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Project Outline Aims and objectives 
 
Liquid biopsy through blood sampling has aided the diagnosis of many diseases while 
minimizing invasive biopsy procedures and their associated morbidities. Several recent 
studies have shown the value of multi-modal signatures for both early detection and 
the identification of lethal disease [1-3].  Combining information from different 
markers can allow high analytical sensitivity and specificity, while also providing rich 
phenotypic information on the tumour and it’s microenvironment.  The predominant 
use of poor clinic-pathological features without linkage to prognosis or survival is a 
major limitation for early detection studies. Moreover biomarker tests are usually 
developed in isolation from POC application limiting the development of multi-modal 
signatures that may more accurately detect and stratify the disease at diagnosis. This 
latter issue continues to be problematic because of a lack of cheap and rapid 
technologies that can be reliably used in the community/primary care setting. 
Professor Lisa Hall (Department of Chemical Engineering and Biotechnology) has a 
programme of research in low cost in vitro molecular diagnostics embracing key 
biomarkers from metabolites to nucleic acid sequences. 
 
Here we will synergise tripartite expertise in optimal clinical prognostic classification, 
circulating proteins/tumour DNA and novel substrate technology to develop new more 
rapid tests to detect poor prognosis prostate cancer. 
 
The key aims are : 
 
1. To use a Cambridge developed prognostic classification system  [4] to identify cohort 
of men with good and poor prognosis prostate cancer and identify novel proteins of 
disease aggressiveness as early detection tests. 
 
3. To develop silica and/or paper based-affinity biosensors as novel POC tests for 
known biomarkers (e.g. PSA/PSA isoforms) as well as novel markers identified from the 
work above. 
 
 

Experimental plan 1. Serum and plasma samples for diagnostic biomarker studies 
 
All sample collections are in place to allow successful completion of this study through 
the Cambridge Urological Biorepository. These diagnostic sample collections represent 
a unique opportunity to undertake biomarker discovery studies focused on patient 
stratification in the diagnostic setting. To date almost all biomarker studies have 
attempted to link molecular features with the risk of a cancer relapsing after treatment. 
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These classical risk groups however were not designed to predict disease specific 
survival and indeed have a poor correlation with this outcome. Equally the long natural 
history of the disease and changes in clinical practice mean that linking biomarkers to 
cancer-specific mortality events is not feasible. Work in Cambridge has developed a 
new prognostic scoring system for non-metastatic disease that is able to predict the 
risk of disease death with an accuracy of over 80% using baseline diagnostic variables 
[and has been validated in >86,000 men 10]. The Cambridge Prognostic Groups (CPG1-
5) are used to classify all men recruited into the Cambridge Urological Biorepository 
which currently holds ~1800 bio-samples with precise clinical annotation. This unique 
resource will be exploited for the discovery of informative diagnostic and prognostic 
blood biomarkers.  
 
The discovery set will include paired serum and plasma samples (for protein and ctDNA 
studies, respectively) from eighty patients:  
 

1) 20 men with confirmed absence of cancer (systemic and image guided biopsy)  
2) 20 men with CPG1 disease (97% 10 year survival)  
3) 20 men with CPG5 disease (50% 10 year survival) 
4) 20 men who have presented with metastatic disease at diagnosis 

 
 
2. Biomarker profiling and test selection 
 
Identifying new protein markers: This work will exploit a collaboration with Professor 
Ken Muir (University of Manchester) to use the SWATH proteomic platform. Sequential 
Window Acquisition of all THeoretical fragment-ion spectra Mass Spectrometry 
(SWATH MS) and Selected Reaction Monitoring (SRM) have been developed to achieve 
a digitised permanent record of the proteome as well as absolute quantification of 
specific proteins [5].  Essentially, SWATH sweeps through the tryptic peptides 
generated from a proteome sample in “swathes” and instead of selecting individual 
peptides to study, it analyses everything at once in each “swathe” – thereby avoiding 
one of the pitfalls of shotgun methods (like isobaric tagging) which miss much of the 
signal. Using a pre-built peptide spectral library, intelligent software tools can then 
selectively extract the signal associated with large numbers of peptide ions; supporting 
quantitative proteomic analyses over thousands of proteins. Due to its high throughput 
capability, SWATH can be used to interrogate many samples simultaneously. We will 
also verify data through use of immunoassays i.e. ELISA’s in collaboration with the Core 
Analytical Biochemistry Laboratory. We have recently completed a pilot study with 
Professor Muir which has shown that this approach is feasible and with very promising 
early results.  
 
3. Substrate assay development 
 
The candidate will work in the laboratory of Professor Hall to develop silica and paper 
based assays for prostate cancer detection using a unique synthetic biology 
technology. The approach can be extended to new analytes including novel proteins 
biomarkers. This work will start in tandem with the project above by using well 
established tests (e.g. PSA and PSA isoforms) for assay development in the first instance 
to establish a ground truth of the use of this technology compared to standard 
laboratory assays. Here the potential for multiplex assays will also be investigated. The 
project takes a ‘gene to diagnostic’ approach to designing enzyme based assays, 
immunoassay and nucleic acid amplification tests. The initial step is the use of 
molecular biology to design a unique paper or silica affinity reagent that can be 
expressed in E.coli.  The technology eliminates downstream isolation and purification 
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steps and unifies production with a diagnostic platform in an integrated production. 
Two currently preferred designs based on a silica ‘hourglass’ or a paper lateral flow 
format will be compared and further design options proposed that are optimised for 
prostate cancer detection. Starting with an existing new test for sarcosine in urine, 
together with reformulating the established tests with silica and paper based materials, 
the platform design will be developed to include families of tests that can be deployed 
at different stages in the patient pathway [6-7]. Testing and authentication will initially 
be undertaken with model synthetic samples and then results and markers from the 
work above will then be synergized with this assay development work in the last stage 
of this PhD. Once an assay is ready we have the potential ( time allowing) to retest 
application in a training set that will include 400 diagnostic blood samples (including 
cases and controls) to test targeted analyses of informative features from the discovery 
phase (differential patterns in cases vs controls and CPG1 vs CPG5). 
 
 
 
 

Main Techniques • Bio-sample handling linked to clinical annotation 
• SWATH utility (site internship during the PhD) 
• Enzyme assay design 
• Substrate preparation  
• Integration of multiplex assays 
• New IVD pathway development training  
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