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Abstract
The purpose of this study was to determine whether vascular endothelial growth factor-165
(VEGF165) contributed to the osteolytic process in Ewing's sarcoma. VEGF165 induced osteoclast
formation from murine bone marrow cells. Tartrate-resistant acid phosphatase (TRAP) staining
demonstrated significantly fewer osteoclasts in VEGF-inhibited TC/siVEGF7-1 tumors compared to
TC71 parental or TC/si-control tumors. Receptor activator NF-κB (RANKL), a critical
osteoclastogenic factor, was decreased in TC/siVEGF7-1 cells. Incubation of these cells with
recombinant VEGF165 upregulated RANKL in a dose and time-dependent manner. The induction of
(RANKL) by VEGF165 was also demonstrated in MC3T3-E1 mouse osteoblast cells and bone
marrow stromal cells. This upregulation was transcriptionally mediated by an effect on the RANKL
promoter. Both VEGF and EWS/FLI-1 increased RANKL promoter activity. Taken together, these
data suggest that modulation of RANKL by VEGF165 may be one of the mechanisms responsible
for the osteolytic process induced by Ewing's sarcoma cells. VEGF165 may, therefore, play an
important role in modulating RANKL gene expression in the bone marrow microenvironment during
the metastatic process, thereby contribution to tumor induced bone lysis.
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Introduction
Ewing's sarcoma, an aggressive bone tumor, affects children and young adults with a peak
incidence at age 15. The most common sites of the primary tumor are the pelvis, long bones
and bones of the chest wall (1). Despite multimodal treatment with surgery, chemotherapy and
radiation the survival rates have plateaued at 50 – 60%, with no improvements in the past 20
years (2). Patients with metastatic disease at presentation have an even poorer outcome, with
cure rates <30%. Understanding the biology of Ewing's sarcoma may therefore assist in the
identification of new therapeutic targets for this disease.

Vascular endothelial growth factor (VEGF) has been shown to be critical for tumor vascular
formation in numerous different malignancies, including Ewing's sarcoma (3). We have
previously demonstrated that Ewing's sarcoma cell lines and primary patient tumor specimens
overexpress the angiogenic factor VEGF with a shift in isoform from the membrane-bound
189 to the soluble 165 form (4). Inhibition of VEGF165 with siRNA-inhibited tumor growth
significantly decreased tumor vascularity and reduced tumor-induced bone lysis (5). In addition
to being an angiogenesis factor, VEGF165 also influences bone biology. In the skeleton, the
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appearance of bone/cartilage resorbing cells coincides with blood vessel invasion and new
vessel formation. VEGF has been shown to induce osteoclast migration, invasion and activation
and supports the survival of mature osteoclasts (6–8). These processes play a key role in
repairing and remodeling bone during bone development.

The role of VEGF in Ewing's sarcoma formation and tumor-induced bone lysis is unclear.
Serum VEGF levels were significantly elevated in hepatocellular carcinoma patients with bone
metastases compared to patients without bone metastases(9). Similar findings were reported
in patients with giant cell bone sarcomas(10). We previously demonstrated that inhibition of
VEGF165 protein production by TC71 Ewing's sarcoma cells alters their lytic capacity in
vivo, resulting in less tumor-induced bone destruction(5). These data support the hypothesis
that tumor production of VEGF165 contributes to osteolysis induced by tumor growth in the
bone. The mechanism by which VEGF regulates osteolysis has not been determined.

