


In our previous study, we determined that elevated
ICAM-1 expression was promoted the metastasis of
osteosarcoma: the expression level of ICAM-1 was
elevated in two metastatic osteosarcoma cell lines and
ICAM-1 siRNA reduced their tumor cell migration
(transforming growth factor alpha) [20]. Moreover we
suggested that ICAM-1 expression is up-regulated by
PI3K/Akt signaling pathway through the epidermal growth
factor receptor (EGFR) [20]. The EGFR is a receptor
tyrosine kinase of the ErbB family. Upon activation by the
binding of specifc ligands, the autophosphorylation of the
EGFR at several tyrosine residues initiates downstream
signal transduction cascades, principally of the mitogen-
activated protein kinase, Akt and c-Jun N-terminal
kinase pathways. These protein kinases modulate several
cellular activities such as cell migration, adhesion,
and proliferation. Therefore the aberrant activation of
EGFR has been associated with various cancers through
several mechanisms including receptor overexpression,
mutation, receptor ligand overexpression, and ligand-
independent activation [21]. For example, overexpression
of Transforming growth factor-alpha (TGF-a), one of the
main ligands of the EGFR, has been observed in various of
malignant tumors such as kidney cancer, pancreatic cancer,
colon cancer and breast cancer [22-25]. Furthermore,
we have demonstrated in our previous study that TGF-a
mRNA and protein level were higher in osteosarcoma cell
lines and that TGF-a promotes osteosarcoma metastasis
through its interaction with EGFR [20].

In addition to TGF-a, amphiregulin (AREG) is
another EGFR ligand that is known to promote cancer
growth and progression. AREG is a member of the
epidermal-growth-factor-like family [26, 27]. It can
bind to and activate the EGFR through three general
mechanisms: autocrine, paracrine, and juxtacrine.
Therefore, it can regulate numerous cellular functions such
as cell proliferation, survival, migration, differentiation,
adhesion and angiogenesis [28-31]. Physiologically,
AREG stimulates the proliferation of normal cells such
as Throblasts, keratinocytes, urothelial or epithelial cells
[32, 33]. Studies have reported that AREG plays a vital
role in the development and maturation of various organs
including the mammary glands [34, 35], bones [36], or
placenta [37]. Nonetheless, AREG promotes the migration
of tumor cells [38, 39] and its overexpression has been
observed in several cancer tissues such as colorectal,
gastric, pancreatic and breast cancer [40-43]. Moreover a
microarray analysis revealed that AREG was up-regulated
in metastatic tumors of the liver [44].

To understand the role of AREG in osteosarcoma
metastasis, in the current study, we examined its expression
level and the effect of exogenous AREG treatment in
osteosarcoma cells. We determined that two osteosarcoma
cell lines expressed high levels of AREG and that further
AREG stimulation enhanced ICAM-1 expression,
thus contributing to the increased cell migration of

osteosarcoma. Using molecular and pharmacological
approaches, we also found that the AREG-induced cell
migration of osteosarcoma cells was mediated by EGFR
signaling through its downstream PI3K/Akt pathway.
Furthermore, increased EGFR signaling enhances the
activity of nuclear factor-kB (NF-kB) and the recruitment
of NF-kB to the ICAM-1 promoter which subsequently
up-regulate ICAM-1 expression. Our fndings of the
AREG-responsive signaling pathway provides valuable
clues for understanding the mechanisms of human
osteosarcoma metastasis and present an opportunity to
develop highly effective clinical therapies in the future.

RESULTS

AREG-induced cell migration in osteosarcoma
cell line can be further enhanced by AREG
supplementation, but be inhibited by

