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The high incidences of bone metastasis in patients with breast cancer, prostate cancer

and lung cancer still remains a puzzling issue. The “seeds and soil” hypothesis suggested

that bone marrow (soil) may provide a favorable “niche” for tumor cells (seed). When

seeking for effective ways to prevent and treat tumor bone metastasis, most researchers

focus on tumor cells (seed) but not the bone marrow microenvironment (soil). In reality,

only a fraction of circulating tumor cells (CTCs) could survive and colonize in bone. Thus,

the bone marrow microenvironment could ultimately determine the fate of tumor cells

that have migrated to bone. Bone marrow adipocytes (BMAs) are abundant in the bone

marrowmicroenvironment. Mounting evidence suggests that BMAsmay play a dominant

role in bone metastasis. BMAs could directly provide energy for tumor cells, enhance the

tumor cell proliferation, and resistance to chemotherapy and radiotherapy. BMAs are also

known for releasing some inflammatory factors and adipocytokines to promote or inhibit

bone metastasis. In this review, we made a comprehensive summary for the interaction

between BMAs and bone metastasis. More importantly, we discussed the potentially

promising methods for the prevention and treatment of bone metastasis. Genetic

disruption and pharmaceutical inhibition may be effective in inhibiting the formation and

pro-tumor functions of BMAs.

Keywords: bone marrow adipocyte, adipose, bone metastasis, interleukin-6, tumor necrosis factor-α, leptin,

adiponectin

INTRODUCTION

Bone is a common site of distant metastasis in breast cancer, prostate cancer and lung cancer
(1). Once bone metastasis occurred, the prognosis is poor, especially for lung cancer patients.
However, the mechanism of bone metastasis is still elusive until now. Paget’s “seeds and soil”
hypothesis is widely used to explain this phenomenon (2). Bone may provide a comfortable
“niche” (soil) for tumor cells (seed) and help them survive and then invade the bone. Numerous
studies have demonstrated that certain genes and cytokines are associated with bone metastasis.
Most of these factors are adhesive factors, inflammation factors and chemotactic factors (3).
However, majority of these factors are related to “seed” but not “soil”. In reality, suitable “soil” may
determine the destiny of “seed”, as < 0.01% of CTCs can ultimately form a distant metastasis (4).
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Bone marrow contains a great variety of different cells, for
example, red blood cells (RBCs), white blood cells (WBCs),
platelet, endothelial cells, pericapillary cells, BMAs, etc. All
these cells could constitute fertile “soil” and provide a suitable
environment for tumor cells. Among them, BMAs are most
abundant in bone marrow cavity. They constitute about 70%
of bone marrow volume in adults (5). However, the important
roles of BMAs have been overlooked for a long time. BMAs were
previously regarded as a passive “filler” (6). Recently, more and
more researchers try to unravel the long-neglected roles of BMAs.
Like the white adipose tissue (WAT), bone marrow adipose tissue
is a highly active endocrine organ (7). Besides, similar to the
heterogeneity between WAT depots (8), the variation of region
distribution and functions of BMAs were demonstrated in rat,
mouse and human. The distal “constitutive BMAs” (cBMAs)
are much abundant and remain stable in cold environment. In
contrast, the proximal “regulated BMAs” (rBMAs) are much
active and could disappear in long-term low temperature (9).
In addition to bone metabolism, BMAs are involved in energy
balance and bone metastasis. BMAs could secrete a variety
of adipokines (adiponectin and leptin, etc.) and inflammatory
factors (interleukin-6 and tumor necrosis factor-α, etc.). Besides,
BMAs could be the energy source of tumor cells and could be
sensitive to the cytokines released by tumor cells. Free fatty acid
(FFA) released by BMAs could be utilized by tumor cells. In
this way, BMAs could support tumor cells to adhere, colonize
and invade bone tissue in bone marrow microenvironment. In
this review, we summarize our current understanding of the
relationship between tumor cells and BMAs. In addition, we
discuss the new therapeutic possibilities for the treatment of bone
metastasis.

DIFFERENT ROLES OF WAT AND BMAS IN
THE TUMORIGENESIS AND BONE
METASTASIS

The association of WAT and tumor risk was initially found in
epidemiological data. Obesity, which is characterized by excessive
accumulation of WAT, increases the tumor risk of some cancers
(10). Most of these obesity-related cancers are located within
the digestive system, for example, esophageal adenocarcinoma,
gastric cardiac cancer, colon cancer, rectum cancer, cancer of
biliary tract system, and pancreas cancer. Obesity also increases
the risk of cancers in the urogenital system, including breast
cancer, endometrium cancer, ovary cancer, and kidney cancer
(11). What is more, obesity is also associated with an increased
risk for multiple myeloma (MM) (12).

Decades of research demonstrated that obesity could promote
cancer progression. However, we currently have little knowledge
of the relationship between WAT and bone metastasis. Some
obesity-associated cancers are surrounded by WAT and grow in
the adipose tissue abundant environment. For example, breast
cancer and kidney cancer usually colonize in adipose tissue
enrich niches, and some other types of cancers, such as colon
cancer and ovary cancer, are always adjacent to the abdominal
fat. These histological characteristics are yet another type of

evidence supporting the relationship between WAT and cancers.
In addition, obesity-associated cancers have distinct incidences
of bone metastasis. Breast cancer preferentially metastasizes to
bone. 65–75% of breast cancer patients develop bone metastases
(13). In contrast, there is low probability of bone metastasis
in other obesity-related cancers, especially in digestive cancers.
The incidence of skeleton metastasis is as low as 4–6% in
colon cancer patients (14). More importantly, colon cancer with
skeleton metastasis without other organs involvement is rare
(15). Both prostate cancer and lung cancer patients have high
incidences of bone metastasis. However, the relationship between
obesity and prostate cancer or lung cancer is still not conclusive.
The research results of prostate cancer risk and obesity are
in conflict. Some studies demonstrated the positive correlation
between obesity and prostate cancer risk (16, 17). Interestingly,
another study demonstrated that obesity increased the risk of
high-grade prostate cancer but decreased the risk of low-grade
prostate cancer (18). However, a recent review stated, there was
no association between obesity and prostate cancer risk (19).
As for lung cancer, the results are quite astonishing. Obesity
even reduced the lung cancer risk of the current and former
smokers (20). More importantly, obesity did not increase the
incidence of bone metastasis in breast cancer patients (21).
These findings at least indicate that high frequencies of bone
metastasis in breast cancer, prostate cancer, and lung cancer is
not necessarily correlated with WAT. Although WAT has the
potential of enhancing the invasion capacity of cancer cells, little
is known about its specific roles in bone metastasis.

