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Quantitative Biological Analysis of Neutrophils and Nets

Neutrophils are the most common white blood cells in the circulation. Despite this, they are relatively poorly
understood. Until recently, neutrophils were thought to respond to invading pathogens in only two major ways:
phagocytosis and degranulation. In 2004, a third process was discovered, the release of large web-like structures,
termed neutrophil extracellular traps (NETs), that ensnare, immobilize, and destroy invading pathogens.

NETs are now known to be important for the immune defense against bacteria, viruses, parasites, and fungi. On the
other hand, excessive and uncontrolled NET formation has been found to play a key role in cardiovascular disease,
deep vein thrombosis, cancer metastasis, autoimmune diseases, and even death by sepsis. Understanding NET
formation is therefore vital to understanding human disease.

My project will examine tens of thousands of images of individual neutrophils at different stages of artificially
induced NET formation, obtained by imaging flow cytometry. For each cell, a high-magnification, high-resolution
picture is available. This huge array of data requires a novel approach to data analysis. I will be attempting to apply
methods such as machine learning and deep learning in order to identify groups of cells with similar characteristics
and to discover new features and types of NET formation. These methods use artificial intelligence to identify
distinguishing details in images that may not be noticeable to the human eye, working with principles similar to
those used in facial recognition and fingerprint analysis.

If successful, this project may identify key features of NETs and allow us to gain new insights into the behavior of
neutrophils, which will be important in preventing NET pathology and its associated diseases in the future.
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