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ABSTRACT

Osteosarcoma is the most common primary bone tumor in children and teens. The
exact molecular mechanism underlying osteosarcoma progression still remains unclear.
The CX3CL1/fractalkine has been implicated in various tumors but not in osteosarcoma.
This study is the first to show that fractalkine promotes osteosarcoma metastasis by
promoting cell migration. Fractalkine expression was higher in osteosarcoma cell lines
than in normal osteoblasts. Fractalkine induced cell migration by upregulating intercellular
adhesion molecule-1 (ICAM-1) expression via CX3CR1/PI3K/Akt/NF-kB pathway in
human osteosarcoma cells. Knockdown of fractalkine expression markedly inhibited cell
migration and lung metastasis in osteosarcoma. Finally, we showed a clinical correlation
between CX3CL1 expression and ICAM-1 expression as well as tumor stage in human
osteosarcoma tissues. In conclusion, our results indicate that fractalkine promotes cell
migration and metastasis of osteosarcoma by upregulating ICAM-1 expression. Thus,
fractalkine could serve a novel therapeutic target for preventing osteosarcoma metastasis.

and participates in cell-ECM adhesion [9-11]. ICAM-
1 has been proposed to promote migration of many cell
types [12—14]. Upregulation of ICAM-1 has also been
implicated in the metastasis of many tumors. For example,
knockdown of ICAM-1 inhibits invasion of prostate
cancer cells [15]. ICAM-1 expression is associated with
the migration and invasion of breast, lung, gastric, oral,
and bone cancer cells [12, 15-18]. Furthermore, blocking
ICAM-1 mRNA by using antisense oligonucleotides
abolishes lung metastasis in melanoma [19]. ICAM-1

INTRODUCTION

Osteosarcoma is the most common primary bone
tumor in children and adolescents. Although the cause
of osteosarcoma is still unknown, radiation and Paget
disease may contribute to the initiation of this tumor
[1, 2]. Currently, routine treatment involves surgery
and chemotherapy as adjuvant therapy for preventing
metastasis. However, local recurrence, distant bone
invasion, or lung metastasis contribute to mortality [3—5].

Thus, novel therapy that effectively prevents metastasis
from the local site of osteosarcoma is urgently required.
Cancer metastasis is a complicated process that
contributes to mortality among patients with cancer.
In metastasis progression, expression of cell adhesion
molecules (CAMs) that promote cell-extracellular matrix
(ECM) adhesion is crucial for the efficient spread of
metastatic cells [6—8]. Intracellular adhesion molecule-1
(ICAM-1, also known as CD54) is a surface glycoprotein
that belongs to the immunoglobulin supergene family

is positively related to the progression, occurrence, and
metastasis of hepatocellular carcinoma [20]. Therefore,
ICAM-1 is a potential therapeutic target for bone tumors.

To date, fractalkine is the only member of the CX3C
chemokine family. It is expressed in many cell types
such as hematopoietic cells, endothelial cells, epithelial
cells, smooth muscle cells, dendritic cells, neurons,
and fibroblasts [21-26]. Fractalkine exists in two forms
that have distinct cellular functions. The soluble form
is a chemoattractant for cells expressing the CX3CRI

www.impactjournals.com/oncotarget

54136

Oncotarget



receptor. The membrane-bound form functions as an
adhesion molecule that promotes adhesion and migration
[27]. Recently, fractalkine/CX3CR1 expression has been
associated with many cancers, such as breast, colorectal,
prostate, and gastric cancers [28—31]. Nevertheless, the role
of fractalkine in tumor progression is controversial in the
context of the cancer type and the tumor microenvironment.