It is known that BMAs share many similarities with WAT.
Many genes associated with adipogenesis and fat metabolism
including peroxisome proliferator activated receptor gamma
(PPAR-γ), CCAAT/enhancer binding protein α (C/EBPα),
perilipin and hormone-sensitive lipase (HSL) are comparably
expressed in WAT and BMAs (22). Recent studies have
demonstrated that BMAs are different from WAT in several
ways. Firstly, their origin is different. BMAs are mainly derived
from Sca1+CD45−CD31− (23) or LepR+CD45−CD31− bone
marrow mesenchymal cells (BMSCs) (24). In contrast, WAT is
mainly derived from CD34+ CD44+ CD45− CD31− CD19−

adipose tissue stem cells (ADSCs) (25), which reside in the white
adipose vascular niche (26). Secondly, their endocrine functions
are different. BMAs could secrete more adiponectin than WAT
during caloric restriction (7) and aging (27). The expression of
leptin in BMAs is in conflict in different studies (27, 28). More
importantly, BMAs are located near the endosteal surface of the
diaphysis, as well as the trabecular bone of the epiphysis and
metaphysis. The latter is the predilection site of bone metastasis,
which is the site of active bone remodeling. Their adjacent
relationship could indicate the potential relationship in bone
metastasis. In addition, considering the abundance of BMAs
in bone marrow, accumulating evidence suggests that BMAs
are crucial in the development of hematological malignancies.
BMAs directly interact with hematologic tumor cells in the bone
marrow and could promote tumor cells to grow and survive in
MM (29, 30) and leukemia model (31). In brief, the roles of
BMAs in bone destruction and bone metastasis have been in the
spotlight in recent years.
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BMAS PROVIDE ENERGY FOR TUMOR
CELLS

Glucose is a well-known dispensable source to support tumor
growth. Besides, FFA, which is derived from sequential hydrolysis
of stored triacylglycerol (32), is another important substrate for
tumor metabolism. FFA could turn into lipid droplets in the
cytoplasm of tumor cells. These lipid droplets are capable of
increasing the survival rate of tumor cells. High fat content in
some tumor cells may distinguish them from non-malignant
cells. The human lung cancer cell line A549 contained more
than 10 times the amount of lipid droplets than the normal lung
fibroblast cell line WI38 (33). Similar conclusion could be found
in the human breast cancer cell line MDA-MB-231 (34), which
is often used in animal model of bone metastasis. Small lipid
droplets were also observed in the myeloma cells when they were
co-cultured with BMAs (35). In regard to the important roles of
lipidmetabolism in tumor cells, researchers have tried to improve
therapeutic effects by inhibiting the accumulation of lipid
droplets in tumor cells. De novo fatty acid synthesis is performed
via glycolysis and glutaminolysis in normal condition (36). The
rate-limiting enzyme in de novo fatty acid synthesis is acetyl-
CoA carboxylase (ACC), which can be inhibited by ND-646. ND-
646 treatment resulted in the loss of neutral lipids and a 90%
reduction in total fatty acid content in non-small-cell lung cancer
(NSCLC) cells, including the predominant saturated fatty acids
palmitate and stearate. More importantly, the proliferation of
tumor cells was also inhibited by ND-646 (37). However, in some
tumors that are not inclined tometastasize to bone, the results are
different. Marin and colleagues found that liver-specific knockout
of ACC resulted in increased cell vitality and greater tumor
incidence in mice treated with carcinogens diethylnitrosamine
(DEN) (38). In addition, the excessive accumulation of lipid
droplets in tumor cells does not always exert a beneficial effect.
CD36, a cell surface scavenger receptor, is mainly responsible for
the fatty acid transportation. Once CD36 was inhibited by CD36-
neutralizing antibodies, large lipid-abundant tumor cells would
appear, as well as a significantly reduced incidence of metastasis
(39). From this viewpoint, the proper amount of neutral fat in
tumor cells may be needed for their rapid proliferation, especially
for the tumor cells that preferentially metastasize to bone.

Some tissues and organs also utilize FFA from adjacent
adipocytes in normal physiological conditions. For example,
epithelial cells within mouse mammary gland could induce the
lipolysis of neighboring adipocytes to make use of the FFA during
lactation (40). Thus, it is not surprising that tumor cells also
possess this inherent capacity, most prominently, breast cancer
cells. In addition to de novo fatty acid synthesis, cancer cells
could directly acquire FFA from adipocytes. This additional
source of fatty acid is extraordinary important for tumor cells
in an energy deprivation state. In co-culture condition, fatty
acid released from adipocyte could be transferred to colon
cancer cells (41). This amazing phenomenon was confirmed
by fluorescent microscope in vitro. An in vivo experiment also
supported this finding. Wen and his colleagues demonstrated
that tumor growth can be significantly enhanced if SW480 cells
were mixed with adipocytes before they were injected into mice.

One month later, adipocytes were no longer present in the tumor
sections. They speculated that these mature adipocytes fueled the
adjoining cancer cells and consumed themselves during tumor
progression (41). Another in vivo experiment may support this
hypothesis. Wang and colleagues found that the number of
unilocular and multilocular BMAs increased significantly in the
bone metastasis niche during the first week. However, a notable
reduction of BMAs was observed after 2 weeks. Further studies
demonstrated that the increase of BMAs at the early stage of bone
metastasis resulted from the enhanced adipogenic differentiation
of preadipocytes under the boost of melanoma cell-derived
factors (42). But as the tumor proliferated rapidly, melanoma cell
enhanced the dedifferentiation of mature adipocyte: from lipid-
droplet abundant adipocytes to fatless fibroblasts. Delipidation
of mature adipocytes was accompanied with the decreased
expression of adipocytes markers, including CCAAT/enhancer
binding protein beta (C/EBP-β), PPAR-γ, fatty acid binding
protein 4 (FABP-4) and leptin (42). These findings may indicate
that tumor cells promote the BMA differentiation during the
early stage. In later stages, tumor cells begin to stimulate the
dedifferentiation of mature BMAs to satisfy their increasing
energy requirement.

