.1) the goal will be the collection of colorectal cancer tissue samples from patients
undergoing therapeutic surgical resection and establish PDO models in the lab. These organoids will be cultured
in-vitro to recapitulate the 3D architecture and cellular heterogeneity of the original tumours. The generation of
multiple patient-derived organoid models will provide a valuable platform for translating immunotherapeutic
approaches to the clinic. The outputs from WP.1 provides a platform for this project and its clinical collaborators
to explore changes in the epigenetic and tumour microenvironment landscapes and assess opportunities to
determine novel targets for further exploration. Importantly, the generation of these models provide platform
for evaluating a personalised therapeutic approach to designing cancer vaccines as detailed in WP.2 and WP.3.

Assess immunopeptidomics repertoire of patient derived organoids (WP.2)

Numerous studies have identified unique tumour specific peptides derived from long non-coding regions of the
genome and identified the impact they play in enhancing anti-tumour T-cell responses [3, 5-6]. The T-cell
response is a critical component in the success of immunotherapeutic approaches for colorectal cancer. WP.2
will identify these immunogenic peptides bound to the cancer cell surface in patient derived organoids after
inhibition of the gene PRMTS5, a known epigenetic regulator of the E2F/Rb family, and previously demonstrated
to enhance cell surface expression of long non-coding derived peptides [3]. The signature of different PDOs will
be used to provide a consensus list of long non-coding derived peptides. These peptides will be evaluated for
their ability to enhance T-cell cytotoxicity in the tumour environment (WP.3)

Determine whether in-vitro pulsing of PBMC with identified peptides enhances cell mediated cytotoxicity in
PDO models (WP.3)

The presentation of immunogenic peptides takes place through the major histocompatibility complex (MHC)
class I. The cytotoxic effects of the T-cell are imparted through the activation of the T cell receptor (TCR), which
interacts with the peptides expressed on the MHC class | receptor. Immunogenic peptides derived from Long
non-coding genes have previously been shown to drive an anti-tumour response through activation of T-cell
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cytotoxic response [4]. WP.3 will test the impact of the identified peptides (WP.2) on T-cell proliferation. The T-
cells will be derived from patient derived PBMCs. T-cells which successfully proliferate in response to peptide
pulsing will be examined for their anti-tumour response in the PDO models. High content imaging will be used
to identify functional activity of T-cell and provide spatial data to understand the tumour-immune interaction.

Translational potential of the project

This project uses patient-derived organoids from colorectal cancer to identify and test novel peptide-based
immuno-therapy approaches. By integrating immunopeptidomics with epigenetic modulation, it identifies novel
tumour-specific antigens derived from long non-coding genes to drive anti-tumour T-cell responses. This study
uses PDO models to bridges bench-to-bedside research and reduce the time to clinic and supports the
implementation of prototype cancer vaccines using a personalised therapeutic approach for colorectal cancer
treatment. Additionally, this study approach will help to de-risks clinical translation through supporting
biomarker discovery and future clinical trial designs.

Training opportunities

This project provides comprehensive training in cancer immunology, translational research, and precision
oncology. Trainees will acquire expertise in establishing and manipulating patient-derived organoids,
immunopeptidomics, functional T-cell assays and high-content imaging. The integration of bioinformatics for
peptide identification and lab-based methodologies will foster broad interdisciplinary skill development.
Collaboration with clinical teams will provide a patient-orientated focus in project delivery. The project supports
academic growth through opportunities for high-impact publications, conference presentations, and
engagement with cross-disciplinary research networks. Collectively, these experiences will prepare candidates
for future leadership roles in biomedical research and contribute meaningfully to the academic mission of CRUK
Oxford Centre to "Harnessing world Leading Science to Cure Cancer”.

Rotational Project: Generation of colorectal cancer patient-derived organoids to support peptide-based
cancer vaccination strategies

Abstract of the project

Colorectal cancer remains a significant and growing concern worldwide. With its complex aetiology and high
rates of resistance to therapy, there is an urgent need to develop better pre-clinical models which
recapitulate the genetic, phenotypic and functional complexity of patient tumours. To address this, this
project aims to establish a patient-derived organoid (PDO) model of colorectal cancer that captures the
heterogeneity of individual tumours and serves as a platform to identifying antigenic peptides derived from
long non-coding genes. This will then be used to test novel peptide-based cancer vaccination strategies.

To generate this in-vitro model, suitable patient material will be sourced through our clinical collaborators.
The candidate will be trained to correctly maintain the sterility of the tissue and ensure viability is maintained
throughout handling. The tissues will be processed using mechanical dissociation and enzymatic digestion.
Cells will be characterised, and optimal growth conditions will be determined.

A key feature of PDO models is their ability to recapitulate the heterogeneity of the tumour environment. To
ensure this feature is maintained, it will be necessary to determine the correct support material i.e.
matrigel/hydrogel, whether the presence of fibroblast and other support cells are required and the presence
of growth factors and other supplements. Confocal microscopy and high content imaging will be used for the
study immune cell infiltration, spatial relationships, and functional states within the organoids. High content
imaging also supports the identification and characterisation of predicative biomarkers and mechanisms of
immune evasion, which will an important tool in the evaluation of cancer vaccination approaches.

Overall, this 6-month rotation will provide the fundamental data to establish and maintain PDO models and
provide the functional platform for downstream evaluation of cancer vaccinations using peptides derived
from long non-coding sequences.
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Training Opportunities

This 6-month project provides an excellent hands-on training opportunity in the development of patient-
derived organoid models. From acquisition of patient tissues to the identification of the correct culture and
support conditions, this project will provide fundamental training in 2D and 3D cell culture, passaging and
maintenance techniques to the use of transcriptomics and high content imaging approaches. Students will
be trained in all aspects of the above and will be exposed to cutting-edge research in vaccine cancer research.

Ideal student background

Candidates should have a background in biomedical sciences, molecular biology, immunology or other
related fields. Knowledge in tumour biology and basic cell and molecular biology is essential. Experience with
3D cell culture, patient-derived organoids, or immunology-based assays would be highly advantageous.
Candidates should demonstrate analytical skills, a collaborative mindset and a strong motivation for
advancing translational cancer research. Broadly, candidates should have a strong passion to advance cancer
therapeutics and deliver these to patients.
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21. Vaccination to prevent progression of Monoclonal B-cell
Lymphocytosis (MBL)/Stage A Chronic Lymphocytic Leukaemia (CLL)
to treatment requirement — Carol Leung

Primary Supervisor: Carol Leung
Additional Supervisors: Eleni Adamopoulou, Pauline Robbe
Eligibility: Track 3 and 4 applicants are eligible to apply for this project

Abstract of the project

Chronic Lymphocytic Leukaemia (CLL) is the most common adult B-cell malignancy in the western world. It
typically evolves from a precursor state known as Monoclonal B-cell Lymphocytosis (MBL), which is prevalent in
older adults. While many individuals with MBL and early-stage CLL remain asymptomatic, approximately two-
thirds eventually progress to symptomatic CLL requiring treatment. Currently, there are no clinical interventions
to prevent this progression. Treatment of later-stage CLL is rarely curative and often requires long-term therapy
associated with side effects and decreased quality of life (1). The OxPLoreD study (Oxford Pre-Cancerous
Lymphoproliferative Disorders: Analysis and Interception study) is an Oxford University led study (Schuh) which
recruited 500 participants with MBL/Stage A CLL. The primary goal of this study is “to identify the clinical,
genomic and immunological predictive markers of progression to malignant disease”. This study has identified
distinct biological and clinical subgroups within CLL (2), highlighting the heterogeneity of the disease and
reinforcing the need for early, stratified intervention strategies. Building on this previous work, this project aims
to develop a preventative vaccine to halt MBL/CLL progression. Leveraging data from the OxPLoreD study, we
will identify CLL-specific neoepitopes by integrating RNA sequencing (RNAseq) with existing whole-genome
sequencing (WGS) data. We will prioritise and validate candidate neoepitopes for their potential to stimulate
anti-tumour immunity, generate vaccine constructs, and assess immunogenicity in preclinical models. This work
will lay the foundation for future clinical trials targeting MBL/Stage A CLL patients.

Research objectives and proposed outcomes

1. Identify neoepitopes using different bioinformatics tools. From the OxPLoreD study, we have access to paired
WGS and RNA-seq data derived from 53 diagnostic samples of individuals with MBL/early-stage CLL. We will use
this matched genomic and transcriptomic information to predict tumour-specific neoepitopes by integrating
multiple bioinformatics tools, including NetMHC and PRIME, to assess peptide binding affinity to HLA alleles.
Cross-validation between prediction algorithms will help enhance reliability and prioritise high-confidence
candidates. The resulting epitope list will then be compared to 845 paired tumour-normal CLL genomes
previously generated by us (2) to filter out those that are not CLL-specific, thereby ensuring disease specificity.
The refined list will serve as the foundation for further experimental validation.

2. Prioritise neoepitope candidates and validate antigenicity. After obtaining the list of candidate neoepitopes,
we will prioritise those with high predicted binding affinity and structural suitability. We will employ mass
spectrometry-based immunopeptidomics using paired blood samples to confirm the natural processing and
presentation of these neoepitopes on HLA molecules. This will be followed by functional validation experiments
(IFN-y ELISpot assays) to assess the ability of these neoepitopes to elicit specific T cell responses. Additional
validation may include peptide-MHC tetramer staining and flow cytometry to evaluate T cell recognition and
activation. These experiments will help ensure that only the most promising neoepitopes are advanced to the
vaccine development stage.

3. Generate vaccines against validated neoepitopes and evaluate immunogenicity. Having the list of validated
neoepitopes, we will design and generate the vaccines using the viral vector (3) and mRNA platforms. The
immunogenicity of the developed vaccines will be evaluated using participant blood samples and appropriate
animal models. Results will be correlated to presence or absence of the T-cell exhaustion signature in these
patients that we have already identified from bulk T-cell RNAseq or single cell analysis.
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Translational potential of the project:

The predicted and validated neoepitopes identified in this study will be used to generate a vaccine specifically
for individuals at high risk of progression from MBL or asymptomatic CLL. The goal is to halt disease progression
before it requires treatment, potentially ending the current "watch and wait" approach and improving patient
outcomes. Oxford has a strong track record in vaccine development, and the insights and data generated
through this project are expected to lead to the first clinical trial of a preventative blood cancer vaccine in the
UK. If successful, this would represent the first preventative immunotherapy for CLL, reducing reliance on long-
term treatments and their associated side effects. Importantly, the strategy may be adaptable to other indolent
haematological malignancies with well-defined precursor stages.

Training opportunities

This project is a novel collaboration between the Leung, Adamopoulou, and Schuh labs, offering unique and
synergistic expertise that will provide the student a wide range of knowledge. Within the Leung lab, the student
will receive comprehensive training in cancer immunology and vaccinology. This includes techniques such as in
vitro culture of primary T cells, ELISpot assays, peptide-MHC tetramer staining, flow cytometry, and in vivo
murine models to assess vaccine immunogenicity. The student will also be involved in vaccine construct design
and optimisation using both mRNA and viral vector platforms. The student will also get Home Office Modular
training to gain a Procedure Individual Licence for conducting animal research. The Adamopoulou lab offers
students the opportunity to develop expertise in antigen processing and presentation in cancer. They will receive
training in mass spectrometry-based immunopeptidomics approaches to investigate HLA-restricted
presentation of CLL-specific immunopeptides (HLA ligands) on malignant cells. In the Schuh group, the student
will get specialised training in bioinformatics from Dr Pauline Robbe, and learn neoepitope prediction from WGS
and RNA-seq data analyses, and computational modelling of HLA binding. This project will offer a rich,
multidisciplinary learning environment, equipping the student with both experimental and computational
expertise relevant to translational cancer research.

Rotational Project: Profiling of neoantigen-specific T-cell responses in Chronic Lymphocytic Leukaemia
(CLL)

Abstract of the project

Chronic Lymphocytic Leukaemia (CLL) is a common adult B-cell malignancy, typically preceded by an
asymptomatic condition known as Monoclonal B-cell Lymphocytosis (MBL). A significant proportion of MBL
patients eventually progress to symptomatic CLL, yet the underlying immunological factors that drive this
progression remain poorly understood. Immunotherapy offers a promising approach to prevent disease
progression in high-risk individuals. In this context, neoepitope-based vaccination has the potential to induce
tumour-specific cytotoxic T-cell responses that can eliminate malignant clones at an early stage. This project
will investigate the immunogenicity of selected neoepitopes previously identified, such as FNDC3B and MGA.
The student will utilise peripheral blood mononuclear cells (PBMCs) from the OxPLoreD cohort to assess
antigen-specific T-cell responses against these epitopes using ex vivo assays. The overarching aim is to
identify immunogenic neoepitopes that could be prioritised for incorporation into future cancer vaccine
formulations designed to prevent progression from MBL to CLL.

Training Opportunities

The student will receive comprehensive training in key immunological techniques within the Leung lab. This
includes PBMC thawing and culture, peptide stimulation, IFN-y ELISpot assays to evaluate T cell activity, and
multiparameter flow cytometry for T-cell subset phenotyping and intracellular cytokine staining. These
techniques will provide a robust foundation for assessing vaccine-targetable immune responses in patient
samples. The student will also gain hands-on experience in immunoaffinity purification of MHC—peptide
complexes from healthy donor and patient samples and will have the opportunity to shadow researchers
working on mass spectrometry workflows, next-generation sequencing (NGS) computational pipelines, and
integrated proteogenomic workflows as part of the broader project team. This 6-month rotational project
will provide a strong immunological foundation for a DPhil project focused on vaccine development in
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haematological malignancies, with a particular emphasis on antigen discovery, functional T-cell profiling and
translational immunotherapy.

Ideal student background

While backgrounds in Biomedical Science and Immunology are preferred, this project welcomes individuals
from different disciplines who possess a strong passion and inclination for multidisciplinary and collaborative
research.

Refences:

1. Hallek M, Cheson BD, Catovsky D, Caligaris-Cappio F, Dighiero G, Dohner H, et al. iwCLL guidelines for
diagnosis, indications for treatment, response assessment, and supportive management of CLL. Blood.
2018;131(25):2745-60.

2. Robbe P, Ridout KE, Vavoulis DV, Dreau H, Kinnersley B, Denny N, et al. Whole genome sequencing of chronic
lymphocytic leukemia identifies subgroups with distinct biological and clinical features. Nat Genet.
2022;54(11):1675-89.

3. McAuliffe J, Chan HF, Noblecourt L, Ramirez-Valdez RA, Pereira-Almeida V, Zhou Y, et al. Heterologous prime-
boost vaccination targeting MAGE-type antigens promotes tumor T-cell infiltration and improves checkpoint
blockade therapy. J Immunother Cancer. 2021;9(9):e003218.
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22. ldentifying and targeting metabolic vulnerabilities associated with
isocitrate dehydrogenase mutations in acute myeloid leukaemia and
glioma — James McCullagh

Primary Supervisor: James McCullagh
Additional Supervisors: Olaf Ansorge
Eligibility: Track 3 and 4 applicants are eligible to apply for this project

Abstract of the project
Cancer cells undergo significant metabolic reprogramming to support rapid growth and proliferation. The most
frequently mutated genes directly involved in cancer metabolism are those encoding the isocitrate
dehydrogenase enzymes (IDH 1 & 2) 3. These have been identified in over 20 different tumour types but most
research has focussed on acute myeloid leukaemia (AML) (>40% have mutations) and low-grade glioma (>70%
have IDH mutations)*®. It is now well established that somatic IDH1 & IDH2 mutations catalyse the neomorphic
reduction of 2-0OG to 2-hydroxyglutarate (2-HG) 7%, Elevated cellular R-2-HG in cancer cells has been proposed
to inhibit enzymes that regulate transcription and metabolism, leading to effects linked to epigenetic,
cytoplasmic and mitochondrial processes (Figure 1). 2-HG may be involved in tumour development via altered
gene expression and epigenetic reprogramming

2-oxoglutarate DNA & Histone and therefore also serve as a cancer signalling
methylation molecule by infiltrating the tumour
NADPH . . . . . .
. * microenvironment and influencing neighbouring
NADP i cells. For example, both 2-HG (and succinate
another oncometabolite) have been shown to
R-2-hydroxyglutarate * T inhibit 2-oxoglutarate dependent oxygenases that
* catalyse chromatin modifications (the JmjC
histone demethylases, TET oxygenases) and the
Metabolic f; HIF prolyl hydroxylases which are involved in the
adaptations

hypoxic response. Despite these insights, a
systematic understanding of how 2-HG
. contributes to tumorigenesis is lacking, holding
.mL_lﬂ.DH ' @ % (/<?/) back the development of novel targeted
inhibitors | = 2 therapeutics. Small molecule inhibitors of mutant
IDH enzymes have been developed and a mutant

Figure 1: Mutations in IDH enzymes are IDH1 inhibitor (ivosidenib) has been approved for clinical use with
commonly found in acute myeloid acute myeloid leukaemia (AML)>101112  with preliminary
leukaemia and glioma, but their role in antitumour activity shown in other cancers 3141516 However,
tumorigenesis is not well understood. A ivosidenib resistance has emerged as a consequence of a second-
better understanding of how these site mutations producing IDH1 R132C/S280F ¥ or IDH1

mutations affect cellular function has
the potential to reveal novel targets and
help combat resistance to the current
generation of IDH inhibitors.

R132C/D279N%, or acquisition of oncogenic IDH2 mutation?.
This resistance limits effectiveness of these drugs in the clinicand
patients with IDH mutant cancers currently face limited
treatment options.

New chemotherapeutic approaches are therefore needed for the treatment of AML patients, and a broad range
of cancers expressing IDH mutantations.??2 The overall aim of this project is to comprehensively investigate
altered biochemical mechanisms associated with IDH mutations in cancer cells promoting tumorigenesis/cancer
progression and to target these vulnerabilities with novel inhibitors as alternative or combination therapeutic
targets.
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Research objectives and proposed outcomes

We will perform comprehensive multiomic analysis using a range of IDH mutant and wild-type cancer cells +/-
IDH inhibitors and selected chemotherapeutics/exploratory compounds to dissect 2-HG-specific effects at the
metabolome, proteome, transcriptome and epigenome levels. By stitching together data from these various
‘omic’ layers we will build up a system-level overview of mutIDH-specific functional changes in cellular processes
and use this to identify potential drug and inhibitor targets.

Specific objectives of the project will be to:

e Use generic engineering to generate and validate cellular models harbouring specific IDH mutations
(Tomlinson Group).

e  Perform multiomic measurements on cells +/- IDH mutations to identify metabolic, proteomic,
transcriptomic and epigenetic effects specifically associated with IDH mutations (both groups).

e Dissect the effects of elevated 2-HG on identified targets using +/- IDH inhibitors and experimental
therapeutics (McCullagh Group)

e Perform secondary screens to validate and explore the primary hits involving cell inhibition studies
using synthetic inhibitors of IDH variant and wildtype (All clinically explored compounds and many
others are available, importantly including the first wildtype IDH1/2 inhibitors) results will be used to
design improved inhibitors, including to overcome the resistance to current IDH mutant inhibitors.

e  Perform mechanistic studies exploring gene transcription and epigenome effects on downstream
metabolic phenotypes including using metabolic isotope tracer to validate mechanistic insights
(McCullagh and Tomlinson Groups).

Translational potential of the project

The results will provide key information on the impact of IDH mutations on cellular function and generate novel
targets. This will inform three areas with important translational potential: i) Establish multimodal novel
therapeutic targets for early cancer detection, potentially relevant across multiple cancers which harbour IDH
mutations, in particular glioma and AML. ii) Identify potential new diagnostic biomarkers that could be exploited
to guide therapy. iii) Provide the basis for mechanistic insights into common metabolic changes linked to
tumorigenesis and cancer progression with utility as molecular signatures for diagnosis and prognosis. This work
will form the basis for a larger scale program funding application to CRUK for studies on cancer metabolism
focussing on development of novel therapeutics for IDH mutant cancers.

Training opportunities
Depending on the interests of the student, the project will provide experience in fields including genetic
engineering, chemical biology, ‘omic’ sciences and analysis of large datasets using a wide range of
bioinformatic tools. Methods that may be used include:

e  CRISPR-Cas9 genetic engineering

e Hands on practical metabolomics and proteomics by mass spectrometry

e  Mulitomic data analysis and data integration including univariate and multivariate data

modelling and pathways and network analysis.
e Cell Biology methods including tissue culture, protein production
e  (Cell viability and drug monitoring assays and inhibitor design and medicinal chemistry.

78



o348 CANCER OXFORD
OXFORD RESEARCH | CENTRE

CANCER Ay UK

Rotational Project: Discovering mechanisms and new therapeutic targets in cancers with metabolic
gene mutations

Abstract of the project

* Most driver mutations in cancer alter signalling pathways affecting cell-cycle control and DNA repair,
leading to constitutive proliferation and escape from immune surveillance.

¢ All cancer mutations are associated with altered cellular metabolism and some cancer mutations
directly impact genes involved in metabolic pathways.

e SDH, FH and IDH are some of the most well-known and lead to the formation of oncometabolites
whose role in tumour biology is not well understood

¢ A mechanistic understanding of tumorigenic processes, new inhibitors and alternative drug
treatments is needed. ® We are interested in identifying tumorigenic mechanisms and new potential
drug targets using multiomic screening in cancer cell models and patient samples.

e Figure 1 provides a systematic overview of our general experimental approachMost driver mutations
in cancer alter signalling pathways affecting cell-cycle control and DNA repair, leading to constitutive
proliferation and escape from immune surveillance.

o All cancer mutations are associated with altered cellular metabolism and some cancer mutations
directly impact genes involved in metabolic pathways.

e SDH, FH and IDH are some of the most well-known and lead to the formation of oncometabolites
whose role in tumour biology is not well understood

¢ A mechanistic understanding of tumorigenic processes, new inhibitors and alternative drug
treatments is needed.

e We are interested in identifying tumorigenic mechanisms and new potential drug targets using
multiomic screening in cancer cell models and patient samples.

e Figure 1 provides a systematic overview of our general experimental approach

Methods

e Systems biology (multiomics) — broader functional overview e Isotope labelling and targeted studies —
mechanistic understanding of targets ® Small molecule probes and treatments — inhibitor testing and
mechanistic studies

Objectives (6-month rotation — choose one) o Lipidomic screening IDH, FH or SDH mutant vs wild-type
cancer cells lines. « Comparing epigenome differences in cancer cells expressing IDH1 mutations vs wild-
type o Biomarker discovery in hepatocellular cancer patient using urine and blood samples. Can markers
of cancer and cirrhosis we distinguished in patient urine? e Use insights to develop and test new
inhibitors and re-purposed existing therapies/explore co-treatments in IDH mutant cancer cell models.
This will involve in vitro enzymes assays (NMR, MS and spectrophotometric) and cell treatment assays)
Training opportunities

e Metabolomics methods (multi-platform LC-MS methods) e Tissue culture and sample reparation e
Bioinformatics including data processing and analysis with univariate and multivariate modelling and
functional analysis tools (metabolic (and multiomic) network and pathway modelling).

Ideal student background

We welcome students with an interest in applying multiomic approaches to understand cancer biology.
The focus will be on fundamental science-pathology interface. An interest in applying instrumental
methods to investigate well-controlled cellular systems is welcomed. We expect the student’s ideas and
interests to help shape the direction of the research.

References:

1) Cell 144, 646-674; 2) Clin, Cancer Res. 18, 5537-5545; 3) Molecules 25. 10.3390/molecules25204831; 4) Cell. Rep. Med. 2,
100469; 5) Biochem. Soc. Trans. 49, 2561-2572. 6) Cancers (Basel) 15. 10.3390; 7) Nature 462, 739-744; 8) N. Engl. J. Med.
360, 765-773; 9) Biomedicines 8. 10.3390; 10) Blood 135, 463-471; 11) Lancet Oncol 21, 796-807; 12) JAMA Oncol 7, 1669-
1677; 13). J. Clin. Oncol. 38, 3398-3406; 14) Nat. Med. 29, 615-622; 15) J. Clin. Oncol. 38, 1693-1701; 16) Cell. Rep. Med. 2021
Dec 21;2(12):100469; 17) Nature 559, 125-129; 18) Blood Adv 4, 1894-1905; 19) Cold Spring Harb. Mol. Case Study 7.
10.1101/mcs.a006007; 20) NPJ Precis. Oncol. 6, 61; 21) Nat. Commun. 13, 4785. 10.1038/s41467-022-32436-4; 22); 22)
Commun. Biol. 3,247.10.1038/s42003-020-0957-6.
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23. A new target to treat ALT-dependent tumours — Peter J McHugh

Primary Supervisor: Peter J. McHugh
Additional Supervisors: Christopher J. Schofield
Eligibility: Track 3 applicants are eligible to apply for this project

Abstract of the project

Telomeres are the DNA structures that protect the ends of chromosomes. Cancer cells invariably activate
mechanisms required to maintain the length and therefore integrity of these structures as part of their
conversion into immortal cells with limitless potential to replicate and metastasise. Most tumours achieve this
by upregulating an enzyme called telomerase, but a significant minority of tumours activate a pathway call ‘ALT’
to achieve this aim. Importantly, many tumours that particularly affect children and young people (sarcomas,
central nervous system tumours) often rely on the ALT pathway (1). These tumours have a particularly poor
prognosis, and so strategies to target ALT-dependent tumours are badly needed (1). A recently identified key
player in the ALT pathway is the SNM1A DNA repair nuclease. We propose a project to understand the role of
SNM1A in ALT, and pioneer methods to inhibit SNM1A as a strategy to selectively target ALT-dependent cancers.

Research objectives and proposed outcomes

A number of strategies are being pursued in academia and industry to target ALT-dependent tumours, including
targeting some of the proteins (enzymes) that are required for the ALT pathway. In reality, the ALT pathway is
complex, and many factors that are important for maintaining genome stability more generally are also needed
for ALT. Our laboratories have a long-standing interest in a factor called SNM1A (encoded by the DCLRE1A gene).
We have pioneered the biochemistry and cellular characterisation of this factor in DNA repair (2, 3, 4), solved its
structure (5) and have also worked to generate the first small molecule inhibitors of SNM1A to inspire drug
discovery efforts (6). Strikingly, in 2023 it was reported that SNM1A is important for a process involved in the
ALT pathway known as ‘break-induced DNA replication’ (7). However, while performing an initial mechanistic
study of SNM1A in this biochemical step of ALT, the authors did not definitively establish whether all ALT-
dependent cancer cells depend upon SNM1A for their sustained proliferation and the mechanism by which loss
of SNM1A induces ALT cancer cell death. If so, this would represent an important finding, meaning that SNM1A
could be regarded as a potential and key therapeutic target in ALT-dependent tumours.

Therefore, the key objectives of the project are four-fold:

1. Are all ALT-dependent cancer cells reliant on SNM1A for their continued proliferation? This will be
achieved by measuring the survival and proliferation (of SNM1A-depleted cancer cells that employ ALT-
dependent or -independent mechanisms for telomere maintenance.

2. Is loss of SNM1A associated with the acquisition of hallmarks of telomere damage? If so, this would
support a specific role for SNM1A in maintaining telomeres in ALT cancer cells. This will be achieved by
monitoring accumulation of ALT-associated PML bodies (APBs), high levels of telomere sister chromatid
exchanges and the accumulation of C-circles. These are hallmarks of dysfunction that can lead to the
selective death of ALT-associated tumours.

3. How is SNM1A recruited to telomeres to excute break indiuced replication during the ALT process?
Here, we will combine genetic screens and proteomic approaches to tease out the molecular
mechanisms by which SNM1A participates in telomere duplication.

