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Abstract

Cancer stem cells (CSCs) are a subpopulation of tumour cells that are highly tumorigenic with self-renewing
potential. In osteosarcoma, these cells are responsible for drug resistance and cancer relapse. Studying CSCs in
vitro can provide a better development of therapeutic strategies by understanding the mechanism of tumorigenesis
and chemoresistance in osteosarcoma. Cell culture plays a crucial role in cancer research, stem cell studies, and
drug discovery. While two-dimensional (2D) methods are commonly used for cell culturing, recent advancements
in three-dimensional (3D) techniques offer promising opportunities for conducting complex experiments. With 3D
cell culture, the cellular environment can be manipulated to closely mimic in vivo conditions, resulting in more
accurate data about cell-to-cell interactions and tumour characteristics. Various scaffold-based techniques using (1)
natural polymers such as hydrogel, collagen type |, agar gel, Matrigel, alginate, bacterial cellulose, hyaluronic acid,
and (2) synthetic polymers such as polyethylene glycol diacrylate (PEGDA) and poly (2-hydroxyethyl methacrylate)
(pHEMA) offer unique advantages and applications for studying osteosarcoma CSCs. Scaffold-free techniques such as
ultra-low binding plates and hanging drop are also used to culture osteosarcoma CSCs. This review article describes
various 3D culture methods used in forming osteosarcoma CSC spheroids and the expression of stemness markers.
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Introduction

Osteosarcoma is a primary bone tumour in children
and adolescents and the third most common in adults,
following chondrosarcoma and chordoma. The global
incidence is 3.1 per million per year (1). This neoplasm is
characterised by bimodal age distribution, with the first
peak between ages 10 and 14 and the second peak over
age 65 (2). The first peak occurs in adolescents due to
rapid linear bone growth localised in the metaphysis of
long bones, particularly the distal femur, proximal tibia,
and proximal humerus (3). Meanwhile, the second peak in
the elderly is associated with Paget’s disease and excessive
bone resorption (4).
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The pathophysiology of osteosarcoma involves a complex
interplay between genetic and environmental factors.
Malignant proliferation of mesenchymal cells produces
immature bone or osteoid tissue. It can be classified into
subtypes based on the tumour’s features and stromal
differentiation, either osteoblastic, chondroblastic,
fibroblastic, small-cell, or extraskeletal. Looking at the
histology appearance, malignancy of the bone can be
classified into high-grade, intermediate-grade and low-
grade. Osteosarcoma is the most frequent type of high-
grade bone malignancy growing intramedullary (2).

The current regimen use to treat osteosarcoma combines
surgery with multimodal preoperative and postoperative
chemotherapy using more than two cytotoxic agents such
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as doxorubicin, cisplatin, ifosfamide, and methotrexate
(4). Despite therapeutic advances, the 5-year survival
rate remains stagnant at 70% for localised osteosarcoma
and drastically decreases to 20-30% for patients with
metastatic (5). The effect of chemotherapy is dampened
due to the heterogeneous nature of the tumour, resulting
in chemoresistance and metastasis. A small subgroup of
cells within a tumour recognised as cancer stem cells is
thought to cause inherent resistance and can self-renew
and differentiate into different types of cancer cells.
A subset of CSC that survives after successful cancer
therapy can promote relapse and greater invasiveness.
Up to the present, researchers have identified cancer
stem cells (CSCs) in acute myeloid leukaemia, pancreatic,
lung, ovarian and breast carcinomas, osteosarcoma, and
glioblastoma (6, 7).

Osteosarcoma cancer stem cells

Cancer stem cells (CSCs) are tumour-initiating cells that
are derived from either adult stem cells, progenitor cells
that are mutated, or from differentiated cancer cells that
acquire stem-like properties through dedifferentiation (8).
Osteosarcoma-containing cells with CSC characteristics
were first discovered by Gibbs et al. (9) when grown in low
attachment plates supplemented with serum-free semi-
solid N2 medium together with epidermal and fibroblast
growth factors. CSCs in osteosarcoma were isolated based
on their ability to form sarcospheres in an anchorage-
independent and serum-starved growth condition (10).
This small subpopulation of cells was sorted and isolated
according to the expression of specific markers related to
stemness.

Markers suchas CD133*, CD271*,CD117*, and STRO1* sorted
from osteosarcoma have been found to demonstrate CSC-
like features. Other methods used to isolate osteosarcoma
CSCs include the ability of the subpopulation to exclude
certain fluorescent dyes, the enzymatic activity of aldehyde
dehydrogenase 1 (ALDH1), and tracking the expression of
pluripotency-associated genes, such as OCT3/4, Nanog,
and SOX. The human osteosarcoma cell lines, Saos-2, 0S99-
1, MG-63, and Hu09 can form spheroids which express
OCT4 and Nanog mRNA (11, 12). Inhibition of stemness
markers Nanog, CD133, ALDH1, OCT3, and SOX2 sensitises
cancer stem cells to chemotherapy (13, 14).

