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Osteosarcoma is the most common type of bone cancer. Osteosarcoma is commonly associated with TP53 in-
activation (around 95% of cases) and RBI1 inactivation (around 28% of cases). With the discovery of repro-
gramming factors to induce pluripotency even in terminally differentiated cells, induced pluripotent stem cells
(iPSCs) have emerged as a promising disease model. iPSC-based disease modeling uniquely recapitulates disease
phenotypes and can support discoveries into disease etiology and is used extensively today to study a variety of
diseases, including cancers. This paper focuses on iPSC-based modeling of Li-Fraumeni syndrome (LFS), an

SFRP2 autosomal dominant disorder commonly associated with TP53 mutation and high osteosarcoma incidence. As
iPSCs are increasingly utilized as a platform for cancer modeling, the experimental approaches that we discuss
here may serve as a guide for future studies.

1. Introduction

In 2006, Yamanaka and Takahashi were the first to utilize the
transcription factors OCT4, SOX2, KLF4, and MYC to reprogram adult
fibroblasts into pluripotent stem cells (PSCs) (Takahashi and
Yamanaka, 2006). Since then, induced pluripotent stem cells (iPSCs)
are being increasingly utilized to model diseases and understand dis-
ease pathophysiological mechanisms (Gingold et al., 2016; Liu et al.,
2018; Zhu et al., 2018). iPSCs offer many advantages as an experi-
mental platform, most crucially the ability to be derived from any
human source and any cell lineage. In this way, disease progression can
be recapitulated not only by direct genome modification of wild-type
PSCs but also by reprogramming patient-derived cells (such as from
patient fibroblasts) to iPSCs. Characterization of cells differentiated
from patient-derived iPSCs bearing the genomic alterations of interest
has been of great value to studying a variety of diseases. iPSC-based
disease modeling has been successfully utilized in neurodegenerative
diseases such as amyotrophic lateral sclerosis (ALS) (Dimos et al., 2008)
and familial Alzheimer’s disease (Yagi et al., 2011), heart diseases
(Carvajal-Vergara et al., 2010; Itzhaki et al., 2011), and infectious
diseases (Martins Gomes et al., 2019). Although researchers have
widely applied patient-derived iPSCs as a platform to study either

Mendelian or complex inheritance, the application of iPSCs to cancer
research remains very limited. Several laboratories, including ours,
have pioneered the use of patient-derived iPSCs to study cancer etiology
(Crespo et al., 2017; Gingold et al., 2016; Kim et al., 2018; Kotini et al.,
2017, 2015; Lee et al., 2015; Liu et al., 2018; Zhou et al., 2018a; Zhu
et al., 2018), highlighting the future potential of integrating iPSCs with
other patient-derived cancer models (e.g. patient-derived xenograft
(PDX) models) and genetically engineered animal models to understand
cancer etiology.

Osteosarcoma is a malignant cancer of the bone (Lin et al., 2017).
Primary osteosarcoma typically affects children and young adults, and
secondary osteosarcoma frequently affects adults over 40. Osteo-
sarcoma can arise in any bone but is most common in the long bones of
the extremities. Osteosarcoma commonly exhibits inactivation (by
mutation or deletion) of tumor suppressor genes, such as TP53 and RB1.
Previous studies of pediatric osteosarcoma specimens revealed that
TP53 is inactivated in 95% of clinical specimens (Chen et al., 2014),
highlighting the crucial role of TP53 in preventing bone malignancy.

Osteosarcoma occurs at high rates in patients with a disorder called
Li-Fraumeni syndrome (LFS) (Hameed and Mandelker, 2018). LFS is an
autosomal dominant disorder that is associated with an increased in-
cidence of osteosarcoma, breast cancer, soft tissue cancer, leukemia,

* Corresponding author at: Department of Integrative Biology and Pharmacology, McGovern Medical School, The University of Texas Health Science Center at

Houston, Houston, TX 77030, USA
E-mail address: dung-fang.lee@uth.tmc.edu (D.-F. Lee).

https://doi.org/10.1016/j.scr.2020.102006

Received 7 February 2020; Received in revised form 18 June 2020; Accepted 14 September 2020

Available online 22 September 2020

1873-5061/ © 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/BY/4.0/).


