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Despite the tightly-controlled processes that
link the activity of bone-resorbing
osteoclasts to bone-forming osteoblasts,
osteoclasts and osteoblasts have different
origins. As early as the 1970s, particular
forms of osteopetrosis were found to be
cured by circulating osteoclast precursors in
peripheral blood (1), and evidence that
osteoclasts originate from hematopoietic
stem cells is now undisputed (2). In contrast,
osteoblasts originate from stromal stem
cells, now usually called mesenchymal stem
cells, in bone marrow (3). The idea that
osteoblasts or their precursors might traffic
via the same blood route as osteoclast
precursors has appeared more recently and
has met with some skepticism. A recent
paper by Eghbali-Fatourechi et al. (4),
suggesting not only that a physiologically
significant number of osteoblastic cells
circulate, but also that the number increases
at times when increased bone remodeling is
required, such as during growth spurts in
adolescence and bone repair after injury, will
undoubtedly add to the debate.

Previous support for the existence of
circulating mesenchymal precursor cells with
capacity to contribute to bone remodeling
comes from several groups and models. For
example, Zvaifler et al. (5), reported
evidence of cells in human peripheral blood,
with  multipotentiality for mesenchymal
lineages, including osteogenic cells, in vitro.
This is consistent with data from Kuznetsov
et al. (6) who found that a small population
of cells within the peripheral blood of
humans, mice, rabbits and guinea pigs
adhered to tissue culture plates in vitro, a
property of stromal elements. These cells
also formed colonies with osteogenic
capacity in ceramic-based implants placed

subcutis in immunocompromised mice.
Notably, the frequency of circulating
osteogenic  precursors measured by
Kuznetsov and colleagues was extremely
low, raising questions about their
physiological significance. Thus, the recent
findings of Eghbali-Fatourechi et al., in
which as many as 5% of circulating cells are
designated as potential osteoprogenitors,
are striking (4). The higher frequency may
reflect a key experimental difference:
Eghbali-Fatourechi et al. assayed
nonadherent cells directly from the
peripheral  blood, rather than the
subpopulation of cells that are tissue culture
plastic-adherent. Osteoprogenitors within a
nonadherent fraction of bone marrow were
proposed previously by Long and colleagues
(7) who found cells with capacity to form
colonies in semi-solid medium, express
osteoblastic markers and deposit
mineralized matrix within a population of
low-density, nonadherent, marrow cells.
These cells expressed little or no My10
antigen, an antigen found on most
hematopoietic progenitors.  Scutt's group
also found that with time some initially
nonadherent bone marrow cells adhere and
form fibroblast colony-forming units in vitro
(8). More recently, Horwitz and colleagues
showed that plastic-nonadherent bone
marrow cells have more than 10 times the
bone-repopulating  activity of  plastic-
adherent bone marrow cells in lethally
irradiated mice (9).

Nevertheless, there remains a puzzling
discrepancy between estimates of
osteogenic precursors in different studies.
Specifically, very high precursor frequencies
have been reported in human peripheral
blood by Eghbali-Fatourechi and colleagues
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(4), while much lower frequencies have
been measured by others in peripheral
blood of multiple species (6) and in bone
marrow of mouse and rat. Estimates of
precursor frequencies in total unfractionated
(adherent and nonadherent fractions) mouse
and rat bone marrow populations are
~0.0005% (0.005% after 5-fluorouracil
treatment) (10) and ~0.001-0.003% (11)
respectively. Medium supplements (serum
source [12]; hormones such as
glucocorticoids [11]) and the presence of
accessory cell lineages (11,13,14) are
known to affect the frequency of
osteoprogenitors detected in culture assays.
Eghbali-Fatourechi et al. used positive
immunoselection (FACS sorting) for cell-
surface expression of osteocalcin (OCN) to
obtain a population of cells enriched for
osteoblast-associated marker expression
and for ability to form a mineralizing matrix
in vitro and after subcutaneous injection in
immunocompromised mice. The authors did
not, however, determine what proportion of
the entire  OCN-positive population
contributed to the osteogenic endpoints
measured or measure the frequency of
specific clonogenic osteogenic cells. Such
studies will be required not only to place
these observations more fully into the
context of the field but also to dissect the
basis of some unexpected results. For
example, although percentage of OCN-
positive cells correlated with bone marker
expression and bone formation, the
percentage of alkaline phosphatase (ALP)-
positive cells did not correlate in all cases,
even though the ALP-positive population
was also reported to be enriched for
expression of osteoblast-associated genes
and capacity for bone nodule formation
(data not shown). As the authors recognize,
this suggests that cells positive for OCN and
ALP may represent different subpopulations,
which will require further characterization of
the OCN-positive cells to understand their
relationship to other clonogenic osteogenic
cells and to accessory populations. In this
regard, Thiede and colleagues reported in
the early 1990's that OCN is also expressed
by bone marrow megakaryocytes and
peripheral blood platelets (15). However, the
FACS gates set by Eghbali-Fatourechi et al.
presumably excluded both enucleated OCN-
positive platelets and polyploidal