Previous reviews have showed that fractalkine
promotes tumor progression. Knockdown of fractalkine
reduces angiogenesis in hepatocellular carcinoma [32].
Upregulation of fractalkine in high-grade gliomas is
correlated with poor prognosis [33]. The fractalkine/
CX3CRI1 axis has been proposed to increase the metastasis
of prostate cancer and tumor growth in epithelial ovarian
cancer by activating Akt signaling [30, 34]. Nonetheless,
the role of fractalkine in osteosarcoma is still unknown.
This study is the first to provide evidence indicating that
fractalkine promotes cell migration and contributes to
lung metastasis by upregulating ICAM-1 expression. In
addition, fractalkine-induced ICAM-1 expression and
cell migration are activated by the CX3CR1/PI3K/Akt/
NF-kB pathway. We found that knockdown of fractalkine
inhibited lung metastasis in osteosarcoma. Moreover, IHC
results show fractalkine expression is positively correlated
with ICAM-1 expression and tumor stage in osteosarcoma.
In summary, our results indicate that fractalkine plays a
key role in the metastasis of osteosarcoma.

RESULTS

High expression of fractalkine is associated with
migration potential in osteosarcoma

Previous studies have indicated that fractalkine/
CX3CL1 expression is related with the progression of many
cancers. However, the role of fractalkine in osteosarcoma is
poorly understood. Therefore, we first assessed the correlation
between fractalkine expression and the migration ability
of osteosarcoma cells. The Transwell cell migration assay,
gPCR, and Western blot assay indicated a positive correlation
of fractalkine mRNA and protein expression with cell
migration ability in the osteosarcoma cell lines (MG63 and
U20S) and normal osteoblast cell line (hFOB 1.19) (Figure
1A—1D). Cells from both osteosarcoma lines had higher
fractalkine expression and cell migration ability. In addition,
osteosarcoma cells treated with fractalkine had increased
migration ability (Figure 1E). Next, to examine whether
CX3CRI1, the specific receptor of the ligand fractalkine, is
involved in fractalkine-induced cell migration, comparison
of CX3CR1 between hFOB1.19 and osteosarcoma is
important. We examined the levels of CX3CR1 between
hFOB 1.19 and osteosarcoma (MG63 and U20S). The
level of CX3CR1 was significantly elevated in MG63 and
U20S cell lines compared with hFOB 1.19 (Figure 1F-1G).
To confirm this finding, MG63 cells were transfected with
control and CX3CR1 small interfering RNA (siRNA) for 24
h, and the western blot analysis showed that the expression

of protein levels of CX3CR1 was suppressed by transfection
with CX3CRI1 siRNA (Figure 1H). Transfected cells with
CX3CRI siRNA slightly reduced cell migration (Figure 1H)
and significantly abolished fractalkine-induced cell migration
(Figure 1I). These results indicate that the fractalkine/
CX3CR1 axis plays a crucial role in the migration ability of
osteosarcoma cells.

Fractalkine-induced cell migration is mediated
by ICAM-1 expression

CAMs have been implicated in the spread of metastatic
cells in recent decades [6—8]. However, the regulation of
CAMs in human osteosarcoma cells is largely unknown.
Therefore, we examined the expression of ICAM-1 and
VCAM-1, the two well-established CAMs with a key role
in tumor metastasis [20, 35]. ICAM-1 mRNA and protein
expression increased after fractalkine treatment in a dose- and
time-dependent manner (Figure 2A-2D). However, VCAM-
1 expression did not change after fractalkine treatment.
The flow cytometric assay showed induction of ICAM-1
in the cell membrane after fractalkine treatment (Figure
2E). To confirm the role of ICAM-1 in fractalkine-induced
cell migration, MG63 cells were transfected with I[CAM-1
siRNA. The transfected cells showed markedly inhibited
fractalkine-induced cell migration (Figure 2F). These data
clearly show that fractalkine-induced cell migration is
mediated by ICAM-1 expression.

