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Osteoblasts are now a well-recognized
component of the hematopoietic stem
cell (HSC) niche, and numerous
pathways that mediate cross-talk
between osteoblasts and HSCs have
been identified. The cells of the
osteoblast lineage are a heterogeneous
population, and growing evidence
suggests that populations at differing
stages of osteogenic differentiation may
play distinct roles in supporting
hematopoietic development. Nakamura et
al. have fractionated non-hematopoietic,
non-endothelial cells of the bone marrow
based on expression of ALCAM and Sca-
1, and find that subpopulations have
differing abilities to support long-term
reconstitution (LTR) activity of HSCs (1).
In particular, the ALCAM'Sca-1"
population, containing differentiated
osteoblasts, provides the greatest
support for HSCs and expresses higher
levels of cell adhesion molecules. These
findings represent an important advance
in understanding the relative
contributions of different subsets of the
osteoblast lineage to the bone marrow
hematopoietic microenvironment.

Since Schofield first proposed that the bone
marrow microenvironment serves a crucial
function in support of HSCs, the cellular
identity and function of such stromal cells
has been of great interest (2). In 1994,
Taichman and Emerson demonstrated that
osteoblasts could support hematopoiesis in
vitro (3). While mature osteoblasts line the
bone (endosteal) surface and secrete
extracellular matrix, osteoblast progenitors

derived from mesenchymal stem cells are
likely located in the bone marrow and
comprise one subset of stromal cells.
However, identification of these progenitors
in vivo has been limited by the paucity of cell
surface markers. Anatomic evidence has
long suggested that HSCs are located in
close proximity to mature osteoblasts along
the endosteal surface, and in recent years
genetic manipulation of osteoblast number
has confirmed their crucial role in the HSC
niche (4-6). However, earlier precursors in
the osteoblast lineage may provide support
for distinct subsets of hematopoietic cells. In
particular, several groups have found that
osteoblastic cells can also influence the
differentiation of B cell precursors (7-9), and
studies in mice have implicated the
involvement of osteoblast progenitors (8).
Therefore, in order to more completely
understand the molecular mechanisms
underlying crosstalk between the skeletal
and hematopoietic systems, the ability to
purify or enrich specific subpopulations of
both osteoblast and hematopoietic lineages
will be paramount.

In recent years, progress has been made in
the area of isolating mesenchymal
progenitors for the characterization of
hematopoietic-supporting potential. Chan et
al. demonstrated that CD105'Thy1™ cells
from fetal endochondral bones can give rise
to ectopic bone and marrow cavity with
hematopoietic reconstitution, while
CD105'Thy1" progenitors, which express
higher levels of the mature osteoblast
marker osteocalcin, can form only bone via
intramembranous ossification (10). Mayack
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et al. have shown that cells isolated on the
basis of expression of the osteoblast marker
osteopontin can regulate HSC proliferation
and mobilization (11).

Nakamura and colleagues now report the
use of ALCAM, a cell-adhesion molecule,
and Sca-1, a marker of progenitor cells, to
fractionate bone marrow stromal cells into
distinct ALCAM"Sca-1", ALCAM Sca-1, and
ALCAM'Sca-1" populations (1). Although all
three fractions have osteogenic potential,
alkaline phosphatase expression is
detectable only in freshly isolated Sca-1
cells, suggesting that osteoblasts are
enriched in this subset. Within the Sca-1
population, expression of osteocalcin is
highest in the ALCAM" cells. Furthermore,
although all three groups can maintain LTR
activity of co-cultured HSCs, ALCAM"Sca-1-
cells significantly enhance LTR activity.
Microarray  studies reveal increased
expression of cell-adhesion markers and
osteoblast markers within this fraction of
mesenchymal cells.

In contrast to the osteoblast-enriched
ALCAM*Sca-1" population, the ALCAM Sca-
1" fraction contained cells capable of
differentiating into both adipocytes and
osteoblasts, suggesting either a mixed
population of pre-adipocytes and pre-
osteoblasts, or earlier mesenchymal
bipotential progenitors. Consistent with this
possibility, gene expression profiling
indicated that this population most closely
resembles PDGFRa"Sca-1" cells, recently
identified by Morikawa et al. as containing
mesenchymal stem cells (12). This
population also expresses higher levels of
cytokines and growth factors, including
CXCL12. This finding is particularly
interesting since Dr. Takashi Nagasawa’s
laboratory has proposed that a subset of
stromal cells expressing CXCL12, or
CXCL12" reticular cells, found within the
bone marrow and distinct from endosteal
osteoblasts, provides crucial support for
preproB cells (13;14). Whether these
CXCL12" reticular cells might share some
overlap with ALCAM'Sca-1" or
PDGFRa‘Sca-1" cells, and represent
mesenchymal stem or progenitor cells,
awaits further clarification.

In summary, it has long been known that
stromal cells provide support to
hematopoietic development. Stromal cells
are a mixed population, and recent studies
have established that myriad components —
osteoblasts, adipocytes, perivascular cells,
and osteoclasts — can influence the HSC
niche (4;6;15-17). Now the challenge facing
this emerging field is to elucidate the
relevant signals provided by each participant
in this complex microenvironment.
Historically, the field of skeletal biology has
largely identified its cellular populations
using anatomic techniques, while advances
in hematopoiesis have been critically
dependent on flow cytometry and use of
cell-surface markers to identify
subpopulations. In  order to Dbetter
understand the interactions of the skeletal
and hematopoietic systems, and to take full
advantage of pre-existing knowledge in both
fields, the localization, immunophenotype,
and functional properties of various cellular
components within the bone marrow
microenvironment must be reconciled. To
that end, the current paper represents an
important advance by defining mesenchymal
cell populations that have distinct properties
in supporting hematopoiesis, and offers new
approaches to unanswered questions. Can
ALCAM*Sca-1" cells support HSCs in vivo?
Of note, single-cell Q-PCR analysis
suggests that this is still a heterogeneous
population, with a subpopulation that does
not express osteoblast markers. Within the
ALCAM'Sca-1" population, whether the
osteoblasts or other cells are most critical
remains unknown. Lineage tracing studies
may address whether Sca-1" populations
lose Sca-1 expression and then acquire
ALCAM expression in a linear progression
during osteogenic differentiation.
Alternatively, do these subsets of stromal
cells ultimately have unique fates within the
bone marrow microenvironment? Given the
limited number of HSC niches in the bone
marrow, do ALCAM+ cells give rise to all
bone-forming osteoblasts, or do only a
subset of endosteal “osteoblasts” provide
HSC support? Tantalizing avenues for future
investigation lie ahead.
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