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Abstract
Purpose of Review The more our knowledge on cancer biology progresses, the more it becomes evident that studying the cancer
cell isolated from the cancer environment is reductive. Therefore, a better understanding of cancer biology needs a better charac-
terization of the interactions a cancer cell can establish with the surrounding environment. The purpose of this review is to focus on
one of the most intriguing cancer/healthy tissue interactions, which occurs in bone during breast cancer-bone metastasis.
Recent Findings Bone and bone marrow represent a very peculiar environment populated by a variety of cells that cross-
communicate. Bone is also by far the most common metastatic site in breast cancer. Breast cancer cells not only colonize the
bone, but also alter its metabolism inducing osteoclast-mediated osteolysis. Recent findings further support the relevance of the
pathological cross-talk at the basis of the breast cancer-induced bone metastasis, called the vicious cycle. In fact, targeting
molecules essential for this cross-talk is already an effective therapeutic strategy, proven to be more constructive than targeting
the cancer cells alone.
Summary We will dissect in this article the vicious cycle and describe the interactions that happen in bone metastasis.
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Introduction

Clinical advancements surrounding the therapeutic targeting of
breast cancer has strongly improved the survival of patients [1,
2••]. However, second only to lung cancer, breast cancer still
remains one of the most commonly diagnosed cancers in USA
and Europe, where it is the most diagnosed cancer in women
[2••, 3, 4]. Breast cancer mortality in 90% of the cases is a
consequence of cancer cell dissemination within the body and
metastasizing to secondary sites [5•]. According to cumulative
epidemiologic reports [6], bone is the most common metastatic
site in breast cancer. Around 70% of breast cancer metastases
occur at the bone, with the highest prevalence observed in the

axial hematopoietic skeleton [7, 8]. This suggests that the bone
specifically provides the necessary tools for disseminated cancer
cells to survive and take advantage of homeostatic processes.
Therefore, understanding how this volatile interaction between
bone and cancer cells manifests itself is paramount.

The ability of cancer cells to ‘home to the bone’ was first
recognized by Paget in 1889 [9]. More than 100 years later, we
call this phenomenon ‘organ tropism’; however, the reasons
behind breast cancer metastatic specificity are only materializ-
ing now [7]. The bone is a dynamic tissue central to conducting
the homeostasis of the entire organism [10••]. The foundational
elements of the bone consist of osteoblasts, osteoclasts, and
osteocytes. These cells are the construction workers responsible
for bone remodeling [10••, 11, 12]. The bone also hosts a range
of red bone marrow cells differentiated from hematopoietic
stem cells, and endothelial cells that constitute the capillaries,
essential for the bone vasculature [13•]. Sharing the same home,
it is reasonable to assume that these cell types are able to interact
with and cross-regulate each other. However, the very same
vasculature that supports the bone can also guide metastasizing
cancer cells to this rich microenvironment [13•]. There is accu-
mulating evidence that once these breast cancer cells reach the
bone, they are able to participate in the crosstalk. This enables
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them to manipulate the homeostatic cross-talk occurring in the
bone. In this review article, we will focus particularly on the
interaction between breast cancer cells and the fundamental
bone cells osteoblasts, osteoclasts, and osteocytes.

To describe the interactions between breast cancer cells and
bone cells, it is instrumental to introduce the bone remodeling
cycle or the virtuous cycle. During adulthood, there is a tightly
regulated balance between the bone that is resorbed by the
osteoclasts, formed by osteoblasts and afterwards populated
by osteocytes. Moreover, there is a spatial and temporal orga-
nization of these events that strongly support the idea that
these cell types cross-regulate each other in the area of the
bone that undergoes remodeling, suggesting a paracrine/
autocrine loop of signals. Since this regulation is beneficial
for bone homeostasis, it is called virtuous cycle of bone re-
modeling. This is contraposed to the vicious cycle, that is
characterized by the presence of breast cancer cells and a
consequent imbalance to favor bone resorption. The aims of
the present literature review are to decompose the vicious
cycle, analyzing the one-to-one interactions between bone
and cancer cells, and describe the treatment used in the clinical
practice for breast cancer bone metastases in the light of their
effect on the disruption of the vicious cycle.

However, it is our opinion that it is important for a full
comprehension of the pathogenesis of breast cancer bone me-
tastasis to consider in a larger portrait also the interactions of
breast cancer cells with the other components of the bone/
bone marrow tissue.

