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Fluorescent nanoparticle arrays for label-free monitoring of immunotherapy for
bladder cancer
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Research Summary

The biological response to cancer therapy is extremely varied and complex. As a result, designing
tools which monitor perturbations of specific proteins or nucleic acids in liquid biopsies can be
challenging and often lead to low specificities and/or sensitivities. This means that expensive,
low- throughput imaging techniques (e.g., MRI, CT or PET/CT) or invasive biopsies are the
preferred way to monitor therapy progress. These scans are limited in resolution and will typically
detect macroscopic and not microscopic changes in tumour growth. As a result, it is challenging
to understand whether a therapy is effective in a timely, accurate manner.

Patients with metastatic urothelial (bladder) cancer have a one-year survival rate of 33%." Recent
trials have shown that treatment with Atezolizumab, an anti PD-L1 immunotherapy drug, can
improve the survival of patients with this aggressive cancer.? However, most patients still
experience early progression post-therapy. This has led to research into a combinatorial approach
in which radiotherapy is included into the treatment plan.® However, for the reasons discussed
above, in practice it is very difficult to know how a patient is responding to the therapy in a timely
fashion. Therefore, there is an unmet clinical need for a way in which to monitor systemic therapy
so that the treatment plans can be changed as soon as possible.

The aim of this proposal is to devise a new way in which to monitor a therapy response in a timely
and less-invasive manner, from liquid biopsies. This new technology would not be based on the
typical specific biomolecule detection (such as PCR, ELISA etc.) but would be a system which
would generate a unique ‘fingerprint’ in response to a patient’s sample. An analogy would be the
way in which our smell receptors do not recognise molecules specifically but generate a unique
signal which we can recognise with excellent accuracy. Our sensor will consist of an array of wells
containing novel green-fluorescent polymer nanoparticles (NPs) developed in the Stevens group.*
In each well, the nanoparticles contained will have a unique surface coating which, when a patient
sample is added, will respond differently depending on the biomolecules contained in the biofluid
— and as a result generate a unique fluorescent signal. The working principle of the array is that
small changes of the distance between the green NP and red dye will lead to drastic changes in
the bulk fluorescent signal, due to the Forster resonance energy transfer (FRET) phenomenon.
Therefore, when a patient sample is added to the array, the contained biomolecules will form a
corona around each NP. This will perturb in the dye-NP distance and result in a unique fluorescent
signal from each well depending on the linker used. By combining the fluorescent data from each
well, a ‘picture’ of the biomolecular make-up of the patient sample can be generated.

The student will initially test the array with solutions spiked with a dilution series of pure proteins.
This will assess the capability of using the array to distinguish between different proteins at their
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respective concentrations. The system will then be tested in vitro with the supernatant taken from
bladder cancer cell lines (such as HT-1197, T24, and TCCSUP) which have been incubated with
and without relevant drug(s). This will determine whether the system has the capability to
distinguish a cell response in a complex environment. In this case, multivariate analysis will be
used to determine which combination of wells in the array can be used to distinguish between
treated and non-treated cells, with a high specificity. This type of cell work is well understood in
the Wilkins group and the data analysis is a familiar tool used in the Stevens group.>®

The findings from the in vitro study will then be used to inform the design of an array for use with
patient samples. Blood samples (procured via the Wilkins group) will be used from patients with
metastatic urothelial cancer, who were undergoing systemic therapy and where the outcome of
that therapy is known (i.e., if early progression occurred). This will showcase the ability of the
array to distinguish between patients who were responding to a therapy to those that were not.
This new tool could revolutionise the way in which systemic therapy for urothelial cancer is
monitored as it would allow for regular samples to be taken and analysed on site (or at a diagnostic
centre). Timely and regular feedback on the efficacy of the therapy would then be used to guide
the patient’s treatment, ultimately leading to better patient outcomes.

Project timeline

e Year 1-2: Particle synthesis, polymer synthesis, polymer surface screening

¢ Year 3: NP screening with known protein solutions and cell lysate. Learnings to feedback
to further particle synthesis. Design and fabricate suitable array for patient samples

e Year 4: Patient sample screening using array. Small sample size used first to influence
any redesigns. Repeat with larger patient sample size.

The first half of the PhD will be mostly spent at Imperial College. Whilst working with the Stevens
group, the student will learn how to synthesise and characterise polymers and nanoparticles. The
student will learn skills in organic synthesis, nanoparticle fabrication, bioorthogonal click
chemistry, NMR spectroscopy and more. As the student progresses and begins to get data from
the array, they will learn high-level statistical analysis (principal component analysis, linear
discriminant analysis) as well as machine learning tools. Through the latter half of the PhD, when
it is time to move to complex fluids (cancer cells and patient samples), the student will work closely
with the Wilkins group to learn cell culture, characterisation and human sample handling. The
student will also get extensive experience performing systemic therapy in vitro. The group has
extensive experience in profiling of a range of human samples including tumour tissue, blood and
urine. In addition, in vivo and in vitro bladder cancer systems have been established.
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Person specification

This project is suitable for a talented graduate or undergraduate student with life sciences, or
chemistry background. The standard minimum entry requirement is a relevant undergraduate
honours degree (First or 2:1). We particularly welcome British applicants from Black and ethnic
minority backgrounds, as they are underrepresented at PhD level within Imperial College and The
Institute of Cancer Research.

The studentship will be registered at the Institute of Cancer Research with affiliate status at
Imperial College London. The student will have access to both institutions and benefit from the
world class research infrastructure and expertise across the two institutions. The student will
become a member of the CRUK Convergence Science Centre PhD cohort which is a unique
group of students working across distinct disciplines to tackle the big problems in cancer. A unique
convergence science training programme will provide the skills and language to navigate different
disciplines.

Funding and duration

Studentships will be for four years commencing in October 2023. Successful candidates will
undertake a four-year research training programme under the guidance of the supervisory team.
Students will receive an annual stipend, currently £23,000 per annum and project costs paid for
the four-year duration. Convergence Science PhDs cover tuition fees for UK students only.
Funding for overseas fees is not provided, international students are invited to apply subject to
outlining how they will meet the difference in tuition fees.



