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Spotlight series on stem cell mobilization: many hands on the ball, but who is
the quarterback?
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It is well known that hematopoietic stem/progenitor cells
(HSPCs) are non-stop travelers throughout the body in both
time and space. They circulate in peripheral blood (PB) and
lymph during development, moving between major anatomical
sites in which hematopoiesis is initiated and/or temporarily
active. Starting from blood islands in the yolk sac, HSPCs move
through the aortic endothelium, placental vessels and spleen,
until they reach the fetal liver in the second trimester of
gestation. By the third trimester of gestation they reach their final
destination, which is the bone marrow (BM) microenviron-
ment.1 The stromal-derived factor-1 alpha chemokine, which
binds to the G-protein coupled, seven-transmembrane-spanning
CXCR4 receptors expressed on HSPCs, has been postulated as
guiding HSPCs during early development to colonize BM, and
later to have a major role in retention of these cells in the BM
microenvironment.2,3 Later in adult life, a small percentage of
HSPCs are continuously released from BM niches into the PB,
which may be envisioned as a highway by which HSPCs
relocate between distant BM stem-cell niches to keep the total
pool of BM stem cells in balance. It has been demonstrated that
under steady-state conditions, circulating HSPCs undergo a
circadian rhythm in their circulation in PB, with the peak
occurring early in the morning and the nadir at night.4 In mice,
the basal number of HSPCs circulating in PB is strain dependent.
Thus, it is well demonstrated that, during development and in

adult life, HSPCs circulate under steady-state conditions at
detectable levels in the PB. The number of circulating HSPCs
increases in response to (i) systemic or local inflammation,
(ii) strenuous exercise, (iii) stress, (iv) tissue/organ injury and
(v) pharmacological agents.5–8 The number of HSPCs in PB may
increase up to 100-fold after the administration of agents that
induce their forced egress into PB, a process known as ‘stem-cell
mobilization’. The most important mobilizing agents currently
employed in the clinic are (i) cytokines (for example, granulocyte
colony stimulating factor), (ii) cytostatics (for example, cyclopho-
sphamide), (iii) CXCR4- or very late antigen (VLA)-4-blocking
molecules (AMD3100 or BIO4860, respectively) and (iv)
certain chemokines (for example, the growth-related oncogene
protein-b).9,10

Pharmacological mobilization has been exploited in hemato-
logical transplantology as a means to obtain HSPCs for
hematopoietic reconstitution. HSPCs circulating in PB are
currently a preferred source of stem cells for transplantation,
because they are easily accessible andFwhat is important from
a clinical point of viewFthey engraft faster after transplan-
tation than HSPCs harvested from the BM under steady-state
conditions.11

Several mechanisms have been postulated to orchestrate
mobilization, but still more work is needed to better understand
this process. In addition to HSPCs, some other rare stem cells
(for example, mesenchymal stem cells, endothelial progenitor
cells and very small, embryonic-like stem cells) may also appear

in the PB during various stress situations. Thus, we can envision
stem cells circulating in PB as ‘paramedics’ involved in immune
surveillance (HSPCs) or tissue/organ rejuvenation (mesenchymal
stem cells, endothelial progenitor cells and very small,
embryonic-like stem cells). For example, during infection
circulating colony forming units of granulocytes and macro-
phages may proliferate in damaged tissues and supply granulo-
cytes, monocytes and dendritic cells to fight the infection.8

Evidence is accumulating that mobilization varies with the
mechanism that triggers or initiates it: systemic inflammation,
tissue/organ injury or pharmacological intervention. Moreover,
every mobilizing drug may trigger mobilization by employing
overlapping, yet different, mechanisms involving, for example,
cytokines, chemokines or small-molecule antagonists of
BM-homing receptors.

Overall, the mobilization process has been postulated to be
directed by (i) a decrease in The stromal-derived factor-1–
CXCR4 and VLA-4–VCAM-1 interactions in BM (for example,
owing to the release of proteolytic enzymes or after molecular
blockage after administration of small molecular antagonists),
(ii) release of neurotransmitters from the synapses of the nerves
that innervate the BM microenvironement (for example, invol-
ving the dopamine and b2-adrenergic receptors), (iii) reversal
of the trans-endothelial chemotactic gradient between the BM
microenvironemnt and plasma, (iv) activation of the coagulation
cascade (for example, release of urokinase plasminogen
activator receptor (uPAR)) and finally, as recently postulated,
(v) activation of the complement cascade.12–16 In support of this
latter mechanism, it has been observed that mice that do not
activate the distal part of the complement cascade display a
profound defect in mobilization of HSPCs.16,17 Moreover, as
reported previously, the complement cascade becomes acti-
vated in all mechanisms leading to the mobilization of HSPCs
(for example, systemic inflammation, organ injury, as well as
administration of all types of mobilizing drugs).

Several types of cells have also been described that are
required for mobilization to occur (for example, granulocytes,
monomacs and osteoclasts), as well as different basic mechan-
isms that may affect this process (for example, permeabilization
of the BM-blood barrier, release of proteolytic enzymes by
myeloid cells in BM (for example, metalloproteinases, elastase
and cathepsin-G) and decreased activity of inhibitors of
proteolysis (for example, serpins)). At the same time some
controversies still exist, for example, about (i) the real
involvement of metalloproteinases and other proteolytic
enzymes, (ii) the potential participation of osteoclasts and (iii) the
molecular nature of major HSPC chemoattractants present in
plasma and responsible for egress of HSPCs.18–21 For many years
it was assumed that the plasma level of The stromal-derived
factor-1 was responsible; however, as reported by several
investigators, this does not increase significantly during mobi-
lization and thus does not explain the egress of HSPCs. Recent
research postulates sphingosine-1 phosphate as a major
chemoattractant for HSPCs present in steady-state and mobi-
lized plasma.8,22,23
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However, although we have already gained much informa-
tion about the mobilization process, there are still several
questions to be answered; for example, (i) what are the
differences in HSPC mobilization between osteoblastic and
endothelial niches, (ii) which factors regulate mobilization of
different subsets of HSPCs (for example, short- vs long-term
engrafting of stem cells), (iii) how is mobilization regulated for
other non-hematopoietic stem-cell types (for example,
mesenchymal stem cells, endothelial progenitor cell and very
small, embryonic-like stem cells), (iv) are granulocytes always
the first cells that egress from the BM and facilitate/precede
mobilization of HSPCs, (v) are monocytes that egress from the
BM also involved in permeabilization of the BM-blood barrier
(similar to granulocytes), (vi) are HSPCs actively retained in BM
by the CXCR–The stromal-derived factor-1, and VLA4–VCAM-1
axes and does this interaction counteract the continuously
present chemotactic gradient in plasma and finally (and most
important), (vi) what is the molecular basis for the differences
between good- and poorly mobilizing patients?

There is no doubt that a proper understanding of the
mechanisms of stem-cell mobilization will help to develop more
efficient strategies to mobilize these cells for transplantation
purposes, which is why Leukemia has decided to publish a new
spotlight series of articles devoted to stem-cell mobilization. A
hematopoietic stem cell is a cell the fate of which is directly or
indirectly affected by several cellular and molecular mechanisms
activated during mobilization. This situation resembles an
American football game, in which several players touch the ball,
but only one of them, the quarterback, calls the play. We invite
you to read this spotlight series of papers, written by top experts
in the field. The authors, on the basis of their own research, as well
as on surveys of the current literature, present their own views
on stem-cell mobilization and discuss it from different perspectives.
It is hoped that this series of articles will help the reader to make
up her/his mind about which mechanism is the real quarterback
in the HSPC mobilization game.
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