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Introduction

[bookmark: _Hlk42764162]The University of Bristol Cancer Research Fund (UCRF) supports early stage research at the University across a broad range of cancers. These first steps are critical to develop any research ideas, as without the evidence gathered at this early stage it is impossible to attract additional funding for larger and more ambitious studies. Importantly, your generosity helps start truly innovative projects and exciting new collaborations across different disciplines at the University of Bristol, all working towards the prevention and treatment of cancer. Funding comes entirely from donations from the public, ranging from individual donations to charity fundraising events.

This report details five research projects funded by your generous donations to the UCRF, with a total investment of £24,701. These reflect the range of ground-breaking research taking place at the University and include projects looking at how our immune system interacts with cancer cells and identifying novel mechanisms that can be exploited to kill melanoma cells. Furthermore, funding from the UBCRF has been used to fund a highly innovative project, supporting completely new collaborations involving 5 disciplines - Mathematics, Robotics, Biochemistry, Cellular and Molecular Medicine and Life Sciences. The aim is to develop an entirely new approach to study how tumours grow. Further details of the projects supported in 2019/2020 are included in this report.

I just wanted to add that (as for all of us) the current pandemic has been hugely disruptive; affecting both our ability to do research and the availability of research funding. However, as the laboratories begin to open again, the support of the UCRF is proving invaluable to our researchers. For this reason, we have extended the time in which the current awards can be spent as well as putting out a new call for Cancer Research applications. This fund continues to be hugely influential in supporting early career researchers and large grant applications and I would like to thank you once again, for your generosity in supporting Cancer Research at Bristol. 
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Prof Ann Williams: Chair for the UCRF








Dr Bernadette Carol (School of Biochemistry)

Targeting the mTORC1 pathway to block melanoma

[image: ]Melanoma is a specific type of skin cancer that derives from specialised, pigment-producing cells called melanocytes. The incidence of melanoma is increasing worldwide with more than 200,000 new cases annually.  The current treatment options for melanoma are limited because the cancers can become resistant to therapy. We are working to better understand the specific mechanisms controlling melanoma growth in order to develop new treatment strategies. 

Our previous work indicates that melanoma cell growth and survival is dependent on activation of a pathway which drives synthesis of proteins, lipids and nucleotides (known as the mTORC1 pathway) aiding the growth of the cancer. Normally, in the absence of growth signals, mTORC1 is switched off and growth is reduced. However, this does not occur in melanoma cells and instead mTORC1 remains constitutively active and drives uncontrolled cell growth.  With the support of UCRF, we have now identified a number of mTORC1-related genes that are differentially expressed in melanoma cells, and could be driving the growth of the cancer cells. In the next few months, we will also begin to test our findings in vivo, in a zebrafish model of melanoma. The aim is to show that by inhibiting the mTORC1 pathway, we can slow the growth of melanoma.

We have recently secured longer-term funding from Wellcome Trust to continue work developed as part of UCRF project. Specifically, we will be studying whether dysregulation of the mTORC1 pathway prevents cellular senescence (a process which would stop cells dividing) thought to be important for the early stages of melanoma. 


Dr Sabine Hauert (School of Eng. Mathematics)

Closed-loop light-based control of cancer cell populations

[image: Sabine Hauert]Understanding the collective behaviour of tumour tissue cells is critical in both treating and preventing cancer. There are complex dynamics that exist between cancer cells of different types, such as cancer stem cells, and with cells that have different mechanical sensitivities. The interactions between these cell types induce important biological processes such as tissue reorganisation which can lead to the escape of tumour cells from the primary tumour. Furthermore, there are many questions on how spatiality and local mechanical interactions impact tumour progression, including the development of resistant cells within the tissue and whether the way the tumour cells interact with surrounding normal cells acts to restrict or amplify tumour growth. 

