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Genetic fingerprint defines hematopoietic stem cell pool size and function
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Hematopoietic stem cells (HSC) are at the apex of
the hematopoietic tree, with self-renewal and
multilineage differentiation potential. On the one

hand, HSC can replenish the mature blood cells by differ-
entiating into lineage-committed progenitor cells in
response to the shortage of blood cells under both home-
ostatic and stressed conditions, such as bleeding and
infection. On the other hand, HSC replicate themselves
to maintain their number. This differentiation and self-
renewal needs to be strictly regulated by gene expression
regulation in order to maintain life-long hematopoiesis.1

Gene expression is in general regulated by “cis- and trans-
regulatory elements”.2 Trans-regulatory elements are
defined as factors which regulate expression of distal
genes (e.g. transcription factors), while cis-regulatory ele-
ments are defined as non-coding DNA sequences which
regulate expression of proximal genes (e.g. promoter and
enhancer regions). These cis-regulatory elements play
important roles in evolution in which polymorphisms
occur in cis-regulatory elements and contribute to pheno-
typic diversity of organisms within well-conserved
genes.3 Epigenetics plays important roles in HSC regula-
tion, as epigenetic dysregulation in HSC is a key driver
for HSC aging and hematopoietic malignancies.4

Epigenetic regulation is also controlled by cis- and trans-
regulatory elements. For example, histone modifications
function as trans-regulatory elements, whereas DNA
methylations function as cis-regulatory elements.
Phenotypic diversity is frequently caused by genetic

variations such as single nucleotide polymorphism (SNP).
It was reported that the size and function of the HSC
pool vary between mice strains,5-9 which suggests genetic
background, such as SNP and copy number variations,
define HSC homeostasis. In 2007, Liang et al. identified
latexin (Lxn) as an HSC regulatory gene whose expression
level is inversely correlated with HSC number.10 Although
a variation in Lxn gene expression and HSC number in
different tested mouse strains was shown, the mecha-
nism underlying regulation of Lxn gene expression and its
variation between mice strains remained unknown.
In this issue of Haematologica, the same group who

published the above-mentioned paper,10 Zhang et al. iden-
tified the promoter region of the Lxn gene that controls
the level of  Lxn gene expression via both HMGB2, a chro-
matin protein, and genetic variations in the promoter
region.11 To study the transcriptional regulation of Lxn,
the authors characterized the upstream region of the Lxn
gene. Based on the natural variation of Lxn expression,
they searched SNP with CpG island and identified a
region with strong promoter activity in the upstream.
Subsequently, DNA pulldown in combination with mass
spectrometry analysis were performed to identify pro-

teins bound to this region, and HMGB2 was found to
bind to the promoter region and to suppress Lxn gene
promoter activity. To further confirm the regulatory role
of HMGB2 in Lxn gene expression, Zhang et al. per-
formed a gene knockdown experiment with EML cells,
which share some of the characteristics of HSC.12 This
showed that HMGB2 knockdown suppresses EML cell
growth and that additional Lxn gene knockdown could
rescue this growth, suggesting that Lxn was one of the
transcriptional targets of HMGB2. Consistent with the
previous reports concerning the  phenotype of cells over-
expressing Lxn,13,14 the HMGB2 knockdown cells showed
enhanced apoptosis and cell cycle arrest, which could in
part be rescued by Lxn gene knockdown. These data sug-
gest HMGB2 positively regulates HSC survival and prolif-
eration by suppressing expression of Lxn and Lxn-regulat-
ed apoptosis. Similar data were also shown in Lin-Sca-1+c-
Kit+ (LSK) cells primarily isolated from mouse bone mar-
row that contain HSC. HMGB2 knockdown in LSK cells
showed suppressed proliferation, enhanced apoptosis
and cell cycle arrest in vitro. In transplantation experi-
ments, HMGB2 knockdown in LSK cells showed
decreased reconstitution of whole peripheral blood cells
and bone marrow LSK cells and long-term HSC  in trans-
plant recipients, indicating that HMGB2 plays an impor-
tant role in HSC function in vivo.
The previous finding that Lxn expression level is correlat-

ed with HSC numbers10 led the authors to hypothesize
that the SNP in the promoter region of the Lxn gene may
contribute to a variation in Lxn expression and HSC num-
ber. To test this, the authors introduced G to C mutation in
the HMGB2 binding sequence in the Lxn gene promoter
region and found that the G allele showed higher promoter
activity for Lxn expression compared to the C allele.
Furthermore, when Lxn gene expression and bone marrow
HSC number were analyzed in different mouse strains car-
rying the G or C allele in this SNP region, the mice strain
carrying the C allele showed relatively lower Lxn protein
expression and higher HSC number compared to those car-
rying the G allele. These data suggest that a genetic variant
in the Lxn gene promoter region defines the variation in
Lxn gene expression level and HSC number.
Together, Zhang et al. revealed that the transcription of