PI3K/Akt signaling pathway is involved in
fractalkine-induced ICAM-1 expression and cell
migration

Previous studies have indicated that the fractalkine/
CX3CRI axis promotes tumor progression by activating
PI3K/Akt signaling [30, 34]. In accordance with previous
findings, our results indicated that pretreating cells with
PI3K/Akt inhibitors (Ly294002, wortmannin, and Akti)
for 30 min markedly inhibited fractalkine-induced cell
migration and ICAM-1 mRNA and protein expression
(Figure 3A-3D). In addition, treatment of cells with
fractalkine induced phosphorylation of the PI3K p85
subunit and Akt signal proteins (Figure 3E). Transfecting
osteosarcoma cells with PI3K and Akt dominant mutants
(DN-PI3K and DN-AKkt) also inhibited fractalkine-induced
cell migration and ICAM-1 expression (Figure 3F-3G).
Pretreatment with PI3K inhibitors inhibited phosphorylation
of Akt, indicating that Akt is the downstream signal protein
of PI3K (Figure 3H). According to these results, fractalkine
induced ICAM-1 expression and cell migration through the
PI3K/Akt signaling pathway in osteosarcoma.

NF-kB signal pathway is involved in fractalkine-
induced ICAM-1 expression and cell migration

A previous study indicated that NF-kB is a crucial
transcription factor involved in cancer cell migration
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and invasion [36]. Therefore, we examined whether the
NF-kB signaling pathway is involved in fractalkine-
induced ICAM-1 expression and cell migration.
Pretreating cells with NF-xB inhibitors (PDTC and
TPCK) for 30 min markedly inhibited fractalkine-
induced cell migration and ICAM-1 mRNA and protein
expression (Figure 4A—4C). Moreover, treating cells
with fractalkine induced phosphorylation of IKKoa/f,
IxB-a, and p65 signal proteins (Figure 4D). Furthermore,
osteosarcoma cells transfected with IKKa and IKKf
dominant mutants showed inhibited fractalkine-induced
cell migration and ICAM-1 expression (Figure 4E-4F).
Subsequently, we determined NF-kB promoter activity
after fractalkine treatment; MG63 cells were transfected
with the kB-luciferase reporter plasmid as a reporter
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to its DNA element by using the ChIP assay, which
indicated blocking by pathway inhibitors (Figure 5F).
According to these results, activation of the NF-kB
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Figure 1: High fractalkine/CX3CL1 expression is correlated with tumor stage and cell migration ability. A. The cell
migration ability of the osteoblast cell line hFOB 1.19 and the osteosarcoma cell lines MG63 and U20S was assessed using the Transwell
assay. B and D. Total mRNA and protein were collected from the indicated cell lines, and fractalkine expression was detected using qPCR,
Western blotting and ELISA assay. E. The osteosarcoma cell lines MG63 and U20S were incubated with the indicated concentrations of
fractalkine for 24 h, and cell migration ability was assessed using the Transwell assay. F-G. Total mRNA and protein were collected from
the indicated cell lines, and CX3CR1 expression was detected using qPCR and Western blotting. H-I. MG63 cells were transfected with
CX3CRI1 or negative siRNA (control) for 24 h and then incubated with fractalkine (10 ng/mL) for 24 h. Cell migration ability was analyzed
using the Transwell assay. Results are expressed as the mean + SEM of triplicate samples. A-D: *P < 0.05 compared with hFOB 1.19 cells.
E-I: *P < 0.05 compared with the control group and P < 0.05 compared with the fractalkine-treated group.
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transcription factor is involved in fractalkine-induced were sacrificed 28 days later. Lung metastasis was

ICAM-1 expression and cell migration. Moreover, the identified by counting the number of nodules in tumor-
PI3K/Akt/NF-kB signal cascade is responsible for this bearing mice, and the data showed that knockdown of
induction. fractalkine significantly abolished the mean number of

lung metastatic nodules (Figure 6D-6F). Conclusively,
Knockdown of fractalkine reduces metastasis in knockdown of fractalkine reduced cell migration in vitro
a mouse model of osteosarcoma and lung metastasis in vivo.

