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Hematopoietic stem cells (HSCs) are atop of a hierarchy 
of the hematopoietic and immune system, continuously 
replenishing short-lived mature blood and immune 
cells. Like other adult stem cells, HSCs have two key 
characteristics—self-renewal and the capacity to produce 
lineage-committed progenies (1). HSCs also adopt strategies 
throughout life to protect themselves from a variety of exogenic 
or endogenic threats to prevent their exhaustion (2). Tracer 
experiments show that there are stratified classes of HSCs 
based on their potential to reconstitute the hematopoietic 
system of a recipient (3). Dormant or quiescent HSCs 
are at the top of the HSC subpopulations and reside in 
endosteal niches in bone marrow cavities which provide 
a microenvironment suitable to keep them in a quiescent 
G0 stage of the cell cycle, a pivotal property of stem cells 
required to maintain their genomic integrity by minimizing 
DNA damage, cellular respiration, and cell division (1-4). 
However, for homeostatic hematopoiesis, some HSCs 
retain a certain degree of proliferative capacity for self-
renewal and generation of multipotent progenitors (2). 
This task is performed by homeostatic HSCs. These cells 
attain characteristic phenotypes of dormant HSCs in cases 
that they are exhausted (3). It seems that HSCs with more 
proliferative history progressively lose their self-renewal 
capacity when transplanted into irradiated recipients (3). 

Hypoxic conditions of HSC niches are critical in 
maintaining the quiescent features of HSCs (2). Cellular 
responses to hypoxia are mediated by hypoxia-inducible 
factors (Hifs). Among them, Hif-1α is known to mediate 
HSC dormancy by activating transcription of genes 
controlling glycolysis (5-8). As a consequence, HSCs use 
anaerobic respiration instead of mitochondrial oxidative 

phosphorylation as the main source of energy. Slow 
metabolic rates thus may provide an explanation for 
one mechanism through which Hif-1α promotes HSC 
quiescence. However, Hif-1α controls transcription of 
numerous genes involved in cellular processes, including the 
cell cycle, survival, and autophagy (9). In addition, enzymes 
regulating energy metabolism and their metabolites may 
play an indispensable role in other than metabolic functions 
for maintenance of HSC characteristics (10). 

Magnitudes of hematopoiesis are determined by the 
repopulation demand of the blood system. For example, 
active hematopoiesis occurs during hematopoietic 
stress, including infection, irradiation, treatment with 
chemotherapeutics agents, or transplantation of bone 
marrow cells (2). Infections with bacterial or fungal 
pathogens require an explosive number of phagocytes 
to clear the invasive microbes. In this case, emergency 
myelopoiesis is stimulated mainly by pathogen-associated 
molecular patterns (DAMPs) and cytokines and a large 
number of myeloid cells infiltrate to infection sites 
and mediates sequential inflammatory events linked to 
pathogen clearance (11). Genotoxic insults such as ionizing 
irradiation and toxic chemotherapeutics instigate active 
hematopoiesis to refill a massive loss of adult blood cells. In 
either situation, quiescent HSCs are sensitized to enter into 
the cell cycle. IFN-α and G-CSF are well known cytokines 
to activate this process during hematopoietic stress (2). 
However, cell intrinsic factors controlling the switching 
mechanisms of HSCs from dormancy to self-renewal 
remains largely unknown. 

Despite its low inefficiency in generating cellular ATP, 
the glycolytic pathway provides key metabolic intermediates 
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linked to the biosynthesis of ribose for nucleotide (glucose-
6-phosphate into pentose phosphatase), amino acids 
(3-phosphoglycerate into the serine biosynthetic pathway) 
and fatty acids (pyruvate into the TCA cycle for citrate) (10). 
In addition, glycolytic metabolism allows for the generation 
of NADH which is used by numerous enzymes as s cofactor. 
During hematopoietic stress, HSCs exit from quiescence 
but maintain the glycolytic pathway. In this respect, the 
PI3K-MAPK-mTOR signaling pathway may be critical in 
connecting between increased glycolysis and activation of 
the cell cycle and subsequently increasing proliferation of 
HSCs. Indeed, Ito and colleagues (12) found that oxidative 
stress activates p38α MAPK which is known to govern stress 
responses (13). They demonstrated that treatment with a p38α 
MAPK inhibitor during transplantation restores HSC function 
and number and consequently preventing HSC aging. 

