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Abstract

Background: We focused on the phenotype of non-
mineralizing MG63 and mineralizing TE85 human os-
teosarcoma cells and investigated the role of bFGF in
modulating their differentiative responses. Basic FGF ex-
pression and bFGF effects on osteocalcin, runt-related
transcription factor-2 (RUNX2), matrix molecular produc-
tion and bFGF receptors, were evaluated.
Materials and Methods: Osteocalcin and RUNX2 gene
expression were studied by RT-PCR analysis. We evalu-
ated cell proliferation by DNA content and performed
differentiation studies on glycosaminoglican (GAG), col-
lagen and proteoglican (PG) synthesis by using radiola-
belled precursors and Northern blotting. BFGF receptors
were quantified by bFGF receptor binding assay.
Results: Osteocalcin is expressed in MG63 and TE65.
RUNX2 RNA is differentially spliced in the two cell lines.
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BFGF elicits the effects of differentially splicing RUNX2.
Proliferation, GAG synthesis, bFGF and proteoglycan
mRNA expression, high and low affinity bFGF receptors,
were more marked in MG63 and differently affected by
bFGF. Procollagen expression and alkaline phosphatase ac-
tivity were significantly reduced. BFGF increased TE85 cell
proliferation and reduced TE85 procollagen and osteocalcin
production.
Conclusions: The different splice variants in RUNX2 gene
in the two cell lines might be related to their different phe-
notypes. The less differentiated stage of MG63 could also
be related to bFGF over-production and more bFGF recep-
tors. The consequent increase in bFGF-bFGF receptor bind-
ing could explain the bFGF differentiative effects on MG63.
We suggest an autocrine role of bFGF endogenous release
in controlling the different osteosarcoma phenotypes.

Introduction
Tumour cell differentiation correlates with the prog-
nosis (1,2) and growth factor autocrine loops play an
important role in malignant bone tumour develop-
ment (3,4).

Normal bone development and remodelling in-
volves a well orchestrated spatial and temporal pro-
duction of various ECM components such as type I
collagen, glycosaminoglycans (GAG), proteoglycans
(PG), and growth factors (5,6). All these macromol-
ecules contribute to render the matrix competent for
mineralization, which is essential for complete ex-
pression of the osteoblast phenotype.

Abnormal production of growth factors affects
extracellular matrix (ECM) bone metabolism (7,8).
The basic fibroblast growth factor (bFGF) acts as a
potent modulator of bone cell proliferation and dif-
ferentiation (9,10). Recent evidence suggests bFGF
receptor mutations and bFGF–induced changes
in ECM production are linked to several bone

diseases characterized by abnormal osteogenesis
(11–13).

In the light of these observations, we wondered
whether the bFGF pathway is involved in driving
osteosarcoma cells towards a more or less differenti-
ated osteoblast phenotype. We examined bFGF ex-
pression and the effects of bFGF on cell growth and
differentiation in two widely used human osteosar-
coma cell lines, MG63 and TE85. In culture, both
lines express characteristic features of osteoblast lin-
eage, but MG63 is considered a non-mineralizing
cell line, while TE85 is a mineralizing cell line
(14–16). To evaluate their differentiation states and
the effects of bFGF, we studied markers of osteoblast
differentiation such as alkaline phosphatase (ALP),
osteocalcin and runt-related transcription factor-2
(RUNX2) gene expression. The RUNX2 gene has
different transcripts, generated from alternative
splicing from RUNX2 transcription start sites under
the control of two promoters, P1 and P2 (17). There
are two major RNA species that are transcribed from
these two promoters and encode two principal
isoforms with different N termini (P1/MASNS and
P2/MRIPV) (18). P2/MRIPV appears to be ex-
pressed more constitutively and at an early time
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point in mesenchimal pluripotent precursor cells,
while P1/MASNS isoform is expressed late when
the precursor cells become committed to the os-
teoblast phenotype (19). Few data are available on
the biological effects of the RUNX2 gene. In this
study, we observed for the first time a different
bFGF modulation of RUNX2 isoforms in MG63 and
TE85 cells.

Finally, cell proliferation, GAG synthesis, the
expression of type I procollagen, and several PG
which are involved in osteoblast matrix composition
were evaluated, and the results were related to
bFGF receptor number in the two cell lines.

Materials and Methods
Cell Cultures

Human MG63 and TE85 osteosarcoma cell lines
were obtained from the American Type Cell Collec-
tion, Rockville, MD and maintained in Eagle’s Min-
imum Essential medium (MEM), supplemented
with 10% (v/v) fetal calf serum (FCS), non-essential
aminoacids (Gibco BRL), penicillin G (100 U/ml),
streptomycin sulphate (100 �g/ml), and ampho-
tericin B (2.5 �g/ml) (Sigma). The cells were rou-
tinely subcultured once a week. For experiments,
MG63 and TE85 osteosarcoma cells were seeded at
80x103 cells/well (Nunc Multiwell diskes, 9.9 cm2),
maintained for 96 h in MEM � 10% FCS, then
treated for 24 h in MEM � 0.5% FCS with or with-
out bFGF (20 ng/ml).