The mechanism of lipolysis in BMAs can also be explained by
some recent studies. One of them is the region-specific variation
of BMAs. In 2015, Scheller and colleagues made an important
discovery in their pioneering study, in which they defined
“regulated bone marrow adipocytes” (rBMAs) and “constitutive
bone marrow adipocytes” (cBMAs) for the first time (9).
“Regulated” means “changeable.” rBMAs are located primarily in
the proximal long bones, active sites of hematopoiesis. rBMAs
accumulate in the aging process and decrease remarkably in cold
environments. In contrast, cBMAs fill the cavities of the distal
long bones and appear earlier. cBMAs have relatively larger sizes
compared to rBMAs. More importantly, cBMAs remain stable
despite challenging conditions. These new findings may partially
explain the predilection sites of bone metastasis. In general,
tumor cells prefer to metastasize to rBMAs-enriched regions
(proximal femur, hip, and lumbar spine, etc.) that contain smaller
and less stable adipocytes. Coincidentally, rBMAs but not cBMAs
would disappear after 3 weeks cold exposure. This phenomenon
may be similar to the disappearance of BMAs in bone metastasis
sites. The second is the pathogenesis of cachexia. Cachexia, which
is characterized by wasting WAT and muscle, is a well-known
debilitating complication in terminal cancer patients (43). Lipid-
breakdown factors from cancer cells enhance the lipolysis of
mature adipocytes. The mobilization of triglyceride stored in the
lipid droplets requires lipolysis of triglyceride. This process is
mainly mediated by adipose triglyceride lipase (ATGL) and HSL
(44). The initial step of triglyceride hydrolysis is predominantly
performed by ATGL. Triglyceride is initially broken up into
diacylglycerol then hydrolyzed into monoglyceride. FFA is
transported by FABP4, which is predominantly expressed in
adipocytes. Strong expression of FABP4 could also be detected
in prostate cancer with skeleton metastasis (45). In addition,
a significant upregulation of FABP4 was observed in ovarian,
colon, and breast cancer cell lines co-cultured with WAT (36).
The most obvious change was detected in breast cancer cell
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lines T47D, with an increase around 70-fold. Leukemia cells
could also express FABP4 in order to transfer FFA when they
were co-cultured with BMAs (46). Tumor cells could transport
FFA from cytosol into mitochondria for fatty acid oxidation
(FAO) and produce ATP. This process is mainly performed
by carnitine palmitoyltransferase-1 (CPT1A). The expression of
CPT1A in acute myelocytic leukemia (AML) cells co-cultured
with BMAs was significantly up-regulated; knockdown of CPT1A
could reduce the survival and proliferation of AML cells when
co-cultured with BMAs (46). It seems that fatty acid oxidation
(FAO) is vital for the use of FFA in tumor cells and could be
a target to inhibit tumor growth. We suppose that, BMAs are
the important source of energy for tumors residing in the bone
marrow niche (Figure 1). The lipid-mobilizing factors may be
more prevalent in the bone marrow microenvironment in which
tumor cells directly contact with BMAs.

THE ENHANCEMENT OF TUMOR CELL
PROLIFERATION AND RESISTANCE TO
CHEMOTHERAPY AND RADIOTHERAPY
BY BMAS

Adipocytes provide more than just energy for tumor cells. As
early as 1992, Elliott and colleagues found that co-transplantation
of breast cancer cells with adipose tissue led to increased tumor
growth (47). In addition, co-culture with adipocytes increased
the invasive capacity not only in the metastatic breast tumor
cells line 4T1, but also in the non-metastatic cell line 67NR (48).
A further study identified salt-inducible kinase 2 (SIK2) as a
mediator between tumor cells and adipocytes. Mature adipocytes
enhanced intracellular calcium ions in tumor cells and induced
the auto phosphorylation of SIK2, which then inhibited ACC and
activated phosphoinositol 3 kinase–protein kinase B (PI3K/AKT)
signaling (49). A more recent study showed that gonadal adipose
tissue provided the assistance for leukemia stem cells (LSCs) to
escape from chemotherapy, and thus prompted the recurrence
of leukemias (50). The above studies show the important roles
of WAT in tumor progression. Similarly, BMAs also play a
crucial role in tumor development. Rapid expansion (9–32%)
of BMA was observed in tumor patients over 1 year (51), far
more than the averaging 1% per year in the natural process
of aging (52). Moreover, chemotherapy and radiotherapy could
further increase the number of BMAs, especially in the sacral
vertebrae (7). The increased BMAs assist tumor cells in the
process of tumor evasion and bone destruction after irradiation
and chemotherapy. Leukemia and MM are ideal disease models
to explore the relationship between BMAs and cancer cells. These
malignant cells reside in the bone marrow niche and directly
contact with BMAs. The proliferation of leukemia cells was
increased when co-cultured with BMAs. As the chemotherapy
drug vincristine was added to the co-culture system, BMAs
obviously inhibited the anti-tumor effects of vincristine. BMAs
protected leukemia cells from chemotherapy-induced apoptosis
by overexpressing growth signals B-cell lymphoma-2 (Bcl-2)
and the proviral integration site for moloney murine leukemia
virus 2 (Pim2) (53). In the MM model treated with melphalan,

the result is similar. Human BMAs activated autophagy and
inhibited caspase cleavage and apoptosis via Janus kinase 2/signal
transducer and activator of transcription 3 (Jak/STAT3) signaling
(54). Another study involving leukemia cells showed that BMAs
activated AMP activated protein kinase (AMPK)-dependent
cytoprotective autophagy and downregulated Akt/mechanistic
target of rapamycin (mTOR) signaling in the starvation
condition (31).

In tumors with high frequency of bonemetastasis, BMAs exert
its pro-tumor effects mainly by modulating lipid metabolism
associated genes, including FABP4, PPARγ and CD36. Abundant
amounts of FABP4 was found present in bone metastasis samples
from mice and human; BMAs promoted prostate cancer growth
dependent on FABP4 (45), which was activated by PPARγ (55).
The mechanism is partly mediated by c-Jun N-terminal kinase
(JNK)/MAPK pathways (56). Fatty acid transporter CD36 is also
indispensable in the process of tumor metastasis. Recent studies
demonstrated that CD36 is a marker of metastasis-initiating cells
(39). In the FFA enriched environment, CD36 is also important
for the occurrence of bone metastasis. Breast cancer and prostate
cancer cells co-cultured with BMAs showed a great upregulation
of CD36 (45). BMAs release FFA, FFA is then transported into
cytoplasm via CD36. Next, FFA is transported to the nucleus by
FABP4. FFA binds to the essential ligands of nuclear receptor
PPARγ, leading to upregulation of anti-apoptotic factor Bcl2 (31)
(Figure 2).