The in vitro results were confirmed using MG63 Fractalkine expression is associated with ICAM-
cells stably expressing fractalkine shRNA. The 1 expression in osteosarcoma specimens
expression of fractalkine and ICAM-1 was decreased in
clones stably expressing fractalkine shRNA (Figure 6A). Finally, it is important to examine the correlation
As expected, cell migration ability was also decreased in between fractalkine and ICAM-1 in clinical specimens. [HC
clones stably expressing fractalkine shRNA (Figure 6B). results showed that fractalkine and ICAM-1 expressions
To further confirm that fractalkine mediated ICAM-1- were associated with higher tumor stage (Figure 7A-7C).
dependent cell migration in human osteosarcoma cells The staining intensity was evaluated as 0 (negative), 1 (very
by PI3K-Akt pathway, the expression levels of PI3K and weak), 2 (weak), 3 (moderate), 4 (strong), and 5 (very strong).
Akt were did not differ between in the sh-fractalkine Furthermore, fractalkine expression was positively correlated
cells compared with MG63 (Figure 6C). To determine with ICAM-1 expression in osteosarcoma specimens (Figure
the role of fractalkine in osteosarcoma metastasis in 7D). These results suggested that fractalkine linked with
vivo, cells were injected into the tail vein, and mice ICAM-1 and tumor progression in osteosarcoma.
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Figure 2: Fractalkine-induced cell migration is mediated by ICAM-1 expression in osteosarcoma. A. MG63 cells were
treated with various concentrations of fractalkine for 24 h. Total RNA was extracted, and ICAM-1 mRNA expression was measured using
qPCR. B. The osteosarcoma cell lines MG63 and U20S were incubated with 10 ng/mL fractalkine for the indicated times. ICAM-1 mRNA
expression was measured using qPCR. C. MG63 cells were treated as indicated (Figure 2A), and total protein was collected. VCAM-1 and
ICAM-1 expression levels were assessed using Western blotting. D. MG63 cells were treated as indicated (Figure 2B), and total protein
was collected. The VCAM-1 and ICAM-1 expression levels were assessed using Western blotting. E. MG63 cells were treated with
the indicated concentrations of fractalkine for 24 h. The cells were stained with the ICAM-1 antibody and FITC-conjugated secondary
antibody, and ICAM-1 expression was assessed using flow cytometric analysis. F. MG63 cells were transfected with ICAM-1 or negative
siRNA (control) for 24 h and subsequently incubated with fractalkine (10 ng/mL) for 24 h. Cell migration ability was analyzed using the
Transwell assay. The upper panel shows the expression of ICAM-1 in siRNA-transfected cells. Results are expressed as the mean + SEM
of triplicate samples. *P < 0.05 compared with the control group and P < 0.05 compared with the fractalkine-treated group.
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observed. Therefore, novel effective adjuvant therapy for
preventing osteosarcoma metastasis is urgently required.
This study is the first to provide evidence that fractalkine
promotes cell migration and contributes to osteosarcoma
metastasis. This effect is mediated through ICAM-1,
the expression of which is implicated in the metastasis

DISCUSSION

Osteosarcoma is the most common malignant bone
tumor in children and young adults. To date, surgery and
chemotherapy remain the only treatment strategy, but
a mortality rate of 20% due to lung metastasis is still
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Figure 3: PI3K/ALkt signal cascade mediates fractalkine response in human osteosarcoma. A. The osteosarcoma cell lines
MG63 and U20S were pretreated with 0.1% DMSO as a control, LY294002 (1 uM), wortmannin (1 pM), and Akti (1 uM) for 30 min
and then incubated with fractalkine for 24 h. Cell migration was examined using the Transwell assay. B. MG63 cells were treated as
described (Figure 3A), and ICAM-1 mRNA expression was assessed using qPCR. C and D. MG63 cells were pretreated with 0.1% DMSO
as a control, LY294002 (1 uM), wortmannin (1 pM), or Akti (1 pM) for 30 min and then incubated with fractalkine for 24 h. ICAM-1
protein expression was examined using Western blotting. E. MG63 cells were incubated with fractalkine (10 ng/mL) for the indicated time
intervals. Phosphorylation of PI3K and Akt was examined using Western blotting. F. The osteosarcoma cell lines MG63 and U20S were
transfected with the vector control and PI3K and Akt dominant mutants (DNs) for 24 h and subsequently treated with fractalkine (10 ng/
mL) for 24 h, and cell migration was analyzed using the Transwell assay. G. MG63 cells were treated as described (Figure 3F), and ICAM-
1 mRNA expression was assessed using qPCR. H. MG63 cells were pretreated with 0.1% DMSO as a control, LY294002 (1 pM), and
wortmannin (1 uM) for 30 min and then incubated with fractalkine for 30 min. Akt phosphorylation was examined using Western blotting.
Results are expressed as the mean = SEM of triplicate samples. *P < 0.05 compared with the control group and “P < 0.05 compared with
the fractalkine-treated group.