4. Can we target SNM1A therapeutically to selectively kill ALT tumour cells? This aim will build upon our
prgamme of structure guided inhibitor development. We have already obtained moderate potency
SNM1A inhibitors (6), but the proposed work would provide an excellent platform for their validation
and optimisation.
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Translational potential of the project.

This proposal addresses a key priority of the Cancer Research UK and the Oxford Centre as it uses basic science
to aid drug discover and explore and validate novel therapeutic approaches, one of the four priorities of the
Centre.

Training opportunities

The precise training wil depend upon the interests and profile of the student, but will be interdisciplinary in
nature, potentially involving: cell culture, genomic engineering (CRISPR-Cas9 and base/prime editing), large-
scale screens, general molecular biology methods, DNA damage and repair assays, advanced microscopy, cell
sorting methods, protein purification chemical biology, medicinal chemistry, modelling, protein science/enzyme
inhibition, and biochemical assays. The student will also benefit from collaboration with Dr Anna Rose, a
paediatric oncologist with special interest in ALT-cancers, allowing focus on clinical and translational aspects
involved in treating ALT-dependent cancers in children and young adults.

Rotational Project: A new target to treat ALT-dependent tumours

Abstract of the project

The rotation project would centre on initiating studies outlines in part (i) of the overall propect objectives,
determining how ALT-dependent cancer cells become reliant on SNM1A for their continued proliferation
and the mechanism of cell death upon SNM1A loss. This will be achieved by measuring the survival,
proliferation, and engagement of cell death pathways of SNM1A-depleted cancer cells that employ ALT-
dependent or -independent mechanisms for telomere maintenance.

Training opportunities

Depending on the background and interests of the student, training opportunities include: cell culture,
genomic engineering (CRISPR-Cas9 and base/prime editing), large-scale screens, general molecular biology
methods, DNA damage and repair assays, advanced microscopy, cell sorting methods, biochemistry,
chemical biology, medicinal chemistry.

Ideal student background
This would suit those with a degree in biochemistry, biomedical science, physiology, genetics, chemistry,
preclinical medicine or related discipline.
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24. Origins and selection of genetic instability in blast phase
myeloproliferative neoplasms (BPMPN) — Adam Mead

Primary Supervisor: Adam Mead
Additional Supervisors: Beth Psaila and Charlotte Brierley
Eligibility: Track 3 applicants are eligible to apply for this project

Abstract of the project

Genomic instability is a hallmark of cancer, with ~80% of cancer genomes possessing large-scale alterations. The
processes that enable genetically unstable clones to expand and become dominant remain poorly understood.
Blast phase MPN (BPMPN) is a highly aggressive, treatment-resistant acute leukaemia subtype, marked by
frequent TP53 mutations and complex copy variants including chromothripsis, with typically a rapidly fatal
disease course.? Conventional treatment approaches are ineffective, and few patients are cured by allogeneic
stem cell transplant.>* There is thus a major unmet need to identify novel treatments.

We have recently identified one route to genetic instability in BPMPN: recurrent chromothripsis on chromosome
21 (‘chr21amp’) amplifies DYRK1A, which both promotes genetic instability and cell survival.* DYRK1A represents
a novel actionable therapeutic target which we plan to translate into Phase 1 studies, highlighting the power of
deep interrogation of large primary patient datasets.

More widely, the triggers of genetic instability and selection mechanisms for specific rearrangements remain
unknown. MPNs, with their long latency, defined hierarchy, and accessible samples, offer a unique model to
study clonal evolution. Understanding the mechanisms underpinning the generation of, and the clonal
advantage gained by genetically unstable clones may lead to novel therapeutic approaches for BPMPN - and
more widely in myeloid disease, where TP53 mutant disease lacks any effective treatment options.

Research objectives and proposed outcomes

We wish to understand the mechanisms by which genetic instability occurs in BPMPN and how clones are
selected for survival in the bone marrow microenvironment, with the ultimate aim of identifying actionable
therapeutic vulnerabilities.

Aim 1: Identification of recurrent drivers of genetic instability in primary patient samples progressing from
chronic to blast phase MPN.

Over the past 7-10 years, with support from the Oxford Cancer Centre, we have collated circa 50 serial samples
of peripheral blood/bone marrow mononuclear cells from patients with chronic phase (CP) MPN who
subsequently progressed to blast phase (BP) with features of genomic instability, along with >400 samples from
patients whose disease has not progressed to date. These have undergone extensive phenotyping, including
whole genome sequencing via Genomics England, next generation sequencing myeloid panels, transcriptomic
analysis, SNP arrays, and flow cytometric evaluation of the haematopoietic stem and progenitor compartment.

Aim 1 sets out to test the hypothesis that the processes that drive disease at progression are already identifiable
at the CP stage, highlighting the opportunity for early intervention. The candidate would curate and complete
the multiomic annotation of serial CP/BPMPN samples (clinical, mutation (panel or WGS/WES), copy number
(SNP array or WGS), single cell assays (RNA and ATAC), disease trajectory analyses (SCIFER analysis of WGS
data))’ with the intent of investigating the origin of DNA damage, and the selection processes that enable the
clone to survive the initiating event. Testable hypotheses will include 1) that the stem cell and mutation
dynamics in patients who go on to transform are accelerated in CP patients who progress compared to those
that do not® 2) those who progress demonstrate a predilection for the acquisition of DNA damage, potentially
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driven by proliferation-linked enrichment for replication errors®’, 3) that failure of immunosurveillance is key in
enabling disease progression.?

Aim 2: Establishment and validation of a functional genomic screen in a murine model for drivers of genomic
instability in MPN

Leveraging our prior work on the role of DYRK1A* in genetic instability in BPMPN, we have generated a triple
knock-in  mouse model that expresses Trp53R172H/+, JAK2V617F/+ and overexpresses Dyrkla. The
Trp53R172H/+, JAK2V617F/+ model is well-established and induces BP-MPN with 100-150 days latency. We
hypothesise that overexpression of Dyrkla will further promote genetic instability. We would cross our mouse
model with BALB/c mice to enable haplotype phased SNP typing to detect copy number aberrations at high
throughput and sensitivity as a readout. We propose using this model to deploy a targeted functional genomic
screen - including genes/processes identified in Aim 1 and those highlighted as regulators of chromothripsis in
a recent CRISPR-Cas9 screen in a human cell line model” - to identify novel dependencies and evaluate whether
their modulation promotes leukaemic progression in this murine model. Functional validation assays (flow
cytometry characterisation of the HSPC compartment, ex vivo stem cell assays to evaluate clonality®, and spectral
karyotyping to assess genomic stability) are well-established in our laboratory°.

Aim 3: Validation of candidate targets driving disease progression and genomic instability in BPMPN

Intersection of the genomic, transcriptomic and functional data ascertained across Aims 1-2 will help filter out
technical noise in the data and allow us to identify 3-5 candidate target genes/pathways. These targets will
undergo functional validation in MPN cell lines, e.g. HEL, BaF3, SET-2 and organoid models using techniques
established in the Mead laboratory. These studies will provide preliminary data to form the basis for future
funding applications, including in vivo studies and development of new tool compounds.

Collaborations: This project will be highly collaborative. Collaboration opportunities include with Genomics
England (for the whole genome sequencing datasets), DNA damage experts at the MRC WIMM (Prof KJ Patel,
Prof Peter McHugh, Prof Ross Chapman), and interactions with other centres in Oxford (Ludwig Institute:
Marketa Tomkova).

Translational potential of the project

The aim of this project is to directly translate any discoveries made through to impact for patients. Our lab has
a track record in the identification and pre-clinical development of novel targets in MPN.'%!2 Furthermore, the
proposed programme may also lead to the identification of novel biomarkers to predict risk of BP-MPN and
guide selection of therapy. By integrating the analysis of primary patient samples, advanced genetic mouse
models and large publicly available datasets in the setting of MPN disease progression, we aim to identify
tractable mechanisms of disease transformation that may be more broadly applicable in cancer, enabling
opportunities for earlier intervention.

Training opportunities

The successful applicant will receive hands-on training in wet-lab molecular and cellular techniques, as well as
advanced computational analysis. This includes expertise in high-parameter flow cytometry (including FACS
sorting), tissue culture, single cell multi-omics, CRISPR/Cas9 genome editing, and advanced mouse genetics.

Candidates will have the opportunity to participate in the Oxford Biomedical Data Science Training Programme,
which delivers formal training in the skills and methodology required for the analysis and interpretation of the
large datasets. Students will be enrolled in the MRC Weatherall Institute of Molecular Medicine DPhil Course.
This multi-day course is designed introduce students to a broad array of scientific techniques and theoretical
principles.
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Complementary skills training is provided through the Medical Sciences Division's Skills Training Programme,
which offers courses in personal effectiveness, research management, and public engagement. The Department
also operates a well-established mentoring scheme to support personal and professional development beyond
formal supervision.

Rotational Project: Origins and selection of genetic instability in blast phase myeloproliferative neoplasms
(BPMPN)

Abstract of the project

Genomic instability is a hallmark of cancer, with ~80% of cancer genomes possessing large-scale alterations.
The processes that enable genetically unstable clones to expand and become dominant remain poorly
understood. Blast phase myeloproliferative neoplasm (BPMPN) is a highly aggressive, treatment-resistant
acute leukaemia subtype, marked by frequent TP53 mutations and complex copy variants including
chromothripsis, with typically a rapidly fatal disease course. Conventional treatment approaches are
ineffective, and few patients are cured by allogeneic stem cell transplant. There is thus a major unmet need
to identify novel treatments.

The triggers of genetic instability and selection mechanisms for specific rearrangements remain unknown.
Myeloproliferative neoplasms, with their long latency, defined hierarchy, and accessible samples, offer a
unique model to study clonal evolution. This project sets out to understanding the mechanisms underpinning
the generation of, and the clonal advantage gained by genetically unstable clones may lead to novel
therapeutic approaches for BPMPN - and more widely in myeloid disease, where TP53 mutant disease lacks
any effective treatment options

Training Opportunities

The successful applicant will receive hands-on training in wet-lab molecular and cellular techniques, as well
as advanced computational analysis. This includes expertise in high-parameter flow cytometry (including
FACS sorting), tissue culture, single cell multi-omics, and CRISPR/Cas9 genome editing.

Candidates will have the opportunity to participate in the Oxford Biomedical Data Science Training
Programme, which delivers formal training in the skills and methodology required for the analysis and
interpretation of the large datasets. Students will be enrolled in the MRC Weatherall Institute of Molecular
Medicine DPhil Course. This multi-day course is designed introduce students to a broad array of scientific
techniques and theoretical principles.

Ideal student background

The ideal candidate would have a keen interest in translational discovery science in haematology. We are
keen to recruit a clinical haematology trainee with an interest in developing bioinformatic and computational
skills, as the project requires the ability to access and assimilate large clinical datasets alongside molecular,
genomic and mechanistic studies.
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25. Targeted delivery of drug-loaded oxygenated microbubbles for
focal therapy of advanced prostate cancer — lan Mills

Primary Supervisor: lan Mills
Additional Supervisors: Eleanor Stride
Eligibility: Track 3 and 4 applicants are eligible to apply for this project

Abstract of the project
Prostate cancer (PC) is the most common male cancer in the United Kingdom and is one of the leading causes of

cancer-related deaths [1, 2]. This high-incidence heterogenous multifocal disease has a long latency, in many
instances through to metastatic progression in subset (typically 10 20%) of diagnosed cases. Enhanced activity
of the androgen receptor (AR) is a major driver of PC, making anti-androgen therapy the most common
treatment strategy. However, in the most advanced stages of the disease, known as castration-resistant prostate
cancer (CRPC), tumour cells are insensitive to anti-androgen therapy and sustain pro-proliferative gene
expression programs[3-5]. Importantly, AR promotes an immunologically cold tumour immune
microenvironment (TIME), limiting the options of effective therapy, once CRPC becomes metastatic.Thus, having
progressed, the disease is largely incurable[6].

In the absence of robust biomarkers that indicate metastatic progression risk when localised disease is
diagnosed, it is challenging to intervene with systemic therapies due to toxicities and the risk of overtreatment.
However, much progress has been made in identifying cell-surface markers of treatment-resistant cell types that
correlate with poor prognosis pathology. The purpose of this project is to leverage these markers to exemplify
targeted focal tumour treatment pre-clinically. In addition, we know that hypoxia is also a feature of poor
prognosis disease[7] and there may therefore be advantages to perturbing tissue oxygenation state at sites of
cell-type targeted drug release.

We propose a first-in-field platform that couples antibody-targeted, oxygen-loaded microbubbles with cyclin-
dependent kinase-9 (CDK9) inhibitors, releasing both precisely at ultrasound-defined foci. The strategy exploits
(i) hypoxia as a driver of immune evasion, (ii) CDK9 inhibition to re-programme tumour transcription towards
immunogenicity [8], and (iii) the clinical familiarity of microbubbles as imaging agents. By validating this
approach in syngeneic and humanised mouse models, we aim to lay the groundwork for multi-target focal
therapy that minimises systemic exposure while priming an anti-tumour immune response.

We will validate the cell-type targeting of the microbubbles in vitro using cell-lines engineered to overexpress
the chosen cell surface markers that provide the capacity to target prostate adenocarcinoma (PSMA)[9],
neuroendocrine prostate cancer (DLL3) [9] and both in association with cribriform pathology and stem-like cell
states (B7-H3)[10].

We will evidence on-target effects in vitro based on cell death and viability assays, Mitosox assays and, at sub-
toxic doses, RNA-seq and phospho- RNA polymerase Il site analysis (Western blotting and proteomics). In vivo
efficacy will be assessed through subcutaneous engraftment of a primary prostate cancer mouse cancer cell-line
(Tp53 -/-;Pten -/-) known as DVL3, again engineered to express the three cell surface markers, alongside the
unlabelled parental line [11, 12]. These lines will be used as allografts, permitting an assessment of systemic and
site-specificimmune responses to treatment and are being used as part of a project to study the systemic effects
of CDK9 inhibition. Subsequently this will be extended into a humanised mouse model developed to support the
engraftment of patient-derived organoids. We will quantify treatment-induced modification of the TIME by
measuring (i) intratumoural CD8* T-cell infiltration and proliferation, (ii) the CD8:Treg ratio, (iii) activation
markers such as granzyme B and IFN-y in effector T cells, and (iv) depletion or functional impairment of myeloid-
derived suppressor cells.
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We will use molecular profiling to assess STING and type-| interferon pathways, providing a mechanistic bridge
between CDK9 inhibition, hypoxia reversal and adaptive immune priming.

Research objectives and proposed outcomes

The project brings together materials/engineering science (Stride group) with prostate cancer biology (Mills
group) and the characterization of the immunological impact of interventions (Issa group) to develop a solution
for the targeted delivery of immune modulatory drugs. No such solutions currently exist for the treatment of
prostate cancer and are urgently needed because many drugs are highly effective in simple pre-clinical models,
but induce significant systemic toxicities/immune side effects when translated to patients. Selectivity will be
particularly beneficial for the treatment of prostate cancer, given that metastatic progression can occur over a
significant time period post-diagnosis and local recurrence is a feature in cases treated with radiotherapy. We
are exemplifying this with CDK9 inhibitors, building on a project to assess the systemic impact of these drugs on
the TIME [8, 13-16]. The student will engage in both the drug formulation and the response characterisation
gaining valuable experience of methodologies in all three groups aligned to the following objectives:

1. Manufacture of oxygen-containing microbubbles incorporating targeting antibodies on the
microbubble surface — initially focussed on targeting PSMA and subsequently multi targeting (DLL3
and B7-H4). Biophysical evaluation of microbubble recruitment to recombinant proteins and imaging
to confirm microbubble integrity (Y1) — Eleanor Stride’s group.

2. Incorporation of a CDK9 inhibitor(s) into the microbubbles and validation of incorporation and
release kinetics (Y1) — Eleanor Stride’s group.

3. Development of cell-lines overexpressing target cell surface proteins and fluorescently labelled (Y1) —
lan Mills’ group — working with postdoctoral researchers Annabell Roberti and Pedro Durao.

4. Invitro assessment of selective binding and cytoxicity — imaging and cell viability assays (Y1) - lan
Mills’/Eleanor Stride’s group — working with Annabell Roberti and Pedro Durao.

5. Subcutaneous engraftment of unlabelled overexpressing cell-lines into immune-competent mice —
tumour volume/size measurements and baseline transcriptomic profiling (RNA-seq) and flow
cytometry (immune markers) (Y2) — lan Mills’/Fadi Issa’s group - working with Annabell Roberti and
Pedro Durao.

6. 6. Microbubble delivery and ultrasound release — comparing the impact of injection of untargeted
microbubbles to injection of targeted microbubbles with or without CDK9 inhibitor including
piminidazole staining to define hypoxic regions (Y2 and Y3)- lan Mills’/Fadi Issa’s group - working with
Annabell Roberti and Pedro Durao.

7. 7. Extension to humanised mice engrafted with patient-derived organoids and haplotype matched
immune reconstitution to evaluate T-cell activation, check for off-target cytokine release, and assess
durability of tumour control in a setting that mimics clinical heterogeneity including piminidazole
staining to define hypoxic regions (Issa group — Y3).

Translational potential of the project

Clinically, PSMA imaging has been used to identify positive surgical margins in-theatre in patients undergoing
radical prostatectomy (CRUK PROMOTE Trial, Oxford) [17]. Focal therapy in various forms (for example the
Nanoknife) is also been trialled in patients in Oxford (PART Trial) [18] and London. Molecularly targeted focal
therapy is however an approach that has yet to progress to clinical trials for treating prostate cancer because of
the lack of pre-clinical evidence supporting drug delivery. Much work is underway, however, to develop
antibody-drug conjugates for systemic administration,these conjugates require single-target (cell-surface and
drug) combinations. Due to the multifocal molecular heterogeneity of the disease, more complete clearance of
pro-metastatic prostate cancer clones using focal therapy in the prostate will require multi-targeting
approaches. We envisage that this pre-clinical project will set the scene for adaptations to treatment,
incorporating elements of the trials design in PART and tracer imaging. This willprovide an effective focal therapy
alternative to surgery or radiotherapy for prostate cancer patients with high-risk disease at diagnosis or
experiencing local recurrence following radical treatment [19].
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Training opportunities

. Cell-line culture and genetic manipulation of cell-lines (plasmid/CRISPR-Cas9)

. Mouse models —animal handling, sub-cutaneous engraftment, drug administration and response monitoring
. Immuno-staining and confocal microscopy

. Spectral Flow Cytometry

. Cell isolation from tissue samples and flow cytometry

. RNA-seq and data analysis

. Western blotting/SDS-PAGE

. Real-time PCR

. Nanobubble/microbubble preparation and characterization (for example optical microscopy, Interference
Light Microscopy (ILM) and Laser Doppler Velocimetry)

10. Functionalisation of bubble preparations to prepare to bind to cell-surface targets (biotin streptavidin-biotin
bridging methodology as exemplified for anti-VCAM-1 targeting [20] or derivatization using Click Chemistry)

11. Preclinical ultrasound imaging and MRI

O 00 NOUL D WNBR

Rotational Project: Targeting transcription elongation to modify the prostate cancer tumor immune micro
environment

Abstract of the project

Prostate cancer (PC) is the most common male cancer in the United Kingdom and more effective treatments
are needed to control the late-stage disease. In the lethal disease, termed castration resistant PC (CRPC),
cancer cells sustain the pro-proliferative gene expression program despite of the presence of anti-androgens.
This gene expression program is ultimately dependent on cyclin dependent kinase 9 (CDK9), and CDK9
inhibitors are currently in clinical trials for solid tumors. All cells depend on CDK9 to sustain gene expression,
and it has not been comprehensively established whycancer cells are sensitive against the CDK9 targeting
drugs. Our preliminary data show that CDK9 inhibition activates innate immune response through viral
mimicry. The purpose of this rotation project will be to work profile tissue samples and cell-line samples
treated with CDK9 inhibitors to learn more about this immune response.

Training opportunities

1. Cell isolation from harvested tumour tissue samples.

2. Flow cytometry and data analysis profiling immune/cell-surface markers.
3. qPCR and Western Blotting

4. RNA extraction and RNA-seq on bulk cell-line/tissue samples.

5. QC, alignment and differential gene expression analysis of RNA-seq data.

Ideal student background

This project lends itself to students with a background either in materials science or in biochemistry/cancer
cell biology. From either background, there are training opportunities to bridge the gaps between these
fields. We anticipate that the materials science component/drug delivery elements will form a core part of
the first year of the project and applicants will need to have a strong interest in this area.
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26. Exploring the Role of Lipid Metabolism in Bone Metastasis and
Radiation Sensitivity — Elung Moon

Primary Supervisor: Ejung Moon
Additional Supervisors: Claire Edwards
Eligibility: Track 3 applicants are eligible to apply for this project

Abstract of the project

Bone metastasis is a destructive osteolytic bone disease that significantly impairs quality of life and presents
therapeutic challenges. Alterations in lipid metabolism have been shown to impact tumour metastasis and
radiation (RT) responses. RT is commonly used to manage symptoms and control localised disease in
oligometastatic tumours, but balancing tumour control with normal tissue preservation remains a key challenge.
RT-induced damage to healthy bone can lead to osteolysis, fractures, and pain. This study investigates how lipid-
enriched bone microenvironments affect tumour metastasis and influence RT responses. By examining the role
of the bone marrow microenvironment and its impact on radiation resistance, the study aims to establish a
balance between tumour cell killing and normal tissue protection, ultimately enhancing RT outcomes for patients
with bone metastasis.

Research objectives and proposed outcomes

Bone metastasis, a destructive osteolytic bone disease, significantly reduces quality of life and presents
substantial therapeutic challenges®. Growing evidence suggests that alterations in lipid metabolism have a
profound impact on tumour metastasis and radiation responses?. RT is commonly used as a key palliative
treatment to alleviate symptoms and control localised disease in cases of oligometastatic tumours>*. However,
a persistent challenge in RT is balancing tumour control with the preservation of normal tissue, as RT-induced
damage to healthy bone can lead to osteolysis, fractures, and pain. In this study, we aim to investigate how lipid
enriched microenvironment affects tumour bone metastasis and examine ways to enhance tumour cell
sensitivity to RT while minimising damage to normal bone tissue. Achieving a careful balance between tumour
cell killing and normal tissue protection is crucial for the safe and effective application of RT>®.

Aim 1. To determine the impact of lipid enriched microenvironment on tumour metastasis.

Using both in vitro and in vivo systems, we will investigate how tumour metastatic behaviour and radiation
responses are influenced by lipid enrichment. Co-culture experiments will be performed with bone
metastatic breast cancer cell lines and adipocytes and/or bone cells. In vivo studies will be conducted using aged
mice or by promoting bone marrow adiposity through a high-fat diet (HFD)’. Bone metastasis will be established
using either the caudal artery injection method developed by the Moon lab or the intratibial injection approach
developed by the Edwards lab®. For radiation, mice will undergo treatment using the small animal radiation
research platform (SARRP), with image guidance to specifically target tumour cells. Dr. Hill at the Radiation
Biophysics Core will provide expertise in radiation planning and execution. Tumour responses and bone
destruction will be further monitored by tracking luciferase signalling, performing histology, and micro-CT
imaging.

Aim 2: To identify specific lipid metabolic pathways that drive metastasis and radiation responses Building on
previously acquired RNA sequencing data comparing parental and bone metastatic breast cancer cells, we will
identify key candidate genes involved in lipid metabolism and metastasis. The expression of these genes and
their associated proteins will be assessed in the co-culture system or through immunohistochemistry using
tissues from the bone metastasis model. We will perform genetic or pharmacological inhibition of these
candidate genes to determine whether their expression plays a critical role in regulating bone metastasis and
radiation responses.

Aim 3: To determine the effect of FLASH RT on targeting bone metastasis while minimising normal bone
destruction
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In this aim, we will investigate whether FLASH RT can target bone metastatic tumours while protecting normal
bone tissue from injury in the presence of bone marrow adiposity. FLASH RT is currently under clinical
investigation for patients with bone metastasis, indicating its potential clinical efficacy®®. Mice with bone
tumours will receive radiation at both conventional and FLASH dose rates. The Petersson group will contribute
their expertise in FLASH RT through their established radiation setup. Tumour cell killing and bone damage will
be assessed using IVIS imaging, bone histology, and micro-CT.

Proposed Outcome:

v Providing insight into how lipid-enriched conditions influence tumour growth and radiation response.
v'ldentification of key lipid metabolic pathways that regulate bone metastasis and radiation sensitivity,
offering novel therapeutic targets to improve cancer treatment outcomes.

v'Demonstration that FLASH RT effectively targets bone metastatic tumours while minimising damage to
normal bone tissue, suggesting its potential as a clinical treatment for patients with bone metastasis.

The joint supervision by Dr. Ejung Moon and Professor Claire Edwards will bring together expertise in breast
cancer metastasis, radiation biology, and bone biology. Additionally, in collaboration with Dr Mark Hill and Dr.
Kristoffer Petersson, students will gain exposure to the cutting-edge radiation techniques including SARRP and
FLASH, which could help develop novel treatment strategies for bone cancer patients. This opportunity thus
offers a multidisciplinary research experience, focusing not only on the biology of tumour metastasis but also
on potential treatment strategies.

Translational potential of the project

In this project, we will develop a preclinical model of bone metastasis by inducing lipid enriched bone
microenvironment. A better understanding of this interaction could provide critical insights into optimising RT,
enhancing efficacy while minimising bone damage.

Additionally, we will investigate FLASH radiation, a novel technique delivering ultra-high dose rates, which is
undergoing clinical evaluation for skin cancer and bone metastases. Our study will uniquely assess how FLASH
radiation differentially impacts tumour and normal bone tissue within an adipocyte-rich bone marrow
environment. Ultimately, this research could significantly improve the quality of life for patients suffering from
immobility and pain due to bone metastases.

Training opportunities

Students will receive comprehensive training in both in vitro and in vivo experimental techniques. In addition
to radiation procedures, they will gain hands-on experience in cell culture and molecular biology assays,
including gRT-PCR, Western blotting, ELISA, transfection, and FACS analysis. They will also conduct co-culture
experiments involving cancer cells, bone cells (osteoblasts and osteoclasts), and adipocytes. In vivo training
will include mouse handling, tumour engraftment, and non-invasive imaging techniques. Students will further
develop expertise in tissue processing and immunohistochemistry. Additionally, they will acquire skills in data
analysis, critical thinking, and presentation, ensuring a well-rounded research experience.

Rotational Project: The Role of Lipid Metabolism in tumour cell invasion and radiation sensitivity

Abstract of the project

Tumour metastasis is a leading cause of death in patients with solid tumours. In breast cancer,
approximately 30% of patients with early-stage disease relapse with distant metastases to bone, lung, and
brain. While various molecular pathways contribute to metastatic progression, the role of lipid metabolism
in this process has gained increasing attention in recent years. Given that cancer cells exhibit altered lipid
metabolism, this project aims to investigate its specific role in tumour invasion and explore its potential as
a source of novel therapeutic targets. Radiation therapy, a standard treatment for breast cancer, also
targets metastatic tumours. However, its effectiveness can be compromised by tumour resistance
mechanisms, some of which are influenced by lipid metabolism. Despite growing interest in this area, the

91



OXFORD

:448% CANCER | OXFORD
3  RESEARCH | CENTRE

CANCER Tl UK

precise mechanisms by which lipid metabolism modulates both tumour metastasis and radiation
responses remain unclear, highlighting the need for further investigation. This project seeks to examine
the role of lipid metabolism in tumour metastasis and its impact on radiation sensitivity in vitro. Using a
co- culture system of metastatic breast cancer cells and adipocytes, or conditioned media from adipocytes,
we will investigate how a lipid-enriched microenvironment affects tumour cell proliferation and invasion.
Radiation responses will also be evaluated using clonogenic assays. Building on previous RNA sequencing
data, the expression of key candidate genes involved in lipid metabolism will be assessed. The effects of
genetically or pharmacologically targeting these genes on tumour invasion and radiation responses will be
further investigated.