Alkaline Phosphatase Activity

After maintenance in vitro, cells were rinsed with
saline and scraped in 10 mM Tris-HCl (pH 7.6)
containing Triton X-100 and 0.5 mM MgCl2, soni-
cated, and stored at �20�C. Alkaline phosphatase
activity (ALP) was determined in cell lysate by
measuring the release of p-nitrophenol from dis-
odium p-nitrophenyl phosphate (PNPP) (20). An
aliquot of cell lysate was added to the substrate so-
lution containing 10mM PNPP in 100 mM di-
ethanolamine buffer (pH 10.5) with 0.5 mM
MgCl2. After incubation at 37�C for 1h, the reac-
tion was stopped by adding 1ml 0.2M NaOH. Ab-
sorbance was determined at 410 nm. Results are
expressed as U/�g DNA. One unit is defined as the
amount of enzyme required to hydrolyse 1 �mole
of PNPP/min.

DNA Assay and Cell Number

DNA content was measured in cells homogenized
with Ultra-Turrax (IKA-Werk) in phosphate saline
buffer (PBS) pH 7.4 (21). Aliquots of homogenate
were mixed with PBS containing bisbenzimide
(Hoechst 33258, Sigma) to a final concentration of 
1 �g/ml. The fluorescence was measured by a fluori-
metric method, and DNA content was expressed as
�g DNA/ml of cell homogenate. To determine cell
number, MG63 and TE85 were harvested with PBS,
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sedimented by centrifugation at 2,000 rpm, and 
resuspended in 1 ml of medium. Tripan Blue was
added to the cell suspension to obtain a final con-
centration of 2 mg/ml. Cells were incubated for 
5 min. at room temperature and the number of
stained cells determined by counting with Burker’s
camera.

Detection of RUNX2 and Osteocalcin by RT-PCR Analysis

MG63 and TE85 cells were treated as above and to-
tal RNA was isolated by lysing the cells with TRIzol
reagent (Invitrogen s.r.l., Italy). The RNA was
treated immediately with DNAse I (Invitrogen,
Italy), and the integrity of the treated RNA was ex-
amined by detection of ribosomal RNA bands (28S
and 18S) in ethidium bromide stained agarose gels.
The RNA was quantified by reading the optical den-
sity at 260 nm. One to two micrograms of total RNA
were reverse transcribed for 1 h at 37�C. Reverse
transcription (RT) was performed in a final volume
of 50 �l containing 50 mM Tris-HCl (pH 8.3 at 25�C),
3 mM MgCl2, 75 mM KCl, 10 mM DTT, 0.5 mM each
deoxynucleotide triphosphate (dNTP), 40 units/tube
RNaseOUT (Invitrogen), 1 �g of random exanu-
cleotide primers (Roche), and 40 units/tube M-MLV
(Moloney murine leukemia virus) reverse transcrip-
tase (Invitrogen, Italy). PCR was performed using 
2 �l of the cDNA prepared by the RT reaction in a fi-
nal volume of 50 �l. The PCR reaction mixture con-
tained 50 mM KCl, 20 mM Tris-HCl (pH 8.4
at 25�C), 1.5 mM MgCl2, 2.5 units Taq poly-
merase (Platinum Taq, Invitrogen, Italy), 0.2 mM
each dNTP, and 0.2 �M of each pair of primers. 
Primers for isoform-specific RUNX2 were 5�-(3021)-
ATGCTTCATTCGCCTCACAAAC-(3042)-3� and
reverse 5�-(3432)-AGTCCCTCCTTTTTTTTTCAG-
(3412)-3�. Primers for osteocalcin were 5�-(17)-CAT-
GAGAGCCCTCACACTCC-(37)-3� and 5�-(321)-
CTAGACCGGGCCGTAGAAGCG-(300)-3�. Primers
for �-actin were 5�-(522)-CACACTGTGCCCATC-
TACGAGG-(543)-3� and 5�-(872)-AGTTTCGTGGAT-
GCCACAGGA-(852)-3�. The numbers in brackets in-
dicate the sequence positions of RUNX2 (GenBank
AY090738), osteocalcin (GenBank NM_000711), and
�-actin (GenBank X00351).