www.impactjournals.com/oncotarget 54140 Oncotarget



of many cancers. Our results also demonstrated that progression remains controversial. This phenomenon

CX3CR1/PI3K/Akt/NF-kB mediates ICAM-1 expression, may be caused by the dual function of fractalkine,
subsequently regulating cell migration and lung metastasis which functions as a chemoattractant for leukocytes and
in osteosarcoma. Hence, fractalkine may be a novel cancer an adhesion molecule for tumor cells expressing the
therapeutic target. receptor. For example, high expression of fractalkine is
Factalkine is one of the most expressed chemokines correlated with the number of infiltration lymphocytes and
in the brain and has been proposed to have a crucial a higher survival rate in patients with colorectal cancer
function in the central nervous system. However, [29]. In neuroblastoma, high expression of fractalkine
dysregulation of the fractalkine/CX3CR1 axis is correlated is also associated with antitumor effects through the
with malignancies of the central nervous system, such regulation of NK cells and lymphocytes [39]. However,
as gliomas and neuroblastoma [37, 38]. The correlation fractalkine has protumoral effects for prostate, breast, and
between the fractalkine/CX3CR1 axis and tumor pancreatic cancers; high expression of CX3CRI1 in these
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cancers promotes metastasis. This effect may be caused
by transmigration of cancer cells through endothelial
cells expressing fractalkine [28, 30, 40]. For the first
time, our study elucidated the role of the fractalkine/
CX3CRI1 axis in osteosarcoma, the most common bone
tumor in children. Our results indicated that fractalkine
expression was positively correlated with tumor
progression. High fractalkine expression was responsible
for the cell migration and metastasis of osteosarcoma.
This study proves the crucial role of fractalkine in bone
tumors, consistent with the previous finding that the
fractalkine/CX3CRI1 axis plays a crucial role in the bone
microenvironment of multiple myeloma metastasis [41].

Therefore, the fractalkine/CX3CR1 axis is a potential
therapeutic target for treating bone-related tumors.

In this study, the role of ICAM-1 in osteosarcoma
metastasis was confirmed. The fractalkine/CX3CRI1
axis activated ICAM-1 expression in osteosarcoma and
promoted the migration of osteosarcoma cells. ICAM-1
plays a vital role in leukocyte adhesion and cancer cell
invasion [42, 43]. Our previous study showed the key role
of ICAM-1 in osteosarcoma metastasis [44]. Another study
on osteosarcoma revealed that ICAM-1 is upregulated
by interleukin-6 and is responsible for the migration of
osteosarcoma cells [45]. ICAM-1 also promotes metastasis
and is correlated with the progression of other cancers.
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Knockout of ICAM-1 is associated with decreased spinal
metastasis because of a non-organ-specific reduction in
metastasis development [46]. In prostate cancer, CCN3
induces ICAM-1 expression and thus promotes bone
metastasis [15]. In breast cancer, ICAM-1 expression is
positively correlated with tumor progression and poor
prognosis [47]. Future studies should investigate the
application of the adhesion molecule ICAM-1 to cancer
therapy.

