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Abstract

Bone sarcomas include a very large number of tumor types belonging to the family of primary malignant
bone tumors and originate from bone. Osteosarcoma, Ewing’s sarcoma and chondrosarcoma are the three
main sarcomas diagnosed in humans and despite their scarcity, sarcomas are characterized by a relatively
high morbidity and mortality, especially in children and adolescents. Bone sarcomas exhibit highly
heterogeneous histologic and molecular profiles; their morphology is one of the key aspects of their
identification. With the exception of Ewing’s sarcoma, which is related to a chromosomal translocation
between the EWS gene and a gene from the ETS family, or to specific inherited syndromes (e.g., p53, Rb),
the causes of most bone sarcomas are not fully understood. Recent published work demonstrates the key
relationship between sarcoma cells and their microenvironment, opening a new era for understanding the
pathogenesis of and advancing therapy for bone sarcomas, which are the focus of this Perspective. IBMS
BoneKEy. 2011 September;8(9):402-414.
©2011 International Bone & Mineral Society

features of bone sarcomas and makes their
classification very complicated.

Introduction

Bone tumors include a wide variety of
cellular entities originating from bone cells or
their precursors, termed primary bone

The three main bone sarcomas include
osteosarcoma, Ewing’s sarcoma and

tumors, as well as originating from non-
osseous origins, known as bone metastases
that are common complications of several
cancers (e.g., breast, prostate, kidney).
Although bone metastases are composed
mainly of epithelial-derived cells (carcinoma
cells), primary bone tumors are non-
epithelial tumors with varying evolutions:
benign or malignant (bone sarcomas),
associated or not associated with
metastases (1). Of all of these tumors, some
are purely osteolytic, such as giant cell
tumors (benign entity), while specific
subtypes lead to a new calcified matrix, as in
the case of osteosarcoma, to a cartilaginous
extracellular matrix (e.g., chondroma,
chondrosarcoma) or induce mixed
osteolytic/osteoblastic lesions. This high
histological heterogeneity is one of the main

chondrosarcoma. Osteosarcomas represent
half of these sarcomas and affect a young
population with a first peak in incidence
around 18 years of age and a second peak
occurring around 50 years of age; this
second peak corresponds to osteosarcoma
occurring in those with Paget’s disease or
with irradiated bone. The incidence of
osteosarcoma is estimated at approximately
4.8 new cases per year per million children
under 20 years of age (2;3). Ewing’s
sarcoma is the second malignant primary
bone tumor in children with a peak incidence
around 15 years of age and with an
incidence of about 2.9 new cases per year
per million children under 15 years of age
(2;3). For both entities, forms that are
metastatic to bone or to the lungs have a
poor prognosis. In contrast to osteosarcoma
and Ewing’s sarcoma, chondrosarcomas are
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diagnosed mainly in the third to the sixth
decade, with an incidence of about 1.8 new
cases per million people per year.
Chondrosarcomas are highly resistant to
both chemotherapy and radiotherapy and
current treatment is based essentially on
surgical approaches showing high levels of
local recurrence (4;5). This Perspective
focuses on the pathogenesis of the three
main bone sarcomas; describes pre-clinical

models of these conditions; and discusses
new therapeutic approaches.

Bone Sarcomas Are Not Homogeneous
Entities and Exhibit Very High
Histological and Molecular Diversity

Sarcoma cells are non-epithelial cells with a
mesenchymal morphology (Fig. 1).

Mesenchymal Stem Cells /
Ewing’s sarcoma?

Osteoblast /
Osteosarcoma

runx2

Chondrocyte /
Chondrosarcoma

SOX9

Fig. 1. Bone sarcomas are highly heterogeneous entities at the histological and molecular levels. All
osteosarcomas are characterized by at least one focus of osteoid tissue. A) Osteoblastic osteosarcoma; B)
Chondroblastic osteosarcoma characterized by a mixed cartilaginous-like and osteoid extracellular matrix,
with corresponding cells; C) Fibroblastic osteosarcoma characterized by osteosarcoma cells with a
fibroblastic morphology; D) Telangiectasic osteosarcoma: a rare form of osteosarcoma, with a highly
vascularized appearance; E) Chondrosarcoma; F) Typical Ewing’s sarcoma with CD99" small round cells.
Original magnification: x 200. G) The origin of bone sarcoma cells.

