
The most lethal attribute of a cancer cell is its ability to
metastasize. In patients with bone metastasis complications
may be manifested in osteolysis, spinal cord compression,
hypercalcemia, increased fracture incidence and unrelenting
pain1. Furthermore, patients with bone metastasis are sel-
dom cured. Clearly, the prevention of metastasis should, at
the very least, improve the quality of life for the patient and
may increase survival rates. Unfortunately, an incomplete
understanding of cancer metastasis to bone has hindered
development of effective treatments specifically targeting
metastasis2. In this session five speakers offered diverse per-
spectives on how best to identify novel therapeutic targets
for treating bone metastasis.

The first speaker was Tatiana Byzova, Ph.D. from the
Lerner Research Institute, Cleveland Clinic Foundation. Dr.
Byzova discussed the role of bone sialoprotein (BSP) and ·v‚3

and ·v‚5 integrins in prostate cancer cell metastasis to bone.
Dr. Byzova presented data suggesting that recognition of BSP
is regulated by the activation state of ·v‚3 integrin. Stimulation
of lymphocytes or osteoblasts with model agonists markedly
enhances ·v‚3–dependent cell adhesion to BSP. Dr. Byzova
has also demonstrated that tumor cell migration to SPARC is
mediated by ·v‚3 and ·v‚5 integrins and is controlled by an
autocrine loop in which VEGF engages VEGFR-2. Her
group found that SPARC is a key protein that attracts
prostate cancer cells to bone. SPARC-deficient bone extracts
support minimal migration of prostate cancer cells and addi-
tion of purified SPARC restores the rate of cell migration.
Additionally, both bone matrix proteins, BSP and SPARC,
are able to influence VEGF signaling in tumor cells. BSP,
purified SPARC and recombinant SPARC increased
VEGFR2 expression. Adhesion of prostate cancer cells to
SPARC also induced VEGF production, and this increase was
completely inhibited by anti-·v‚3 and ·v‚5 blocking peptide
cRGDfv. Importantly, the upregulation of VEGF production

by SPARC via ·v‚3 and ·v‚5 is a prostate cancer specific phe-
nomenon, which provides prostate cancer cells with significant
growth advantage in bone tissue. It was concluded that the
integrin-SPARC-VEGF axis might have potential as a thera-
peutic target for bone metastasis.

Paul J. Kostenuik, Ph.D. from Amgen, Inc. next revisited
the seed and soil theory of bone metastasis promulgated by
Stephen Paget. Dr. Kostenuik discussed findings from other
laboratories suggesting that very high concentrations of anti-
resorptive agents such as bisphosphonates can reduce tumor
burden in animal models. The inhibition may result from
decreased osteoclastic bone resorption and decreased release
of extracellular matrix sequestered growth factors that may con-
tribute to tumor growth. There is also evidence that bisphos-
phonates can have direct cytotoxic effects on tumor cells.
However, Dr. Kostenuik contends that it is unlikely that tumor
cells within the bone of cancer patients are exposed to concen-
trations high enough to be cytotoxic. Thus, it is difficult to dis-
associate the therapeutic benefit of the anti-resorptive proper-
ties of osteoclasts from their potential cytotoxic effects.
Osteoprotegerin (OPG) is anti-resorptive, by neutralizing
RANKL, but is not cytotoxic. This allows one to directly assess
the role of an anti-resorptive agents on metastasis. Dr.
Kostenuic described data suggesting that OPG treatment
reduces osteoclast numbers and bone resorption in nude mice
that were injected (intracardiac) with human MDA-MB-231
breast cancer cells. This anti-resorptive effect was associated
with complete suppression of tumor-associated osteolysis and a
significant reduction in skeletal tumor burden3. In head-to-head
studies using the MDA-MB-231 model, OPG suppresses skele-
tal tumor burden to an extent that was similar to that observed
with a very high dose of zoledronic acid (5 mg/kg). OPG also
prevents osteolysis and suppresses skeletal tumor burden in
normal mice injected intracardiac with C-26 murine colon ade-
nocarcinoma cells3. OPG treatment has no influence on the
growth of C-26 cells but causes suppression of skeletal tumor
burden within bone4. This further suggests that the localized
reduction of skeletal tumor burden in OPG-treated animals is
an indirect consequence of bone resorption suppression.