The mechanism responsible for the large increase in BMAs
in tumor development could be partly associated with the
awakened BMA progenitors. Previous studies showed that
quiescent BMA progenitors would enter into cycle (S/G2/M)
after irradiation treatment (57). Bone marrow cells secreted large
quantities of bone morphogenetic protein-4 (BMP4) in response
to irradiation, which promoted the adipogenic differentiation of
BMSCs (58). Among the various adipocytokines, leptin is the
key factor that have been shown to implicated in the resistance
to chemotherapy and radiotherapy (59, 60). Leptin could
activate the PI3K/Akt and mitogen-activated protein kinase
(MEK)/extracellular-regulated protein kinase (ERK) signaling
pathway, and consequently promote cell proliferation and cell
survival (59). This provides a potential therapeutic avenue for
bone metastasis. Inhibiting the adipogenic differentiation of
BMSCs may be useful to block these pro-tumor effects. However,
a recent research revealed that the increase of BMAs inhibited
the survival of AML cells (61). This new conclusion is vastly
different from any other researches and may require further
verification.

THE ENDOCRINE AND PARACRINE
FUNCTIONS OF BMAS IN BONE
METASTASIS

The endocrine and paracrine functions of BMAs are different
from WAT. So far, numerous studies have demonstrated these
differences. The adipokines and cytokines released from BMAs
are important factors in bone metastasis. Among these factors,
leptin and adiponectin are two major adipokines released by
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FIGURE 1 | BMAs provide energy for tumor cells. De novo fatty acid synthesis is performed via glycolysis and glutaminolysis in tumor cells. The rate-limiting enzyme

ACC is indispensable in the lipid droplet formation in tumor cells. Exogenous FFA could derived from BMAs. Tumor cells secrete some factors to promote the

adipogenic differentiation of LepR+/Sca1+BMSCs in the early stage, as the tumor proliferate rapidly, large amount of tumor cells promote mature BMAs to

de-differentiate into fatless fibroblast in the later stage. Lipid-breakdown factors from tumor cells enhance the lipolysis of mature adipocytes. The initial step of

triglyceride hydrolysis is predominantly performed by ATGL and triglyceride is broken up to diacylglycerol. Then diacylglycerol is hydrolyzed into monoglyceride. FFA is

transported by fatty acid binding protein 4 (FABP4). Tumor cells could also express FABP4 that could transfer free fatty acid when they are co-cultured with BMAs.

Tumor cells transport FFA from cytosol into mitochondria for fatty acid oxidation (FAO) and produce ATP. This process is mainly performed by carnitine

palmitoyltransferase-1 (CPT1A).

FIGURE 2 | BMAs enhance tumor cell proliferation and resistance to chemotherapy and radiotherapy. Chemotherapy and radiotherapy enhance the rapid expansion

of BMAs in tumor patients, followed by enhanced intracellular calcium ions in tumor cells and increasing FFA released from BMAs. On one hand, FFA is transported

into tumor cells by CD36 and then FFA is transported to the nucleus by FABP4. FFA binds to the essential ligands of nuclear receptor PPARγ, followed by enhanced

expression of CD36, FABP4, Pim2 and Bcl2, as well as the autophagy marker LC3-II. On the other hand, BMAs induce the autophosphorylation of SIK2, which then

inhibits ACC and activates PI3K/AKT signaling. Increasing FFA from BMAs is transported into mitochondria and produces ATP in the energy deficiency condition. In

this way, ROS is reduced and tumor cells survival in the bone marrow niche is enhanced.
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adipocytes. Surprisingly, the effects of these two adipokines on
tumor metastasis generally contradict each other.

The Effect of Leptin on Tumor Cells and
Bone Metastasis
Leptin is a 16 kDamultifunctional protein released by adipocytes,
including WAT and bone marrow fat (62). Early researches
focused on its functions on appetite and energy balance. But
its functions are more than that. Leptin exerts its effects by
binding to its receptor leptin receptor (LepR). Unlike other
hormones, leptin binds to its central and peripheral LepR and
produces different even opposite effects on bone formation (63).
Binding of leptin to its central receptors could induce bone
loss, whereas binding of leptin to its peripheral receptors could
increase bone mass. In addition to its roles in energy balance
and bone metabolism, leptin may also play an important role
in bone metastasis. First, leptin may enhance the formation of
BMAs. Mature adipocytes release leptin, which could bind to
LepR on BMSCs and promote the adipogenesis of BMSCs (57).
More importantly, LepR(+) BMSCs are themain source of BMAs
(64). In the primary culture of human BMAs, BMAs could secrete
more amounts of leptin than WAT (28). The increased leptin
could bind to LepR and activate Jak2/STAT3 signaling in BMSCs,
thus forming more BMAs (24) and creating a positive feedback
for tumor cells. Second, leptin/LepR pathway could promote
the oncogenesis, proliferation and colonization of tumor cells
in the bone marrow niche. Leptin attracted the breast tumor
cells to migrate to bone marrow niche (65). Adipocytes also
enhanced the proliferative effect of colon cancer cells. However,
this effect was leptin dependent. The adipocytes from leptin-
deficient ob/ob mice showed no enhanced proliferation effect on
tumor cells unless exogenous leptin was administrated. However,
the pro-tumor effects of leptin depend on its receptor LepR,
which is expressed in various tumors, including breast cancer,
prostate cancer, and colon cancer (66–68). Leptin activated
the downstream Jak2/STAT3 signaling in LepR(+) tumor cells,
which led to enhanced proliferation, survival and migration
of tumor cells (69). Despite of the elevated serum level of
leptin, LepR-deficient mice (db/db) failed to develop breast
cancer in an oncogene-induced rodent model (MMTV-TGF-
alpha mice) (70). Leptin also enhanced the metastasis of human
lung cancer cell line A549 by activating TGF-β signaling (71).
A few studies, however, showed conflicting results, for instance,
Samuel-Mendelsohn and colleagues demonstrated that leptin
promoted the apoptosis of human prostate cell line (72).

