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Abstract

Normal oxygen level is critical for niches that together with other components of the niche play
vital role in regulating stem or tumor cells behavior. Hypoxia plays an important role in normal
development and disease progression, including the growth of solid tumors. The hypoxia inducible
factors (HIFs) are the key mediators of the cellular response to hypoxia. In this review, we focused
on the role of HIFs on bone tumor formation. Further, we also emphasized how hypoxia, stem
cells, and its niches regulate the bone tumorigenesis.

Keywords
Hypoxia; Hypoxia inducible factors; Bone tumor, Bone metastasis; Stem cells; Osteosarcoma

1. Introduction

Hypoxia inducible factors (HIFs) are essential for cellular oxygen homeostasis maintenance
and hypoxia adaptation when oxygen levels cannot meet the needs of the cell. HIFs is
associated with PAS (Per-ARNT-Sim) family of basic helix-loop-helix transcription factors,
which bind to DNA as heterodimers, and are composed of an oxygen-dependent o subunit
and an oxygen-independent B subunit. The a-subunit has three isoforms, HIF-1a, HIF-2q,
and HIF-3a. The B subunit, also called as the aryl hydrocarbon receptor nuclear translocator
(ARNT), has only two isoforms referred to as HIF-1p and HIF-2p. Alpha subunit
degradation occurs in a posttranslational prolyl hydroxylation manner via the von Hippel-
Lindau (VHL)-mediated ubiquitination pathway by binding to the oxygen-dependent
degradation domain (ODDD) under normoxia [1-3]. The a-subunit is transported into the
nucleus and dimerises with the B subunit when oxygen concentrations become less than 6%
[2, 4]. This complex binds to the 5-RCGTG-3 core sequence of the hypoxia responsive
element (HRE) within the enhancer promoter region of HIF target genes, facilitating
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transcription of target genes responsible for adaptations to hypoxia, including anaerobic
energy supply, erythropoiesis, angiogenesis, pH regulation, and cell survival [5]. At the
cellular level, HIF proteins [6] can influence any biological behavior, including pathological
or physiological behavior, under a hypoxic microenvironment. This influence is especially
important in the context of tumor growth, as tumors cannot grow beyond several mm?3
without angiogenesis due to limited diffusion of O,, glucose, and other nutrients [7]. One
major focus in the field of cancer biology is to understand the mechanisms by which
hypoxia or HIFs can regulate bone tumor progression and the formation of metastases.
Recently, a number of studies have demonstrated a more complex regulatory mechanism for
HIFs in tumor progression [8-10], but many aspects of this mechanism remain unresolved.
Several unique roles of HIFs in the context of tumor progression will be described in this
review (Fig.1). Further, we also discussed how hypoxia, stem cells, and its niches involve in
bone tumorigenesis and tumor therapy.

2. Hypoxia and osteosarcoma

Osteosarcoma is the very common bone cancer in children and adults, characterized by
frequent relapse and metastatic disease and show strong resistance to chemotherapy with
poor prognosis. It has been established that, when the volume of a tumor exceeds the critical
value of 1 mm3 [7], oxygen is unable to diffuse completely throughout the tumor. Because
hypoxia exists in almost all solid tumors due to the imbalance between their rapid growth
and nutrient and blood supply, the adaptation to hypoxia by tumor cells is particularly
important. HIFs, which comprise both a hypoxia-inducible o subunit and a constitutively
expressed B subunit, play a critical role in this process. It is associated not only with
resistance to therapy and poor survival [11] but also with disease grade, stage and recurrence
in the clinic [12-13]. Although HIFs and their downstream genes are up-regulated in
osteosarcoma cells cultured under hypoxic conditions in vitro, HIF does not increase tumor
cell proliferation or migration but instead enhances apoptosis [14]. This does not correlate
with the clinical reports [11, 15-17]. As an explanation for this abnormal phenomenon, some
researchers have proposed that the antagonistic effects of HIFs and their downstream genes
cancel each other out in vitro [14].

Accumulative evidence suggests that HIF can induce the apoptosis through both direct and
indirect mechanisms. It has been demonstrated that HIF promotes tumor cell survival under
hypoxic conditions by directly inducing the expression of the proapoptotic genes such as
BNIP3 and NIX [18]. The expression of BNIP3 is inhibited by HIF-2, which stabilizes p53
by inactivating the p53 ubiquitin ligase Mdm2 or induces p53 after its binding to the
oxygen-dependent degradation domain on HIF-1 that activates p53-mediated cell cycle
arrest and results in cellular apoptosis [19]. HIF-1a can also indirectly induce apoptosis and
promotes tumor cell survival by activating the anti-apoptotic genes, such as the Bcl-2 gene
family and inhibitors of apoptosis (IAPs), or by increasing glucose uptake and glycolysis
[20,21].