The predicted product sizes for the RUNX2, 
osteocalcin and �-actin primers are 412-bp
(RUNX2 unspliced form), 304-bp, and 351-bp re-
spectively. PCR was run in a thermal cycler (Hy-
baid) for 25–40 cycles, each cycle consisting of 
denaturation stage for 15 sec at 94�C, annealing for
20 sec at 58�C for RUNX2 or 61�C for osteocalcin
and actin primers respectively, and polymerization
for 30 sec at 72�C. At the end of amplification, the
PCR products were separated on a 2% agarose gel,
stained in ethidium bromide, and photographed
under ultraviolet light. To confirm the sizes of the
fragments, a 100-bp DNA ladder (Invitrogen, Italy)
was used as molecular weight marker. Actin was
included as the control gene, which is expressed in
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RNA Extraction and Northern Blot Analysis

Total cellular RNA was extracted from MG63 and
TE85 osteosarcoma cell lines, cultured as above, by
the single-step method (23). Twenty �g of total
RNA were loaded per lane and electrophoresed on
1% w/v agarose gels containing 0.66 M formalde-
hyde (24). Following electrophoresis, RNA was
transferred onto nylon filters (Amersham, UK),
and fixed by baking for 2 h at 80�C. Nylon mem-
branes were prehybridized for 2 h at 65�C in a
solution containing 250 mM Na2HPO4, 7% (w/v)
SDS, and 1 mM EDTA. 32P-labeled cDNA probes
were prepared as described below and hybridiza-
tions were carried out overnight at 65�C in the
same solution. At the end of incubation, the filters
were washed twice with 20 mM Na2HPO4, 5%
(w/v) SDS, 1 mM EDTA at 65�C, and once with the
same solution containing only 1% (w/v) SDS at
65�C. The human cDNAs used as probes on North-
ern blots were a 1.6-kb human decorin (P2) cDNA
and a 1.69-kb human biglycan (P16) cDNA, both
kindly provided by Dr. Larry W. Fisher (25), of the
NIDR, NIH, Bethesda, MD, USA; a 0.8-kb human
bFGF cDNA, a generous gift of Dr. Judith Abra-
ham, PhD, Scios Nova, CA, USA; a 0.67-kb cDNA
for human procollagen �1(I), (clone pHCAL1U, a
generous gift from Dr. Eero Vuorio, University of
Turku, Finland), and a 0.7-kb cDNA for human
syndecan-1 kindly donated by Dr. M. Bernfield,
Newborn Medicine, Children’s Hospital, Boston,
MA, USA. For normalization purposes, the filters
were stripped and rehybridized with a 1.3-kb 
rat glyceraldehyde-3-phosphate dehydrogenase
(pRGAPDH) cDNA. Probes were labeled with 5’-
[�32P]dCTP (Amersham) by random priming
(Amersham) and used to hybridize with Northern
blots prepared as described above. For autoradiog-
raphy, the membranes were exposed to preflashed
Amersham Hyperfilm MP film at �80�C with in-
tensifying screens. X-ray films were developed and
the labeled bands were quantified via laser scan-
ning densitometry using Quanti-Scan software
(Biosoft, UK) running on a Pentium II IBM desk-
top computer. The absolute counts were converted
to relative densitometric units and corrected for the
abundance of GAPDH mRNA.

bFGF Binding Assay

MG63 and TE85 osteosarcoma cell lines were incu-
bated for 24 h in MEM plus 0.5% FCS, with and
without bFGF at the dose of 20 ng/ml. Basic FGF re-
ceptor binding was performed according to others
(26). Briefly, the cells were incubated for 2 h at 37�C
in serum free MEM with 0.15% gelatin before the
start of each experiment. Cells were then washed
twice with cold phosphate-buffered saline (PBS)
and 200 �l of cold MEM containing 25 mM Hepes
pH 7.5, 0.15% gelatin and increasing concentration
of 125I bFGF (0.1–10 ng/ml, Amersham Life Science

all cells. The presence of 351-bp actin bands in all
the PCR products confirms the similar conversion
of RNA to cDNA in both control and bFGF treated
samples.

Osteocalcin and bFGF Secretion

MG63 and TE85 osteosarcoma cell lines were
maintained for 24 h in MEM � 0.5% FCS with or
without bFGF (20 ng/ml). The cultures were then
rinsed and maintained in serum-free medium for
another 24 h. Conditioned media (CM) from un-
treated or treated cultures were collected and cen-
trifuged for 10 min at 3,000 rpm in the presence of
protease inhibitors (1 mM phenyl-methyl-sul-
fonyl-fluoride) to remove cells and debris. The os-
teocalcin and bFGF levels were determined in the
CM of MG63 and TE85 osteosarcoma cell lines us-
ing specific ELISA kits (respectively Nuclear Laser
Medicine, Milano and ICN Biomedicals, Milano)
according to the manufacturer’s instructions. Stan-
dard curve was run to determine osteocalcin and
bFGF concentrations.