In experiments using human osteosarcoma cell lines, Saos-
2, 0S99-1, MG-63, and Hu09, the formation of spheroids
was reproducible when passaged multiple times and
produced adherent cell cultures when supplemented with
a standard growth medium. The MG-63 spheroids were
less sensitive to cisplatin and doxorubicin than adherent
cells, suggesting the spheroids may have developed
chemoresistance. This is likely due to the increased
expression of DNA mismatch repair enzymes MLH1 and
MSH2 (15). Similarly, CSCs derived from osteosarcoma
can self-renew in repeated transplantation trials and
are associated with tumour metastasis and treatment
resistance (16). These CSCs exhibited high levels of ABC
transporters mRNA, including ABCA1, ABCB2, ABCB2, and
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ABCG2, which are associated with treatment resistance.
The CSCs also expressed high levels of CD248, CD133,
OCT3/4, and Nanog mRNA, responsible for CSC self-
renewal (16).

Aside from the ability to repair DNA and express the drug
transporter, the other mechanism causing CSCs to become
chemoresistance is their ability to induce cell cycle arrest,
particularly in the quiescent state (G /G, phase) (17).
Being quiescent, CSCs could escape chemotherapeutic
treatments aimed at attacking rapidly dividing cancer cells.
This gives CSCs and cancer cells an advantage in survival
and promoting cancer relapse after chemotherapy (18).
Additionally, the lack of predictive 3D in vitro models to
simulate osteosarcoma heterogeneity and complexity
contributes to treatment failure (19). Isolating CSCs and
developing cell culture techniques for CSCs is essential to
improve the understanding of osteosarcoma biology and
pathogenesis.

Two-dimensional (2D) versus three-dimensional
(3D) cell culture

Since the early 1900s, the two-dimensional (2D) cell
culture has been the principal method for cell culture.
It offers the benefits of easy and low-cost maintenance
of cultures and enables functional tests to be performed
efficiently. While this approach is critical for research
purposes, it has several shortcomings, as 2D models do
not accurately mimic tissue cells or tumours in vitro (20).
The 2D culture technique lacks representation of cell-cell
and cell-extracellular environment interactions within
the tumour mass. These interactions play a critical role in
cell differentiation, proliferation, expression of genes and
proteins, drug metabolism, responsiveness to stimuli, and
other cellular functions (20, 21). When cells are isolated
from tissue and grown on 2D cultures, the morphology
of the cell is transformed during cell division and some of
the phenotype is lost (22). This affects the cell function,
organisation of the organelles inside the cell, cell signalling,
and secretion (23).

Alternatively, monolayer cells in culture are more
accessible to the medium containing nutrients, oxygen, and
metabolites. However, tumour cells in vivo lack this access
due to the natural architecture of the tumour mass (24). In
numerous 2D culture experiments, the interaction between
various cell types is not considered, and most cultures
involve a single cell type. While 2D co-cultures address
some of these limitations, they still do not adequately
replicate the cellular functions observed within a tissue.

Although research has been conducted on new drugs using
2D approaches, their effectiveness differs from in vivo
studies. This can be attributed to the low translatability
resulting from the inconsistent use of 2D models (25, 26).
Due to the numerous drawbacks of 2D systems, exploring
alternative culture models that can more accurately
simulate a natural microenvironment of tumour mass, such
as 3D culture systems, became necessary.
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Studies focusing on morphology, proliferation,
differentiation, drug metabolism, protein synthesis,
angiogenesis, migration, invasion, and metastasis have
demonstrated enhancements using 3D cell culture (27).
This is possible as 3D cultures provide better similarities
of the cell-extracellular matrix and intercellular signalling
interactions. Currently, 3D cell culture has offered a new
opportunity in tissue engineering and provides a better
understanding of the disease and has been proposed to
be the practical model for targeting cancer and cancer
stem cells in the development of better therapies for
osteosarcoma (28).

Compared to cultures in 2D, CD133* cells cultured in
3D osteosarcoma spheroids exhibited more extended
maintenance of stem cell phenotype, resulting in 5.88-,
4.14-, 6.96-, and 1.68-fold higher mRNA expressions for
Sox2, OCT3/4, Nanog, and Nestin, respectively (29). The
study concluded that CSC-based tumoroids are promising
3D tumour models that can bridge the gap between
conventional 2D in vitro cultures and in vivo animal
experiments for cancer research. This is due to the longer
maintenance of stem cell phenotype observed in 3D
cultures, which can enhance the relevance of screening
and targeting efficiency in drug testing.

