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TRACC+ MB-PhD Programme Project Pro Forma

TRACC+ (to Train and Retain Academic Cancer Clinicians Plus) is a joint Glasgow/Edinburgh programme funded by Cancer Research UK. The MB-PhD strand of the programme is an opportunity for medical students from either University to undertake a 3-year PhD after their BSc year in any discipline relevant to cancer research. Students are provided with close mentoring and support to find the project that best fits their interests across Edinburgh and Glasgow.

Your MB-PhD project proposal should be suitable for a 2nd or 3rd year medical student undertaking a 3-year intercalated PhD (having previous completed a 1-year intercalated BSc).
 
Project title: 
Identifying germline encoded melanoma antigens to develop cancer vaccination approaches.

Supervisory team: 
Please consider including supervisors from the other centre where there is a good fit
Ed Roberts (Gla)
Pavlina Spiliopoulou (Gla)
Elizabeth Patton (Ed)
Valeria Pavet (Gla)
Jyoti Choudhury (ICR, London)
Amauri Da Silva Justo Junior (Gla – day to day supervisor)

Lab websites:
https://www.beatson.gla.ac.uk/ed-roberts

https://www.ed.ac.uk/mrc-human-genetics-unit/research/patton-group

Research question:

There is evidence that non-mutated proteins can be used as targets for vaccines in cancer , however, these have been identified using transcriptional profiling of cells and identification of cancer specific transcription of fetal/germ cell proteins, such as NY-ESO or MAGE-A3. Asides from these antigens, there are numerous post-transcriptional modifications in cancer cells which can produce additional cancer proteins representing specific targets for T cells; indeed Professor Choudhury (ICR) has shown the existence of this kind of novel antigens in hepatocellular carcinoma cell lines. These non-mutated proteins are likely important targets for the immune system specifically in cancers like  melanoma where clinical trials have shown that high tumour mutational burden is not linked to superior responses to immunotherapy. . Vaccines against such targets could represent attractive candidates for therapeutic vaccination to reduce recurrence.

These non-mutated proteins may also underlie the process of immunosurveillance where the immune system prevents the development of early tumours. It has been shown that there is a reduced risk of melanoma in patients who previously received the BCG or vaccinia vaccines. Both of these represent live attenuated vaccines that induce similar transcriptional and post-transcriptional changes in cells as occur during transformation. It is possible that these changes occurring in the context of infection generate memory T cells which subsequently carry out immunosurveillance. Indeed there is some limited experimental evidence in mice that T cells generated against viral infection may protect against cancer. Characterising these conserved changes in self proteins which represent tumour associated antigens would provide feasible candidates for prophylactic vaccines to boost immunosurveillance and reduce cancer incidence.

Using immunopeptidomics from both mouse models and patient derived material we will investigate how the landscape of peptides presented to T cells changes in melanoma. We will subsequently identify candidate antigens and screen for T cell responses against them using ELISpot analysis. In mice we will be able to select candidate antigens and generate vaccines to test whether these can reduce the incidence of melanoma in cutting edge genetically engineered mouse models. In patients it will also be possible to investigate whether these T cell responses are more abundant in patients who previously received the BCG vaccination and correlate their presence with therapeutic outcomes.

Thus, the aims of this project are:

Aim 1 – Determine whether un-mutated proteins change in conserved ways during tumour evolution
Aim 2 – Design and test the efficacy of vaccines against un-mutated antigens in preclinical models 
[bookmark: _GoBack]Aim 3 – Establish if T cell responses to un-mutated antigens predict therapeutic responses in patients

This is a large project with multiple angles, there is scope to shape the project towards a more patient or mouse focused project depending on interest. 

Relevance to Cancer: 	

After the success in blocking the key immunosuppression pathways in cancer (immune checkpoint receptors), immune-oncology research suggest that the focus needs to be shifted towards another step of the cancer-immunity cycle: antigen presentation. Generating a set of conserved antigens expressed across melanomas would allow the future generation of vaccination approaches which could help prevent recurrence in patients post initial treatment. These could also form the basis of a prophylactic vaccination strategy. 

Furthermore, if the prophylactic vaccination strategy were to be feasible it would be a step towards equity in cancer therapy due to the relatively low cost of vaccines compared to other immunotherapy approaches.

Techniques/model systems to be used: 	

Genetically engineered mouse models of melanoma
Patient derived material and cell lines
Immunopeptidomics
ELISpot
T cell and immune assays
Molecular biology (vaccine generation)

Papers of interest:

The dawn of vaccines for cancer prevention
O Finn Nat Rev Immunol 2018

Multifactorial Remodeling of the Cancer Immunopeptidome by IFNγ
A  Newey et al. Cancer Res Commun. 2023

Impact of vaccinations and infectious diseases on the risk of melanoma – evaluation of an EORTC case-control study
B Krone et al. European Journal of Cancer 2003 

Chong, C., Coukos, G. & Bassani-Sternberg, M. Identification of tumor antigens with immunopeptidomics. Nat Biotechnol 40, 175–188 (2022). https://doi.org/10.1038/s41587-021-01038-8

Sahin, U., et al. (2020). "An RNA vaccine drives immunity in checkpoint-inhibitor-treated melanoma." Nature 585(7823): 107-112.
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