ICAM-1 siRNA

AREG has been shown to increase cell migration
and metastasis in various human cancer cells [38, 39, 45].
To determine the clinical signifcance of AREG in patients
with osteosarcoma, we utilized a tissue microarray for
evaluation by IHC to compare the expression of AREG
in normal bone and different grades of osteosarcoma.
Representative examples of IHC staining for AREG in
normal bone and osteosarcoma tissues with different
grades are shown in Figure SIA-S1B. The expression of
AREG had signifcantly increased with tumor progression
(Figure SIA-S1B). Next, to understand the effect of
AREG on osteosarcoma cells, we frst determined the
levels of AREG in two human osteosarcoma cell lines
(MG63 and U20S) and in one human fetal osteoblastic
cell line (hFOB 1.19). The levels of AREG were
signifcantly elevated in the MG63 and U20S cells
compared with the low basal level expressed in the hFOB
1.19 cell line (Figure 1A and Figure S1C). This fnding is
consistent with those of previous studies, suggesting that
metastatic osteosarcoma is induced by the elevated AREG
expression in the cells. To test this further, we supplied
osteosarcoma cells with exogenous human AREG.
We applied the Transwell assay to examine the AREG-
triggered migration, and determined that AREG treatment
further increased the migration of both the MG63 and
U20S cells in a dose-dependent pattern (Figure 1B).
Furthermore, AREG treatment increased the wound-
healing activities and cell motility of these cell lines [46]
(Figure 1C), although it did not affect cellular viability
in both human osteosarcoma cell lines (data not shown).
To understand the level of AREG between the normal and
the malignant cells, we examined the levels of AREG
and ICAM-1 between hFOB 1.19 and osteosarcoma
(MG63 and U20S). The level of AREG and ICAM-1
were signifcantly elevated in MG63 and U20S cell lines
compared with hFOB 1.19 (Figure S1C).
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Figure 1: ICAM-1 regulates the AREG-induced cell migration of osteosarcoma. A. Total protein was extracted from hFOB
1.19, MG63, and U20S cells and the levels of AREG and ICAM-1 were examined by western blot analysis. B—C. Cells were incubated with
different concentrations of AREG for 24 hr and in vitro migration was measured using the Transwell assay and Wound-healing migration
assay. D-G. Cells were incubated with various concentrations of AREG for 24 hr or with 50 ng/mL AREG for 6, 12 or 24 hr. The mRNA
level or protein expression of ICAM-1 was then measured by qPCR or Western blotting respectively. H. Cells were transfected with ICAM-
1 or negative control siRNA (Control) for 24 hr, I. followed by treatment with AREG for 24 hr. Cell migration was then analyzed using the
Transwell assay. All bars represent the mean £ SEM. The asterisks indicate that the data are signifcantly different from the control without
AREG treatment. *represents P < 0.05, **represents P < 0.01, ***represents P < 0.001, as compared to respective control by using one-way
ANOVA followed by Bonferroni’s post-hoc test. ###represents P < 0.01, comparisons to the control treated with AREG by using one-way

ANOVA followed by Bonferroni’s post-hoc test.

Our study demonstrates that higher expression of
AREG promotes the migration of osteosarcoma cells
and that AREG supplementation can further enhance
migration. Because recent studies have also indicated
that ICAM-1 plays a key role in cancer cell migration
and invasion [47, 48], ICAM-1 may be involved in the
AREG-induced migration. Therefore, we measured the
expression levels of ICAM-1 mRNA and protein in AREG
treated osteosarcoma cells and determined that these levels
were increased by AREG treatment in a dose-dependent

and time-dependent pattern (Figure 1D-1G). However,
AREG treatment had no effect on the mRNA or protein
level of VCAM-1 (vascular cell adhesion molecules)
(Figure 1D-1G), though these molecules have also
been shown to infuence cancer invasion [49]. We also
found that the expression of ICAM-1 was elevated in
osteosarcoma cells (Figure 1A). To further confrm
the role of ICAM-1 in the AREG-induced migration,
the MG63 and U20S cells were transfected with
ICAM-1 small interfering RNA (siRNA) for 24 hr.
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Transfection of ICAM-1 siRNA reduced the protein
level of ICAM-1 (Figure 1H), also in addition to
fully suppressing the AREG-induced cell migration
(Figure 1lI). These observations imply that enhanced
ICAM-1 expression contributes to the AREG-induced
cancer cell migration and ICAM-1 works downstream of
AREG to regulate the cell migration of osteosarcoma.

AREG mediates the cancer cell migration of
osteosarcoma through EGFR

Several studies have reported that AREG
specifcally binds to the EGFR, which affects several
cellular functions such as cell proliferation, differentiation
and migration [41, 50, 51]. In addition, the EGFR plays
a critical role in cancer cell migration and invasion [52].
To test whether AREG increased the cell migration of
osteosarcoma through EGFR, we reduced the EGFR
expression by transfecting EGFR siRNA (Figure 2A) and
found that EGFR siRNA inhibited the AREG-induced
cancer cell migration and inhibited the AREG-induced
ICAM-1 upregulation of the mRNA level (Figure 2B-2C).
Furthermore, treatment with PD158780 and BIBX1382,

