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Abstract

Tissue stem cells exhibit a variety of characteristics, including self-renewal capacity and
differentiation ability into multiple cell types, stress resistance, and drug efflux activity. These
specific biological characteristics (or so-called “stemness”) 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. Hematopoietic stem cells
(HSCs) depend on the bone marrow (BM) niche for their maintenance, proliferation, and
differentiation. Recent studies using metabolomics technologies reveal that metabolic regulation
plays an essential role in HSC maintenance. Metabolic pathways provide energy and building
blocks for other factors functioning at steady state and in stress. In this project research, we will
focus on the metabolic regulation of HSC system that maintains lifelong hematopoiesis. We
especially investigated the following topic (I) in FY2016.

() We reported a critical role for the p38MAPK family isoform p38a in initiating hematopoietic
stem and progenitor cell (HSPC) proliferation during stress hematopoiesis in mice. We found that
p38MAPK is immediately phosphorylated in HSPCs after a hematological stress, preceding
increased HSPC cycling. Conditional deletion of p38a, the major isozyme in hematopoietic cells
including HSPCs, led to defective recovery from hematological stress and a delay in initiation of
HSPC proliferation. Mechanistically, p38a signaling in HSPCs increases expression of
inosine-5'-monophosphate dehydrogenase 2 (Impdh2), the rate-liming enzyme in purine
metabolism, leading to altered levels of amino acids and purine-related metabolites and changes in
cell-cycle progression in vitro and in vivo. We also found that Mitf upregulates Impdh2 expression
in stressed HSPCs. Our studies have therefore identified p38a as a cell cycle and metabolic
regulator of HSPCs in hematological stress. p38a is required for HSPC cell cycle initiation,
especially during stress settings including transplantation, bone marrow recovery, and ex vivo
proliferation. In addition, hematological stresses activate p38a-dependent purine metabolism to
initiate cycling of quiescent HSCs. Artificial regulation of the p38a/Mitf/purine metabolism axis
could be a novel modulator of HSPCs during hematological stress or ex vivo expansion. This study
reinforces the importance of cellular metabolism in stem cell regulation and is the first study of

metabolic requirements of HSPCs during stress.
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