Sex steroids play an indispensable role in the pro-tumor
effect of leptin. The unbalance of sex hormones and their
receptors may increase the risk of bone metastasis. Breast cancer
and prostate cancer are referred to as sex hormone-dependent
cancers (73). More remarkably, breast cancer and prostate
cancer patients have the highest frequency of bone metastasis.
This phenomenon may indicate that estrogen/estrogen receptor
(E/ER) and androgen/androgen receptor (A/AR) signaling are
extremely important in bone metastasis. An in vitro experiment
showed that mature adipocytes promoted the proliferation of
human and rodent ER (+) breast tumor cell lines, including

MCF-7, ZR75-1, T47-D, and SPI cells, instead of ER (-) tumor
cell line MMT 060562 cells (47, 74). The effect of leptin on
tumor growth is dependent on A/AR or E/ER signaling. Leptin
administration obviously enhanced the proliferative capacity
of androgen-dependent prostate cell line LNCaP cells, but
this effect did not appear in androgen-independent prostate
cell lines PC3 and Du-145. On the other hand, exposure
to leptin led to a significant reduction in migration and
invasion of androgen-insensitive prostate cells by activation of
MAPK/STAT3 pathway (75). However, the results from other
studies are conflicting. Adipocyte derived leptin promoted the
proliferation of androgen-independent human prostate cancer
cell lines DU145 and PC-3 rather than androgen-dependent
LNCaP-FGC cells, although both cell types expressed functional
LepR isoforms (76, 77). These contradictory results reveal
the complicated network between different tumors and the
bone marrow environment. Even the non-hormone dependent
cancers, such as lung cancer, could be associated with sex
hormone in bone metastasis. Human small cell lung cancer cell
lines SBC-5, which is apt to metastasize to bone, expressed AR
and ERβ, but not ERα; by contrast, human small cell lung cancer
cell line SBC-3, which does not metastasize to bone, expressed
ERα and ERβ, but not AR (78). The inhibition of androgen by
castration or androgen receptor antagonist in male mice resulted
in a much higher frequency of bone metastasis in small cell
lung cancer mice (78). These studies may indicate the important
roles of AR in bone metastasis of small cell lung cancer. On the
other hand, androgen deprivation therapy would increase bone
marrow fat (79), leading to a potentially higher risk of bone
metastasis.

The Effect of Adiponectin on Tumor Cells
and Bone Metastasis
Adiponectin is a 30 kDa secreted protein with multiple functions
and is exclusively released by adipocytes, including WAT and
BMAs (80). Adiponectin plays its roles by binding to its
receptors. In general, adiponectin could bind to two receptors,
adiponectin receptor 1 (AdipoR1) and adiponectin receptor
2 (AdipoR2). Full-length adiponectin binds preferentially to
AdipoR2 (81), whereas proteolytic cleavage production of
adiponectin (gAcrp30) is more likely to bind with AdipoR1 (80).

Previous studies showed that WAT was the main sources
of adiponectin (82). Surprisingly, recent studies reported that
BMAs could produce more adiponectin than WAT, especially in
tumor patients. The increase of BMAs in tumor patients at 6
and 12 months after chemotherapy or radiotherapy treatment
contributed to the higher serum level of adiponectin from
BMAs but not WAT (7). Consistent with the increase number
of BMAs and serum level of adiponectin, AdipoR1 expression
in leukemia cells also increased when co-cultured with BMAs
(31). Unlike the pro-tumor effect of leptin, most of the studies
demonstrated that adiponectin had anti-tumor effects (83).
The MMTV-PyVT spontaneous mammary tumor mouse model
with reduced adiponectin expressions facilitated breast tumor
formation by downregulating mitogen-activated protein kinase
(MAPK) 3 and phosphatase and tensin homolog deleted on
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chromosome 10 (PTEN) expression and activating PI3K/Akt
signaling (84, 85) and the phosphorylation of ERK 1/2 (86).
As for colon cancer, adiponectin inhibited the proliferation
of tumor cells by blocking the cell division cycle at G1/S
boundary. This suppressive effect was attenuated by knockdown
of AdipoR1 and AdipoR2 in colon cancer cells (87). These
experiments indicate that the integrity of adiponectin/AdipoR1/2
signaling is indispensable for anti-tumor effects, including anti-
tumorigenesis and anti-proliferation effects. Adiponectin exerts
the anti-proliferation effect partly via AMPK phosphorylation
(87, 88), which is the central regulator of energy balance and
many other signaling pathways. On the other hand, the pro-
apoptotic effect of adiponectin is mediated by enhancing JNK
phosphorylation and reducing mTOR phosphorylation in liver
cancer (89). Despite substantial evidence of its anti-metastatic
effect, a small number of studies showed that adiponectin could
promote the tumor growth and migration (90, 91). Adiponectin
could promote ceramide activity and the production of the
anti-apoptotic substance—phingosine-1-phosphate (S1P) (92).
Amazingly, S1P transporter spinster homolog 2 (Spns2), which
promotes the secretion of S1P, was recently identified as a key
modulator that facilitated tumor metastasis from 810 rodent
cancer cell lines through in vivo experiments (93). The different
results of adiponectin in tumor metastasis may derive from the
multiple isoforms of AdipoR (91).

Recently, in vivo experiences raise the possibility that
adiponectin may be effective to prevent or treat bone metastasis.
MM is characterized by multiple osteolytic lesions, which is
similar to osteolytic damages in bone metastasis. Fowler et
al. administrated an apolipoprotein mimetic peptide (L-4F) to
enhance the circulation adiponectin in MM model. They found
that L-4F administration led to remarkably fewer osteolytic
lesions and tumor burden and more bone formation (94). More
importantly, the effects of L-4F appear to require adiponectin, for
there was no apparent effect in adiponectin-deficient mice.

The Mutual Relationship Between Leptin
and Adiponectin in Tumor Growth and
Metastasis
The opposite effects between leptin and adiponectin in
bone marrow environment make their mutual relationship
in bone metastasis more complicated. In general, if the
beneficial effects of adiponectin are overwhelmed by the
adverse effects of leptin, metabolic disorders may appear.
This was confirmed in clinical experiments and animal
models. Imbalance of leptin/adiponectin (L/A) ratio was
regarded as the biomarker of metabolism diseases, including
obesity and diabetes (95–98). However, the consequences
of the increased ratio of L/A derived from BMAs are
not fully understood. Higher L/A ratio was associated with
endometrial cancer aggressiveness (99). An in vitro experiment
showed that adiponectin administration attenuated leptin-
induced accelerated tumor growth of hepatic carcinoma cells
and mammary tumor cells MCF-7 (85, 89). On the other hand,
leptin treatment inhibited the anti-proliferation effect and pro-
apoptosis effect (Bcl-2) of adiponectin in prostate cancer cell

line (86, 100). An in vivo experiment confirmed the mutual
relationship between leptin and adiponectin. Simultaneously
using adiponectin together with leptin inhibited the anti-
proliferation effect of adiponectin in the liver cancer model
(89).