GAG Synthesis and Identification

Cells were maintained in vitro as above in the pres-
ence of 5 �Ci/ml of [3H]-glucosamine hydrochloride
(Amersham, specific activity 29 Ci/mmol). Parallels
coltures were added with bFGF antibody (R.D.
System) at a concentration of 4.5 �g/ml. At the end
of the incubation time, cells and media were recov-
ered separately and processed (22).

Aliquots of [3H]-labelled GAG containing
lysed cells and media were applied to a DE-52
cellulose anion exchange column (0.7 � 13 cm),
equilibrated with 10 mM Tris-HCl (pH 7.2), and
eluted at room temperature with scaled-up concen-
trations of NaCl (0.3, 0.4, 0.5, 0.6 M). One ml frac-
tions were collected; 0.2 ml aliquots were mixed
with 10 ml of Pico-Fluor 40 (Packard) and counted
in the liquid scintillation counter. Recovery after
the fractionation procedure was about 85–90 per-
cent. Column fractions corresponding to specific
types of GAG were pooled, dialysed, and
lyophilised. Testicular hyaluronate lyase (beef, Miles
Italiana S.p.A., Milano, Italy) and streptomyces
hyaluronate lyase (Streptomyces hyaluroliticus, Seika-
gaku Kogyo Co., Tokyo) digestions were per-
formed by dissolving lyophilised samples in 0.02 M
sodium acetate buffer, pH 5, containing 0.1 M NaCl,
at 37�C for 24 hrs with 30 and 5 enzyme units
respectively; chondroitin ABC lyase and chon-
droitin AC-II lyase (Arthrobacter aurescens, Seika-
gaku) digestions were performed in 0.01 M Tris
buffer, pH 8 at 25�C for 24 h with 0.5 and 0.01 en-
zyme units. Standard GAG (Sigma) were then
added, precipitated with 3 vol of 5% potassium
acetate in ethanol. Radioactivity was measured
in both supernatants (digested GAG) and pellets
(undigested GAG). Results are expressed as
cpm/�g DNA.



Products, England) were added to each well. The
cells were incubated for 2 h a 4�C on an orbital
shaker.

The binding medium was discarded and the
cells were washed twice with ice cold PBS and
twice with MEM/gelatin. To determine low affin-
ity binding of bFGF, the cells were incubated
twice for 5 min with cold PBS pH 7.5 containing
2M NaCl and the cell extract was counted in a
gamma counter (Packard). Control experiments
were conducted using cells treated with he-
parinase to determine the reduced amount of low
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affinity receptor bound bFGF. Nonspecific binding
was estimated in the presence of 100 fold excess of 
unlabeled recombinant human bFGF and sub-
tracted from all data.

High affinity bound bFGF was determined by
20 mM sodium acetate, 2M NaCl, pH 4.0 extraction.
All experimental measurements were run in tripli-
cate. Receptor binding was normalized with re-
spect to cell number, and analyzed with Scatchard
method.

Statistical Analysis

Results in the table and figures are the mean � SD of
five separate experiments each performed in quadru-
plicate. Statistical analysis was performed by analy-
sis of variance (ANOVA) followed by Sheffe F-test.
The results from Northern blotting were obtained
from five separate experiments and analysed by
paired Student’s t-test.

Fig. 1. RT PCR analysis of RUNX2 and osteocalcin 
mRNAs. MG63 and TE85 cells were untreated (control, C) or
treated for 24 h with bFGF (20 ng/ml). Total RNA was ex-
tracted and RT-PCR was performed using primers specific for
RUNX2, osteocalcin, or �-actin used as internal standard. The
first lane shows a 100-bp DNA ladder as molecular size marker
(MW) with the brightest band corresponding to 0.6-kb. The a,
b, c, and d bands represent forms of differentially spliced
RUNX2 mRNAs.

Table 1. Alkaline phosphatase activity in MG63 and
TE85 cells treated or not with bFGF.

�mol Paranitrophenolphosphate 
(PNP)/min/�g DNA

MG 63
Control 0.12 � 0.01
bFGF 0.11 � 0.01 NS

TE 85
Control 1.36 � 0.02§
bFGF 1.13 � 0.04*

Osteosarcoma cells were cultured for 24 h in MEM � 0.5% FCS
in presence and in absence of bFGF (20 ng/ml). Alkaline
phosphatase activity was measured as described in materials
and methods. Values are expressed as mean � SD of five separate
experiments, each in quadruplicate. Data were analysed by
analysis of variance (ANOVA). Differences vs each control: 
*F-test significant at 99%; NS � not significant. TE85 control 
vs MG63 control: § F-test significant at 99%.