http://www.sciencedirect.com/science/journal/18735061
https://www.elsevier.com/locate/scr
https://doi.org/10.1016/j.scr.2020.102006
https://doi.org/10.1016/j.scr.2020.102006
mailto:dung-fang.lee@uth.tmc.edu
https://doi.org/10.1016/j.scr.2020.102006
http://crossmark.crossref.org/dialog/?doi=10.1016/j.scr.2020.102006&domain=pdf

L.K. Pang, et al.

and adrenocortical carcinoma (Zhou et al., 2017). It greatly increases
the chance of developing these types of cancers in children and young
adults. LFS typically occurs due to germline TP53 mutations, com-
prising missense mutations (74%), nonsense mutations (~9%), and
splice mutations (~8%) (Guha and Malkin, 2017). The high prevalence
of missense mutations (mutp53), particularly at certain hotspots, sug-
gests that these provide a selective advantage during cancer progres-
sion. Mounting evidence suggests that mutp53 not only loses its tumor
suppressor function but also acts as an oncoprotein through its gain-of-
function. Mutp53’s gain-of-function effects may include dysregulated
metabolic pathways through interaction with the SREBP transcription
factor and promotion of GLUT1 translocation (Freed-Pastor et al., 2012;
Zhang et al., 2013); upregulated histone regulators by transcriptional
activation of MLL1 (Zhu et al., 2015); enhanced metastasis through let-
7i and inhibition of p73/NF-Y complex (Subramanian et al., 2015;
Weissmueller et al., 2014); and increased ECM gene expression through
association with the HIFla transcription factor (Amelio et al., 2018).
Supporting these findings are analyses of tumor spectra and metastatic
potentials in p53 null and missense mutation mice, which suggested a
significantly higher incidence of osteosarcoma in mutp53 mice, in
support of gain-of-function effects of mutp53 in promoting osteo-
sarcoma development (Lang et al., 2004). Thus, p53 mutations can have
both gain- and loss-of-function effects. In addition to zebrafish (Parant
et al., 2010), mouse (Lang et al., 2004; Luo et al., 2001; Olive et al.,
2004; Pourebrahim et al., 2017; Xiong et al., 2014), and PDX models,
the LFS patient-derived iPSC model provides us with a powerful disease
platform to not only elucidate mutp53-mediated oncogenesis but also
develop potential treatments for LFS patients (Fig. 1). In this review, we
discuss iPSC-based modeling of LFS-associated bone malignancies.

2. LFS iPSC platform to study mutp53-associated bone
malignancies

2.1. LFS iPSC-derived osteoblasts represent clinical osteosarcoma features

Our group utilized patient-derived iPSCs to generate an LFS disease
model (Lee et al., 2015; Zhou et al., 2018a). Fibroblasts were derived
from a family of three LFS patients and two unaffected individuals,
where the three patients harbored a heterozygous ¢.734G > A p53
mutation (p.G245D) commonly found in both LFS patients and somatic
tumors (Varley, 2003; Zhou et al., 2017). Sendai virus-based delivery of
four Yamanaka reprogramming factors (OCT4, SOX2, KLF4, and MYC)
allowed the generation of iPSC clones from this family (Takahashi et al.,
2007; Takahashi and Yamanaka, 2006). These iPSCs demonstrated
human embryonic stem cell (hESC) morphology and expression of
various pluripotency factors and surface markers. Both wild-type and
LFS iPSCs exhibited CpG hypomethylation on the OCT4 promoter re-
gions compared to the original fibroblasts, indicating accessible and
open chromatin to OCT4 transcription in iPSCs. Importantly, these
iPSCs were able to differentiate into the three different germ layers in
vivo and form teratomas.