Hypoxia promotes both HIF-1a and HIF-2a. expression and function, as assessed by
downstream gene expression, western blot, luciferase assay and ELISA using osteosarcoma
models. It is known that hypoxia-induced apoptosis is mediated by HIF-1a. Studies have
revealed that expression of hypoxia relevant genes occurs mainly in necrotic areas, which
suggest that there is in vivo relationship exists between HIF-1o and apoptosis in
osteosarcoma tumors [15]. Interestingly, under hypoxic conditions, HIFs regulate the
expression of downstream genes such as Glut-1 and VEGF through binding to their HRE
regions; however, there is no HIF transcriptional response under conditions of low glucose,
when cellular proliferation is reduced by 45% [14]. The molecular mechanisms associated
with this phenomenon are under investigation. Studies have also shown that HIF-1a.

Cancer Lett. Author manuscript; available in PMC 2012 December 27.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Zeng et al.

Page 3

silencing downregulated the phosphorylation of Akt, which inhibit apoptosis by blocking the
activity of proapoptotic factors Bad and caspase-9 that ultimately promotes the cell survival
by increasing the phosphorylation of IKKf, which in turn activates nuclear factor-xB (NF-
kp) [22, 23] Furthermore, mitochondria respond to multiple death stimuli that permeabilize
the mitochondrial membrane, which result in release of apoptotic molecules, such as
cytochrome c and AIF [24]. These molecules activate Apaf-1 and trigger the caspase
machinery that ultimately results in cell death. A recent study suggest that HIF-1a silencing
regulated the balance between proapoptotic protein Bax and antiapoptotic proteins Bcl-xL
and Bim, as well as dysfunction the mitochondrial activity, which results in caspase-
dependent death [25]. Apoptosis induced by inadequate or inappropriate cell-matrix
interactions is called anoikis. It is interesting to note that osteosarcoma cells have the
properties to detach from matrix components and metastasize as they show anchorage-
independent growth and are resistant to anoikis [26]. It has been suggested that the pathways
responsible for anoikis include integrin, Rho GTPases, PI3 kinase, and PKB/AKkt, together
with components of the intrinsic and extrinsic apoptosis pathways [26]. Diaz-Montero et al.
[27] have shown that different mediators regulate the resistance to anoikis and apoptosis in
osteosarcoma.

3. Hypoxia and chondrosarcoma

Chondrosarcoma is the second most common bone tumor and is typically associated with a
poor prognosis due to its insensitivity to radio- and chemotherapy. Wide surgical excision is
the only curative treatment. Unlike osteosarcomas, which usually occur in minors,
chondrosarcomas generally occur in adults [28]. Because cure of chondrosarcomas has not
improved over the past several decades and the classification of the tumor grade is even
subjective, identifying an early stage prognostic marker, which potentially improve its
treatment is an urgent goal [28].

Mature cartilage contains almost no blood vessels, so cartilage growth occurs in a hypoxic
microenvironment [29]. HIF-1, which is the main factor mediating hypoxia response, may
have an important role in the prognosis of chondrosarcoma. In fact, Kubo et al. [28]
investigated the expression of HIF-1a and HIF-2a in 29 chondrosarcoma specimens and
found that HIF-1a protein may be a useful prognosis marker due to its important role in
tumor angiogenesis and cellular proliferation. They indicated that HIF-1a protein might be a
more objective marker in determining chondrosarcoma patient prognosis than the
histological grade of the tumor.

