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TRACC Programme Project Pro Forma

TRACC (to Train and Retain Academic Cancer Clinicians) 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)..


MB-PhD  Project title: Single-cell transcription: investigating the mechanistic origin and clinical impact of transcriptional plasticity in cancer

Supervisory team: Nick Gilbert (Institute of Genetics and Cancer, UoE), Davide Marenduzzo (Physics, UoE), Michelle Lockley (Barts Cancer Institute, QMUL, London)
Please consider including supervisors from the other centre where there is a good fit

Lab websites:
www.chromatinlab.org
https://www.ph.ed.ac.uk/people/davide-marenduzzo
https://www.bci.qmul.ac.uk/staff/professor-michelle-lockley/

Research question:
Common clinical approaches to anticancer therapies involve targeting of specific pathways, for instance with chemotherapy or immunotherapy. Whilst a panopoly of druggable pathways have been identified, for many types of cancers (especially solid tumours) curation remains rare. In many cases, this is due to the development of resistance to treatments, which arise due to tumor cells’ extraordinary capacity for genomic adaptation, which is commonly referred as plasticity [1]. Plasticity is one of the most crucial hallmarks defining what cancer is: indeed, throughout cancer progression, tumor cells have to continuously adapt to unfavorable conditions, be it hypoxic microenvironment, immune system attack, or chemotherapy[2]. A number of recent discoveries suggest that transcriptional plasticity provides the mechanism to this adaptation, and our research suggests that this is intimately linked to the 3D structure of genes [1,2]. 
In this project we will study transcription at the single cell level in both healthy and cancer cells, to quantify transcriptional plasticity. We will then alter epigenetic programmes to understand how modifying the molecular landscape can alter a cell’s ability to adapt to different environmental challenges. We will use an interdisciplinary approach where we will draw from computational biophysics studies of chromatin folding [3] which can be linked to transcriptional output at the single cell level [4], providing a mechanistic underpinning for our experiments.  We will set up a cycle where experiments are compared with predicted mechanistic modelling to refine this, and modelling in turn generates hypothesis which drive the design of new experiments to test them. 

Specifically, in this project we aim to obtain and analyse scRNA-seq and RNA-FISH data for transcriptional activity in single cells, in healthy tissues and in a variety of cancer tissues. We will analyse the transcriptional activity and heterogeneity in these samples, using TT-seq and computer simulations (which are predictive and can output transcription readout for each regulatory element in the human genome [3,4]) as cross-validation. Plasticity will be quantified with a series of observables, inspired by information theory and statistical physics. For instance we will explore the link of entropy-like quantities (as a measure of structural and transcriptional diversity, and of transcriptional noise) and plasticity assessed as susceptibility to environmental perturbation, such as subjecting cells to chemotherapeutic agents, which can in principle be studied both experimentally (by scRNA-seq of cells after treatment), and computationally (by using the HiP-HoP model of [3,4] based on epigenetic tracks on healthy and diseased cells, with and without treatment). Our combined measures provide a multifaceted assessment of the so-far quantitatively elusive concept of plasticity, which we believe will be of high interest outside the topic of transcriptional heterogeneity in cancer, providing the student working on the project with transferrable skills in a key area of research.

Relevance to Cancer: 	
This project is highly relevant to cancer research as it focuses on transcriptional plasticity, a crucial factor in cancer progression and treatment resistance [5]. Cancer cells exhibit remarkable adaptability to stressors such as chemotherapy, immune responses, and oxygen deprivation, which is largely driven by transcriptional and genomic plasticity [5]. By studying transcription at the single-cell level in both healthy and cancerous tissues, this research aims to quantify plasticity and understand how altering epigenetic programs can influence a cell's ability to adapt to environmental challenges.

The study integrates experimental and computational approaches, using techniques like scRNA-seq, RNA-FISH, TT-seq, and computer simulations to analyze transcriptional heterogeneity. It also applies information theory and statistical physics to measure plasticity, linking entropy-like measures of transcriptional diversity with susceptibility to environmental perturbations (e.g., chemotherapy). By modeling chromatin folding and its impact on transcription, the project seeks to provide a mechanistic basis for transcriptional adaptation, which could have broad implications for understanding cancer progression and overcoming drug resistance.

Techniques/model systems to be used: 	
The student will gain training on single-cell molecular biology and sequencing experiments, such as scRNA-seq, RNA-FISH as well as other single-cell assays (such as ATAC-seq and other epigenetic mark analysis). Additionally, they will be exposed to bioinformatic and computational pipelines to analyse data with state-of-the-art codes aimed at studying transcription in single cell to extract noise and gene-gene correlations besides averages. An important training outcome will be the ability to interact with modellers and computational biophysicists, which is necessary in contemporary teams wishing to explore quantitatively biomedical problems.  
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