Generally, mouse models are used to test new drugs and
treatment approaches, particularly in cancer research.
However, the advancement of 3D culturing techniques
allows researchers to construct and conduct drug
treatment tests, reducing the need for animal models (30).

3D culture scaffolds in osteosarcoma cancer stem
cell (CSC) studies

The first 3D culture was conducted using soft agar solution in
the 1970s by Hamburger and Salmon (31). Now, 3D cultures
can be prepared using (i) scaffold-based, (ii) scaffold-free,
and (iii) non-adherent plates for suspension cultures (32).
Other 3D culture techniques include microfluidic devices
and bioprinting. Microfluidic devices use microchannels
and chambers to create a controlled microenvironment
for cells to grow in 3D. Bioprinting involves using a 3D
printer to create structures from biological materials such
as cells and extracellular matrix components, allowing for
the precise placement of cells and materials to form 3D
structures (33). This review will further summarise some 3D
culture scaffolds used in osteosarcoma CSCs experiments.

Scaffold-based 3D cultures using natural polymers

Scaffold-based 3D culture techniques involve using a
scaffold, which provides a physical and biochemical
environment that mimics the natural extracellular matrix of
tissues and organs to support the growth and organisation
of cells. Cells are seeded onto, or into the scaffold, and
over time, they interact with the scaffold and with each
other to form 3D structures that resemble tissues and
organs in vivo (33).
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Various scaffold-based methods offer numerous benefits,
including support systems such as hydrogels, hydrophilic
glass fibres, organoids, and polymeric material. One of
the distinctive advantages of scaffolds such as hydrogel is
their ability to imitate the extracellular matrix (ECM) and
permit soluble agents like growth factors and cytokines
to permeate the gel-like tissue (34). In addition, hydrogels
are adaptable and can be employed to produce spheroids
through various preparation techniques according to the
requirement of the experiment. Hydrogels can either be
natural or synthetic, with natural gels typically consisting
of natural polymers such as hyaluronic acid, fibrinogen,
collagen, gelatin, Matrigel, alginate, and chitosan.

Collagen Type |

Researchers created a 3D tissue-engineered model of
osteosarcoma using a bone-like scaffold consisting of
hydroxyapatite nanoparticles and collagen type | to
explore the potential of cold atmospheric plasma (CAP)
as an anti-cancer therapy by investigating its impact on
oxidative stress (35). The study findings indicate that
the 3D environment not only protected cells against the
lethality caused by Plasma-Activated Ringer’s Solution
(PAR) through scavenging and reducing the amount of
reactive oxygen and nitrogen species generated by CAP but
also promoted the stemness phenotype of osteosarcoma
cells. Results from RT-PCR showed a significant increase
in the expression of genes associated with stemness and
cancer stem cell phenotype in osteosarcoma, such as SOX2,
OCT3/4, and NANOG (35). The researchers suggest that
using collagen type | and hydroxyapatite nanoparticles
as a scaffold is useful in developing biomimetic models
suitable for studying anti-cancer therapies in bone cancer
and metastasis.

In another study, osteosarcoma CSCs from two different
cell lines, MG-63 and SAOS-2, were analysed (36). The
findings demonstrated that using a scaffold composed
of collagen type | and hydroxyapatite created a tumour
microenvironment that more closely mimicked the
behaviour of these cells. After ten days of 3D culture, the
stemness markers OCT4, NANOG, and SOX-2 mRNA were
quantified by gPCR. The expression of NANOG mRNA in
MG-63 cells was significantly upregulated by 4.6-fold in a
scaffold composed of collagen type | and hydroxyapatite
compared to scaffold-free culture. Meanwhile, in SAOS-
2 sarcospheres, OCT4 mRNA expression was increased
by 9.1-folds as compared to scaffold-free culture. Both
MG-63 and SAOS-2 cell lines demonstrated an increase
in the expression of SOX-2 mRNA, however, showed
no statistically significant differences. The qualitative
evaluation of OCT4 and SOX-2 using immunofluorescence
staining confirmed the expression of these stemness
markers in MG-63 and SAOS-2 sarcospheres.

The significant elevation of OCT4, NANOG, and SOX-2 gene
expression in the proposed 3D models serves as evidence
that the presence of a 3D biomimetic scaffold, which
mimics the nanostructure and physicochemical properties
of the natural environment, induces a more pronounced
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stem phenotype in 3D sarcospheres as opposed to those
cultured without scaffolds. These genes are commonly
utilised as stemness markers due to their crucial role
in preserving cancer stem cell pluripotency and self-
renewal properties. These genes are commonly associated
with the signalling between CSCs and the tumour stem
niche, forming a sophisticated intercellular network that
regulates stemness and the fate of CSCs. The findings also
demonstrated higher expression of NOTCH-1 and HIF-1a
in collagen type | and hydroxyapatite scaffold compared
to the scaffold-free model (35). This confirms that the 3D
mimetic environment plays an active role in preserving the
phenotype of cancer stem cells (CSCs).

