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SUMMARY 

Bladder cancer affects around 550,000 new individuals each year. Cystoscopy is the gold 

standard for detection of bladder cancer, but is invasive, expensive and uncomfortable for 

the patients. Urine-based biomarkers could have potential as a non-invasive alternative to 

cystoscopy. A biomarker can be defined as a tag that indicates a given disease or condition, 

and can be detected in tissue or body fluids. Aberrant DNA methylation, i.e. a chemical 

modification of the DNA, is typically a frequent event in the cancer development and 

represents a promising biomarker. In this work, we have identified novel DNA methylation 

biomarkers for detection of bladder cancer. We have subsequently analyzed these 

biomarkers in tissue and urine from bladder cancer patients and controls. The best-

performing biomarkers detected bladder cancer with 96% sensitivity and 100% specificity 

in urine. Validation in an independent clinical urine series is ongoing, and will shed light on 

the clinical utility of using these biomarkers in a urine-based test to reduce the number of 

cystoscopies. 

 

A strong focus on optimization and standardization of methods for DNA methylation 

analysis in the present work has been essential for the identification of the promising 

urinary bladder cancer biomarkers. A challenge in the scientific literature is that diverging 

DNA methylation frequencies are often reported for the same genomic locus in the same 

type of cancer. The lack of consensus on how to perform standardized DNA methylation 

experiments might represent a contributing factor. We have investigated and identified 

sources of technical variability at different steps of the DNA methylation analysis pipeline, 

and have published guidelines for more robust experiments. The choice of internal control 

is particularly important. Consequently, we have developed the 4Plex internal control for 

methylation analysis using the highly sensitive droplet digital PCR (ddPCR) platform. To 

accompany the 4Plex, we have established an automated algorithm, PoDCall, for consistent 

scoring of positive droplets. Together, these tools contribute to high-precision ddPCR 

methylation analysis.  

 

 