two commonly used EGFR tyrosine kinase inhibitors that
can block the autophosphorylation (activation) of EGFR
[53, 54], had the same suppressive effects of EGFR
SiRNA on the AREG-enhanced migration and ICAM-1
upregulation, indicating that EGFR activation is required
for AREG-mediated migration (Figure 2D-2F). Because
activating the EGFR leads to the autophosphorylation of
its tyrosine residues [55-57], we examined the level of
the phosphorylated EGFR at tyrosine 1068 and 992 after
treatment. We observed that AREG treatment increased the
level of phosphorylated EGFR (Figure 2G). These results
indicated that AREG and EGFR interacted to regulate the
migration of osteosarcoma and the expression level of
ICAM-1.

P13K/Akt signaling pathway is involved in
AREG-mediated ICAM-1 up-regulation and cell
migration of osteosarcoma cells

Previous studies have demonstrated that EGFR
overexpression promotes cancer cell survival, proliferation,
migration, and invasion [58]. The promotion mechanism
is associated with the PI3K/Akt signaling pathway that
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Figure 2: EGFR is involved in AREG-mediated migration of human osteosarcoma cells. A. Cells were transfected with
EGFR siRNA or negative control siRNA (Control) for 24 hr. The EGFR expression was examined by western blotting. B-C. After
transfection of siRNA, cells were treated with AREG for 24 hr. Cell migration was analyzed using the Transwell assay and the mRNA
level of ICAM-1 was measured. D-F. Cells were pretreated for 30 min with PD158780 (5 uM) or BIBX1382 (10 pM) followed by the
stimulation with AREG for 24 hr. Both EGFR tyrosine kinase inhibitors can suppress the AREG-induced cell migration and the AREG-
enhanced expression of ICAM-1 in mRNA or protein level. G. Cells were incubated with AREG for indicated time intervals and EGFR
phosphorylation at Y992 or Y1068 was detected with specifc antibodies. All bars represent the mean + SEM. The asterisks indicate that
the data are signifcantly different from the control without AREG treatment. ***represents P < 0.001, as compared to respective control
by using one-way ANOVA followed by Bonferroni’s post-hoc test. ###represents P < 0.01, comparisons to the control treated with AREG
by using one-way ANOVA followed by Bonferroni’s post-hoc test.
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stimulates cell survival and suppresses cell apoptosis
[59, 60]. Because AREG supplementation can increase
EGFR activity, which consequently enhances osteosarcoma
cell migration, we speculated whether the PI3K/Akt
signaling pathway mediates the AREG-induced -cell
migration. To test this, we frst treated osteosarcoma cells
with PI3K inhibitors, Ly294002 and Wortmannin [61]. We
found that treatment with PI3K inhibitors suppressed the
AREG-induced migration and ICAM-1 expression in mRNA
and protein level (Figure 3A-3C). The same suppressive
effect was observed in the dominant-negative mutant of
PI3K p85-transfected cells (Figure 3D-3E), indicating that
P13K works downstream of AREG to affect the migration of
osteosarcoma and to regulate the expression of ICAM-1. To
further explore whether AREG actives PI3K, we measured
the level of phosphorylated p85, which has been associated
with PI3K activity [62]. We observed that AREG treatment
led to an increase in the phosphorylation of p85 (Figure 3D).
These reading suggest that AREG treatment increases the
activation of the PI3K pathway through EGFR signaling.
Therefore, we decreased EGFR signaling by treatment with
EGFR inhibitors, PD158780 or BIBX1382, and measured
the level of phosphorylated p85. Both inhibitors were found
to suppress the AREG-induced PI3K activation (Figure 3E).

To further understand whether the downstream
target of the PI3K signaling pathway, Akt can also be
activated by AREG treatment, we determined the level
of phosphorylated Akt at Ser473, which was used in
a previous study as an indicator of Akt activity [63].
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We determined that AREG treatment increased the
phosphorylation of Akt at Ser473 (Figure 4A). Moreover,
like its upstream regulator, PI13K, Akt regulates the AREG-
induced cancer cell migration of osteosarcoma and the
expression of ICAM-1 at treatment with an Akt inhibitor
(Akti) [61], can inhibit the AREG-induced migration and
ICAM-1 up-regulation (Figure 4B—4D). In addition, we
observed the same suppressive effect in the dominant-
negative mutant of Akt-transfected cells (Figure 4E-4F).
Overall these results imply that AREG and EGFR act
through the PI3K/Akt-dependent signaling pathway to
enhance ICAM-1 expression and cell migration in human
osteosarcoma cells.