Table 2. DNA content and cell number of MG63 and
TE85 cells treated or not with bFGF.

�g DNA/ml of Cell 
Homogenate Cell Number � 103

MG 63
Control 8.6 � 0.26 254 � 21
bFGF 8.4 � 0.41 NS 234 � 29 NS

TE 85
Control 3.7 � 0.38§ 159 � 13
bFGF 4.5 � 0.09* 198 � 15*

Osteosarcoma cells were cultured for 24 h in MEM � 0.5% FCS
with and without bFGF (20 ng/ml). DNA content and cell
number were measured as described in materials and methods.
Values are expressed as mean � SD of five separate experiments,
each in quadruplicate. Data were analysed by analysis of
variance (ANOVA). Differences vs each control: * F-test significant
at 95%; NS � not significant. TE85 control vs MG63 control: 
§ F-test significant at 99%.
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and the effects of bFGF. We used PCR primers de-
tecting the human mRNA transcript that is trans-
lated to P1/MASNS protein isoform.

Bands a, b, c, and d represent forms of differen-
tially spliced RUNX2 mRNAs. Band a shows the
predicted unspliced 412-bp mRNA in which intron-
1 is completely retained, while band b (about 380-
bp) could be a splice variant resulting from tran-
scripts with a small internal deletion. Bands c and d
are as predicted, based on two alternative splicing
sites and the relative molecular weights are 246-bp
and 212-bp respectively.

In untreated MG63 cells, PCR demonstrated one
major 212-bp band and two faint bands (correspond-
ing to alternatively spliced forms 246-bp and 380-bp).
Basic FGF treatment markedly decreased the 212-bp
band and gave origin to a larger band of 412-bp. In
TE85 cells, the pattern of band amplification was more
complex, because untreated and bFGF treated cells all
showed the four different mRNA species (labeled: a, b,
c and d). Basic FGF treatment induced only slight
modifications on relative c and d band intensities.

Osteocalcin mRNA was expressed in both
MG63 and in TE85, irrespectively of whether they
were treated or not with bFGF (Fig. 1B).

bFGF Expression

Basic FGF transcript was found in both osteosarcoma
cell lines (7- and 3.7-kb bands) (Fig. 2), but MG63
expressed about three times more bFGF than TE85.

Osteocalcin and bFGF Secretion

No significant differences in the levels of osteocalcin
secreted into the media were observed between

Results
Alkaline Phosphatase Activity

Alkaline phosphatase activity (ALP) was markedly
lower in MG63 cells than in TE85 (11.2-fold less)
(Table 1). Basic FGF treatment inhibited by about
17% ALP activity only in the TE85 cells.

Cell Growth

Proliferation rate, as assessed by DNA assay and cell
number, was greater in MG63 cells than in TE85
cells. Basic FGF significantly stimulated DNA syn-
thesis and cell number only in TE85 cells (Table 2).

Detection of RUNX2 and Osteocalcin by RT-PCR Analysis

Figure 1A shows the steady state levels of RUNX2
mRNA species in the two osteosarcoma cell lines

Fig. 2. Expression of bFGF and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) mRNA in MG63 and
TE85 human osteosarcoma cell lines. Equal aliquots of total
RNA per lane were analysed by Northern hybridization 
technique. The same filter was stripped and rehybridized with 
32P-labelled cDNA probes as indicated. Autoradiograms are
from a representative experiment. Messenger RNA levels, 
expressed as relative densitometric units/20 �g total RNA
analysed/lane and corrected for the abundance of GAPDH
mRNA. Mean � SD of five separate experiments. The results
are analysed by paired Student’s t test. Difference vs MG63 cell
line: *P � 0.001.

Table 3. Osteocalcin and bFGF levels in conditioned
media (CM) of MG63 and TE85 treated or not with
bFGF.

Osteocalcin 
(ng/106 Cells) bFGF (ng/106 Cells)

MG 63
Control-CM 141.9 � 15.9 381.3 � 29.1
bFGF-CM 109.1 � 10.6** 526.3 � 36.9*

TE 85
Control-CM 146 � 6.6§ 311 � 30
bFGF-CM 85 � 3.4* 383 � 30.8*

Osteocalcin and bFGF levels in CM obtained from MG63 and
TE85 osteosarcoma cell lines cultured for 24 h in MEM � 0.5%
FCS (Control-CM) or treated with bFGF (20 ng/ml) (bFGF-CM),
were quantified by ELISA as described in materials and
methods. Values are expressed as mean � SD of five separate
experiments each in quadruplicate. Data were analysed by
analysis of variance (ANOVA). Difference vs each control: 
*F-test significant at 99%; **F-test significant at 95%. 
§Difference vs MG63 control-CM not significant.