Sarah Mosely, Ph.D. of Genentech discussed the role of
TGF-‚ and TGF-‚ antibodies in different mouse models of
metastasis. The central role of TGF-‚ in bone development and
turnover strongly suggests it would be a good therapeutic target
for bone metastasis. TGF-‚ has been demonstrated to directly
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modulate tumor cell growth, differentiation and migration. The
group at Genentech has explored the use of antibodies to TGF-
‚ on the development of lung and bone tumors. Dr. Moseley and
her colleagues tested anti-TGF‚ antibodies in syngeneic,
immunocompetent mice using cell lines derived from sponta-
neous tumors or oncogene-driven tumors. Quantitative end-
points were used to measure tumor number and size as well as
destruction of soft and hard tissues. Using these animal models,
the Genentech group found that inhibition of TGF-‚ has distinct
effects on primary tumors and secondary lung and bone tumors
in a manner related to the nature of the animal model. Thus, this
research group’s models have allowed them to distinguish
between the various tumor-associated biological activities of
TGF-‚.

Dr. Moseley’s presentation was followed by that of Yibin
Kang, Ph.D. from Memorial Sloan-Kettering Cancer Center.
Dr. Kang described work wherein metastatic MDA-MB-231
cells are selected in vivo for their metastatic potential to bone.
Dr. Kang’s group has isolated several subpopulations of MDA-
MB-231 cells with enhanced metastatic ability to bone.
Transcriptomic profiling was utilized to identify gene sets
whose expression pattern is associated with, and promotes the
formation of metastasis to bone but not other tissues. Cells with
the bone metastasis gene profile are present in the parental
population and become selected in vivo as highly metastatic
entities. Many genes in this group encode secretory or cell sur-
face proteins implicated in cell homing to bone, angiogenesis,
invasion and osteoclast recruitment, thus influencing the tumor
microenvironment in favor of metastasis. When overexpressed,
these genes promote osteolytic bone metastasis by acting co-
operatively. Two of these genes, interleukin-11 and CTGF,
encode osteolytic and angiogenic factors whose expression is
further increased by the bone-derived prometastatic cytokine
TGF-‚. Inhibition of TGF-‚ signaling by stable siRNA-mediat-
ed repression of Smad4 blocked the positive feedback of bone
matrix to tumor cells and inhibited formation of bone metasta-
sis. Dr. Kang’s findings provide a conceptual framework and an
experimental system for the identification of genes mediating
metastasis to different organs5.

The final presentation was by Henry J. Donahue, Ph.D. of
Pennsylvania State University. Dr. Donahue discussed research
focusing on the role of gap junctional intercellular communica-
tion (GJIC) in breast cancer metastasis to bone. Dr. Donahue’s
group has demonstrated that the metastatic breast cancer cell
line MDA-MB-435 (435) expresses a different repertoire of gap
junction proteins, connexins (Cx), than do non-metastatic
breast epithelial cells or 435 cells expressing the metastasis-sup-
pressing gene BRMS1. 435 are Cx32 positive and Cx43 negative
whereas non-metastatic breast epithelial cells and metastasis
suppressed cells are Cx32 negative and Cx43 positive6.
Additionally, metastatic cells display greater heterotypic GJIC
with bone cells than homotypic communication with them-
selves. On the other hand, metastasis suppressed breast cancer
cells display abundant homotypic GJIC with themselves but lit-
tle heterotypic communication with bone cells7. Interestingly,
when Cx43 negative 435 cells are genetically engineered to
express Cx43, Cx32 expression decreases as does that of osteo-

pontin, an extracellular matrix protein associated with
increased cancer cell metastasis to bone. Importantly, Cx43
expressing 435 cells are less metastatic to lung than are vector
controls. Taken together, these data strongly suggest GJIC con-
tributes to breast cancer metastatic potential.

In summary, the five presentations during this session
emphasize the progress being made in understudying bone
metastasis. However, what also emerged is that this area of
cancer biology is relatively understudied and would benefit
from an increased effort focused on cancer cell behavior in,
and interaction with, the bone microenvironment. Important
areas to be addressed include:

ñ The role of inter and extracellular matrix proteins in
attracting cancer cells to the bone microenvironment.

ñ The relative contribution of anti-resorptive agents,
including bisphosphonates and OPG agonists, to reducing
tumor burden.

ñ The role of TGF-‚ and other growth factors sequestered
in the bone extracellular matrix in bone metastasis.

ñ The use of genomics, proteomics and metabolomics in
identifying genes, proteins and pathways, which contribute
to bone metastasis.

ñ The nature and consequences of heterotypic interac-
tions between cancer cells and bone cells.
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