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Understanding Aging-specific Blood Cell Production
Using Mathematical Science Approach

Shoya IWANAMI™*

Hematopoietic stem cells (HSCs) maintain blood homeostasis through self-renewal and multi-lineage
differentiation. However, aging leads to functional changes such as myeloid skewing and the emergence
of “latent-HSCs,” which exhibit multipotency only upon secondary transplantation. This study aims to
quantify these age-specific dynamics using mathematical modeling. Our previous work demonstrated that
a “myeloid bypass pathway” — direct differentiation from long-term HSCs (LT-HSCs) to megakaryocyte
progenitors — is crucial for long-term reconstitution. Specifically, the platelet-to-erythrocyte chimerism
ratio at 8 weeks post-transplantation serves as a predictive indicator of HSC potential. Building on these
findings, we apply stochastic simulations using the Gillespie algorithm to elucidate the mechanisms of
latent-HSC activation and their role in maintaining hematopoiesis under physiological stress. This integra-
tive approach bridging mathematical science and stem cell biology provides quantitative insights into HSC
aging and potential therapeutic targets for age-related hematological disorders.
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