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ABSTRACT
A number of solid tumors contain a distinct
subpopulation of cells, termed cancer stem cells
(CSCs) which represent the source for tissue
renewal and hold malignant potential and which
would be responsible for therapy resistance. Today, the winning goal in cancer research would
be to find drugs to kill both cancer cells and cancer stem cells, while sparing normal cells. Osteosarcoma is an aggressive pediatric tumor of
growing bones that, despite surgery and chemotherapy, is prone to relapse. We have recently
selected from human osteosarcoma MG63 cells
a cancer stem-like cell line (3AB-OS), which has
unlimited proliferative potential, high levels of
stemness-related markers, and in vivo tumorforming capacity in xenograft assays. Here, we
have shown that 3AB-OS cells can differentiate
in vitro into endoderm-, mesoderm- and ectodermderived lineages. Cell differentiation is morphological, molecular and functional. We propose
that this model system of 3AB-OS differentiation
in vitro might have a number of useful purposes,
among which the study of molecular mechanisms of osteosarcoma origin, and the analysis
of factors involved in specification of the various cell lineages. We still do not know either
what are the shared and distinguishing charac*
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ters between CSCs and normal stem cells, or
what is the reason why the cancer stem cells,
like the normal stem cells, have the ability to differentiate toward the derivatives of the primary
germ layers. It is possible that each of the differentiation capability may be exploited by CSCs to
supply their needs of growing and surviving in
hostile microenvironment.
Keywords: Human Osteosarcoma; Cancer Stem
Cells; In Vitro Differentiation; Pluripotentiality

1. INTRODUCTION
Osteosarcoma is the most common non-hematologic
malignancy of bone in children and adults, consisting of
malignant cells that produce immature bone and is characterized by osteoid formation within the tumor [1,2].
There are about 2500 new cases of osteosarcoma diagnosed each year in the US with about one half occurring
in children and adolescents, younger than 20 years of age.
It is a highly aggressive tumor exhibiting clinical, histologic, and molecular heterogeneity. The tumor, which
in about 80% of cases occurs at sites of rapid bone
growth (the metaphyses of long bones), has an initial
peak incidence in the pediatric and early adult population
and a second peak incidence in later adult life [3]. The
current standard chemotherapy regimen, which includes
cisplatin, doxorubicin and methotrexate, provides only
65% - 70% long-term disease-free survival for osteosarOPEN ACCESS
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coma patients without metastasis, and there is no established second-line chemotherapy for relapsed osteosarcoma [4]. Thus, there is an urgent need to identify new
therapeutic strategies to improve the clinical outcome of
patients with osteosarcoma.
It has been demonstrated that a number of solid tumors
contains a distinct subpopulation of cells, termed cancer
stem cells (CSCs), which represent the source for tissue
renewal and hold malignant potential and which would
be responsible for therapy resistance [5-7]. It has been
suggested that a successful cure of cancer should require
CSCs eradication [8-10].
Previously, we have demonstrated that in human osteosarcoma MG63 cells aberrant gene expression keeps
Rb protein constitutively inactivated through hyperphosphorylation and this promotes uncontrolled cell proliferation [11]. Brief-term treatment of MG63 cells with 3aminobenzamide (3AB), a potent inhibitor of poly (ADPribose) polymerase (PARP), induced morphological and
biochemical features of osteocyte differentiation, accompanied by an increase in the hypophosphorylated/active
form of Rb, with downregulation of gene products required for proliferation (cyclin D1, β-catenin, c-Jun, c-Myc
and Id2) and upregulation of those implicated in the osteoblast differentiation (p21/Waf1, osteopontin, osteocalcin, type I collagen, N-cadherins and alkaline phosphatase) [12]. Our study suggested that in MG63 cells, 3AB
treatment may induce a remodeling of chromatin with a
reprogramming of gene expression and the activation of
differentiation. However, prolonged treatment (about 100
days) of MG63 cells with 3AB induced osteocyte death
accompanied by a progressive enrichment of a new cell
population. These cells, termed 3AB-OS, are a heterogeneous and stable cell population, which after 3AB withdrawal and serial passages (currently, more than 200) has
retained its morphological and antigenic features. Overall,
these cells exhibit a number of characters which suggested that they are CSCs and that allowed their patenting (Pluripotent cancer stem cells: their preparation and
use. Renza Vento and Riccardo Di Fiore, Patent Appln.
No. FI2008A000238, December 11, 2008). Indeed, 3ABOS cells possess a strong self-renewal ability and a high
levels of cell cycle markers which account for G1-S/G2M phases progression. They can be reseeded unlimitedly
without losing the proliferative potential, show a ATPbinding cassette transporter ABCG2-dependent phenotype with high drug efflux capacity, and a strong positivity for CD133, a marker for pluripotent stem cells. 3ABOS cells highly express genes required for maintaining
stem cell state (Oct-3/4, h-TERT, nucleostemin, Nanog)
and for inhibiting apoptosis (HIF-1, FLIP-L, Bcl-2, XIAP,
IAPs and survivin) and grow in ultralow-attachment
plates at a low density with a high sphere-formation efficiency [13]. 3AB-OS cells have been also characterized
Copyright © 2013 SciRes.
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at genetic and molecular level, showing that they have a
great chromosomal complexity and a large number of
molecular abnormalities, which are characteristic of the
most aggressive human cancers. Indeed, 3AB-OS cells
have hypertriploid karyotype with 71 - 82 chromosomes.
Comparing 3AB-OS CSCs to MG63 cells, we have identified 49 copy number variations, 3512 dysregulated
genes and 189 differentially expressed miRNAs. Remarkably, the abnormalities evidenced in 3AB-OS cells appear to be strongly congruent with abnormalities described in the literature in a large number of pediatric and
adult osteosarcomas [14]. We have also shown that 3ABOS cells penetrate matrigel with a 2.6-fold higher invasion ability than the parental MG63 cells (unpublished
data), that they are tumorigenic and recapitulate in vivo
(athymic mice xenograft) various features of human osteosarcoma, thereby representing a useful model system
to test in vivo novel antitumor approaches against human
osteosarcoma [15].
Here, we have extended our study by analysing 3ABOS pluripotency, namely we have studied the capability
of 3AB-OS cells to produce in vitro derivatives of the
three primary germ layers.

