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Introduction

Angiogenesis is the physiological process through which new blood vessels form from pre-existing
vessels. This process is critical for normal organismal development, tissue maintenance, and wound
healing. It is also involved in the transition of a tumor from a benign to metastatic phenotype,
this process is known as the angiogenic switch. Therefore, knowing how angiogenesis is regulated
is very important for therapeutic applications and for a better understanding of basic biology.

Figure 1: Diagram of tumor-induced angiogenesis
and subsequent tumor growth

Goals

We will work in collaboration with a laboratory in the Department of Molecular Biology and
Biochemistry to process and analyze images of an in vitro (i.e. laboratory-based) experimental
system of blood vessel growth under various experimental conditions.

Figure 2: in vitro angiogenesis assay. Sample im-
ages of a laboratory-based system for blood vessel
growth. The right panel shows a bead coated with
precursor blood vessel cells that was placed in condi-
tions that promote angiogenic development whereas
the bead in the left panel was not. Excerpted from
Nakatsu et al., Microvascular Research. 66: 102-
112.
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We will develop automated tools to analyze vessel length, branching, and number under different
conditions. Finally, we will develop and use image processing and machine learning techniques to
analyze and classify an experimental dataset by growth characteristics. The classification scheme
will provide us with a better understanding of the features of the system that correlate with different
growth conditions, which will help us better understand the biological processes that are thereby
altered.

Weekly objectives

In order to maximize our time in iCAMP, we have created a set of goals to be met at various times
in this 8-week program.

Week Objective
1 Learn (or review) basic image processing and Matlab programming skills. Also learn how

to perform a biologically and biomedically-relevant literature search.
2 Begin preliminary work on angiogenesis data: preprocessing, segmentation, output image

analysis, etc.
3-4 Develop tools to extract relevant biological data from images including total number of

sprouts, average length, and proportion of branching sprouts.
5-6 Use machine learning techniques to classify a dataset of images from different experimental

conditions.
7-8 Prepare final presentation and paper summarizing results.

Summary

This project will give students an opportunity to learn some basic image processing and classifi-
cation techniques, and to apply their knowledge to a biomedical relevant research project using
experimental data. Students will learn how to manage the challenges that real-world data provides
and to extract meaningful information from ‘noisy’ data.
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