Training opportunities

Students will receive training in both in vitro experimental techniques. In addition to radiation procedures,
they will perform cell culture and molecular biology assays, including gRT-PCR, Western blotting, ELISA,
transfection, and FACS analysis. They will conduct co-culture experiments involving cancer cells and
adipocytes as well.

Ideal student background

We are seeking a highly motivated and scientifically curious student with a strong foundation in basic
molecular biology techniques. While previous experience in animal work is preferred, a keen willingness
to learn in vivo techniques is equally valued. The ideal candidate will be a team player, eager to contribute
to a highly collaborative and multidisciplinary research environment.
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27. Investigating the role of ras activation in reprogramming the
tumor microenvironment in colon cancer — Giulia Orlando

Primary Supervisor: Giulia Orlando
Additional Supervisors: Simon Buczacki
Eligibility: Track 3 applicants are eligible to apply for this project

Abstract of the project

Colorectal cancer (CRC) development is driven by somatic mutations in genes within the RAS pathway such as
KRAS and BRAF. Whereas RAS signalling has been shown to sustain tumour growth, effective targeted therapy
to tackle RAS mutations directly, or its downstream targets, has proven very difficult to develop. Hence, there is
a need to investigate RAS biology to unveil novel approaches that could be more broadly applied to RAS mutated
tumours. The role for the tumour microenvironment (TME) in sustaining CRC progression and resistance to
treatment is emerging, with the arise of cancer associated fibroblast (CAFs)(1, 2). However very little is known
about the direct role of KRAS activation in the early establishment of the TME. More specifically the epigenetic
reprogramming of the stromal cells induced by KRAS mutation throughout a paracrine-mediated mechanism is
poorly understood. To investigate the role of KRAS activation, colon organoid models will be developed using
gene-editing CRISPR technology(3) to create KRAS mutation, and co-cultured with normal fibroblasts. Patient-
derived organoid lines cultured with matched CAFs or normal fibroblasts will be established on selected pre-
cancerous KRAS-mutated primary tissue from colon patients. We will implement a combination of multi-omics
approaches(4) (RNAseq, ATACseq, 10X single-cell multi-omics) and study changes in the epigenetic landscape of
stromal cells by profiling both the organoid models and primary tissue. Direct measuring of DNA methylation
will be implemented using Oxford Nanopore Technology (ONT). Finally, organoid and in vivo models will be used
to test promising selected candidates for functional validation. This study will provide novel insights into RAS
signalling supporting the discovery of new treatments for CRC. Importantly, a better understanding of RAS
biology has implications that go beyond CRC, as alterations in RAS pathway occur in the majority of cancers.

Research objectives and proposed outcomes

This project will investigate the direct role of KRAS activation in modifying the TME focusing on the early stages
of CRC progression. We will profile organoid models and primary tissues in combination with cutting-edge multi-
omics approaches to identify novel therapeutic target sustaining the TME epigenetic reprogramming.
Additionally, the project will provide a framework to study how RAS activation in cancer cells has an active role
in supporting the epigenetic remodelling of the TME. The models will be used to perform mechanistic studies
and to characterise potential therapeutic opportunities.

Establishing a co-culturing system of KRAS-mutated CRC organoids and normal stromal cells.

Cancer cells modify the surrounding cellular environment through paracrine mechanisms to support growth,
vascularisation and progression to metastasis. To better understand this mechanism, we will implement a co-
culturing model to investigate RAS-driven reprogramming of the TME. The models will give the opportunity to
identify the epigenetics alterations driving stromal cells reprogramming and a novel understanding of the
mechanisms that occur at the early stages of CRC development.

Identify transcription factors (TFs) and changes in DNA methylation driving the CAFs reprogramming.
Transcriptomic studies have revealed significant differences in gene expression within cells in the TME compared
to normal tissues. While aberrant TF activation has been reported, very little is known about the epigenetic
mechanisms occurring at early stages of colon transformation. We will profile the organoid models and primary
tissues using multi-omics cutting-edge technologies (RNAseq, ATACseq, ONT methylation, 10X single-cell multi-
omics) leading to the generation of a unique epigenetic dataset to characterise early KRAS-dependent TME
reprogramming. Computational methods will be applied to integrate the dataset and identify putative TF target
for functional validation.
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Validate the KRAS-dependent molecular mechanism driving CAFs epigenetic reprogramming using the
organoids and in vivo mouse models. We will use the co-culturing models and patient-derived organoids to
assess the functional role of a selected set of TFs in regulating the epigenetic reprogramming of CAFs and assess
their role in sustaining CRC growth. We will use primary samples to confirm the role in human disease
development and in vitro and in vivo modelling to test therapeutic opportunities

Translational potential of the project

CRC is the second most deadly cancer representing a significant global health priority. Advancements in CRC
treatment have been limited with medical care involving a combination of surgery, radiotherapy and
chemotherapy. Few targeted treatments have been implemented and often resistance occurs. The role of the
TME has emerged as one of the causes of treatment failure. Very few therapies target the TME directly, hence
the importance of the proposed project. This study will bring innovative treatment solution with the
identification of novel druggable targets to reprogramme the TME to a normal stratus to disrupt tumour growth.
Dual treatment targeting both the colon organoid with conventional therapies and newly identified TME-specific
targets would also be tested in vitro and in vivo.

Training opportunities

The selected student will have opportunities to work on a multidisciplinary project and acquiring skills in both
wet lab and computational analysis. The student will employ cutting-edge technologies in organoid modelling
and culture, genomics (RNAseq/ATACseq, 10X single-cell multiome, ONT methylation) and genome editing
(CRISPR editing), along with functional biology assays (FACS, imaging, viability assay, drug treatment). Training
will be provided to acquire the relevant computational skills to analyse their own dataset independently.
Opportunity to attend computational courses will be provided.

Rotational Project: Developing a colon organoid model to study the role of ras activation in repgramming
the tumor microenvironment

Abstract of the project

Colorectal cancer (CRC) development is driven by somatic mutations in genes within the RAS pathway such
as KRAS and BRAF. Whereas RAS signalling has been shown to sustain tumour growth, effective targeted
therapy to tackle RAS mutations directly, or its downstream targets, has proven very difficult to develop.
Hence, there is a need to investigate RAS biology to unveil novel approaches that could be more broadly
applied to RAS mutated tumours. The role for the tumour microenvironment (TME) in sustaining CRC
progression and resistance to treatment is emerging, with the arise of cancer associated fibroblast (CAFs).
However very little is known about the direct role of KRAS activation in the early establishment of the TME.
More specifically the epigenetic reprogramming of the stromal cells induced by KRAS mutation throughout a
paracrine-mediated mechanism is poorly understood. To investigate the role of KRAS activation, colon
organoid models will be developed using gene-editing CRISPR technology to create KRAS mutation and co-
cultured with normal fibroblasts. Patient-derived organoid lines cultured with matched CAFs or normal
fibroblasts will be established on selected pre-cancerous KRAS-mutated primary tissue from colon patients.
These models will be used to investigate the role of RAS signalling in shaping the TME and support the
discovery of new treatments for CRC. Importantly, a better understanding of RAS biology has implications
that go beyond CRC, as alterations in RAS pathway occur in the majority of cancers.

Establishing a co-culturing system of KRAS-mutated CRC organoids and normal stromal cells.

Cancer cells modify the surrounding cellular environment through paracrine mechanisms to support growth,
vascularisation and progression to metastasis. To better understand this mechanism, we will implement a
co-culturing model to investigate RAS-driven reprogramming of the TME. The models will give the
opportunity to identify the epigenetics alterations driving stromal cells reprogramming and a novel
understanding of the mechanisms that occur at the early stages of CRC development. Finally, these models
will be used to perform mechanistic studies to characterise potential therapeutic opportunities.
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Training opportunities

The selected student will have opportunity to work on a multidisciplinary project. The student will establish
a colon organoid model and co-culture system from primary tissues and iPSC (inducible pluripotent stem
cells). Genome editing (CRISPR-Cas9 editing) would be implemented to generate KRAS mutants, along with
functional biology assays to validate the model (FACS-based analysis and sorting, imaging,
viability/proliferation assay).

Ideal student background

While experience in either organoid modelling or genomics would be preferred, this project will be suitable
for candidates with no prior experience, but a strong interest in developing multi-disciplinary skills. An
interest in acquiring computational skills is highly desirable.
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28. Linear accelerator for Mega Voltage Photon FLASH radiotherapy -
Kristoffer Petersson

Primary Supervisor: Kristoffer Petersson
Additional Supervisors: Geoff Higgins
Eligibility: Track 3 and 4 applicants are eligible to apply for this project

Abstract of the project

Radiotherapy is an effective treatment for many cancers. Unfortunately, people treated with radiotherapy are
at risk of significant side effects that can last a lifetime, including risks of other cancers and heart disease. This
research will enable FLASH radiotherapy; a potentially revolutionary technology for the treatment of cancer that
promises to cure more people and significantly reduce side effects.

Preclinical studies have shown that FLASH significantly reduces treatment side-effects. As a result, we could give
up to one and a half times the usual radiation dose without any increase in normal side effects. This means that
we can:

e increase the dose we give and improve response to treatment
e reduce the number of treatments sessions (fractions)
e deliver the usual treatments with fewer side effects.

Also, FLASH radiotherapy means much shorter treatment times. This reduces the time that a patient has to stay
in a fixed treatment position. Besides being much more comfortable for patients, it also reduces the risk of error
that can happen with small changes in position. The reduced time also means that the volume of healthy tissues
exposed to the radiation beam is reduced. This further lowers the risk and severity of side-effects.

Challenges

There are technical challenges that must be overcome before we can make this treatment available to patients.
These challenges relate to producing Megavoltage (MV) photons at the high dose rates necessary for FLASH.
Our proposal will help bring FLASH to patients. Our collaborator network offers a unique global partnership that
combines the necessary expertise, experience and access to new technologies that are needed to resolve these
technical challenges.

Research objectives and proposed outcomes

To date, most preclinical and all clinical FLASH research have been performed using proton or electron beams.
However, there has only been a few clinical FLASH trials so far. These have been small (phase 1) trials looking at
feasibility rather than exploring any clinical benefit with the technique. There are numerous limitations to deliver
clinical FLASH employing these methods. Use of proton beams require large and expensive facilities, while FLASH
using electrons is currently only capable of treating tumours that are close to the surface of the body. More than
95% of radiotherapy given at present uses MV photon beams at low dose rates.

We aim to develop ways to deliver MV photons at dose rates 1000x higher than standard radiotherapy. This will
enable a FLASH-capable system to be produced at a cost comparable to that of existing clinical photon facilities,
enabling world-wide deployment. This will allow FLASH to have a real impact on how radiotherapy is delivered.

Aim and approach
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The aim of our proposal is to develop an accelerator and treatment technology for MV Photon FLASH treatments.
We will achieve this by modifying and optimising standard components for FLASH delivery, that is, a short but
very intense radiation beam delivery. Our proposal consists of five parts (work packages, WP):

WP 1 - Optimisation of the electron source (gun) and accelerating structure (waveguide)
WP 2 - Development of the (Radio Frequency) power source for electron acceleration
WP 3 - Full accelerator assembly

WP 4 - Optimisation of photon beam production (target) and modulation

WP 5 - Performance measurements and evaluation of the final beam.

Translational potential of the project
If successful, this project will provide a future pathway to:

1. A larger number of local FLASH treatment centres as opposed to a small number of large regional or
national treatment centres.
2. Treatment centres at a price point which is affordable in lower income countries

This is essential if FLASH is to become widely adopted and accessible.

It is recognised that such a commercially available FLASH system will not be achieved for some years. However,
it is intended that this programme of research will provide shorter term incremental technology improvements
which will be applicable to further advancement in the delivery of conventional radiotherapy. This may include
radically reduced time spent in breath holds, electron FLASH for superficial tumours, improved system reliability,
etc. We foresee that we will produce world leading FLASH research that will be published in high-impact journals
and that our technical solutions will be implemented in the next generation of medical linear accelerators. This
will serve as a first step towards a clinical Mega Voltage Photon FLASH radiotherapy linac.

Training opportunities

Training on simulation software and practical construction of electron guns and accelerating waveguides for
linear accelerators, with leading experts at the Department of Physics. The student will have the opportunity to
train at Teledyne e2v, learning about RF-power sources and subsystems, and their implementation in
radiotherapy. This general knowledge of RF-technology will be essential for the work carried out during the DPhil
project. At the Department of Oncology, the student will earn about FLASH radiation biology and dosimetry from
the members of the FLASH Radiation research group. Additionally, the electron FLASH linear accelerator
available in the department will serve as a reference for all the work carried out throughout the project.

Rotational Project Electron Gun and Waveguide optimisation for Mega Voltage Photon FLASH radiotherapy

Abstract of the project

In this project, we will develop and evaluate a high current, low perveance triode thermionic electron gun,
which will enable higher and more precisely controlled number of electrons being injected into the
accelerating waveguide. The highest photon dose rate is determined by the ability to inject electrons into
the accelerating structure, by the pulse repetition rate, by the design of the accelerating structure and by its
shunt impedance, as well as by the peak radiofrequency (RF) power used to accelerate the electrons
(Karzmark 1973). The relevant experience acquired, following the long-term collaboration between the
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Physics Department at the University of Oxford and CERN, will be utilised in the choice of design for a suitable
accelerating waveguide for our linear accelerator (linac).

Electron Gun

The gun design is based on thermionic emission; where electrons are liberated from a hot electrode
(filament). The temperature of the filament, and consequently the number of electrons freed, is controlled
by the current running through the filament. This is the most common reliable electron source used for
radiotherapy linacs.

A triode electron gun controls electron emission by grid bias voltage and is an improvement over a diode gun
where thermionic electron emission is indirectly controlled by filament current. The triode gun also allows
for temporal control of the electron pulses injected into the accelerating waveguide structure of the linac —
however the maximum length of the pulse is limited by RF accelerating pulse, which is often in the order of
2-5 ps. We will start by performing simulations in CST Microwave Studio - Particle Studio Solver in order to
find suitable designs for the gun and, importantly, match it with the waveguide. We have improved our in-
house experience over the last years in designing and building electron guns. Currently, we have a benchtop
setup for testing and evaluating electron guns, one complete triode gun and parts for a second gun.

Accelerating Waveguide

Work on the accelerating waveguide will be headed by Professors Philip Burrows and Manjit Dosanjh from
the Department of Physics. We will start out with simulations of designs already available at the Department
of Physics, to find a suitable arrangement that allows control of the higher space charge effects resulting
from the increased beam currents. We will use a standard S-band (travelling or standing wave, depending on
the simulation results) waveguide, which is one of the most common types used for radiotherapy linacs. The
conversion efficiency from electron beam power to photon power increases with greater electron beam
energy (Meissner 2000), so high energies are suggested, though these should preferably not exceed 15-18
MeV, to minimize neutron activation of materials used in the construction of the irradiation facility (Banaee
2021). It is likely that we will use a waveguide design capable of accelerating the electrons in the waveguide
to 6-15 MeV. Again, this is a standard energy range used in radiotherapy linacs.

Training opportunities
Simulation software and practical construction of electron guns and accelerating waveguides for linear
accelerators with leading experts.

Ideal student background
The student is required to have an MSc in Physics, Medical Physics, Biology, engineering, or other natural or
medical science with a a significant interest in technology and its application in healthcare.
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29. Microbubbles as drug carriers for patients with malignant pleural
effusion - Najib M Rahman

Primary Supervisor: Najib M Rahman
Additional Supervisors: Nikolaos | Kanellakis, Eleanor Stride
Eligibility: Track 3 and 4 applicants are eligible to apply for this project

Abstract of the project

Background: Malignant pleural effusion (MPE) occurs when fluid accumulates in the pleural cavity because of
cancer. MPE is common, affecting 15% of all cancer patients with around 50,000 new cases diagnosed in the UK
per year and bears a severe socioeconomic burden. In the USA alone the MPE-associated healthcare costs are
around $1,900 million per year. Approximately, 90% of MPE occurs due to metastatic cancer from primary sites
including lung, breast and colorectal. MPE is associated with poor prognosis which appears to be particularly
pronounced compared to other metastatic sites, leading to a median survival time of 3 to 12 months from
diagnosis. Large scale epidemiological studies demonstrate that even small volume MPEs are associated with
poor prognosis, regardless of systemic treatments such as chemotherapy and immunotherapy. Current
treatment for MPE focusses on symptom management (chest pain, breathlessness) treated with drainage
procedures, but does not alter prognosis.

The current unmet clinical
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molecule drugs. By destroying
the microbubbles using focused ultrsound at the target site highly localised drug delivery can be achieved.>2. In
addition, drugs which only become active when stimulated by ultrasound can be used to further reduce systemic
toxicity. To assess whether this approach could be utilised to treat MPE, we exposed A549 lung epithelial cancer
cells to either 30 seconds of ultrasound in the presence of microbubbles encapsulating an ultrasound sensitive
drug (Rose Bengal), or the drug alone for 24 hours. Our preliminary data suggest that the microbubbles greatly
increased cancer cell killing even over the much shorter exposure times (Figure 1). Given our unique access to
the pleural space in vivo to injected drug delivery and ultrasound, this treatment modality offers a potentially
exciting avenue for novel therapy.

Research Objectives and proposed outcomes

We have designed a translational study to evaluate the efficacy of the microbubble drug delivery methodology
in MPE. We have a established a panel of patient derived MPE cell lines3. These cells are a faithful model of the
human disease. We will expose these cell lines to different combinations of drugs, microbubbles and ultrasound.
For these assays we will use the top five drugs as identified in a previous high throughput drug screening assay.3
Cells will be cultured in 2D,3D, organoid, and we will assess viability and proliferation.

Research Objective 1: Identify the IC50 for different exposure conditions.
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Research Objective 2: We will assess the cancer cell killing capacity and immune cell activation, when cancer
cells are co-cultured with T cells.

Research Objective 3: Optimise the microbubble formulation encapsulating the top performing drug(s) to
maximise drug loading and stability.

Research Objective 4: Evaluate the antitumour efficacy of drug-loaded microbubbles in an in vivo mouse model
of MPE. For this the mice will receive injections of drugs encapsulated in microbubbles which will be activated
with thoracic ultrasound. We will assess tumour control via ultrasound imaging, immunomodulation on the
tumour microenvironment via immunohistochemistry, ans overall survival as previously done.*>

Translational Potential of the project

MPE is a significant clinical challenge, affecting approximately 30% of cancer patients. The incidence of MPE is
increasing worldwide and currently there are no effective therapeutic treatments available. This project has a
high translational potential. Microbubbles are widely used as ultrasound contrast agents and have been used in
clinical trials for therapeutic applications.® A trial of drug-loaded microbubbles will also shortly take place in the
UK for breast cancer. Our preliminary data show effective tumour cell killing and to the best of our knowledge
this is the first time that microbubbles have been investigated as drug carriers in MPE. The use of fresh patient-
derived MPE samples would allow us to phenotype the response and discover factors that limit the efficacy of
the treatment. If the microbubbles demonstrate antitumour potential in our in vitro and ex vivo models we can
proceed to a small scale local (Oxford University Hospitals, NHS Trust) Phase | (first in human) clinical trial to
evaluate their safety and tolerability, as we have successfully done in the past’.

Training opportunities

This is an interdisciplinary project between the Institute of Biomedical Engineering and CAMS Oxford Institute.
The student would receive training on bubble manufacture, cell culture, flow cytometry, immunology, and
statistical analysis. The student would benefit from engaging in an interdisciplinary environment that integrates
bioengineering and biomedical sciences, providing exposure to a broad spectrum of research methodologies

Rotational Project: Microbubbles as drug carriers for patients with malignant pleural effusion

Abstract of the project

Malignant pleural effusion (MPE) is a severe and complicated disease. MPE is common, affecting 15% of all
cancer patients. In the USA alone the MPE-associated healthcare costs are around $1,900 million per year.
MPE is associated with poor prognosis which appears to be particularly pronounced compared to other
metastatic sites, leading to a median survival time of 3 to 12 months from diagnosis.

The current unmet clinical need: Current treatment options for MPE focus on symptom management (chest
pain, breathlessness) treated with drainage procedures, but do not alter prognosis.

Microbubbles could facilitate drug delivery: Coated gas microbubbles, orginally developed as contrast
agents for ultrasound imaging, have been re-engineered to carry small molecule drugs. By destroying the
microbubbles using focused ultrsound at the target site highly localised drug delivery can be achieved. In
addition, drugs which only become active when stimulated by ultrasound can be used to further reduce
systemic toxicity.

Research Objective: We have designed a translational study to evaluate the efficacy of the microbubble drug
delivery methodology in MPE. For a previous study we established a panel of patient derived MPE cell lines.
These cells are a faithful model of the human disease. We will expose these cell lines to different
combinations of drugs, microbubbles and ultrasound. Cells will be cultured in 2D and 3D and we will assess
viability and proliferation.

Research Objective: Identify the IC50 for different exposure conditions.

Training opportunities: This is an interdisciplinary project between the Institute of Biomedical Engineering
and CAMS Oxford Institute. The student would receive training on bubble manufacture, cell culture, flow
cytometry, immunology, and statistical analysis. The student would benefit from engaging in an
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interdisciplinary environment that integrates bioengineering and biomedical sciences, providing exposure to
a broad spectrum of research methodologies.

Ideal student background
Ideally, the student shall have some basic experience and understanding of cell culture and cancer biology.
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30. Developing Clinical Algorithms for Non-Invasive Myeloma
Monitoring Using Mass Spectrometry and Machine Learning
Approaches — Karthik Ramasamy

Primary Supervisor: Karthik Ramasamy
Additional Supervisors: I-Jun Lau, Adam Cribbs
Eligibility: Track 3 and 4 applicants are eligible to apply for this project

Abstract of the project

Monitoring minimal residual disease (MRD) in multiple myeloma (MM) is essential for guiding therapy and
improving patient outcomes.(1) However, current methods for assessing deep responses to treatment rely
heavily on bone marrow biopsies, which are invasive, painful, prone to sampling bias due to the patchy nature
of disease and therefore unsuitable for frequent, longitudinal monitoring.(2)

Mass spectrometry (MS) offers a highly sensitive and specific approach for detecting tumour-derived
monoclonal immunoglobulin (M-protein) in blood, offering superior resolution compared to currently available
serological techniques.(3) As each patient’s M-protein is unique, it serves as a specific, personalised biomarker
for tracking tumour dynamics over time. MS assays can detect and quantify very low levels of M-protein,
enabling more accurate and less invasive monitoring. Importantly, MS testing shows prognostic performance
comparable to bone marrow-based MRD tests at 107> sensitivity(4) (recently approved as an early endpoint in
myeloma clinical trials by the FDA), thus highlighting its potential as a robust, non-invasive alternative for long-
term disease surveillance.

This project will validate high-resolution, M-protein quantification via advanced MS platforms for real-time
assessment of tumour burden and residual disease. By modelling M-protein kinetics and applying machine
learning-based predictive algorithms, we aim to enable accurate, frequent and individualised monitoring from
blood. Ultimately, this approach could complement or replace bone marrow MRD testing with scalable, patient-
friendly tools that support adaptive, precision-guided treatment.

Research objectives and proposed outcomes

This project aims to validate and implement high-resolution, non-invasive MS assays for monitoring tumour
burden and treatment response in multiple myeloma (MM). Using well-annotated clinical samples from two
major UK studies, the focus will be on assay benchmarking, modelling of treatment kinetics and clinical algorithm
development.

e RADAR is a UK-wide phase II/lll trial evaluating risk-adapted treatment intensification in newly diagnosed
MM. It includes bone marrow MRD testing at 1075 sensitivity, and provides paired blood and marrow samples
for direct comparison of non-invasive MS assays with gold-standard MRD.(5)

e MOSAIC is a prospective observational cohort collecting serial blood samples from MM patients at multiple
treatment stages, offering a real-world setting to evaluate assay performance, scalability and clinical utility.

Objective 1: Validate the analytical performance of commercially available mass spectrometry platforms for
non-invasive M-protein quantification
This objective will benchmark the sensitivity, specificity and reproducibility of clinically available assays — such

as EXENT QIP-MS (Quantitative Immunoprecipitation Mass Spectrometry), LC-MS (Liquid Chromatography Mass
Spectrometry) and clonotypic peptide-based mass spectrometry (SEBIA M-inSight) — using paired samples from
the RADAR trial. Assay performance will be compared against conventional serological tests and bone marrow
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MRD (flow at 1075 sensitivity) aiming to provide a validated blood-based monitoring platform with performance
metrics suitable for clinical implementation.

Objective 2: Characterise M-protein kinetics and treatment response dynamics using longitudinal testing
Using serial blood samples from the RADAR and MOSAIC studies, the student will examine M-protein clearance
patterns across treatment time points. Modelling of kinetic parameters will enable the identification of response
trajectories and residual disease signatures, with the aim of improving relapse prediction, informing updates to
current accepted response criteria (as defined by the International Myeloma Working Group, IMWG) and
supporting the development of dynamic biomarkers to guide response-adaptive treatment decisions in the
future.

Objective 3: Using computational modelling and machine learning, develop and evaluate predictive
algorithms for response assessment and relapse detection

This objective will leverage longitudinal M-protein quantification data and associated clinical variables to train
predictive models capable of classifying treatment response and forecasting relapse. Machine learning
approaches — including regularised regression, ensemble methods and time-series models — will be used to
capture complex, non-linear relationships between M-protein kinetics and clinical outcomes. Model
development will prioritise interpretability and robustness, employing nested cross-validation and feature
selection strategies to minimise overfitting. Trained models will be independently validated using held-out
cohorts from the MOSAIC study and compatible external data sets (e.g. from Mayo Clinic, PETHEMa) and
performance metrics (e.g., AUROC, sensitivity, specificity) will be benchmarked against conventional clinical
predictors. The objective will also assess the feasibility of incorporating these models into prospective clinical
workflows, focusing on scalability, clinical interpretability and decision-support utility.

Translational Potential of the Project

MRD is an increasingly important biomarker for risk stratification, treatment de-escalation and clinical trial
endpoints in MM. However, bone marrow-based MRD assessment is logistically and clinically challenging for
routine use due to its invasiveness and sampling limitations. This project will help deliver a scalable, patient-
centred solution: non-invasive, high-resolution M-protein monitoring via MS platform/s. Demonstrating the
clinical validity and utility of MS MRD using RADAR samples and real-world validation through MOSAIC samples,
will facilitate its implementation in future clinical trials and potentially routine NHS care.

Training Opportunities

The student will receive comprehensive interdisciplinary training spanning advanced analytical, laboratory,
computational and clinical domains. This will include hands-on experience with state-of-the-art mass
spectrometry platforms, as well as immunoprecipitation workflows for high-resolution serum protein analysis.
Training in computational modelling and data science will cover longitudinal data analysis, M-protein kinetic
modelling and the application of machine learning for biomarker interpretation and relapse prediction. The
student will also gain direct exposure to translational and clinical research through access to trial and cohort
samples, insight into biobank governance and ethics, and collaboration with multidisciplinary teams across
haematology and laboratory medicine. A key focus will be on developing personalised biomarker strategies,
using patient-specific clonal M-proteins to enable precision diagnostics for minimal residual disease and support
response-adaptive treatment. This diverse skill set will prepare the student for future leadership roles in
translational cancer diagnostics and precision oncology.
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Rotational Project: Computation Modelling of Mass Spectrometry Data to Monitor Minimal Residual Disease
in Multiple Myeloma

Abstract of the project

Multiple myeloma (MM) is a blood cancer characterised by the uncontrolled proliferation of plasma cells.
Monitoring minimal residual disease (MRD) — the small number of cancer cells that remain after treatment —
is critical for assessing patient response and predicting relapse. Current MRD methods rely on bone marrow
biopsies, which are invasive, uncomfortable for patients and poorly suited for frequent monitoring due to
their sampling limitations.