There are several mechanisms responsible for the migration and invasion of chondrosarcoma
related to HIF-1o expression and the expression of its downstream genes. The CXCR4/
SDF-1 pathway plays a critical role [30]. SDF-1, a downstream target of HIF-1a that is
mainly induced by hypoxia, binds to its receptor CXCR4 and indirectly promotes tumor
metastasis by mediating tumor cell proliferation and migration. Sun et al. [31] demonstrated
that CXCR4 blockade by AMD3100, a clinically approved inhibitor of CXCR4/SDF-1,
could inhibit chondrosarcoma invasion and metastasis in vitro. To elucidate the underlying
mechanism behind CXCR4/SDF-1-mediated tumor cell invasion, they measured the levels
of MMP-1, a critical factor, involved in chondrosarcoma metastasis and found a 9-fold
increase in MMP-1 mRNA levels when tumor cells were cultured under hypoxic conditions.
These levels could be further increased to 23-fold by SDF-1 stimulation. Further, they found
that SDF1 stimulation during hypoxia also increased MMPL1 protein expression.
Interestingly, CXCR4 inhibitor AMD3100 could block the increased effect on MMP-1
mMRNA as well as MMP-1 protein expression during hypoxia, providing further evidence
that CXCR4/SDF-1 signaling can induce MMP-1 expression and promote chondrosarcoma
cell migration and invasion [31]. Their results suggest blocking the activity of CXCR4 can
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inhibit the effects of hypoxia on MMP1 expression, which results in inhibition of
chondrosarcoma invasion and metastasis [31].

4. Hypoxia and Ewing’s sarcoma

The Ewing’s sarcoma (EWS) family of tumors, characterised by the presence of EWS-ETS
gene rearrangements, are the second most frequent bone tumor in teenagers and young
adults [32]. They are rare, highly malignant tumors with clinical metastases occurring in
approximately one-fourth of all patients [33]. An additional feature of Ewing’s sarcoma is
the presence of blood lakes linked by tumor cells. These correlate with poor clinical
outcome, whereas outcome does not correlate with variables of angiogenesis [33]. Studies
suggest that there is blood flow through these RBC lakes, and this often occurs during
adolescence. van der Schaft et al. [33] presents evidence that supports the idea that oxygen
tension plays a significant role in tube formation in vitro [34]. Interestingly, the HIF protein,
which mediates responses mainly under hypoxic conditions, has a significant effect on
Ewing’s sarcoma family tumors (ESFT). Aryee et al. [32] found that the EWS-FLI1 protein,
which is characteristic of ESFT, was up-regulated in a HIF-1a-dependent manner and that
HIF-1a induced EWS-FLI1 accumulation in a time-dependent dynamic study. Further
studies suggesting that the regulation of EWS-FLI1 in hypoxic environments may occur at
the posttranscriptional level are supported by the observation that HIF-1a-activated genes,
such as VEGF, Aldolase-C, GLUT-1, CA9, and IGFBP3, were increased under hypoxia
[35], whereas EWS-FLI1 RNA expression remained unchanged. Hypoxia enhances the
malignancy of ESFT mainly through increasing invasive capacity, as demonstrated in a
Matrigel-coated transwell insert assay, and colony-formation capacity, as assessed by an
anchorage-independent growth assay.

Hypoxia may also contribute to the aggressive metastatic behavior of ESFT. HIF-1a and
EWS-FLI1 may function together in both synergistic and antagonistic cross-talk under
conditions of hypoxia, and in the future, targeting these functions may prove to be of
therapeutic benefit.

5. Hypoxia and breast cancer bone metastases

Most patients with breast cancer die not because of the primary tumor but, instead, due to
distal metastasis [36]. Patients with advanced breast cancer are likely to develop bone
metastases and develop severe bone pain, pathologic fracture, life-threatening hypercalcemia
and other complications due to osteolytic bone destruction [37]. The mechanism underlying
tumor cells metastasising directly to bone remains unclear. Tumor cell metastasis to distant
organs depends not only on the type of cancer itself but also on the microenvironment of the
organs that develop the metastasis [36]. Bone has a unique microenvironment, and the
primary functions of this organ are haematopoiesis and weight-bearing. There is a positive
feedback mechanism to account for the frequency of bone metastasis. Low blood flow
within the red marrow allows tumor cells in the blood circulation to adhere to the bone
matrix and the marrow stromal cells [38], while at the same time, facilitating the release of
many bone resorbing factors and angiogenic factors that enhance tumor cell development.
Unfortunately, bone is also a large repository of growth factors including transforming
growth factor B, insulin-like growth factor I and 11, fibroblast growth factors, bone
morphogenetic proteins and calcium [39]. With the destruction of sclerosis, large amounts of
these factors are released into the blood circulation, ultimately attracting more cancer cells
circulating within the bloodstream to the sites of tumor cell adhesion and further promoting
cancer cell growth. This process ultimately allows distant metastases to thrive.