megakaryocytes, accessory cells that can
influence bone formation by osteogenic
precursors in marrow (13). Osteoblasts have
been reported to express a G-protein-
coupled OCN receptor (16), but an OCN
fragment was also shown recently to
stimulate maturation of osteoclast
precursors present in the Mac1-positive
cFms-positive population of marrow cells
(17). If this latter response is mediated by a
cell surface receptor, an OCN-positive
population could conceivably include
preosteoclasts or other cells with capacity to
bind secreted full-length or proteolytically-
derived fragments of OCN (17). Such cells
would be expected to be increased in serum
under the same high bone remodeling
conditions that correlate with the increased
frequency of OCN-positive osteogenic
precursors, as seen by the authors.
Conversely, we will need to establish how
OCN-positive osteogenic cells relate to a
total osteoprogenitor pool when the
fractionation is based on the presence of a
marker usually thought to indicate a mature
post-proliferative osteoblast state, but also
heterogeneously expressed by mature
osteoblasts (18,19).

If a sizeable pool of circulating osteoblastic
cells does exist, where do they come from
and what are their functions? The authors
hypothesize that the frequency and changes
in frequency of circulating osteoblasts with
age and in states of high bone remodeling
reflect their regulation by particular bone-
responsive hormones and growth factors,
e.g., IGF-l and IGFBP3, and their active
participation in bone formation. In other
words, they propose that circulating OCN-
positive cells are part of a previously
unrecognized mechanism whereby
osteoprogenitors from the bone marrow, or
possibly other sources, are transported to
sites of remodeling as needed. Much more
work will be required to address whether
and how the birth, life
(differentiation/maturation) and/or death of
putative circulating osteoblasts are regulated
by a variety of factors. However, Hauge et
al. (20) reported a structure of flat lining cells
that  separate the bone marrow
compartment, the presumed major source of
osteoprogenitors, from the bone remodeling
compartment. Based on this, Eghbali-

15

Copyright 2005 International Bone and Mineral Society



BoneKEy-Osteovision. 2005 September;2(9):14-18

http://www.bonekey-ibms.org/cgi/content/full/ibmske;2/9/14

DOI: 10.1138/20050174

Fatourechi and colleagues propose that
marrow osteoblastic cells use the sinusoids
to reach remodeling compartments for bone
formation and to reach the circulation for
participation in bone formation at other
skeletal sites, including at fracture healing
sites distant from red marrow. Although
interesting, as yet there is no evidence that
the flattened lining cells described by Hauge
et al. form an impenetrable barrier to bone
marrow cells.

It is also worth considering that
hematopoeitic stem cells from the bone
marrow and bone marrow niche have
access to the circulation, and the
bloodstream has been found to be a viable
route of delivering at least some marrow-
derived cells to the bone (21,22). Thus,
marrow mesenchymal stem cells or their
progeny, using as yet molecularly and
biochemically uncharacterized
transmigration and homing strategies, may
have access directly from marrow,
especially if mobilized by specific
recruitment signal(s). The relationship to a
putative vascular pericyte pool of osteogenic
cells (23) also needs to be addressed using
additional immunological (e.g., cell surface
markers) and functional tools. A corollary
issue is whether the increase in number of
circulating OCN-positive cells detected by
the authors after injury to bone is a "passive"
process, i.e., is due to their release from the
marrow into the bloodstream following bone
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