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MRes project outline:

CD8+ T cells are a critical component of the anti-tumour immune response. Tumour-infiltrating
lymphocytes have been found to include not only T cells with high affinity for tumour antigens,
but also many with low or no tumour reactivity. How low-affinity T cells contribute to the anti-
tumour immune response and whether they can be therapeutically leveraged remain important
guestions in cancer immunology.

In naive CD8+ T cells, previous work has demonstrated that strongly stimulated cells can
enhance the activation of nearby weakly stimulated cells through cytokine secretion. Effector
cells also secrete and respond to cytokines and chemokines, but it is unclear whether similar
synergistic behaviour occurs as they exert their cytolytic effector functions to kill tumour cells.
This project will test for the presence and nature of synergistic behaviour between high- and
reduced-affinity effector CD8+ T cells responding to tumour cells in vitro.

Aims:

1. Determine whether co-culture with high-affinity effector CD8+ T cells affects tumour cell killing
or cytokine secretion by reduced-affinity T cells.

2. Test whether co-culture with high-affinity effector CD8+ T cells alters migration toward and
tumour infiltration by reduced-affinity T cells.

3. Identify and test putative molecular mediators by which effector CD8+ T cells of different
affinities interact.

This project will address whether and how high- and reduced-affinity tumour-reactive effector
CD8+ T cells interact in a minimal in vitro setting. This will lay the groundwork for future
experiments testing the activity of reduced-affinity tumour-infiltrating T cells in a more
physiological context, allowing further study of the interplay with the tumour microenvironment
and relationship to T cell exhaustion.

MRes experimental plan:
Experiments in this project will leverage TCR-transgenic effector CD8+ T cells with different

affinities for a known antigen to test for cooperative behaviour between T cell populations in an in
vitro setting. Specifically, tumour cell killing, cytokine secretion, infiltration among tumour cells,
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and attraction/activation of other T cells will be examined. Techniques will include tissue culture,
flow cytometry, and live imaging assays for cytolytic activity, infiltration, and chemotaxis.

If synergy is observed, we will leverage complementary genomic data generated for other
projects in the lab, in combination with the literature, to identify putative mechanisms of
communication between T cell populations. This will provide opportunities for training in
bioinformatic data analysis. Specific pathways may then be tested by chemical, biological or
genetic perturbation using the techniques listed above if time permits.

PhD project outline:

Therapeutic introduction of expanded or engineered T cells with high affinity receptors for tumour
antigens can both directly combat cancer cells and also alter the endogenous anti-cancer
response. Mechanisms of the latter are incompletely understood but involve both direct effects
on other immune cells and indirect effects via the tumour microenvironment.

This PhD project will build upon its precursor MRes project, which looks for synergistic behaviour
between CD8+ T cell with high and reduced affinities for tumour antigens in an in vitro model
system. Based on the MRes project results, the PhD project will take two complementary
directions: 1) examining the precise nature of communication between CD8+ T cells of differing
affinities in vitro; 2) using in vivo models to understand how any synergistic behaviours play out
in a physiological context.

Aims:

1. Test putative mechanisms of communication between high- and reduced-affinity CD8+ T cells
identified during the MRes project through genetic, chemical or biological perturbation.

2. Determine how the introduction of exogenous tumour reactive CD8+ T cells impacts other T
cell activities and phenotypes and the tumour microenvironment.

This project will investigate direct and indirect T cell communication in a tumour setting and
examine how this communication impacts T cell phenotypes and anti-tumour function. Results
have the potential to reveal means of mimicking beneficial effects of communication in a non-
cellular manner.

PhD experimental plan:

This project will use in vitro and in vivo experiments to test mechanisms of direct and
microenvironment-mediated interaction between tumour-specific T cells. In vitro assays of
phenotype and function will examine tumour cell killing, cytokine secretion, infiltration among
tumour cells, and attraction/activation of other T cells. Putative mediators of synergy between T
cells with high and reduced tumour antigen affinity will be tested by antibody- or drug-based
blocking experiments in the first instance, followed by genetic perturbation where appropriate.
Established in vitro mechanisms may also be tested for in vivo effects where feasible.

Parallel in vivo mouse work using adoptive transfer of TCR transgenic CD8+ T cells with high
and reduced affinity to a known tumour antigen will be used to test how these tumour-specific
cells impact the phenotypes and functions of other tumour infiltrating lymphocytes and the
tumour microenvironment. These experiments will take advantage of high-dimensional flow
cytometry and imaging platforms, as well as transcriptomic profiling of sorted responding T cell
populations. Training in bioinformatics and statistical analyses will be provided to take full
advantage of these data. Putative mediators of T cell interactions with each other or the
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microenvironment may be tested by antibody-mediated blockade, CRISPR-Cas9 deletion in
adoptively transferred cells, or genetic knock-out models. If adoptively transferred T cells are
found to improve anti-tumour responses by other responding T cells, we will test whether this can
be recapitulated by direct administration of putative mediators without cellular transfer.

Main techniques:

* Tissue culture and in vitro assays of cytotoxic activity, cytokine secretion, chemotaxis, and
infiltration

* In vivo experiments with mouse tumour models engineered to express specific known antigenic
ligands (in collaboration with the de la Roche lab, CRUK-CI)

* Flow cytometry, including spectral

* Microscopy, including confocal and potentially MACSima

* RNA-seq

* Bioinformatic analysis of high-dimensional data
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