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Niche competition and cancer metastasis to bone
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The molecular basis for the preferential metastases of certain cancers to
bone is not well understood. In this issue of the JCI, Shiozawa et al. pro-
vide compelling evidence that prostate cancer cells preferentially home to
the osteoblastic niche in the bone marrow, where they compete with normal
HSCs for niche support. Because signals from the niche may regulate tumor
quiescence and sensitivity to chemotherapy, these observations have impor-
tant implications for the treatment of metastatic prostate cancer in bone.

Bone is a common site of metastases for
certain tumors, including breast cancer
and prostate cancer (PCa). Approximately
70% of patients with PCa have bone metas-
tases at the time of death (1). The molecu-
lar basis for this preferential growth in the
bone marrow and the biological effects of
the rich microenvironment in the bone
marrow on cancer cell growth and survival
are not well understood. In this issue, Shio-
zawa et al. provide compelling evidence
that PCa cells preferentially home to the
osteoblastic niche in the bone marrow,
where they compete with normal HSCs for
niche support (2). Because signals from the
niche may regulate the quiescence and sur-
vival of PCa cells (and possibly sensitivity
to chemotherapy), these observations have
important implications for the treatment
of metastatic bone cancer.

The bone marrow microenvironment
plays a critical role in the maintenance
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of HSC quiescence and self-renewal.
HSCs preferentially localize in the
bone marrow, either to a perivascular
location or near the endosteum (3, 4).
Although the stem cell niche in the
bone marrow is likely to be complex,
with contributions from endothelial
cells, advential reticular cells, nestin-
positive stromal cells (5), and CXCL12-
abundant reticular (CAR) cells (6, 7),
current evidence suggests that osteoblast
lineage cells are a key component of the
endosteal niche and are required to main-
tain normal HSC function. Expansion of
osteoblast lineage cells by genetic or phar-
macologic means results in concurrent
expansion of HSCs (8). Conversely, abla-
tion of osteoblasts using a suicide gene
results in a loss of HSCs (9).

CXCL12/CXCR4 axis

Although the signals generated by the
stem cell niche that regulate HSCs are not
fully understood, a key player is CXCL12
(also known as stromal-derived factor-1),
a chemokine constitutively expressed at
high levels in the bone marrow by osteo-
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blasts, endothelial cells, and other bone
marrow stromal cells. CXCL12, primarily
through interaction with its major recep-
tor, CXCR4, regulates HSC quiescence
and homing to the bone marrow (10, 11).
Disruption of CXCL12/CXCR4 signal-
ing is a key step in cytokine-induced HSC
mobilization from bone marrow to blood
(12). The importance of the CXCL12/
CXCR4 axis is shown by the success of the
CXCR#4 inhibitor plerixafor (AMD3100;
Genzyme) to rapidly mobilize HSCs in
humans (13). Other agents produced by
stromal cells in the endosteal niche that
have been implicated in the regulation of
HSCs include angiopoietin-1, thrombo-
poietin, and mediators of Notch and Wnt
signaling (14-16).

Certain tumors, including PCa cells,
appear to have coopted the CXCL12/
CXCR4 signaling pathway to preferen-
tially home to the bone marrow. Whereas
CXCR4 expression is low or absent in
many normal tissues, it is expressed at
high levels in more than 23 different can-
cers, including breast cancer, ovarian can-
cer, and PCa (17).

Importantly, inhibition of CXCR4 signal-
ing has been shown to reduce metastatic
disease of multiple tumor types in mouse
xenograft models. The growth and metas-
tasis of PCa cells injected into nude mice,
for example, was inhibited by a neutral-
izing antibody to CXCR4 (15). Similarly,
treatment of mice with small-molecule
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Tumor cells compete for the HSC niche. (A) HSCs reside in perivascular and endosteal niches within the bone marrow. Osteoblast lineage
cells produce factors, including CXCL12, VCAM-1, and c-Kit ligand (kitL; also known as stem cell factor), that retain HSCs in the marrow and
help maintain their quiescence and self-renewal capacities. (B) PCa cells, by coopting the CXCL12/CXCR4 axis, compete with normal HSCs
for residence in the niche. Signals from the niche that promote the quiescence and self-renewal of HSCs may likewise maintain tumor cells in a
more stem-like state, facilitating marrow metastasis and resistance to chemotherapy.

inhibitors of CXCR4 reduced the meta-
static burden of transplanted breast cancer
cells (18, 19).

Sharing a niche

Although tumor cells and HSCs use simi-
lar homing mechanisms, it has not been
clear whether tumor cells directly occupy
the HSC niche. Shiozawa et al. now pro-
vide compelling evidence that prostate
tumor cells directly compete with HSCs
for residence in the endosteal niche (2).
Using a PCa xenograft model, they showed
reduced HSC number and function in mice
with micrometastases. Moreover, coinjec-
tion of PCa cells (but not control non-
metastatic transformed prostate epithe-
lial cells) with normal murine or human
HSCs decreased their engraftment in the
bone marrow. Importantly, multiphoton
imaging demonstrated that transplanted
HSCs and PCa cells localized to the same
(endosteal) region of the bone marrow.
Perhaps most convincingly, they show
that manipulation of the osteoblast niche
affected the development of metastases:
treatment with parathyroid hormone,
which expands osteoblasts, increased the
metastatic burden, whereas ablation of
osteoblasts was associated with a reduced
number of metastases.