Using funding from the UCRF, we are developing an entirely new approach to study self-organisation of tumour tissue using a Dynamic Optical Micro-Environment (DOME) that can [image: ../../../../../../../Desktop/DOME.pn]target individual cancer cells in vitro (CANCER-DOME). This enables the projection of light patterns with high precision (individual cell resolution) across several hundreds of cancer cells. 

With the funding we have received, we have been able to bring together a highly interdisciplinary research team including researchers in Mathematics, Robotics, Biochemistry, Cellular and Molecular Medicine, Life Sciences. We have completed a first wave of models investigating how different changes to cellular stiffness cause different collective behaviour to emerge, and since the COVID-19 pandemic prevented lab work, we have been developing a more advanced model on the dynamics of epithelial sheets shown in Figure 2. 

[image: ]Having finalised the DOME design, we are now ordering all the parts to build the final CANCER-DOME, which will be used for cell experiments. We expect this will give us the necessary preliminary results to apply for large scale funding from the Engineering and Physical Sciences Research Council (EPSRC). Furthermore, we have secured a small EPSRC Impact Accelerator Award to make the CANCER-DOME available when ready to laboratories around the world. 

Figure 2: Particle-based simulator of epithelial sheets for integration with the DOME. Figure shows a simulation of 800 cells equilibrate over a confined domain. Colours represent force magnitudes on the cells, where apparent grain boundaries can be seen. 

Professor Christoph Wuelfing (School of Cellular and Molecular Medicine)

The regulation of cytotoxic T cell infiltration into tumour spheroids by adenosine and Tim3

[image: Professor Christoph Wuelfing]The immune system is the part of our body that fights off infections. It also plays a major role in cancer. T lymphocytes or T cells are white blood cells that play a crucial role in the immune system. One subset of T cells, cytotoxic T cells (CTL), have the ability to kill cancer cells. However, this ability is often impaired when CTLs enter a tumour. The academic and industrial scientific communities aim to understand how tumours suppress the ability of CTLs to kill cancer cells with the intention to develop therapies to overcome such suppression, such that the CLTs start killing cancer cells to eradicate tumours. An important challenge in such research is that tumours have a multitude of ways to suppress CTL function. Initial therapies that target one or two of these ways have often proven much more effective than existing anti-cancer therapies such as radiation or chemotherapy. However, they are only effective in some patients and cancer types. To develop more effective therapies, it is, therefore, important to understand how the multiple ways tumours use to suppress CTL function cooperate. Our proposal was to investigate two such ways, the function of an inhibitory T cell surface molecule, Tim-3, and that of a soluble inhibitory molecule, adenosine.

[image: ]To efficiently investigate elements of tumour-mediated immune suppression, we build simplified versions of tumours in a test tube. We grow tumour cells into three-dimensional groups of cells called spheroids and then add CTLs that can recognise and kill these tumour cells. These interactions between CTLs and spheroids can be readily observed by live cell imaging as they occur in the test tube. Using live cell imaging approaches with the support of the UCRF we found that Tim-3 can only inhibit CTL function in the three-dimensional context of the tumour cell spheroids. When we grew the tumour cells as flat cells sheets Tim-3 was actually stimulatory. We are now searching for causes of this surprising difference. We also found that adenosine directly interfered with the ability of CTLs to bind to tumour cells and the subsequent signals triggered in the T cells by the tumour cell contact, both key processes in tumour cell killing.

Renal carcinoma tumour cells were made to express the red fluorescent protein mCherry and grown to form spheroids embedded in an extracellular matrix. The matrix was dissolved, the spheroids mixed with tumour cell-recognising CTLs expressing a green fluorescent protein that visualises key elements of CTL cellular structure, F-tractin-GFP, and reassembled into the extracellular matrix. A representative image shows a single plane of such spheroid with tumour cells in red and F-tractin-GFP-expressing CTLs, within the spheroid and in the surrounding matrix, in green.
 


