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What is a stem cell?

• Self-renewal

• Tissue formation and repair



Example: hematopoietic system



Example: regulatory mechanisms

 Deterministic models

 Ordinary differential equations

Kitadate et al. (2019) Lander et al. (2009)



 Intestinal crypt

 Bulge (hair follicles)

 Bone marrow (HSCs)

 Mouse testis (SSCs)

The stem cell niche

Yosihda et al. (2018)



 Is volume exclusion capable of explaining homeostatic behavior in SC 

populations?

 What are the main hallmarks of volume exclusion as a regulatory 

mechanism?

 How can we identify the presence or absence of this particular mechanism in 

different tissues? How can we distinguish it from other regulatory 

mechanisms?

Key questions
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Cell population models



 Critical BD process

 Stochastic process

Critical Birth and Death Process (CBD)

Klein and Simons (2011)



Clonal dynamics

Klein and Simons (2011)



Master equations 

+      Well mixed, dilute gas



Birth and death process with volume exclusion (vBD)

Proliferation

Death/Differentiation



Master equation and Quasi-steady-state approximation



Time-dependent bi-modal behaviour



Time-dependent bi-modal behaviour



System-size expansion Escriba aquí la ecuación.

𝑵𝟏/𝟐

Deterministic

ecuación.

𝑵𝟎 Linear noise approximation (Fokker-Planck) Higher orders



Reaction-diffusion vBD process
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Take home message

 Stem-cell Biology poses fascinating challenges that require physical and 

mathematical approaches.

 Deterministic models and their subjacent stochastic processes can differ 

significantly in predictions. 

 Cellular and developmental biology can inspire novel 

mathematical/computational approaches that transcend their initial 

purposes. 