Which one, leptin or adiponectin, may play a decisive role in
bone metastasis in the bone marrow microenvironment? Two
main elements can be used to analyze this issue. First of all,
which adipokine is more abundant in bone marrow? Both leptin
and adiponectin exert dose-related effects on tumor cells. Thus,
higher concentration may seize advantage. The concentration
of adiponectin in human serum ranged from 2 to 20µg/ml
(101). In contrast, leptin had a larger fluctuation and much
lower scope, ranging from 5 to 20 ng/ml in non-overweight
people, but reaching to 50 ng/ml or greater in overweight and
obesity individuals (86). Compared with WAT, lower expression
of leptin was identified in BMAs using gene chip and qRT-
PCR in mouse (27), but the primary culture of human BMAs
showed the opposite results (28). A recent clinical study found
that BMAs in breast cancer patients but not healthy controls
were positively associated with serum leptin level. Thus, it
seems that leptin expression could be enhanced in some human
cancers. Another study, which explored the relationship between
leptin and adiponectin in breast cancer patients, is consistent
with this assumption. Chen and colleagues found that breast
cancer patients had higher serum leptin concentration but lower
serum adiponectin concentration, thus leading to a significant
higher L/A ratio than control group (102). More intriguingly,
L/A ratio but not serum levels of leptin or adiponectin alone,
was positively associated with tumor size. It seems that L/A
ratio determines the final consequence in tumor growth in
the bone marrow niche. However, the concentration of leptin
and adiponectin in the bone marrow is unknown. We can
only speculate that L/A ratio is also increased in the bone
marrow microenvironment. The increased ratio of L/A could
promote the colonization and growth of tumor cells in the bone
marrow niche. Second, which receptors are more abundant in
tumor cells? The mRNA level of LepR, AdipoR1 and AdipoR2
is low in normal mouse prostate (103), but the situation in
the prostate cancer is different. Both AdipR1/2 and LepR are
expressed in prostate tumor tissues and prostate tumor cell
lines, but the distribution is entirely different. AdipoR1 and
AdipoR2 are mainly located on the apical sites of epithelial
cells whereas LepR can be widely detected through tumors
(86). In addition, LepR was highly expressed in breast cancer
(104), lung cancer (105) and colorectal carcinoma (106). High
expression of LepR was associated with high advanced stage.
Instead, decreased AdipoR1/R2 expression was found in lung
cancer (107) and colorectal cancer patients (108). The positive
rate of staining against AdipoR1 and AdipoR2 in human
breast cancer tissue was only 30.4% and 26.3%, separately
(109). In summary, LepR may dominate in many kinds of
tumor tissues. The increased L/A ratio and wide distribution
of LepR could create a suitable niche for tumor growth in
the bone marrow. In summary, the endocrine functions of
BMAs could provide assistance for tumor progression and bone
metastasis.
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INFLAMMATORY FACTORS OF BMAS ON
BONE METASTASIS

The Different Abundance of Interleukin-6
(IL-6) and Tumor Necrosis Factor-α (TNF-α)
in WAT and BMAs
Chronic inflammation state in obesity patients is associated
with increased risk of cancer (110). IL-6 and TNF-α are two
main proinflammatory cytokines that are significantly increased
in obesity patients with excessive WAT (111). But the main
source of IL-6 and TNF-α in obesity patients is not only from
WAT. More strikingly, Stuart and colleagues found that almost
all TNF-α and significant amount of IL-6 were derived from
macrophages that infiltrated in adipose tissues but not adipocytes
themselves (112). This study has a hint that adipocytes may
release different amount of TNF-α and IL-6. Besides, Caja and
Puerta also found the different abundance of IL-6 and TNF-
α in the visceral and subcutaneous adipose tissues, with IL-6
ranging from 80 to 500 pg/100mg tissues and TNF-α fewer
than 10 pg/100mg tissues (113). An in vitro experiment using
cytokine array showed the high level of IL-6 in human adipocyte-
conditioned media (114). An in vivo human experiment brought
into a similar conclusion. The production of IL-6 from the
subcutaneous WAT made up an estimated 15–25% of the
systemic IL-6 at midday and 25–35% at night; however, the
secretion of TNF-α from the subcutaneous WAT was uncertain
(115). In co-culture condition, although both IL-6 and TNF-
α mRNA level in adipocytes were significantly upregulated in
the presence of breast tumor cells, the level of TNF-α was
undetectable in the supernatant of adipocytes with or without
breast tumor cells. By contrast, IL-6 was remarkably higher in
the supernatant (48). The abundance of IL-6 and the deficiency
of TNF-α in WAT were also confirmed in BMAs. Human BMAs
also released abundant amount of IL-6 in vitro, but only subtle
level of TNF-α could be detected (28). More remarkably, BMAs
produced more amount of IL-6 than WAT (22). Upregulation
of IL-6 could be beneficial for tumor progression and bone
metastasis.

The Pro-tumor Effects of IL-6 in Tumor
Microenvironment
IL-6 is overexpressed in tumor microenvironment, in which
tumor surrounding adipocytes are referred as cancer-associated
adipocytes (48). Previous studies showed that IL-6 from adipose
stromal cells (ASCs) promoted the migration and invasion of ER
(-) mammary cancer (116). Interestingly, a recent study found
that stromal IL-6 was actually released by adipocytes adjacent to
cancer cells (48). Presumably, IL-6 secreted from BMAsmay have
the same functions as ASCs. IL-6 exerts its effect by binding to
IL-6 receptor (IL6R). With the increasing level of IL-6 produced
by adipocytes, IL-6R was upregulated in EpCAMþ/CD133þ
cancer stem cells. In this co-culture system, c-Met, STAT3 and
ERK1/2 signaling pathways were activated, whereas Wingless-
related integration site (Wnt)/β-catenin signaling was unchanged
(114). BMA-derived IL-6 plays an indispensable role in tumor
metastasis. The mRNA expression of IL-6 was upregulated by