Agar gel

A study conducted by Ozturk et al. (29) aimed to develop
a tumoroid model using CSCs for high-throughput drug
screening, drug targeting and personalised medicine.
Therefore, CD133" cells were isolated from SAOS-2
osteosarcoma cell line using magnetic-activated cell
sorting. These cells were cultured in agar gels produced by
the 3D Petri Dish method to evaluate tumoroid formation
ability. The findings showed that CD133* cells, CD133", and
SAOS-2 cells could form 3D tumoroids, but CD133" cells
took longer to self-assemble. CD133* cells were located
randomly within tumoroids with high cell viability. In
comparison to 2D cultures, the mRNA expressions for Sox2,
OCT3/4, Nanog, and Nestin were respectively 4.14, 6.95,
5.88, and 1.68 times higher in CD133" cells cultured in 3D
tumoroids (29). Furthermore, the immunostaining results
indicated that CD133* cells expressed CD133, OCT3/4, and
the cell proliferation marker Ki-67. This indicates that the
stem cell phenotype is maintained for a longer period in
the 3D culture.

Matrigel

Matrigel is a type of extracellular matrix (ECM) protein
mixture commonly used as a substrate for cell culture
experiments. It is derived from the Engelbreth-Holm-
Swarm (EHS) mouse sarcoma and contains various ECM
proteins such as laminin, collagen, and glycosaminoglycans.
Matrigel is often used in cell culture experiments as a
three-dimensional (3D) matrix that can provide a more
physiologically relevant environment for cells to grow and
interact with each other. It has also been shown to support
the growth and differentiation of stem cells and cancer cells
and can be used to study cell behaviour in vitro.

A study by Di Fiore et al. (37) aimed to establish an in vivo
model for human osteosarcoma CSCs. The researchers
subcutaneously injected both 3AB-0S osteosarcoma CSCs
(isolated from MG63 cells) and parental MG-63 human
osteosarcoma cells into athymic mice, with and without
Matrigel. The findings showed MG-63 cells lacked tumour-
forming ability in vivo, while the 3AB-osteosarcoma CSC
cells were highly tumorigenic, especially with Matrigel.
The stemness features of 3AB-osteosarcoma CSC cells were
preserved after being engrafted into nude mice.
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During the first few weeks of engraftment, stemness-
related genes such as CD133, OCT3/4, SOX2, NANOG,
HMGA2, h-TERT, Nucleostemin, Nestin, Nucleostemin,
ABCG2, and Lin28B were highly expressed, regardless of
Matrigel presence. However, as time passed, the levels of
these markers decreased significantly, particularly in the
presence of Matrigel in xenografts. During the early weeks
of engraftment, both tumour growth rate and proliferation
index analysed using Ki-67 and PCNA were increased but
significantly declined over time. The use of Matrigel was
found to accelerate these changes. These findings suggest
that Matrigel may influence tumour cell behaviour and
facilitate the gradual loss of stemness by interacting with
the microenvironment.

Alginate

Alginate is a natural polysaccharide derived from brown
seaweed that is commonly used in tissue engineering
and regenerative medicine to create scaffolds or support
structures for cell growth and tissue regeneration (38).
Alginate scaffolds are porous structures that allow for
the diffusion of nutrients, oxygen, and waste products
to and from the cells within the scaffold. The scaffold’s
porosity can be controlled by altering the concentration
of the alginate solution, the crosslinking agent used, and
the fabrication method. This type of scaffold has several
advantages over other biomaterials, including their low
toxicity, ease of fabrication, and ability to form gels under
physiological conditions (39).

A study conducted by Zhou et al. (40) isolated and identified
CSCs from human osteosarcoma using serum-free alginate
3D culture combined with anti-cancer drugs. A single-cell
suspension of primary cells from human osteosarcoma
was prepared by digesting them with trypsin and
homogeneously mix into 1.2% alginate gel and epirubicin
to enrich CSCs. Most of the cells were killed by epirubicin,
but some survived and formed single-cell cloning spheres
after 7 to 10 days in culture. The spheres stained positive
for OCT3/4 and NANOG. Most of these positive cells were
concentrated in the core of the sphere. These spheres
were transplanted into BALB/c mice and were able to
form osteosarcoma in mice, suggesting that they had
properties of stem cells, resistance to anti-cancer drugs,
and tumorigenicity in vivo.