Receptor activator NF-κB ligand (RANKL) is a cell-surface protein expressed on osteoblasts
and bone marrow stromal cells (11;12) and is secreted by T lymphocytes and some cancer cells
(13;14). RANKL interacts with the RANK receptor on osteoclast precursor cells promoting
osteoclast differentiation and maturation in the bone microenvironment through cell-cell
interaction. Many hormones, cytokines and growth factors stimulate osteoclast activity by
regulating RANKL. Since we previously demonstrated that inhibiting VEGF165 decreased the
lytic activity of Ewing's sarcoma cells in vivo and RANKL stimulates osteoclastic activity, the
purpose of this study was to investigate whether VEGF165 promotes osteolysis by upregulating
RANKL expression. Here we demonstrate that VEGF165 induced murine bone marrow cells
to differentiate into osteoclasts. VEGF165 upregulated RANKL expression in osteoblasts, bone
marrow stromal cells and Ewing's sarcoma tumor cells. This upregulation was transcriptionally
mediated through an effect on the RANKL promoter. Specifically inhibiting VEGF165 with
siRNA resulted in decreased RANKL. Taken together, these results indicate that VEGF165
may contribute to the osteolytic process induced by Ewing's sarcoma cells through a
mechanism involving RANKL. This upregulation of RANKL may in turn increase osteoclastic
activity in the tumor microenvironment, leading to bone lysis.

Material and Methods
Plasmid constructs

Specific VEGF siRNA-expressing plasmid was constructed as described previously (5). The
1879 bp region of the human RANKL gene upstream of the transcriptional starting site was
amplified by polymerase chain reaction (PCR) using specific primers (RANKL, sense: 5'-
agtcaaggagcagggagagaatgag-3', antisense: 5'-aggtacttggtgtagtctctg-3') from human Ewing's
sarcoma TC71 cell genomic DNA and cloned between Kpn I and Xho I sites of pGL3-basic
firefly luciferase reporter vector (Promega Corporation, Madison, WI).

Cell lines and transfection
TC71 human Ewing's sarcoma cells were cultured in Eagle's modified essential medium
(EMEM; supplemented with 10% heat-inactivated fetal bovine serum (FBS), 1 mM sodium
pyruvate, 2× minimal essential medium vitamins, 1× nonessential amino acids, and 2 mM
glutamine) at 37°C, 5% CO2 in a humidified incubator. Murine osteoblast MC3T3-E1,
osteoclast-like RAW246.7cells, and fibroblast NIH3T3 cells were maintained in Dulbecco's
modified eagle medium supplemented with 10% FBS. Murine bone marrow stromal cells were
isolated from nude/nude mice bone marrow as described previously(15). Briefly, total bone
marrow cells were collected from 2-month-old nude/nude mice (Charles River Breeding
Laboratories, Kingston, MA) by flushing femoral bones with EMEM supplemented with 20%
heat-inactivated FBS and penicillin/streptomycin (50 U/ml and 50 mg/ml, respectively; Gibco-
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Invitrogen, Carlsbad, USA). Cells were then washed twice with medium and plated in a Petri
dish at a density of 2×106 cells/cm2. After 3 days, nonadherent cells were removed by 2 to 3
washes with phosphate-buffered saline (PBS). Adherent cells were further cultured in complete
medium for 4 weeks. All cells were free of mycoplasma, as screened by Mycoplasma Plus
PCR Primer Set (Stratagene Inc., La Jolla, CA), and verified to be free of pathogenic murine
viruses (NCI-Frederick Cancer Research & Development Center, Frederick, MD). TC/
siVEGF7-1 and TC/siVEGF7-17 cells were created by transfection of cells with VEGF165-
siRNA (5) and maintained in hygromycin B (Invitrogen Life Technologies, Carlsbad, CA)
containing medium at 400 μg/ml. These cells produce 98% less VEGF165 protein.

Histologic assessment and TRAP staining of bone
TC71, TC/si-, TC/siVEGF7-1 cells were intrabone injected into the tibias of nude mice as
described previously(5). Bone tumors were collected 3 weeks later, fixed in 10% formalin for
24 h, and decalcified for 14 days using 10% EDTA (pH 7.4). The specimens were then paraffin
embedded, cut into 5 μm sections, and stained with hematoxylin and eosin (H&E) for histologic
assessment. To perform TRAP staining, non-stained sections were deparaffinized and
rehydrated, then stained for TRAP. Briefly, the specimens were stained with sodium acetate
and substrate Naphthol AS-BI phosphate (Sigma Chemical Co., St. Louis, MO) in the presence
of tartaric acid for 30 min at 37°C, followed by 10 min color reaction incubation. Finally, the
specimens were counterstained with hematoxylin.