2. MATERIALS AND METHODS
2.1. Cell Cultures
The human 3AB-OS cancer stem cells have been produced in our laboratory [13]. 3AB-OS cells were cultured as monolayers in T-75 flask in Dulbecco’s modified
Eagle medium (DMEM), supplemented with 10% (v/v)
heat inactivated fetal bovine serum, 2 mM L-glutamine,
100 U/ml penicillin and 50 µg/ml streptomycin (Euroclone,
Pero-Italy) in a humidified atmosphere of 5% CO2 in air
at 37˚C. When cells grew to approximately 80% confluence, they were subcultured or harvested using 0.025%
trypsin-EDTA (Life Technologies Ltd., Monza, Italy).
Cell viability was tested by trypan blue exclusion (SigmaAldrich Srl, Milano, Italy).

2.2. Morphological Observation
Cell morphology was evaluated using a Leica DM
IRB inverted microscope (Leica Microsystems Srl, Milano, Italy). Images were photographed and captured by
a computer-imaging system (Leica DC300F camera and
Adobe Photoshop for image analysis).

2.3. Differentiation of 3AB-OS Cells toward
Endoderm-Derived Cell Lineages
2.3.1. Hepatogenic Differentiation
The 3AB-OS were seeded at 1 × 104 cells/cm2 in
DMEM, supplemented with 10% (v/v) heat inactivated
fetal bovine serum, 2 mM L-glutamine, 100 U/ml peniOPEN ACCESS
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cillin and 50 µg/ml streptomycin. The culture medium was
changed 24 h later to Iscove’s modified Dulbecco’s medium (IMDM, Euroclone) containing 20 ng/ml epidermal
growth factor (EGF), 20 ng/ml hepatocyte growth factor
(HGF), 10 ng/ml basic fibroblast growth factor (bFGF)
and 0.61 g/l nicotinamide (all from Sigma-Aldrich) and
the 3AB-OS cells were cultured for 4 days. Thereafter,
the maturation step consisted of treatment with IMDM
containing 20 ng/ml oncostatin M (OSM; Life Technologies Ltd.), 1 μmol/l dexamethasone (Sigma-Aldrich) and
1% insulin-transferrin-selenium premix (Life Technologies Ltd.) for 16 days. For each step, the culture medium
was changed every 3 days [16].

and stained in the same manner. Medium was changed
every 3 days for all differentiation assay.

2.3.2. Urea Production Assay
Urea concentrations within culture media were measured colometrically according to the manufacturer’s instructions (Urea assay kit) after 24 h exposure of the differentiated cells to 6 mM NH4Cl (all from Sigma-Aldrich) at various time-points throughout differentiation
(days 0, 5, 10, 15, 20) in five different samples. Culture
media from undifferentiated 3AB-OS cells supplemented
with 6 mM NH4Cl were used as negative control.

2.4.3. Alizarin Red S Staining for Mineralized
Matrix
Cells were fixed with 70% ice-cold ethanol for 1 h at
−20˚C, and stained with 40 mM alizarin red S (ARS;
Sigma-Aldrich), pH 4.2 for 10 min at room temperature
[20].

2.3.3. Staining for Glycogen Accumulation
After 4% formaldehyde fixation, the 3AB-OS cells
were incubated for 10 min in 1% periodic acid (SigmaAldrich) and then washed with distilled water. Samples
were then treated with Schiff’s regent (Sigma-Aldrich)
for 15 min and rinsed in deionized water (dH2O) for 5
min. They were then counterstained with Gill 3’s haematoxylin (Sigma-Aldrich) for 1 min, rinsed in dH2O and
assessed under a light microscope for glycogen accumulation [16].
2.3.4. Bile Canaliculus Labeling
Cells were incubated with 1 µg/ml fluorescein diacetate
(Sigma-Aldrich) for 15 minutes at 37˚C and then fixed
with 4% formaldehyde for 20 minutes at 4˚C [17]. Cells
were examined on a Leica DM IRB microscope equipped for fluorescence, images were captured by a computer-imaging system (LeicaDC300F camera and Adobe
Photoshop for image analysis).

2.4. Differentiation of 3AB-OS Cells toward
Mesoderm-Derived Cell Lineages
2.4.1. Osteogenic Differentiation
For osteogenic differentiation 3AB-OS were induced
in 3 weeks by DMEM supplemented with 10% FBS, 0.1
µM dexamethasone, 10 mM β-glycerophosphate and 50
µM ascorbate-phosphate (all from Sigma-Aldrich) [18].
Control cultures without the differentiation stimuli were
maintained in parallel to the differentiation experiments
Copyright © 2013 SciRes.

2.4.2. ALP Staining
After rinsing monolayer cells with PBS, the cells were
fixed in 3.7% formaldehyde and 90% ethanol solution
for 2 min and washed in PBS for 10 min. Then, the cells
were stained with fast 5-bromo-4-chloro-3-indolyl phosphate and nitroblue tetrazolium (BCIP/NBT) alkaline
phophatase substrate (Prodotti Gianni, Milano, Italy) for
10 min at room temperature. The reaction was stopped
by removing the substrate solution and washing with
distilled water [19].