PI13K/Akt mediates AREG-induced ICAM-1
expression via its downstream IKK/ NF- kB
signaling pathway

Nuclear factor-kB (NF-kB) is a major transcription
factor that regulates several genes involved in cancer cell
migration and invasion [64]. The activation of the factor
requires IkB kinase (IKK), a substrate of Akt; thus, the
activation of Akt stimulates NF-kB activity. To understand
whether NF-kB and IKK are involved in AREG-induced
cancer cell migration, we treated osteosarcoma cells with
a NF-kB inhibitor(PDTC) and an IKK inhibitor (TPCK).
We found that both inhibitors suppressed the AREG-
induced cancer cell migration and ICAM-1 expression in
mRNA and protein levels (Figure 5A-5C). Furthermore,
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Figure 3: PI3K signaling regulates the AREG response in human osteosarcoma. A-C. Cells were pretreated with 0.1%
DMSO as control, LY294002 (10 pM) or Wortmannin (1 uM) for 30 min followed by the stimulation with AREG for 24 hr. Cell migration
and ICAM-1 expression level were examined. D-E. As PI3K inhibitors, the dominant-negative mutation of PI3K (DN-PI3K) had the
same suppressive effect on both the AREG-induced cell migration and ICAM-1 up-regulation. Results are shown as the mean + SEM. The
asterisks indicate ¢-test comparisons to the control without AREG treatment. ***represents P < 0.001. ##represents P < 0.01 for one-way
ANOVA comparisons as indicated. F. Cells were treated with AREG (50 ng/ml) for the indicated times and PI3K p85 phosphorylation
(p-PI3K) was detected by specifc antibody. G. Cells were pretreated with 0.1% DMSO as control, PD158780 (5 uM) or BIBX1382

(10 uM) for 1 hr followed by stimulation with AREG for 10 min

and then the level of phosphorylated p85 (p-PI3K) was examined.
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Knockdown of AREG expression inhibits cell
migration in a mouse model of osteosarcoma

According to the results described thus far, we can
hypothesize that elevated levels of AREG in osteosarcoma
stimulate cancer cell migration by promoting ICAM-1
expression. To test this hypothesis, we reduced the AREG
level in the MG63 cells by stably expressing human
AREG shRNA. Following puromycin (10 pg/mL) selection,
we isolated four individual ShRNA clones and compared
them with the harboring only the empty vector; we
observed that the expression levels decreased in all clones
at dissimilar degrees (Figure 6A). We also found that the
degree of change in the AREG level is associated with the
drop in the ICAM-1 expression and in cell migration rate
(Figure 6A—6B). However, the knockdown of AREG did
not alter the cell proliferation rate (Figure 6C). We examined
the effect of AREG on the osteosarcoma cell migration in
vivo by injecting MG63 cells (5 x 10°) into the tail veins
of mice. The mice were sacrifced after 28 days with
developed osteosarcoma lung metastases. To investigate
whether AREG expression would infuence tumor
metastasis in vivo, we monitored the metastatic potential of

the MG63 cells stably expressing control ShRNA or AREG
shRNA in mouse models of lung metastasis. On day 28
after injection, the tumor size in the lung was signifcantly
reduced when AREG expression was knocked down
(Figure 6D). Next, we applied histological analyses to lung
tissues from mice by using hematoxylin and eosin (H&E)
staining. The lung tissues from mice injected with AREG
knockdown MG63 cells exhibited a nearly normal structure
or dramatically reduced degrees of lung metastatic nodules.
However, lung tissues from the control group mice were
heavily infltrated (Figure 6E). To further investigate the
metastatic potential of osteosarcoma defned by counting
the numbers of metastatic nodules, the mean number was
signifcantly decreased in the mice injected with AREG
ShRNA expressing cells (Figure 6F), strongly indicating that
AREG promotes cell metastasis and tumor progression of
osteosarcoma in vivo.