In vitro osteoclast formation assay and TRAP staining
Murine bone marrow cells were collected aseptically from BALB/c mice. The collected cells
were washed, resuspended in EMEM, supplemented with 10% FBS, and incubated at 37°C for
24 h. Following incubation, the nonadherent cells (hematopoietic cells) were collected and
used in cultures as osteoclast precursors. The collected nonadherent hematopoietic cells were
then plated onto 8-chamber slides (BD Biosciences, San Jose, CA) at a density of 5×105 cell/
chamber alone or with NT3T3-E1 cells (1×104 cell/chamber) and cultured for 9 days in EMEM
supplemented with 10% FBS with or without recombinant human VEGF (rhVEGF) at 50 ng/
ml or recombinant human macrophage colony-stimulating factor (rhM-CSF) at 10 ng/ml. Half
of the medium was changed every 3 days. After culturing for 9 days, the cells were fixed and
stained for TRAP activity. TRAP-positive and multinucleated (>3 nuclei) cells were counted
as osteoclast-like cells.

Western blot analysis
Cells were pipetted into 100-mm dishes. When cells reached 80% confluence, they were
washed with cold PBS buffer, lysed in RIPA buffer (1% NP40, 0.5% sodium deoxycholate,
and 0.1% sodium dodecylsulfate (SDS) in PBS) containing aprotinin (2 μg/ml), leupeptin (2
μg/ml), pepstatin A (1 μg/ml), and phenylmethylsulfonyl fluoride (100 μg/ml; Sigma), and
then placed on ice for 30 min. Cells were centrifuged at 13,000 rpm for 10 min to eliminate
cell debris. Protein concentrations were determined using the Bio-Rad protein assay kit (Bio-
Rad Laboratories, Hercules, CA). The protein (50 μg) was boiled for 5 min before being loaded
onto a 7.5% SDS-polyacrylamide gel and then transferred to a nitrocellulose membrane
(Amersham, Little Chalfon, Buckinghamshire, UK). The specific protein bands were detected
with anti-human RANKL (R&D Systems, Minneapolis, MN), anti-neuropilin (Santa Cruz
Biotechnology, Santa Cruz, CA), anti-phospho-Erk (Cell Signaling Technology, Inc., Danvers,
MA) and anti-ß-actin antibody (Sigma) using the ECL Western blotting analysis system
(Amersham) according to the manufacturer's instructions. Densitometric analysis was
performed, and values were normalized with ß-actin loading control.
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Reverse transcription-PCR
Total RNA was extracted from different cells. The cDNA was synthesized using a Reverse
Transcription System (Promega Corporation). Reverse transcription products were amplified
by PCR (RT-PCR) using specific primers for murine RANKL (sense 5'-
GGTCGGGCAATTCTGAATT-3'; antisense 5'-GGGAATTACAAAGTGCACCAG-3'). The
initial denaturation was done at 94°C for 5 min. Followed by an additional denaturation at 94°
C for 1 min, annealing at 58°C for 10 sec, extension at 72°C for 10 sec for 35 cycles, and a
final elongation at 72°C for 10 min. The PCR products were subjected to electrophoresis on
1% agarose gel with ethidium bromide and visualized under ultraviolet light. The
glyceraldehyde-3-phosphate dehydrogenase primers and competimers were used as the
internal controls (sense 5'-GGTCGGGCAATTCTGAATT-3'; antisense 5'-
GGGAATTACAAAGTGCACCAG-3').

Luciferase assay
The Promega Dual- Luciferase Reporter Assay System was used to assess luciferase activity
(Promega Corporation). Briefly, reporter lysis buffer was added and incubated at room
temperature for 15 min before centrifugation to remove cell debris. Twenty μl of cell lysate
was mixed with 100 μl of luciferase substrate and light emission measured with the Monolight
Luminometer (BD Biosciences). In each group, cell lysates were also measured for Renilla
luciferase activity to allow for normalization of luciferase activity.