Indeed, osteosarcomas, like
chondrosarcomas, originate from connective
tissues and thus derive from the mesoderm.
In this context, it has been suggested that
both of these entities derive from multipotent
cells called mesenchymal stem cells that are
able to differentiate into various cell types
like fibroblasts, osteoblasts, chondrocytes,
or adipocytes (6;7). During development,

some transcription factors generate a
hierarchical regulation of expression to drive
cell differentiation into specific lineages. For
instance, Sry-related high-mobility group box
(Sox) transcription factor 9 (Sox9) is clearly
important to chondrogenesis (8), and runt-
related transcription factor 2 (Runx2) to

osteoblastogenesis (9). Similar to
osteoblasts and chondrocytes,
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osteosarcoma and chondrosarcoma cells
express Sox9 (10) and Runx2 (11),
consolidating their mesenchymal origin and
their commitment to bone and cartilage
lineages, respectively. In addition,
osteoblast/osteosarcoma  cells  express
specific  markers such as alkaline
phosphatase, osteocalcin or bone
sialoprotein and chondro-
cytes/chondrosarcoma cells express
aggrecan, type Il and type X collagen (Fig.
1G). Finally, osteosarcomas and
chondrosarcomas may result from
dysregulation of the differentiation program
of mesenchymal stem cells (7).

In contrast, the origin of Ewing’s sarcoma is
uncertain. These tumors were initially
included in the primitive neuroectodermal
family of tumors (PNET) sharing a
chromosomal translocation that involves the
EWS gene on chromosome 22 with a gene
of the erythroblast transformation sequence
(ETS) family (12). This specific phenotypic
implication of EWS genes suggests that
Ewing’s sarcoma may have a
neuroectodermal origin and arise from the
neural crest. However, the bone localization
and recent experiments based on EWS-FLI1
silencing ascribed the origin of Ewing’s cells
to mesenchymal stem cell progenitors (13).
Indeed, Tirode et al. have demonstrated
that, upon EWS-FLI1 silencing, different
Ewing cell lines differentiate along the
adipogenic lineage and also along the
osteogenic lineage upon long-term inhibition
of EWS-FLI1 (13). These observations have
been corroborated by Riggi et al. who have
shown that EWS-FLI-1 modulates
miRNA145 and SOX2 expression to initiate
mesenchymal stem cell reprogramming
towards Ewing’s sarcoma cancer stem cells
(14). Despite these observations, the debate
over the origin of Ewing's sarcoma
continues. Indeed, Rocchi et al. (15) have
provided evidence of a new role for CD99, a
membrane protein expressed in most cases
of Ewing’s sarcomas, in preventing neural
differentiation of Ewing’s sarcoma cells and
suggest that blockade of CD99 or its
downstream  molecular pathway may
represent a new therapeutic approach for
Ewing’s sarcoma. Furthermore, in a panel of
human Ewing’s sarcoma cell lines, these
authors demonstrated an inverse correlation

between CD99 and H-neurofilament
expression, as well as an inverse correlation
between neural differentiation and
oncogenic transformation (15). Whether
Ewing's sarcoma is of mesodermal or
neuroectodermal origin remains a
completely open question.

Osteosarcoma is defined by the presence of
tumor cells producing an osteoid matrix.
According to the degree of differentiation
displayed by osteosarcoma cells and the
nature of the extracellular matrix produced,
three main subtypes have been identified
but all of them exhibit at least one focus of
osteoid tissue. The most frequent subtype is
osteoblastic osteosarcoma (Fig. 1A) with
tumor osteoblast-like cells producing osteoid
matrix organized in a complex trabecular
network that corresponds to the typical
‘sunburst’ pattern observed with
radiography. Consistent with endochondral
ossification, the second osteosarcoma
subtype, chondroblastic osteosarcoma, is
characterized by foci of low differentiated
cells producing cartilaginous matrix (Fig.
1B). The third subtype is composed of
undifferentiated cells that look like
fibroblasts and is termed fibroblastic
osteosarcoma (Fig. 1C). Related to this
classification, there is a correlation between
the degree of osteoblastic differentiation and
the prognosis. Additional rare subtypes can
also be diagnosed as telangiectasic forms of
osteosarcoma with large vessel lakes
penetrating the tumor mass (Fig. 1D).
Similarly, chondrosarcomas are in fact
composed of numerous subtypes displaying
varying degrees of differentiation (5;16;17)
but are all characterized by the presence of
tumor chondrocytes drawn into a hyaline-like
extracellular matrix constituting cartilaginous
lobules separated by low vascularized
fibrous tissue (Fig. 1E). Ewing’s sarcomas
are the most homogeneous bone sarcomas
and are composed of CD99" and
undifferentiated small round cell tumors with
restricted stroma (Fig. 1F). This lack of
differentiation has led to difficulty in
understanding their embryologic origin.

