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Abstract

Stem cells exhibit a number of characteristic features, including the capacity for self-renewal and
differentiation into multiple cell types, stress resistance, and drug efflux activity. These specific
biological characteristics are supported by signals from the surrounding niche and the stem
cell-specific transcription factor set, including hypoxia and the machinery that senses low oxygen
levels. These properties are essential for normal stem cells, and when defective may induce
cellular senescence and tumorigenesis. In this project research, we will focus on the regulatory
mechanism of hematopoietic stem cell (HSC) system that maintain lifelong hematopoiesis. We
investigated the following topics in FY2014.

1) Upon systemic bacterial infection, hematopoietic stem and progenitor cells (HSPCs) migrate to
the periphery in order to supply a sufficient number of immune cells. Although
pathogen-associated molecular patterns reportedly mediate HSPC activation, how HSPCs detect
pathogen invasion in vivo remains elusive. Bacteria use the second messenger bis-(3'-5"-cyclic
dimeric guanosine monophosphate (c-di-GMP) for a variety of activities. We found that c-di-GMP
comprehensively regulated both HSPCs and their niche cells through an innate immune sensor,
STING, thereby inducing entry into the cell cycle and mobilization of HSPCs while decreasing the
number and repopulation capacity of long-term hematopoietic stem cells. Furthermore, we
clarified that type I interferon acted as a downstream target of ¢c-di-GMP to inhibit HSPC
expansion in the spleen, while transforming growth factor-8 was required for c-di-GMP-dependent
splenic HSPC expansion. These results define machinery underlying the dynamic regulation of
HSPCs and their niches during bacterial infection through c¢-di-GMP/STING signaling.

2) Defining the metabolic programs that underlie stem cell maintenance will be essential for
developing strategies to manipulate stem cell capacity. We previously reported that glycolytic
metabolic status governed by Pdk acts as a cell cycle checkpoint that modulates HSC quiescence
and function in steady state. However, how metabolic features change during development is still
unclear. Also, how metabolome differs among HSPC fractions is totally unknown. We directly
investigated these issues using metabolomic analysis. We found that HSCs change their metabolic
phenotype during ontogeny. In addition, HSCs and various progenitor cells showed different
metabolic profiles. Notably, proliferating HSCs in the fetus and neonates and proliferating
progenitors showed different metabolic profiles, suggesting that cell cycle status is not the cause of

metabolic difference among fractions.
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