Lxn regulating HSC function, at least as far as apoptosis is
concerned, was controlled by both trans-regulatory ele-
ment, HMGB2, and cis-regulatory element, as genetic
variation was observed in the Lxn gene promoter region
(Figure 1). HMGB2 is known as a chromatin-associated
protein which remodels chromatin structure and gene
expression.15 Although the molecular mechanism by
which HMGB2 regulates Lxn gene transcription remains
unclear, all the data provided in this study suggest Lxn
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gene transcription may be regulated through epigenetic
modification. HMGB2 is also known to regulate senes-
cence-associated gene expression by orchestrating the
chromatin landscape of the gene loci.16 As the authors dis-
cussed, it would be interesting to study the role of Lxn
gene regulation by HMGB2 in the context of HSC senes-
cence and aging. The SNP identified in this study was in
the CG-rich region. Although direct evidence was not
shown, these data imply a functional role of the genetic
variation, such as SNP, in Lxn gene regulation via DNA
methylation. Taken together, this report suggests epige-
netic regulation of HSC via Lxn gene transcriptional regu-
lation. The molecular mechanism of how epigenetic reg-
ulation by HMGB2 protein and genetic variation in the
Lxn gene promoter region work together needs to be bet-
ter understood.
This report is the first demonstration that genetic vari-

ation, especially SNP, is a determinant for the variations
among different mouse strains in HSC pool size and func-
tion. The authors also discussed a similar observation
made in humans,11 opening the possibility that the genetic
variation in the Lxn gene promoter region may contribute
to the pathogenesis of hematopoietic aplasia/neoplasia,
such as bone marrow failure or leukemia. If epigenetic
regulation of Lxn gene transcription is involved in these
hematopoietic diseases, it could be a new therapeutic tar-
get for genetic correction/modification such as genome

editing. Since other genes that regulate HSC function,
besides the Lxn gene, could undergo genetic variation
through cis-regulatory elements, it would be interesting
to characterize SNP in the regulatory region of HSC reg-
ulatory genes. This would help to develop therapeutic
strategies for personalized medicine.
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In this edition of Haematologica, Caulier and colleaguesprovide new insights into the role of PIEZO1, a
mechanosensitive ion channel, in regulating normal

human erythropoiesis.1 Defects in PIEZO1 have also been
shown to lead to disordered erythropoiesis in hereditary
xerocytosis, an inherited red cell disorder leading to red
cell dehydration.2,3 Using in vitro cellular models of human
erythropoiesis, the authors documented that the chemi-
cal activation of PIEZO1 either in an erythroid cell line
model or in normal human hematopoietic stem cells
(HSC) repressed erythroid differentiation. Importantly,
they further documented that there was delayed ery-
throid differentiation in HSC from patients with PIEZO1
mutations. These findings provide unexpected and novel
insights into the role of ion channels in the regulation of
human erythropoiesis.1

Anemia is a significant health problem that affects near-
ly two billion people around the world. The major causes
of anemia are: (i) an increased rate of destruction of circu-
lating red cells in disorders that include red cell membrane
disorders, sickle cell disease, immune hemolytic anemia,
nutritional anemias and malaria; (ii) acute blood loss or
splenic sequestration; and (iii) decreased production of red
cells in the bone marrow due to ineffective erythro-
poiesis,which includes thalassemias, inherited bone mar-
row failure syndromes, infiltrative processes such as
myelodysplastic syndrome and acute myeloid leukemia
and suppression of erythropoiesis due to infection and
medications. While significant progress has been made
over the years to improve our understanding of the contri-
bution of increased red cell destruction to anemia, much
less is known about the extent of the effect of ineffective
erythropoiesis and its contribution to anemia in the vari-
ous red cell disorders. This is particularly true in the case
of inherited red blood cell membrane disorders. The lack

of progress has been due in part to a lack of an adequate
and easily implementable methodology to study the com-
plex process of human erythroid differentiation.
The generation of enucleated circulating human red

cells is a complex biological process that begins in the
bone marrow with the commitment of pluripotent HSC
to the erythroid lineage (Figure 1). Subsequent stages of
maturation include erythroid progenitors, burst-forming
unit–erythroid and colony-forming unit–erythroid (CFU-
E), which can be identified by their development into
representative clonal colonies of red cells in vitro. The
CFU-E then undergoes terminal differentiation, progress-
ing through four to five morphological stages, each hav-
ing characteristic light microscopic and ultrastructural
features. During terminal erythroid differentiation there
is an increasing amount of hemoglobin synthesis accom-
panied by nuclear chromatin condensation and in the
final stage of differentiation there is nuclear extrusion to
generate an anucleate reticulocyte which over 2 to 3 days
matures, first in the marrow and then in the circulation,
into the discoid erythrocyte.  
Significant progress has been made during the last

decade in developing culture systems to study the differ-
entiation of human CD34 cells intto enucleate reticulo-
cytes and using various cell surface markers to monitor
the progression through all stages of erythroid differentia-
tion.4-7 These developments are enabling detailed charac-
terization of normal and disordered human erythro-
poiesis.8-13 Importantly, as a result of this progress it is now
possible to obtain insights into at what stage of the com-
plex process of erythroid differentiation various genes
contribute to ineffective erythropoiesis. 
Using these in vitro cellular models of human erythro-

poiesis, the study by Caulier and colleagues documented
that the chemical activation of PIEZO1 either in an ery-