Bacterial cellulose

Bacterial cellulose scaffold is a type of biomaterial made
from bacterial cellulose fibres synthesised by certain
strains of bacteria, typically from the Acetobacter genus
(41). These scaffolds are biocompatible and have unique
physical and mechanical properties, such as high porosity
and mechanical strength, making them suitable for tissue
engineering and regenerative medicine applications.
Bacterial cellulose scaffolds can support structure for
growing cells, as they can mimic the extracellular matrix
of natural tissues and provide a microenvironment that
promotes cell growth and differentiation.
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A study examining the effects of hypoxia on Sa0S-2
osteosarcoma cell viability, morphology, and stemness
was performed using bacterial cellulose scaffolds (42).
By mimicking tumour structures and replicating in vivo
conditions, the 3D bacterial cellulose scaffolds could
support osteosarcoma tissue microarchitecture. The
findings demonstrated that hypoxia did not adversely
impact the viability of osteosarcoma cancer stem cells and
that the subpopulation of osteosarcoma cells maintained
their stemness and pluripotency.

Hyaluronic acid

The hyaluronic acid (HA) scaffold is a three-dimensional
structure composed of hyaluronic acid molecules that
can mimic the extracellular matrix of the native tissue.
The scaffold can support and guide the growth and
differentiation of cells and facilitate tissue repair and
regeneration. HA scaffolds can be produced by various
methods, such as crosslinking with chemical or physical
agents, electrospinning, and 3D printing. Despite their
biocompatibility, biodegradability, and ability to support
cellular activities, HA scaffolds have some disadvantages.
This includes weak mechanical properties and fast
degradation in vivo. However, it is possible to address
these issues through chemical modification or crosslinking
techniques, which can improve its mechanical properties,
degradation rate, solubility, viscosity, and biological
characteristics (43)

A study conducted by Lin et al. (44) fabricated a
bioactive scaffold using osteosarcoma cells and gelatine
methacrylamide (GelMA)/hyaluronic acid methacrylate
(HAMA) hydrogel to model the interaction between three
different osteosarcoma cell lines (HOS, U2-0S, and 143B)
and the extracellular matrix. The HOS cells were cultured
in ultra-low attachment culture dishes and supplemented
with N2, hEGF, and bFGF growth factors to recover stem
cell properties and promote the growth of cell spheroids.
Meanwhile, all three-osteosarcoma cell lines cultured
with GeIMA/HAMA to form bioprinted 3D models were
also cultured with medium containing the growth factors.
The addition of these growth factors did not produce any
significant differences. This shows that GelMA/HAMA
scaffold used in bioprinting could support the survival and
growth of osteosarcoma cells, demonstrating excellent
biocompatibility.

Scaffold-based 3D cultures using synthetic
polymers

Synthetic scaffold polymers are artificially created
materials designed to support and structure cells and
tissues in various biomedical applications, including tissue
engineering, regenerative medicine, and drug delivery.
These polymers typically comprise biocompatible and
biodegradable materials, such as polyesters, polyamides,
or polyurethanes. They can be engineered to have specific
physical and chemical properties that facilitate cell growth
and tissue formation.
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Synthetic polymers are preferred over natural polymers to
produce tissue-engineering scaffolds due to their consistent
physical and chemical characteristics. These polymers
create a three-dimensional microenvironment that mimics
the extracellular matrix (ECM) of natural tissues, which
can promote cell adhesion, migration, proliferation, and
differentiation. They have become a crucial alternative
for fabricating hydrogel tissue-engineering scaffolds with
the ability to tailor synthetic polymers regarding block
structures, molecular weights, mechanical strength, and
biodegradability. The most commonly used synthetic
scaffolds are made from synthetic materials such as poly
(ethylene glycol) (PEG), poly(lactic-co-glycolic acid) (PLGA),
and poly(caprolactone) (PCL) (45-47)

Polyethylene glycol diacrylate (PEGDA) hydrogel

Polyethylene glycol diacrylate (PEGDA) is a hydrogel widely
used as a cell culture scaffold due to its biocompatibility and
tunable mechanical properties. The cross-linking of PEGDA
monomers forms PEGDA hydrogels with a photoinitiator
and UV light, which allows for creating of 3D structures with
precise control over porosity and stiffness (48).

The use of PEGDA hydrogels as cell culture scaffolds
offers several advantages. Firstly, the 3D structure of
the hydrogel allows for the formation of cell-cell and
cell-matrix interactions that more closely mimic the in
vivo environment. This can improve cell differentiation,
proliferation, and migration. Additionally, PEGDA hydrogels
can be functionalised with bioactive molecules, such as
growth factors or extracellular matrix proteins, to enhance
cell behaviour. PEGDA hydrogels can also be designed
with specific mechanical properties to match those of the
modelled tissue. For example, the stiffness of the hydrogel
can be tuned to match that of soft tissue (for example,
brain) or stiff tissue (for example, bone), which can improve
cell differentiation and tissue formation.