3-fold in breast tumor cells when co-cultured with adipocytes,
whereas both IL-1β and TNFα were not obviously affected
(117). Adipocyte-derived IL-6 attracted ovarian cancer cells to
a large fat pad omentum (36). Binding of IL-6 to its receptor
activates at least two signaling pathways in the IL-6 expressing
cancer cells. Firstly, activation of Jak2/STAT-3 signaling leads
to the induction of epithelial-mesenchymal transition (EMT),
accompanied by the upregulation of E-cadherin, N-cadherin,
MMP-7 andMMP-9 (118) and the enhanced metastatic potential
of cancer cells (119). Secondly, IL-6 could activate PI3K/Akt
pathway and thus promote cancer cell survival (120, 121). Even
if the bone-invasive tumor cells did not express IL6R, BMAs
may still be able to induce these signaling cascades. Soluble IL6R
(sIL6R), is a special form of IL6R that could bind the ligand IL-
6 and activate a process named trans-signaling (122). Clinical
research showed that adipocyte size was positively correlated
with sIL6R independent of body mass index (BMI) (123). In
patients with knee osteoarthritis, sIL6R could be detected in both
subcutaneous WAT and the infrapatellar fat pad. The release
of sIL6R in the infrapatellar fat pad was 3.6-fold higher than
that in subcutaneous WAT (124). We speculate that a larger
amount of sIL6R in infrapatellar fat pad may be associated
with the local inflammatory microenvironment. Considering the
abundant immune cells and inflammatory factors in the bone
marrow microenvironment, BMAs may also have the potential
to release a significant amount of sIL6R and bind with IL6 to
activate the trans-signaling in tumor cells. What is worse, IL-
6 itself could increase the numbers of BMAs, thus creating a
positive feedback (125). Antibodies of IL-6 would significantly
inhibit the pro-metastasis effect of adipocytes when co-cultured
with breast tumor cells (48). IL-6 neutralization significantly
blocked the seeding and metastatic growth of breast cancer cells
in the bone (126). In addition, tocilizumab, a human monoclonal
antibody against IL-6R, could reduce serum receptor activator
of nuclear factor kappa B ligand (RANKL) levels and suppress
skeletal tumor growth in prostate cancer model (127). This
indicates that IL-6 could be a potential target for the prevention
and treatment of bone metastasis.

In addition to IL-6, adipocytes could secrete other cytokines,
including IL-1α (50), IL-1β (116), IL-8 (36, 114), IL-15, IL-16
(22), chemokine (C-X-C motif) ligand 1(CXCL1) and CXCL2
(50). The above-mentioned cytokines have been found to
enhance the development of bone metastasis.

INTEGRATING BMAS INTO THE OLD
“VICIOUS CYCLE”

The old “vicious cycle” is traditionally used to illustrate the
association among tumor cells, osteoblasts and osteoclasts. In
this cycle, tumor cells release multiple factors to enhance
the osteolytic destruction, followed by the release of growth
factors (TGF-β, etc.) from bone matrix, thus creating a
“vicious cycle” (128). However, the “vicious cycle” in the bone
microenvironment is far more complicated than that. Regarding
the abundance and the significant role of BMAs and their
precursors, they should be integrated into the old “vicious cycle.”
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As we know, bone-forming osteoblasts and bone-resorbing
osteoclasts precisely coordinate to maintain the dynamic
balance of bone metabolism. RANKL and macrophage colony-
stimulating factor (M-CSF) are two indispensable factors for
osteoclast differentiation as well as bone resorption (129). M-CSF
and RANKL are released by osteoblasts/stromal cells to enhance
the osteoclast formation. However, recent studies indicated
that M-CSF and RANKL could be released by the very early
stage of BMA precursors; what is more amazing, those two
factors released by BMA precursors could induce the osteoclasts
formation in the co-culture condition (130). But once BMA
precursors were differentiated into mature BMAs, the expression
of RANKL and M-CSF was reduced significantly (130, 131).
Another study may explain the reason of this phenomenon. They
found that the early adipogenesis marker C/EBPβ and C/EBPδ

but not the late adipogenesis marker PPARγ, could bind to the
promoter of RANKL and promote its expression (132). Thus,
it is speculated that mature BMAs may only release a medium
amount of RANKL. More notably, RANKL was only released
by BMAs but not WAT (125). This indicates that BMAs could
directly regulate bone remodeling and bone destruction.

PTHrP is produced by many tumor cells and is well-known
for its contribution to hypercalcaemia (133). PTHrP could bind
to parathyroid hormone (PTH)/PTHrP receptor (PTH1R) and
activate multiple signaling transmissions within cells. More
interesting, PTHrP could only enhance bone metastasis, but
not visceral metastasis (lung, liver, kidney and lymph node)
(134).The role of PTHrP in tumor survival and invasion
is closely related with BMAs. On one hand, PTHrP could
downregulate the expression of PPARγ, and thus adipogenic
differentiation is inhibited (135). As we know, adipogenesis is
a process of enhanced uptake of glucose followed by de novo
lipogenesis in adipocytes. Perhaps this process consumes large
amounts of glucose. Therefore, tumor cells release PTHrP to
inhibit adipogenesis and compete for the limited nutrition
(mainly glucose) in the bone marrow. On the other hand,
PTHrP could upregulate the thermogenic gene expression of
mature adipocytes (including uncoupling protein 1 (UCP1)
and iodothyronine deiodinase 2 (Dio2) (by 200-and 20-fold,
separately). This led to lipolysis of mature adipocytes (136). Thus,
tumor cells may obtain energy from the mature adipocytes in
this way. Recent studies revealed the association of PTHrP and
RANKL. Interestingly, PTH1R knockout in BMAs resulted in
much higher expression of RANKL, BMSCs in the absence of
PTH1R were preferentially differentiated into mature BMAs. It
seems that blocking of PTHrP/PTH1R signaling could promote
adipogenesis and increase the expression of RANKL in the bone
marrow (125). We speculate that PTHrP and RANKL could
promote tumor growth in bone independently.

BMAS COULD BE THE POTENTIAL
TARGET FOR BONE METASTASIS

As stated above, BMAs are the potential target to conquer bone
metastasis, thus it may be necessary to reduce BMA formation
to inhibit bone metastasis. Recent studies tried to explore

the methods to reduce or get rid of BMAs. Considering the
specificity of adiponectin for adipocytes, Adiponectin-Cre/ER
(Adipoq-Cre/ER), which can recombine in BMAs, was therefore
used to eliminate BMAs. Adipoq-cre/ER; R26iDTR; R26tdTomato

transgenic mice were injected with tamoxifen and subsequently
diphtheria toxin (57). This method did initially ablate almost
all BMAs after treatment with diphtheria toxin for 3 days.
Surprisingly, rapid regeneration of BMAs was observed after 14
days. These adipocytes may derive from unrecombined BMA
progenitors. Thus, it is not an effective method to get rid of
BMAs. As we know, C/EBPα and PPARγ are two indispensable
factors in adipocyte differentiation. Thus, they could be the
primary targets to regulate adipocyte formation including WAT
and BMAs. Global PPARγ knockout mice were not able to
survive (137). Similarly, C/EBPα knockout mice died soon after
birth with no visible WAT (138). Considering the important
roles of C/EBPα and PPARγ in other important physiological
functions, Moitra and colleagues established the viable “fatless”
A-ZIP/F1 transgenic mice. A-ZIP/F is a designed dominant-
negative protein that blocks theDNA combination of both C/EBP
and Jun families. These “fatless” mice had no WAT throughout
lifespan. However, these mice still had small amount of BMAs in
the femurs and tibias (57). More interestingly, BMAs in A-ZIP/F1
transgenic mice increased significantly after irradiations. These
results indicate that, BMAs are more difficult to eliminate than
WAT. The precursor cells of BMAs may be more complex and is
tough to totally eliminate.

