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Abstract
To understand the molecular etiology of osteosarcoma, we isolated and characterized a human
osteosarcoma cell line (OS1). OS1 cells have high osteogenic potential in differentiation induction
media. Molecular analysis reveals OS1 cells expressing the pocket protein pRB and the runt-related
transcription factor Runx2. Strikingly, Runx2 is expressed at higher levels in OS1 cells than in human
fetal osteoblasts (HFOB). Both pRB and Runx2 have growth suppressive potential in osteoblasts and
are key factors controlling competency for osteoblast differentiation. The high levels of Runx2 clearly
suggest osteosarcomas may form from committed osteoblasts that have bypassed growth restrictions
normally imposed by Runx2. Interestingly, OS1 cells do not exhibit p53 expression and thus lack a
functional p53/p21 DNA damage response pathway as has been observed for other osteosarcoma
cell types. Absence of this pathway predicts genomic instability and/or vulnerability to secondary
mutations that may counteract the anti-proliferative activity of Runx2 that is normally observed in
osteoblasts. We conclude OS1 cells provide a valuable cell culture model to examine molecular
events that are responsible for the pathologic conversion of phenotypically normal osteoblast
precursors into osteosarcoma cells.
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Introduction
The generally accepted concept of stepwise mutagenesis leading to tumorigenesis is a model
that has best been described in polyposis of the colon leading to colorectal cancer [1]. Similar
mechanisms of tumorigenesis have been proposed in the oncogenic conversion of other tissues.
It is generally believed osteogenic sarcoma may originate from mesenchymal stem cells [2].
Consistent with this idea, the pluripotent nature of mesenchymal stem cells permits
differentiation in vitro into several distinct lineages (e.g., chondroblastic, fibroblastic, and
osteoblastic phenotypes) that account for most of the phenotypes exhibited in osteosarcoma.

Osteosarcoma cells develop from genetic events that mediate immortalization and may support
metastasis [3–7]. pRB is a key molecule in cell cycle regulation [8–10] and there is a strong
relationship between a pRB-null status and the development of osteosarcoma. The presence of
pRB normally suppresses growth by attenuating the activity of E2F factors until pRB is
phosphorylated by cyclin-dependent kinases (e.g, CDK2/cyclin E) and is released from E2F.
Absence of pRB permits proliferation by relieving the suppression of E2F factors and will
promote cell cycle progression in osteosarcoma cells. Similarly, null mutations in the human
p53 gene are associated with osteosarcoma and p53-null mice develop de novo osteosarcoma
[11]. It has been well-established that loss of p53 function compromises DNA damage
responses and apoptosis (e.g. due to a failure to induce p21), and thus p53-null osteosarcomas
may exhibit genomic instability and may harbor additional mutations that promote
immortalization and metastatic potential. Not all osteosarcoma cells have homozygous null
mutations in both p53 and pRB mutations. In cells lacking both genes, there may be alternative
mutational pathways that could be responsible for the de novo conversion of putative
mesenchymal cells into osteosarcoma.

The runt-related transcription factor 2 (Runx2) defines the osteoblastic lineage by mediating
the expression of a myriad of osteoblast specific genes, and the regulation of its activity is
linked to cell proliferation [12–16]. Runx2-null mutations are known to promote osteoblast
proliferation, and forced expression of Runx2 in mesenchymal cells attenuates cell growth.
Similar to previous studies [6], we postulate that Runx2 is a critical factor controlling cellular
phenotypes, but also that molecular aberrations affecting its function could be involved in the
development of osteosarcoma. Based on the anti-proliferative function of Runx2, one could
hypothesize that the expression of Runx2 is frequently silenced in osteosarcoma cells, as has
been observed for other growth-suppressive proteins, such as pRB and p53. We addressed this
hypothesis by examining the expression of Runx2 in relation to pRB and p53 in immortalized
osteoblastic cells (human fetal osteoblasts, HFOB) and a novel osteosarcoma cell line (OS1).