The Role of Osteoclasts in the Vicious Cycle

Osteoclasts are multinucleated giant cells arising from hema-
topoietic precursors [12]. They have the unique role to de-
grade both the inorganic (i.e., hydroxyapatite) and organic
parts (i.e., collagens) of the bone matrix [12]. Macrophage
colony-stimulating factor (M-CSF) and receptor activator of
NFκB ligand (RANKL) drive monocyte/macrophage lineage
cells to fuse and maturate in osteoclasts. Osteoprotegerin
(OPG), a decoy receptor, counterbalances RANKL action.
All three cytokines M-CSF, RANKL, and OPG are secreted
by stromal cells, osteoblasts and osteocytes, and are able to
regulate the recruitment, action, and survival of osteoclasts
[12]. Osteoclasts in turn influence osteoblast differentiation
through two main mechanisms: i) release of bio-active mole-
cules from the mineralized bone matrix in the bone microen-
vironment surrounding the bone resorption area and ii) by
direct secretion of factors that regulate the bone stromal cells
in the surrounding area [11].

In the case of a breast cancer bone metastasis, the tumor
cells can enter this cross-regulation and exacerbate bone re-
sorption by directly secreting RANKL which leads to

the release and secretion of bio-active molecules by the
osteoclasts.

The first product of bone degradation is calcium. Calcium
is released from bone by the acidification of the extracellular
environment (resorption lacuna) by osteoclasts [12]. As tumor
cells express the calcium-sensing receptor (CASR), they are
able to respond to the increased calcium, which acts as a pro-
survival stimulus [14]. Once calcium is released, the bone
organic matrix is degraded by cathepsin K and matrix-
metalloproteinases (MMPs) secreted by the osteoclasts [12].
The degradation of the bone organic matrix leads to the release
in the microenvironment surrounding the bone resorption area
of bioactive products. These bioactive degradation products
are physiologically involved in the regulation of the virtuous
cycle and stimulate tumor growth in case of a bone metastasis.
Among them, TGFβ is of particular relevance and will
be better discussed later on [15, 16].

Although osteoclasts are mostly known for being directly
involved in tumor growth-associated bone resorption, they
also secrete miRNAs that modulate tumor growth without
direct bone resorption [15–18]. Osteoclasts secrete exosomes
containing miRNAs, including miR-378 which promotes tu-
mor growth, angiogenesis, and tumor cell survival through the
repression of tumor suppressors SuFu (suppressor of fused
homolog) and Fus-1 (fusion protein 1) [19]. Additionally,
osteoclast-derived miR-21 enhances tumor cell proliferation,
by inhibiting the apoptotic pathway [20–23].

Finally, breast cancer metastatic cells also release factors
contributing directly to bone degradation without the involve-
ment of osteoclasts. In fact, tumor cells can acidify
the extracellular microenvironment and it is shown that ca-
thepsin K is produced by tumor cells [24••]. Cathepsin K
promotes tumor cell invasiveness and may also contribute to
bone degradation.

