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Abstract

Microglia, the resident macrophages of the brain, originate from yolk sac progenitors and invade the brain at
embryonic stages to progressively become integrated in the parenchyma. However, the mechanisms driving the
acquisition of the mature microglia phenotype during development are yet unclear. To understand this process,
we focused on the hippocampus and the cerebellum, two structures with protracted development and
developed a series of mathematical simulations using differential equations and Monte Carlo simulations. The
optimal model fitness was obtained using a two-cell type model, in which a small population of proliferative (P)
microglia faded off by P5 and gave rise to a large population of quiescent (Q), post mitotic microglia, with
minimal contributions of microglial apoptosis and migration to the colonization process. Morphofunctional
maturation occurred after the switch, and was characterized by increased morphological complexity,
phagocytosis efficiency, and response to apoptotic challenges. These results suggest an inverse correlation
between proliferation and phagocytosis efficiency that challenges our current understanding of the role of
microglia in neurodegenerative diseases.
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