The exact causes of osteosarcomas remain
unknown, except in inherited syndromes that
put patients at very high risk for
osteosarcoma such as Li-Fraumeni
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syndrome related to p53 mutation,
Rothmund-Thompson, Wermer or Bloom
syndromes linked to mutations of helicase
genes, or familial cancers involving Rb
mutations (18;19). Overall, osteosarcomas
are sporadic and characterized by complex
karyotypes non-associated to recurrent
translocations, amplifications or deletions
that appear to be more the consequence of
a lengthy oncogenic process than the cause
of this disease (1;19). Nevertheless,
genomic approaches have identified a
variety of oncogenes linked to the
pathogenesis of osteosarcomas such as c-
Myc, which encodes a transcription factor
that regulates both cell proliferation and
growth, MDM2, an important negative
regulator of p53; and CDK4, an oncogene
associated with the regulation of cell cycle
progression (1;19). Although the high
complexity of the osteosarcoma genome
has complicated the understanding of the
etiology of osteosarcoma, the
immunodetection of such oncogenes has
generated strong interest from pathologists.
This is the case, for instance, with MDM2
and CDK4; immunohistochemical
expression of these oncogenes provides
sensitive tools as markers for the diagnosis
of low-grade osteosarcomas, helping to
differentiate them from benign fibrous and
fibro-osseous lesions, particularly in cases
with atypical radio-clinical presentation
and/or limited biopsy samples (20).

Similarly to osteosarcomas,
chondrosarcomas are associated with
heterogeneous and complex cytogenetic
factors (1;16;19). However, the progression
from benign lesions to malignant tumors is

likely better understood for
chondrosarcomas than it is for
osteosarcomas. Indeed, cartilaginous

tumors range from enchondromas to
osteochondromas that are benign lesions
capable of evolving into malignant
chondrosarcomas. The benign lesions result
from the de-regulation of components of the
Hedgehog signaling pathway, such as EXT
genes involved in the normal epiphyseal
growth plate and in  endochondral
ossification (16;17). From these benign
lesions, the oncogenic process involves
numerous extra- or intracellular mediators,
such as IGF, CDK4, HIF, MMP, SRC and

AKT, already identified in other cancer cell
types (16;17). Although these mediators
appear as potential therapeutic targets,
benign and malignant cartilaginous lesions
are considered resistant to most drugs.
However, such markers can be very useful
for diagnosis as shown by the
immunolocalization of galactin-1, which
helps distinguish chondroblastic
osteosarcomas from conventional
chondrosarcomas (20). In contrast to
osteosarcoma and chondrosarcoma, the
etiology of Ewing’s sarcoma is linked mainly
to the translocation t(11;22)(q24;912) in 85%
of cases leading to the EWS-FLI1 fusion
gene, which behaves as an oncogene (12-
15). The expression of EWS-FLI1
associated with the morphological features
of the tumors then confirms the diagnosis.

Pathogenesis of Bone Sarcomas: The
‘Seed and Soil’ Theory

Except for Ewing’s sarcoma, which involves
a fusion protein playing an oncogenic role,
or specific inherited syndromes (e.g., p53,
Rb), the causes of most bone sarcomas are
unknown. Most people with osteosarcoma
do not have any specific risk factors and the
etiology of osteosarcoma is now based
mainly on the ‘seed and soil theory
proposed by Stephen Paget at the end of
the 19" century. This theory has led to the
concept of a ‘niche,” which is a specialized
microenvironment promoting the emergence
of tumor stem cells and providing all the
required factors for their development. A
vicious cycle is established between the
bone microenvironment and cancer cells
during the progression of bone metastases
and primary bone tumors as well (5; 21-23).
This concept was initially described for
normal hemopoiesis that is sustained by the
local osteoblastic niche (24). Indeed, it was
shown that bone morphogenetic protein
(BMP) signaling through BMP |A receptors
controls the number of hemopoietic stem
cells by regulating the size of the niche.
Similarly, cancer cells growing in bone foci
dysregulate bone cell (osteoclast and
osteoblast) activities, modify vascularization
and alter local immunity, thus contributing to
their survival, growth and dissemination.
Sarcoma cells secrete osteoclast-activating
factors including cytokines (e.g., IL-1, IL-6,
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TNF-a), hormones (PTHrP),
glycosaminoglycans and/or pro-osteoblastic
factors such as BMPs, IGF or Wnts that
induce an imbalance in bone remodeling. In
turn, osteoblasts and osteoclasts release
pro-tumor factors as soluble forms or
trapped in the extracellular matrix (5;21-24)