The Role of Osteoblasts in the Vicious Cycle

The osteoblasts derive from the differentiation of the mesen-
chymal stem cells in the bone. Their main functions are to
produce the bone organic matrix, to facilitate its mineraliza-
tion [11, 12], and to regulate the function of the osteoclasts.
Osteoblasts undergo a multistep differentiation process, and in
a healthy bone/bone marrow, it is possible to identify cells at
different stages of differentiation, all of them contributing in a
different ways to the virtuous/vicious cycle. Starting from the
mesenchymal stem cells, the first step in differentiation is
represented by the pre-osteoblasts. These are immature cells,
poorly or non-polarized [11], populating the bone marrow in
tight contact with hematopoietic cells. They are characterized
by the expression of the early differentiation markers
OSTERIX and runt-related transcription factor 2 (RUNX2),
and are under the control of the WNT/β-CATENIN pathway
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that regulates their differentiation. Pre-osteoblasts have been
described [25, 26] as high RANKL producers, and therefore,
strongly contribute to osteoclast-mediated bone resorption
[12]. In bone metastases, they can therefore stimulate patho-
logical osteolysis [27]. Moreover, according to some reports,
RANKL directly stimulates breast cancer proliferation in
bone, further fuelling the vicious cycle [28••, 29, 30•]. In
addition, pre-osteoblasts produce and secrete other factors
influencing the bone metastasis for example, the hepatocyte
growth factor (HGF). HGF, in turn stimulates the MET path-
way eventually promoting the migration and homing of breast
cancer cells in the bone [31•]. Pre-osteoblasts can also secrete
different pro-inflammatory cytokines known to stimulate
breast cancer progression . These include, interleukin 6 (IL6)
[32], lipocalin 2 (LCN2) [33•, 34, 35] and tumor necrosis
factor alpha (TNFα) [36–38], which also act on the microen-
vironment stimulating the osteoclast differentiation and func-
tion [39]. Mature osteoblasts differ from pre-osteoblasts in
terms of their localization, that is typically at the endosteal
surface [11], and in terms of their morphology being cuboidal,
with pronounced polarization and characterized by an intense
cytoplasmic basophilia, a sign of intense protein synthesis
[40]. The mature osteoblasts largely contribute to the
virtuous/vicious cycle with direct and indirect effects. In fact,
during bone formation, osteoblasts release in the bone matrix,
a variety of bioactive molecules that exert their function only
after they are released from the bone matrix during the osteo-
clast bone resorption, as mentioned before. Among them,
there are growth factors, such as bone morphogenetic proteins
2 and 4 (BMPs), insulin-like growth factor-1 (IGF-1),
transforming growth factor-beta1 (TGFβ1) and vascular en-
dothelial growth factor (VEGF) [41] that stimulate tumor
growth and neo-angiogenesis. On the other hand, bone-
specific proteins such as osteopontin [42], known to stimulate
cell adhesion, migration, the bone sialoprotein [43], of which
the over-expression can enhance bone metastasis. Osteoblasts
release in the bonematrix also poorly studied non-collagenous
proteins that can interfere as inhibitors of the virtuous/vicious
cycle. In the same vein we can mention the proline and leu-
cine-rich-end repeat protein (PRELP) and (chondroadherin)
CHAD. Both proteins have been discovered and described
by the group of Prof. Heingard [44, 45], and later on charac-
terized in different articles. During osteoclast bone resorption,
the degradation fragments of the PRELP and CHAD can be
released and partake in a negative feedback loop, impairing
bone resorption [46, 47]. Thus, suggesting a strategy of pres-
ervation of the bone matrix that directly inhibits its degrada-
tion and can partially explain the tropism for specific bone
areas for metastasis.

To complete the complex role of mature osteoblasts in reg-
ulating osteoclast activity, we should mention several secreted
factors, starting from RANKL and OPG, but also of particular
interest is the secretion of cytokines such as IL6 and TNFα.

After bone deposition, mature osteoblasts can differentiate
into osteocytes, bone lining cells or undergo apoptosis.
While the role of osteocytes in the vicious cycle will be de-
scribed more extensively in the following paragraph, here we
will briefly describe the few known effects of bone lining cells
and apoptotic osteoblasts in the vicious cycle. Bone lining
cells cover the quiescent bone surface and are characterized
by a flat morphology. Their function is poorly described, but
the flat morphology suggests a low biosynthetic activity.
According to Matic and colleagues [48•], the bone lining cells
are the major source of osteoblasts during adulthood, and have
elevated expression of the pro-osteoclast genes RANK-L and
M-CSF but also produce high levels of matr ix-
metalloproteinase 13 (MMP13) levels. MMP13 is under the
transcriptional control of OSTERIX [49]. Once secreted,
MMP13 is able to stimulate osteoclast differentiation and
serves as a pro-survival stimulus for breast cancer cells colo-
nizing the bone [50]. Apoptotic osteoblasts are able to influence
the healthy and pathological bone turnover [51]. Apoptosis of
osteoblasts is not a random event, but temporally and spatially
tuned. It is essential for ensuring the proper bone size and
architecture. A plethora of molecules have been identified as
inducers of osteoblast apoptosis, such as TNFα, BMP2,
RANKL, and OPG, and according to several reports [51], me-
tastasizing breast cancer cells induce osteoblast apoptosis.
However, the effect of apoptotic osteoblasts on the surrounding
healthy bone cells is still poorly described. We can speculate
that the effect of apoptotic osteoblasts mirrors the effect of
apoptotic cancer stroma. For example, in colorectal cancer,
stromal cell apoptosis is associated with a still poorly under-
stoodmechanism to decreased survival in patients, suggesting a
pro-cancer effect [52]. Similarly, according to the elegant the-
ory of Rui-AnWang et al. [53], apoptosis of a surrounding cell
can be a trigger to stimulate cancer progression by amechanism
probably involving extracellular vesicle signaling.