This rotation project focuses on validating non-invasive blood-based monitoring using mass spectrometry
(MS) to detect monoclonal immunoglobulins (M-proteins), which are uniquely produced by myeloma cells.
Because each patient’s M-protein is distinct, it serves as a personalised biomarker for disease burden. High-
resolution MS platforms can sensitively and specifically detect low-level M-proteins in blood, offering a
promising alternative to bone marrow MRD testing.

Working with well-annotated clinical samples from two major UK studies — the RADAR trial and the MOSAIC
cohort —the student will help assess the performance of advanced MS assays and analyse M-protein kinetics
over time, generating input data for machine learning algorithms. This includes exploring their potential for
relapse prediction and informing adaptive treatment strategies. The project bridges translational
haematology, proteomics and computational biology to support the development of scalable, patient-
friendly tools for personalised cancer monitoring.

Training Opportunities:
This project offers a broad range of interdisciplinary training opportunities in both laboratory and
computational methods, with scope to tailor the experience to the student’s background and interests. Key
training components include:
Mass Spectrometry and Protein Analysis

e Hands-on experience with MS platforms, including the EXENT Quantitative Immunoprecipitation

Mass Spectrometry (QIP-MS) platform.

e Sample preparation workflows such as immunoprecipitation and serum protein enrichment.

e Data acquisition, assay optimisation, data interpretation and quality control.

e Learn how personalised M-protein sequences are used to develop patient-specific diagnostics.
Translational Research and Clinical Sample Handling

e Exposure to real-world clinical trial (RADAR) and observational (MOSAIC) study samples.

e Insight into clinical trial design and biomarker validation in haematological malignancies.

e Explore how biomarkers can inform response-adaptive treatment strategies in precision oncology.
Data Analysis and Computational Modelling

e Introduction to longitudinal data analysis using R or Python.

e  Modelling M-protein kinetics and understanding biological variability in treatment response.

e For computationally inclined students: exploratory machine learning techniques for predicting

relapse or stratifying patient response using MS-derived biomarker data.

This rotation is ideal for students from biomedical sciences, biochemistry, analytical chemistry, or
computational biology backgrounds. It provides a well-supported entry point into translational cancer
research and equips the student with technical and analytical skills relevant to careers in academic, clinical,
or biotech settings.

Ideal student background

This project welcomes applicants from all academic backgrounds with a strong interest in translational cancer
research. Ideal candidates may have training in biomedical sciences, medicine, molecular biology,
bioinformatics, or related disciplines. No prior experience in mass spectrometry or machine learning is
required; comprehensive interdisciplinary training will be provided. The project offers a unique opportunity
to work at the interface of clinical haematology, analytical science and computational modelling, contributing
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to precision medicine and early detection strategies. Motivated students with curiosity, critical thinking skills
and a desire to impact patient care through innovative diagnostics are strongly encouraged to apply.
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31. Using wearable devices to investigate associations between sleep
and circadian disruption, artificial light-at-night exposure and incident
cancer risk — David Ray

Primary Supervisor: David Ray
Additional Supervisors: Rebecca Richmond
Eligibility: Track 3 and 4 applicants are eligible to apply for this project

Abstract of the project

There is strong evidence from experimental systems that animals exposed to circadian disruption and alterations

to the light-dark schedule exhibit immunosuppression, chronic inflammation, and cell proliferation, which are
key carcinogenic characteristics [1]. Further, exposure to artificial light-at-night (ALAN), particularly blue
wavelength light, has been found to inhibit nocturnal production of melatonin, which has been hypothesised to
increase risk of cancer [2]. In humans, much of the evidence surrounding carcinogenic light-at-night exposure
and circadian disruption is restricted to studies of night shift workers [3, 4]. While positive associations have
been observed between night shift work and breast, prostate, colorectal cancer in particular, overall evidence

is inconsistent.

The overarching aim of this DPhil is to fully appraise the role of sleep, circadian disruption and artificial light
exposure in cancer. This will include deep phenotyping of sleep and circadian rhythm disruption (SCRD) and light
measures from wearable devices obtained from large population-based studies, integrating cancer record data,
harnessing genetic data to improve causal inference, and exploring high-dimensional molecular data to better
understand mechanisms. With thorough and integrated approaches to data science being performed at scale, the
project has the potential to further our understanding of cancer and to identify novel behavioural and therapeutic
targets to reduce cancer risk.

Research objectives and proposed outcomes

The DPhil project will use data from wearable devices in two large-scale epidemiological cohort studies (UK
Biobank and China Kadoorie Biobank) to investigate the links between i) objective sleep measures, ii) circadian
parameters, iii) artificial light-at-night exposure (ALAN), and incident cancer. The research will draw on deep
phenotyping of sleep, circadian rhythms and light exposure obtained from objective devices, extensive genomic
and molecular datasets, as well as linked health data, to provide a step change in our understanding of the
mechanisms underlying the links between sleep and circadian disruption (SCRD), ALAN and cancer risk in
humans.

Specific aims are to:

1: Use a deep phenotyping approach to derive objectively-measured sleep, circadian rhythm and light measures
from wearable devices in the UK Biobank and China Kadoorie Biobank.

2: Perform prospective epidemiological analyses to investigate associations between SCRD and ALAN in relation
to cancer.

3: Conduct genetic analysis to identify novel variants influencing sleep behaviour, circadian rhythms and light
sensitivity. This will build on previous genome-wide association studies (GWAS) (e.g. [5-8]) and gene-by-
environment interaction studies (GWIS) [9] to provide insights into the genetic underpinnings of SCRD and
circadian light sensitivity.

4: Leverage genetic, metabolomic and proteomic data to investigate molecular pathways linking SCRD, ALAN
and cancer.

5: Use naturally occurring genetic variation encoding SCRD and light sensitivity (identified in aim 3) to uncover
new therapeutic targets and preventative agents for cancer.
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The student will work across the Big Data Institute (BDI), the Nuffield Department of Population Health (NDPH)
and the Oxford Centre for Diabetes, Endocrinology and Metabolism (OCDEM) at the University of Oxford. They
will be supported by supervisors with expertise in sleep and circadian medicine (Prof David Ray), genetic and
molecular epidemiology (Dr Rebecca Richmond), biomedical informatics (Prof Aiden Doherty), and cancer
epidemiology (Prof Ruth Travis). The supervisory team have ongoing collaborations and established profiles
across sleep, cancer and wearables research, and all are involved in the NIHR Oxford Health Biomedical Research
Centre “Better Sleep” theme. However, this DPhil project will represent a new collaborative effort investigating
the role of sleep and circadian rhythm measures derived from wearable devices in relation to cancer.

Translational potential of the project

The results of this project have the potential to change the way we understand and prevent cancer by
recognising its sleep and circadian underpinnings. By evaluating the role of sleep and circadian rhythms in cancer
across different populations and subgroups, we can identify individuals most at risk of its adverse consequences
and reduce health inequities in cancer incidence. This will inform targeted interventions and risk stratification
efforts, for example with the incorporation of sleep and circadian rhythm disruption measures into cancer risk
prediction models. If cancer populations are found to be differentially affected by sleep and circadian disruption,
this will highlight the importance of improving sleep among patients whose diagnosis and treatment regime
could further compound sleep problems. By probing the biological pathways underlying the links between sleep,
circadian disruption, ALAN and cancer, this could provide fundamental biological insights as well as uncover
novel therapeutic targets and preventative agents for cancer. This has the potential to inform therapeutic
innovations and future clinical trials.

Training opportunities

The proposed project offers an exciting opportunity for the student to develop skills in epidemiology, genomics
and biomedical informatics, with the potential to conduct prospective epidemiological analysis, genetic analysis,
causal inference and machine learning approaches. We would encourage the student to attend a number of
internal and external training courses to develop these skills, including:

e NDPH short courses in “Introduction to Epidemiology”, “Practical Statistics for Epidemiology using R”,
“Practical Design of Epidemiological Studies”, “Fundamentals of Statistical Software and Analysis”

e Short course in “Machine Learning of Wearables in Large Scale Biomedical Studies” (Prof Doherty is Course
Director)

e Oxford Online Programme in Sleep Medicine modules: “The Physiological Basis of Sleep”, “Introduction to
Sleep Medicine and Methodological Approaches”, “Circadian Rhythm Disruption and Sleep”

e Bristol Medical School short courses in “Genetic Epidemiology”, “Mendelian Randomization”, “Molecular
Epidemiology”, “Reproducible Health Data Science” (Dr Richmond is Course Tutor).

L]

The student will also develop collaborations with the Sleep and Circadian Neuroscience Institute (Prof Ray), the

Oxford Health Biomedical Research Centre “Better Sleep” theme (Prof Ray, Dr Richmond), the BDI Wearables

Groups (Prof Doherty), and the Cancer Epidemiology Unit (Prof Travis) at the University of Oxford, as well as the

Cancer Research UK Integrative Cancer Epidemiology Programme and MRC Integrative Epidemiology Unit at the

University of Bristol (Dr Richmond). These links offer opportunities for the student to present their work at

different group meetings and engage in discussions with experts, fostering new insights and supporting the

development of scientific papers and conference presentations.

Rotational Project: Use of wearable devices to investigate associations between artificial light-at-night
exposure and incident cancer risk

Abstract of the project

Exposure to artificial light-at-night (ALAN), particularly blue wavelength light, has been found to inhibit
nocturnal production of melatonin, which has been hypothesised to increase risk of cancer [1]. In humans
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much of evidence surrounding carcinogenic light-at-night exposure is restricted to studies of night shift
workers [2]. While previous studies have assessed ALAN exposure from satellite imagery and self-report data
in relation to cancer risk [3], limitations in the reliability and resolution of exposure assessment from these
means can lead to misclassification bias. Objective assessment of individual-level exposure and in particular
indoor light-at-night is warranted. As part of this project, the student will investigate prospective
associations between night-time light exposure and risk of incident cancers found to be previously implicated
in relation to ALAN (breast, prostate and colorectal cancer). They will generate light exposure measurements
from UK Biobank participants who wore a wrist-worn AX3 triaxial accelerometer (Axivity) with an in-built light
sensor and will investigate these in relation to incident cancer diagnoses obtained from linked national cancer
registry data.

Training opportunities

The project will provide training opportunities in cancer epidemiology, sleep and circadian medicine, and
biomedical informatics, with the opportunity to conduct epidemiological analysis and apply machine learning
approaches to analyse wearables data from a large prospective cohort study.

The student will work across the Oxford Centre for Diabetes, Endocrinology and Metabolism (OCDEM), the
Big Data Institute (BDI) and the Nuffield Department of Population Health (NDPH) and at the University of
Oxford. They will also benefit from links to the Sleep and Circadian Neuroscience Institute (Prof Ray), the
Oxford Health Biomedical Research Centre “Better Sleep” theme (Prof Ray, Dr Richmond), the BDI Wearables
Groups (Prof Doherty), and the Cancer Epidemiology Unit (Prof Travis) at the University of Oxford, as well as
the Cancer Research UK Integrative Cancer Epidemiology Programme and MRC Integrative Epidemiology Unit
at the University of Bristol (Dr Richmond).

Internal training courses include:

e NDPH short courses in “Introduction to Epidemiology”, “Practical Statistics for Epidemiology using
R”, “Practical Design of Epidemiological Studies”, “Fundamentals of Statistical Software and
Analysis”

e Short course in “Machine Learning of Wearables in Large Scale Biomedical Studies” (Prof Doherty is
Course Director)

e  Modules from the Oxford Online Programme in Sleep Medicine including “The Physiological Basis of
Sleep”, “Introduction to Sleep Medicine and Methodological Approaches”, “Circadian Rhythm
Disruption and Sleep”

Ideal student background
Applicants from both clinical and non-clinical backgrounds are welcome to apply. Ideally the student should
have received training in medical statistics, biomedical science, bioinformatics and/or genetics, experience
or an interest in programming, and a clear motivation to pursue research in cancer epidemiology and
sleep/circadian medicine.

References
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32. Discovering Spatial Cell Motifs in Prostate Cancer Using Spatial
Transcriptomics and Deep Learning - Jens Rittscher

Primary Supervisor: Jens Rittscher
Additional Supervisors: Dan Woodcock
Eligibility: Track 4 applicants are eligible to apply for this project

Abstract of the project

Current prognostic evaluation in prostate cancer is based on tumour staging and histopathological grading of
tumour tissue but the predictive accuracy varies considerably across the risk spectrum?. Many studies have
revealed other individual risk factors beyond the conventional grading system, including molecular
characteristics? and morphological features®. These findings highlight the complex nature of cancer biology,
where the disease course is not solely dictated by the tumour cells themselves but is also influenced by the
spatial arrangement of the surrounding stroma and immune cells within the tumour microenvironment®.
Characterising how the cells within the tissue are arranged therefore offers a promising opportunity to discover
new features of prognostic or biological relevance.

The emergence of spatial transcriptomics enables investigation of cellular organisation in tumour tissue at
unprecedented resolution. In this project, we will develop an unsupervised framework to discover and embed
local patterns of spatially distributed cell types, referred to as spatial motifs, using data from 40 prostate cancer
samples profiled with the Xenium platform. Once these motifs are identified, we will train a supervised deep
learning model to predict them directly from H&E images. This model will then be applied to large cohorts of
archival H&E-only slides to identify and quantify motif types across diverse tumour morphologies. In doing so,
the project aims to bridge spatial genomics and conventional pathology, enabling scalable, morphology-based
inference of morpho-molecular tissue architecture that is currently inaccessible through routine histological
assessment alone.

Research objectives and proposed outcomes

1. Identify cell types in prostate cancer tissue using spatial transcriptomics. We have high-resolution spatial
gene expression data from 40 prostate cancer samples generated with the Xenium platform. Cell type
annotation will be performed by applying nuclear segmentation and assigning transcripts to individual
nuclei; from this the cell types will be identified using established annotation methods.

2. Uncover spatial patterns of cellular organisation. We will analyse how different cell types are arranged
within local tissue regions. Using unsupervised learning, we will identify recurring spatial "motifs" that
represent distinct microenvironmental states, such as immune infiltration or stromal remodelling.

3. Train deep learning models to predict spatial motifs from H&E morphology. By aligning Xenium data with
matched H&E images, we will train a deep learning model to classify individual cells from nuclear
morphology and to predict the spatial motif class of local tissue regions based on appearance alone.

4. Apply the trained model to a large, H&E-only prostate cancer cohort. Once validated, this model will be
applied to a broader set of archived H&E slides, including cases with diverse histological patterns and linked
clinical metadata. This will enable us to explore whether spatial motif patterns vary with tumour grade or
subtype and investigate associations with clinical outcome.

e A spatially annotated, single-cell atlas of ~40 prostate cancer samples with full transcriptomic and
histological alignment.

e Adeep learning framework to classify cell types and predict spatial motifs directly from H&E.

e Alibrary of morpho-molecular spatial patterns characterising tumour—-immune—-stromal architecture.

e Tools to scale this analysis to archival H&E datasets for large-cohort discovery.
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Translational Potential of the Project
This research directly addresses a key clinical need: the limitations of current histopathological grading in
predicting prostate cancer progression. By learning to identify morpho-molecular spatial patterns that are not
used in conventional histopathological grading, this project opens the door to:

e  Stratifying tumours by molecularly informed tissue architecture.

e Identifying early signs of transformation or immune evasion in morphologically normal tissue.

e Creating tools that can be deployed in digital pathology workflows to extract richer prognostic

information from routine H&E slides.

While the initial focus is on discovery, the long-term potential includes integration into diagnostic models, digital
biomarkers, and treatment stratification tools.

Training Opportunities
The student will gain training in:
e Spatial transcriptomics analysis, including transcript assignment, cell typing, and tissue alignment.
e Histopathology image analysis, including nuclear segmentation.
o Deep learning, including supervised cell classification, unsupervised representation learning, and CNN
model development.
e Unsupervised spatial pattern discovery, using clustering, dimensionality reduction, and spatial
statistics.
e Interdisciplinary research, working with clinicians, bioinformaticians, and computer vision scientists.
This project will provide strong preparation for careers in translational cancer research, Al in healthcare, or
biomedical data science.

Rotational Project: Using deep learning to investigate the spatial biology of prostate cancer

Abstract of the project

Accurately mapping cell types in tissue is a key step toward understanding the spatial organisation of the
tumour microenvironment in prostate cancer. This rotation project will focus on developing a robust pipeline
for nuclear segmentation and cell type annotation using spatial transcriptomics (10x Xenium) and H&E
stained tissue sections. The first phase will involve performing nuclear segmentation on the H&E images
using established deep learning-based tools. The segmented nuclei will then be aligned with the Xenium
transcriptomic data, allowing spatially resolved transcripts to be assigned to individual cells. Using these per-
cell gene expression profiles, the student will apply reference-based classification methods to assign each
cell a type (e.g., tumour epithelial cell, fibroblast, T cell, etc.). The result will be a spatially annotated single-
cell map of each tissue section, linking morphology and molecular identity. This cell-level mapping is a crucial
foundation for downstream analyses in the larger DPhil project, which aims to discover and interpret spatial
motifs within the tumour microenvironment.

Training opportunities
During the project, the student will gain hands-on experience with the following methods:
e Histology image processing
o Colour normalisation, registration of H&E to Xenium images
o Image tiling and preprocessing workflows
e Nuclear segmentation
o Using and adapting deep learning-based segmentation tools

o Post-processing to improve cell boundary delineation
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e Spatial transcriptomics data handling
o Processing and interpreting Xenium data, including transcript-to-nucleus assignment
o Quality control and filtering of spatial gene expression data
e  Cell type annotation
o Applying reference-based classification tools
o Curating marker genes and evaluating classification quality
e General computational biology skills
o Python and/or R programming for image analysis and transcriptomics

o  Working with large-scale spatial and imaging datasets

Ideal student background
The student requires a strong computational background, preferably with experience in machine learning.
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33. Exploring epigenetic changes in paediatric high-grade gliomas with
SETD2/H3F3A mutations — Anna Rose

Primary Supervisor: Anna Rose
Additional Supervisors: Ester Hammond / Marketa Tomkova
Eligibility: Track 3 applicants are eligible to apply for this project

Abstract of the project
Telomere maintenance is an essential cancer

hallmark, allowing malignant cells to divide without A DRG2

limit. One major telomere maintenance mechanism Hypoxia downregulation ~ SETD2 mutation
is called Alternative Lengthening of Telomeres ~~ Rosg,},m,,m ~

(ALT). The ALT-pathway is particularly prevalent in

cancers affecting children and young people — such |

as aggressive brain cancers (high-grade glioma, & R loop

HGG) and osteosarcoma [1]. The central genetic w formati

event underpinning ALT-pathway activation is loss |

of ATRX [2]. In addition to ATRX loss, ALT-pathway S e
activation requires another factor. % trapping
S ¢ facilitated x No ATRX

Our recent work demonstrated that this second MUS81

. . . . MREN
factor is excessive accumulation of reactive oxygen m@’ cte e —
. . . . $ NA
species (ROS) in the tumour microenvironment, EXO1
which could be due to hypoxia, concurrent gene R loop degradation Excessive fork degradation
and fork restart and collapse

mutation and/or redox gene dyrsregulation [3].
Elevated ROS levels lead to trapping of DNA-

interacting proteins, which subsequently causes B NWelSETDzmh'b'tor:?
replication fork stalling and ALT-pathway activation Too little ROS: Goldilocks zone: Too much ROS:
[3,4]. ATRX protein is essential for fork re-start and 7"'“":;1'::""" Row:::szfrﬂ - Gme;:;:::ﬁ;om'
so, in the absence of ATRX, there is aberrant ol

downstream processing of stalled forks. This t

aberrant processing produces DNA double-strand
breaks, the genetic substrate for ALT-telomere
elongation (Figure A).

Potential for
therapeutic
manipulation

We recently identified that concurrent mutation of ATRX and SETD2 often occurred in paediatric HGG [3]. SETD2
is a histone methytransferase, responsible for H3K36 trimethylation. Loss of SETD2 leads to loss of this essential
epigenetic mark. It has also been postulated that this pattern is mimicked by the H3 p.G34R mutation, which is
also very common in paediatric HGG. Curiously, loss of SETD2 appears to cause elevated oxidative stress, through
dysregulation of redox genes. In this project, we will explore the epigenetic changes in SETD2/H3F3A mutant
HGG, with the aim of understanding the pattern of gene dysregulation and exploring why this leads to elevated
oxidative stress.

Research objectives and proposed outcomes

Novel SETD2 inhibitors - EZM0414 has been recently fast-tracked by the FDA as a novel first in class inhibitor of
SETD2 for use in some adult cancer types, such as lymphoma. We would like to test this agent in various cell
models, to assess whether SETD2 inhibition (in ALT-positive tumours which have not lost this gene) can
potentiate ALT pathway activity. We would also like to explore the downstream effects of SETD2 inhibition,
including ROS generation, level of ALT pathway activity (c-circles, APBs, telomere length) and cell viability
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(clonogenic assay). We think that further elevation of ROS will lead to hyper-activity of the ALT pathway, which
leads to genetic instability and cell death (Figure B).

Epigenetic dysregulation in SETD2 mutant and H3G34R mutant: SETD2 is a H3K36 methyltransferase. The
common H3F3A mutation, p.G34R, appears to cause steric inhibition of this same histone mark. Our recent data
suggests that SETD2 loss causes elevated ROS. This will be interrogated further, through various techniques such
as methylation array, ChIP-seq (to identify which genomic regions are perturbed in the mutants) and RNA-seq
to epigenetic changes with downstream expression profile changes. This work will be performed in various cells
line which we have engineered in the lab, including ATRX, SETD2 and H3F3A mutant high grade glioma cell lines.

Functional consequences of redox gene dysregulation and elevated ROS: a key question is by what mechanism
does elevated ROS lead to ALT pathway activity. This aspect would be explored in the latter stages of the project,
and might involve assessing direct base damage (8oxoG), non-canonical DNA structures (e.g. R loops, G-
quadruplexes) and DNA-protein complexes. This would involve a variety of techniques, including blotting,
immunoprecipitation, immunofluorescent imaging, HPLC-MS and, potentially, structural biology techniques.

Translational potential of the project

Development of novel therapeutics for ATRX-deficient cancers is an urgent area of clinical unmet need. The
outcomes for ALT-cancers is very poor, with little progress made in survival in over 50 years. The work in this
project is hypothesis-driven, pre-clinical data, but will be critical in informing future translational work. The
insights into gene dysregulation, telomere dysfunction and genome stability will clarify the pathways involved
in ALT-cancer biology, which is the first critical step in developing targeted therapies. Testing of newly-licensed
SETD2 inhibitors might allow repurposing of these agents, which would have immediate clinical translational
benefits.

Training opportunities

Dr. Rose and Prof. Hammond have worked together collaboratively for the past 4 years. They have a strong track
record for supervising DPhil, MSc and BSc students. For this project, we have also established a new
collaboration of Dr Tomkova, allowing cross-disciplinary collaboration and deeper exploration of the epigenetic
alterations in these cancers, as well as capitalising on her expertise in computational biology. This project offers
the opportunity to join a well-funded, collaborative and interdisciplinary team. The student will be based in the
Rose group (Department of Paediatrics, located within the WIMM), with strong links and support from the
Hammond and Tomkova groups. The student will have the opportunity to learn a wide range of molecular and
cell biology techniques including tissue culture, protein analysis, gene expression analysis, various telomere
assays, immunoflouresnce microscopy and epigenomic techniques, such as methylation analysis and ChIP-seq.
The data analysis of these latter aspects will be strongly supported by Dr Tomkova. It will also potentially involve
working closely with new international collaborators to develop new techniques for studying telomeric oxidative
damage.

Rotational Project: Assessing new SETD2 inhibitors in cancers which use the Alternative Lengthening of
Telomeres pathway.

Abstract of the project

Telomere maintenance is an essential cancer hallmark, allowing malignant cells to divide without limit. One
major telomere maintenance mechanism is called Alternative Lengthening of Telomeres (ALT). The ALT-
pathway is particularly prevalent in cancers affecting children and young people — such as aggressive brain
cancers (high-grade glioma, HGG) and osteosarcoma.

Our recent work demonstrated that ALT-positive cancers have high levels of reactive oxygen species (ROS) in
the tumour microenvironment, and this is essential in driving pathway activity. Elevated ROS levels lead to
trapping of DNA-interacting proteins, which subsequently causes replication fork stalling and ALT-pathway
activation, through generation of telomeric DNA double strand breaks.
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Our recent data has shown that genetic loss of the histone methyltransferase SETD2 can lead to elevated
reactive oxygen species, through redox gene dysregulation. We have found that this increased ROS levels
leads to hyper-activity of the Alternative Lengthening of Telomeres pathway, and this can be used
therapeutically.

EZMO0414 has been recently fast-tracked by the FDA as a novel first in class inhibitor of SETD2 for use in some
adult cancer types, such as lymphoma. We would like to test this agent in various cell models (glioma and
sarcoma), to assess whether SETD2 inhibition can potentiate ALT pathway activity. We would also like to
explore the downstream effects of SETD2 inhibition, including ROS generation, level of ALT pathway activity,
DNA damage responses, and cell viability.

Training Opportunities

e Tissue culture

e Telomere length assays (TRF Southern blot, mm-qPCR, TeloSeq)
e ALT-pathway activity assays (c-circles, APB immunofluorescence)
e DNA damage repair assays (Western blots, immunofluorescence)

Cell viability assays (Cell Titre Glo, clonogenic assay).

References
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34. Integrative genomic approaches to optimize T Cell therapies for
cancer —Sumana Sharma

Primary Supervisor: Sumana Sharma
Additional Supervisors: Guilia Orlando
Eligibility: Track 3 applicants are eligible to apply for this project

Abstract of the project

Immunotherapy, which harnesses the immune system to treat disease, is transforming cancer care. Adoptive cell
therapy (ACT), where T cells are engineered outside the body and reintroduced into patients, has been successful
in blood cancers but remains largely ineffective for solid tumors.

Alongside immune cell-extrinsic factors such as the suppressive effects of the tumour microenvironment, a
major barrier to successful ACT is the ‘quality’ of the T cells used for therapy, which contributes to inefficient
persistence, exhausted phenotypes, and poor infiltration of tumours. Recent studies have highlighted distinct T
cell differentiation trajectories and functional states across tumor microenvironments, underscoring the
necessity to understand precisely what occurs to T cells within each cancer type to optimize their functionality
in a context-dependent manner. This proposal aims to understand and manipulate the gene networks that
control T cell function within different cancer microenvironments, enabling us to engineer superior T cells
tailored for different cancer types and environments.

Specifically, we aim to:

1. Identify and characterize the key differences in cancer-specific T cell states across various tumor types,
using integrated multi-omics datasets (single-cell RNA-seq, ATAC-seq, and bulk RNA-seq).

2. Utilize network-based predictive modeling informed by multi-omics data to predict specific
transcription factors and signaling network alterations that define optimal T cell functionality for each
cancer type. The model will systematically identify transcription factors whose modulation will retain
beneficial traits (e.g., robust tumor infiltration) while eliminating detrimental ones (e.g., terminal
exhaustion), thereby optiming T cells for each contexts.