MG63 and TE85 cells (Table 3). Treatment with bFGF
significantly decreased osteocalcin secretion in MG63
and TE 85 CM.

Basic FGF secretion was significantly greater in
MG63 CM than in TE85 and markedly increased in
both cell lines after bFGF was added, the increase
being more evident in MG63 CM.

GAG Synthesis

MG63 cells synthesized slightly more total GAG 
(�11.6%) than TE85 cells (Fig. 3). GAG secretion
into the medium was greater in MG63, while GAG
cellular accumulation was prevalent in TE85. Treat-
ment with bFGF increased total GAG synthesis in
both cell lines but the effects on secretion and cel-
lular accumulation differed. In MG63, exogenous
bFGF increased GAG accumulation into the cellular
compartment by about 74% without significantly
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influencing secretion into the medium. In TE85
cells, bFGF increased GAG secretion by about 54%,
but did not modify the GAG content in the cellular
pool.

Chromatographic analyses of the cell lysates
and culture media, mainly revealed four classes of
GAG: hyaluronic acid (HA), heparan sulphate
(HS), chondroitin sulphate (CS), and dermatan sul-
phate (DS) (Fig. 4). In the cell compartment, the
HA/sulphated GAG ratio shifted in favour of sul-
phated GAG with HS as the main class of cellular
GAG in both MG63 and TE85 cell lines. Basic FGF
significantly increased the HA/sulphated GAG
ratio only in MG63. MG63 secreted mainly HA
GAG class and TE85 mainly CS (Fig. 5). The
HA/sulphated GAG ratio shifted in favour of HA in
MG63. In TE85 the ratio was, on the contrary, in

Fig. 3. [3H]glucosamine incorporation in GAG synthesized
by MG63 and TE85 osteosarcoma cell lines treated or not
with bFGF and anti-bFGF. Cells were maintained in MEM
� 0.5% FCS for 24 h with or without bFGF (20 ng/ml) and
anti-bFGF (4.5 �g/ml). Cells and media were processed as 
described in Materials and Methods. Values are expressed 
as cpm/�g DNA and are the mean � SD of five separate 
experiments, each in quadruplicate. Data were analysed by
analysis of variance (ANOVA). Differences vs control: *F-test
significant at 99%; **F-test significant at 95%. NS � not 
significant.

Fig. 4. [3H]glucosamine incorporation into individual 
cellular GAG classes in MG63 and TE85 osteosarcoma cell
lines treated or not with bFGF. Cells were maintained in
MEM � 0.5% FCS for 24 h with or without bFGF (20 ng/ml)
and [3H]glucosamine, lysed and aliquots of cell extracts were
applied to DE-52 cellulose anion exchange column and
processed as described in materials and methods. HA �
hyaluronic acid; HS � heparan sulphate; CS � chondroitin-4
and �6 sulphate; DS � dermatan sulphate. Values are 
expressed as cpm/�g DNA and are the mean � SD of five 
separate experiments, each in quadruplicate. Data were
analysed by analysis of variance (ANOVA). Differences vs
control: *F-test significant at 99%. NS � not significant.
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RNA fractions. The abundance of each specific
mRNA relative to GAPDH mRNA was calculated by
densitometric analysis of the Northern filters (Fig. 7).
Both human osteosarcoma cells expressed �1(I)-pro-
collagen mRNA (5.8- and 4.7-kb bands). TE85 cells
produced about three times more �1(I)-procollagen
mRNA than MG63 cells. Basic FGF reduced TE85
collagen expression by 57% but had no significant
effects on �1(I)-procollagen mRNA in MG63 cells.

Under our experimental conditions decorin
mRNA could be quantified only in MG63 cells. Ba-
sic FGF reduced decorin mRNA expression by 87%.
MG63 also expressed biglycan mRNA at higher
level than TE85 cells (about 1.5-fold), but adding
exogenous bFGF did not modify biglycan expres-
sion. Syndecan transcripts (of approximately 2.6 and
3.4 kb) were about twice as high in MG63 cells as in
TE85 cells. Treatment with bFGF increased the
steady-state level of syndecan in MG63 by 48% and
in TE85 by 129%. Adding bFGF antibody, blocked
the bFGF effects.

favour of sulphated GAG. In MG63, bFGF incre-
ased HA and reduced CS and DS levels; conse-
quently the HA/sulphated GAG ratio was incre-
ased. In TE85, bFGF increased all unsulphated and
sulphated GAG without influencing the HA/sul-
phated GAG ratio. The addition of bFGF antibody
annulled the bFGF effects.