(Fig. 2). Although the bone niche plays a key
function in  tumor growth, the bone
microenvironment  contributes to the
enhanced resistance of tumors to therapy
(5;25) and can sustain cancer cells in a
quiescent state (26).

Cytokines, growth factors,
extracellular matrix
components, etc.

Vascular network s
(endothelial cells, etc.)

Immune cells
(lymphocytes and monocytes)

Mesenchymal stem
cells and osteoblasts

Osteoclast

Fig. 2. Bone sarcomas and the ‘seed and soil’ theory. The bone niche is a specialized microenvironment
providing all the required factors for the development of sarcoma cells. A vicious cycle is established
between the bone microenvironment and bone sarcoma cells. Indeed, bone sarcoma cells dysregulate
bone cell (osteoclast and osteoblast) activities, modify vascularization and alter local immunity, thus

contributing to their survival, growth and dissemination.

Animal Models of Bone Sarcomas

Improving the survival of bone tumor
patients with metastatic or recurrent disease
requires novel therapeutic strategies. For
this purpose, a number of murine models of
osteosarcoma, Ewing’s sarcoma and

chondrosarcoma have been developed that
permit genetic and pharmacologic
manipulations of both tumor and host. To
accurately assess the efficacy of
intervention in these models requires the
ability to quantify tumor burden in bone and
in metastases developed in the lungs or
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bone, with the worst prognostic factors for
osteosarcoma and Ewing's sarcoma,
respectively. In vivo models of bone tumors
must first be reliable and reproducible, and
also should mimic all aspects of the human
condition at the temporal, physiological and
histological levels, hence validating the
accurate testing of therapeutic strategies.
For example, ideally a mouse model of
osteosarcoma should demonstrate the
expression of several osteoblastic markers
(such as alkaline phosphatase, pro-a1
collagen, osteopontin, and osteocalcin) that
are distinctive of this tumor type. To be
clinically relevant, such models should be
developed in an immunocompetent host,
display the characteristic production of an
osteoid matrix, and be able to
spontaneously develop pulmonary
metastases.

Animal models reproducing the main
primary bone tumors are numerous and can
be generated by various approaches: via
transplantation or endogenously,
orthotopically or  heterotopically, and
experimentally or via spontaneous
metastases. The most relevant models for
each tumor type are presented in Table 1
and are summarized below:

--Syngeneic models of osteosarcoma
induced (in mice or rats) by the orthotopic
injection or transplantation of osteosarcoma
murine/rat cells or tumor fragments,
respectively. These cell lines present with
more or less osteoblastic/osteolytic charac-
teristics, thus reproducing the variability of
clinical events observed in patients. Some of
these models also develop spontaneous
lung metastases. The more relevant models
exhibit osteoid matrix production by tumor
cells (e.g., OSRGa in rats, MOS-J in mice)
(27;28).

--Transgenic models of osteosarcoma
induced by deletion of tumor suppressor
genes (p53 and Rb) under the control of an
osteogenic promoter (osterix1) (29). All of
these models present a high percentage of
penetrance, with typical bone lesions and
spontaneous pulmonary metastases.

--Xenogeneic models of Ewing’s sarcoma
or osteosarcoma induced in immune-

deficient mice following the orthotopic
injection or transplantation of human
cells/tumor fragments. All of these models
induce the development of primary bone
tumors associated with intense bone
remodeling and highly osteolytic lesions and
spontaneous lung metastases (30). They
allow for the study of models induced by
cells derived from patients, but do not take
the immune system into account.

--Syngeneic and xenogeneic models of
chondrosarcoma: very few of these models
are available. A rat swarm chondrosarcoma
model in immunocompetent animals is often
used in preclinical therapeutic and imaging
testing (31). Human chondrosarcoma cell
lines have also been used to induce
xenogeneic models in nude mice (32).