It had been suggested that impairment of p53 function leads to
osteosarcoma. Clinical osteosarcoma samples are largely composed of
poorly differentiated or undifferentiated osteoblasts (Tang et al., 2008).
To elucidate the role of p53 impairment in osteosarcoma development,
we differentiated LFS iPSCs to mesenchymal stem cells (MSCs) and then
to osteoblasts, and assessed the differentiation process over time. We
observed that LFS osteoblasts, but not wild-type osteoblasts, exhibited
compromised p53 signaling; impaired osteogenic differentiation; re-
duced pre-osteoblast, mature osteoblast, and osteocyte marker expres-
sion; and dysregulation of the core osteogenic transcription factor
regulatory network. Knockdown of p53 eliminated the osteogenic dif-
ferentiation defects, suggesting that the c.734G > A mutation is a gain-
of-function mutation. LFS osteoblasts also showed tumorigenic poten-
tial, growing clonally in an in vitro anchorage-independent growth
assay and in vivo in mouse xenografts; this was, however, not observed
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in LFS MSCs, implying that osteosarcoma likely originates from im-
mature or poorly differentiated osteoblasts rather than MSCs. Serial
transplantation of LFS osteoblasts using an in ovo chick chorioallantoic
membrane (CAM) model showed the presence of potential tumor-in-
itiating cells that are enriched during in ovo primary transplantation,
fueling secondary tumor growth. Further transcriptome characteriza-
tion revealed that wild-type and LFS MSC gene expression profiles are
initially similar, but diverge during osteoblastic differentiation; and
that osteosarcoma-associated genes are specifically enriched in LFS
osteoblasts, whereas osteoblast-associated genes are specifically en-
riched in wild-type osteoblasts. Kaplan-Meier analysis of two separate
subsets of osteosarcoma patients revealed that the enriched LFS os-
teoblast-associated gene signature is significantly correlated with more
rapid tumor recurrence and poorer survival. In silico cytogenetic region
enrichment analysis of our LFS osteoblasts alongside wild-type osteo-
blasts showed that, while osteosarcoma cell lines show significant en-
richment at more than half of the regions with known cytogenetic al-
terations in osteosarcoma, both LFS osteoblasts and their derived tumor
samples show negligible enrichment in these regions. This finding
suggested that chromosomal rearrangements are unlikely in these LFS
osteoblast-derived tumors, making this an ideal platform for further
investigation into osteosarcoma progression independent of secondary
genomic alterations.

2.2. Impairment of H19 imprinted gene network in LFS osteosarcoma

Further investigation of differentially expressed genes between
wild-type and LFS osteoblasts revealed that one non-coding RNA in
particular, H19, is commonly dysregulated in osteosarcoma and is
correlated with p53 mutation status (Lee et al., 2015). H19 expression
was found to be necessary and sufficient to facilitate osteogenic dif-
ferentiation. In addition, H19 re-expression suppressed in vitro and in
vivo tumorigenic activity in LFS osteoblasts and osteosarcoma cell lines.
Short hairpin RNA (shRNA)-mediated knockdown of mutp53 and
transfection of multiple variants of mutp53 suggested that mutp53
exerts a gain-of-function effect by repressing H19. These findings sug-
gested a critical role of H19 and its regulated signaling molecules in
bone development.

In search of genes responsible for H19-modulated oncogenic re-
pression, we analyzed genome-wide gene co-expression profiles, con-
structed an H19-associated human Imprinted Gene Network (IGN), and
found that Decorin (DCN), which encodes a matrix proteoglycan, is
directly linked to H19. DCN-coregulated genes mainly function in cell
adhesion and cell-matrix components, known characteristics of genes
regulating osteoblastic differentiation. As suspected, these genes were
consistently highly expressed in wild-type osteoblasts in a gradually
increasing pattern during osteogenesis, but not so in LFS osteoblasts
across multiple LFS iPSC lines. Further shRNA-mediated knockdown
and overexpression of H19 and DCN respectively confirmed that H19 is
an upstream regulator of DCN, that DCN is necessary for normal os-
teogenesis, and that DCN expression is directly correlated with H19
expression. Importantly, DCN knockdown in H19-overexpressing LFS
osteoblasts inhibited H19-mediated suppression of tumorigenesis, while
ectopic DCN expression reduced the incidence of tumor development
and tumor size, indicating that DCN acts downstream of H19. Together,
these findings revealed that dysregulation of the H19-DCN IGN is
strongly linked to LFS-associated osteogenic defects and osteosarco-
magenesis.