3. Systematically screen through predicted signalling and transcription factor candidates inferred from the
model using CRISPR-based arrayed and pooled screening approaches, alongside barcoded cDNA
overexpression libraries. Engineered T cells will be rigorously evaluated using functional assays
measuring cytotoxicity, proliferation, cytokine production, and infiltration into organoid-based cancer
models through advanced imaging approaches. We will utiltise the existing colorectal, melanoma, and
AML cancer models and develop novel cancer-immune interaction models.

This project will yield a unified epigenomic atlas of context-specific CD8* T-cell states across representative solid
and liquid tumours, an open-source predictive network model that ranks transcription factors and signalling
nodes capable of enhancing desirable traits, a prioritised shortlist of experimentally validated gene targets, and
proof-of-concept CAR- or TCR-engineered T cells reprogrammed with top context-specific edits that display
superior persistence and anti-tumour activity. All barcoded CRISPR libraries, over-expression constructs and
protocols will be released to the community, providing a translation-ready toolkit.

This is an intradisciplinary project expertise from genetics, network-biology, immunology, cancer biology, and
advanced imaging. The insight from the project will contributes to our understanding of T cell biology in cancer
and paves the way for customised immunotherapies. It will also foster collaborations with teams focused on
reprogramming cells through transcriptional regulation. With this, it will address a major unmet need in cancer
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therapy: the lack of effective immunotherapies for solid tumors. By uncovering and targeting the molecular
networks that govern T cell function that is unique to the solid tumor setting, we aim to design T cells that are
more persistent, less prone to exhaustion, and better able to infiltrate tumors. These findings could significantly
improve the precision and effectiveness of T cell-based therapies, moving toward more personalized and
effective treatments for cancer patients.

Training opportunities
1. Single-cell and bulk omics data generation and bioinformatic analysis mainly on network- based
approaches.
Functional genomic screening using CRISPR-Cas
Culturing and editing primary T cells
In vitro assays, Flow cytometry, Incucyte-based killing assays.
Co-culture experiments with cancer organoids and imaging

ukhwnN

Rotational Project: Integrative genomic approaches to optimise T Cell therapies for cancer

Abstract of the project

Mobilising the immune system in therapeutic settings is transforming cancer medicine. Adoptive cell therapy
(ACT), in which ex vivo generated T-cells are infused into patients, is fast becoming a standard-of-care
treatment for haematological malignancies. An important limit to the success of ACT, however, is the ‘quality’
of the cells used for therapy, which contributes to inefficient persistence, exhausted phenotypes, and poor
infiltration of tumours. In any form of cell-based therapy, it is common to expand cell using external stimulii
but what precisely happens during this expansion—and how these culture-imprinted states compare with
bona- fide tumour-infiltrating lymphocytes (TILs)—has not been mapped systematically.

Building on our preliminary bulk-RNA-seq time-course of naive T-cell expansion, this project will generate an
integrated multi-omic and functional snapshot of ex-vivo—expanded CD8* T cells and benchmark them
against TILs from solid-tumour and leukaemia settings, with the ultimate goal of identifying actionable levers
to retain desirable traits (e.g., persistence, infiltration) while curbing detrimental ones (e.g., exhaustion).
Using the analysis, we will predict a set of 6-7 transcription factors and examine how modulating the temporal
expression of these TFs through CRISPR-KOs and cDNA overexpression changes T-cell states and effector
functions. We will test the efficacy of the modified cells using assays that determine killing efficacy and speed,
cytokine production, proliferation, infiltration into tumour spheroids, and activation markers. These assays
already in place in the lab. For the top performing candidate, we will also further characterise the cells using
RNA-seq, ATAC-seq, and a panel of surface antibodies to assess the expression of (i) markers of cell type,
activation, cell state, and exhaustion phenotype, and (ii) chemokine receptors linked to tumour infiltration.
This information will be used to assess the fitness of cells for use in ACT.

Training opportunities
The student will be trained in:

Primary T cell culture and editing

Flow cytometry, incucyte based assays

Computational analysis for omics data integration using in-house scripts.
RNA and ATAC sample preparation.

Ll e

Ideal student background

This is a fully integrated project spanning wet-lab and computational work in cancer immunology. While
applicants do not need prior computational expertise, they must be eager to engage with both experimental
and data- analysis components.
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35. Structure-based targeting of the BMP antagonist GREMLIN-1 to
prevent colorectal cancer — Christian Siebold

Primary Supervisor: Christian Siebold
Additional Supervisors: Simon Leedham
Eligibility: Track 3 and 4 applicants are eligible to apply for this project

Abstract of the project

Disruption in the Bone Morphogenetic Protein (BMP) pathway is causally implicated in the initiation of intestinal
polyposis syndromes. Patients identified with these high risk conditions have no therapeutic options are face a
lifetime of intrusive surveillance or prophylactic colectomy. Existing preclinical evidence demonstrates that
manipulation of the BMP pathway by inhibition of the secreted antagonist GREMLIN1 prevents polyposis
progression and improves survival. Structural modelling of the GREM1 interaction with BMP ligands shows a
potential targetable small molecule binding site in the GREM1-BMP interface that undergoes a structural
transition when bound to BMP ligand. The student will undertake protein crystalisation and fragment screening,
working towards the identification of a novel small molecule inhibitor, test compound affinity and then
interrogate efficacy of potential agents in organoid and mouse models.

Background. The Bone Morphogenetic Protein (BMP) pathway is a critical morphogen signalling pathway and a
key mediator of intestinal homeostasis. BMP signalling acts cross-compartmentally, with stromal cell ligand
expression acting pleiotrophically in a paracrine and autocrine fashion to induce epithelial cell differentiation at
the luminal surface of the crypt and regulate fibroblast cell functional heterogeneity. In order to avoid
inappropriate differentiation of crypt basal stem cells, BMP ligands are excluded from the crypt basal stem cell
niche by the restricted expression of secreted ligand sequestering BMP antagonists such as GREMLIN1 (GREM1)
from sub-cryptal myofibroblast cell populations (yellow dots - Figure 1). As a strictly regulated mediator of
intestinal homeostasis, disruption in the BMP pathway is causally e H _
[ )
Stroma

implicated in colorectal cancer (CRC) initiation and progression.
Disruption of BMP signalling gradients through germline
mutations in either the BMP receptor (BMPR1A) or signal
transduction (SMADA4) are responsible for Juvenile Polyposis
Syndrome (JPS) L. In line with this, aberrant epithelial expression
of GREMLIN1 induces aberrant stem cell behaviour in Hereditary
Mixed Polyposis Syndrome (HMPS) 2. Furthermore, inherited
variation in the BMP pathway is arguably the major influence on
CRC risk in the general UK population, with at least 8 single
nucleotide polymorphisms (SNPs) close to GREM1 and BMP
ligands being independently associated with risk of CRC in white
northern Europeans, and probably in other ethnic groups 3.
Consequehtly, the BMP Rathway is an attrac.tlve target for =
therapeutic manipulation in a cancer prevention context, to &ﬁﬁ&

generate new drugs for patients with genetically identified e Clerona Mucosal Gradients
germline polyposis syndromes who currently have few
therapeutic options to prevent future cancer progression.
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Fig. 1. Signalling regulation of intestinal homeostasis

Preliminary data. This project looks to target the BMP pathway, through its pleiotropic, secreted antagonist
GREM1. Work from ourselves and others has shown:
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Aberrant epithelial expression of GREM1 is responsible for ectopic stem cell behaviour and polyp
initiation in Hereditary Mixed Polyposis Syndrome *

Using mouse models of HMPS polyposis, we can completely abrogate the HMPS polyposis phenotype
through the use of a GREM1 therapeutic sequestering antibody 2. However this antibody is not suitable
for long term use in a cancer prevention setting, resulting in an urgent need for a functionally equivalent
small molecule inhibitor.

Manipulating BMP signalling genetically through expression of BMP4 ligand or antibody inhibition of
GREM1 reduces cancer stem cell activity and profoundly slows progression of a mouse model of Familial
Adenomatous Polyposis, doubling animal lifespan (unpublished).

Structural modelling of the GREM1 interaction with BMP ligands shows a potential targetable small
molecule binding site in the GREM1-BMP interface that undergoes a structural transition when bound
to BMP ligand.

We can produce milligram quantities of monodisperse, bioactive human GREM1 protein that can be
used for structural and functional studies. We have also crystallisaed apo GREM1 and determined its
structure to sub 3 A resolution.

OXFORD
CENTRE

Fig.2: Crystal structure of our GREM1 dimer with experimental map shown in inset (unpublished). The purified protein sample
used for crystallisation is able to stimulate organoid growth and efficiently inhibits BMP signalling in cells. This crystallization
condition will form the basis of our planned fragment screen to find inhibitors of GREM1 signalling.

Research objectives and proposed outcomes

1.

Protein crystalisation and fragment screening. Based on our promising preliminary structural results,
the crystallisation procedures will be optimised to produce a large number of GREM1 crystals for
structure-based fragment screening using our high throughput nanolitre crystallisation facility at the
Division of Structural biology (STRUBI). Siebold is the lead Pl of the Oxford Beamtime Allocation group
that provides ready access to state-of-the-art X-ray crystallography beamlines at the UK synchrotron
Diamond Light Source (DLS). In collaboration with the fragment screening team at DLS beamline 104-1,
freezing, soaking conditions and data collection strategies of GREM1 crystals will be optimised.
Objective is to collect 500-1000 different datasets allowing screening of >20,000 compounds.

Affinity testing. Once small molecule binders have been identified, binding affinities will be determined
using surface plasmon resonance and/or biolayer interferometry. The Siebold group has access to and
vast experience in the use of these methods. The most promising compounds will be selected for follow-
up functional experiments in cellular and organoid models.

Functional testing of identified agents. Identified compounds will be tested for Grem1 inhibition
efficacy using intestinal organoid systems as the growth of these in vitro cultures is dependent on the
activity of media supplemented BMP antagonists like Grem1. Outcome measures will include organoid
growth and budding. In parallel, compounds will be tested in cellular response assays based on a
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luciferase reporter. Efficacious agents will be further tested in a mouse model of HMPS (Vil1-Grem1),
to look for abrogation of the polyposis phenotype

Translational potential of the project

Patients with genetically identified germline polyposis syndromes have few therapeutic options. Current
management involves regular (often annual) intrusive surveillance of polyp burden through colonoscopy, with
prophylactic colectomy recommended when the polyp burden becomes endoscopically unmanageable. Even
after colectomy, patients can be affected by disease in other parts of the gastrointestinal tract such as the
stomach and duodenum. There have been few advances in chemoprohylaxis with aspirin and other NSAID’s the
only drugs that have generated any measureable impact. Although effective in manipulating BMP/GREM1
signalling and reducing polyp burden in mouse models, the GREM1 sequestering antibody we have previously
used has no therapeutic window for long term cancer prevention in polyposis syndromes. There is increasing
interest and focus in understanding precancer biology to deliver prevention opportunities and this project
combines solid preclinical data background with the tools and capacity for novel small molecule drug design. It
is anticipated that a successful project would lead to IP protection and consideration of clinical trial design.

Training opportunities.

This project sits at the intersection of structural biology, drug design and biological application, and the student
will benefit from exposure to all these aspects. They will learn structural techniques such as protein purification
and crystallisation, high throughput fragment screening for target identification through medicinal chemistry
drug optimisation, and onwards to application and testing in organoid model systems and mouse models.

Rotational Project:

Abstract of the project

Disruption in the Bone Morphogenetic Protein (BMP) pathway is causally implicated in the initiation of
intestinal polyposis syndromes. Patients identified with these high risk conditions have no therapeutic
options are face a lifetime of intrusive surveillance or prophylactic colectomy. Existing preclinical evidence
demonstrates that manipulation of the BMP pathway by inhibition of the secreted antagonist GREMLIN1
prevents polyposis progression and improves survival. Structural modelling of the GREM1 interaction with
BMP ligands shows a potential targetable small molecule binding site in the GREM1-BMP interface that
undergoes a structural transition when bound to BMP ligand. The student will undertake protein
crystalisation and fragment screening, working towards the identification of a novel small molecule inhibitor,
test compound affinity and then interrogate efficacy of potential agents in organoid and mouse models.

Training opportunities

In a 6 month rotational project the student will gain insights into modern structural biology techniques of
structure-based drug design. This includes protein expression, protein purification techniques (such as
affinity and size exclusion chromatography), and preparation of protein crystals. Additionally, the student
can acquire experience in collecting X-ray data at the UK synchrotron Diamond Light Source, as well as in
data processing and analysis. At the beginning of the project, the student will be trained and will work closely
with a postdoctoral researcher or senior DPhil student who will provide day-to-day supervision in the
laboratory. After this period, the project can be tailored to the student's interests.

Ideal student background
This project would suit a student with an interest in novel drug design, especially but not exclusively, a
student with a biochemical, structural biology or medicinal chemistry background
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36. Understanding the developmental origin and targetable features
of paediatric and adult Osteosarcoma - Sarah Snelling

Primary Supervisor: Sarah Snelling
Additional Supervisors: Matthew Baldwin
Eligibility: Track 3 applicants are eligible to apply for this project

Abstract of the project

Osteosarcoma (0S) is the most common bone sarcoma with a bimodal age distribution, with the first peak in the
paediatric and adolescent populations, and the second peak occurring in patients >65 years old. Adult OS
patients have notably worse outcomes than paediatric patients, with reported 10-year survival rates of 63.5%
in paediatric patients and 44.0% in adult patients (p <.01) (1). The cell of origin for OS is generally hypothesised
to be osteoblastic in origin (2—4). As paediatric OS tends to occur in the rapid growth area of the metaphysis of
long bones, defining the healthy physis may aid identification of the OS cell of origin and OS initiating cell, leading
to better understanding of the barrier effect of the physis against tumour invasion (5).

Treatment, and survival, of OS has remained relatively unchanged for several decades, with a reliance on
chemotherapy with toxic side effects. Furthermore, current treatment strategies for adult OS are extrapolated
from paediatric studies, despite differences in tumour presentation and biology. Age-associated differences in
genetic landscape and the tumour microenvironment composition include decreased B-cell abundance and
increase rates of PD-L1 expression (6). However, without granular analysis of the cellular basis of adult and
paediatric OS, the identification and development of treatment options is hampered.

This laboratory-based research project aims to define the cellular landscape of the healthy paediatric bone and
physis, and to use this reference dataset to delineate the single cell environment of conventional osteosarcoma
in paediatric bone. Using machine-learning and advanced computational analysis of single-cell sequencing data,
we will identify the key targetable and regulatory pathways and markers relevant in the development of
paediatric versus adult OS. This will not only identify biomarkers of disease but also potential targets for
paediatric- and adult-specific treatment regimens.

Project Objectives and Proposed Outcomes

Our aim is to apply next-generation sequencing technology to archival and fresh primary paediatric and adult
OS patient samples, compare to healthy bone samples and then generate computational models that will help
us to identify the developmental origin and oncogenic drivers of this cancer.

The assembled team provides a unique partnership for ensuring tissue access and informed delineation of the
mechanisms of osteosarcoma and identification of potential therapeutic targets. Professor Snelling leads the
Musculoskeletal bionetwork of the Human Cell Atlas and has delivered robust protocols and datasets for the
single-cell and bulk-transcriptomic analysis of challenging musculoskeletal tissues including tendon on bone. Her
team, who have extensive biological knowledge of the healthy musculoskeletal system, are now applying these
technologies to archival pathology samples of both healthy and diseased tissues to further harness the power
of these datasets and methodologies. These methodologies when combined with the expertise of the assembled
team in clinical sarcoma management (Wood, Bayliss, Cosker), OS diagnostics (Brown) and fundamental OS
biology (Wood) ensures effective and productive project delivery as well as educational support for the student.
The proposed objectives, methods and outcomes are:

Work Package 1: Define the cell types and states in healthy paediatric bone and physis

To create a healthy paediatric bone and physis reference dataset we will use archival and contemporaneously
collected paediatric bone and physis with bulk transcriptomic, single-nuclei FFPE- (10X-Flex chemistry), fresh-
frozen single-nuclei (10X) and long-read (ScColor) sequencing, alongside spatial transcriptomics (Xenium) and

123



44% CANCER | OXFORD
OXFORD RESEARCH | CENTRE

CANCER ety UK

protein-based imaging to define cellular locations. Our bespoke pipelines will deliver compositional (UMAP) and
communication analyses (e.g. CellPhoneDB, CellChat). Outcome: We will deliver a spatially-resolved reference
dataset of the healthy physis to better understand physis biology, changes in OS and aid identification of the OS
cell of origin.

Work Package 2: Compare the cell types and states within the bone of patients with pediatric conventional
OS to those of healthy patients

Utilizing the same laboratory methods as in WP1 we will generate compositional analysis of paedatric OS bone.
We will assess receptor-ligand, transcriptional and signaling pathway activity (e,g, CellPhoneDB, SCENIC,
PROGENY) to identify the cellular and molecular differences between healthy and OS bone. Lineage analysis will
identify potential cells of origin for OS.

Outcome: We will discern the temporal similarities and differences between OS and healthy bone, providing
insights into the mechanism of OS development.

Work Package 3: Identify targetable pathways in paediatric conventional OS

A computational screen of pharmacologics (e.g. LINCS L1000 dataset, ASGARD, CMAP and DrugMerge) will
prioritise candidates capable of reversing or perturbing the transcriptomic signatures of neoplastic cells in
paediatric OS towards a healthy, pre-osteoblast, phenotype.

Outcome: A list of potential targets for paediatric OS treatment for collaborative functional studies.

Work Package 4: Define the cellular landscape of adult OS differ from paediatric OS, and the targetable
pathways for adult OS treatment.

Utilising methods in WP1-3 we will analyse and compare adult OS to paediatric OS.

Outcome: Identification of adult- and paediatric-specific OS signatures, shared features and shared, and unique
targets.

Training opportunities

The student will receive training in cellular, molecular, and epigenetic biology for this project. This will involve
wet-lab workflows for generating long-read single-cell sequencing data. Extensive training in computational
biology will be provided so that the student can analyse their own data. Specifically, this will include software
development, data analytics, statistics and computational pipeline development — all of which will be made
openly available for other researchers. You will deliver datasets to the Human Cell Atlas and learn from their
experience in tissue mapping and dataset integration. Outside the lab, the student will be expected to attend
regular seminars with high profile external speakers, journal clubs and training in presentation skills, scientific
writing, fundamental cell and tissue biology, and data management. You will collaborate with Dr Brown
(Pathologist) Professor Woods, Prof Cosker and Mr Bayliss (Consultant Orthopaedic Sarcoma Surgeons), who
will also provide samples for this study.

Translational potential of the project

This work is likely to identify novel therapeutic intervention points within the development of OS. Although OS
is rare, samples are already banked in Oxford (>400 adult OS FFPE; >35 paediatric FFPE) which guarantees
analysis can take place and we have successful pilot data showing high nuclei yields and robust sequencing. Our
ongoing collections and collaborators in Stanmore and Australia ensures samples numbers are available to
adequately power and validate the study. Our methodologies can be applied to other cancers and is a long-term
goal from the work, but using OS as an initial example due to the burden of disease and lack of progress of
diagnostic or treatment pathway in last few decades.

Rotational project

Abstract of the project
Osteosarcoma (0OS) is the most common bone sarcoma and shows a bimodal age distribution. The first peak
occurs in paediatric and adolescent populations, and the second peak occurs in patients >65 years old. Adult
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OS patients have notably worse outcomes than paediatric patients, and both adult and paediatric OS remain
poorly defined molecularly which limits both efficient diagnosis and treatment.

Treatment, and survival, of OS has remained relatively unchanged for several decades, with a reliance on
chemotherapy with toxic side effects. Furthermore, current treatment strategies for adult OS are
extrapolated from paediatric studies, despite differences in tumour presentation and biology. Age-associated
differences in genetic landscape and the tumour microenvironment composition include decreased B-cell
abundance and increase rates of PD-L1 expression. However, without granular analysis of the cellular basis
of adult and paediatric OS, the identification and development of treatment options is hampered.

In this 6-month, laboratory-based research project you will learn foundational methods and deliver key
datasets to define the molecular landscape of adult and pediatric osteosarcoma. Specifically, you will use
next generation sequencing (bulk RNAsequencing and pilot single-nuclei RNA sequencing) on a subset of
samples in our osteosarcoma archive to provide both an early atlas of osteosarcoma. This atlas will not only
begin to identify potential cells and biomarkers that are shared and unique to adult and pediatric
osteosarcoma, but will also enable design of spatial mapping panels to enable the location of key cells and
biomarkers to be identified. Ultimately this work will contribute informative datasets and critical method and
skill development to all chapters of a 3-year DPhil.

Training opportunities

The student will be embedded within our intersciplinary team composed of laboratory scientists specializing
in imaging, cell models and sequencing, computational biologists and clinician scientists. Alongside weekly
laboratory meetings, seminars and interactions with the international Human Cell Atlas you will receive:

Human Tissue Act training

Single-nuclei RNAseq (tissue processing, nuclei extraction, library preparation and computational analysis
including QC, clustering, gene set enrichment and cell-cell interaction analysis)

Bulk RNAseq (tissue processing, RNA extraction, library preparation and computational analysis to include
differential expression analysis and gene set enrichment analysis)

Spatial panel design (Xenium panel design and validation, with the opportunity to carry out Xenium analysis
if time allows).

Ideal student background

Clinical awareness and/or experience working in the osteosarcoma, sarcoma or cancer field. Experience of
working with human (or animal) tissues is an advantage and an interest in cell atlasing, transcriptomics and
human disease, particularly cancer are required. Previous laboratory experience of sequencing or
computational analysis of sequencing data would be beneficial

References

1. https://doi.org/10.1186/s12885-025-13496-3 2. 2. 10.3389/fonc.2024.1382276

3. https://doi.org/10.3390/cancers15205044 4. https://doi.org/10.1016/j.bone.2014.02.003

5. https://doi.org/10.1007/978-3-319-24220-0 6 6. https://doi.org/10.1200/JC0.2022.40.16 suppl.11525

125

Return to Projects list



https://doi.org/10.1186/s12885-025-13496-3%202
file:///C:/Users/eannear/ownCloud/Oxford%20Cancer/Training/03.%20DPhil%20in%20Cancer%20Science/01.%20Admissions/2026/Project%20Booklets/Non%20Clinical/10.3389/fonc.2024.1382276
https://doi.org/10.3390/cancers15205044
https://doi.org/10.1016/j.bone.2014.02.003
https://doi.org/10.1007/978-3-319-24220-0_6
https://doi.org/10.1200/JCO.2022.40.16_suppl.11525

OXFORD

:448% CANCER | OXFORD
3  RESEARCH | CENTRE

CANCER Tl UK

37. Study the role of pseudouridine synthases in cancer with a
zebrafish model - Chunxiao Song

Primary Supervisor: Chunxiao Song
Additional Supervisors: Richard White
Eligibility: Track 3 and 4 applicants are eligible to apply for this project

Abstract of the project

In recent years, there have been major breakthroughs in discovering RNA-modification-mediated biological
regulation, leading to the emerging field of epitranscriptomics. Pseudouridine (W) is the most abundant
modification in cellular RNA which is introduced post-transcriptionally by pseudouridine synthases (PUS).
Despite its prevalence, the biological functions of W and PUS enzymes remain poorly understood. Recently, we
developed a novel sequencing method, called BACS, for quantitative detection of W at single-base resolution.
BACS allows comprehensive identification of PUS targets, which provides a great opportunity to study their
biological functions. To identify their biological importance in cancer, this project aims to take full advantage of
the high-throughput potential of the zebrafish model to investigate the tissue-specific roles of PUS enzymes in
vivo, aiming to uncover how their enzymatic activities contribute to tumorigenesis.

Research objectives and proposed outcome

Pseudouridine (W) is the first identified and the most prevalent post-transcriptional RNA modification,
particularly abundant in non-coding RNAs, including ribosomal rRNA (rRNA) and transfer RNA (tRNA)L. W is
installed by pseudouridine synthases (PUSs) and thirteen putative PUS enzymes have been annotated in the
human genome?. W plays important roles in translation, splicing, and RNA stability, and dysregulation of PUS
enzymes has been implicated in various diseases including cancer®. However, the biological functions of
pseudouridylation and PUS enzymes remain poorly understood, largely due to the lack of highly sensitive and
accurate detection methods and limited knowledge linking specific PUS enzymes to their targets.

Recently, we developed a new sequencing method, 2-bromoacrylamide-assisted cyclization sequencing (BACS),
for direct, quantitative, and base-resolution sequencing of W% BACS serves as a valuable tool for studying W
modifications, not only provides a comprehensive and accurate picture of the W landscape across the human
transcriptome, but also enables us to investigate the biological functions of W, the enzymatic properties of PUS
enzymes, and the relationship between PUS enzymes and cancer. For example, we have applied it to studying
the targets of three key PUS enzymes (TRUB1, PUS7, and PUS1) in Hela cells and revealed these three PUS
enzymes had broader targets than previously thought®. This represents a great opportunity to study how
dysregulated pseudouridylation and PUS enzymes contributes to tumorigenesis.

A major challenge in understanding the role of PUS enzymes in cancer is to identify their biological importance
and understand how their biochemical activities contribute to specific phenotypes in vivo. Many of PUS enzymes
are ubiquitously expressed yet lead to tissue specific effects. Understanding this requires a model system that
is amenable to rapid genetic manipulation and allows us to interrogate tissue specific phenotypes. While mice
are a common model, they are time- and resource-intensive and it is difficult to test multiple genes in a scalable
manner. For these reasons, this project will utilize the unique capabilities of the zebrafish (Danio rerio) to study
this problem. The zebrafish is a small, transparent vertebrate that is highly amenable to imaging and rapid
genetic manipulation®. The pseudouridylation and PUS enzymes are conserved in zebrafish, which is also highly
amenable to modelling of many different types of cancers using genetic approaches®. We will study tissue
specificity of PUS enzymes within the whole zebrafish, combined with BACS and other molecular techniques to
study the pseudouridylation.

Aim 1. CRISPR screening in zebrafish embryo provides a rapid and scalable and genetic method testing gene
function in a single generation. We will first establish a CRISPR-based knockout screen targeting the 13
pseudouridine synthase (PUS1, PUSL1, PUS3, PUS7, PUS7L, PUS10, TRUB1, TRUB2, RPUSD1—4, and DKC1) genes
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in zebrafish. This will be done using either mosaic Cas9-sgRNA complexes (to induce mutations) or Cas13-sgRNA
complexes (to induce gene knockdown). We will use an automated injection robot into 1-cell zebrafish embryos
with sgRNAs targeting each of the PUS enzymes. The fish will then be monitored using whole-embryo imaging
to look for specific defects in developmental patterning (i.e. heart, skin, intestine, brain development). For the
most promising mutants, we will perform whole-embryo single-cell RNA-seq using the high-throughput sci-Plex
method, which allows for cost-effective sequencing of all cells in the animal’. This goal is to determine which
cells are most affected by the candidate PUS enzyme, and what molecular pathways are altered within those
cells.

Aim 2. We will elucidate the molecular mechanisms driving the most prominent tumorigenic phenotypes from
Aim 1. Using a combination of biochemistry, molecular biology, genetics, and sequencing techniques such as
BACS and ribosome profiling, we aim to directly link the enzymatic activity of PUS enzymes to specific cancer-
related phenotypes, identifying underlying molecular mechanisms.

Translational potential of the project

This project will address critical gaps in understanding how pseudouridylation and PUS enzymes influence
tumorigenesis and identify specific PUS enzymes that are critical in driving tumorigenesis, including tissue-
specific cancer initiation. These insights may reveal epitranscriptomic vulnerabilities that can be therapeutically
targeted, informing the development of novel cancer treatments.