Dr Lindsay Nicholson (School of Cellular and Molecular Medicine)

A study to understand how tumour cells evade the immune system
[image: Dr Lindsay Nicholson]
Persistent inflammation causes local immune cells (called CD8 cytotoxic T lymphocytes (CTLs)) to switch on genes which allow them to respond to the infection without causing catastrophic tissue destruction (an unwanted auto-immune response). It is thought that tumours may act in a similar way to prevent the tumour cells being detected and destroyed by the immune system. By comparing gene expression in the CD8 T lymphocytes (CTLs) obtained from different sources (from inflamed vs tumour tissue for example), we hope to discover specific gene expression patterns in CTLs which allow tumours to evade the immune system. 

The project takes cells from different environments and characterises them in terms of surface expression of important cell receptors that modulate the function of T cells. It then uses deep sequencing to study differential gene expression patterns of CD8 cells generated in different diseases. 
[image: ][image: ]Prior to the University shut down, Luis Martinez Robles (a PhD student in the group) completed a SPICE (Simplified Presentation of Incredibly Complex Evaluations) analysis of data acquired from a model of kidney cancer (Fig 1). This work showed that T cells from tumours have much more extensive expression of co-inhibitory molecules than cells recovered from adjacent draining and non-draining lymph nodes.

Figure 1: Differential expression patterns from different tissues. (A) SPICE analysis of CD8 cells from tumours (RENCA mouse model) compared with draining and non-draining lymph nodes. 

Gene expression analysis has also been applied to data from CD8 cells isolated from uveitis (inflammation of the middle layer of the eyeball) and compared with cells that result from a brain infection. Comparing groups of genes that are differentially expressed in the conditions, we find a set of common immune function genes that are found in both circumstances. We are currently waiting for facilities to become available to complete the RNA-seq protocol on CD8 cells obtained from tumours. It is hoped that this project will lead to new opportunities for more targeted treatment of specific cancers, harnessing the body’s immune cells to prevent tumour growth and spread (metastasis).


Professor Linda Wooldridge (School of Cellular and Molecular Medicine)

Defining the mechanism of anti-PD1 antibody mediated tumour regression 

[image: Wooldridge Clinical T Cell Lab |]Checkpoint inhibitors block proteins that stop the immune system from attacking cancer cells. Their use to reverse immune suppression within the tumour micro-environment is an exciting new avenue of research. Monoclonal antibodies that block inhibitory receptor PD-1 are believed to “release the brakes” on immune cells, so that they better recognise and kill cancer cells.  In a subset of cancer patients, this has been associated with tumour regression and improved survival.  However, the immune cell subsets responsible for generating this response following treatment with PD-1 blockade are not been fully understood.

We set out to use a method of gene editing (CRISPR/Cas9 technology) to delete the expression of the co-inhibitory receptor (Co-IR) PD-1 in tumour specific CD8+ cytotoxic T lymphocytes (CTL), to work out the importance of PD-1 expression in the checkpoint blockade. This has proved to be a challenging project and we were in the process of optimising this process when labs were closed in response to the SARS-COV-2 pandemic.


[image: ]

Figure 2: Identification of PD-1 negative activated Clone 4 T cells after CRISPR/CAS9 electroporation. Naïve Clone 4  splenocytes were electroporated with guide RNAs targeting PD-1 and immediately activated in a mixed lymphocyte reaction with KdHA presented by irradiated antigen presenting cells. Cells were stimulated for 48 hours then analysed by flow cytometry after staining for CD44 (as a marker of successful activation) and  PD-1.  Under normal conditions, or following mock electroporation, activated CD44hi Clone 4 T cells are PD-1 high.  After electroporation with either guide RNA 3, or all three guide RNAs, a population of CD44hi, PD-1 negative Clone 4 T cells is identified, that was not present under control/ mock conditions (red box).  

Moving forward with this project, we will continue to optimise the protocol and complete the planned CRISPR/Cas9 knock out of PD-1 in these activated cells. After generation of PD-1 knock out cells, these will be functionally assessed in vitro and in vivo.  








Thank you very much for your support of the University of Bristol Cancer Research Fund.
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