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Cell populations in the human body form highly complex systems, 
their behavior driven by countless processes within the cells 
themselves as well as their interactions with each other and their 
environment. A mathematical approach to describing their emergent 
phenomena on the tissue level typically requires abstractions of these 
underlying systems in order to obtain tractable and interpretable 
models, which in turn often leads to descriptions involving stochastic 
processes. 
 
In this doctoral thesis two such cellular systems are investigated. The 
first is the human hematopoietic system: the machinery by which 
precursor cells of the blood are cultivated and matured in the bone 
marrow. This process is essential to enable mammalian physiology, 
from providing oxygen-carrying erythrocytes to ensuring regular 
upkeep and preservation of the immune system. Obtaining a 
quantitative understanding of key aspects of this system can provide 
valuable insights and testable predictions concerning the origin and 
dynamics of various blood-related diseases, however, in vivo studies 
of maturing blood cells pose significant challenges and in vitro studies 
provide only limited predictive power. The system’s hierarchical 
architecture is on the other hand well fit to the application of 
mathematical techniques relying only on a few basic assumptions and 
parameters. This research aims to contribute to two broader 
questions concerning hematopoiesis, the first being “What is the 
shape of this system?” and the second “How does it behave?”. Both 
questions must be answered sufficiently before quantitative models 
can be developed with enough predictive power to aid in clinical 
research and applications. 
 
The second project stems from questions in oncology concerning the 
locomotive capabilities of various cancerous cell types, but ultimately 
poses these in a broader context, attempting to understand cell 
motion in the context of a growing but spatially restricted population. 
Drawing from the domain of non-equilibrium statistical mechanics 
applied to actively moving particles, an important goal is to 
understand the effects of heightened proliferation on the collective 
motion. 
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