Materials and Methods
To define the pathological role of Runx2 in osteosarcoma, we examined Runx2 protein levels
in relation to the levels of the p53 and pRB tumour suppressors in immortalized osteoblasts
and osteosarcoma cells. To evaluate the molecular characteristics of representative cell types,
we examined cell lysates by western blotting to check the expression pattern of the cell growth
regulatory proteins Runx2, pRB, and p53, in relation to other cell cycle markers (i.e., the p53
response CDK inhibitor p21 and cyclin D). As Runx2 is expressed at high levels in quiescent
osteoblasts and mature osteoblasts but at low levels in normal actively proliferating osteoblasts,
we also examined the expression of Runx2 protein at the single cell level using
immunofluorescence microscopy.

We isolated cells from an osteosarcoma obtained in Singapore to develop a culture system that
may be representative of the local population. While it is possible that ethnic differences may
be less important than the genetic heterogeneity found in metastatic osteosarcomas, we
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believed that it would be prudent not to dismiss a priori that there could be ethnic differences.
The human osteosarcoma cell line designated OS1 was obtained with informed consent from
the tumor biopsy of a 6-year-old female patient with a diagnosis of osteosarcoma. The tissue
collection protocol was approved by the National University Hospital Institutional Review
Board (NHG DSRB B/00/301). Briefly, the biopsy specimen was minced after full rinsing in
phosphate-buffered saline (PBS). Cells were then incubated in a medium containing a 9:1 (v/
v) mixture of RPMI 1640 and Dulbecco's Modified Eagle's Medium (DMEM; Gibco, Grand
Island, NY), supplemented with 15% fetal bovine serum (FBS; HyClone, Logan, UT) at 37°
C in 5% CO2. One cell colony (OS1) was isolated and expanded as a cell line that was further
characterized for growth properties and karyotype.

Both OS1 and HFOB 1.19 cells (SV40 T antigen transformed human fetal osteoblasts obtained
from ATCC) were maintained in α-DMEM containing 10% FBS and 2 mmol/L glutamine and
sub-cultured 1:4 every 3 to 4 days using 0.25% trypsin. The HFOB1.19 cells express a
temperature-sensitive T-antigen and proliferate adequately at 37-degrees, albeit that T-antigen
is presumably less active at this temperature. These cells are not stressed (e.g., no DNA
irradiation), but express detectable levels of p53 and p21 (see Results). OS1 cells between eight
and 15 passages were used in the experiments and all cells were seeded in culture plates at a
density of 5000 cells/cm2. Cell morphology was analyzed using phase-contrast light
microscopy. Black and white photographs of triplicates from each group were taken through
an Olympus IX70 inverted phase-contrast light microscope (Olympus, Tokyo, Japan).

Upon reaching 80% confluence, cells were cultured in osteogenic medium containing ascorbic
acid-2-phosphate (50 μg/mL), β-glycerophosphate (10 mmol/L), and dexamethasone (100
nmol/L) (Sigma-Aldrich, St Louis, MO) for 4-weeks. To assess whether the cells that were
cultured ex-vivo possessed phenotypic properties of osteoblasts, we examined whether these
cells were capable of supporting calcium deposition in their extracellular matrix, the
mineralization of cultures under osteogenic inductions was evaluated using alizarin red
staining. Cultures were first fixed with −20° C methanol followed by several washes with
distilled water and then stained with 0.01% alizarin red S (pH 5.5) for 30-minutes.
Histochemical staining of the cultures was documented on an Epson Perfection® Photo scanner
(Seiko Epson Corp, Suwa, Japan). The cell layer was washed three times in PBS before
disruption in a lysis buffer (5 mmol/L MgCl2, 150 mmol/L NaCl, 0.05% Nonidet® P40, 0.1%
sodium dodecyl sulfate [SDS], 1% Triton® 100, pH 7.5) and protease inhibitor cocktail
(Calbiochem UK Ltd, Nottingham, UK) at 4° C for 10 to 30 minutes. Protein concentrations
were determined using the BCA protein assay kit (Pierce Biotechnology, Rockford, IL). Cell
lysates (20–30 μg) were resolved by 10% SDS-PAGE and proteins were transferred to
nitrocellulose membranes. Membranes were blocked with 5% low-fat milk in Tris-buffered
saline for 1 hour and then incubated with a 1000-fold dilution of primary antibody. Mouse
monoclonal antibodies against Runx2 (a gift from Dr Yoshiaki Ito and Dr Kosei Ito), pRB
(Biodesign, Saco, ME), p53 and p21 (Cell Signaling Technology, Beverly, MA), and rabbit
polyclonal cyclin D antibody (Santa Cruz Biotechnology, Inc, Santa Cruz, CA) were used in
the experiments. Membranes were incubated with peroxide-conjugated goat anti-mouse/rabbit
secondary antibodies (Santa Cruz Biotechnology) for 1-hour. Immunoreactive bands were
visualized by a chemiluminescence detection kit (Pierce).