The Role of Osteocytes in the Vicious Cycle

The final differentiation stage of osteoblasts is represented by
the osteocytes [11]. They are post-mitotic stellate cells,
completely immersed in the mineralized bone matrix with a
small lenticular cell body containing a dense nucleus,
surrounded by plasma membrane protrusions forming den-
drites. Dendrites run into bone canaliculi and connect the os-
teocytes in a complicated network through GAP junctions.
Although their morphology suggests a poor cell activity, the
osteocyte functions are surprisingly complex and contribute to
regulating not only the bone metabolism but also kidney me-
tabolism and the phosphate plasma levels [10••]. Their phys-
ical localization and their distribution in the bone make these
cells good candidates for regulating bone remodeling, and in
bone metastases to fuel the vicious cycle. Indeed, according to
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recent reports [54•, 55], the osteocytes are important pro-
ducers of RANKL. However, they can also control the meta-
static growth by secreting factors such as DMP1 (dentin ma-
trix protein-1). DMP1 in turn activates breast cancer cell pro-
liferation by epithelium growth factor receptor (EGFR) bind-
ing [56•]. DMP1 is also found in primary breast tumor and
appears to be implicated also in metastasization in patients
[57].

The Role of Breast Cancer Cells in the Vicious
Cycle

The switch between virtuous and vicious cycle is mediated by
the presence of cancer cells. They use several strategies to
enter, alter, and exacerbate the virtuous cycle, and use it for
i) stimulating their growth and ii) removing the physical bar-
rier represented by the mineralized bone matrix. The removal
of mineralized matrix requires the osteoclast action. However,
osteoclast formation and function are under the tight control of
osteoblasts, pre-osteoblasts, osteocytes, and other bone mar-
row cells not discussed in this review. Therefore, a tumor cell
needs to secrete factors able not only to regulate the osteo-
clasts, but also to interfere with the regulation of osteoclasts by
other cell types.

In this scenario, TGFβ is one of the main actors [58]. TGFβ
activates directly tumor growth and inhibits T cell proliferation
and natural killer cell activation, suppressing the immune sys-
tem [58–60]. TGFβ induces the release of parathyroid
hormone-related protein (PTHrP) and interleukin 11 (IL-11)
from tumor cells, which in turn stimulates osteoclast activation
and bone resorption [15, 21]. PTHrP alters the RANKL/OPG
ratio in favor of RANKL and is one of the most important
mediators of osteoclast activation [21]. PTHrP is
overexpressed in most of the patients suffering from breast
cancer that has metastasized to the bone [58, 60]. Thus, sug-
gesting PTHrP to be a bio-marker for predicting bone metas-
tasis in patients with breast cancer [61]. Breast cancer cells are
also able to boost bone resorption engaging directly with OC
precursors. In fact, breast cancer cells express the vascular cell-
adhesion molecule 1 (VCAM-1), which recruits and activates
OC precursors [62]. Tumor cells are also reported to secrete
several factors that inhibit osteoblast differentiation such as
dickkopf-1 (DKK-1) and sclerostin (SOST) [59], suppressing
bone formation and indirectly contributing to bone
degradation.

One more piece in the complex puzzle of the virtous/vicious
cycle is represented by the extracellular vesicles (EVs) [63•].
Several reports suggest the involvement of EVs in bone metab-
olism and bonemetastasis. EVs are cell-derived ‘smart’ delivery
particles containing a plethora of molecules, such as miRNAs,
mRNAs, and proteins. Tumors can use EVs to educate the bone
microenvironment to sustain cancer progression [63•]. Breast

cancer-derived EVs are reported to promote a myofibroblastic
phenotype of adipose tissue-derived mesenchymal stem cells,
resulting in increased expression of the tumor-promoting factors
TGF-β, VEGF, stromal cell-derived factor 1 (SDF-1), and C–C
motif chemokine ligand 5 (CCL5) [64].