Immunohistochemical analysis
Tumor sections were stained with H&E. Cells cultured in chamber slides were fixed with
acetone, incubated in 3% H2O2 in methanol for 10 min to block endogenous peroxidase, and
then incubated in 5% normal horse serum plus 1% normal goat serum in PBS for 20 min to
block nonspecific protein. The expression of VEGF receptor (VEGFR1) 1,VEGFR2 and
phospho-VEGFR2 protein was detected by incubating slides with rabbit anti-VEGFR1
antibody (Santa Cruz Biotechnology), rabbit anti-VEGFR2 antibody (Santa Cruz
Biotechnology), rabbit anti-phospho-VEGFR2 antibody (Merck Chemicals Ltd., San Diego,
CA) as the primary antibody and horseradish peroxidase-labeled goat antibody against rabbit
immunoglobulin G (IgG) as the second antibody (Jackson ImmunoResearch Laboratory, Inc.,
West Grove, PA). Gill's hematoxylin was used as a counterstain.

Results
Downregulation of VEGF165 inhibits the osteolytic activity of TC71 cells in vivo

Histologic examination of the tibia from mice injected with TC71 and TC/si-control mice
showed almost complete destruction of the cancellous and cortical bone with replacement by
tumor cells (Fig. 1A). By contrast, although tumor cells were detected in the tibias from mice
injected with TC/siVEGF7-1 cells, the cortical bone remained intact and tumor cells did not
invade into or destroy the bone cortex. These histologic findings confirmed our previous
radiographic findings(5) and demonstrate that inhibiting VEGF165 affected osteolytic bone
destruction.

The major pathway for tumor-induced bone lysis involves osteoclast differentiation and
activation. Osteoblast dysfunction with increased secretion of matrix metalloproteinases has
also been shown to contribute to increased osteolysis. We therefore determined the presence
of osteoclasts in the tumor sections by tartrate-resistant acid phosphatase (TRAP) staining.
TRAP-positive osteoclasts at the intersection of normal bone and tumor in tibias injected with
TC71 or TC/si-control cells were demonstrated (Figure 1A). By contrast, TRAP-positive cells
were rarely visible in tibias from mice injected with TC/siVEGF7-1 cells. These data suggest

Guan et al. Page 4

Oncol Res. Author manuscript; available in PMC 2010 May 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



that inhibition of VEGF165 by siRNA inhibited osteolysis induced by TC71 cells through
inhibition of osteoclast formation.

rhVEGF induced osteoclast formation in vitro
To further investigate the relationship between VEGF165 and osteoclast formation, total murine
bone marrow cells that contained osteoblasts were cultured with or without rhVEGF. rhM-CSF
was used as positive control. After 9 days, TRAP staining was performed to quantify osteoclast
formation. Consistent with previous studies, both rhM-CSF and rhVEGF165 induced osteoclast
differentiation and formation from total bone marrow cells (Figures 1B, 1C). In order to
determine whether rhVEGF165 had a direct effect on osteoclasts or required the presence of
osteoblasts to induce osteoclast formation like many other osteogenic factors, non-adherent
murine bone marrow cells in which osteoblasts were eliminated, as described in Materials and
Methods, were cultured with or without MC3T3-E1 murine osteoblasts in the presence of rhM-
CSF or rhVEGF165. rhM-CSF failed to induce osteoclast differentiation without MC3T3-E1
osteoblast cells (Figure 1D). By contrast, rhVEGF alone was able to support osteoclast
formation. These data indicate that rhVEGF165 can induce osteoclast formation by acting on
osteoclast precursor cells.

Effect of VEGF on RANKL expression
Many osteogenic factors and hormones are known to regulate osteoclast formation through the
regulation of RANKL expression on osteoblasts and bone marrow stromal cells. Osteoclast
precursors express RANK. Therefore, increasing the expression of RANKL on osteoblasts will
increase the potential interaction of the ligand and receptor and favor osteoclast differentiation.
We investigated whether VEGF induced RANKL expression. An increase in RANKL RNA
and protein was seen in MC3T3-E1 osteoblast cells following incubation with VEGF (Figures
2A, B). The induction of RANKL was not as significant in the bone marrow cells (Figure 2C).
To determine if the increased RANKL expression induced by VEGF was mediated by an effect
on the RANKL promoter, MC3T3-E1 osteoblast cells were transiently transfected with either
a luciferase reporter vector driven by the RANKL promoter or a control-luciferase vector. The
cells were cultured with rhVEGF 48 h after transfection for various time periods. A significant
increase in RANKL promoter activity was demonstrated 24 h following exposure to rhVEGF
(Figure 2D).