Cultures for immunoflorescence analysis were fixed in cold 3.7% paraformaldehyde (Sigma)
for 30 minutes, permeabilized with 0.1% Triton® 100 in PBS for 15 minutes, and then blocked
by 5% goat serum for 30 minutes. Cells were incubated at 4°C overnight with a monoclonal
antibody against Runx2 (1:10,000 dilution). Cells were incubated with Alex Fluor® 594
chicken anti-mouse secondary antibody (Molecular Probes, Inc, Eugene, OR) for 30 minutes
at room temperature. Nuclei were stained using 4',6-diamidino-2-phenylindole, (DAPI, Sigma)
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and images were recorded using a Olympus fluorescence microscope (Olympus, Tokyo,
Japan).

Pixel intensities of the alkaline phosphatase stains of HFOB and OS1 cells were determined
using Adobe Photoshop [17]. Luminosity of each band was determined using the histogram
function. Mean luminosity and total pixels were determined for each of the three samples.
Background levels for each dish were determined by measuring an unstained area on the dish.
Mean luminosity and total pixels also were determined for background. Mean luminosities
were multiplied by total pixels to obtain total luminosity for each dish and background. Total
luminosity for each dish was divided by luminosity of the corresponding background to
normalize values. Averages were taken for each sample (n =3), and standard deviation was
determined. Optical density was then calculated as the inverse of the luminosity. Gray-scale
TIFF files were used and quantified with Adobe Photoshop 5.0 software using the following
protocol. First, an Invert command was applied to an entire image, and the intensity of staining
within a selected circular image window (mean pixel value) was determined using the Image
Histogram function of the software. The ratios of the staining intensities of each well were
determined after subtraction of background values measured in a space between wells. A Mann-
Whitney U parameteric test was used to compare the mean optical density at each time point,
with a 0.05 level of significance.

Results
To address the hypothesis that Runx2 has an important role in osteosarcoma, we compared an
established immortalized osteoblast cell line (HFOB) with a cell line (OS1) derived from an
osteosarcoma from a Singaporean patient. In primary cultures, the OS1 cells demonstrated a
typical spindle-like morphology and formed strand-like filopodia along the cell body. There
were no distinct differences between OS1 and HFOB although the morphology of HFOB
looked less spindle-like than OS1 (Fig. 1). Some cells from HFOB presented a triangular profile
and formed sheet-like filopodia. Both proliferated at the same rate with a doubling time of
approximately 1 to 2 days. Under osteogenic conditions (Fig. 2), the mineralization for both
OS1 and HFOB started at Week 2 [Optical Density: 142.93 (SD,5.13) and 148.65 (SD, 2.49),
respectively, p<0.05] and was most prominent in the extracellular matrix at Week 3 [172.72,
(SD, 13.08), 174.82, (SD, 2.14), p=0.51] and Week 4 [181.88 (SD, 7.68), 181.37 (SD, 3.68),
p=0.51] with no significant differences between the two cell lines (Fig. 2). For control cultures,
no appreciable mineralization was observed without osteogenic induction [122.93 (SD, 5.13),
122.08 (SD, 2.79), p=0.51]. The morphologic, cell kinetic, and histochemical data suggest OS1
cells resemble immortalized HFOBs in several respects.

Expression of Runx2 was specifically detected in the nuclei of both OS1 and HFOB cells (Fig.
3). The western blot data (Fig. 4) show Runx2 is highly expressed in OS1, and these results
corroborate the immunofluorescence microscopy data (Fig. 3). Moreover, OS1 and HFOB each
express similar levels of the pocket protein pRB. The retention of pRB expression was noted
with a robust expression of cyclin D1, which we assayed because expression of this cyclin is
frequently deregulated in cancer.