Expression of mRNA Levels for Type I 
Procollagen and Proteoglycans

Northern blots were performed to analyse the
mRNA levels of type I procollagen and PG in the
two osteosarcoma cell lines treated or not with
bFGF (Fig. 6). GAPDH mRNA levels on the same
Northern blots served as control. Similar levels of
GAPDH mRNA in control and bFGF-treated cul-
tures indicated the specific mRNA changes were
not due to the variations in ribosomal or poly-A�

Fig. 5. [3H]glucosamine incorporation into GAG classes 
secreted by MG63 and TE85 osteosarcoma cell lines treated
or not with bFGF. Cells were maintained in MEM � 0.5%
FCS for 24 h with or without bFGF (20 ng/ml) and 
[3H]glucosamine as described in materials and methods.
Aliquots of media were applied to DE-52 cellulose anion ex-
change column and processed as described in materials and
methods. HA � hyaluronic acid; HS � heparan sulphate; 
CS � chondroitin-4 and �6 sulphate; DS � dermatan sulphate.
Values are expressed as cpm/�g DNA and are the mean � SD
of five separate experiments, each in quadruplicate. Data were
analysed by analysis of variance (ANOVA). Differences vs 
control: *F-test significant at 99%, **F-test significant at 95%,
NS � not significant.

Fig. 6. Expression of type I procollagen, decorin, biglycan,
syndecan, and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) mRNA in MG63 and TE85 human osteosarcoma
cell lines treated or not with bFGF. Equal aliquots of total
RNA per lane were analysed by Northern hybridization tech-
nique. The same filter was stripped and rehybridized with 
32P-labelled cDNA probes as indicated. Autoradiograms are
from a representative experiment.



bFGF Receptor Binding Assay

Figures 8 and 9 illustrate the results of bFGF bind-
ing assays. MG63 cells expressed more bFGF recep-
tors than TE85 cells. Low affinity receptors were
13009 � 1240 vs. 7926 � 291 and high affinity re-
ceptors were 3728 � 108 vs. 1397 � 56, respectively.
Basic FGF treatment reduced the number of low and
high affinity binding receptors in both cell lines.

Discussion
Dedifferentiation processes and unbalanced autocrine
production of growth factors are known to be in-
volved in the multistep progress of tumorigenesis. In
the present study, we investigated the differentiation
stage and the effects of bFGF in MG63 and TE85,
two human osteosarcoma cell lines.

We demonstrated that the runt-related transcrip-
tion factor-2 (RUNX2) mRNA, is differentially
spliced in MG63 and TE85 cells. While TE85 ex-
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pressed all four different mRNA species related to
P1/MASNS isoforms, MG63 showed one major
band (221-bp) and two faint bands. The multiplicity
of alternative splice variants in the RUNX2 gene
suggest that all these different products could po-
tentially have different biologic effects and the role
of each form in regulating osteoblast differentiation
remains to be defined.

Basic FGF influence the transcription of alterna-
tive spliced mRNA forms differently in the two cell
lines. In MG63, in particular, bFGF induced a de-
crease of 212 bp band and gave origin to two new
larger bands. To our knowledge, this is the first in-
dication that bFGF elicits a direct different splicing
of RUNX2 in MG63 and TE85 human osteosarcoma
cells. The result could be related to their different os-
teoblast maturation stages.

Furthermore, our results showed that under
basal conditions, TE85 cells had a lower prolifera-
tion rate, higher levels of ALP activity, and higher

Fig. 7. Densitometric analysis of type I procollagen, decorin, biglycan, and syndecan-1 mRNA levels in human MG63 and
TE85 osteosarcoma cell lines treated or not with bFGF and anti-bFGF. Labeled bands were quantitated by laser scanning 
densitometry. Data represent the mRNA levels, expressed as relative densitometric units/20 �g total RNA analysed/lane and corrected
for the abundance of GAPDH mRNA (arbitrary units). All values are the mean � SD of five separate experiments. The results are
analysed by paired Student’s t-test. Differences vs control: *P � 0.01; NS � not significant.
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side chains are involved in bone matrix mineral-
ization (28).

The response to bFGF was different in the two
osteosarcoma cell lines. In MG63, bFGF increased
only the cellular GAG, without influencing secre-
tion. In TE85, it increased only the secreted quota
without influencing total cellular GAG accumula-
tion. Adding bFGF to MG63 cells reduced the ab-
solute value of secreted CS content. On the contrary,
mineralizing TE85 cells are stimulated by bFGF to
secrete a quantitatively more abundant matrix.

In osteosarcoma cells, both decorin and biglycan
contain hybrid polymers of chondroitin and der-
matan sulphate chains (29–32). They regulate matrix
assembly (33) and control cell adhesion (34), prolif-
eration (35), and migration (36). Our findings on PG
expression showed that decorin and biglycan mR-
NAs were expressed more in MG63 than in TE85
cells. The lack of decorin gene expression that we

procollagen I gene expression than the MG63, indi-
cating that TE85 cells exhibit a more mature 
osteoblast phenotype. Basic FGF treatment, by 
promoting TE85 cell proliferation and down regu-
lating its ALP activity, osteocalcin secretion and type
collagen I gene expression, seems to decrease TE85
osteoblast differentiation. The down-regulation of
procollagen I expression concurs with findings in
human normal osteoblast cells (6) and in mouse os-
teoblast-like MC3T3-E1 cells (27).