DISCUSSION

Although osteosarcoma is an uncommon tumor, it
is the primary malignant bone tumor prevalent in children
and adolescents. The survival rate of osteosarcoma has

Figure 6: Knockdown of AREG inhibited the migratory ability of osteosarcoma cells. A. Treating MG63 cells with sShRNA
against AREG decreased the protein level of AREG as well as that of ICAM-1. B. shRNA knockdown of AREG decreased the in vitro
migration activity of osteosarcoma cells, C. but it had no effect on the their cell proliferation rate. D. To induce pulmonary metastases,
MG63 cells were injected into the mouse tail vein and those mice were sacrifced after 28 days later with developed lung metastatic nodules.
Compared to the control mice, there are fewer and smaller tumors which were seen on the lungs of mice injected with osteosarcoma
cells transfected with ShRNA against AREG. E. H&E staining of lung metastatic nodules of MG63 injected mice. F. The lungs of MG63
injected mice were removed and infated with 10% paraformaldehyde fxative. The number of lung metastatic nodules was counted under
a dissecting microscope. Results are shown as mean + SEM. ##represents P < 0.01 fort-test comparisons to cells harboring only the empty

vector as control. ###represents P < 0.001.

www.impactjournals.com/oncotarget

Oncotarget



improved immensely with the inducetion of chemotherapy.
Nonetheless, despite achieving local tumor control, 80%
of patients with osteosarcoma develop metastatic disease.
ICAM-1 is a cell surface transmembrane glycoprotein,
which is associated with several infammatory and
immune responses. ICAM-1 is an adhesion molecule
that is involved in cancer metastasis. The effect of AREG
on tumor migration has been explained previously. The
overexpression of growth factor receptors of tumor cells,
which enhance the cell’s downstream signaling, increase
their proliferation rates and metastatic potential in addition
to promoting angiogenesis. Willmarth and Ethier reported
that MCF10A cells overexpressing AREG exhibited
increased cell motility and invasion capabilities and
that AREG up-regulated the expression of several genes
associated with cell adhesion and motility [33]. Moreover
studies have reported that most malignant breast cancer
cell lines express a high level of AREG, suggesting that
AREG may promote metastasis [67, 68]. In addition to our
fndings, several studies have demonstrated that AREG
activates EGFR signaling to synthesize, secrete, and
activate proteins involved in invasion and metastasis such
as urokinase-type plasminogen activator (UPA), matrix
metalloproteinase 9 (MMP-9), and extracellular matrix
metalloproteinase inducer (EMMPRIN) [69-71].

Immunohistochemistry (IHC) applied for clinical
specimens derived from patients with osteosarcoma
revealed that the AREG expression level correlated
with tumor stage in osteosarcoma. Using cellular-level
experiments, we also demonstrate that AREG promotes
ICAM-1 expression and migration in osteosarcoma.
In addition, AREG promotes ICAM-1 expression and
migration via EGFR signaling through the PI3K/Akt/
NF-kB pathways. Therefore, AREG may be a new
molecular therapeutic target for reduction of metastasis in
osteosarcoma.

Increasing evidence suggests that EGFR pathways
are involved in the progression of cancer of the bone, soft
tissue, breast, and lungs [72, 73]. EGFR expression is
linked to poor prognosis in numerous cancers. In addition,
EGFR inhibitor geftinib (Iressa) is successful for treating
of non-small cell lung cancer [74]. EGFR expression has
even been proven to predict poor outcome in osteosarcoma
[75, 76]. Here, we report that treatment with an EGFR
inhibitors or siRNA antagonized AREG-induced ICAM-1
expression and cell migration. Incubation of osteosarcoma
cells with AREG promotes the level of phosphorylated
EGFR at tyrosine 1068 and 992. These results indicate
that AREG and EGFR interact together to regulate the
migration of osteosarcoma and the expression level of
http://ICAM-1.In this study, we conducted a detailed
analysis of AREG association with osteosarcoma
metastasis. In summary, we determined that: 1) two
osteosarcoma cell lines expressed high levels of AREG; 2)
exogenous AREG further enhanced cell migration of

osteosarcoma cells and the expression of ICAM-1; 3)
these AREG-induced enhancements were suppressed by
SiRNA knockdown of ICAM-1 or EGFR, with the same
suppressive effect mimicked by treating with inhibitors
of EGFR, PI3K, Akt, NF-kB, and IKK or by expressing
dominant-negative mutant forms of PI3K, Akt, IKKa, and
IKKp; 4) exogenous AREG also increased the activities
of EGFR, PI3K, Akt, and NF-kB by enhancing their
phosphorylated levels; 5) the AREG increased-activity
of NF-kB can be abolished by treatment with inhibitors
of EGFR, PI3K, Akt, NF-kB, and IKK, or by expressing
dominant-negative mutant forms of PI3K, Akt, IKKa, and
IKKp; 6) AREG stimulation promoted the association of
NF-kB to the ICAM-1 promoter, which then up-regulated
the ICAM-1 expression; 7) osteosarcoma cells over-
expressing AREG shRNA exhibited less motility, and mice
injected with these cells demonstreated fewer and smaller
metastatic nodules.