Of all the growth factors contained within the bone, TGF-f has the most complex functions
[40]. While it is considered a growth suppressor early in tumorigenesis, in later stage
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tumors, has a role increasing the production of PTHrP by breast cancer cells [41], which
plays a unique role in breast cancer cells by facilitating their metastasis to bone. In
osteoclast bone metastasis of breast cancer, the absorption of bone is mediated by
osteoclasts rather than by the tumor cells [42]. Thus, any effect on osteoclast function can
play a role in breast cancer metastasis. Parathyroid hormone-related peptide interaction with
its receptor, PTHR1, likely stimulates the formation of osteoclasts by the RANKL-OPG
pathway through expression of RANKL on the surface of osteoblasts and marrow stromal
cells, rather than by acting directly on osteoclast precursors cause increased bone resorption
[38, 43]. Additional to the osteolytic bone metastases, NF-kB-HIF-1a forms a complex, this
complex reciprocal regulation and enhanced c-jun expression contributes to the migration,
invasion and bone tropism of 1833 (human) and 4T1 (mouse) metastatic breast cancer cells
by means of an incomplete epithelial-mesenchymal transition (EMT) [44]. Other important
pathways such as hypoxia and TGF-p interaction influence breast cancer bone metastasis
[40, 41]. Many genes involved in bone metastasis that are regulated by TGF-p are also
regulated by hypoxia, such as CTGF, CXCR4, IL-11 and MMP-1 [45, 46]. These genes
influence different steps of the metastasis cascade, such as invasion, homing, angiogenesis,
and osteolysis. To study the mechanism underlying the hypoxia and TGF-f interaction,
Dunn et al. [40] have developed a model by altering TGF-f3 expression levels and oxygen
supply and have investigated downstream gene expression changes in this model in vitro.
They discovered that only VEGF and CXCR4 responded to TGF-f and hypoxia.
Additionally, they found significant decreases in osteolysis through gene inhibition of TGF-
p or the hypoxia-signaling pathway in vivo. Interestingly, there was no additional reduction
in lesion area and survival benefit under the combined inhibition of both the TGF-§ and
hypoxia pathways, suggesting that these two signalling pathways function in parallel.
Neovascularisation and elevated glycolysis, two common characteristics of solid tumors,
represent adaptations to a hypoxic microenvironment that are correlated with tumor
invasion, metastasis, and lethality [9].

6. Hypoxia and prostate cancer bone metastasis

Unlike breast cancer, where metastasis to bone mainly causes osteolytic lesions, there are
two prostate cancer tumor types that commonly metastasise to bone but cause osteoblastic
lesions [47]. Patients with metastasised prostate cancer suffer from pain because of
pathologic facture and nerve compression due to abnormal bone remodelling. The precise
mechanisms involved in prostate cancer osteoblastic bone metastasis are unknown. Several
genes, including u-PA [48] and PSA [49], and several growth factors, such as FGF and
Endothelin-1, are under investigation for their involvement in this process. In recent years,
the unique role of HIF-1a and its target genes, especially VEGF, on prostate cancer bone
metastasis is gradually being elucidated [50]. VEGF can affect bone remodelling and
facilitate tropism during cancer cell bone metastasis [51]. HIF-1a regulates VEGF
transcription via the cyclic AMP-responsive element-binding protein (CREB) pathway
under normoxic conditions [51]. Paradoxically, HIF-1a degradation under normoxic
conditions occurs via VHL-mediated ubiquitination, and other studies have demonstrated
that CREB plays an important role in this process. CREB and HIF-a form a transcription
complex in normoxic tumor cells, and coordinated activation of CREB/HIF-1a then directly
contributes to the transcription of VEGF in bone metastases. VEGF binds to its receptor,
VEGFR-1, and promotes tumor progression by inducing EMT and acquisition of invasive
phenotypes. The CREB pathway, however, regulates gene expression in a highly tissue and
cell type-specific manner. Additional investigations have shown that VEGF can induce
initial differentiation of osteoblasts and can potentially influence the ability of prostate
cancer to develop osteoblastic lesions [50, 51]. Similar to bone morphogenetic proteins
(BMP) and Endothelin-1 that directly stimulate differentiation of osteoblast precursors to
mature mineral-producing osteoblast, VEGF also has an effect on osteoblast differentiation
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but is not sufficient to promote full osteoblastic differentiation because BMPs, endothelin-1,
Whnts, and urokinase plasminogen activator remain absent. This consistent with the
hypothesis that VEGF promotes prostate cancer-mediated osteoblastic activity [50].