Beyond this non-exhaustive list, there is a
lack of availability of syngeneic models of
Ewing’s sarcoma. Some attempts have been
made to modify human or mouse
mesenchymal stem cells to overexpress the
fusion gene EWS-FLI1, and then to inject
these modified cells into immunodeficient or
immunocompetent mice of the same strain
(33). Unfortunately, the models failed in their
reproducibility. A recent study from von
Levetzow et al. describes the consequence
of expressing EWS-FLI1T in human
embryonic neural crest stem cells (NCSCs)
(34). The authors demonstrate that NCSCs
tolerate expression of EWS-FLI1T and
ectopic expression of the oncogene initiates
transition to a Ewing sarcoma family tumor
(ESFT)-like state. Therefore, there is real
hope for the availability of such a syngeneic
model in the near future. Beyond these
relevant animal models, pre-clinical research
over the past few years has also focused on
specific imaging of primary bone tumors in
order to have an early response to
therapeutic strategies, and to further transfer
these new imaging techniques to the clinic
for early and specific diagnosis. For
example, quaternary ammonium (QA)
specifically targets the proteoglycan content
of the abundant cartilaginous matrix specific
to chondrosarcoma (31). This molecular
characteristic has been used not only for
imaging (technecium linked to QA) but also
to vectorize the therapy agent (35).
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Table 1. Characteristics of osteosarcoma, Ewing‘s sarcoma and chondrosarcoma models used in preclinical

studies.
OSTEOSARCOMA MODELS
CELL SPECIES HOST INDUCTION BONE PULMONARY REFERENCE
APPROACH LESIONS METASTASES
Human
HOS immunodeficient | para- or intra-osseous osteolytic yes ATCC CRL
injection (spontaneous) 1543
U20S immunodeficient | para- or intra-osseous osteolytic negative ATCC HTB96
injection
Mouse
POS-1 C3H/Hed transplantation osteolytic yes (54)
(+++) (spontaneous)
POS-1 C3H/HeJ i.v. na yes (54)
(experimental)
MOS-J C57BL/6J para-osseous osteoblastic yes (28)
injection (+++) (spontaneous)
K7M2 BALB/c transplantation, osteolytic yes (55)
para-osseous injection (++) (spontaneous)
Rat
OSRGa Sprague Dawley transplantation osteolytic and yes (56)
osteoblastic (++) (spontaneous)
OSRGa Sprague Dawley | intra-osseous injection osteoblastic yes (27)
(++) (spontaneous)
EWING’S SARCOMA MODELS
CELL SPECIES HOST INDUCTION BONE METASTASES REFERENCE
APPROACH LESIONS
Human
BRZ, TC-71, A-673, | immunodeficient | para- or intra-osseous osteolytic yes (30)
TC-32, EW7, EW24, injection, (+++) (spontaneous
RDES, STA-ET1, transplantation in lungs)
SK-NMC, SK-ES1
Mouse
MSC - EWS-FLI1 C57BL/6J sub-cutaneous ? ? (33)
CHONDROSARCOMA MODELS
CELL HOST INDUCTION BONE METASTASES REFERENCE
SPECIES/NAME APPROACH LESIONS
Rat/Swarm Sprague para- or intra- 4 0 (57)
Dawley osseous transplantation
Human immunodeficient | para-osseous injection 7 ? (32)
CAL78 mice
408
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New Therapeutic Approaches for Bone
Sarcomas

As stated previously, there is an urgent need
to develop new therapeutic options for
patients in high risk groups, for those who
present with pulmonary or bone metastases
(for osteosarcoma or Ewing’s sarcoma,
respectively), for poor responders to
chemotherapy, or for patients in relapse.
Innovative therapeutic strategies target not
only the tumor cells by combinatory
approaches, but also the bone
microenvironment; innovation also resides in
the methodology used (gene therapy, or cell
and immune therapies):

--Combination with chemotherapy. This
approach consists of combining therapies
that focus on different molecules in different
transduction  pathways (a  horizontal
combinatory strategy), or different targets in
the same pathway (a vertical combinatory
strategy) or a single target by different
mechanisms. All of these innovative
strategies aim to overcome resistance
phenomena that can occur in a distinct
signaling pathway or with chemotherapy.
Among these strategies, the combination of
RADO0O01, an inhibitor of the mTOR pathway,
with zoledronic acid, which inhibits the
enzyme farnesyl diphosphate synthase in
the mevalonate pathway, has proven
efficacy and synergy in preclinical models of
osteosarcoma (36). Another promising
approach is the use of tyrosine kinase
inhibitors, such as imatinib mesylate
(Gleevec), which has demonstrated great
efficacy in other sarcomas, such as
gastrointestinal stromal tumors (GISTs),
from soft tissues and this could be extended
to bone sarcomas (37).