In summary, our fndings suggested that
AREG promoted cancer cell motility of osteosarcoma
and up-regulated the expression of ICAM-1 through the
EGFR/PI3K/AKt/NF-kB signaling pathway (Figure 7).
Genetic silencing through transfection with siRNA of
EGFR or ICAM-1 and pretreatment with inhibitors of
EGFR, PI3K, Akt, NF-kB and IKK abrogated the AREG-
enhanced ICAM-1 expression and cancer cell migration.
However, exogenous AREG enhanced cell migration and
ICAM-1 expression. Our fndings indicated that AREG
plays a critical role in tumor invasion and tumorigenesis
of bone sarcomas. Indeed, studies have reported that
AREG stimulates directional migration and invasion
of human cancer cells [43, 77]. Moreover, we observed
that overexpression of AREG shRNA inhibited cancer
migratory ability by approximately 60% (Figure 6B).
Overall, we validated that the expression of AREG is
associated with osteosarcoma metastasis, signifying that
AREG is a novel marker for cancer progression and
metastasis of bone sarcomas.

MATERIALS AND METHODS

Materials

Protein A/G beads, anti-mouse and anti-rabbit
IgG conjugated horseradish peroxidase and polyclonal
antibodies that are specifc for AREG, , VCAM-1,
EGFR, PI3K, Akt, IKKa/B, IKB, p65 and B-Actin were
purchased from Santa Cruz Biotechnology (Santa Cruz,
CA, USA). Polyclonal antibodies that are specifc
for EGFR phosphorylated at PY?% or at PY*®?, PI3K
phosphorylated at Tyr*®% Akt phosphorylated at Ser*’,
IKKa/B phosphorylated at Ser'’s®, [kBa phosphorylated
at Ser®?%, p65 phosphorylated at Ser®*® and ICAM-1
were purchased from Cell Signaling and Neuroscience
(Danvers, MA, USA). PD158780, BIBX1382, PDTC
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Figure 7: Schematic diagram illustrating the proposed signaling pathway involved in AREG-induced ICAM-1
expression in human osteosarcoma cells. AREG induces the activation of NF-kB p65 through EGFR/PI3K/Akt signaling pathway.
Activated NF-kB p65 was recruited to the promoter region of ICAM-1 leading to an increased expression of ICAM-1. Therefore, blockade
of these pathways by treatments of different inhibitors or RNAi knockdown can reduce ICAM-1 expression and then decrease the tumor
cell motility of osteosarcoma cells. See “Discussion” for further explanation.

(Pyrrolidine-dithiocarbamate), TPCK (L-1-tosylamido-
2-phenylenylethyl chloromethyl ketone), LY294002,
Wortmannin, and AKT inhibitor (1L-6-hydroxymethyl-
chiro-inositol-2-(R)-2-0O-methyl-3-0O-octadecylcarbonate)
were purchased from Calbiochem (San Diego, CA, USA).
The recombinant human AREG was purchased from
PeproTech (Rocky Hill, NJ, USA). The NF-kB luciferase
plasmid was purchased from Stratagene (La Jolla, CA,
USA). The p85 and Akt (Akt K179A) dominant-negative
mutants were gifts from Dr. Wen-Mei Fu (National Taiwan
University, Taipei, Taiwan). The IKKa (IKKa-KM) and
IKKB (IKKB-KM) dominant-negative mutants were gifts
from Dr. H. Nakano (Juntendo University, Tokyo, Japan).
The pSV-B-galactosidase vector and the luciferase assay

kit were purchased from Promega (Madison, MA, USA).
Unless otherwise specifed, all other chemicals were
obtained from Sigma-Aldrich (St. Louis, MO, USA).

Cell culture

The human osteosarcoma cell lines (U20S and
MG63) and human fetal osteoblastic cell line (hFOB 1.19)
were purchased from the American Type Cell Culture
Collection (Manassas, VA, USA). Cells were maintained
as previously described [78-80]. All experiments with
hFOB 1.19 cells were carried out at the permissive
temperature of 33.5°C for the expression of the large
T antigen.
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