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Abstract
Stem cells are characterized by their unique ability to both self-renew and differentiate along multiple cellular lineages. 
Self-renewal and differentiation must be tightly controlled to ensure an appropriate stem cell pool in tissue over the lifetime 
of an organism. Elucidating the mechanisms controlling stem cell fate and maintenance remains a key challenge in stem 
cell biology. Hematopoietic stem cells (HSCs) are responsible for the lifelong production of multiple blood cell lineages. To 
remain functional, these cells must interact with a particular microenvironment, known as the stem cell niche. HSC niches 
provide various factors, including cytokines, extracellular matrices, nutrients, hormones, and metabolites. These niche fac-
tors modulate cell-intrinsic molecular regulatory networks in HSCs. Niche signals also play crucial roles in the induction 
of HSCs from pluripotent stem cells or vascular endothelial cells. The Progress in Hematology review series in the current 
issue highlights some critical regulators of HSC maintenance and production.

Hematopoietic stem cells (HSCs) are characterized by their 
ability to self-renew and differentiate along multiple blood 
cell lineages. Their function is regulated by complex signal-
ing involving various intracellular factors. However, HSC 
cannot maintain their integrity without stimuli from specific 
microenvironments called stem cell niches. The HSC niche 
provides cytokines, extracellular matrices, nutrients, hor-
mones, and metabolites. These extracellular factors modu-
late cell-intrinsic molecular regulatory networks in HSCs. 
The HSC niche interaction is thus critical for the lifelong 
maintenance of blood production. Advances in the study of 
HSC regulation and maintenance have revealed a number 
of critical features of these stem cells. In steady-state condi-
tions, HSCs reside in the bone marrow niche and maintain 
cell cycle quiescence (or dormancy) that keeps the stem 
cell pool as a reserve against various stresses. Quiescent 
HSCs are thought to be maintained by low metabolic activ-
ity. Energy metabolism in quiescent HSCs largely depends 
on glycolysis, while activated HSCs synthesize ATP mainly 

through oxidative phosphorylation [1]. The majority of 
HSCs reside in a hypoxic microenvironment, which sus-
tains quiescent HSCs with a low level of intracellular reac-
tive oxygen species (ROS) and prevents oxidative stress [2]. 
Metabolic components in the niche are also involved HSC 
regulation. Recently, Yamazaki and colleague identified the 
importance of essential amino acids for the maintenance of 
HSCs in vitro and in vivo [3]. They found that the main-
tenance of HSCs within the niche is dependent on valine, 
which, along with cysteine, is also involved in HSC prolifer-
ation ex vivo. In this review series, Wilkinson and Yamazaki 
summarize the metabolic and dietary regulation of HSCs 
and describe how nutrition affects HSC activity [4]. They 
also highlight potential applications of metabolic control in 
bone marrow transplantation and leukemia therapy.

Recent studies have reported that adult HSCs show low 
rates of protein synthesis. Adult HSCs also exhibit low 
capacity for protein folding, which promotes the accumula-
tion of un- or misfolded proteins. Unfolded or misfolded 
proteins induce the unfolded protein response (UPR), which 
is related to the endoplasmic reticulum (ER) stress response. 
The ER stress response plays a crucial role in the preven-
tion of hematological malignancy by eliminating abnormal 
or damaged cells that have a large amount of unfolded or 
misfolded proteins. In proliferative conditions, HSCs show 
elevated ER stress, which causes a reduction in self-renewal 
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activity. However, in contrast to adult HSCs, fetal liver (FL) 
HSCs, which proliferate extensively, exhibit higher rates of 
protein synthesis, but no increase in ER stress. Miharada and 
colleague showed that bile acids (BA) function as chemical 
chaperones to prevent ER stress in FL HSCs [5]. They also 
found that tauroursodeoxycholic acid (TUDCA) reduces ER 
stress in HSCs during in vitro culture. In this review series, 
Sigurdsson and Miharada summarize the role of UPR in the 
regulation of HSCs [6].

Technological advances in BM imaging made it possible 
to identify the distribution of HSCs in vivo. Most HSCs 
are found in the perivascular area in BM and interact with 
sinusoid vessels and arterioles [7]. With the identification 
of particular HSC localization sites, vascular niches were 
identified as the primary niche for HSCs in the BM. The 
vascular niche contributes both to HSC maintenance and 
to the development of HSCs during embryogenesis. In the 
embryo, HSCs emerge from hemogenic endothelial cells in 
the dorsal aorta, and are then maintained in the vascular 
niche in hematopoietic tissues in the embryo and adult BM. 
In the recent years, the developmental programs involved in 
the generation of HSCs from hemogenic endothelial cells 
have been applied in the ex vivo production of HSCs. Induc-
tion of hemogenic endothelial cells from pluripotent stem 
cells is a critical process in enabling HSC generation. Tran-
scription factors (TFs) that are expressed in HSCs, but not 
in hemogenic endothelial cells, were transduced into hemo-
genic endothelial cells, and such TF (RUNX1, SPI1, and five 
more TFs)-induced cells were transplanted into mouse BM 
to obtain functional HSCs [8]. Another group independently 
reported HSC induction from adult endothelial cells by the 
transduction of TFs (RUNX1, SPI1, and two more TFs) and 
coculture with vascular niche cells [9]. In both cases, the 
vascular niche may provide a platform for the induction of 
functional HSCs from TF-transduced cells. In this issue, 
Sugimura reviews the function of the vascular niche in the 
maintenance and induction of HSCs HSCs [10].

Induction of self-renewal and amplification in vitro has 
been a challenging goal. Expansion of HSCs requires the 
stimulation of self-renewal. However, repeated cell divisions 
induce the accumulation of DNA damage that compromises 
HSC function [11, 12]. This sensitivity to stress-induced 
DNA damage is a primary obstacle to establishing robust 
protocols for the ex vivo expansion of functional HSCs. 
Telomeres are sensitive to such damage, as they are fragile 
sites in the genome [13, 14]. HSCs lose telomeric DNA with 
each cell division, which ultimately limits their replicative 
potential. These cells thus require a protective mechanism 
for preventing DNA damage response (DDR) at telomeres. 
The shelterin complex contains six subunit proteins: TRF1, 
TRF2, POT1, TIN2, TPP1, and Rap1. Shelterin plays a cru-
cial role in the regulation of telomere length and loop struc-
ture, as well as in the protection of telomeres from ataxia 

telangiectasia-mutated (ATM) and ATM- and RAD3-related 
(ATR)-dependent DDR signaling pathways [15]. Hosokawa 
et al. recently identified that Pot1a maintains HSC activ-
ity by protecting against DNA damage and preventing the 
production of ROS [16]. Thanks to these protective func-
tions, treatment with exogenous Pot1a supports HSC self-
renewal and function ex vivo and improves the activity of 
aged HSCs. In a review article in this issue, Hosokawa sum-
marizes the role of telomere maintenance in both normal 
hematopoiesis and hematological malignancy [17].

As described above, ER stress is responsible for the 
reduction of the self-renewal activity of HSCs. Appropriate 
management of ER stress pathway contributes signicantly 
to the ex vivo expansion of HSCs. Sigurdsson et al. have 
reported that treatment with TUDCA maintains functional 
HSCs in vitro by reducing the ER stress response [5] (also 
see the review by Sigurdsson and Miharada in this issue [6]).

A more detailed understanding of intra- and extracel-
lular regulators of fate determination and maintenance of 
HSCs, as outlined in this series of Perspectives in Hematol-
ogy reviews, may shed light on mechanisms involved in the 
homeostasis of hematopoiesis.
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