Using the synthetic scaffold PEGDA hydrogel, Jabbari et al.
(49) demonstrated PEGDA matrix stiffness in maintaining
CSC behaviour in osteosarcoma U20S cell lines along with
other cancer cell lines. The findings demonstrated that
the optimum gel modulus for tumorsphere growth and
expression of CSC markers varied for different cancer cell
types; 5 kPa for MCF7 and MDA231 breast cancer cells,
25 kPa for HCT116 and AGS gastrointestinal cells, and 50
kPa for U20S osteosarcoma cells. The expression of CSC
markers for cancer cells encapsulated in PEGDA gel was
consistent with cell densities, tumorsphere sizes, and
number densities.

In all culture points, the number of cells in the 3D CSC group
was significantly lower than that of the 2D groups for all
cancer cell lines. This is probably due to the restricted cell
growth in the non-adherent PEGDA gel, which was limited
to the stem cell subpopulation. However, the expression
of CSC markers CD44, EGFR, and ABCG2 did not increase
over time. The expression levels of these CSC markers were
significantly higherin 3D CSC groups than in 2D CSC groups.
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These results indicated that the elevated expression of
CSC markers in the 3D-CSC group was attributable to the
cancer cells being encapsulated in the PEGDA gel rather
than a change in the culture medium.

Poly-HEMA

The synthetic hydrogel known as poly (2-hydroxyethyl
methacrylate) (pHEMA) is produced by polymerising
2-hydroxyethyl methacrylate (HEMA) monomers in situ
(50). It is commonly used in cell culture as a substrate
or coating material for cell growth. The polymer is
hydrophilic and has a flexible monomer that can form a
hydrogel network. The hydrogel properties of pHEMA can
be modified by changing the degree of polymerisation,
crosslinking density, and other parameters during synthesis.
pHEMA is often used as a substrate for culturing cells in 2D
or 3D cultures, as it allows cells to adhere, proliferate, and
differentiate in a controlled manner. It can also be used as
a coating material for surfaces such as microplates, glass
slides, and other labware to enhance cell adhesion and
promote cell growth.

A study conducted by Martins-Neves et al. (51) used
poly-HEMA-coated plates to identify and characterise the
CSCs population from human MNNG/HOS osteosarcoma
cell line and their responsiveness towards chemo- and
radiotherapy. The isolated population of CSCs exhibited
properties similar to stem cells, including the formation of
osteosarcoma spheroids using poly-HEMA-coated plates,
expression of mesenchymal stem cells surface markers
CD73, CD90, and CD103. Additionally, the population
expressed OCT4 and NANOG, responsible for maintaining
self-renewal and pluripotency. These CSCs were able to
self-renew and generate differentiated progeny through
serial passages under selective culture conditions.

The findings demonstrated that spherical clones of CSCs
displayed higher chemo- and radioresistance compared to
parental cells, which was attributed to the increase in ABC
transporters, such as PgP and BCRP pump, responsible for
mediating drug efflux of drugs like doxorubicin, cisplatin,
and methotrexate. Furthermore, the study showed that
the drug resistance of osteosarcoma CSCs increased
through several mechanisms, such as their ability to
enter a quiescent state, lower cellular division rates, and
reduced energy requirements. Additionally, they had
an increased capacity to repair DNA damage caused by
ionising radiation, reduce ROS production, and were less
susceptible to apoptosis than parental cells, indicating
that sarcospheres had highly activated basal DNA repair
mechanisms (51).

Meanwhile, another study demonstrated that CSCs could
be isolated from MNNG/HOS (Human osteosarcoma)
as they can form sarcospheres when cultured in poly-
HEMA-coated plates supplemented with growth factor
(52). These stem-like cells form floating spherical colonies
known as sarcospheres or CSCs when cultured in serum-
free medium supplemented with growth factors under
anchorage-independent conditions. They retain their
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ability to form new colonies for at least four subsequent
generations, demonstrating their self-renewal ability,
which is a hallmark of stem-like cells. Protein expression
of pluripotency-related transcription factors OCT4 and
NANOG were significantly upregulated in the first and
fourth-generation spheres compared to corresponding
parental. This provides evidence for the stem-like nature
and maintenance over time.

In another study conducted by Paiva-Oliveira et al. (53) also
demonstrated that stem-like cells were detected in human
osteosarcoma cell lines MNNG/HOS and MG-63 when
cultures on poly-HEMA-coated plates supplemented with
serum-free medium. Adherent cells grew in suspension
and formed compact spherical colonies, termed spheres.
These cells were found to have the ability to generate new
spherical colonies in subsequent generations, indicating
their self-renewal capacity.