Tumor EVs have been implicated in organotropism of
metastatic tumor and in the formation and evolution of
the premetastatic niche through their integrin cargo
[65••]. Other studies highlighted that breast cancer-
associated fibroblasts secrete exosomes that promote dis-
semination of cancer through the Wnt-planar cell polarity
(Wnt-PCP) signaling pathway [66]. EVs are also reported
to promote osteoclast differentiation directly through
RANKL/RANK axis, and PTH is able to increase the re-
lease of RANKL-EVs [67, 68••]. Since PTHrP (released
from tumor) shares the same receptor with PTH, it is rea-
sonable to think that the tumor may induce EV production
from osteoblasts and increase osteoclastogenesis.

On the other hand, the tumor could weaken the bone and
endorse its degradation.

Therapeutic Strategies

Treatment plans for breast cancer bone metastases include
different strategies affecting the tumor or the interaction with
microenvironment such as hormonal therapy, chemotherapy,
radiotherapy, and antiresorptive coadjutants [69•, 70••].
While the complexity of the biological basis (hormonal sensi-
tiveness, genomic profile, chemoresistance) for selecting the
best treatment option lies outside the purposes of this review,
we will describe the most commonly used treatments focusing
on their effects on the cancer cells and on the vicious cycle.

Hormonal therapy represents the first frontier to treat
hormone-sensitive breast cancer bone metastases. Under
the generic name ‘hormonal therapy’ there are different
drugs that can either lower the amount of the estrogen
available for the tumor (aromatase inhibitors, such as
anastrozole, exemestane letrozole) [70••, 71•] or block
their action (selective estrogen receptor modulators, such
as tamoxifen, raloxifene, and toremifene) [71•, 72]. These
drugs affect the bone metastatic breast cancer cells, but
they also dramatically affect the bone microenvironment.
In fact, both osteoblasts and osteoclasts are sensitive to
estrogens [73] and the reduction of estrogen in women is
associated with osteoporosis [74]. Therefore, even if the
block of estrogen signaling is demonstrated to be effective
in the treatment of breast cancer bone metastases, it has a
pro-bone resorption effects, and paradoxically can facili-
tate the vicious cycle. However, according to clinical data,
blocking the estrogen is effective in slowing or inhibiting
the growth of breast cancer bone metastasis. There is no
conclusive explanation for this contradictory evidence, and
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thus, we believe that it is an important field of investigation
for future studies. A possible explanation that can be spec-
ulated is that bone metastases affect mostly women during
post-menopause [75, 76]. In this condition, bone remodel-
ing is already unbalanced in favor of bone resorption, and
possibly the pharmacological estrogen inhibition does not
further enhance this unbalanced condition. Therefore, it
does not fuel the vicious cycle. To test this hypothesis, it
would be of extreme interest to characterize the effects on
breast cancer bone metastases of the hormonal therapy on
pre-menopausal woman.

Chemotherapy is a common approach to treat metastatic
breast cancer. Several drugs, used as single treatment or in
combination, are clinically approved. Doxorubicin, taxanes
(paclitaxel, docetaxel), cyclophosphamide, carboplatin, fluo-
rouracil, gemcitabine just to cite some, are commonly used to
fight bone metastatic breast cancers [72, 77, 78••, 79•]. All
these drugs affect breast cancer cell proliferation, slowing
their growth in the bone. At the same time, even if not well
characterized, they should be able to affect the vicious cycle at
different levels, by impairing pre-osteoblast proliferation and,
according to some reports taxanes [80] and doxorubicin (per-
sonal observation) by affecting directly osteoclast function
and survival.

Radioisotopes also play a role in the treatment of bone
metastasis, especially for multifocal and painful metastatic
lesions [70••, 81]. Radioisotopes are often conjugated to li-
gands that can direct the radioisotope to the bone. The main
group of clinically approved radioisotopes consists of α-emit-
ters, which have low penetration power in tissues [82].
Radium-223 is the most commonly used radioisotope and
was demonstrated to increase the overall median survival by
3.6 months [82, 83]. Compared to other isotopes, Radium-223
appears to be less myelosuppressive with only mild thrombo-
cytopenia [83, 84].

Beside the previous described remedies, mainly affecting
the tumor cells, other drugs hit cells of the microenvironment,
especially controlling the exacerbated bone resorption.
Antiresorptive strategies for bone metastasis are currently
based on inhibitors of osteoclast action, bisphosphonates
(BPs) and denosumab. These drugs are used to reduce
osteolysis and skeletal-related events (SREs), such as patho-
logical fractures and spinal cord compression, and
malignancy-induced hypercalcaemia and bone pain.