2.4.4. Adipogenic Differentiation
For adipogenic differentiation 3AB-OS were induced
for 3 weeks by DMEM supplemented with 10%, 1 µM
dexamethasone, 200 µM indomethacin, 5 µg/ml insulin,
500 µM isobutyl-methylxanthine (all from Sigma-Aldrich) [21]. Control cultures without the differentiation
stimuli were maintained in parallel to the differentiation
experiments and stained in the same manner. Medium
was changed every 3 days for all differentiation assay.
2.4.5. Oil Red O Staining
For evidence of adipogenic differentiation, cells were
tested for lipid granules using Oil Red O stain. Briefly,
cells were fixed with 4% formaldehyde for 10 min,
washed with 60% isopropanol, and stained with Oil RedO-solution (in 60% isopropanol, Sigma-Aldrich) for 20
min at room temperature. Cells were rinsed in 60% isopropanol followed by repeated washing with distilled
water. Lipids appeared red [22].
2.4.6. Cardiomyogenic Differentiation
The 3AB-OS were seeded at 1 × 104 cells/cm2 in
DMEM supplemented with 10% (v/v) heat inactivated
fetal bovine serum, 2 mM L-glutamine, 100 U/ml penicillin and 50 µg/ml streptomycin. The culture medium was
changed 24 h later to cardiomyogenic differentiation medium (MDM) consisting of 60% DMEM-LG/28%
MCDB-201 (Sigma-Aldrich), 1% insulin-transferrinselenium premix (Life Technologies Ltd.), 50 mg/ml bovine serum albumin, and 0.47 µg/ml linoleic acid, 10−4 M
ascorbate phosphate, 10−9 M dexamethasone (all from
Sigma-Aldrich), 100 U/ml penicillin, 50 µg/ml streptomycin, and 10% FBS for 18 days [23].
OPEN ACCESS
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2.4.7. Angiogenic Differentiation
3AB-OS cells were induced to differentiate into endothelial cells by culturing the confluent cells in 6-well
plates in high-glucose DMEM with 2% FBS and 50
ng/ml VEGF (Sigma-Aldrich) for 7 days [24]. Analysis
of capillary formation was performed using Matrigel
(CULTREX, Trevigen; TEMA ricerca S.r.l., Bologna,
Italy) and capillary-like structures were observed by optical microscopy after 24 h.
2.4.8. Osteoclastogenic Differentiation
3AB-OS were seeded at 1 × 104 cells/cm2 in DMEM,
supplemented with 10% (v/v) heat inactivated fetal bovine serum, 2 mM L-glutamine, 100 U/ml penicillin and
50 µg/ml streptomycin. The culture medium was changed
24 h later to complete Minimun Essential Medium (MEM,
Euroclone) containing 50 ng/mL human M-CSF and 50
ng/mL human RANKL (all from R&D Systems; Space
Import-Export srl, Milano, Italy) and cultures were continued for 7 days [25].
2.4.9. TRAP Staining
Osteoclast formation was verified not only by the appearance of multinucleated cells but also by the positive
staining with TRAP (Tartrate Resistant Acid Phosphatase)
using a commercial kit (product 387-A; Sigma-Aldrich)
according to manufacture’ protocol. Osteoclasts were determined to be TRAP-positive staining multinucleated
(>3 nuclei) cells using light microscopy. The morphological features of osteoclasts were photographed.

2.5. Differentiation of 3AB-OS Cells toward
Ectodermal-Derived Cell Lineages
Neurogenic Induction
For neural induction, 3AB-OS cells were expanded to
80% confluency in DMEM, supplemented with 10% FBS,
100 U/ml penicillin and 50 μg/ml streptomycin. Then,
the culture medium was changed to neuronal induction
media NPBM medium (Lonza Srl, Milano, Italy) supplemented with 5 µM cAMP, 5 µM IBMX, 25 ng/ml NGF,
2.5 µg/ml insulin (all from Sigma-Aldrich) for 14 days
[18]. Medium was changed every 3 days for all differentiation assay. Control cultures without the differentiation
stimuli were maintained in parallel to the differentiation
experiments and stained in the same manner.

2.6. Immunofluorescence Staining
The cells were fixed with 3.7% formaldehyde for 10
min at room temperature and permeabilized with 0.1%
Triton® X-100 (all from Sigma) in PBS for 5 min. After
washing with PBS cells were incubated with primary
antibody (diluted in PBS + 1% BSA + 0.05% NaN3) at
4˚C, overnight. Cells were washed three times with PBS
Copyright © 2013 SciRes.
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and incubated for 1 h at room temperature with secondary antibodies, which were either Cy2-conjugated or Cy3conjugated (diluted 1:100 in PBS + 1% BSA + 0.05%
NaN3; Jackson ImmunoResearch Laboratories, West
Grove, PA, USA). Nuclei are counterstained with 2.5
µg/ml Hoechst 33342 (Sigma-Aldrich), for 10 min. After
three washes, cells were examined on a Leica DM IRB
inverted microscope equipped with fluorescence optics
and suitable filters for DAPI, FITC and rhodamine detection; images were photographed and captured by a
computer-imaging system (Leica DC300F camera and
Adobe Photoshop for image analysis). The primary antibodies are provided in Table 1.
Table 1. Antibodies used for Immunofluorescence (IF) and
Western blot (WB) analyses.
Antibody