2.3. Activation of SFRP2-mediated angiogenesis in LFS osteosarcoma

To further explore the molecular mechanism of tumor initiation
triggered by p53 mutation, we compared genome-wide transcriptomes
between LFS osteoblasts and osteosarcoma tumor-initiating cells.
Characterizing differentially expressed genes between these datasets
identified that secreted frizzled-related protein 2 (SFRP2) is a
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Fig. 1. Current disease models used to study osteosarcoma etiology. Existing LFS models investigating the oncogenic role of mutp53 in LFS patient-associated
malignancies continue to harbor limitations. In addition to well-established disease models (target mutation-selected zebrafish, genetically engineered mice, and
patient-derived xenograft models), patient-derived iPSCs and disease trait-engineered pluripotent stem cells (PSCs) offer alternative choices to dissect osteosarco-

magenesis in a dish. The figures were generated with BioRender.com.

significantly upregulated gene in LFS osteoblasts (Kim et al., 2018).
SFRP2 is a member of the SFRP family of molecules containing highly
homologous cysteine-rich domains and putative Frizzled receptor
binding domains, andaandnd is known to modulate oncogenic WNT
and Integrin a5p1-Fibronectin signaling activities and tumor progres-
sion (Lee et al., 2004; Liu et al., 2017). Increased SFRP2 expression is
correlated with enhanced osteosarcoma cell migration and invasive
ability as well as metastatic potential (Techavichit et al., 2016). A direct
correlation between SFRP2 overexpression and p53(G245D) mutation
was confirmed by inducing p53(G245D) pin wild-type osteoblasts,
compared to controls with p53 deletion. SFRP2 overexpression was also
detected in other p53-mutated osteosarcoma lines. Hence, SFRP2 is
likely induced by mutp53 in LFS patients. Analyzing SFRP2 expression
in human osteosarcoma tissue samples revealed a strong negative cor-
relation between SFRP2 overexpression and patient survival, suggesting
that SFRP2 is a poor prognosis factor for osteosarcoma patients.
Examining global transcriptome profiles of wild-type osteoblasts,
LFS osteoblasts, wild-type osteoblasts with SFRP2 ectopic expression,
and LFS osteoblasts with SFRP2 knockdown permitted a deeper mole-
cular analysis of the role of SFRP2 in osteosarcoma initiation and
progression. SFRP2 ectopic expression significantly altered osteoblastic
gene expression during differentiation. Interestingly, the altered genes
were involved in cell proliferation, cell adhesion, and cell migration,

which are categories implicated in the tumorigenic role of SFRP2.
Conversely, SFRP2 knockdown restored bone mineralization, the
apoptosis process, and negative regulation of cell proliferation, which
are functions required for normal osteoblastic differentiation. Further
analyses of overexpressed SFRP2 and LFS gene signatures revealed that
genes upregulated in both cases include well-known oncogenic genes
such as AURKB, BUB1B, and FOXM1, while commonly downregulated
genes include extracellular matrix, cell adhesion, and tumor suppressor
gene categories. SFRP2 overexpression signature genes were also sig-
nificantly enriched in p53-mutated cell lines. In addition, SFRP2 over-
expression suppressed osteoblastic differentiation in wild-type osteo-
blasts, while SFRP2 knockdown rescued osteogenic functions in LFS
osteoblasts. Taken together, these results highlighted that SFRP2 pos-
sesses an oncogenic ability to impair normal osteogenesis and trigger
osteosarcoma-associated hallmarks in LFS patients.

To better understand how SFRP2 contributes to osteosarcomagen-
esis, cell morphology and proliferation were analyzed under both
SFRP2 overexpression and knockdown conditions. SFRP2 over-
expression in wild-type cells resulted in the development of aggregated
structures and greater cell proliferation during MSC culture and os-
teoblastic differentiation, while SFRP2 knockdown produced opposite
results. In particular, SFRP2 overexpression promoted S-phase entry
and the formation of anchorage-independent oncogenic colonies.
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Fig. 2. iPSC modeling of other cancers beyond osteosarcoma. The use of patient-derived iPSCs is not limited to the study of osteosarcoma and has also seen great
success in modeling other heritable and sporadic malignancies. iPSC platforms that accurately recapitulate disease phenotypes have been developed for a range of
hematopoietic (myelodysplastic syndrome, MDS; Noonan syndrome, NS), neurological (Neurofibromatosis type 1, NF1; medulloblastoma or Gorlin syndrome), and
other cancers (familial adenomatous polyposis, FAP; BRCAl-associated hereditary breast and ovarian cancer syndrome), and have in some cases already facilitated

the identification of significant genomic targets.

SFRP2 knockdown or anti-SFRP2 monoclonal antibodies resulted in
suppression of cell proliferation, fewer oncogenic colonies, and sig-
nificantly reduced tumorigenesis in in ovo CAM assays.

