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PROJECT PROPOSAL 

The past two decades there has been tremendous progress in our understanding of the cascade of events that drive 
cancer pathogenesis, leading to the rise of ample new targeted therapies. Through exploring the molecular basis of 
tumours, many of these drugs are already showing considerable benefit to cancer patients. However, tumours are 
equipped with adaptive mechanisms that enable them to escape the response to targeted therapies, giving rise to a 
major limitation for the successful treatment of cancer – drug resistance. Clearly, there is an urgent, and as yet, unmet 
clinical need to identify entirely novel approaches to predicting and targeting drug resistance, and cancer cells’ unique 
metabolic properties could be a powerful tool towards this direction. 

A hallmark of oncogenesis is the observation that cancer cells often restructure their metabolism in an atypical manner, 
the most famous example being the Warburg effect where glucose, a cell’s preferred energy source, is metabolized 
anaerobically despite oxygen’s presence (Warburg, 1956). Such metabolic restructurings can often be linked to specific 
genetic alterations and commonly perturbed signalling pathways (Tarrado-Castellarnau et al., 2016), as is the case for 
the activation of the phosphatidylinositol 3-kinase (PI3K)/Akt/mammalian target of rapamycin (mTOR) pathway, which 
regulates a wide range of transcriptional and post-translational programs to support the anabolic and catabolic 
requirements of proliferating cells (Lien et al., 2016, Carracedo and Pandolfi, 2008, Fruman et al., 2017, Dibble and 
Manning, 2013, Koundouros et al., 2020). It is becoming increasingly clear that changes in metabolism may also affect 
drug response to anti-cancer therapies, raising some fundamental questions – whether we can use metabolic tracking 
for more effective screening of the molecular features that guide the response to targeted therapies, and ultimately, 
whether this information can be translated into better and more efficient treatment strategies for each individual patient. 

PROJECT AIMS  

This project focuses on gaining a mechanistic understanding of the metabolic reprogramming events conferred by 
treatment with PI3K/AKT pathway inhibitors in breast cancers with PIK3CA activating mutations or loss of PTEN. We 
propose to address the following Aims: 

In line with this hypothesis, the specific aims of this study are: 
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Aim 1. Deconstruct the metabolic signatures associated with intrinsic and acquired resistance to breast cancer targeted 
therapies. 

Aim 2. Unravel the mechanistic basis behind the resistance phenotype and assess the contribution of metabolic crosstalk 
with the tumour microenvironment (TME). 

Aim 3. Examine the implications of targeting cellular metabolism to improve the response to targeted therapies. 

RESEARCH PROPOSAL  

Our hypothesis is that the metabolic rewiring conferred by treatment to specific targeted therapies (e.g. PI3K/AKT 
pathway inhibitors) can create a number of metabolic Achilles heels that can be targeted directly by drugs inhibiting 
critical metabolic regulators or indirectly through co-administration with a specific diet and/or inhibition of co-dependent 
pathways such as DNA repair. Mechanistic exploration of the molecular events that drive these metabolic changes, 
together with interrogation of their interactions with the tumour microenvironment (TME) could provide the basis for an 
entirely novel repertoire for identifying the causal role of, and ultimately overcoming drug resistance.  

The first Aim of this study will be to identify specific metabolic profiles associated with treatment with inhibitors of different 
signalling nodes of the PI3K/AKT pathway (e.g. PI3K, AKT, mTOR). This will be achieved by performing mass-spec 
metabolomics profiling and metabolic phenotype microarrays of representative PI3K/AKT active breast tumours derived 
from genetically engineered (GEMM‐derived) and patient-derived-xenograft (PDX) models, as well as patient-derived-
organoids (PDOs) and cell lines untreated or treated with the relevant inhibitors. This will be followed by extensive 
expression and proteomic profiling with the focus to unveil novel gene/protein alterations-metabolic phenotype 
interactions that are associated with the response to PI3K/Akt pathway inhibitors. The comparison of different pre-clinical 
models will allow us to make an assessment on model stability and heterogeneity of metabolic responses and establish 
appropriate models for understanding the therapy sensitivity pattern of PI3K/Akt activated breast cancers in vivo.  