PI3K/Akt is the most important signal regulator
of survival when cells are exposed to stress [48]. It has

been proposed to be a key regulator in tumor initiation
and progression, and dysfunction of PI3K/Akt has been
observed in several tumors [49]. Therefore, the PI3K/
Akt pathway has implications in cancer drug discovery
and development [50]. Many studies have demonstrated
PI3K/Akt activation by the fractalkine/CX3CR1 axis.
In multiple myeloma, fractalkine induces Akt activation
and cell adhesion through CX3CR1 [41]. In chronic
lymphocytic leukemia, the fractalkine/CX3CR1 axis
activates Akt and is involved in the interaction of chronic
lymphocytic leukemia with the microenvironment [51].
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Figure 6: Knockdown of fractalkine inhibits cell migration ability and lung metastasis in osteosarcoma. A. Total protein
was collected from MG63 cells stably expressing fractalkine shRNA. A vector-only control is also shown (control). Western blotting was
used to assess the expression of fractalkine and ICAM-1. Actin was used as the loading control. B. The cell migration ability of MG63
cells stably expressing a shRNA vector and control vector was measured using the Transwell assay. C. The protein levels of p-PI3K, PI3K,
p-Akt and Akt in control-shRNA and fractalkine-shRNA cells was examined by western blot. D. To induce pulmonary metastases, cells
were injected into the mouse tail vein and those mice were sacrificed 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 fractalkine. E. H&E staining of lung metastatic nodules of MG63 injected mice. The scale bars shown on 100 images
correspond to 250 pm. F. The lungs of MG63 injected mice were removed and inflated with 10 % paraformaldehyde fixative. 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.
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Moreover, in neuroblastoma, the fractalkine/CX3CRI1
axis promotes transendothelial migration and contributes
to bone marrow metastasis through Akt activation [38].
In our present study, we confirmed that the PI3K/Akt
signal cascade is involved in fractalkine/CX3CR1-induced
ICAM-1 expression and lung metastasis in osteosarcoma.
Our results revealed that PI3K/Akt may be a crucial
signal regulator mediating fractalkine/CX3CR1 signal
transduction in various cancers.

For the first time, the role of the fractalkine/CX3CR1
axis was elucidated in this study. Our findings indicate
that the fractalkine/CX3CR1 axis is correlated with tumor
progression and promotes cell migration in osteosarcoma.
fractalkine/CX3CR1-induced ICAM-1 expression and
cell migration are mediated by the PI3K/Akt/NF-xB
signaling pathway. In conclusion, we provide evidence
that fractalkine expression is associated with osteosarcoma
metastasis, indicating that fractalkine is a novel therapeutic
target for preventing osteosarcoma metastasis.

MATERIALS AND METHODS

Materials

Anti-mouse and anti-rabbit IgG-conjugated
horseradish peroxidase and rabbit polyclonal antibodies
specific for fractalkine/CX3CL1, CX3CRI1, ICAM-I,

VCAM-1, p-PI3K p85a, PI3K p85a, p-Akt, Akt, p-IKKa/p,
IKKa/B, p-I«Ba, IkBa, p-p65, p6S, and B-actin were
purchased from Santa Cruz Biotechnology (Santa Cruz,
CA, USA). Recombinant human fractalkine/CX3CLI
was purchased from PeproTech (Rocky Hill, NJ, USA).
The short hairpin RNA (shRNA) plasmid used for gene
knockdown was purchased from the National RNAi Core
Facility Platform (Taipei, Taiwan). All siRNAs used were
ON-TARGETplus siRNAs and purchased from Dharmacon
Research (Lafayette, CO, USA). All other chemicals were
obtained from Sigma—Aldrich (St. Louis, MO, USA).

Cell culture

The human osteosarcoma cell lines MG63, U20S
and the human osteoblast cell line hFOB 1.19 were
purchased from the American Type Cell Culture Collection
(Manassas, VA, USA). All cell lines were maintained in
DMEM supplemented with 20 mM HEPES, 10% heat-
inactivated fetal bovine serum, 2 mM glutamine, 100 U/
mL penicillin, and 100 pg/mL streptomycin at 37°C with
5% CO,. hFOB 1.19 cells were maintained under the same
condition but at 33°C.