Finally, to investigate the therapeutic benefits of targeting SFRP2
overexpression, mice were inoculated with LFS and SFRP2-knockdown
osteoblasts. While tumors formed rapidly in mice injected with two
parental LFS osteoblasts, mice inoculated with SFRP2-knockdown os-
teoblasts did not form tumors or formed very small tumors. Localization
of 3-Catenin to the cytosol, granules, and cell membrane in the SFRP2
knockdown group suggested that SFRP2-mediated tumorigenesis is not
directly linked to hyperactive WNT signaling in LFS osteoblasts.
Further, more vasoformation was observed in LFS osteoblast-derived
tumors compared to the SFRP2-depleted tumors, suggesting that SFRP2
plays a critical role in neovascularization and tumorigenesis. While cell
adhesion genes were upregulated in SFRP2-depleted osteoblasts and
primary tumors, compared with parental LFS and osteosarcoma coun-
terparts, the oncogenic genes CYR61 and FOXM1 were only down-
regulated between SFRP2 knockdown and empty-vector groups in pri-
mary tumors. Intratibial injection of LFS cells in mice resulted in death
within months, while the SFRP2 knockdown group did not form any
osteosarcoma lesions. Primary lesions found in the LFS group exhibited
characteristics of primary human osteosarcoma with osteolytic, mito-
tically active undifferentiated cells as well as wide bone destruction;
conversely, the SFRP2 knockdown group possessed relatively intact
bone structures. The xenograft study strongly suggested the potential
therapeutic role of SFRP2 for treating LFS-associated bone malig-
nancies.

In summary, this study uncovered that SFRP2 overexpression in-
duces osteosarcoma phenotypes and increases the expression of the
oncogene FOXM1. Addressing SFRP2 overexpression in LFS and os-
teosarcoma has therapeutic promise for osteosarcoma subtypes with
p53 mutations.

3. Other promising iPSC models
3.1. Other osteosarcoma iPSC models

Heritable osteosarcoma predisposition syndromes unambiguously
link genetic mutations to osteosarcoma pathogenesis and offer powerful
insight into the roles of disease-associated genes in osteosarcomagen-
esis. Other than LFS, a cluster of familial syndromes including heredi-
tary retinoblastoma (RB) (Temming et al., 2017; Wong et al., 1997; Yu
et al., 2009), Rothmund-Thomson syndrome (RTS) (Lu et al., 2014;
Wang et al., 2003), RAPADILINO syndrome (RAPA) (Siitonen et al.,
2009), Werner syndrome (WS) (Goto et al., 1996), Bloom syndrome
(BS) (German, 1997), Diamond-Blackfan anemia (DBA) (Lipton et al.,
2001; Vlachos et al., 2012), and Paget’s disease of bone (PDB) (Hansen
et al., 2006) are of relevance to understanding how gene mutations
trigger osteosarcoma development.

3.2. iPSC modeling of diseases beyond osteosarcoma

Similar iPSC technologies have been applied to the modeling of
other cancers with success (Fig. 2). Reprogrammed hematopoietic cells
derived from myelodysplastic syndrome (MDS) patients showed that
the loss of chromosome 7q induced disease-associated phenotypes in
MDS iPSCs (Kotini et al., 2015). iPSCs generated from different stages of
myeloid malignancy capturing a range of hematopoietic disorders de-
fined a phenotypic roadmap of disease progression through MDS and
culminating in leukemia (Kotini et al., 2017). A similar hematopoietic
disorder, Noonan syndrome (NS), was phenotypically recreated with
patient-derived iPSCs harboring the characteristic PTPN11 mutation,
and NS iPSCs allowed the identification of several microRNAs that were
necessary for the dysregulation of myeloid cell differentiation (Mulero-
Navarro et al., 2015). iPSCs derived from patients with familial ade-
nomatous polyposis (FAP) were differentiated into colonic organoids
that exhibited enhanced WNT activity and epithelial cell proliferation,
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Fig. 3. Patient-derived iPSCs for modeling osteosarcoma in a dish. (A) To apply the iPSC disease model to investigate osteosarcoma-prone genetic diseases, patient
somatic cells (e.g., fibroblasts) are reprogrammed to iPSCs by the 4 Yamanaka factors (OCT4, SOX2, KLF4, and MYC). Well-characterized iPSCs are differentiated to
mesenchymal stem cells (MSCs) and then further to osteoblasts, the cell origin of osteosarcoma. The underlying pathological mechanism involved in osteosarcoma
development can be elucidated by a systematic comparison of wild-type and disease osteoblasts. (B) Current progress in applying iPSCs to study bone malignancies in
osteosarcoma-prone diseases, including Li-Fraumeni syndrome (LFS), hereditary retinoblastoma (RB), Rothmund-Thomson syndrome (RTS), RAPADILINO syndrome
(RAPA), Werner syndrome (WS), Bloom syndrome (BS), Diamond-Blackfan anemia (DBA), and Paget’s disease of bone (PDB). RAPA and PDB iPSC disease models are
not currently available. N/A, not applicable. The figures were generated with BioRender.com.

