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Three-dimensional (3D) tumor mod-
els generated in vitro using methods

of tissue engineering are just starting to
show potential for predictive studies of
therapeutic targets and screening of anti-
cancer drugs. By mimicking some of the
key features of the in vivo tumor environ-
ment, these models allow us to grow
physiologically relevant tumors and study
the initiation, progression and metastasis.
Using a recent report on how to engineer
bone tumors, we comment on the state-
of-the-art in bioengineered bone tumors,
with focus on the components required
for recapitulating the in vivo milieu of
bone tumor development.

Introduction

For many cancers, there is a real need
for more effective therapy. Realistic in
vitro models of human tumors would be
transformative to cancer research and the
development of new therapeutic options
to many patients in need. The ability of
an in vitro assay to produce reliable bio-
medical information is essential for drug
development. Although many drugs show
promising results in vitro (in cell mono-
layers)1 and in vivo (in animal models),2

most of them fail in clinical trials. This is
because cancer is a complex disease in
which the cell microenvironment plays
important roles.3,4 Therefore, creating
biologically relevant tumor models
requires the inclusion of the tumor
microenvironment.5

In recent years, many groups have
made significant progress in creating
advanced in vitro models that recapitulate
some of the key factors of the native
tumor microenvironment, with the aid of
tissue engineering.6 Our lab is applying
the knowledge and techniques acquired

over years in generating in vitro human
bone tissue7-10 to build specific niches for
developing bone tumors.11

Building Tissue-Engineered
Models of Human Tumors

We believe that the first step in tumor
modeling should be to identify the roles
of key elements implicated in a specific
tumor niche. Understanding of the tumor
hallmarks and the specifics of the tumor
microenvironment is the first and neces-
sary step in modeling tumors. The next
step should be to engineer a controllable
biomimetic system that resembles a set of
particular properties of interest rather
than developing complex models trying to
recapitulate the whole landscape of the
tumor. We think that such a “minimally
functional unit” capturing the key aspects
of the tumor complexity will provide a
platform for addressing specific questions
and thereby advance cancer research.

Based on our previous studies on the
bone niche,7-10 we consider that—in
addition to cancer cells—the most impor-
tant component for building a bone
tumor is the bone tissue context, with the
bone cells and extracellular matrix.
Together, these 2 components can be
mimicked using the tissue engineering
tools, such as scaffolds and bioreactors
(Fig. 1). It seems self-evident that cancer
bioengineering requires collaborative
expertise from many diverse backgrounds.
Multidisciplinary teams are the future of
cancer research and the molecular biolo-
gists, engineers and clinicians are now
synergizing their efforts to provide a
global perspective of the disease.

As an example, our multidisciplinary
group has recently engineered a tissue
model of Ewing’s sarcoma11 that
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incorporates (i) A cellular compartment of
the bone derived from mesenchymal stem
cells; (ii) The non-cellular compartment
of the bone comprised of the organic
extracellular matrix (ECM) and the min-
eral phase; and (iii) The tumor compart-
ment with Ewing’s sarcoma cells.

Basically, we co-cultured tumor cell aggre-
gates with human mesenchymal stem cells
(hMSC) differentiated into osteogenic lin-
eages within a native decellularized bone
used as a scaffold. This innovative model
allows a cross-talk between cancer cells,
bone cells and bone matrix, with the

tumor residing within its native bone
niche.

A large body of work has demonstrated
that cell lines cultured in 2D lose many of
their transcriptional profiles and down-
regulate genes implicated in cell-cell and
cell-ECM interactions.12,13 Our studies

Figure 1. The “minimally functional unit” of a bone tumor model in vitro.