Discussion
Runx2 is a key regulator of osteoblast growth and differentiation. HFOB cells are immortalized
osteoblasts but retain many attributes of normal osteoblasts (e.g., growth factor-dependent and
anchorage-dependent growth). We detected low levels of Runx2 in HFOB cells and only a
limited number of cells revealed positive staining. These data are consistent with the low levels
of Runx2 that are detected in actively proliferating immortalized MC3T3 osteoblasts that
exhibit normal growth factor-dependent proliferation [12,14]. In contrast, we detected strong

Nathan et al. Page 4

Mol Biol Rep. Author manuscript; available in PMC 2010 November 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Runx2 signals in OS1, with over 70% of cells demonstrating positive staining, thus
corroborating the interpretation that OS1 cells exhibit constitutively high levels of Runx2. Our
results suggest a deregulation of the normal inverse relation between Runx2 levels and cell
proliferation [12,14].

Our results show that the HFOB cell line has lower Runx2 levels than the OS1 cell line. Either
confluence or reduced growth (e.g., due to loss of T-antigen activity exogenously expressed
in HFOB cells) could have increased Runx2 levels [5,12], yet the levels in HFOB cells are still
lower than the actively proliferating OS1 cells. Our observation that the levels of Runx2 are
high in OS1 osteosarcoma cells is opposite to the findings of Thomas and colleagues who
suggested that Runx2 protein is down-regulated in some osteosarcomas [19]. The question
arises whether this is a novel finding or whether high Runx2 expression is a peculiarity of the
OS1 cell line we characterized. In previous studies we have shown that human SAOS-2 cells
and rat ROS17/2.8 cells express clearly detectable levels of Runx2 [12]. Thus, the data suggest
that high Runx2 levels may be common in osteosarcoma cells.

The retention of pRB gene expression in both OS1 and HFOB cells is consistent with robust
expression of cyclin D dependent kinases (i.e. CDK4 and CDK6) that can functionally
inactivate pRB. Interestingly, OS1 cells did not exhibit either p53 or p21 expression and thus
lack a functional p53/p21 DNA damage response pathway [9,18,19]. Taken together, the
osteosarcoma cell line (OS1) we have characterized expresses two growth suppressors (Runx2
and pRB) that may have lost their suppressive potential, but exhibit loss of the p53 growth
suppressor protein and its downstream target p21, as occurs frequently in osteosarcomas. While
direct regulatory links between Runx2 and p53 are not evident from previous studies [20–
21], Runx2 is known to repress the p53 target p21 indicating that p53 and Runx2 control at
least one common pathway [22]. The absence of a functional p53/p21 DNA damage response
pathway may render OS1 cells vulnerable to secondary genetic hits that may bypass the growth
suppressive pathways that are controlled by pRB and Runx2 [3]. The development of OS1 as
a cell culture resource may permit its use in definition of molecular mechanisms that are
responsible for pathological changes of phenotypically normal osteoblast precursors into
osteosarcoma cells.

One limitation of our results is that we only compare two cell lines, thus precluding
generalizations at this stage and a larger sampling of osteosarcoma cells would be informative.
Our findings show that OS1 is derived from an osteoblastic sarcoma, but other types of
osteosarcoma exist and it would be of interest to demonstrate differences in protein expression
among different osteosarcoma types [7]. Based on our results, we anticipate that at least a subset
of osteosarcoma cells express elevated levels of Runx2 and this may modulate the pathogenic
properties of these tumor cells.
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Fig. 1.
Both (A) HFOB and (B) OS1 cells displayed the typical spindle-like morphology. (No Stain,
original magnification, ×100).
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Fig. 2A–B.
Mineralization of (A) HFOB and (B) OS1 cells was visualized by alizarin red staining up to
4-weeks. Both cell types demonstrated extensive calcium deposition in the extracellular matrix
only upon osteogenic induction. Note: 2W = 2 weeks; 3W = 3 weeks; 4W = 4 weeks.
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Fig. 3.
Runx2 expression detected in the nuclei by immunofluorescence microscopy. The intensity of
the Runx2 signal was much more pronounced in OS1 cells than in HFOB cells (Stain, 4',6-
diamidino-2-phenylindole, DAPI; original magnification, ×200).
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Fig. 4.
Western blots demonstrate Runx2 is highly expressed in OS1 but weakly expressed in HFOB.
Pocket protein pRB was detected in OS1, but the growth suppressor p53 and the CDK inhibitor
p21, which is a downstream target of p53, is not detected in OS1 cells.
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