Detection methods IF

Detection methods
WB

CD133

-

1 μg/ml

Oct3/4

-

1:300

Nanog

-

1:300

SOX2

-

1:300

DPPA3

-

1:300

NS

-

1:300

ALP

-

1:300

OSC

1:100

1:300

OPN

-

1:300

GLUT-4

1:100

1:300

FABP-4

1:100

1:300

adipsin

1:100

1:300

VWF

1:100

-

VGFR1

1:100

-

VGFR2

1:100

-

TNNT

10 μg/ml

-

ANP

1:400

-

ACTN2

1:100

-

ALB

10 μg/ml

-

AFP

AFP

1:300

CD49a

1:100

1:300

CD49f

1:100

1:300

CK18

1:100

1:300

CK19

1:100

1:300

β-catenin

1:100

1:500

MAP-2

1:100

1:300

GFAP

1:100

1:300

SYP

1:100

1:300

O4

3 μg/ml

1 μg/ml

actin

-

1:500

OPEN ACCESS

192

R. Di Fiore et al. / Stem Cell Discovery 3 (2013) 188-201

2.7. RT-PCR Analysis
RNA was isolated using RNeasy mini kit (Qiagen, Milan, Italy). cDNA was amplified from 1 µg of RNA and
PCR was performed as previously reported [11]. The
reactions omitting reverse transcriptase enzyme served as
negative control. Actin was used as a housekeeping gene
to demonstrate equal loading of RNA. The amplified
products were resolved by agarose gel electrophoresis
(1.2% agarose, 0.5 µg/ml ethidium bromide, Sigma) and
the bands were visualized and photographed with Chemi
Doc XRS (Bio-Rad Laboratories Srl, Segrate (MI), It-

aly). The primers (Proligo USA, Milan, Italy) are provided in Table 2.

2.8. Western Blot Analysis
Cells were washed in PBS and incubated in ice-cold
lysis buffer (RIPA buffer 50 µl/106 cells) containing protease inhibitor cocktail (Sigma-Aldrich) for 30 min and
then sonicated three times for 10 s. Equivalent amounts of
proteins (40 μg) were separated by SDS-polyacrylamide
gel electrophoresis and transferred to a nitrocellulose
membrane (Bio-Rad) for detection with primary anti-

Table 2. RT-PCR primer sequences.
Gene

Forward Primer 5’-3’

Reverse Primer 5’-3’

CD133

tcttgaccgactgagacccaac

acttgatggatgcaccaagcac

Oct3/4

tggagaaggagaagctggagcaaaa

ggcagatggtcgtttggctgaata

Nanog

caaaggcaaacaacccactt

attgttccaggtctggttgc

SOX2

ggcagctacagcatgatgcaggagc

ctggtcatggagttgtacgcagg

DPPA3

gttactgggcggagttcgta

tgaagtggcttgg tgtcttg

NS

gggaagataaccaagcgtgtg

cctccaagaagtttccaaagg

ALP

cactgcggaccattcccacgtctt

gcgcctggtagttgttgtgagcata

OSC

ccctcacactcctcgccctatt

aagccgatgtggtcagccaactcgt

OPN

ccaagtaagtccaacgaaag

ggtgatgtcctcgtctgta

GLUT-4

cttgtcctcgccgtcttct

gctctgttcaatcaccttctgg

FABP-4

gaagtgggagtgggcttt

ttatggtgctcttgactttcct

adipsin

ccaagcgcctgtacgacgt

ggccttctccgacagctgt

VWF

acgtgatccttctcctggatg

ttcaccacgttggagtcgcct

VGFR1

gaaggcatgaggatgagagc

caggctcatgaacttgaaagc

VGFR2

ggccaagtgattgaagcagatg

ttcagatccacagggattgctc

TNNT

ggcagcggaagaggatgctgaa

gaggcaccaagttgggcatgaacga

ANP

ggaagacatcgtgcgcaata

tgctccggatggtgtcact

ACTN2

cgatggagcacattcgtgtt

ttcgcatctctcgtcaggatct

ALB

agacaaattatgcacagttg

ttcccttcatcccgaagttc

AFP

tggaatagcttccatattggattc

aagtggcttcttgaacaaactgg

CD49a

catcgtcctggatggctcca

gcagtcttggatgacctgtt

CD49f

ggccttatgaagttggtgga

tgccttgctggttcatgtag

CK18

tgctcaccacacagtctgat

cactttgccatccactagcc

CK19

caggtccgaggttactgac

actgaacctgaccgtacac

β-catenin

cgtggacaatggctactcaagc

tctgagctcgagtcattgcagaggaa

MAP-2

tgccatcttggtgccga

cttgacattaccacctccaggt

GFAP

gagtaccaggacctgctcaa

ttcaccacgatgttcctctt

SYP

agttggggactactcctcgtc

ggccctttgttattctctcggta

O4

ctactgctctgggtcccagg

ctgccactgaaccgagatgg

actin

ctgggacgacatggagaaaa

aaggaaggctggaagagtgc

Copyright © 2013 SciRes.
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bodies and the appropriate horseradish peroxidase-conjugated secondary antibodies. Immunoreactive signals
were detected using enhanced chemiluminescence (ECL)
reagents (Bio-Rad). The correct protein loading was confirmed by stripping the immunoblot and reprobing with
primary antibody for actin. Bands were visualized and
photographed with ChemiDoc XRS (Bio-Rad). The primary antibodies are provided in Table 1.

3. RESULTS
Here, the human 3AB-OS cells were employed to
analyse their capability to produce in vitro derivatives of
the three primary germ layers (endoderm, mesoderm,
ectoderm). Cells cultured in control media did not develope phenotypes derivative of any of the three germ
layers (data not shown).