Figure 2. Numerous genes expressed in native Ewing sarcoma tumors are down-regulated in tumor cell lines cultured in monolayers. The fold change in
gene expression was normalized to actin levels in the individual samples and then to the corresponding levels in cells cultured in monolayer. Data are
shown as Average § SD (n D 3–5). Two-tailed Student´s T-test was used to determine statistical significance.*P < 0.05; **P < 0.01, ***P < 0.001; ns, not
significant (Reproduced with permission from Villasante et al. Biomaterials 35: 5785-5794, 2014).
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show that Ewing’s sarcoma cells in mono-
layer culture down-regulate »600 genes
implied in cancer and expressed in fresh
tumors obtained from patients (Fig. 2).
Importantly, we observed re-expression of
at least 12 genes related to focal adhesion
genes and pathways in cancer and the re-
establishment of the tumor phenotype
when Ewing’s sarcoma cell lines were
incorporated into the tissue-engineered
bone (Fig. 2). These results indicate that
tissue-engineered models of human
tumors could have utility for identification
and characterization of differentially
expressed genes which then could be

investigated as potential therapeutic
targets.

The primary and metastatic bone
tumors modify their phenotype by trying
to resemble bone cells and express bone
matrix proteins (such as osteopontin,
bone sialoprotein and osteocalcin), alka-
line phosphatase, and molecules regulat-
ing the osteoblast/osteoclast cross-talk.14

For example, metastatic breast cancer cells
express bone sialoprotein.15 This ability of
cancer cells to acquire a bone cell pheno-
type is known as osteomimicry and it is an
adaptive advantage that gives tumor cells a
better chance to survive and proliferate in

the bone tissue.14 We observed that the
Ewing’s sarcoma cell lines cultured in
monolayers loose in part the ability for
osteomimicry by downregulating bone
matrix proteins. Notably, these proteins
are re-expressed when cultured within a
bone-engineered niche (Fig. 3a).

Another interesting observation from
our ongoing studies is that the Ewing’s
sarcoma cell lines upregulate only osteo-
calcin—but not bone sialoprotein or
osteopontin—in co-culture with aggre-
gates of osteoblasts derived from human
mesenchymal stem cells (Fig. 3b). This is
an important finding that supports the

Figure 3. Tissue-engineered bone models express osteomimicry. (a) Tissue-engineered (TE) model of Ewing’s sarcoma. Bone markers BSP, OPN and OCN
are re-expressed in the TE-Ewing’s sarcoma 3D model, as shown histologically (hematoxylin and eosin) and by immunostains (Ewing’s sarcoma marker
CD99; bone markers BSP, OPN and OCN) after 6 weeks of culture. Negative control without primary antibody is shown for comparison. Counterstaining
was performed with hematoxylin QS (blue). (b) Marker expression after 4 weeks in co-culture. Data are shown for bone pellets in co-culture with Ewing’s
sarcoma aggregates. Immunohistochemical stainings of the aggregates model for Ewing’s sarcoma marker CD99 and bone marker OCN at week 4 in co-
culture with osteoblasts-derived from hMSC. Negative control without primary antibody is shown for comparison. OB D Osteoblasts; ES D Ewing’s sar-
coma cells. (Reproduced with permission from Villasante et al. Biomaterials 2014; 35: 5785-94).
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need for incorporating the non-cellular
compartment into the bioengineered
tumor systems. Decellularized bone
matrix preserves the architecture (the
macro- and micro- structural features),
bioactive molecules (the mineral phase,
growth factors), and mechanical proper-
ties of native bone, which are all critical
for the vicious cycle of tumor survival and
development.16

Challenges

Despite all advances made in generat-
ing bone tumor models, there is a need to
more adequately introduce the essential
components of the tumor microenviron-
ment for clinical utility. Incorporation of
osteoclasts is a must for modeling osteo-
lytic tumors and gaining insights into how
cancer cells regulate the bone osteoclasts
and osteoblasts.17 Vasculature is another
important element of tumor development
and metastasis, due to its role in supplying
cells with nutrients, oxygen and systemic
factors, and in the maintenance of cellular
homeostasis. However only a few tumor
models incorporate blood vessels and
none of them is suitable for studying bone
malignancies. Our group has developed a
robust protocol to engineer vascularized
bone that could be useful for generating
vascularized bone tumors.10 Another
reachable goal in bone tumor modeling is
the introduction of the components of the
immune system, such as T and B lympho-
cytes, which have major roles in bone
remodeling, and regulation of bone
tumors through osteoclast activation.18 In
summary, the implementation of tissue

engineering tools allows us to “build bet-
ter tumors” and investigate tumor biology
and new drugs in settings that more
closely mimic the clinical situation.19
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