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Haematopoietic progenitor cells 
(HPC) traffic between the circu-

lation and the bone marrow. Through 
contact with osteoblasts in the bone 
marrow niche, their survival, mainte-
nance and proliferation is regulated. 
This review summarizes recent observa-
tions regarding the interaction between 
osteoblasts and HPCs, and the result-
ing downstream effects on signaling and 
niche maintenance. Using live imaging, 
amongst other techniques, HPCs were 
found to make prolonged contact with 
the osteoblast, via a specialized region 
of their membrane with high expres-
sion of prominin 1, CD63 and rhod-
amine PE. Following contact, portions 
of the HPC membrane expressing these 
molecules were phagocytosed by the 
osteoblast into SARA-positive signaling-
endosomes. In response, Smad signaling 
was downregulated in the osteoblasts, 
leading to increased production of SDF-
1; a chemokine involved in progenitor 
cell homing to the bone marrow, and 
thus regulating progenitor cell traffick-
ing. The study summarised here presents 
important findings regarding progeni-
tor cell trafficking, maintenance, prolif-
eration and survival in the bone marrow 
and potentially other niche microenvi-
ronments, following signaling events ini-
tiated and propagated through single cell 
interactions.

Maintenance and regulation of hae-
matopoietic stem cell self-renewal and dif-
ferentiation depends upon their specific 
microenvironment known as the ‘stem cell 
niche’.1 Haematopoietic stem-progenitor 
cells reside in the bone marrow, ultimately 

differentiating into blood and immune 
cells. Once their fate is determined, HPC 
move between the circulation and the bone 
marrow: a process regulated predomi-
nantly through osteoblasts, also residing 
within the bone marrow environment.2,3 
Through contact with HPCs, osteoblasts 
are induced to secrete a number of cell 
signaling molecules that in turn regulate 
HPC trafficking, proliferation and sur-
vival. Until recently the molecular mecha-
nisms determining these processes were 
unknown. This review summarizes recent 
findings by Gillette et al. (2009), published 
in Nature Cell Biology, in which sophisti-
cated experiments have been performed to 
investigate different aspects of osteoblast 
and HPC interactions and the resulting 
downstream effects important for niche 
maintenance4 (Fig. 1). Their observations 
have significant importance in cell-cell 
communication in both the bone marrow 
and other cellular microenvironments.

The authors used a live-cell co-culture 
system, whereby HPCs (primary CD34+ 
cells or the KG1a progenitor cell line) were 
co-cultured with primary human osteo-
blasts or the human SaOS2 osteoblas-
tic cell line, presenting live images with 
labeled cells to demonstrate their find-
ings. HPCs were highly polarised, rapidly 
changing their morphology and migrating 
towards the osteoblasts, with a leading 
and lagging edge (termed the ‘uropod’).5 
Further investigations of the distribu-
tion of HPC plasma membrane compo-
nents identified asymmetric expression 
of the stem cell marker prominin 1 and 
the adhesion-signaling molecules CD63, 
CD68 and VLA-4. Rhodamine PE, a 
lipid that inserts within the membrane, 
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whereas in osteoblasts co-cultured with 
HPC, Smad2/3 were located within the 
cytoplasm, suggesting a reduction in acti-
vated Smad2/3 signaling and ultimately 
a reduction in TGFβ signaling. TGFβ 
signaling has previously been shown to 
downregulate osteoblast production of 
SDF-1, a chemokine involved with pro-
genitor cell migration and adhesion, 
affecting HPC survival.7,8 Following co-
culture with HPC, osteoblast expression 
of SDF-1 increased from 30 to 75%, and 
this was further shown to be associated 
with the intercellular transfer event and 
not simply due to prolonged cell contact.

In conclusion, this is the first paper to 
demonstrate downstream effects occur-
ring following direct cell-cell contact of 
HPC with osteoblasts, and their poten-
tial importance in signaling and remod-
eling within the bone marrow niche. 
More specifically the authors used live 
imaging to demonstrate uptake of small 
portions of the HPC uropod membrane 
into SARA-positive signaling-endo-
somes within the osteoblast. Osteoblasts 
subsequently showed decreased Smad-
signaling, and ultimately reduced SDF-1 
production. As SDF-1 is involved with 
trafficking, survival and proliferation of 
HPC within the bone marrow environ-
ment, these cell contact events may play a 
vital role in HPC propagation. This work 
provides new insights into cell-cell com-
munication and the resulting intercellular 
transfer and downstream events that are 
important in the bone marrow. Contact-
dependent interactions between stem cells 
and organ-specific differentiated cells has 
been recognized for a few years now,9,10 
but the complicated mechanisms under-
lying these processes has until now been 
largely unknown. Gillette et al. have eluci-
dated one such mechanism.4 As adult stem 
cell niches reside in other microenviron-
ments around the body, similar contact-
dependent mechanisms may be employed 
to maintain and regulate the propagation 
and differentiation of such specific stem 
cell populations. Whether these are stable 
or dynamic situations, still needs to be 
identified.

separated the cell types, demonstrating 
that a cell-specific interaction takes place 
that requires direct contact between the 
two cell types. Chemical disruption of the 
uropod membrane also showed that this 
specialized part of the membrane is essen-
tial to mediate the intercellular transfer.

Using live imaging, the authors 
next identified that the transfer event 
involved dynamin-dependent phagocyto-
sis, whereby osteoblasts uptake portions 
of the HPC membrane into endosomes, 
and did not involve fusion of the two cell 
membranes (Fig. 1). Staining fixed osteo-
blasts for Smad anchor for receptor activa-
tion (SARA), a FYVE-domain containing 
protein involved in signal transduction, 
showed that the signaling-endosomes 
(endosomes with activated receptors and 
downstream effectors6) were SARA-
positive; following TGFβ receptor activa-
tion, translocation of Smads is induced, 
a process aided by SARA as a cofactor, 
ultimately leading to gene activation. In 
osteoblasts cultured alone, Smad2/3 were 
predominantly located within the nucleus, 

also demonstrated this polarized pattern 
of expression (Fig. 1). Using cholesterol 
and actin depletion, the authors confirmed 
that both cholesterol and actin-based pro-
cesses are involved the cell surface expres-
sion of these molecules in the polarized 
regions. Confocal and time-lapse imaging, 
scanning electron microscopy and quan-
tum dot (QD)-labeling of the osteoblast-
HPC interaction identified that the HPC 
uropod mediated the cell contact through 
microvilli-like projections, with highly 
polarized expression of prominin 1, rhod-
amine PE, VLA-4 and CD63 detected at 
the site of contact.

Gillette et al. next carried out further 
QD-labeling and confocal microscopy 
experiments to characterise the transfer 
of lipid and protein components from the 
HPC uropod membrane to the osteoblast.4 
Using rhodamine-PE labeled cells, the 
authors observed that this transfer process 
was not observed at the same rate when 
HPCs were co-cultured with HeLa cells 
(i.e., cells that do not normally reside in 
the bone marrow), nor when a membrane 

Figure 1. Schematic representation of the events occurring during HPC-osteoblast interactions. 
HPCs interact with osteoblasts through specialized regions of the HPC membrane (uropod), 
expressing high levels of prominin, CD63, CD81, rhodamine PE and Vla-4 (1). Following contact, 
portions of the uropod membrane are actively phagocytosed by the osteoblast into Sara+ve 
endosomes (2). In response, osteoblast Smad signaling is reduced, leading to increased SDF-1 
production (3) and ultimately increased HPC trafficking, proliferation and survival within the bone 
marrow (4).
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