In humans, congenital generalized lipodystrophy (CGL),
which is an autosomal recessive disease, shed light on the research
of BMAs. Different gene mutations have been identified in four
subtypes of CGL: 1-acylglycerol-3-phosphate O-acyltransferase 2
(AGPAT2), Berardinelli-Seip congenital lipodystrophy 2 (BSCL2
or seipin), caveolin 1 (CAV1) and polymerase I and transcript
release factor (PTRF) mutation are responsible for CGL1, CGL2,
CGL3 ,and CGL4, respectively (139). Despite the nearly complete
lack of peripheral WAT in patients with CGL, BMAs are well
preserved in patients with CAV1 (CGL3) or PTRF (CGL4)
mutation. Both Cav1 and Ptrf knockout led to obviously reduced
amount of WAT in mouse genetic models. However, their
influences on BMAs are different. BMAs were well preserved
in Cav1 knockout mice; however, Ptrf knockout resulted in
a significant reduction of rBMAs (proximal tibial) instead of
cBMAs (distal tibia) (9). This indicates that CAV1 may only
influence WAT whereas PTRF could influence both WAT and
rBMAs. The latter could be more important for bone metastasis.
In this way, PTRF could be the potential target for the prevention
and treatment of bone metastasis. Additionally, the lack of BMAs
was observed in both CGL1 and CGL2 patients. Compared with
AGPAT2 gene mutation in CGL1 patients, CGL2 patients with
seipin mutations exhibited significantly severe lack of WAT and
BMAs (140). Recent studies also confirmed its important roles in
fat store in both drosophila and human (141). It seems that seipin
mutations have a far greater impact on BMAs than other genes.

PTH could be used to inhibit BMA formation. PTH (1–34)
significantly inhibited the adipogenic differentiation of human
BMSCs in vitro (142). Daily injection of 25nmol/kg PTH (1–
34) in mice remarkably reduced BMAs in proximal epiphyses
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and the growth plate near the tibial fibular junction, which could
be classified as rBMAs. Coincidentally, the proximal tibia was
much easier to occur bonemetastasis than the tibial diaphysis and
distal end in human (143). The number of BMAswas significantly
reduced in patients treated with PTH (1–34) for 18 months (125).
It seems that PTH (1–34) could inhibit the rBMAs formation,
which is more important in bone metastasis. However, the results
from different in vivo experiments involving PTH were strikingly
different. Schneider et al. showed that skeletal metastasis to
hind limb metaphyses and the craniofacial region was 3-fold
higher in intermittent PTH-treated prostate cancer-bearing mice
(144). By contrasts, Swami et al. demonstrated that intermittent
PTH administration could significantly reduce the frequency of
spontaneous metastasis to hind limbs and increase bone volume
in breast cancer model (145). Actually, they used the same dose
of PTH (80 µg/kg/d) but the duration of the treatment was
considerably different (2 weeks vs. 8 weeks). Another reason that
may explain this discrepancy is that the effect of PTH (1–34)
on bone metastasis may be largely dependent on tumor types.
Previous studies have showed that high serum PTHwas common
in prostate cancer patients and was inversely associated with
mortality (146).

Sclerostin (SOST) is secreted by osteocytes and functions
as a Wnt signaling inhibitory molecule. In addition to
its inhibitory effects on osteoblast differentiation and bone
formation, sclerostin is a newly identified factor that regulates
the formation and metabolism of adipocytes (147, 148). Sost
knockout mice exhibited a significant reduction in the whole-
body fat mass and adipocyte size. Similarly, Sost-neutralizing
antibody reduced the accumulation of WAT (148). Consistent
with the above results, genetic ablation and pharmaceutical
inhibition of Sost led to a significantly decrease in the number
and size of BMAs in the proximal and distal end of the long
bone (149). Interestingly, strongly positive expression of Sost was
detected in tumor tissues from breast cancer patients with bone
metastasis; Sost antibody remarkably inhibited bone metastasis
and osteolytic destruction in breast cancer model (150). Recently,
romosozumab, a monoclonal antibody to Sost, has been used
successfully in treating osteoporosis (151). This suggests that it
is possible to use Sost antibody to reduce BMAs and treat bone
metastasis. However, opposite results were found in a prostate
cancer model. Hudson et al. demonstrated that overexpressing
Sost in prostate cancer cell line (PC-3) remarkably suppressed
the metastasis and osteolytic destruction (152). In summary,

Targeting BMA for the prevention and treatment of bone
metastasis is promising but not yet practical.

CONCLUSION

There are still much unknown in BMAs and bone metastasis.
Accumulating evidence supports the pro-tumor roles of BMA
in skeleton metastasis. One distinguished feature of BMAs in
bone metastasis is that they could be the energy source of
tumor cells. So far, no other cells except adipocytes could
directly provide FFA as energy source for adjacent tumor
cells. The blocking of this process may help to inhibit bone

metastasis. In addition, the endocrine functions of BMAs have
two sides in bone metastasis. IL-6 and other inflammatory
factors have doubtless pro-tumor effects. However, leptin and
adiponectin have the opposite effects on bone metastasis.
Other adipocytokines could also influence bone metastasis.
The complexity of BMA function in different conditions may
contribute to different results in bone metastasis. Considering
the abundance of BMAs in bone marrow, the regulation of BMA
formation and endocrine functions could be a new avenue to treat
bone metastasis. Destruction of the suitable microenvironment
created by BMAs may help to inhibit bone metastasis. It is
an emerging direction that is totally different from previous
treatment options. Destroying the “soil” but not directly killing
the “seed” may be a new strategy to prevent and treat bone
metastasis.
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