In addition to assessing metabolic rewiring events driven by inhibition of PI3K/Akt signalling, representative PI3K/AKT-
hyperactive isogenic cell line pairs will be screened using a chemical library of 493 metabolism-related inhibitors 
(DiscoveryProbe™ Metabolism-related Compound Library) in the presence of absence of PI3K/AKT pathway inhibitors. 
The compounds will be tested at two different concentrations (1 and 10µM) and changes in cell proliferation will be 
determined at 48 and 96h following treatment using CellTiter-Glo. This assay will be performed in triplicate on an 
automated screening platform fully equipped with appropriate plate readers. Metabolic synthetic lethal interactions will 
be validated using CRISPR-Cas9 gene editing, and assessed for cell specificity and in vivo response and promising 
targets will be interrogated mechanistically. These will be prioritised based on A) not previously being targets of withdrawn 
drugs or targets of trials that have been discontinued, B) showing high efficacy in MUT but not WT cells, C) not being cell 
type specific, and lastly D) showing a synergistic effect with PI3K/AKT pathway inhibitors.  

The second aim of this project is to identify the mechanistic basis behind the metabolic reprogramming events that are 
associated with intrinsic and/or acquired resistance to PI3K/AKT pathway inhibitors and assess the contribution of the 
metabolic crosstalk with the TME in treatment response. This includes different substrate utilisation, or flux through 
alternative metabolic pathways that will be assessed through stable-isotope labelling experiments and bioenergetics 
profiling in relevant organoid and cell line models. We will investigate the signalling nodes and metabolic enzymes that 
drive metabolic reprogramming events upon inhibition with PI3K/AKT pathway inhibitors and/or could explain the high 
synergism between PI3K/AKT and metabolism-related targets. This work will uncover and biochemically dissect the 
signalling nodes that contribute in the metabolic restructurings of PI3K/Akt activated cancers and identify novel metabolic 
vulnerabilities both in terms of genetically/pharmacologically manipulating key metabolic enzymes and/or modifying diet.  

Such therapeutic interventions will be tested across representative PDO and PDX models with or without PTEN loss or 
oncogenic PIK3CA mutations alone and/or in combination with inhibition of co-dependent pathways (Aim 3). To further 
evaluate the effect of novel metabolic targets to enhance the response to PI3K/AKT pathway inhibitors, luciferase-
labelled 4T-1 cells stably expressing WT or MUT PIK3CA, or PTEN, and either inducible control shGFP, or two 
independent shRNAs targeting key enzymes that regulate response/resistance to PI3K/AKT pathway inhibitors will be 
injected in the mammary fat pad of 7-9-week-old female C57/BL6 mice. Synergistic treatment response will be assessed 
by monitoring tumour dimensions with calliper measurements and using noninvasive bioluminescence imaging. At the 
end of the experiment all tumours will be excised and weighed, and half of the specimen will be fresh frozen for 
metabolomics analysis and half will be fixed for histopathological analysis of key signalling/metabolic, as well as 
proliferation and apoptotic markers. 

This project will deliver insight into major questions that are applicable across cancer targeted therapies. We will establish 
the broader metabolic wiring of breast cancers following PI3K/AKT pathway inhibition and better determine metabolic 
plasticity and dependency across a variety of pre-clinical models. We will identify the metabolic vulnerabilities conferred 
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by inhibition of the PI3K/Akt pathway and elucidate the metabolic biomarkers that govern the response to known 
therapeutic regimes. In doing so we will establish the pivotal metabolic features (tumour or microenvironment 
dependencies – and whether they can be targeted therapeutically). These results will prove invaluable information for 
drug target identification and repurposing into clinical trials. 
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CANDIDATE PROFILE 

Note: the ICR’s standard minimum entry requirement is a relevant undergraduate Honours degree (First or 2:1) 

Pre-requisite qualifications of applicants 
 

BSc in Biochemistry, Cell Biology or equivalent 

Intended learning outcomes 
 

• Attain a thorough knowledge of the literature and a 
comprehensive understanding in the area of PI3K/Akt 
signalling and cancer metabolism. 

• Be able to demonstrate originality in the application of 
targeting tumour metabolism to overcome drug resistance. 

• Learn how to perform high-throughput screens and omics 
analysis to address specific research questions. 

• Gain skills in bioinformatics and data analysis. 
• Acquire proficiency in acting autonomously in the planning 

and implementation of research, as well as working as 
part of a team. 

• Gain oral presentation and scientific writing skills.   

ADVERTISING DETAILS 

Project suitable for a student with a 
background in 
 

 Biological Sciences 

 Physics or Engineering 

 Chemistry 

 Maths, Statistics or Epidemiology 

 Computer Science 

 Other (provide details) 

Keywords 1. Cancer metabolism 
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Please provide 4-6 words/short phrases that potential students 
may type into search engines (e.g. Google) to search for PhDs 
similar to yours – e.g. ‘cancer predisposition genes’, ‘physics 
PhD London’ etc. 

2. Drug resistance/response 

3. PI3K/AKT signalling 

4. Breast cancer 

5. Metabolic vulnerabilities 

6. Synthetic lethal interactions 
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