Training opportunities
The student will join a dynamic research environment at Ludwig Cancer Research, and benefit from the
combined expertise of the Song group (chemical biology, epigenetic and epitranscriptomic sequencing) and the
White group (zebrafish genetics and cancer). Some specific skills that the student will gain:

e  Biochemical assays and molecular biology techniques

e  Epitranscriptomic sequencing, including BACS

e  Zebrafish genetic techniques including transgenes and CRISPR modifications

e High resolution live cell imaging

e Single-cell transcriptomics

Rotational Project: Mosaic CRISPR knockout of pseudouridine synthases in zebrafish

Abstract of the project

CRISPR screening in zebrafish embryo provides a rapid and scalable and genetic method testing gene function
in a single generation. In this rotational project, the student will establish a CRISPR based knockout screen
targeting the 13 pseudouridine synthase (PUS) genes in zebrafish.

This will be done using either mosaic Cas9-sgRNA complexes (to induce mutations) or Cas13 sgRNA complexes
(to induce gene knockdown). We will use an automated injection robot into 1 cell zebrafish embryos with
sgRNAs targeting each of the PUS enzymes. The fish will then be monitored using whole-embryo imaging to
look for specific defects in developmental patterning (i.e. heart, skin, intestine, brain development). For the
most promising mutants, we will perform whole-embryo single-cell RNA-seq using the high-throughput sci-
Plex method, which allows for cost-effective sequencing of all cells in the animal. This goal is to determine
which cells are most affected by the candidate PUS enzyme, and what molecular pathways are altered within
those cells.

Training opportunities

¢ Zebrafish genetic techniques and CRISPR modifications
¢ High resolution live cell imaging

e Single-cell transcriptomics
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Ideal student background
Students from with a Biochemistry or Genetics or a related science background are welcome to apply. A strong
background in molecular biology, genetics, and cell biology is desirable.
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38. Combining polylipidoid and microneedles for safe and effective
intradermal cancer vaccines — Molly Stevens

Primary Supervisor: Molly Stevens
Additional Supervisors: Tim Elliott and Carol Leung
Eligibility: Track 3 and 4 applicants are eligible to apply for this project

Abstract of the project

Intradermal delivery of mRNA cancer vaccines is a well-known strategy for accessing resident antigen presenting
cells to induce tumour-specific cytotoxic T-cell response.1 Microneedles patches are an emerging alternative to
intradermal injections. They offer enhanced patient compliance, consistent and simplified administration, and
the potential for increased shelf-stability compared to standard aqueous vaccine formulations.2 However, their
application is limited by the instability of lipid nanoparticles (LPNs), the clinically approved carrier for mRNA
vaccines formulations. Moreover, the immune effects of LNP are incompletely understood, leading to an
increased risk of adverse effects. Biodegradable polymers are an effective alternative delivery agent for RNA
delivery. For example, poly(CBA- co-4-amino-1-butanol (ABOL)) (pABOL) polyplexes effectively encapsulate and
deliver mRNA when injected intramuscularly, and display a short half-life and excellent biocompatibility.3
Additionally, lipid-like polymeric constructs (polylipidoids) have been developed which incorporate the
advantages of both polymeric and lipid delivery systems. Polylipidoid formulations which readily transfect skin
have not been demonstrated. In this project, we aim to develop polylipidoid formulations which effectively
transfect dermal dendritic cells and combine them with microneedles intradermal delivery for more effective
cancer vaccines.

Research objectives and proposed outcomes

1.Development and screening of a library of polylipidoid nanoparticles. Nanoparticles will be fabricated from
a combinatorial library of polylipidoid formulations. Such nanoparticles will be characterised and screened for
enhanced stability and transfection efficiency in dermal dendritic cells, compared to conventional LPNs
formulations.

2.Development of a microneedle patch for the delivery of polylipidoid-mRNA vaccines. The best polylipidoid-
mRNA nanoparticles candidates will be integrated into a microneedle patch for intradermal delivery, with the
aim of improving both vaccine shelf-life and administration safety and efficacy.

3. Evaluation of immunogenicity and efficacy. The immunogenicity and efficacy of the developed vaccine
system will be evaluated using both ex vivo human skin explant and appropriate animal models, aiming to
demonstrate superior immune activation and cytotoxic T-cell responses compared to conventional LNP systems.

Translational potential of the project.

The translational potential of this project lies in its ability to significantly enhance cancer vaccine delivery,
particularly for intradermal applications. By developing polylipidoid formulations that effectively transfect
dermal dendritic cells, combined with microneedle patches for intradermal delivery, this project aims to address
key limitations of current lipid nanoparticle (LNP)-based systems. This approach promises to improve vaccine
stability, simplify administration, and enhance patient compliance. For patients, the benefits include a more
effective immune response against cancer, reduced side effects due to better biocompatibility, and the
convenience of self-administration through microneedles. Ultimately, this could lead to more accessible and
effective cancer immunotherapies, improving patient outcomes and quality of life.
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Training opportunities

Within the Stevens group the student will receive training in lipid, polymeric and polylipidoid nanoparticles
synthesis and characterisation. Training will include but is not limited to dynamic light scattering (DLS), Single
Particle Automated Raman Trapping Analysis (SPARTA), Ribogreen RNA assay for encapsulation efficiency,
biocompatibility assays. The student will also receive training in microneedles fabrication and characterisation,
including soft lithography and scanning electron microscopy (SEM). The student will also learn how to evaluate
transfection efficiency both in vitro and in ex-vivo human skin explants. Within the Elliot’s group the student will
receive training in a wide variety of techniques including cell culture, molecular biology, multiparameter flow
cytometry and cellular immunology. In addition, the student will get Home Office Modular training to gain a
Procedure Individual Licence for conducting animal research.

The proposed DPhil project ensures an enriching academic experience within a highly multidisciplinary,
collaborative, and translational environment. The student will not only acquire technical proficiency in vaccine
formulations, immunology and cancer biology, but also hone transferable skills typical of a doctorate
programme, such as ethical research, data management, analysis and interpretation, science communication
and many more. By working across disciplines and integrating diverse perspectives, the student will be primed
to address complex issues effectively, making substantial contributions to both academia and real-world
applications.

Rotational Project: Polylipidoid nanoparticles for safe and effective intradermal cancer vaccines

Abstract of the project

Intradermal delivery of mRNA cancer vaccines is a well-known strategy for accessing resident antigen
presenting cells to induce tumour-specific cytotoxic T-cell response. Lipid nanoparticles (LPNs) are the main
clinically approved carrier for mRNA vaccines formulations; however, they have limited shelf-life and their
immune effects are not completely understood, leading to an increased risk of adverse effects. Biodegradable
polymers are an effective alternative delivery agent for RNA delivery. They are reducible and easily cleared
and possess tunable surface properties for improved endosomal escape. Additionally, lipid like polymeric
constructs (lipidoids) have been developed which incorporate the advantages of both polymeric and lipid
delivery systems. Lipidoid formulations which readily transfect skin have not been demonstrated; we
hypothesize that polylipidoid nanoparticles can be identified which effectively transfect skin, comparing to
standard LNP as a benchmark. This will be tested by synthesizing and screening nanoparticles with different
chemistries and characterizing these using in vitro assays. We aim to identify suitable polylipidoid
nanoformulations for the intradermal delivery of mRNA cancer vaccines through microneedles patches.

Training opportunities.

Depending on the student’s interest and expertise, they will have the opportunity to receive specialised
training in polymer chemistry for the synthesis of a combinatorial library of polylipidoids. They will be guided
and supported as necessary by experienced chemists within the Stevens group. The student will focus on the
fabrication and characterisation of polylipidoids nanoparticles. Training will include but is not limited to
dynamic light scattering (DLS), Single Particle Automated Raman Trapping Analysis (SPARTA), Ribogreen RNA
assay for encapsulation efficiency, biocompatibility assays. The student will also learn how to evaluate
transfection efficiency both in vitro and in ex-vivo human skin explants. This 6-months rotational project will
provide foundational knowledge and skills for the subsequent DPhil project, aimed at optimising the
formulation of polylipidoid nanoparticles for the effective transfection of dermal dendritic cells; optimising
their intradermal delivery through microneedles patches and evaluating their efficacy in inducing tumour-
specific cytotoxic T-cell response in murine models of cancer.

Ideal student background

While backgrounds in Pharamceutical Sciences or Immunology are preferred, this project welcopmes
individuals from all disciplines who possess a strong passion and inclination for multidisciplinary and
collaborative research.
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39. Ultrasound triggered cancer cell-tagging for radioimmunotherapy
in glioblastoma multiforme - Eleanor Stride

Primary Supervisor: Eleanor Stride
Additional Supervisors: Edward O’Neill
Eligibility: Track 3 and 4 applicants are eligible to apply for this project

Abstract of the project

Recent studies have unveiled important functions of plasma membrane lipid and cell surface signaling molecule
dynamics in regulating cancer cell immunogenicity, and, hence, modulation of these membrane lipids can be
exploited to harness T cell activity®. Delivering therapeutic material to the membranes of specific cells in the
body, however, poses a major challenge. For example, modifying T cells to display chimeric antigen receptors
(CARs) has proven to be a highly successful strategy for certain types of cancer, but this process is technically
challenging and prohibitively expensive?. We have recently demonstrated that protein-decorated gas
microbubbles (MBs) that can be activated using ultrasound (US) can successfuly “tag” A459 lung carcinoma cell
membranes with a specific protein (e.g. GFP, transferrin)3.
The aim of this project will be to build on this proof-of-
concept study and undertake a more detailed analysis of
the mechanism(s) of tagging, to develop an optimised

1. Lipid Shedding

B bty &
J 33?" sa\S%‘W microbubble formulation and ultrasound exposure
Y vy, 3 . W G protocol, to use this approach to insert a “foreign” protein
A e £ e of SR into the plasma membrane of glioblastoma multiforme
gl + 2. MB-cell fusion 4;";.,« g (GBM) cells and to investigate whether the transplanted

protein functions as a therapeutic target for antibody-based
therapeutics (such as radioimmunotherapy).

Research Objectives and proposed outcomes

(1) The first objective of the project will be to develop the
existing microbubble formulation to load a targetable
protein into GBM cell membranes and to characterise the
(a) Cells are incubated with microbubbles (MB) and  loading efficiency and protein functionality. We have
exposed to US resulting in lipid-shedding and established protocols for microbubble formulation and

‘membrane tagging” of recipient cells with o0 terisation, including their conjugation to different
transferred protein. (b) Confocal microscopy images

of A549 lung carcinoma cells stained with Cell Mask ~ types of protein. We will test a panel of protein candidates
Deep Red (magenta) and His-GFP lipids (green) aiming for antigens not naturally expressed in GBM (e.g.

transferred from MBs after 60s of US exnosure. CEA). (2) The microbubble formulation will be tested for its
ability to transfer protein to GBM cell membranes following ultrasound exposure and the resultant activity of
those cells. This stage of the work may include modifying the formulation to enhance cellular targeting, e.g.
through the addition of a GBM-targeting protein. (3) The abundance of transferred protein in recipient cells will
be evaluated using confocal microscopy and flow cytometry. (4) Antibody binding to the transferred protein will
be tested in saturation and competitive binding assays. (5) The cytotoxity of antibodies directed against the
transferred protein with or without a payload (e.g. therapeutic radioisotope) will be tested in vitro and in in vivo
murine xenograft models of GBM. A stretch goal will be to study the effect of this approach in a syngeneic murine
model of GBM (GL261).

Translational Potential of the research

GBM is a cancer of unmet clinical need with poor survival and limited effective treatment options. Surgical
excision is a mainstay of treatment but local recurrence due to infiltration by GBM cells into the nearby cerebral
parnenchyma is common. The surgical cavity presents an opportunity to instil a local treatment that could tag
residual GBM cells with a unique protein target for subsequent antibody-based therapy. It is anticipated that
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the proposed therapy could be delivered using existing clinical devices. Microbubbles have been in clinical use
as contrast agents for several decades and Prof. Stride’s team have developed methods for producing drug-
loaded microbubbles that have recently been approved for clinical trials. The translational potential of the
project

Training opportunities

This is an interdisciplinary project between the Departments of Oncology, the Nuffield Department of Surgical
Sciences, Engineering Science and the Nuffield Department of Orthopaedics, Rheumatology and Musculoskeletal
Science. Successful candidates will benefit from training in cell culture, flow cytometry, immunology,
microbubble formulation, microscopy, therapeutic ultrasound, antibody therapeutics and statistical analysis.
They will join a multidiscplinary research team with a strong track record of collaborative research and state of
the art laboratory facilities.

Rotational project: Investigating the functional consequences of MB-mediated EGFR transfer to recipient cell
membranes

Abstract of the project

Cell surface proteins are major determinants of cellular identity and function. A myriad of approaches have
been used to deplete or eliminate disease-associated pathogenic cell surface proteins. However, sometimes
pathology results from the absence or deficit of cell surface proteins. Inserting functional cell-surface proteins
without the need for genetic manipulation of target cells remains a daunting challenge. However, we have
recently demonstrated that protein-decorated gas microbubbles (MBs) that can be activated using
ultrasound (US) can successfully “tag” cellular membranes of interest with a specific protein®. The aim of this
project is to determine whether protein transferred to the membrane of recipient cells using this approach
retain their function and sensitivity to anticancer therapy. The hypothesis to be tested is whether transfer of
EGFR protein to human B-cells (which do not express endogenous EGFR) via EGFR-modified MBs confers
sensitivity to anti-EGFR therapy. Experimental plan: Nickelated MBs will be fabricated as previously
described®. To achieve protein (EGFR)-decoration, freshly synthesised MBs will be incubated with
recombinant Hise-tagged human EGFR protein or with recombinant Hise-EGFR-AF488. The physical
characteristics of EGFR-tagged MBs (their mean size, stability and concentration) will be evaluated and then
optimised using a Coulter particle sizer and counter. US exposure of MBs that have been modified by the
addition of EGFR will be done in the presence of B-cells. In brief a 0.5-MHz focused US source in a set up
designed to obtain a small working volume at 37 C will be used as previously described. Immunoflourescence
confocal microscopy and flow cytometry using anti-EGFR primary antibodies will be used assess the presence
and abundance of EGFR expression on B cell membranes. The effect of co-incubation of EGFR tagged B cells
with anti-EGFR therapy (cetuximab, panitumumab, osimertinib) on cell proliferation/survival will be assessed
in cell counting (CCK8) and cytotoxicity assays. Output: These experiments will provide proof-of-concept
support for the notion that MB-mediated transfer of protein to cancer cells may render them susceptible to
anti-cancer therapy.

Training opportunities
Students will benefit from training in cell culture including cytotoxicity assays, flow cytometry, microbubble
formulation, microscopy, therapeutic ultrasound, and statistical analysis.

Ideal student background
Candidates should have either some basic experience and understanding of cell culture and cancer biology;
or experience with formulation and characterisation of drug delivery systems.
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40. Investigating the Immune Biology of CAR T-Cell Neurotoxicity
(ICANS) in Lymphoma Patients — Bo Sun

Primary Supervisor: Bo Sun
Additional Supervisors: Maria Isabel Leite
Eligibility: Track 3 and 4 applicants are eligible to apply for this project

Abstract of the project

Chimeric Antigen Receptor (CAR) T-cell therapy has revolutionised treatment for relapsed or refractory B-cell
lymphomas, achieving remission rates up to ~80% in patients who failed conventional therapy [1]. However, this
breakthrough can come at a cost: up to one-third of patients experience serious immune-related side effects,
notably cytokine release syndrome (CRS) and immune effector cell-associated neurotoxicity syndrome
(ICANS)[2]. ICANS is a therapy-induced neurologic syndrome ranging from mild confusion to life-threatening
seizures, brain swelling and coma. Emerging evidence on long-term outcomes now suggest as much as a third
of patients’ experience persisting neurological disability [4]. The precise immune mechanisms driving ICANS
remain poorly understood [3], making it difficult to predict or prevent. This project will investigate the immune
biology of CAR T-cell mediated ICANS in adult lymphoma patients treated with CD19 or BCMA-targeted CAR T
therapies. We will leverage proteomics, single-cell RNA sequencing, and in vitro models on patient blood, serum,
cerebrospinal fluid (CSF), and CAR T-cell products. Our aim is to identify early biomarkers and unravel the cellular
and molecular pathways underlying ICANS. Ultimately, this research seeks to improve our ability to predict ICANS
risk and inform strategies to mitigate neurotoxicity, enhancing both the safety and efficacy of CAR T-cell
therapies.

Research Objectives and Proposed Outcomes

Objective 1: Identify predictive biomarkers of ICANS: We will analyse patient samples (blood, CSF, etc.) for
candidate proteins/genes that distinguish patients who develop ICANS from those who do not. Unbiased
proteomic and single-cell transcriptomic profiling will aim to pinpoint cell subsets or gene expression changes
associated with neurotoxicity. Proposed outcome: a panel of candidate biomarkers (e.g. cytokines, immune cell
subsets, or gene signatures) that can accurately forecast ICANS risk before or early during therapy. This would
have high academic and clinical value by revealing key mediators of neurotoxicity and could lay the groundwork
for a predictive clinical test.

Objective 2: Uncover immune mechanisms of ICANS: Using an unbiased single-cell approach, we aim to
characterise how CAR T-cells and the patient’s immune system interact to cause neurological side effects. We
will examine CAR T-cell products and serial patient samples to see how immune cell phenotypes evolve in
patients with ICANS. This includes determining if specific CAR T-cell subpopulations (for instance, overly
activated “exhausted” T cells or CAR T cells with inflammatory profiles) or host immune cells (such as myeloid
cells crossing into CSF) are driving the syndrome. Proposed outcome: a mechanistic model of ICANS identifying
which cells, molecules, and pathways in the blood/CSF are responsible for blood-brain barrier disruption and
neurotoxicity. Academically, this advances fundamental understanding of neuro-immune interactions in the
context of cancer immunotherapy, a currently underexplored area.

Objective 3: Functional validation of candidate ICANS mediators in vitro:

Building on candidate biomarkers or molecular pathways identified through single-cell and proteomic profiling
(Objectives 1 and 2), we will conduct in vitro studies to investigate their functional role in ICANS biology. Using
co-culture models of CAR T cells and relevant immune/lymphoblastoid cells, we will test how specific cytokines,
transcriptional programs, or immune cell subsets influence neurotoxicity-associated phenotypes. Proposed
outcome: Experimental validation of whether the biomarkers identified in patient samples are drivers or
merely correlates of ICANS.
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Translational potential of the project

The project is inherently translational and is supported by a strong collaboration between the university’s
research labs and the hospital’s Haematology service. As part of this project, the DPhil candidate will work closely
with clinician collaborators who will identify and recruit adult lymphoma patients undergoing CAR T therapy.
ICANS is a pressing clinical problem in cancer care and represents a significant health and economic burden to
current and future cellular therapy services. Severe neurotoxicity can necessitate intensive care support and
may be fatal in rare cases, limiting the broader use of CAR T therapies. By identifying robust biomarkers and
clarifying ICANS mechanisms, this project has direct implications for improving patient management.

Training opportunities

This DPhil project provides broad, interdisciplinary training spanning immunology, genomics, and clinical cancer
research. The student will gain hands-on experience with single-cell RNA sequencing, including sample
preparation from blood, CSF, and CAR T-cell products. They will receive bioinformatics training in data
processing, integration of multi-omics datasets, building strong computational skills.

The student will learnimmune profiling techniques, including molecular cloning, cytokine profiling, and
functional T-cell assays, enabling them to link immune phenotypes with biological activity.

Given the project's clinical setting, the student will have the opportunity to develop translational research skills,
including ethical handling of patient material, interpretation of clinical data, and collaboration with
multidisciplinary clinical care teams.

Rotational Project: Decoding CAR T-cell Heterogeneity Using Publicly Available Single-Cell RNA-Seq Datasets

Abstract of the project

Chimeric Antigen Receptor (CAR) T-cell therapy has transformed outcomes in haematological malignancies,
but variability in response and toxicity remains a major challenge. Emerging evidence suggests that the
cellular composition and functional states within CAR T products significantly influence their therapeutic
potential. Single-cell RNA sequencing (scRNA-seq) has revealed that CAR T-cell products are not homogenous
but comprise a spectrum of T-cell phenotypes with distinct transcriptional programs. Understanding the
diversity of these cell states, particularly in relation to CAR design (e.g. CD19 vs BCMA CARs, different co-
stimulatory domains), may inform strategies to optimise efficacy and minimise toxicity.

This rotation project will involve a bioinformatic analysis of publicly available scRNA-seq datasets from
human CAR T-cell infusion products. The primary aim is to explore the heterogeneity of T-cell states within
these products and identify shared and distinct gene expression programs across different CAR constructs
and manufacturing approaches. Specific objectives will include:
e Performing unsupervised clustering to define major transcriptional subpopulations (e.g. naive,
memory, exhausted, proliferative, inflammatory) within CAR T products.
e Comparing the transcriptional profiles of CAR T cells generated with different co-stimulatory
domains (e.g. 4-1BB vs CD28).
e Identifying conserved and divergent gene expression programs associated with therapeutic
response or toxicity across datasets.
e Mapping transcriptional states to functional markers of interest (e.g. cytokine genes, exhaustion
markers, cytotoxic effectors).

The student will gain experience in all steps of single-cell data analysis, from data pre-processing and quality
control to clustering, differential expression analysis, and visualisation, using high-level computational tools
in R or Python.
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Training Opportunities
This project will provide a strong foundation in computational biology, focusing on the analysis of scRNA-seq
data. Training opportunities include:
e Data acquisition and curation from public repositories (e.g. GEO, ArrayExpress, and Single Cell
Portal)
e Pre-processing and quality control of single-cell datasets using tools such as Seurat (R)
or Scanpy (Python), including filtering, normalisation, and batch correction
e Dimensionality reduction and clustering to identify transcriptionally distinct CAR T-cell subsets
o Differential gene expression and matrix factorisation analysis to explore gene programs enriched
in specific CAR constructs or cell states
e Functional annotation using pathway enrichment tools (e.g. GSEA, Reactome, MSigDB) to interpret
biological meaning
e Data analysis and visualisation

Ideal student background

Ideally candidates should hold a bachelor’s degree or master’s degree in Medicine, Medical Sciences,
Chemistry, Biochemistry, Mathematics, Engineering or Computer Science, with at least upper second-class
honors (if applicable). An MSc in relevant areas may be advantageous or relevant experience e.g. experience
in industry, research employment or relevant publications of peer-reviewed research articles
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41. Beyond tumour control: Investigating brain aging after checkpoint
Immunotherapy for melanoma - Anya Topiwala

Primary Supervisor: Anya Topiwala
Additional Supervisors: Benjamin Fairfax
Eligibility: Track 3 and 4 applicants are eligible to apply for this project

Abstract of the project

Checkpoint inhibitors have revolutionised the treatment of several cancers, particularly melanoma, by
enhancing T cell-mediated immune responses against tumour cells through blockade of pathways such as PD-1
(programmed cell death-1). Whilst these therapies have led to significant improvements in cancer remission
rates, especially in the metastatic setting, their long-term impact - particularly in younger patients and in the
adjuvant context - remains less clear, with limited survival benefit in some cases. Growing attention is being paid
to immune-related adverse events (irAEs), which result from off-target T cell activity affecting healthy tissues.
Among these, neurological irAEs occur acutely in approximately 1-5% of patients,[Farina et al., 2024] yet the
potential chronic effects of checkpoint inhibitors on the brain remain unexplored. There is a strong biological
rationale to suspect checkpoint inhibitors could contribute to accelerated brain aging, through mechanisms
including chronic inflammation, vascular injury, autoimmune responses targeting neural tissues, and disruption
of the blood-brain barrier.[Lou et al., 2024]

Magnetic resonance imaging (MRI) offers a non-invasive, quantitative, and sensitive method for tracking brain
changes longitudinally - often years before clinical symptoms emerge. This project will leverage newly available
real-world NHS electronic health record (EHR) data and longitudinal brain imaging data available through the
Thames Valley and Surrey secure data environment, encompassing data from as early as 2013. Cancer treatment
provides is a unique opportunity to study brain aging, as patients frequently undergo repeated imaging (every
3-6 months) over extended periods. Given that randomised controlled trials to detect long-term neurotoxic
effects of checkpoint inhibitors would be neither practical nor ethical, this study will apply causal inference
methods, specifically an emulated target trial. The project will compare patients with melanoma treated with
immunotherapy to matched historical controls (pre-2018) who did not receive checkpoint inhibitors.
Longitudinal brain imaging will be analysed using validated automated pipelines. Machine learning models
trained on healthy populations (e.g. UK Biobank) will be used to estimate brain age, allowing assessment of
whether immunotherapy recipients show an increased brain age gap relative to their chronological age. Finally,

Research objectives and proposed outcomes

This project aims to investigate the potential long-term effects of checkpoint inhibitor therapy on brain health
in patients with melanoma, using real-world clinical and imaging data.

Specific objectives: a) To determine whether treatment with checkpoint inhibitors is associated with accelerated
structural brain aging, as measured by longitudinal MRI-derived brain age metrics (e.g. brain age gap between
predicted and chronological age). b) To assess whether checkpoint inhibitor therapy is linked to increased
cerebral markers of cerebrovascular disease, such as white matter hyperintensities, microbleeds, or infarcts,
detectable through automated neuroimaging analysis. c) To identify clinical, demographic, or genetic factors
associated with differential vulnerability to immunotherapy-related brain aging, including age, sex,
comorbidities, treatment regimen, inflammatory markers, and relevant genetic variants (where available).

This project is expected to yield several key outcomes that will advance understanding of the long-term
neurological consequences of checkpoint inhibitor therapy:

e Quantification of Structural Brain Aging in Immunotherapy Recipients We anticipate demonstrating
whether checkpoint inhibitors are associated with accelerated brain aging, as measured by a greater
brain age gap using validated MRI-based biomarkers. This will provide the first large-scale, longitudinal
evidence linking cancer immunotherapy to potential subclinical neurotoxicity. This novel application of
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neuroimaging biomarkers in oncology will bridge cancer medicine, neurology, and computational
neuroscience, and may inform future survivorship care guidelines.

e Detection of Cerebrovascular Changes Associated with Immunotherapy The study will identify
whether checkpoint inhibitors are associated with increased markers of cerebrovascular disease (e.g.,
white matter hyperintensities, small vessel disease), providing insight into vascular contributions to
cognitive decline in cancer survivors. Findings could stimulate new lines of inquiry into the vascular
side effects of immunotherapy, with implications for the use of adjuvant immunotherapy in younger
populations as well as stroke and dementia risk in cancer patients.

e Identification of Risk Factors for Immunotherapy-Related Brain Aging By linking imaging outcomes
with patient-level clinical and genetic data, we aim to uncover predictors of susceptibility to
neurotoxicity—such as age, sex, comorbidities, inflammatory profiles, and genetic predispositions.
This precision-medicine approach could guide future risk stratification efforts and contribute to
biomarker development in the emerging field of cancer-related neurodegeneration.

e Methodological advancement This study represents a significant methodological innovation as it will
be the first to perform large-scale brain imaging analyses within the NHS SDE. By leveraging routinely
collected clinical imaging data alongside linked electronic health records, the project will establish a
scalable and reproducible framework for conducting real world neuroimaging research in oncology
and beyond. In addition, this project fosters novel interdisciplinary collaboration between experts in
late-life psychiatry, medical oncology, neuroimaging, statistics, and health data science. This cross-
departmental approach will integrate clinical insight with advanced computational methods, including
machine learning and causal inference, to interrogate complex longitudinal data.

Translational potential of the project

This project addresses a critical knowledge gap in cancer survivorship by exploring the long-term neurological
consequences of checkpoint inhibitor therapy. While these immunotherapies have transformed outcomes for
patients with metastatic melanoma and other cancers, their potential impact on the brain—particularly in
younger patients expected to live for many years post-treatment—remains poorly understood.