We next determined the level of RANKL protein in the various TC71 cell lines. Cell lysates
were prepared from TC71, TC/si-control, and the VEGF165-inhibited TC/siVEGF7-1 and TC/
siVEGF7-17 cells. Western blot analysis was performed using anti-human RANKL antibody.
RANKL protein was detected in TC71 and TC/si-control cells, but was significantly decreased
in the VEGF165-inhibited TC/siVEGF7-1 and TC/siVEGF7-17 cells (Figure 3A). RANKL
protein increased in a time- and dose-dependent manner in TC/siVEGF7-1 cells following
incubation with rhVEGF165 (Figures 3B and 3C).

VEGF165 upregulates RANK expression in osteoclast precursor cells
Osteoclast differentiation is stimulated following the interaction of RANKL released from bone
marrow stromal cells or osteoblasts with RANK on osteoclast precursor cells. We next
determined if VEGF165 was able to induce RANK expression in osteoclast precursor cells.
Serum-starved murine osteoclast RAW246.7 cells were cultured with or without rhVEGF165
or rhM-CSF. RNA was purified and RANK expression was determined by RT-PCR using
specific primers for mouse RANK. RANK expression in RAW246.7 cells increased to 1.67-
fold following incubation with rhVEGF, and 1.2-fold following incubation with rhM-CSF as
compared with non-stimulated cells (Figure 4).
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EWS/FLI-1 regulated RANKL expression through an affect on the promoter
EWS/FLI-1 fusion protein is the specific oncoprotein for Ewing's sarcoma. TC71 cells contain
the EWS/FLI-1 fusion protein and express RANKL (Figure 3A). To determine whether EWS/
FLI-1 influences RANKL expression we transfected NIH 3T3 cells with EWS/FLI-1 full-
length cDNA. RANKL expression was increased following transfection (Figure 5A). Next, a
siRNA to EWS/FLI-1 was transfected into TC71 cells. TC71/EWSsi cells demonstrated
decreased expression of EWS/FLI-1 and RANKL (Figure 5B). The effect of EWS/FLI-1 on
the RANKL promoter was determined by cotransfecting cells with EWS/FLI-1 and a RANKL
promoter-driven luciferase vector. Luciferase activity was increased after cotransfection of
EWS/FLI-1 and RANKL promoter-driven luciferase reporter vector compared to cells
cotransfected with a control plasmid and the RANKL promoter-driven luciferase vector (Figure
5C). These data suggest that EWS/FLI-1 may regulate the expression of RANKL through an
action on its promoter. Analysis of the 1.9 kb region upstream of the RANKL transcription
starting site revealed 9 ETS binding sites. A series of deletion constructs were created in which
the ETS binding sites were removed one by one (Figure 5D). These deletion constructs were
then transiently transfected into MT3T3-E1 cells with the EWS/FLI-1 expressing plasmid.
Deletion of binding sites 8 and 9 drastically reduced luciferase activity to approximately 10%
of the full-length RANKL promoter activity. These data suggest that binding sites 8 and 9 are
important for the upregulation of RANKL by EWS/FLI-1. Deletion of a region around ETS
binding site 4 increased promoter activity (Figure 5D) suggesting a negative regulating region.

Discussion
The data presented demonstrate that VEGF induced osteoclast formation and tumor-induced
osteolysis. This activity may be secondary to the upregulation of RANKL on osteoblasts, bone
marrow stromal cells and the tumor cells as well as upregulation on RANK on osteoclasts.
Inhibition of VEGF165 using siRNA lowered RANKL expression and decreased tumor-
induced osteolytic bone damage. The upregulation of RANKL by VEGF was transcriptionally
regulated by an effect on the RANKL promoter.