The stemness properties of these cells were confirmed
by the expression of pluripotency-related transcription
factors OCT4, NANOG, and SOX2, which are crucial for
maintaining self-renewal and pluripotency in embryonic
stem cells (ESCs). The mRNA expression analysis showed
that SOX2 expression was increased by 5.5- and 20-fold
in spheres relative to the parental cell lines MNNG/HOS
and MG-63. Additionally, sphere-forming cells showed
a variable expression pattern of drug resistance-related
genes, including the isoforms ALDH1A1, ALDH2, and
ALDH7A1 of the aldehyde dehydrogenase (ALDH) and the
ATP-binding cassette transporters ABCB1 and ABCG2, which
are recognised as stem-like markers.

Scaffold-free 3D culture

Scaffold-free 3D culture prevents cells from adhering to
the surface of the cell culture container by applying a
coating of non-adherent materials. The lack of adherent
surfaces mediates cell-to-cell adhesion and the formation
of spheroids (54). The liquid overlay and hanging drop
technique is a liquid-based scaffold-free approach that
produces spheroids using mono- or multicellular (co-
cultures) methods with the help of gravity (55-57). Liquid
overlay is the most used technique in isolating and
enriching cancer stem cells in osteosarcoma by preventing
cell adherence using ultra-low attachment binding plates
(21). Meanwhile, hanging drop plates uses the force of
gravity to form spheroids through self-aggregation. Due
to their reproducibility, the hanging drop plate technique
can be utilised for various purposes, such as investigating
cell organisation, tissue formation, tumour biology, and
embryonic development (54).

Low and ultralow binding plate

Low and ultralow binding plate is a 3D culture that uses
plate coated with an inert substance such as agarose. This
type of culture is useful to isolate cancer stem cells or
tumor-initiating cells as the substance is useful to minimise
cell attachment with the use of serum-free culture medium.
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Study by Guo et al. (58) used ultralow attachment plates
to investigate the role of miR-335 in osteosarcoma stem
cells with regard to their stem-like properties. The CSCs
formed spheres when cultured in serum-free conditions.
Spheroids from all three osteosarcoma cell lines MG-63,
143B, and U20S showed a significant decrease in the
expression of miR-335 mRNA. The ability of spheroid
formation is essential to evaluate the self-renewal capacity
of stem cell-like cells in vitro. The findings compared the
ability of high miR-335 and low miR-335 expression cells
to generate spheroids. The expression levels of miR-335
MRNA can be used to determine the stem cell-like features
in osteosarcoma cell lines. The results indicated that low
miR-335-expressing cells produced more spheroids than
high miR-335-expressing cells. The findings suggest that
miR-335 expression is inversely associated with stem cell-
like characteristics in osteosarcoma.

On the other hand, a study conducted by Honoki et
al. (15) aimed to correlate the expression of aldehyde
dehydrogenase 1 (ALDH1) as a stem cell marker for
identifying cancer stem cells in osteosarcoma MG-63 and
HT1080 fibrosarcoma cell lines. ALDH1 positive and negative
cell populations were isolated from MG-63 cell line and
cultured into an ultra-low attachment using a cell sorter.
The findings showed cell population capable of forming
spheroids in serum-free and anchorage-independent
conditions demonstrated increased expression of ALDH1
mMRNA and stem cell-related genes, including OCT3/4,
NANOG, SOX2, and Stat3. Sarcospheres derived from the
MG63 cell line are highly resistant to chemotherapy with
doxorubicin and cisplatin compared to adherent cells grown
in a monolayer. Based on these findings, sphere-forming
cells with elevated levels of ALDH1 may represent sarcoma
stem cells with strong chemoresistance properties.

Meanwhile, a study by Fujii et al. (11) aimed to demonstrate
whether the human osteosarcoma cell lines Ewing’s
sarcoma HTB166, MG-63, and fibrosarcoma HT1080 grown
in ultra-low attachment plate possess stem-like properties.
The results demonstrated that sarcospheres we formed

Tablel: 3D culture scaffolds for osteosarcoma CSCs

JUMMEC 2023: 2

in all cell lines under anchorage-independent and serum-
starved conditions. These sarcospheres demonstrated
stem-like characteristics, including self-renewal ability and
elevated expression of stem cell-related genes OCT3/4,
NANOG, SOX2 and DNA repair enzyme genes MLH1 and
MSH2. The sarcospheres were highly resistant to drugs
such as doxorubicin and cisplatin. The addition of caffeine,
a DNA repair inhibitor, improved the efficacy of these drugs.
These findings suggest that Ewing’s sarcoma HTB166, MG-
63, and fibrosarcoma HT1080 cell lines possess populations
of stem-like cells that exhibit potent drug resistance and
that the efficacy of chemo drugs against sarcomas may be
enhanced by DNA repair inhibitors.