3.1. Differentiation of 3AB-OS Cells toward
Endoderm-Derived Cell Lineages:
Hepatogenic and Biliary Differentiation
To induce hepatocyte differentiation, 3AB-OS cells
were incubated into specific culture media as described
in Material and Methods. Differentiation toward endodermal lineage (hepatocyte-like and biliary-like cells)
occurs in two stages: 1) the initiation step, that is the
commitment of the cells which entails losing the ability
to differentiate into another lineage; 2) the maturation
stage, that occurs as cells begin to express the phenotypic
characteristics of hepatocytes.
Figures 1(A)-(D) show 3AB-OS cells cultured in media that support hepatocyte formation. During the initiation step, the heterogeneous 3AB-OS cell population
(Figure 1(A)) actively proliferated reaching the confluence at the end of the fourth day (Figure 1(B)). When
the induction medium was substituted with differentiation medium, at the end of the fifteenth day, 3AB-OS cells
underwent visible transition from their heterogeneous,
mostly fibroblastoid morphology, to a round or polygonal
shape, as evidenced by the presence of hepatoblast-like
oval cells mixed to cells increasingly similar to hepatocytes (Figure 1(C)). At day 20 the hepatocyte-like cells
exhibited a phenotype close to that of human hepatocytes
(Figure 1(D)). It is well known that glycogen synthesis,
albumin production and urea secretion are characteristic
features of hepatocytes. As shown in Figure 1(E), while
undifferentiated 3AB-OS cells did not secrete urea, instead differentiated cells secreted significant levels of
urea. Histological evaluation by periodate acid Schiffs
(PAS), shows that hepatocyte-like cells were able to store
glycogen (Figure 1(F)); moreover, immunofluorescence
analysis (Figure 1(G)) shows albumin production
(ALB).
The same figure shows the expression of alpha-fetoproCopyright © 2013 SciRes.
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tein (AFP), cytokeratin-18 (CK18) and alpha1-integrin
(CD49a), peculiar of hepatocytes [17]. In Figure 1(H),
fluorescence microscopy demonstrated fluorescein excretion (FDA), thus suggesting the presence of functional
bile canaliculus-like structures.
This was also supported by the expression of cytokeratin-19 (CK19) and alpha6-integrin (CD49f) peculiar of
biliary cells [17]. In Figure 1(I), Western blot (left) and
RT-PCR (right) analyses confirmed hepatocyte- and biliary-like phenotype.
To further demonstrate the transition from undifferentiated into differentiated state of 3AB-OS cells, the expression of β-catenin was analyzed. As shown in Figure
1(L), western blot (left) and RT-PCR (right) analyses
demonstrate that both, undifferentiated and differentiated
3AB-OS cells had similar levels of β-catenin; however, immunofluorescence analysis evidences that while in undifferentiated cells β-catenin localization was mostly restricted to the nucleus, instead in differentiated cells βcatenin was mainly localized to the plasma membrane,
thus suggesting a recruitment of β-catenin to the cell
membrane with a change in its role from that of oncogene to that of structural-functional reorganization of
cytoskeleton.

3.2. Differentiation of 3AB-OS Cells toward
Mesoderm-Derived Cell Lineages:
Osteogenic, Adipogenic,
Cardiomyogenic, Angiogenic and
Osteoclastogenic Differentiation
3.2.1. Osteogenic Differentiation
In order to differentiate into osteoblasts, 3AB-OS cells
were cultured, as described in Material and Methods, in
osteogenic medium for three weeks. During this period
of incubation, 3AB-OS cells morphology had a gradual
change to a cuboidal shape (not shown).
At the third week (Figure 2(A)) the cells formed colonies in multiple layers, and potently stained with alkaline
phosphatase (ALP), responsible for crystal formation in
bone. In addition, the cells strongly acquired osteocyte
like features which potently stained with Alizarin Red S
(ARS), indicating mineralized matrix formation and
suggesting that the putative bone cells were highly capable of calcium deposition. Immunofluorescence analysis
also showed that differentiated 3AB-OS cells potently
produced osteocalcin (OSC)—a bone-specific protein
synthesized by osteoblasts—which represents a good
marker for osteogenic maturation [19,20]. Moreover, in
Figure 2(B) western blot (left) and RT-PCR (right) analyses of ALP, OSC and osteopontin (OPN, a protein
which is involved in general cell attachment to the bone
matrix) showed that their expression levels strongly increased after differentiation.
OPEN ACCESS
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Figure 1. Differentiation of 3AB-OS cells toward endoderm-derived cell lineages: hepatogenic and biliary differentiation. (A)-(D)
Changes in cell morphology of 3AB-OS cells during hepatic differentiation (original magnification 100×). (E) Urea secretion was
assessed from both undifferentiated and differentiated 3AB-OS cells (data are the mean ± SE, n = 4). (F) 3AB-OS cells cultured in
medium without hepatogenic supplements (left) did not display a positive reaction to Periodic acid-Schiff (PAS) staining, while
3AB-OS cells cultured in hepatogenic differentiation medium (right) were positive to PAS staining, indicating accumulation of glycogen in their cytoplasm at 20 days post-induction (original magnification 200×). (G) Immunofluorescence staining of undifferentiated (0 days) and differentiated (20 days) cells was performed against ALB, AFP, CK18 and CD49a (original magnification 200×).
(H) Fluorescein diacetate staining (FDA) of undifferentiated (0 days) and differentiated (20 days) cells, suggested the presence of
functional bile canaliculus-like structures. This was also supported by the expression of CK19 and CD49f (original magnification
200×). (I) Western blot (left) and RT-PCR (right) analyses of hepatocyte and biliary markers. (L) Western blot (left), RT-PCR (right)
and immunofluorescence (bottom; original magnification 200×) analyses of β-catenin. Images are representative for at least four
separate experiments. See text for the description of each abbreviation.

