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Abstract

Tumor cell interactions with the bone microenvironment are vital for the establishment and
progression of bone metastases. Recently in Cancer Cell, Wang et al. (2018) showed that cells of
the osteoblast lineage are critical for the delivery of calcium to tumor cells through gap junctions,
pointing toward potential therapies for bone metastases.

Bone is a common site for metastases from breast, prostate, lung, and other cancers. The
associated morbidity of bone pain, fractures, hypercalcemia, nerve compression, and muscle
weakness is devastating, can last for years, and renders the disease incurable. A current
therapy directed against the tumor and the bone-resorbing osteoclast improves this morbidity
but does not cure the disease. The lack of effective therapies for bone metastases is partially
due to incomplete understanding of the underlying mechanisms that drive the metastatic
process. Tumor cells arrive in the bone microenvironment and interact with resident cells,
including osteoclasts, osteoblasts, osteocytes, hematopoietic cells, and other stromal cells.
Cancer cells stimulate osteoclastic bone resorption, which causes release of growth factors,
such as transforming growth factor beta (TGF) and calcium from the mineralized bone
matrix. These factors drive tumor growth and a feedforward vicious cycle of continuous
bone destruction (Weilbaecher et al., 2011).

The role of osteogenic cells (defined as cells of the osteoblast lineage and mesenchymal
stem cells) in initiation and progression of bone metastases has become increasingly evident.
Osteoblasts secrete factors such as TGFB, which are deposited into the mineralized bone
matrix and can induce the metastatic potential of prostate cancer cells (Karlsson et al.,
2018). Osteoblasts secrete factors (Kinder et al., 2008) and also differentiate into osteocytes,
both of which can initiate osteoclastogenesis. Wang et al. previously showed that tumor cells
utilize the osteogenic niche (Wang et al., 2015), which consists of osteoprogenitors,
preosteoblasts, mature osteoblasts, osteocytes, and osteoclasts, in early colonization of the
bone. Cancer cells make contact with the mesenchymal stem cells through N-cadherin/E-
cadherin junctions, which activates mTOR signaling in cancer cells to support growth and
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metastasis (Wang et al., 2015). mTOR signaling blockade prevented metastasis to bone.
Thus, the osteogenic niche is an intermediate space that allows disseminated tumor cells to
develop into bone metastases.

In a recent issue of Cancer Cell, the same group established a detailed molecular mechanism
to explain how cancer cells hijack the osteogenic niche to survive. Specifically, tumor cells
utilize these osteogenic cells (cells of the osteoblast lineage and mesenchymal stem cells) to
absorb calcium and increase intracellular calcium concentration in a process achieved via
Connexin 43 (Cx43) gap junctions (Wang et al., 2018). Intracellular calcium is an important
second messenger that regulates gene transcription, cell proliferation, migration, and
apoptosis. Intracellular calcium signaling is altered in cancer cells, and this change plays a
role in all of the hallmarks of cancer (Hanahan and Weinberg, 2011). Using an intra-iliac
model of bone metastases, Wang et al. showed upregulation of calcium-dependent
transcription factor activities, including NFAT and MEF2 in bone metastases compared to
metastases to other organs from the same tumor cells. In addition, they discovered that
activation of calcium signaling led to epigenetic changes. MeCP2, which binds methylated
DNA and acts as a transcriptional repressor, was found to be expressed at a lower level in
bone metastases. In ex vivo cultures they found that breast cancer cells have a limited ability
to absorb calcium directly but exhibit a dramatic increase in calcium absorption when co-
cultured with osteoblasts. Cx43 expression was also higher in breast cancer cells colonizing
the bone compared to other metastatic sites. Overall, Wang et al. found that in addition to
mTOR signaling, calcium signaling can promote osteolytic bone metastases from breast and
prostate cancer. Importantly, inhibition of these two pathways using a combined treatment
strategy of the mTOR inhibitor everolimus and a gap junction inhibitor, arsenic trioxide
(As,03), was able to eliminate the bone micrometastases in a mouse model of estrogen
receptor-positive (ER+) breast cancer. Importantly, the authors supported these findings
using human samples. Bone metastases exhibited the highest level of Cx43 expression
among all sites of metastases of both breast and prostate cancer. High Cx43 expression in
human primary tumors was associated with a lower probability of bone metastasis-free
survival. The combination of /n vivo data from multiple bone metastatic models as well as
human sample analysis elegantly tied together the work.

Bone is a rich source of calcium, which is responsible for its mineral properties. Wang et al.
have shown how cancer cells use this stored calcium to promote their own growth. These
findings provide significant insight into our understanding of how the osteogenic niche
promotes the early stages of cancer cell growth and indicate that the inhibition of calcium
signaling via Cx43 blockade may restrain the development of bone metastases. Previous
studies show that extracellular calcium, acting via calcium-sensing receptors, prominently
affects tumor growth (Boudot et al., 2017; Ahearn et al., 2016). This is the first finding to
describe how cancer cells access calcium through interactions with osteogenic and
mesenchymal stem cells, highlighting the unique aspects of the bone microenvironment that
may be targeted to treat and prevent bone metastases (Figure 1).

By digging deep into the mechanisms by which the osteogenic niche promotes the early
stages of bone metastases development, this study effectively raises new questions. Does this
mechanism play a role in dormancy? Does inhibition of bone destruction (by
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bisphosphonates or denosumab) impact tumor utilization of the osteogenic niche by
reducing the extracellular calcium concentrations? What is the role of osteocytes in this
process, since these cells display some of the highest expression of Cx43 in bone? Recent
data show that TGFp increases expression of Cx43 (Liu et al., 2018). Could bone-derived
TGFp further increase tumor utilization of the osteogenic niche in states of increased bone
destruction and further fuel the vicious cycle? What other cells in the microenvironment may
interact with cancer cells to participate in calcium uptake through gap junctions, such as
hematopoietic cells or osteocytes present in bone metastatic niche? Finally, considering that
the timing of treatment strategies is crucial, when is the best time to use a gap junction
inhibitor to block calcium signaling? These and many other questions remain, the answers of
which will bring us closer to a cure for this devastating complication of cancer.
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Figure 1. Bone Metastasis and the M etastatic Niche
Circulating tumor cells extravasate and seed into the bone (1). These cells interact with the

osteogenic niche in the early stages of metastasis, through connexin 43 and E/N-cadherin,
activating calcium and mTOR signaling to promote tumor growth (2). Later, during disease
progression, tumor cells interact with the bone-resorbing osteoclasts through various
mechanisms, thereby stimulating bone destruction (3). TGFp and calcium are released as a
consequence of osteoclastic bone destruction (4). This can enhance connexin 43 expression
and provide more calcium to perpetuate the cycle of growth.
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