By applying advanced brain imaging and real-world data analytics, this study will: ¢ Provide early evidence of
neurotoxic or cerebrovascular effects of checkpoint inhibitors, which may inform long-term monitoring and
survivorship care. ¢ Identify subgroups of patients at higher risk of immunotherapy-related brain aging,
supporting the development of personalized risk stratification tools. ¢ Lay the groundwork for integrating
neurocognitive monitoring into routine oncology follow-up, especially in populations exposed to prolonged
immunotherapy.

This project expands the focus of immunotherapy research beyond tumour control, addressing underexplored
late effects that may significantly impact quality of life, cognitive function, and mental health. Findings could
directly influence clinical practice by guiding post-treatment surveillance strategies, patient counselling, and
early interventions to mitigate long-term brain health consequences—especially as checkpoint inhibitors are
increasingly used in earlier disease stages and younger populations.

Training opportunities

This project offers a rich and interdisciplinary training environment, equipping the student with advanced skills
across neuroimaging, clinical data science, and translational cancer research. The student will gain hands-on
experience with the following techniques and methods:

1) Advanced Neuroimaging Analysis ® Preprocessing and analysis of structural MRI data using
established tools (e.g. FSL). ® Application of brain age prediction algorithms using machine learning
models trained on healthy populations. ¢ Quantification of imaging biomarkers of brain aging and
cerebrovascular disease (e.g. white matter hyperintensities, atrophy, infarcts).
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2) Real-World Health Data Science ® Working with anonymised patient data within a Secure Data
Environment (SDE), including linked NHS electronic health records and imaging archives. ¢ Data
cleaning, integration, and longitudinal structuring of routine clinical datasets. ® Exposure to best
practices in data governance, security, and ethical handling of health data.

3) Causal Inference & Epidemiological Methods e Designing and implementing an emulated target
trial, including cohort definition, confounder control, and sensitivity analyses. e Statistical
modelling of longitudinal brain changes and clinical outcomes using tools such as R. ® Training in
contemporary approaches to causal inference from observational data, including propensity score
methods and inverse probability weighting.

4) Interdisciplinary Collaboration and Academic Development e Regular supervision and mentoring
from experts across psychiatry, oncology, neuroimaging, biostatistics, and software engineering. ¢
Opportunities to contribute to peer-reviewed publications, present at national/international
conferences. ® Access to institutional training resources (e.g. methods workshops, data science
seminars).

Rotational Project: Brain imaging for cancer research

Abstract of the project

The abbreviated project would allow development and gaining of skills in FSL and image software analysis
techniques in UK Biobank. The project would give a taster of brain imaging with reference to cancer, exploring
brain imaging phenotypes in relation to past medical history and genetic factors for cancers including
colorectal, haematological and skin cancers.

Training opportunities
You will gain quantitative skills working with a large cohort, image analyses and statistical methods.

Ideal student background

You will be enthusiastic, motivated with good attention to detail and highly organised.

A background in a quantitative/computational field will be helpful. The supervisors are happy to discuss
informally with prospective candidates.

References:
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42. Spatiotemporal heterogeneity of neutrophil subsets in ovarian
cancer — Irina Udalova

Primary Supervisor: Irina Udalova
Additional Supervisors: Sarah Spear
Eligibility: Track 3 applicants are eligible to apply for this project

Abstract of the project

Ovarian cancer is the 6" most common cancer in women, of which over 90% cases are epithelial high grade
serous carcinoma (HGSC) (CRUK). The majority of women are diagnosed with HGSC at stage 3-4 where the 5-
year survival remains poor at 15-25%. HGSC disseminates throughout the peritoneal cavity generating secondary
tumours, including on the omentum. Patients rely on surgery and chemotherapy to achieve remission, however
even with PARP-inhibitor maintenance, acquired resistance is common and relapse rates are high. Therefore,
approaches that circumvent therapy resistance are urgently needed. Neutrophils are the most abundant
immune cell circulating in the human body and are actively recruited in ovarian cancer (1,2). A high neutrophil
to lymphocyte ratio is a predictor of poor prognosis in ovarian cancer patients (3). As immune checkpoint
blockade, targeted to lymphocytes, has shown no efficacy at clinical trial (4,5), it is critically important to
understand how neutrophils might contribute to the progression of ovarian cancer. Neutrophils are typically
seen as transcriptional inactive cells, with a short life-span that are rapidly recruited to inflammatory sites.
However, recent work by us and others in the context of inflammatory disease have revealed neutrophils are
heterogenous dynamic cells, transcriptionally imprinted by their microenvironment (6,7). Mounting evidence
shows that the HGSC tumour microenvironment (TME) also modulates neutrophil function. Ovarian cancer-
derived neutrophils have an extended life-span and immunosuppressive phenotype (2). They can produce
neutrophil extracellular traps (NETs) and enhance tumour cell attachment (1). On the contrary, they can also
upregulate costimulatory molecules and stimulate T cell IFNy production (8). Pan-targeting neutrophils both
improves and worsens survival, demonstrating neutrophil functional heterogeneity exists. To date, no in vivo
transcriptional and functional characterisation of neutrophil subsets in ovarian cancer tumours has been
performed.

Research objectives and proposed outcomes

We hypothesise that neutrophils are transcriptionally reprogrammed by the HGSC TME leading to the
development of distinct neutrophil subsets. Understanding the function of these subsets in the TME will uncover
new avenues for targeting neutrophils.

Aims: Characterise the neutrophil subsets within the HGSC TME and identify molecular pathways. (2) Unravel
the spatial organisation of these neutrophil subsets in murine and human tumours. (3) Examine the role of
neutrophil-specific molecular pathways in driving neutrophil functions within the TME.
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Outcomes:

This project will generate a blueprint of neutrophil molecular heterogeneity in ovarian cancer and uncover
transcriptional networks that control neutrophil functions. We will develop novel neutrophil knockouts to
validate the function of these subsets in disease progression. Targeting these subtypes remains completely
unexplored as a therapeutic opportunity. These methods can uncover new avenues for targeting neutrophils
that can be replicated in other cancers.

Collaborations: This project underpins a newly set up collaboration, between Oxford and Imperial College. It will
combine the unique expertise of Prof Udalova (Oxford) in the transcriptional networks that control the
heterogeneity and function of neutrophils with an expertise in models of ovarian HGSC of world-leading ovarian
cancer researcher, Prof McNeish. Dr Sarah Spear (Rcol) is a postdoctoral researcher specialised in characterising
myeloid cells in both inflammation and TMEs. Her research interests and pilot data have laid a foundation for
this proposal, bringing together Udalova team and McNeish expertise.

Translational potential of the project
Immune checkpoint blockade, targeted to lymphocytes, has shown low efficacy in ovarian cancer at clinical trials.

T cell immunity, which is beneficial in tumours, is undermined by immunosuppressive myeloid cells. Thus, it is
critically important to understand how these cells, and specifically less studied neutrophils, might contribute to
the progression of ovarian cancer. This will help shaping specific therapies targeting neutrophil subsets. We have
already identified a number of regulators that play a critical role in mediating neutrophil recruitment and their
differentiation, as well as in effector functions, in inflammatory settings. More will be identified during the
course of this project, specific to the ovarian cancer development. The inhibitors of these regulators or their
activation pathways may prove beneficial for inflammation-induced cancer.

Training Opportunities

The student will be trained in the models of ovarian cancer as well as in basic immunology techniques such as
flow cytometry, RT-qPCR and in vitro cultures to analyse the outcomes. Furthermore, insights and potential
guided analysis of single-cell RNA sequencing as well as cutting-edge multiplex microscopy and spatial
transcriptomics (CosMx Nanostring and Xenium 10X platforms) to define the localisation of myeloid cell subsets
within the tumour microenvironment are available.

Rotational Project: Spatial organisation of myeloid cells in murine and human ovarian tumours

Abstract of the project

Our preliminary data demonstrate that neutrophils infiltrate the omentum early post tumour cell seeding,
following monocyte-derived macrophages. We hypothesise distinct neutrophil subpopulations will localise
to different areas of the tumour microenvironment (TME), and this influences which molecular pathways are
expressed. We propose that the high-grade serous carcinoma (HGSC) TME reprogrammes myeloid cells into
specific subsets that support tumour growth. Murine tumour sections and human tissue microarrays (already
established by our collaborator) will be investigated for the geographical location of myeloid cell subsets
using the developed imaging approaches and, where appropriate, innovatve genetic mouse strains, with
fluorescent markers labelling myeloid cells. Well-validated antibodies available will be selected to visualise
neutrophil subsets. The distance between neutrophils and neighbouring cells will be assessed. We will utilise
the multiplex immunofluorescence platforms.

Training opportunities

The student will be trained in the models of ovarian cancer as well as cutting-edge microscopy and spatial
transcriptomics approaches to define the localisation of myeloid cell subsets within the tumour
microenvironment.
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Ideal student background

The applying student would be eager to learn new techniques and models as well as able to work
independently and in collaboration. They ideally would have an immunology or genomics background and
developed interest in cancer, innate immunity and mucosal immunology. A vibrant collaborative group is
awaiting them and there is an opportunity to learn various cutting-edge techniques as well as basing new
discoveries on well-established models in the group.
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43. Development of an intra-operative mass-spectrometry tissue
classifier system to improve extent of tumour resection in cancer
surgery — Claire Vallance

Primary Supervisor: Claire Vallance
Additional Supervisors: Puneet Plaha, Olaf Ansorge
Eligibility: Track 3 and 4applicants are eligible to apply for this project

Abstract of the project

Tumour invasion into surrounding normal tissue is a pathological hallmark observed across a wide range of
cancers. In the context of cancer surgery, accurate identification of the tumour margin is critically important.
Complete macroscopic excision may be curative in less aggressive cancers or, in more malignant subtypes,
improve response to adjuvant therapies such as chemotherapy and radiotherapy. To maximise the chance of
complete resection, surgeons often remove an additional margin of surrounding tissue beyond the visible edge
of the tumour—at the cost of potential iatrogenic injury to adjacent healthy tissues. Intra-operative
histopathological analysis of tissue biopsies can help define the limit of resection margins, but is time-consuming
(~30 mins) and resource-intensive. There is increasing interest in rapid diagnostic tools capable of distinguishing
tumour from normal tissue in real-time. This project aims to develop a novel intra-operative tissue classifier
system that combines ambient ionisation mass spectrometry with machine learning techniques to rapidly
differentiate tumours based on their metabolic and lipid profiles. The method will be developed and validated
across multiple tumour types, including brain, kidney, and skin cancers.

Research objectives and proposed outcomes

The goal of most cancer resection surgery is complete excision of the tumour, since residual disease often affects
prognosis, overall survival and necessitates adjuvant treatment, at significant cost to the patient and healthcare
system

[1]. Reliable identification of tumour margins during surgery can be challenging, and frequently relies upon
subjective assessment of tissue appearances by the operating surgeon. While histological examination of
cytological smears can help differentiate tissues, its application is currently limited by the time (e.g. 30
mins/slide) and resources involved

[2]. As a result, there is growing interest in the use of mass spectrometry (MS) to identify and classify tumours
by their metabolic signature. This has been facilitated by advances in ambient ionisation MS (AIMS) technology,
which now requires minimal sample processing for analysis

[3]. Systems that translate AIMS to the intra-operative setting have been developed, including the iKnife [4—6]
and SpiderMass [3] devices. However, their application in cancer surgery has been limited by their need to burn
or vaporise tissue prior to analysis, precluding use in fields such as neuro-oncology surgery where they pose a
risk of injury to surrounding delicate neural tissues. This project aims to develop an alternative, non-destructive
intra-operative tissue classification system using Atmospheric Solids Analysis Probe Mass Spectrometry (ASAP-
MS), coupled with machine-learning-based spectral classification. The overall outcome is a generalisable
platform that can aid real-time surgical decision-making across multiple cancer specialties.

Research objectives:
Objective 1: Develop and optimise an ASAP-MS method for the diagnostic classification of brain tumours

e Build areference library of metabolomic profiles from prospectively collected fresh tumour and margin
tissues
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e Train and validate a machine learning classifier (e.g. SVM, random forest) using current
neuropathological analysis methods as a gold-standard

e Compare diagnostic accuracy of the ASAP-MS method with the current gold-standard method of intra-
operative smear cytology and final integrated histomolecular diagnosis

Objective 2: Application of the ASAP-MS tissue classification method to other cancer specialities

e Apply the ASAP-MS tissue classifier method to other cancer specialities where resection margins are
critical but also difficult to assess (e.g. renal cell carcinoma, basal cell skin cancer)
e Determine the comparative diagnostic accuracy of the ASAP-MS method across a range of cancer
surgery types
Objective 3: Integration of rapid mass-spectrometry into the surgical workflow

Explore methods to integrate the tissue classifier system into the operative workflow by developing adaptations
to existing surgical devices to sample tissues

Pilot integration of the method into the surgical workflow and assess impact on extent of tumour resection as
well as time- and cost-effectiveness

Translational potential of the project
The development of an ASAP-MS rapid intra-operative tissue classifier system has the potential to revolutionise

various aspects of cancer surgery:

e Diagnostic confirmation of cancer subtypes during an operation would enable surgeons to modify their
operative goals based on tumour phenotypes. For example, in neuro-oncology surgery, identification of an
IDH-mutant astrocytoma vs an oligodendroglioma may lead to modification of surgical approach due to the
different prognostic outcomes for the two tumour types and their responses to adjuvant radiotherapy and
chemotherapy.

e Improved delineation of tumour margins would help surgeons to maximise the extent of tumour resection
while also minimising the risk of iatrogenic injury from inadvertent resection of healthy adjacent tissues

e Reduced reliance upon manual intra-operative analysis of tissue by a histopathologist would help to
minimise operation times and resource use, in the context of significant clinical and financial pressures on

cancer surgery services
Training Opportunities
Techniques/ methods that the student will have access to as part of the project:
- sample handling and preparation;
- atmospheric solids analysis probe mass spectrometry (ASAP-MS);
- (possibly, later in the project) desorption electrospray mass spectrometry (DESI-MS);
- machine learning and multivariate statistics methods applied to mass spectrometric data;
- coding in Python or Matlab;

- scientific writing and presentation skills

145



4% CANCER | OXFORD
OXFORD RESEARCH | CENTRE

CANCER Tl UK

Rotational Project: Optimisation of atmospheric solids analysis probe mass spectrometry for clinical data set
generation

Abstract of the project

The six-month rotation project has been designed to give students initial experience in many of the
techniques that will be used in the main project, but will employ samples that are readily available in large
quantities, namely commercially available pooled human blood plasma. Pooling plasma from a large number
of individuals averages out much of the individual variation in metabolite profiles, potentially offering an ideal
sample for use in measurement optimisation and as a quality control standard. The research questions will
be:

1. To what extent can pooled plasma be used as a universal standard for ASAP-MS measurements?

To address this, the student will obtain pooled plasma samples from a number of different sources and
compare the ASAP mass spectra for each sample to determine the extent of similarity between the samples.
Understanding variation between these samples will be important when designing quality-control standards
into future studies.

2. How is the measurement repeatability affected by sample preparation, experimental workflow, mass
spectrometer settings, and batch effects?

Considerable effort has already been expended on optimising sample handling and experimental workflow,
and in understanding the effect of varying settings within the ion source of the mass spectrometer that affect
sample desorption, ionisation, and fragmentation. The student will explore these in the context of pooled
plasma samples in order to find the conditions that maximise measurement repeatability, measured through
the coefficient of variance across large numbers of repeat measurements. In particular, pooled plasma
samples will be ideal for investigating batch effects — variations in the mass spectra introduced when samples
are measured in different batches on different days. Batch effects can be quite significant when making
measurements on complex samples, and can lead to some very misleading results if not recognised and
handled carefully. They arise from a variety of sources and usually cannot be eliminated entirely from the
measurements. However, with careful experimental design, the resulting data sets can be corrected for batch
effects. The student will investigate a number of ways in which batch effects can be minimised and/or
corrected for, and will also develop a protocol by which pooled plasma samples are used as a quality control
standard alongside data acquisition on other sample types, in order to identify and correct batch effects.

The outcomes of this short study will feed directly into the experimental design for the main project.

Training opportunities

Techniques/ methods that the student will have access to as part of the project:

- sample handling and preparation;

- atmospheric solids analysis probe mass spectrometry (ASAP-MS);

- machine learning and multivariate statistics methods applied to mass spectrometric data;
- coding in Python or Matlab;

- scientific writing and presentation skills.

Ideal student background

The project is suitable for students from a wide range of backgrounds, particularly those from a chemistry or
clinical background or with an interest in applying machine learning approaches to clinical medicine. The
project involves mass spectrometric measurements on clinical biopsy samples and significant amounts of
data analysis, employing both statistical methods and machine learning. An interest in instrumentation is
essential, as some technique development and optimisation will be required. Previous coding experience is
not essential — most students who join our group learn this as they go along - but would be helpful.
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44. Targeting Nucleolin for Cancer Imaging and Therapy — Katherine
Vallis

Primary Supervisor: Katherine Vallis
Additional Supervisors: Ester Hammond
Eligibility: Track 3 and 4applicants are eligible to apply for this project

Abstract of the project

The nucleolus, a sub-nuclear structure, is the site of RNA biogenesis and is also involved in DNA damage repair,
cell cycle control and stress responses. Nucleolin (NCL), a highly conserved phosphoprotein, is a major
constituent of the nucleolus and has been shown to contribute to tumour growth, metastasis and drug
resistance. NCL is found not only in the nucleolus but also in the nucleoplasm, cytoplasm and, sometimes, at the
cell surface. NCL undergoes post-translational modifications that determine its localisation and function.

It has been reported that cell surface expression of NCL is especially prominent in cancer and in tumour-
associated endothelial cells. We have recently confirmed that NCL is overexpressed at the plasma membrane in
a large panel of cancer cell lines (including pancreatic, breast, prostate and oesophageal cancers) in comparison
to relevant non-malignant cells. Interestingly we have also shown that nucleolin translocates to the nucleoplasm
in hypoxia® and that cell surface expression is induced in hypoxic conditions (unpublished). The role of NCL at
the cell surface is ill understood but it is thought to be involved in cell adhesion and extracellular signalling. What
is known is that on binding a range of different ligands the NCL-ligand complex internalises into the cytoplasm.
It is this feature that we plan to exploit in the current project, the central aim of which is to develop NCL-specific
theranostic agents for the imaging and treatment of cancer.

Research objectives and proposed outcomes

In preliminary work our collaborators at the RFI Nanobodies Discovery Platform have generated a nanobody
(single chain camelid antibody) against human NCL which will act as our prototypic carrier molecule?. Other
antibody formats and peptide binders of NCL will be developed and evaluated. (1) The first objective will be to
investigate the specificity and binding characteristics of an NCL-targeting nanobody in cells that express NCL at
the cell surface versus those that do not or in which NCL has been knocked down, using a range of approaches
including confocal fluorescence microscopy, live cell imaging, flow cytometry and saturation and competitive
binding approaches. The initial focus will be on testing in breast cancer models, although other cancer types may
be included as the project progresses. (2) In addition to antibody-based vehicles for targeting NCL, the project
will include a peptide screen using a phage display approach to identify peptide binders to cell surface displayed
NCL. (3) Protocols will be developed for radiolabelling of candidate carrier molecules with imaging and
therapeutic radionuclides, and in vitro experiments performed to confirm retained binding properties. (4) The
project will involve in vivo investigations to test the biodistribution and pharmacokinetics of candidate
radiolabelled NCL-binders in molecular imaging (PET- or SPECT-CT) and tumour growth inhibition studies in
appropriate xenograft, syngeneic and orthotopic models.

Translational potential of the project

The central goal of this project is to develop theranostic agents for the imaging and treatment of cancer.
Molecular imaging plays an increasingly important role in cancer medicine: in the selection of patients for
precision oncology treatments and in monitoring response to treatment. New radionuclide therapeutics have
had enormous impact on the treatment landscape for prostate cancer and neuroendocrine tumours in recent
years and there is a strong academic and industry drive to develop new agents3. Therefore, this project is timely,
with a clear sightline to eventual clinical translation.

Training opportunities

This is an interdisciplinary project that relies on a new collaboration between the Departments of Oncology, the
Nuffield Department of Surgical Sciences, the Rosalind Franklin Institute and the Nuffield Department of
Medicine. Successful candidates will benefit from training in cell culture, molecular biology, advanced
microscopy, antibody and peptide selection and engineering, molecular imaging, radiopharmaceutical
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development and statistical analysis. They will join a multidisciplinary research team with a strong track record
of collaborative translational research and state of the art laboratory facilities.

Rotational Project: Enhanced Internalisation of Anti-Nucleolin Antibodies for Therapeutic Applications

Abstract of the project

Nucleolin is a highly conserved phosphoprotein that plays a pivotal role in ribosome biogenesis and in cellular
stress responses. It is frequently and abundantly expressed on the surface of cancer cells but less so on the
surface of non-malignant cells. It is known that on ligand-binding cell-surface NCL is internalised. We have
recently generated a nanobody (single domain camelid antibody) that binds to human NCL. We aim to modify
this nanobody and other NCL-binders through radiolabelling to generate a cancer-targeting theranostic
(therapeutic and diagnostic) agent for imaging and treatment of cancer. A feature of radiotheranostic agents
that can profoundly impact their efficacy is the extent to which they internalise and are retained in cancer
cells. This is because the longer a radionuclide persists in the target cell the greater the radiation absorbed
dose deposited, thus, giving a greater chance of cell kill. We previously developed a highly efficient multimeric
cell-penetrating peptide (CPP), Tri-cTatB'2. The hypothesis to be tested in this project is whether CPP
modification of NCL-binding antibodies enhances cell entry and retention. Experimental plan: Anti-NCL
nanobody and whole 1gG molecules will be modified by covalent linkage of Tri-cTatB using NHS-ester
chemistry, and by the addition of a fluorophore. Similar reactions will be carried out using non-specific
nanobody and 1gG (controls). Human breast cancer cells (MDA-MB-231 and MCF7 [positive for cell surface
NCL) and a non-malignant cell line, MCF10A [negative for cell surface NCL]) will be incubated with these
antibodies and cell uptake kinetics will be evaluated using confocal microscopy and live cell imaging. The
mode of cell entry will be assessed using inhibitors of endocytosis. The detailed intracellular distribution of
antibodies will be quantitatively measured in cell fractionation assays following cell exposure to radiolabelled
variants. The radiation dosimetric consequences of enhanced cell uptake resulting from the addition of CPP
will be calculated. Outputs: This project will provide mechanistic information about cellular uptake of NCL
targeting antibodies and antibody fragments, a vital step in their development as radiotheranostic agents.
This information will add to the growing body of work regarding CPP-mediated internalisation of therapeutic
biomacromolecules into cancer cells.

Training opportunities

Students will benefit from training in cell culture, advanced microscopy, principles of antibody engineering,
and statistical analysis. They will join a multidisciplinary research team with a strong track record of
collaborative translational research.

Ideal student background
Candidates should have some basic experience and understanding of cancer biology and of the use of
biologics (antibody and peptide) in cancer research.
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45. Melanin — at the heart of energy sensing — Richard White

Primary Supervisor: Richard White
Additional Supervisors: Colin Goding
Eligibility: Track 3 and 4applicants are eligible to apply for this project

Abstract of the project

Cells must sense not only their internal energy state, but also the energy in their external environment. In most
organisms, sunlight represents the most ubiquitous form of external energy. How cells and organisms sense
sunlight, and respond to it, remains poorly understood. One of the key sensors of sunlight is melanin, the
pigment produced by melanocytes in skin. These are the cells that gives each of us our unique hair and skin
color. Melanin is best known for absorbing and protecting us against the damaging effects of ultraviolet (UV)
light. When this protection goes awry, melanocyte can transform into a cancer called melanoma. Despite this
obvious role of melanin, however, melanin absorbs far outside of the UV spectrum. Instead, it absorbs sunlight
across the entire electromagnetic spectrum, ranging from UV to visible to infrared. We understand very little of
the physiological reasons for this broad absorption. Therefore, the goal of this D.Phil project is to dissect the
consequences of melanin’s absorption of the entirety of sunlight, and ask what potential role it plays in
homeostasis vs. cancer. We will use a combination of in vitro (human iPS cells) and in vivo (zebrafish) to study
this problem

Research objectives and proposed outcomes.

With reference to (i) the academic value of the research (ii) the collaborations involved and how these will be
facilitated by the award. The main goal of this project is to understand how and why melanin absorbs the entirety
of the electromagnetic spectrum of sunlight. Our hypothesis is that melanin acts as a fundamental energy sensor,
transmitting information about the external energy environment to the interior of the cell. To test this idea, we
will use genetic and biochemical techniques. We and others have identified many genes putatively involved in
melanin synthesis. These genes will be systematically examined for their effects on melanin synthesis. These
studies will be coupled with RNA-seq, metabolomics and biochemical assays to understand how the cell
responds to sunlight in the presence or absence of melanin. By studying this in isolated melanocytes as well as
within the context of the whole animal, we can discern what is a cell-intrinsic effect versus a cell-extrinsic effect.
Once we understand the core groups of genes involved, we will then ask whether these genes also play a role in
melanoma, an aggressive skin cancer derived from the melanocyte. This work will be enabled by our prior
development of numerous forms of melanoma in the zebrafish. Collectively, this project aims to connect a
biophysical property of melanin (energy sensing) to its broader physiologic role in health and disease.

Translational potential of the project

Describe the relevance of the project to cancer research or patient care. This project has immediate translational
implications. We will identify genes involved in melanin synthesis, and how they relate to organismal
homeostasis vs. cancer. Many of these genes are known to harbor single nucleotide polymorphisms (SNPs)
across humans of varying skin tones, with concomitant varying risks of melanoma. Thus, our studies have
particular relevance for cancer prevention.

Training opportunities

The student will receive rigorous training in genetic methods (CRISPR, genome editing, genetic screens),
phenotypic readouts (animal and cell pigmentation), transcriptomics (single-cell and bulk RNA-seq), cell culture,
and zebrafish husbandry. They will become expert in melanocyte, melanin and melanoma biology using both
human iPS cells as well as zebrafish.
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Rotational Project: The genetics of melanin synthesis

Abstract of the project

In this 6-month rotation, the student will use a method called Perturb-seq to screen candidate genes involved
in melanin synthesis. In prior work from our lab and others, we have identified a core set of genes that are
likely to be required for proper melanin synthesis. We will systematically knock these genes out in a pooled
CRISPR approach. The pool of cells will then be subject to single-cell RNA sequencing in order to infer
phenotype state of the cell after knockout. This Perturb-seq approach will also be coupled with direct
measurement of pigmentation by quantifying melanin levels. The goal of the rotation is to identify a list of
validated genes which interfere with melanin production. These genes will then form the basis of the
subsequent D.Phil project. We will interrogate how each of these genes affects the cell’s response to sunlight,
ranging from UV to visible to infrared wavelengths. This will be done both in vitro and in vivo using zebrafish.
By the end of the roation, the student is expected to have core competencies in CRISPR methodologies,
Perturb-seq, and melanocyte biology.

Ideal student background
Genetics, biochemistry, material science, engineering, physics.