3.2.2. Adipogenic Differentiation
As described in Material and Methods, 3AB-OS cells
were cultured in adipogenic medium for three weeks.
Within the first two weeks of culture, cell morphology
and Oil Red O staining suggested that 3AB-OS cells
progressively differentiated and accumulated oil droplets
in the cytoplasm (data not shown). As shown in Figure
3(A), at the third week of differentiation about 95% of
3AB-OS cells had an adipogenic phenotype, which was
evidenced under light microscopy by rounded cells and
by neutral lipid-laden adipocytes and by Oil-Red O staining for lipid deposition. Immunofluorescence analyses
(Figure 3(B)) evidence that differentiated cells also
showed specific staining for adipocyte-related markers
Copyright © 2013 SciRes.

[21], including glucose trasporter-4 (Glut-4), fatty acidbinding protein-4 (FABP-4) and complement factor D
(adipsin), a serine protease that stimulates glucose transport for triglyceride accumulation in fats cells and inhibits lipolysis. In Figure 3(C), western blot (left) and RTPCR (right) analyses confirmed these results.
3.2.3. Cardiomyogenic Differentiation
3AB-OS cells were cultured in cardiomyogenic medium for 18 days as described in Material and Methods.
In Figure 4(A) microscopy phase contrast shows that
during early stages of differentiation (9 days), cardiomyocyte-like cells within 3AB-OS cells were typically
small and round, while nascent myofibrils were sparse
OPEN ACCESS
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and irregularly organized or lacking. During terminal
differentiation stage (18 days), derived cardiomyocytes
became elongated and densely packed bundles of myofibrils were observed. Immunofluorescence analysis also
showed that more than 90% of the differentiated cells
stained positive for cardiac troponin T (TNNT), sarcomeric alpha-actinin-2 (ACTN-2), and atrial natriuretic
polypeptide (ANP). RT-PCR analysis confirmed that the
expression of these cardiomyocytic-specific markers [23]
were upregulated during differentiation (Figure 4(B)).
However, differentiated 3AB-OS cells lacked of spontaneous beating in culture, suggesting that the cells had not
fully differentiated into mature cardiomyocytes.

195

creased after differentiation. RT-PCR analyses confirmed
(A)

3.2.4. Angiogenic Differentiation
Angiogenic differentiation is a very rapid process
which becomes complete in seven days. As described in
Material and Methods, 3AB-OS cells were cultured into
the angiogenic medium after they reached 80% confluence. Although large morphological differences between
differentiated and undifferentiated 3AB-OS cells were
not evidenced (Figure 5(A)), however, immunofluorescence analyses for endothelial markers [24] as Vascular
Endothelial Growth Factor Receptor-1 (VEGFR1), Vascular Endothelial Growth Factor Receptor-2 (VEGFR2)
and von Willebrand Factor (VWF) showed that the overall fluorescence intensity of 3AB-OS cells potently in

(B)

Figure 2. Differentiation of 3AB-OS cells toward mesodermderived cell lineages: osteogenic differentiation. (A) Cells
stained with Fast Red TR/Naphtol TR mixture for ALP (original magnification 100×); with ARS for matrix mineralization
(original magnification 200×) and immunofluorescence analysis against OSC (original magnification 200×). (B) Undifferentiated (U) and differentiated (D) cells subjected to Western blot
(left) and RT-PCR (right) analyses of osteogenic markers, ALP,
OSC and OPN. Images are representative for at least four
separate experiments. See text for the description of each abbreviation.
(B)

(A)

(C)

Figure 3. Differentiation of 3AB-OS cells toward mesoderm- derived cell lineages:
adipogenic differentiation. (A) Changes in cell morphology of 3AB-OS cells at the
third week of differentiation. Cells stained by Oil Red O for detection of lipid formation (original magnification 400× for all figures). (B) Immunofluorescence analyses
against Glut-4, FABP-4 and adipsin (original magnification 200×). (C) Undifferentiated (U) and differentiated (D) cells subjected to Western blot (left) and RT-PCR
(right) analyses of adipogenic markers. Images are representative for at least four
separate experiments. See text for the description of each abbreviation.
Copyright © 2013 SciRes.
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(A)

sively differentiate (Figure 6(A)) until reaching mature
osteoclasts, characterized by the presence of multiple
nuclei and by the basal ruffled, invadent border (Figure
6(B)). It is well known that osteoclasts express some
specific markers, such as tartrate resistant acid phosphatase (TRAP) and cathepsin K (CTSK) [26]. In Figure
6(C), in agreement with osteoclast morphology, light
microscopy shows that differentiated 3AB-OS cells are
highly positive for TRAP-staining. In addition, RT-PCR
analysis shows the expression of the CTSK gene (Figure
6(D)).

3.3. Differentiation of 3AB-OS Cells toward
Ectodermal-Derived Cell Lineages:
Neurogenic and Gliogenic
Differentiation

(B)

Figure 4. Differentiation of 3AB-OS cells toward mesoderm-derived cell lineages: cardiomyogenic differentiation.
(A) Changes in cell morphology of 3AB-OS cells during
cardiomyogenic differentiation (0 - 18 days; original magnification 100×). Cells stained for TNNT, ACTN-2 and
ANP; nuclei counterstained with Hoechst 33342 (original
magnification 200×). (B) RT-PCR analysis of cardiomyogenic markers. Images are representative for at least four
separate experiments. See text for the description of each
abbreviation.

these results (Figure 5(B)). The ability of 3AB-OS cells
to form capillaries in semisolid medium was assessed
using the EC matrix in vitro angiogenesis kit. To this
purpose, 3AB-OS cells were seeded on the top of the
ECmatrix gel solution and cultivated either in the presence or absence of VEGF. As shown in Figure 5(C),
after 24 hours in culture, 3AB-OS cells formed capillarylike structures in the presence or absence of VEGF.
3.2.5. Osteoclastogenic Differentiation
Even osteoclast differentiation is a very rapid process
which become complete in seven days. Under the influence of the differentiation and maturation factors described in Material and Methods, 3AB-OS cells progresCopyright © 2013 SciRes.