To generate fractalkine stable knockdown cell line
of MG63 cells, the cells were transfected with fractalkine
shRNA by using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA), and fractalkine shRNA-expressing
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MG®63 cells were selected using puromycin (1 pg/mL).
The selected cells were expanded to generate clonal cell
populations.

Western blotting

The cells were lysed in a RIPA lysis buffer, and
total cell lysates were collected. Proteins were resolved
through SDS-PAGE and transferred to an Immobilon
polyvinyldifluoride membrane. Blots were blocked with
5% nonfat milk for 1 h at room temperature. The blots
were incubated with antibodies (1:1000) for 1 h at room
temperature. After 3 washes, the blots were incubated with
a peroxidase-conjugated secondary antibody (1:1000) for
1 h at room temperature and visualized using enhanced
chemiluminescence with ImageQuant™ LAS 4000 (GE
Healthcare Life Sciences, Little Chalfont, UK). The
developed bands were quantified by using a computing
densitometer and ImageQuant software.

Quantitative real-time PCR

qPCR was performed using the Tagman® one-
step PCR Master Mix (Applied Biosystems, Foster City,
CA, USA). Total cDNA (100 ng) was added per 25-uL
reaction with sequence-specific primers and Tagman®
probes. All target gene primers and probes were
purchased from Applied Biosystems (B-actin was the
internal control); the qPCR assay was triplicated using
the StepOnePlus sequence detection system. Cycling
conditions were as follows: polymerase activation at
95°C for 10 min, followed by 40 cycles at 95°C for
15 s and 60°C for 60 s; the threshold was set above a
nontemplate control background and within the linear
phase of target gene amplification to calculate the cycle
number at which the transcript was detected (denoted
as CT).

Transwell cell migration assay

A cell migration assay was performed using
Transwell inserts (8-um pore size; Costar, NY, USA)
in 24-well dishes. The cells were pretreated for 30 min
with the designated inhibitor and then incubated with
fractalkine for 24 h. The cells were seeded in the upper
Transwell chamber, and 300 pL of a medium was added to
the lower chamber. After 24 h, the cells were fixed in 3.7%
formaldehyde for 15 min and stained with 0.05% crystal
violet for 15 min. Cells on the upper side of the chamber
were removed using cotton-tipped swabs, and the chamber
was washed with phosphate-buffered saline (PBS).
The cells on the underside of the filters were examined
and counted under a microscope. Each experiment was
repeated at least 3 times.

Measurement of soluble levels of fractalkine

Fractalkine concentration was measured in culture
supernatants with Human Fractalkine DuoSet ELISA
(R&D Systems in accordance with the manufacturer’s
protocol. All samples were stored at —80°C before use.
The samples were assayed in duplicate.

Flow cytometric analysis

MG63 osteosarcoma cells were prepared under
the indicated condition in 6-well plates and then
washed with PBS and detached using trypsin (Gibco,
CA, USA) at 37°C. The cells were fixed for 10 min
in 3.7% paraformaldehyde, rinsed with PBS, and
incubated with mouse anti-human-ICAM-1 (1:100) (BD
Biosciences, CA, USA) for 1 h at room temperature.
After incubation, the cells were washed 3 times with
PBS and then incubated with FITC-conjugated goat
antimouse secondary IgG (1:100; Leinco Technologies,
St. Louis, MO, USA) for 45 min at room temperature.
After a final rinse, the cells were analyzed using an
FACSCalibur flow cytometer and CellQuest software
(BD Biosciences).