Unlike the TE85 cells, GAG secretion in MG63
cells was higher than intra-cellular accumulation.
It is interesting to note that MG63 cells secreted
GAG that are, on the whole, richer in HA, while
TE85 cells secreted more sulphated GAG and more
of the CS GAG class in particular. The higher
quantity of sulphated GAG secreted into the
medium by TE85 cells could account for their more
mature, mineralizing phenotype, because CS GAG

Fig. 8. Scatchard analysis of 125I-bFGF binding to MG-63 osteosarcoma cell lines treated or not with bFGF. The cells were
preincubated at 37�C for 2 h in serum-free medium containing 0.15% gelatin, then incubated at 4�C for 2 h in serum-free
medium containing different concentrations of bFGF. The medium was removed, and cells were washed with cold PBS. Low-
affinity binding was removed with PBS, pH 7.5, containing 2 M NaCl. High-affinity binding was extracted using 20 mM sodium 
acetate, pH 4. The cell-associated radioactivity was analyzed by the Scatchard procedure. Results are from a representative 
determination. The experiments were repeated three more times for each cell type with similar results.
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Fig. 9. Scatchard analysis of 125I-FGF2 binding to TE-85 osteosarcoma cell lines treated or not with bFGF. The cells were
preincubated at 37�C for 2 h in serum-free medium containing 0.15% gelatin, then incubated at 4�C for 2 h in serum-free medium
containing different concentrations of FGF2. The medium was removed, and cells were washed with cold PBS. Low-affinity binding
was removed with PBS, pH 7.5, containing 2 M NaCl. High-affinity binding was extracted using 20 mM sodium acetate, pH 4. The
cell-associated radioactivity was analyzed by the Scatchard procedure. Results are from a representative determination. The experi-
ments were repeated three more times for each cell type with similar results.

found in TE85 may account for their higher collagen
expression. Indeed an inverse link between collagen
amount and phenotypic expression of small PG
genes has just been demonstrated in other in vitro
models (37).

Only MG63 decorin expression was down regu-
lated by bFGF confirming reports from other in vitro
models (8). This finding can be explained in the
light of our observation that bFGF reduces MG63
sulphated GAG secretion and leads to fewer CS and
DS chains being available for the protein core bind-
ing which is necessary to produce a mature decorin
PG expression (38).

MG63 also expressed more syndecan PG; bFGF
increased the transcript in both osteosarcoma lines
with the amount always being higher in MG63.
Few data on the transcriptional regulation of syn-
decan by bFGF are available and only our group

has investigated it in a human osteoblast model
(8). As syndecan is considered a low affinity bFGF
receptor which is able to affect bFGF binding to its
high affinity receptor (39), different expression of
syndecan levels might play a critical role in 
controlling bFGF receptor binding and in influenc-
ing its effects on osteosarcoma phenotypes. The re-
sults are confirmed by the bFGF binding assay that
showed the absolute values of low and high affin-
ity receptors were higher in MG63 than TE85. The
enhanced bFGF-bFGF receptor binding, could in-
crease the bFGF-dedifferentiative effects and ac-
count for the less mature osteoblast phenotype in
MG63.

Furthermore, MG63 cells produced a higher level
of bFGF message. The increase in bFGF mRNA paral-
leled the levels of bFGF detected in the media. Basic
FGF over-expression in MG63 suggests an autocrine
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role of endogenous release in controlling the os-
teoblast phenotype. In support of this hypothesis in
fact, bFGF, even without typical leader sequences, has
been shown to be secreted by living and responsive
cells (40–43). Our observation that exogenous bFGF
modulates the phenotypic features exhibited by the
two osteosarcoma cell lines and affects the osteoblast
phenotype-related gene, RUNX2 and extracellular
matrix production differently in each, may be consid-
ered direct evidence of the bFGF autocrine effect.

It is of interest that an autocrine loop involving
the bFGF pathway may be implicated in the expres-
sion of different maturation stages, thus modulating
tumour cell behaviour. As growth factor over ex-
pression has been reported in many neoplastic cell
types (44–46), our findings support the view that os-
teosarcoma development involves several genetic al-
terations, one of which could be deregulation of au-
tocrine bFGF growth and differentiation control.
The ability to interfere with such an autocrine loop
may represent an additional strategy for therapeutic
intervention.
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