7. Hypoxia and bone tumor therapy

Doctors are making great strides in preventing bone tumor progression and bone metastasis
development. Currently, there are several approaches have been applied in the clinic to treat
bone tumors and bone metastases. Most of these emphasise the prevention of stimulating
osteoclasts and blockade the bone resorption or decrease PTHrP concentrations in the blood.
The drugs applied include Osteoprotegerin, RANK-Fc [52, 53], bisphosphonates [54],
PTHrP antibodies [42], and vitamin-D analogues. Other drugs focus on targeting cytokines
stored in the bone, such as TGF-B, by preventing their release once the bone has been
destroyed.

We find the adaptation to tumor hypoxia is important in both tumor development and
metastasis [11]. HIF-1a, which mainly functions under hypoxia, plays a critical role in
tumor cell migration and invasion. The antiangiogenic effects produced by pharmacologic
inhibition of the HIF target VEGF also underscore the importance of this protein for tumor
angiogenesis. In addition, HIFs play a major role in drug-resistance and radiation-resistance
[11], which are significant problems in the treatment of cancer. Blockade of the HIF
pathway may provide therapeutic advantage in patients suffering from these conditions.

8. HIFs as targets for cancer therapy

Hypoxia is common to all solid tumors and tumor hypoxia has great significance in clinical
studies. Hypoxia-inducible factor 1 (HIF-1) is a central mediator of cellular responses to low
oxygen and has recently become an attractive target for solid tumor therapy because of
frequently reported association between HIF-1a overexpression and poor outcome in clinical
series. HIF-1a has been rated top in the list of targets for cancer therapy as it plays a vital
role in regulating tumor survival and growth under hypoxic condition. In recent years,
several small molecules have been identified, which can specifically target the HIF pathway
[55-58]. However, these molecules work indirectly, show pleiotropic effect as well as have
poor pharmacologic properties, which suggest that development of HIF inhibitors would be
essential [59]. Recently, Narita et al. [60] identified the novel small molecule KC7F2, which
act as a potent HIF-1a translation inhibitor and can be used in the development of antitumor
agent for clinical cancer therapy. This molecule show enhanced cytotoxicity in several
cancer cells during hypoxia and inhibit the HIF transcriptional activity by down-regulating
the protein HIF-1a subunit, which ultimately reduce the translation of its mMRNA [60]. In
addition, it has been found that KC7F2 significantly repressed the phosphorylation of
4EBP-1 that suggests that it can inhibit the HIF-1a protein synthesis [60]. It has been found
that mTOR up-regulation elevates the HIF-1a protein expression via translation initiation
factors including 4E binding protein 1 (4EBP1) and p70 S6 kinase (S6K) and these factors
could be novel targets in HIF-1a inhibitor development [60].

There are several gene therapy strategies targeting tumor hypoxia [61] has been developed,
which include hypoxia-responsive promoters combined with Gene-Directed Enzyme
Prodrug Therapies (GDEPT) [61], hypoxia-specific replication of adenovirus [62], and
anaerobic bacteria-mediated delivery systems [63]. Recently, it has been found that oxygen-
dependent degradation (ODD) - protein transduction domain (PTD) fusion protein, a vital
tool for gene delivery, can be used to target HIF-1-active microenvironment, which
ultimately results in cancer therapy [61]. Based on the above studies, it is clear that targeting
HIF-1 by combined treatment of HIF-1 inhibitors, together with upstream and downstream
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pathways, chemotherapy and radiotherapy would be novel and efficient strategy for cancer
therapy in clinic [64].

9. Hypoxia, stem cell and bone tumor

Among all bone cancer, the osteosarcoma is the most common and leading cause of death in
children and adolescents. However, how these bone cancers develop is currently unknown.
The conventional therapy in which osteosarcoma can be treated by combining chemotherapy
with anti-angiogenic therapy. However, we need to develop a novel therapy such as cell
therapy, which can kill specifically to cancer stem cells, main culprit in metastasis of tumor.
Recently, it has been lots of attention in the field of cancer stem cells (CSC). CSC have been
identified in several diverse tumors including, brain, skin, leukemia, breast, neck, colon,
head and neck, renal, liver, prostate and pancreatic tumors [65-72]. It is also followed that
CSC plays major roles in drug resistance, tumor recurrence, and metastasis. Recent studies
suggest that osteosarcoma contains cancer stem cells [73-76]. CSC is also reported in
Ewing’s sarcoma [77]. Levings et al. [78] have shown that Osteosarcoma stem cell can
activate the Oct-4 gene promoter. Tang et al. [79] and Mohseny et al. [80] have shown that
MSCs or osteoprogenitor cells because of disruption in the osteoblast differentiation
pathway develop Osteosarcoma.