There are several important clinical
implications of these findings. First, dis-
placement of normal HSCs from the
niche by cancer cells may contribute to the
peripheral cytopenias (e.g., neutropenia
and anemia) that are common in patients
with metastatic cancer. Second, because
signals from the endosteal niche contrib-
ute to HSC quiescence and survival, it is
possible that cancer cells located in the
niche may acquire a more quiescent and
stem-like phenotype, perhaps facilitating
dormancy. Consistent with this possibil-
ity, disseminated tumor cells are com-
monly found in the bone marrow of men
with PCa at the time of prostatectomy, and
persistence of these cells after surgery is
associated with an increased risk of recur-
rence (20). Third, the study by Shiozawa et
al. predicts that agents that mobilize HSCs
from the niche may also mobilize can-
cer cells; indeed, treatment of mice with
the small-molecule CXCR4 antagonist
AMD3100 or G-CSF, both potent mobiliz-
ing agents for HSCs, led to egress of PCa
cells from the bone marrow (2).

Evolving strategies

Perhaps the most exciting aspect of this
work is that it suggests potential strategies
to disrupt cancer/stromal cell interactions
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in the bone marrow to sensitize cancer
cells to chemotherapy (Figure 1). Although
direct experimental evidence is lacking,
signals from the osteoblast niche are pre-
dicted to induce cancer cell quiescence and
provide survival signals, rendering cells
resistant to chemotherapy. It follows that
mobilization of cancer cells out of the niche
using AMD3100, G-CSF, or other mobiliz-
ing agents may render the cells more sen-
sitive to chemotherapy. In fact, there is
evidence that treatment with AMD3100
sensitizes acute myeloid leukemia cells to
chemotherapy (21), and phase I/II clini-
cal trials of CXCR4 inhibitors (CTCE-
9908, British Canadian BioSciences Corp.;
MSX-122 Metastatix Inc.) have been initi-
ated for patients with refractory metastatic
solid tumors. Caution is advised in using
CXCR4 antagonists, however, as long-term
disruption of the HSC niche could have
clinically relevant effects on hematopoiesis
and could potentially increase metastases
to other anatomic sites.

Several important questions are raised
by this study. Experiments were performed
in immunodeficient mice using a PCa cell
line. Do primary PCa cells also engraft the
osteoblast niche in human bone marrow?
Do other cancers with a predilection for
metastases to bone also home to the osteo-



blast niche? Finally, studies are needed to
better characterize the biological effects of
the osteoblast niche on the survival, quies-
cence, and sensitivity to chemotherapy of
cancer cells. Ultimately, identification of
the niche signals that regulate cancer cell
phenotype may provide targeted strategies
to render metastatic bone cancers more
susceptible to chemotherapy.
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Acute promyelocytic leukemia (APL) is a malignancy of the bone marrow,
in which there is a deficiency of myeloid cells and an excess of immature
cells called promyelocytes. APL is most commonly caused by a transloca-
tion (15:17) and expression of the promyelocytic leukemia and the retinoic
receptor oo (PML-RARA) fusion product; however, the events that cooper-
ate with PML-RARA in APL pathogenesis are not well understood. In this
issue of the JCI, Wartman and colleagues use an innovative approach to find
other relevant mutations in APL. They performed whole genome sequenc-
ing and copy number analysis of a well-characterized APL mouse model
to uncover somatic mutations in Jak1 and lysine (K)-specific demethylase
6A (Kdmé6a, also known as Utx) in mice with APL and validated the abil-
ity of Jakl mutations to cooperate with PML-RARA in APL. The findings
implicate the JAK/STAT pathway in the pathogenesis of APL and illustrate
the power of whole genome sequencing to identify novel disease alleles in
murine models of disease.

Conflict of interest: The authors have declared that no
conflict of interest exists.

Acute promyelocytic leukemia (APL) is a
clinically and molecularly distinct sub-
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type of acute myeloid leukemia that is
distinguished by a recurrent chromosom-
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al translocation fusing chromosomes 15
and 17. The t(15:17) translocation results
in the fusion of the promyelocytic leuke-
mia (PML) gene and the retinoic receptor
o (RARA) gene (PML-RARA). The PML-
RARA fusion protein is thought to con-
tribute to APL pathogenesis by dimer-
izing and binding DNA and repressing
the transcription of RARA target genes
through recruitment of corepressors.
More recent work indicates that PML-
RARA also is able to bind to alternate
DNA sites and to interact with chroma-
tin remodeling complexes involved in
stem cell maintenance and that the PML-
RARA protein undergoes posttransla-
tional modifications (sumoylation and
phosphorylation) that are required for
APL initiation (1, 2). A detailed under-
standing of the role of the PML-RARA