VEGF plays a pivotal role in neovascular formation. High VEGF expression has been
demonstrated in Ewing's sarcoma cell lines and patient tumor specimens (5). Serum levels of
VEGF have been shown to correlate with the prognosis of Ewing's sarcoma patients (16). High
levels of VEGF have also been reported in patients with breast cancer metastases to bone
(17). Furthermore angiostatin, an angiogenesis inhibitor, markedly inhibited osteolysis induced
by breast cancer metastases to the bone(18). Our previous studies have demonstrated that
Ewing's sarcoma cells overexpress VEGF with a shift in isoform production from the 189
membrane-bound form to the soluble 165 isoform (4). When injected into the tibia of mice,
these cells form lytic tumors, inhibiting VEGF165 in inhibited tumor growth and decreased
lytic bone destruction (5). Replacement of VEGF165 rescued tumor growth and restored tumor-
induced bone lysis (19). The mechanism of tumor induced bone lysis was unclear. In this study,
we demonstrated that VEGF stimulated osteoclast formation in vitro from bone marrow cells
with or without the help of osteoblasts. This finding is consistent with previous reports that
show that the injection of rhVEGF increased the number of TRAP-positive cells in inflamed
joints(20). VEGF has also been reported to support osteoclast bone resorption in op/op mice
(21). Blocking VEGF with a chimeric protein not only inhibited tumor vascularity, but also
suppressed the formation of osteolytic lesions by acting directly on osteoclast precursor cells
(22). Taken together, these data indicate that VEGF participates in tumor-induced osteolysis.

Our data also suggest that bone lysis induced by VEGF is mediated through an effect on the
RANK/RANKL pathway. The RANK/RANKL/OPG triad has been shown to regulate normal
and cancer-induced osteoclastogenesis. Many of the factors that regulate osteoclastogenesis
increase expression of RANKL (23). Prostate cancer, myeloma and T-cell leukemia cells have
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been shown to induce RANKL expression. Tumor-derived fibroblasts and bone marrow
stromal cells from Ewing's sarcoma tumors were shown to express RANKL. These cells were
capable of inducing osteoclast formation (24). Our data is consistent with these findings, as
we demonstrated RANKL expression in human TC71 Ewing's sarcoma cells. The expression
of RANKL by tumor cells and osteoblasts was upregulated by rhVEGF while inhibiting
VEGF165 by specific siRNA resulted in decreased RANKL.

The high expression of RANKL in TC71 cells may be attributed to the EWS/FLI-1
translocation, the hallmark of Ewing's sarcoma. The EWS/FLI-1 fusion protein is expressed
in TC71 cells. This oncoprotein is a transcription factor that has been shown to stimulate the
VEGF promoter by interacting with a Sp1 binding site (25). Our data demonstrate that
transfection of NIH 3T3 cells with EWS/FLI-1 upregulated RANKL via an effect on the
RANKL promoter (Figures 5A and 5C). Analysis of the 1.9 kb promoter region of the human
RANKL gene revealed 9 ETS binding sites. Serial deletion of each binding site demonstrated
that site 8 is responsible for the enhanced transcriptional regulation of RANKL by EWS/FLI-1.
Our data also suggest that 1 or more binding sites may exist around site 4 or site 5 of the RANK
promoter as deletion of this region resulted in a 2-fold increase in luciferase activity.
Transfection of EWS/FLI-1 siRNA into TC71 cells resulted in decreased EWS/FLI-1
expression and decreased RANKL consistent with our results using NIH 3T3 cells (Figure 5B).
It is possible that the effect of EWS/FLI-1 on RANKL may be indirect and secondary to its
transcriptional regulation of VEGF. Future studies will be aimed at dissecting these 2 factions.