It is suggested that in hematopoietic niches, cancer stem cells reside to the bone marrow, via
receptors such as CXCR-4, in a area where high levels of stromal cell derived factor 1
(SDF-1) is present and this region is regulated by oxygen tension [81]. Osteoblasts are
critical in these niches. To eliminate and avoid bone cancer, it is fundamental to destroy
cancer stem cells, which home in the osteoblast niche, as well as block the expression or
activity of other factors, which regulate or accelerate reentry of these cells in cell cycle. It
has been reported that RANK receptor is expressed in cancer cells and its ligand expressed
in marrow stromal and immature osteoblast cells. Further, it is known that cancer cells
secrete osteoblastic factors (ET-1, AM, VEGF, PDGF, CCNs-bone formation) as well as
osteolytic factors (RANK L, PTHrP -bone destruction) [82]. It has been shown that PTHrP
is critical in bone metastasis in breast cancer and prostate cancer, and is regulated by RANK
L [12].

Recently, several investigations have shown that hypoxia regulate the sub-population of
CSC and maintain the normal tissue or non-stem cell tissue in a stem cell state [83-86]. It
has also found that hypoxic areas within a tumor might serves as niches for cancer stem cells
and hypoxia conditions help in reprogramming of cells in the generation of iPS colonies
[87]. Most of metastatic tumor contains CSC and show chemotherapy resistance, and it is
possible that tumors may develop from mutation in normal stem cell, which transform to
become CSC or tumors develop during hypoxia condition from non-stem cells population
(Fig. 2). Further, recent studies suggest that HIF is highly expressed in CSC in several
tumors and blocking HIF-1o or HIF-2a. activity results in dramatic decrease in CSC
proliferation and self-renewal [88-91]. These findings suggest that oxygen tension and
microenvironment are critical in cancer development and that targeting hypoxia
microenvironment would be novel strategy to eliminate CSC population. Several recent
reports suggest that hypoxia and stem cell mediated therapy is a viable in eliminating CSC,
which in turn provides therapy for several types of malignancies including bone tumor
[88-91].

9. Concluding remarks

In conclusion, exploration of the mechanisms by which hypoxia influences bone tumors
could ultimately contribute to the development of bone tumor prevention and therapeutic
strategies. Furthermore, to understand the biology of the bone tumor it is critical to identify
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prognostic factors and new effective agents combined with stem cell therapy to improve the
treatment and ultimately cure the bone cancer [92, 93]. To explore our understanding of
CSC behavior and the way these CSC re-enter in the cell cycle is critical in future
understanding of bone cancer and cancer in general.
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Figure 1.

The role of hypoxia on tumor development. With the fast development of tumor, especially
if the tumor volume exceeds several mm3, insufficient angiogenesis and tumor necrosis will
be accompanied, which will limit to the diffusion of oxygen, glucose and other nutrients in
the tumor, and HIFs will be up-regulated because HIFs play a critical role in mediating
tumor adaption to hypoxia. Unfortunately, bone is a repository of several growth factors
such as TGF-B, IGF-I/1l, FGF and BMP, and those factors are released into the blood and
promote tumor growth, which will further cause bone destruction. HIFs can regulate tumor
migration, invasion and heterotopic colonization by the mediation of SDF-1/CXCR4,
MMP-9 and PTHrP. Additionally, HIFs can also promote tumor cell survival by activating
antiapoptotic genes such as the Bcl-2 gene family and inhibitors of apoptosis (IAPS), or by
increasing glucose uptake and glycolysis anti-apoptosis.
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Figure 2.

Cancer stem cell (CSC) model as a strategy in the treatment of bone cancer. The response of

bone tumor stem cell to chemotherapy only shrink’s tumor tissues and the tumor develop

after some time due to presence of cancer stem cell, which self-renew and differentiate to
form the tumor. However, chemotherapy together with CSCs-targeted therapy can kill not
only most of the tumor cells but also can kill the CSCs and ultimately the non-CSC tumor
will be differentiated with no proliferating ability. Hypoxia can induce the non-CSC tumor
to become stem cell type cells, which have self-renewing and proliferating ability and can

form tumor. However, chemotherapy (inhibitor such as Albendazole) together with CSC
targeted therapy can block these stem cell-like cells and their ability to form the tumor.
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