When 3AB-OS cells were cultured in the neurogenic
medium described in Material and Methods, after an initial time (three days) during which cell actively proliferated (Figure 7(A)), a large number of cells died and a
mixing of neuron-like and glial-like cells appeared (Figure 7(B)). After 15 days in differentiation medium, cells
with small cell body and elongated thin processes (characteristic of neurons) were observed (Figure 7(C)), while
other cells, with large cell body and several thick and
thin processes (characteristic of astrocytes, Figure 7(D)
or oligodendrocyte-like cells, Figure 7(E)) were observed. Interestingly, after 25 days in culture, when differentiation appeared to be completed, cells appeared to
be covered by a thick matrix which looked like extracellular matrix (Figure 7(F)). By immunofluorescence analyses (Figure 7(G)) differentiated 3AB-OS cells showed
specific staining for neuron markers (micro-tubule-associated protein 2 (MAP-2) and synaptophysin (SYP)), for
astrocyte-marker (glial fibrillary acid protein (GFAP))
and for oligodendrocyte markers (O4) [18,27,28]. Neuronal, astrocytic, and oligodendrocytic markers expression was also shown by western blot (left) and RT-PCR
(right) analyses (Figure 7(H)).

3.4. Evaluation of Stem Cell Marker Levels
during Differentiation
Previously we have shown that 3AB-OS cells express
a number of pluripotent markers as Oct3/4, Nanog, nucleostemin (NS), and CD133 [13]. Here, we show that
3AB-OS cells also express two other markers of pluripotency, SOX2 and DPPA3 [29,30]. All these markers have
been checked after each derived cell lineage by western
blot (left) and RT-PCR (right) analyses (Figure 8). As
shown in the Figure, undifferentiated 3AB-OS cells
strongly expressed all the pluripotency markers tested,
while in differentiated cells these markers were profoundly downregulated.
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(D)

Figure 6. Differentiation of 3AB-OS cells toward mesoderm-derived cell lineages: osteoclast differentiation. (A)
Morphology of 3AB-OS cells before differentiation (original magnification 100×) and (B) after seven days differentiation (original magnification 200×). (C) Differentiated cells subjected to the TRAP assay (original magnification 200×). (D) Undifferentiated (U) and differentiated
(D) cells subjected to RT-PCR analysis of CTSK gene. Images are representative for at least four separate experiments. See text for the description of each abbreviation.
(C)

Figure 5. Differentiation of 3AB-OS cells toward mesodermderived cell lineages: angiogenic differentiation. (A) Morphologic analyses of undifferentiated (0 days) and differentiated (7
days) 3AB-OS cells (original magnification 100×); immunofluorescence analyses for the endothelial markers VEGFR1,
VEGFR2 and VWF (Original magnification 200×). (B) RTPCR analysis of endothelial markers. (C) Light microscopy of
capillary-like structures originated from 3AB-OS cells in the
absence and presence of VEGF (original magnification 200×).
Images are representative for at least four separate experiments.
See text for the description of each abbreviation.

4. DISCUSSION
Cancer is a major public health problem, which profoundly affects both industrialized and developing countries. Despite the decline in US cancer incidence and
mortality rates, cancer remains the number one cause of
death for people under the age of 85, and one in four
people in the US will die of cancer, mainly because of
metastasis [31]. The number of people affected by various types of cancer continues to grow and according to
World Health Organization cancer statistics, 15 million
people worldwide are expected to have cancer (excluding
skin cancer) by 2015.
It is well known that CSCs are cells that possess the
Copyright © 2013 SciRes.

capacity to self-renew and to give rise to the heterogeneous lineages of cancer cells that comprise the tumor,
which can self-renew and undergo asymmetrical divisions, giving rise to a differentiated progeny that represents most of the tumor populations [32]. CSCs also
possess the ability for prolonged survival, angiogenesis,
and high resistance to chemotherapy and radiotherapy,
which could explain the high frequency of neoplasia relapse years after apparently eradicating therapies [5].
These cells are also equipped to metastasize, invade and
colonize secondary tissues with instructive cues to maintain themselves being generated by both intrinsic and
niche microenvironment networks [33]. Thus, to better
understand the mechanisms that govern malignant disease progression, the isolation and characterization of
CSCs for each cancer type is an urgent need. Whether
CSCs derive from transformed stem cells or result from
cancer cells during their progressive development is still
an open question [34], however the cancer stem cell field
has stimulated lots of interest in the world and has ushered in a new era of cancer research. Understanding the
mechanism which drives CSCs proliferation, invasion and
differentiation will have fundamental clinical implications for cancer risk assessment, early detection, prognostication, prevention and therapy and might change the
landscape of cancer biology. Thus, the winning goal in
cancer research would be to find some vulnerability that
will enable scientists to kill both cancer cells and cancer
stem cells, while sparing cells needed for normal functioning. Although research in this area is bursting, much
remains to be learned about these unique cells, and unOPEN ACCESS
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(E)

(D)

(C)

(G)

(F)

(H)

Figure 7. Differentiation of 3AB-OS cells toward ectodermal-derived cell lineages: neurogenic and gliogenic differentiation. (A)-(F) Changes in cell morphology of 3AB-OS
cells during neurogenic differentiation ((A) (C) original magnification 100×; (B) (D) (E)
(F) original magnification 200×). (G) Immunofluorescence staining of 3AB-OS cells
against MAP-2, SYP, GFAP and O4; nuclei counterstained with Hoechst 33342 (original
magnification 200×). (H) Undifferentiated (U) and differentiated (D) cells subjected to
Western blot (left) and RT-PCR (right) analyses of neuronal, astrocytic and oligodendrocytic markers. Images are representative for at least four separate experiments. See text for
the description of each abbreviation.