In summary, we have demonstrated that VEGF acts on multiple cell types, including
osteoblasts, bone marrow stromal cells, osteoclasts and Ewing's sarcoma cells to upregulate
RANK and RANKL expression and stimulate osteoclast formation. We conclude that VEGF
plays an important role in osteolytic bone damage in addition to its critical role as an angiogenic
agent. Targeting VEGF may, therefore, be a benefit on 2 fronts: blocking tumor vascular
formation and reducing bone lysis, which may significantly impact bone pain. Our data support
the concept of using anti-VEGF therapy for the treatment of Ewing's sarcoma patients and
perhaps patients with bone metastases from other tumors. It behooves us to consider such a
novel therapeutic approach as the outcome for Ewing's sarcoma patients has not changed for
over 20 years.
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Figure 1.
Effect of VEGF on TC71 tumor phenotype and osteoclast formation. (A) TC71, TC/si-control,
or TC/siVEGF7-1 cells were injected into the tibia of nude mice. Bone tumors were removed
after 3 weeks and assessed by H&E staining. The presence of osteoclasts was determined by
TRAP staining (arrows). (B) Murine bone marrow cells were cultured with rhVEGF or rhM-
CSF for 9 days. Osteoclast formation was assessed by TRAP staining. (C) TRAP-positive
multinuclear cells were quantified by light microscopy. (D) Suspended murine bone marrow
cells were cultured with rhVEGF or rhM-CSF in the presence or absence of murine osteoblast
MC3T3-E1 cells. TRAP-positive multinuclear cells were then quantified. Results are the mean
± SE of 3 separate experiments (P<0.05).
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Figure 2.
Effect of VEGF on RANKL expression in murine bone marrow stromal cells and osteoblasts.
Serum-starved murine bone marrow stromal cells (A) or MC3T3-E1 murine osteoblast cells
(B) were cultured with rhVEGF 100 ng/ml for 2 h. Total RNA was extracted, and RANKL
expression was quantified by RT-PCR. (C) MC3T3-E1 murine osteoblast cells were cultured
with rhVEGF at different concentrations for 24 h. RANKL protein level was quantified by
Western blot analysis. (D) MC3T3-E1 cells were transfected with 1 μg of RANKL/Luc reporter
plasmid plus 50 ng of Renilla-luc expression vector. Twenty-four h after transfection, cells
were serum starved overnight and then stimulated with rhVEGF 100 ng/ml for 3, 7, and 24 h.
Luciferase activity was determined. Results are expressed as relative luciferase activity
normalized to Renilla luciferase activity from the transfection control plasmid and represent
the mean value ± SE from 3 experiments (P<0.05).
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Figure 3.
Effect of VEGF on RANKL expression in TC71 parental and transfected cells. (A) Cell lysates
were extracted from TC71, TC/si-, TC/siVEGF7-1 and TC/siVEGF7-17 cells and assayed by
Western blot analysis using anti-human RANKL antibody. β-actin was used as the internal
control. (B, C) Serum-starved TC/siVEGF7-1 cells were cultured with (B) various
concentrations of rhVEGF for 24 h, or (C) with rhVEGF at 100 ng/ml for different time points.
Cell lysates were collected and assayed by Western blot analysis.
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Figure 4.
VEGF upregulates RANK. (A) Serum starved RAW246.7 cells were cultured with rhVEGF
at 100ng/ml for 2 h. RANK expression was determined by RT-PCR.
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Figure 5.
EWS/FLI-1 regulates RANKL expression in TC71 Ewing's sarcoma cells. (A) Murine
fibroblast NIH3T3 cells were stably transfected with EWS/FLI-1 expression plasmid. RANKL
protein level was determined by Western blot analysis. β-actin was the internal control. (B)
TC71 cells were transiently transfected with EWS/FLI-1 siRNA. RANKL protein levels were
determined by Western blot analysis following transfection. (C) NIH 3T3 cells were
transfected with pGL3 luciferase vector (control), or RANKL promoter/luc vector (RANKL
promoter 2 kb or 4 kb), with or without cotransfection of EWS/FLI-1-expression plasmid. Cell
lysates were collected 24h later and luciferase activity quantified. (D) Serial deletion RANKL
promoter plasmids were constructed. NIH 3T3 cells were co-transfected with EWS/FLI-1
expressing plasmid and pGL3 luciferase reporting plasmid, RANKL-luciferase plasmid or one
of serial deletion constructs. Cell lysates were collected 24 h later and luciferase activity
quantified.
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