Recent studies by Karigane and colleagues significantly 
advance our understanding of how p38α MAPK promotes 
hematopoietic recovery during hematopoietic stress (14). 
They used an inducible conditional approach to assess 
p38α MAPK function in HSCs. Deletion of p38α in 
young mice had no effect on steady-state hematopoiesis 
but in hematopoietic stress situations, HSCs lacking 
p38α exhibited defective hematopoiesis. The impaired 
hematopoiesis of p38α-depleted HSCs seems to be intrinsic, 
because they displayed no abnormality in homing, apoptosis, 
or ROS production and p38α deficiency in HSC niches 
has no influence on hematopoiesis during hematopoietic 
stress. As cell cycle progression in HSCs is initiated during 
hematopoietic stress, they compared the proliferative ability 
of wild-type and p38α-deficient HSCs in transplantation 
settings, finding that transplanted long-term (LT)-
HSCs of p38α-deficient mice had impaired proliferation 
in recipients. Gene expression profiling also confirmed 
that there was lower expression of genes related to HSC 
markers and proliferation in transplanted p38α-deficient 
LT-HSCs. Analysis of metabolome also showed that levels 
of most metabolites in LKS cells of wild-type mice were 
increased after bone marrow transplantation compared to 
LKS cells at steady state but a majority of the upregulated 
metabolites was reduced in p38α-deficient LKS cells after 
transplantation. However, Karigane and colleagues noticed 
accumulation of glycine and aspartic acid, two amino acids 
used for purine metabolism, and reduction of allantoin, a 
final production of purine catabolism, in LSK cells lacking 
p38α after transplantation. Consistently, expression of 
inosine-5’-monophosphate dehydrogenase 2 (Impdh2), 
the rate-limiting enzyme of guanosine monophosphate 
(GMP) was shown to be decreased in p38α-deficient LT-

HSCs early after bone marrow transplantation. The authors 
further demonstrated that Mitf (microphthalmia-associated 
transcription factor) is a critical downstream transcription 
factor of p38α MAPK signaling regulating expression of 
Impdh2. Importantly, overexpression of Impdh2 in LKS cells 
of p38α- or Mitf-deficient mice rescues the impairment of 
their short- and long-term repopulation capacity.

In summary, Karigane and colleagues identify p38α 
MAPK signaling as central checkpoint regulating exit from 
HSC quiescence during hematopoietic stress. As p38α 
MAPK signaling also negatively regulates HSC quiescence 
at steady state and consequently, reduces their lifespan, 
steady state and hematopoietic stress are likely to induce 
a common signaling point upstream of p38α MAPK in 
HSCs. It will be interesting to elucidate the upstream 
signaling point linked to HSC proliferation. Another 
important issue is to reveal how a crosstalk between HIf-
1α and p38α regulating expression of glycolysis-related 
genes or pentose phosphate pathway-related genes, 
respectively, occurs in HSCs during hematopoietic stress 
(Figure 1). Nonetheless, the findings of Karigane and 

Figure 1 p38α-induced HSC proliferation during hematopoietic 
stress. p38α is activated in HSCs during hematopoietic stress and 
this activation results in upregulation of the transcription factor 
Mitf, inducing transcription activation of pentose phosphate 
pathway (PPP)-related genes such as Impdh2. At steady state, hypoxic 
conditions of HSC niches in bone marrow cavities activate Hif-
1α, which induces transcription of glycolysis-related genes. During 
hematopoietic stress, the Hif-1α-mediated metabolic pathway may 
be intact and provide a metabolic intermediate for the PPP. 
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colleagues provide an important insight into a mechanism 
of hematopoiesis during hematopoietic stress and may also 
open up novel therapeutic opportunities via the p38α-Mitf-
purine metabolism pathway for hematopoietic stem and 
progenitor-related leukemia.
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