BPs are analogs of inorganic pyrophosphate PPi involved
in mineralization. Due to their affinity for hydroxyapatite, BPs
concentrate inside the mineralized bone matrix. Upon bone
resorption, BPs are internalized into osteoclasts, where they
interfere with ATP or melavonate pathway [85] inducing os-
teoclast apoptosis. From this point of view, BPs are meant to
be a supportive treatment for bone metastasis in order to avoid
SREs.

Intriguingly, some class of BPs showed in preclinical stud-
ies a direct antitumoral effect, alongside the anti-osteoclastic
action. Some clinical data corroborates these conclusions,
even if there is not yet a unanimous consensus on these results
[86–88].

Denosumab is a fully humanized IgG2 monoclonal anti-
body which binds to and blocks RANKL [89]. A large ran-
domized clinical trial showed the superiority of denosumab in
delaying the time to first SRE and time to subsequent SREs in
metastatic breast cancer patients. However, overall survival,
disease progression, and rate of adverse events were similar to
those observed in the bisphosphonate-treated group. Only a
modest improvement in health-related quality of life was not-
ed, favoring the use of denosumab [90]. We can speculate that
the better effect of denosumab is due to its ability to block a
molecule playing a central role in the vicious cycle.

The side effect profiles of bisphosphonates and denosumab
are clearly established, and both are generally well tolerated

Fig. 1 Breast cancer (BrCa) bone
metastasis formation. In bone,
BrCa cells secrete factors (purple
arrows) that alter osteoblast
differentiation and activity and
increase RANKL release
enhancing osteoclast formation.
In addition, BrCa cells directly
promote osteoclast differentiation
and activity (purple arrows).
Mature osteoclasts resorb bone,
which releases bone-embedded
growth factors in the surrounding
micro-environment (red arrow).
In addition, osteoclasts secret
miRNAs/EVs promoting tumor
growth. Osteoblasts and
osteocytes finally release factors
(blue arrows) feeding the tumor
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[91, 92]. There is a small risk of osteonecrosis of the jaw with
bisphosphonates and denosumab. This appears to increase
with cumulative long-term therapy. Atypical fractures, usually
subtrochanteric and diaphyseal fractures of the femur, are also
reported with chronic treatment [93–95].

The biological complexity of virtuous/vicious cycle and the
multiple pathogenetic players offers other potential target strat-
egies [96]. For example, blockade of TGFβ and PTHrP pro-
duction could be a potential approach for the treatment of bone
metastases [6]. Indeed, in preclinical studies in animal models
of bone metastasis, abrogation of TGFβ signaling by stable
expression of dominant-negative TGFβ receptor 2
(DNTbRII), or by a TGFβ receptor 1 kinase inhibitor, sup-
presses bone metastasis [16, 97]. Cathepsin K is also excellent
candidate for antiresorbing therapy. There is preclinical and
clinical evidence showing that the treatment of bone metastases
with a cathepsin K inhibitor (odanacatib, AFG-495) partially
blocks bone degradation [98] and consequently osteolysis.

Conclusions

Advancing the understanding of cancer cell biology and the
interactions with healthy cells is dramatically changing the
approach researchers and clinicians are using to investigate
cancer biology. Cancer cannot be considered anymore as a
simple parasite that colonizes and destroys healthy tissues,
but it should be rather considered as a smart group of cells
that enter in the host tissue, interact with the resident cells, and
use the signals important for manipulating the tissue homeo-
stasis for their own advantage (Fig. 1). Using a military simil-
itude, we can imagine the metastatic cancer not as an aggres-
sive grenadier that conquers and destroys the host tissue, but
better a fine and smart cryptographer, which interprets and
uses at his own advantage signals from target tissue.
Eventually, they destroy the host tissue, but this can be con-
sidered a consequence of their high ability in exploiting the
interactions with the healthy tissue than the final aim of their
colonization. This review article considers only part of the
possible interactions that breast cancer cells can exploit to
survive and proliferate in the bone; interactions with nerves,
vasculature, and marrow cells (stromal and hematopoietic)
should be taken into account for a comprehensive view of
the breast cancer bone metastasis pathogenesis.
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