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Blood and bone: two tissues whose fates are intertwined to create
the hematopoietic stem-cell niche
Russell S. Taichman

The mechanisms of bone and blood for-
mation have traditionally been viewed as
distinct, unrelated processes, but compel-
ling evidence suggests that they are inter-
twined. Based on observations that hema-
topoietic precursors reside close to
endosteal surfaces, it was hypothesized
that osteoblasts play a central role in
hematopoiesis, and it has been shown
that osteoblasts produce many factors
essential for the survival, renewal, and
maturation of hematopoietic stem cells
(HSCs). Preceding these observations are

studies demonstrating that the disruption
or perturbation of normal osteoblastic
function has a profound and central role
in defining the operational structure of
the HSC niche. These observations pro-
vide a glimpse of the dimensions and
ramifications of HSC-osteoblast interac-
tions. Although more research is required
to secure a broader grasp of the molecu-
lar mechanisms that govern blood and
bone biology, the central role for osteo-
blasts in hematopoietic stem cell regula-
tion is reviewed herein from the perspec-

tives of (1) historical context; (2) the role
of the osteoblast in supporting stem cell
survival, proliferation, and maintenance;
(3) the participation, if any, of osteoblasts
in the creation of a stem cell niche; (4) the
molecules that mediate HSC-osteoblast
interactions; (5) the role of osteoblasts in
stem cell transplantation; and (6) pos-
sible future directions for investigation.
(Blood. 2005;105:2631-2639)
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Introduction and historical perspective

Hematopoiesis occurs in unique microenvironments that facili-
tate the maintenance of hematopoietic stem cells (HSCs) as
pluripotent and support the maturation of progenitors. Each of
these activities may require different growth factors and micro-
environments, the identities of which have yet to be determined.
In vitro, bone marrow stromal cells (BMSCs) serve as a rich
source of growth factors for a variety of hematopoietic pro-
cesses. BMSCs are composed of several different populations,
including fibroblasts, macrophages, endothelial cells, and adipo-
cytes. Although it is difficult to discern the relative importance
of each of these cells, it has been shown that direct stromal
cell–blood cell contact, BMSC production of the extracellular
bone marrow matrix, and cytokine synthesis are all relevant to
the formation and maturation of blood cells in vitro.1-3 The role
of BMSCs in vivo is less clear.

Osteoblasts have long been known to play a central role in
skeletal development. Derived from pluripotent mesenchymal stem
cells (MSCs), they mature along a specific lineage to become
highly specialized synthetic cells. As such, osteoblasts respond to
many mechanical, local, and systemic stimuli that facilitate miner-
alization while they orchestrate bone remodeling. Osteoblasts also
constitute part of the stromal cell support system in marrow, but
little is known about their functional relevance to HSCs. Early
attempts to understand this relationship focused on the protective
function that bone might serve for the hematopoietic organ.4

Observations in birds of recurrent trabeculation of the medullary
cavity during ovulation show that the hematopoietic tissue re-
gresses as bone encroaches the marrow space,5 strongly suggesting
that osteogenesis and hematopoiesis are functionally linked. Simi-

larly, during embryogenesis, rapid formation of primitive marrow
occurs in bone resorption centers.6

Yet, despite the striking affiliations, surprisingly little is known
regarding the impact of osteoblasts on the marrow microenvironment. Is
it happenstance that the most active marrow is located in the interstices
of cancellous bone and at the periphery of the medullary cavity of
cortical bone concentrated on endosteal surfaces? Identification of the
hematopoietic stem cell niche has been difficult, if not controversial. Patt
and Maloney7 suggest that stroma itself is the principal determinant of
the quality of hematopoiesis. Central questions, to which we will return
later, such as why medullary cavities in bone become the normal site for
definitive hematopoiesis and why new hematopoietic foci arise in close
approximation with bone remain unanswered. Specifically, what is the
operational structure of one microenvironment relative to another? Does
a given microenvironment represent a transient state? Does the stromal
cell per se provide HSC proliferative or commitment control, or
both? Is there more than one type of regulatory stromal cell, or is a
single type with specificity determined by ambient factors? These
issues have been difficult to address.7 Several investigators report
that a concentration gradient of pluripotent stem cells (spleen
colony-forming units [CFU-Ss]) exists and decreases toward the
central anteriol of the femoral medullary cavity in mice.8-10 The
density of maturing granulocytes, on the other hand, increases with
distance from the osseous surface (Figure 1).9 Because it is likely
that local control of HSCs is characterized by specific inductive
microenvironments,11 hematopoiesis is also likely influenced by
the nature and character of the local blood flow.10,12

Historically, many investigators have suggested that osteoblasts
regulate hematopoiesis because bone houses the marrow and
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