--Targeting the bone microenvironment.
Research has advanced in the field of bone
biology and bone-tumor cell interactions,
demonstrating the fine regulation that takes
place between various protagonists during
tumor development in bone. Therefore,
several strategies have been proposed that
target the osteoclast, the cell responsible for
bone resorption, or that target the molecular
protagonists involved in the regulation of
bone resorption, primarily receptor activator
of NF-kB ligand (RANKL). Preclinical studies

using bisphosphonates such as zoledronic
acid have demonstrated proof-of-concept of
such an anti-bone resorption strategy (38).
Zoledronic acid not only induces osteoclast
apoptosis but also inhibits osteosarcoma,
Ewing’s sarcoma and chondrosarcoma cell
proliferation in vitro and tumor progression in
vivo (39-41). Results regarding the benefit of
combining bisphosphonates with
chemotherapy in osteosarcoma preclinical
models serve as the rationale for the French
phase Il clinical trial OS2006 for children,
adolescents and adults with osteosarcoma.
Beyond bisphosphonates, which target
osteoclasts, new therapeutic strategies have
been developed to target RANKL. Preclinical
studies have described the inhibitory effect
of osteoprotegerin, the decoy receptor of
RANKL, or RANK-Fc on osteosarcoma
progression (42;43). Additional studies have
shown that RANKL expression can also be
downregulated by an RNA interference
strategy, leading to the prevention of tumor
relapse when associated with chemotherapy
treatment (44). Such therapeutic molecules
(OPG, RANK-Fc) can be administered as
recombinant molecules or by gene transfer.
The availability of synthetic vectors such as
amphiphilic polymers or cationic glycolipids
has dramatically improved the rate of protein
expression and production with minimal side
effects (45;46).

--Gene therapy. This approach offers
promising results; for example, the
effectiveness of p53 gene therapy via a
transferring-liposome-p53 complex
administered in animal models has been
reported (47). Gene transfer is also widely
used to overexpress genes of therapeutic
interest in the microenvironment, as
described above for RANK-Fc or OPG, or
for immune-modulatory cytokines (such as
IL-12; see below).

--Cell and immune therapies. The only cell
therapy protocol developed for primary bone
tumors is currently focused on Ewing’s
sarcoma as this tumor can express tumor
antigens that can be recognized by T cells,
making allogeneic stem cell transplantation
a potential option for those patients with
refractory disease (48). An update of the
results from the Pediatric Stem-Cell
Transplant Centers of Ddusseldorf and
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Vienna evaluated the possible therapeutic
benefit after allogeneic stem cell
transplantation in patients with advanced
Ewing’s sarcoma. The results showed that
event-free survival in advanced Ewing's
sarcoma patients was not improved by this
technique due to a higher complication rate
(49). Concerning osteosarcoma, along with
the initial development of chemotherapy
were early attempts with immunotherapy,
which met with little success. Subsequent
approaches to harnessing the immune
system have yielded more encouraging
results. Liposomal muramyl tripeptide
phosphatidylethanolamine (MTP-PE), an
activator of monocytes and macrophages
inducing the secretion of cytokines such as
IL-1, IL-6, and TNF-a, has been tested in
clinical studies of osteosarcoma patients,
with promising results (50). Moreover, an
immunomodulator of interferon for use as
maintenance therapy has also been tested
(51). Several preclinical studies using IL-12
delivered as aerosol therapy have shown
beneficial effects on the inhibition of
pulmonary metastases development in
osteosarcoma models (52). Moreover, IL-18
associated with IL-12 enhances its
therapeutic potential (53).

Conclusion

Although bone sarcomas are oncologic
diseases with complex genetics, their
pathogenesis is related mainly to bi-
directional interactions established between
cancer cells and the bone
microenvironment. This bone niche now
represents a large area of active
investigation, whose goal is to overcome
cancer cell resistance and to develop new
combined therapies.
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