Immunofluorescence microscopy

MG63 cells were seeded on glass coverslips and
treated under the indicated conditions; the cells were
rinsed once with PBS and fixed in 3.7% paraformaldehyde
for 10 min at room temperature. The cells were washed
3 times with PBS and blocked with 4% BSA for 15 min.
Subsequently, the cells were incubated with antihuman
p65 (1:100) for 1 h at room temperature. After being
washed 3 times, the cells were incubated with FITC-
conjugated goat anti-rabbit IgG for 1 h. Finally, the cells
were washed, mounted, and photographed using the Leica
TCS SP2 Spectral Confocal System.

Chromatin immunoprecipitation assay

A chromatin immunoprecipitation (ChIP) assay
was performed as described previously [52]. DNA
immunoprecipitated by the anti-p65 antibody was purified.
DNA was then extracted using phenol—chloroform.
The purified DNA pellet was subjected to PCR. PCR
products were then resolved through 1.5% agarose gel
electrophoresis and visualized using ultraviolet irradiation.
The primers 5’-AGACCTTAGCG CGGTGTAGA-3’
and 5’-AGTAGCAGAGGAGCTCAGCG-3’ were used
to amplify DNA segments across the ICAM-1 promoter
region (—346 to —24).

Reporter assay

A NF-xB report plasmid, pSV-B-galactosidase
vector, and luciferase assay kit were purchased
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from Promega (Madison, WI, USA). The cells were
cotransfected with the NF-kB report plasmid (0.7 pg)
and the pSV-B-galactosidase vector (0.3 pug) for 24 h by
using Lipofectamine 3000 (Invitrogen). According to
the manufacturer’s recommendations, cell extracts were
prepared, and luciferase and P-galactosidase activities
were then measured.

In vivo tumor xenograft study

Four-week-old male SCID mice were purchased
from Lasco (Taipei, Taiwan) and were maintained in
pathogen-free conditions. All animal experiments were
performed in accordance with the protocol approved
by the Institutional Animal Care and Use Committees
of Shin Kong Wu Ho-Su Memorial Hospital (Taipei,
Taiwan). Seven animals per group, were used, and the
experiment was repeated twice. For assessing lung
metastasis in osteosarcoma cells in the in vivo xenograft
model, 1 x 10 cells were resuspended in 100 pL of PBS
and injected into the lateral tail vein. After 4 weeks, the
mice were sacrificed, and the lungs were removed and
fixed in 10% formaldehyde. The number of metastatic
nodules in the lungs was counted under a dissecting
microscope.

Immunohistochemistry (IHC)

Human normal bone and osteosarcoma tissue
microarray (BO244, T261, T262, T262A, T263 and
0S804b), containing 74 cases of 11 case of normal
bone, 7 case of Stage I osteosarcoma, 49 case of Stage II
osteosarcoma and 7 case of Stage III osteosarcoma, were
purchased from Biomax (Rockville, MD). Sections (5-pm
thick) of paraffin-embedded tissue were placed on glass
slides, rehydrated, incubated with 3% hydrogen peroxide
to quench endogenous peroxidase activity, then blocked
by 3% BSA incubation in PBS. Sections were incubated
with the primary mouse polyclonal anti-human fractalkine
and ICAM-1 antibody at 1:100 dilutions and incubated at
4°C overnight. After three PBS washes, samples were
incubated with a 1:100 dilution of biotin-labeled goat anti-
mouse IgG secondary antibody, bound antibodies detected
by ABC Kit (Vector Laboratories, Burlingame, CA). Slides
were stained with chromogen diaminobenzidine, washed,
counterstained with Delafield’s hematoxylin, dehydrated,
treated with xylene, then mounted. The staining intensity
was evaluated as 0 (negative ), 1 (very weak), 2 (weak),
3 (moderate), 4 (strong), and 5 (very strong), respectively,
by five independent and blinded observers. IHC score was
determined as the sum of the intensity score.

Statistical analysis

Data are presented as the mean + standard error of
the mean (SEM). Statistical comparisons between 2 groups

were performed using the Student’s ¢ test. Statistical
comparisons of more than 2 groups were performed using
one-way analysis of variance with Bonferroni’s post hoc
test. A P value of less than 0.05 was considered statistically
significant.
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