providing a platform for drug testing (Crespo et al., 2017). Schwann
cells differentiated from neurofibromatosis type 1 (NF1) iPSCs har-
boring NF1 mutations proliferated continuously at high rates, exhibited
poor myelination, and expressed similar markers to their primary
tumor-derived counterparts (Carrio et al., 2019). Orthotopically trans-
planting patient-derived neuroepithelial stem cells harboring PTCH1
mutations resulted in medulloblastoma development, and tumorigen-
esis was accelerated by cooperating mutations in DDX3X and GSEI,
which are commonly found in adult medulloblastoma (Huang et al.,
2019). BRCAl-mutant iPSC lines showed elevated protein kinase C-
theta levels (Soyombo et al., 2013). Collectively, these findings em-
phasize the feasibility of applying iPSCs as a platform to investigate
cancer etiology in various tumors.

3.3. Considerations in iPSC model development

The development of patient-specific iPSCs and engineered disease-
trait PSCs, including hESCs and iPSCs, enabled great progress in in vitro
modeling methods (Takahashi et al., 2007; Takahashi and Yamanaka,
2006). The studies discussed in this review article highlight the im-
portance of the proper development of iPSC-based disease models. A
fundamental requirement for applying iPSCs for disease modeling is the
development of specific and reproducible protocols for differentiation
of iPSCs into the cell type of interest. Following successful

differentiation, the tumorigenic potential of patient-derived iPSCs
should also be verified by comparing differentiated iPSCs with primary
tumor cells and engineered disease-trait cells (Carrié et al., 2019;
Crespo et al., 2017; Kotini et al., 2017, 2015).

However, in cases where patient-derived cells are in short supply,
engineered PSCs with disease mutations created by precise genome
editing methodologies, such as TALENs and CRISPR/Cas9, are viable
alternatives (Cong et al., 2013; Ding et al., 2013; Huo et al., 2020, 2018;
Kim et al., 2014; Luo et al., 2014; Mali et al., 2013; Xu et al., 2018;
Zhou et al., 2018b). Such engineered disease-trait PSCs can also be used
as a point of comparison alongside patient-derived iPSCs and primary
tumor cells. Recently generated PSC models provide excellent platforms
for further characterization of malignancies (Fig. 3).

4. Conclusion

Clinically apparent osteosarcoma is characterized by a high level of
genomic instability, with numerous chromosomal alterations and re-
arrangements (Batanian et al., 2002; Bridge, 1993). Tumor evolution is
driven by these alterations, which can involve the loss of tumor sup-
pressor genes or the duplication of oncogenes, and results in hetero-
geneous cell populations which are difficult to characterize. Since these
alterations occur in the early stages of tumorigenesis, cell samples ob-
tained from later stages of tumor development (as is the case for
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currently available human and mouse osteosarcoma cell lines) are un-
able to provide information about tumor initiation. In contrast, patient-
derived LFS-iPSCs have an intact genome, making them prime candi-
dates for the study of early osteosarcoma progression before broad
genomic alterations are acquired. The unlimited proliferation capacity
of iPSCs also allows them to be cultured or banked as cell lines once
derived from patients. A steady supply of genotypically and phenoty-
pically stable mutant iPSCs can facilitate continuous exploration of
biomolecular mechanisms, therapeutic targets, and drug efficacy. As
more robust differentiation protocols surface to enable the generation
of more diverse iPSC-derived cell types, we look forward to the in-
creasing use of iPSCs to model and elucidate previously un-
characterized osteosarcoma pathogenesis as well as develop potential
therapeutic strategies to treat osteosarcoma patients.
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