Supervisors 
Alexis Barr – MRC LMS. 
Christopher Dunsby – Dept. of Physics, Imperial. 
Susana Ros – AstraZeneca, Cambridge. 

Project Title:
Quantifying drug response in cancer using 4D using Oblique Plane Microscopy and Optical Coherence Tomography

Project Description:
Heterogeneity in drug response is a confounder to successful cancer treatment. Even within genetically identical populations, cells respond differently to drugs due to factors including stochasticity in gene expression, cell cycle phase/state and the environment. We have been tackling the problem of heterogeneous drug response and resistance using 2D quantitative, single-cell, timelapse imaging of cancer cell lines engineered to express fluorescent reporters to track their cell cycle or signalling state. This powerful approach can address how the history and state of a cell determine its response to a given drug and has revealed, e.g., how the CDK inhibitor protein, p21, can determine the outcome of long-term CDK4/6 inhibition and propensity for relapse in lung cancer. 

While 2D cell experiments have proven insightful, cancer cells do not grow in rigid environments as monolayers, and we need more realistic models to better quantify drug response. However, imaging 3D cultures over time has proven challenging due to phototoxicity and the time required for 3D imaging. We have developed state-of-the-art light-sheet fluorescence microscope systems employing a single high numerical aperture objective for both light-sheet illumination and detection, called oblique plane microscopes (OPM). These microscopes provide high-speed, low-phototoxicity, light-sheet microscopy on conventional microscope frames and have e.g. been used to achieve 3D imaging of 50 spheroids at 15-minute intervals over days. 

We aim to identify drugs that synergise with cell cycle-targeting drugs in cancer treatment. The student will optimise the OPM hardware and develop software pipelines to enable cell cycle responses of 3D cancer spheroids expressing fluorescent cell-state reporters to be tracked and quantified over time to determine how identified drug combinations impact these responses. The student will develop label-free optical coherence tomography (OCT) on the dOPM system to allow low light-dose tracking of cells between the acquisition of fluorescence images. Once synergistic combinations have been identified, the student will determine the mechanism of synergy and optimal drug scheduling. This project would suit a student with a physics, relevant physical sciences or relevant engineering background with a strong interest in optical physics and a strong motivation to apply this to study cancer biology. 
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