Figure 8. Evaluation of stem cell markers. Undifferentiated (U)
and differentiated (see below the abbreviations for derived cell
lineages) 3AB-OS cells subjected to Western blot (left) and
RT-PCR (right) analyses of stem cell markers Oct3/4, SOX2,
Nanog, DPPA3, NS and CD133. Images are representative for
at least four separate experiments. Abbreviations: Osteogenic
Differentiation (OD); Adipogenic Differentiation (AD); Cardiomyogenic Differentiation (CD); Angiogenic Differentiation
(AND); Hepatogenic Differentiation (HD); Neurogenic Differentiation (ND).

derstanding the shared and distinguishing mechanisms
that drive cancer cell propagation and normal stem cell
proliferation will address versus molecular pathways that
are triggered in carcinogenesis, thereby providing researchers and clinicians with additional targets to alleviCopyright © 2013 SciRes.

ate the burden of cancer. It has been observed that cellular signaling pathways that regulate normal stem cells are
often deregulated in human cancers [35,36].
Previously, we have genetically and molecularly characterized 3AB-OS CSCs, and employing bioinformatic
analyses, we have selected 196 genes and 46 anticorrelated miRNAs involved in carcinogenesis and stemness.
For the first time, we have described a predictive network for two miRNA family (let-7/98 and miR-29a,b,c)
and their anticorrelated mRNAs (MSTN, CCND2,
Lin28B, MEST, HMGA2 and GHR), which may represent new biomarkers for osteosarcoma and may pave the
way for the identification of new potential therapeutic
targets [14].
We have also shown that 3AB-OS cells are strongly
tumorigenic in vivo where they recapitulated various
features of human osteosarcoma [15]. Here, we investigated 3AB-OS pluripotency, studying the capability to
produce in vitro derivatives of all the three primary germ
layers. The results showed that 3AB-OS cells can differentiate into endoderm-, mesoderm- and ectoderm-derived lineages. Cell differentiation was morphological, molecular and functional. As regards endoderm-derived cell
lineages, 3AB-OS cells formed hepatic and biliary-like
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cells which produced ALB, stored glycogen, formed functional bile canaliculus-like structures and expressed a
large number of hepatic and biliary cell markers. As regards mesoderm-derived cell lineages 3AB-OS cells were
capable of osteogenic, adipogenic, cardiomyogenic, angiogenic and osteoclastogenic differentiation. Indeed,
they formed colonies in multiple layers which strongly
acquired osteocyte-like features and potently stained for
ALP and ARS and produced OSC and OPN; they produced neutral lipid-laden adipocytes which strongly
stained for lipid deposition, Glut-4, FABP-4 and adipsin;
3AB-OS cells also produced typically elongated cardiomyocyte-like cells with densely packed bundles of myofibrils which strongly stained for TNNT, ACTN-2 and
ANP; they efficiently formed capillary-like structures
and expressed high levels of VEGFR1, VEGFR2 and
VWF; they formed mature osteoclasts with multiple nuclei and a basal ruffled border which strongly expressed
TRAP and CTSK. As regards ectoderm-derived cell
lineages, 3AB-OS cells produced a large number of neuronal-, astrocyte-, and oligodendrocyte-like cells which
stained for neuron markers (MAP-2 and SYP), astrocytemarker (GFAP) and oligodendrocyte marker (O4). Interestingly, neuron and glial-like cells were progressively
covered by a thick extracellular-like matrix which suggested a mechanism of completion of the differentiation
process. Moreover, each of the differentiated cell lineage
obtained showed a profound downregulation of the pluripotency markers expressed by 3AB-OS cells. We do not
know what is the reason why the cancer stem cells, such
as normal stem cells, have the ability to differentiate
toward the derivatives of the primary germ layers. It is
well known that to sustain growth and survival in their
hostile microenvironment, rapidly growing tumors have
to overcome hypoxia and a lack of nutrients through angiogenesis [37]. Thus, it is possible that each of the differentiation capability may be exploited by CSCs to supply their needs of growing and surviving in hostile microenvironment. For example, it is possible that the ability of 3AB-OS CSCs to efficiently form capillary-like
structures could be a way for them to put their pluripotency at the service of their need of growing and invading. Overall, we propose that this model system of 3ABOS differentiation in vitro might have a number of useful
purposes, among which their use to study the molecular
mechanisms of osteosarcoma origin, to define the factors
that are involved in specification of the various cell lineages. Moreover, 3AB-OS could be used to produce, after
their engineering, protein pharmaceuticals. Pluripotent
stem cells offer the possibility of a renewable source of
replacement cells and tissues to treat a myriad of diseases,
conditions and disabilities [38-41]. We still do not know
which are the differences between normal stem cells
(SCs) and CSCs. It is thought that stem cells live within
Copyright © 2013 SciRes.
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microscopic protective “niches,” which would be responsible for their features, namely their dormant status,
their low metabolic rate with low growth factor requirement and their long life living. Although stem cells enter
the cell cycle only rarely, however, when they do, they
have the potential to regenerate the entire tissue. They
also possess defense mechanisms against chemical and
toxic insults and strong response systems against DNA
damage. Overall, these characters protect stem cells from
accumulating mutations that may occur during cell divisions. As both cancer cells and CSCs are characterized
by the accumulation of a large number of mutations, it is
possible that the main difference among SCs and CSCs is
the loss of niche control. The characteristics of CSCs
therefore does not imply that their potential application
to treat clinical conditions will result in tumor formation.
We still do not know whether differentiation of 3AB-OS
cells is or not a reversible process. Thus, about their
hoped clinic use, there are a number of answers that still
we need to do.
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