References:

Weiss JM, Hunter MV, Tagore M, Ma Y, Misale S, Simon-Vermot T, Campbell NR, Newell F, Wilmott JS, Johansson
PA, Thompson JF, Long GV, Pearson JV, Mann GJ, Scolyer RA, Waddell N, Montal ED, Huang T, Jonsson P,
Donoghue MTA, Harris CC, Taylor BS, Ariyan CE, Solit DB, Wolchok JD, Merghoub T, Rosen N, Lezcano-Lopez C,
Hayward NK, White RM (2021). Anatomic position determines oncogenic specificity in melanoma. Nature. 2022
Apr;604(7905):354-361

Baggiolini A*, Callahan SJ*, Montal E, Weiss JM, Trieu T, Tagore MM, Tischfield SE, Walsh RM, Suresh S, Fan Y,
Campbell NR, Perlee SC, Saurat N, Hunter MV, Simon-Vermot T, Huang TH, Ma Y, Hollmann T, Tickoo SK, Taylor
BS, Khurana E, Koche RP, Studer L*, White RM*. “co-authors, *co-corresponding authors. Developmental
chromatin programs determine oncogenic competence in melanoma. Science 2021 Sep 3;373(6559):eabc1048.
Campbell NR, Rao A, Hunter MV, Sznurkowska MK, Briker L, Zhang M, Baron M, Heilman S, Deforet M, Kenny C,
Ferretti LP, Huang TH, Perlee SC, Garg M, Nsengimana J, Saini M, Montal E, Tagore M, Newton-Bishop J,
Middleton MR, Corrie P, Adams DJ, Rabbie R, Aceto N, Levesque MP, Cornell RA, Yanai |, Xavier JB*, White RM*.
*co-corresponding authors. Cell state diversity promotes metastasis through heterotypic cluster formation in
melanoma. Developmental Cell, 2021 Sep 13:51534-5807(21)00677-8

Hunter MV*, Moncada R*, Weiss JM, Yanai I*, White RM*,*co-authors, *co-corresponding authors. Spatial
transcriptomics reveals the architecture of the tumor/microenvironment interface. Nature Communications,
2021 Nov 1;12(1):6278

Perlee S, Ma Y, Hunter MV, Swanson JB, Ming Z, Xia J, Lionnet T, McGrail M, White RM. Identifying in vivo genetic
dependencies of melanocyte and melanoma development. eLife, in revision 2025. Available at:
https://www.biorxiv.org/content/10.1101/2024.03.22.586101v3

Zhang YM, Zimmer MA, Guardia T, Callahan SJ, Mondal C, Di Martino J, Takagi T, Fennell M, Garippa R, Campbell
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46. Targeting the local and systemic mechanisms of immune
suppression driven by liver metastases — Professor David Withers

Primary Supervisor: David Withers
Additional Supervisors: Ellie Barnes
Eligibility: Track 3 are eligible to apply for this project

Abstract of the project

Despite the improvement in cancer treatment achieved through immune checkpoint blockade (ICB), durable
curative responses are realised in only a small minority of patients with certain cancers?3. This is best evidenced
in colorectal cancer (CRC), where only the small subset of patients with deficient mismatch repair disease
receives real benefit from treatment with ICB, particularly if given prior to surgery®. CRC is the 3™ most common
cancer worldwide and frequently caught late. For late-stage disease, five-year survival figures remain awful
(~10%). A fundamental challenge in treating late-stage CRC is the high prevalence of liver metastases, which
strongly associate with poor response to treatment and survival. Even in typically ICB-responsive cancers such
as melanoma or non-small cell lung cancer, the outcomes for patients with liver metastases are significantly
worse>”’. Thus, liver metastases present a key barrier to treating many cancer patients with ICB and the critical
obstacle for treating late-stage CRC. Of note, treatment failure is not limited to progression of the liver disease,
but systemic progression. Understanding why and how liver metastases impede both the local and systemic anti-
tumour response is vital to support the design of better treatments combinations for CRC, but highly relevant
for late-stage disease in other cancer types.

Dissecting the mechanisms underlying the suppressive effect of liver metastases on systemic anti-tumour
immunity. requires complex in vivo models. Utilising dual implantation of tumour cells intrahepatically and
intradermally, we and others®® have observed that tumour growth within the liver impairs tumour control at
the intradermal site (Fig.1). Impaired systemic anti-tumour immunity has been attributed to the loss of antigen-
specific CD8 T cells, due to tumour-associated macrophage populations within the liver®. However, this
observation was not replicated in other studies®. Rather, suppression was linked to regulatory CD4 T cells (Tregs).
Building on the pioneering photo-labelling approaches developed to assess immune
dynamics in tumours!®!2, we have observed the traffic of Tregs from liver tumours to | Figure 1. In vivo models to
intradermal tumours and their draining lymph nodes (Fig. 1), suggestive of a assess immune cell traffic
contribution of Tregs to the systemic immune suppression. from liver tumours. (A)
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Here, we hypothesise that liver metastases: a) mediate systemic immune suppression resulting in inhibiton of
the anti-tumour response within an anatomically distant tumour and b) this suppression is mediated by the
direct cellular traffic of regulatory cells from the liver to other tumour sites and their draining lymphoid tissue.

Deciphering how and why liver metastases orchestrate systemic immune suppression has the potential to
support the design of immunotherapy combinations tailored to ensure robust and enduring T cell responses.
The hepatic intratumoural Treg compartment may be a promising target to disrupt, providing a potential route
to tailored immunotherapy combinations appropriate for CRC patients with metastatic liver disease.

Research objectives and proposed outcomes
The specific research objectives for this project are as follows:

1. Characterise and compare differences in the immune compartment of different mouse models of
primary and metastatic CRC.

2. Directly assess the immune traffic between different tumours to better understand immune cell
dissemination and potential mechanisms underpinning immune suppression.

3. Test the functional role of immune cells trafficking to peripheral tissues as well as local populations in
the liver in suppressing anti-tumour immunity.

4. Develop approaches to target the identified immune suppressive mechanisms within models of hepatic
metastasis and enhance the anti-tumour immune response.

Translational potential of the project

Liver metastases represent one of the greatest barriers to the successful treatment of late-stage CRC.
Understanding of the mechanisms operating in liver metastases are of further relevance to treatment failure
across multiple other cancer types. Insight into how systemic immune suppression is orchestrated can support
more targeted immunotherapy combinations to be developed. While this is a fundamental discovery research
project, it aims to help address a critical knowledge gap and aid the development of better therapies for the
many CRC patients that currently lack any viable options.

Training opportunities

This project will provide a wealth of training opportunities and is ideal for students wishing to develop expertise
in studying immune responses to cancer utilising the most advanced in vivo models available. Systemic immune
responses, capturing interactions within and trafficking across multiple tissues, can only be fully interrogated in
vivo. Extensive training in an array of cutting-edge experimental approaches (e.g. photo-labelling, conditional
targeting of molecular interactions and fate-mapping) across multiple cancer models (intradermal, orthotopic
and mouse-tumour organoid) will be provided. Core lab skills of cell culture, transcriptomic analyses (e.g. SCRNA-
seq), flow cytometry (including spectral flow) and immunofluorescence imaging of tissue will form the backbone
of the project, further complimented by ex vivo functional experiments and bioinformatics analyses. Collectively
this will ensure comprehensive training in the core approaches required to interrogate anti-tumour responses,
with appropriate appreciation of immune cell phenotype, spatial distribution, cellular interactions and functional
relevance.

This research project benefits hugely from the combined expertise of the Withers and Barnes Labs as well as
close interactions with multiple other groups: Dr Alex Gordon-Weeks (Oncology), Dr Felipe Galvez-Cancino
(NDM-CIO) and Professor Simon Leedham (Oncology). This project complements the research focus of a CRUK
Programme Award (led by DRW) and the student will be fully integrated into the regular meetings underpinning
this research programme. The Withers Lab is highly collaborative and adopts a team science approach. In vivo
research in the Withers Lab benefits from a dedicated and highly experienced technician in the lab. The lab has
a long track record in providing a supportive environment in which post-graduate students flourish.
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Rotational Project: Do colorectal liver metastases have a distinct immune composition?

Abstract of the project

Metastatic liver disease is associated with poor outcomes for patients across multiple cancer types and
evidence from clinical trials, alongside experimental mouse models, indicates that liver metastases drive
systemic suppression of anti-tumour T cell responses, disrupting immune checkpoint blockade (ICB)
mediated therapies. The mechanisms underpinning this immune suppression remain incompletely
understood and multiple cell types and pathways have been implicated. Given the high prevalence of liver
metastases in late-stage colorectal cancer (CRC), and the failure of ICB in most CRC patients, the aim of this
project is to better understand the composition of CRC liver metastases versus primary CRC and lung
metastases. The project will utilise several cutting-edge orthotopic models of CRC including mouse tumour
organoid implantation directly into the colon, which supports natural metastasis to the liver and lung.
Tumours established in the liver of Kaede mice will also be photo-labelled to allow direct assessment of
immune cell trafficking. In vivo experiments will be assessed using a combination of spectral flow cytometry
and immunofluorescence. This will provide robust training andexperience in fundamental methods used in
cancer immunology. The project closely aligns to active ongoing research areas in the lab and the
experimental models are all established and used routinely. The working hypothesis for this project is that
CRC liver metastases have a distinct immune composition driven by recruitment and retention kinetics that
are specific to tumours in this tissue.

This project will develop understanding of the immune cell composition of the tumour microenvironment,
the cellular interactions that shapes this and experimental approaches that can be used to interrogate this
fascinating area of immunology.

Training opportunities

This 6-month project will provide comprehensive training in core cancer immunology skills. Specifically,
these include in vitro culture and maintenance of cancer cells including organoids, isolation of cells from
mouse tissues, detailed flow cytometric analyses to characterise immune cells and confocal imaging
approaches to localise immune cells and explore tissue niches. Importantly, this project will build
experience in the use of in vivo cancer models, essential for interrogating the anti-tumour immune
response in depth. Furthermore, training in how to use cutting-edge experimental approaches including
photo-labelling will be provided, building understanding of how genetically modified mouse models can be
used to interrogate immune cell behaviour and function. Given the timeframe of this project, the in vivo
experimentation will be performed by existing lab members and tissues samples brought back to the lab for
analysis. The student can expect extensive support from the post-doctoral researchers and dedicated
research assistants within the Withers Lab.

Ideal student background

The student requires basic knowledge in immunology. An enthusiasm and interest in cancer immunology is
essential. Knowledge/experience in tumour immunology is obviously advantageous. Experience in the use
of immune assays, alongside in vivo or ex vivo experiments is necessary. The student should be willing and
keen to work with mouse models of cancer to understand anti-tumour immunity.

References:

1. Hodi, F. S. et al. N. Engl. J. Med. 363, 711-723;

2. Topalian, S. L. et al. N. Engl. J. Med. 366, 2443-2454;
3. Brahmer, J. R. et al. N. Engl. J. Med. 366, 2455-2465;
4. Chalabi, M. et al. N. Engl. J. Med. 390, 1949-1958;
5. Tumeh, P. C. et al. Cancer Immunol Res 5, 417-424;
6. Pires da Silva, |. et al. Cancer 126, 86-97;
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47. Aspirin enhances cancer immunotherapy by releasing T cells from
suppression by thromboxane — Jie Yang

Primary Supervisor: Jie Yang
Additional Supervisors: David Withers
Eligibility: Tracks 3 and 4 are eligible to apply for this project

Abstract of the project

Releasing T cells from immune suppression by targeting immune checkpoints such as CTLA-4 and PD-L1 results
in effective clinical responses in some patients with cancer. However, only a minority of patients with a subset
of cancers durably respond to existing immunotherapies. Failure to durably respond is referred to as
immunotherapy resistance. While immunotherapy resistance is associated with low levels of lymphocytic
infiltration and poor neoantigen load, large residual variability in clinical responses points to additional
suppressive mechanisms limiting immunotherapy responses?. There is a need to identify and therapeutically
target distinct mechanisms of immunosuppression if we are to build upon early successes in the field of cancer
immunotherapy for the benefit of the majority of patients who presently do not respond. This proposed
research has the potential to significantly improve patient outcomes by enhancing the efficacy of existing
immunotherapies and developing new targeted approaches.

G protein-coupled receptors (GPCRs) play critical roles in cellular responses to extracellular signals. GPCRs are
important drug targets - approximately 34% of all FDA-approved drugs target GPCRs. Our recent research has
discovered a novel inhibitory pathway involving thromboxane A2 (TXAz) and its receptor —

a Ga12/13-coupled GPCR that limits T cell effector functions and anti-metastatic immunity®>*. We have found
that the arachidonic acid metabolite TXAz acts via ARHGEF1, a guanine nucleotide exchange factor to limit kinase
signalling and T cell effector functions®*. Importantly, we have demonstrated that limiting TXA: availability using
aspirin and other cyclooxygenase (COX)-1 inhibitors augments anti-metastatic immunity by limiting activation of
the ARHGEF1 pathway in T cells, opening new avenues for therapeutic interventions®*.

Research objectives and proposed outcomes

Aim 1. Can we target the TXA, pathway to enhance cancer Immunotherapy?

Rationale: We found that TXA, signalling functions within T cells to suppress anti-metastatic immunity. We will
determine how this pathway suppresses antigen-specific T cell responses to cancer and examine the therapeutic
potential of targeting the pathway in combination with existing immunotherapies.

Strategy: The student will combine cutting-edge mouse cancer models, including orthotopically-implanted
GEMM-derived organoid models, with newly-developed conditional mouse genetics tools to investigate the
earliest adaptive immune responses during cancer metastasis, when metastasising cells, deprived of their
immunosuppressive microenvironment, are most vulnerable to immune attack. The student will measure the
impact of COX-1 inhibitors including aspirin alone or in combination with existing immunotherapies on various
preclinical mouse cancer models, including colorectal and melanoma cancers, and analyse both the magnitude
and phenotype of antigen-specific T cell responses within the tumour microenvironment. In addition, the
student will explore whether the genetic ablation or pharmacological inhibitors targeting the TXA; pathway can
augment adoptive T cell immunotherapy and CAR-T cell treatments for both metastasis and solid tumours. High-
dimensional flow cytometry using marker panels established within the laboratory will be used to examine the
differentiation state of bulk and antigen-specific CD8* T cell responses at high resolution using Cytek Aurora
spectral analyser. This research will be employing single-cell RNA sequencing (scRNA-Seq) coupled with TCR-
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sequencing to dissect polyclonal T cell responses, focusing on the transcriptional profiles, clonal diversity, and
functional states of T cells in response to tumour antigens.

Aim 2. What are the molecular mechanisms by which TXA, suppresses T cell signalling and function?
Rationale: our recent work has revealed a complex signalling network through which TXA: suppresses T cell
activation and effector function, highlighting the pleiotropic effects of TXA2 on kinase pathway activation
downstream of TCR signalling in T cells®. However, the full extent of this signalling network and its implications
for T cell function in various disease contexts remain to be elucidated.

Strategy: The student will use cutting-edge phosphoproteomic and transcriptomic techniques and CRISPR-
based mutagenesis to comprehensively map how TXA, controls T cell signalling and effector function in both
mice and humans. These analyses will reveal novel insights into pathway regulation and identify potential
therapeutic targets. The student will compare the pathway's operation in mouse and human T cells, identifying
conserved and divergent mechanisms. Together, the student will use bioinformatics approaches to integrate the
phosphoproteomic, transcriptomic, and functional data, creating a comprehensive model of TXA; signalling in T
cells. This computational analysis could reveal novel insights into the pathway's regulation and function,
potentially identifying new therapeutic targets.

Translational potential of the project

This research has promising translational potential with strong relevance to cancer patient care. Targeting the
TXA;, pathway using readily available COX-1 inhibitors, including aspirin as adjuvant immunotherapy, offers clear
potential for enhancing immune checkpoint blockade efficacy. The availability of these widely-used, low-cost
and accessible drugs enables rapid clinical translation, potentially transforming outcomes for the majority of
advanced cancer patients who currently do not respond to immunotherapy. This fundamental research
addresses a critical knowledge gap by identifying how TXA, suppresses T cell function in the tumour
microenvironment. The pathway's involvement across multiple cancer types, combined with the wide
availability of aspirin, positions this work to have immediate and widespread clinical impact, particularly valuable
in resource-limited settings where expensive targeted therapies are not accessible.

This research is particularly timely and relevant to the aspirin and cancer field, as there are ongoing attempts to
bring about changes to medical practice with new randomised controlled trials showing efficacy of low-dose
aspirin in primary Lynch syndrome colorectal cancer prevention (CaPP3) and recurrence (ALASSCA)®, alongside
the ongoing Add-Aspirin trial (https://www.addaspirintrial.org/). In addition, this research aligns closely with

current Oxford cancer prevention efforts such as the LynchVax programme. Our work on TXA,-mediated T cell
suppression could significantly enhance vaccine efficacy by removing immunosuppressive brakes on T cell
responses. By combining aspirin treatment with cancer vaccines like LynchVax, we could potentially create
synergistic prevention strategies where aspirin enhances T cell function while vaccines provide targeted antigen
recognition.

Training opportunities

This project will provide excellent training opportunities for students who are passionate about cancer
immunotherapy research. Students will gain expertise in mouse primary and metastatic tumour models, and
advanced cellular and molecular immunology techniques including single-cell RNA-seq, spectral flow cytometry,
CRISPR-based mutagenesis and mass spectrometry. Computational biology training will enable integration of
phosphoproteomic, transcriptomic, and functional datasets using advanced bioinformatics approaches.
Students will benefit from Oxford's highly collaborative environment with access to both the Department of
Oncology and the Center for Immuno-Oncology (CIO). This unique opportunity provides exceptional exposure
to cutting-edge immuno-oncology research spanning fundamental immunology to clinical translation with
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opportunities for professional development through conference presentations and high-impact publications,
preparing them for leadership positions in academic research.

Rotational project: Releasing T cell immunity by subverting TXAz2-mediated suppression

Abstract of the project

The immune system can recognise and kill cancer cells but its function is suppressed within tumours
preventing rejection of disease. Releasing T cells from immune suppression by targeting immune checkpoints
results in effective clinical responses in some patients with cancer. However, only a minority of patients
durably respond to existing immunotherapies.

Our recent work has discovered a novel inhibitory pathway within T cells that limits T cell function and anti-
metastatic immunity (Yang et al., Nature 2025). We found that the arachidonic acid metabolite thromboxane
A2 (TXA:) acts via ARHGEF1 to limit T cell function by suppressing kinase signalling. Specifically, TXAz-
ARHGEF1 signalling inhibits TCR-driven phosphorylation of PI3K and ERK, critical for T cell activation and
proliferation. Genetic validation of this pathway is essential to confirm therapeutic targets and establish tools
for the main DPhil project.

This rotation project will use CRISPR-Cas9 technology to dissect the TXA,-ARHGEF1 pathway in primary T
cells. The student will generate knockout T cells using established retroviral transduction protocols.
Comprehensive phenotypic characterisation will include high-dimensional flow cytometric analysis of
activation and exhaustion markers, functional assays measuring proliferation and cytotoxicity against tumour
cells. In addtion, this rotation will establish protocols for adoptive T cell transfer experiments planned for the
main project. The student will optimise T cell expansion maintaining knockout efficiency and develop tracking
systems using congenic markers. These genetically modified T cells will serve as both mechanistic probes and
potential therapeutic agents, providing the foundation for

Training opportunities

The project offers extensive training opportunities in CRISPR-based gene editing, T cell biology, molecular
immunology, and functional analysis. Through hands-on experience in genetic engineering, primary cell
culture, flow cytometry, and signal transduction assays, students will develop essential skills in experimental
design, data interpretation,literature review, and scientific writing.

Ideal student background

The student requires basic knowledge in immunology. An enthusiasm and interest in cancer immunology is
essential. Knowledge and experience in tumour immunology is obviously advantageous. Experience in the
use of immune assays, alongside in vivo or ex vivo experiments is desirable. The student should be willing to
work with mouse models of cancer. Some prior bioinformatics experience or willingness to learn
bioinformatics is important.

References:

1 Hugo, W. et al. Genomic and Transcriptomic Features of Response to Anti-PD-1 Therapy in Metastatic
Melanoma. Cell 165, 35-44 (2016).
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48. ONCO-HEART: Multi-modal dynamic graph models for early cancer
detection in cardiovascular disease patients — Tingting Zhu

Primary Supervisor: Tingting Zhu
Additional Supervisors: Munib Mesinovic, Pradeep S. Virder, Brian D. Nicholson
Eligibility: Track 3 and 4 are eligible to apply for this project

Abstract of the project

Cardiovascular disease (CVD) and cancer are two of the leading causes of death globally, with CVD accounting
for 19 million deaths and cancer for nearly 10 million deaths worldwide in 2020 [3]. Recent research has
established a bidirectional relationship between these conditions, with CVD patients showing increased cancer
risk and vice versa [4,5]. Despite this established connection, current clinical practice lacks effective tools for
early cancer detection specifically tailored for CVD patients. While numerous cancer risk prediction models exist
for the general population [6], there is a critical gap in personalised cancer screening approaches for individuals
with existing CVD. This research aims to address this gap by developing and validating a novel multi-modal
dynamic graph machine learning model for early cancer detection in CVD patients. Our approach leverages the
power of graph neural networks to capture complex temporal relationships between multiple data modalities,
including clinical parameters, laboratory results, and electronic health records (EHRs). The model incorporates
competing risk analysis to account for the reality that CVD patients face multiple competing health outcomes.
Most importantly, our approach prioritises explainability, ensuring that clinicians can interpret predictions to
inform treatment decisions and patient counselling.

Research objectives and proposed outcomes

Background: Currently, cancer screening in CVD patients follows the same protocols as the general population,
despite evidence that CVD patients have distinct risk profiles and competing health priorities. Research has
demonstrated that patients with CVD have significantly higher cancer incidence ratios compared to the general
population [5], with inflammation and oxidative stress identified as potential unifying mechanisms [4]. Existing
cancer risk prediction tools, however, fail to account for the unique characteristics and competing risks present
in CVD populations. Traditional statistical approaches to cancer risk prediction in CVD patients have shown
promise but significant limitations [1]. More importantly, existing models fail to capture the dynamic, multi-
modal nature of health data and the complex temporal relationships that characterise the CVD-cancer
continuum. Machine learning (ML) approaches have demonstrated superior performance in related applications
[7]. However, the reverse application, predicting cancer in CVD patients, remains critically understudied, with
only two published studies addressing this important clinical need [1,2].

Aim: To develop and validate explainable multi-modal dynamic graph models for early cancer detection in
patients with cardiovascular disease, with a focus on competing risk prediction and clinical interpretability.

Objectives: There are four main objectives:

1) Develop multi-modal dynamic graph networks for CVD-cancer risk modelling — The candidate will construct

graph architectures that integrate multiple data modalities, including clinical observations. laboratorv values.
medication histories, and potentially sparse temporal patterns from EHRs. The dynamic nat Return to Projects list
will capture the evolving states of patients and their disease trajectories over time. This

previous work on early dynamic graph modelling for multivariate time-series from the intensive care [Y].

2) Implement competing risk analysis within graph neural network frameworks — Recognition that CVD patients
face multiple competing health outcomes, the candidate will expand the graph-based modelling to account for
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competing risks that simultaneously predicts cancer occurrence while accounting for cardiovascular events and
mortality from other causes.

3) Ensure model explainability and clinical interpretability — The candidate will implement state-of-the-art
explainable artificial intelligence (Al) techniques specifically adapted for graph neural networks [8], including
graph attention mechanisms. These techniques will identify key biomarkers, clinical parameters, and temporal
patterns driving cancer risk predictions, offering explainability to clinicians and patients.

4) Validate models across diverse CVD populations and cancer types — The candidate will conduct comprehensive
validation studies across different CVD subtypes (such as ischemic heart disease, heart failure, atrial fibrillation)
and cancer types (such as lung, colorectal, breast, prostate). External validation will be performed using
independent datasets to ensure generalisability.

Data

Data from ~30 million patients from the Clinical Practice Research Datalink (CPRD) primary care database is
available to develop the models. It includes information on patient characteristics, blood tests, symptoms,
medications, cancer diagnosis, and other variables over 2000-2019. It is linked to the National Cancer
Registration and Analysis Service, Hospital Episode Statistics databases, and Office of National Registration death
database. Other data sources include UK Biobank (500,000+ participants).

Outcomes: The primary outcome will be validated, explainable, multi-modal, dynamic graph models for cancer
risk prediction in CVD patients, with comparison to existing statistical approaches. Secondary outcomes include
the development of personalised screening recommendations, and creation of clinical decision support tools.
This project will support cross disciplinary collaborations between primary care and engineering, bring together
experts in big data, machine learning, oncology and qualitative research.

Translational potential of the project

This project represents a paradigm shift toward personalised, Al-enabled cancer screening for CVD patients.
Current clinical guidelines provide limited advice on cancer screening modifications for CVD patients, our models
will directly address this clinical need by providing personalised cancer risk assessments that account for
individual CVD characteristics, competing risks, and temporal disease evolution. Our competing risk framework
ensures that predictions are clinically realistic, avoiding over-screening in patients with limited life expectancy
while identifying high-risk individuals who would benefit from enhanced surveillance. The explainable nature of
our models allows clinicians to understand why specific patients are flagged as high-risk, enabling informed
discussions about screening benefits and risks. This transparency builds trust and supports shared decision-
making between patients and clinicians. Economic implications can be significant, as targeted screening based
on personalised risk assessment can reduce unnecessary procedures while ensuring high-risk patients receive
appropriate surveillance.

Training opportunities

Throughout this DPhil, skills and experience will be developed in conducting independent research, working with
routinely collected linked EHR data, patient and public involvement, statistical analysis, deep learning
techniques, general skill development, and more. Attendance and presentation of findings at scientific
conferences will also be encouraged. The candidate will be offered a comprehensive training programme and
encouraged to attend relevant courses. There will be the unique opportunity to be trained in use of CPRD (the
one of largest primary care databases in the UK linked to cancer, mortality and hospital records) and qualitative
methodology expertise of both the Department of Engineering Science and the Department of Primary Care
Health Sciences. The candidate will be supervised by multidisciplinary team and will be trained to become a
leader in the intersection of Al, data science, and cancer research.

Rotational Project: Early cancer detection

Abstract of the project

Cancer Big Data, Early Cancer Detection

This project will use twenty years of routinely collected patient data from 30 million patients to develop and
test graph artificial intelligence models incorporating subtle attention mechanism among electronic health
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records and patients for early detection of cancer. The national databases include the CPRD, National Cancer
Registration and Analysis Service, Hospital Episode Statistics, and Office of National Registration death data.
We will primarily focus on CVD subtypes such as ischemic heart disease, heart failure, atrial fibrillation, and
cancer types such as lung, colorectal, breast, prostate. By increasing cancer yield, this project will contribute
to the NHS England’s long-term plan to detect a greater percentage of early-stage cancers within 10 ten
years.

Training opportunities

Throughout this DPhil, skills and experience will be developed in conducting independent research, working
with routinely collected linked EHR data, patient and public involvement, statistical analysis, deep learning
techniques, general skill development, and more. Attendance and presentation of findings at scientific
conferences will also be encouraged. The candidate will be offered a comprehensive training programme and
encouraged to attend relevant courses. There will be the unique opportunity to be trained in use of CPRD
(the one of largest primary care databases in the UK linked to cancer, mortality and hospital records) and
qualitative methodology expertise of both the Department of Engineering Science and the Department of
Primary Care Health Sciences. The candidate will be supervised by multidisciplinary team and will be trained
to become a leader in the intersection of Al, data science, and cancer research.

Ideal student background

The doctoral candidate shall have a background in machine learning, biomedical informatics, health data
science, epidemiology, computational biology, or a related discipline is required. Prior experience in handling
large healthcare datasets, electronic health records, or similar medical databases is highly desirable. The
candidate should possess a keen interest in cancer research, particularly in early cancer detection, and have
a passion for translating data-driven solutions into clinical settings. Strong communication and collaboration
skills are essential, as the project involves an interdisciplinary team. The candidate should be interested in
leveraging cutting-edge techniques and innovative approaches to advance cancer diagnosis.
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