Hanging drop

The hanging drop technique remains the most used
approach for producing spherical micro-masses from
immortalised and primary cell lines. In this method, cells
are suspended in a small droplet of medium, which is hung
from the lid of a petri dish or a specialised hanging drop
plate. The droplet is flipped upside down, allowing the
cells to settle and form a compact spheroid in the hanging
droplet. Spherical micro-masses can also be created by
co-culturing multiple cell types without using synthetic
materials as support, relying instead on gravity (59).

A study by Gatti et al. (60) aimed to form multicellular
tumour spheroids from canine osteosarcoma cell line
OSA1, OSA2, and OSA3 using the hanging drop technique
adapted from Berens et al. (61) to study the effect of
metformin on tumour spheroid invasion and stemness. The
spheroids were grown under serum-free medium culture
conditions. The untreated OSA1 and OSA2 CSC spheroids
demonstrated the capacity to self-renew, producing new
sarcospheres with the same efficiency, even after six
passages. However, the ability of OSA1 CSCs to self-renew
was significantly reduced after treatment with metformin,
as they could not form new spheroids after two passages. In
OSA2 CSCs, the ability to self-renew was also progressively
reduced by metformin treatment over multiple passages.

Material Method Cell line Drug screening Stemness markers Refs
Scaffold-based Collagentype 1 Human Plasma SOX2, OCT3/4, NANOG (35)
Natural polymers osteosarcoma Activated
MG-63 Ringer’s (PAR)
Human - OCT4, NANOG, SOX-2, (36)
osteosarcoma MG- NOTCH-1, HIF-1a
63, SAOS-2
Agar SAOS-2, CD133*, - Sox2, OCT3/4, Nanog, Nestin, (29)
CD133;, SAOS-2 CD133, Ki-67
Matrigel MG-63, 3AB-0S CD133, OCT3/4, SOX2, (37)

osteosarcoma CSCs

NANOG, HMGA?2, h-TERT,
Nucleostemin, Nestin,
Nucleostemin, ABCG2,
Lin28B, Ki-67, PCNA
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Tablel: 3D culture scaffolds for osteosarcoma CSCs (continued)

Material Method Cell line Drug screening Stemness markers Refs
Alginate Osteosarcoma Epirubicin OCT3/4, NANOG (40)
specimen from
patient
Bacterial Sa0sS-2, CD133", - CD133, OCT4 and VEGF (42)
cellulose CD133,
Hyaluronic acid HOS, U2-0S, - - (44)
143B
Synthetic polymers  Polyethylene u20s - CDA44, EGFR, and ABCG2 (49)
glycol diacrylate
(PEGDA)
hydrogel
Poly-HEMA human MNNG/  Cisplatin, CD73, CD90, CD103, OCT4, (51)
HOS Doxorubicin, NANOG
Methotrexate,
Erastin,
Apatinib,
Sorafenib,
Everolimus,
Chloroquine
Scaffold-free Low and ultralow MG-63, 143B, - miR-335 (58)
binding plate and U20S
Hanging drop canine Metformin, 0OCT4, CD117, STAT3, SOX2, (60)
osteosarcoma cell  doxorubicin, CD133
line OSA1, OSA2, cisplatin

and OSA3

Conclusion

Cancer stem cell (CSC) biology has garnered significant
global attention in recent years. The development of
targeted therapies against CSCs holds promise forimproving
overall survival rates in various types of cancer. For a long
time, 2D cell cultures were deemed a reliable method
to gain insight into tumour biology. However, numerous
studies have indicated that 2D cultures fail to accurately
replicate the true nature of tumours, as several treatments
that were effective in 2D failed in clinical trials. To address
this issue, 3D culture approaches were developed to
mimic the tumour microenvironment. The use of natural
materials similarly presents in the bone extracellular matrix
(ECM) or synthetic materials as scaffolds for generating 3D
bone cultures have demonstrated promising outcomes for
investigating tumour invasion, metastasis, angiogenesis,
and chemotherapy drug development.

Advancements in 3D culture techniques has been useful
in studying the behaviour of CSCs in tumours which
causes treatment resistance and may contribute to our
understanding of mechanism-based therapies for cancer.
However, it is important to consider the advantages and
limitations of each type of culture scaffold before selecting
the optimal approach for a particular experimental
question. Culturing osteosarcoma CSCs with scaffold allows

controlling the chemical composition, structure, porosity,
stiffness, and shape of the 3D matrix, influencing cell-to-
cell interactions, proliferation, and migration abilities of
tumour cells (62).

The development of innovative technologies in 3D cultures
has led to the emergence of 3D bioprinting that allows
customable scaffolds. This technology can be combined
with other 3D techniques to mimic the native tumour
microenvironment of bone tumours, including cell-to-
cell, cell adhesion, proliferation, migration, extracellular
matrix structure, tissue interactions, and hypoxia. This
3D technological advancement presents a remarkable
opportunity for identifying new therapeutic targets and
drug discovery in bone sarcoma.
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