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CXCR4-mediated osteosarcoma growth and pulmonary
metastasis is promoted by mesenchymal
stem cells through VEGF
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Abstract. Chemokines and chemokine receptor 4 (CXCR4)
play an important role in metastasis. CXCR4 is also expressed
in the human osteosarcoma cell line 9607-FSM2 (F5M?2),
which has a high tumorigenic ability and potential for spon-
taneous pulmonary metastasis. Mesenchymal stem cells
(MSCs) contribute to the formation of the tumor stroma
and promote metastasis. However, mechanisms underlying
the promotion of osteosarcoma growth and pulmonary
metastasis by MSCs are still elusive. Our study co-injected
the human MSCs and F5M2 cells into the caudal vein of
nude mice. The total number of tumor nodules per lung was
significantly increased in the FSM2+MSC group compared
to the other groups (control, FSM2 cells alone and MSCs
alone) at week six. Moreover, a high number of Dil-labeled
MSCs was present also at the osteosarcoma metastasis sites
in the lung. Using Transwell assays, we found that FSM2 cells
migrate towards MSCs, while the CXCR4 inhibitor AMD3100
decreased the migration potential of FSM2 cells towards
MSCs. Furthermore, upon treatment with FSM2-conditioned
medium, MSCs expressed and secreted higher levels of VEGF
as determined by immunohistochemistry, western blotting
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and ELISA, respectively. Importantly, co-cultured with FSM2
cells, MSCs expressed and secreted higher VEGF levels, while
AMD3100 dramatically decreased the VEGF secretion by
MSCs. However, CXCR4 expression on FSM2 cells was not
significantly increased in the co-culture system. Additionally,
VEGEF increased the proliferation of both MSCs and FSM2
cells. These findings suggest that CXCR4-mediated osteo-
sarcoma growth and pulmonary metastasis are promoted by
MSCs through VEGF.

Introduction

Osteosarcoma accounts for ~15% of all primary bone tumor
cases (1). Approximately 95% of the patients who died of meta-
static disease exhibited metastases in the lungs, as indicated
in autopsy (2). The mechanisms underlying the development,
progression and metastasis of osteosarcoma remain elusive. We
previously established the osteosarcoma cell line, 9607-F5M2
(F5M2), which has a high tumorigenic ability and potential for
spontaneous pulmonary metastasis (3).

Non-hematopoietic mesenchymal stem cells (MSCs) in
the bone marrow are characterized by clonal, plastic adherent
cells capable of differentiating into osteoblasts, adipocytes
and chondrocytes (4). MSCs are also stromal cells, struc-
tural components of the bone marrow that support in vitro
hematopoiesis by providing extracellular matrix components,
cytokines and growth factors (5-7). MSCs have been shown
to target microscopic tumors and subsequently proliferate
and differentiate, contributing to the formation of a signifi-
cant portion of the tumor stroma and promote breast cancer
metastasis (8). These observations indicate the complexity
of the relationship between MSCs and tumors. There is,
however, little data concerning the relationship between MSCs
and osteosarcoma. Chemokines are small soluble molecules
that are best known for their potent ability to induce cellular
migration. Many types of cancer cells express chemokines
and chemokine receptors (CXCR), such as CXCR4 (9).
CXCR4 expression on tumor cells is upregulated by hypoxia
and angiogenic factors, such as vascular endothelial growth
factor (VEGF). Patients with CXCR4/VEGF positive tumors
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have a significantly shorter survival, suggesting that the
CXCR4/VEGF could be a predictor of potential metastatic
development (10).

In order to study the interaction and the underlying mecha-
nism between MSCs and osteosarcoma, we co-injected MSCs
and osteosarcoma cells into nude mice and monitored tumor
development and progression, namely growth and pulmo-
nary metastasis in response to MSCs. Finally, we performed
in vitro experiments including Transwell assays, MTT, ELISA
and protein expression analysis to study the possible mecha-
nisms, with particular focus on the CXCR4/VEGF signaling
pathway and found that CXCR4-mediated osteosarcoma
growth and pulmonary metastasis were promoted by MSCs
through VEGF.

Materials and methods

Isolation and culture of human MSCs and F5M2. MSCs
were isolated and expanded according to a modification of
a previously described protocol (11,12). We identified MSCs
by CD90 and CD45, in which >95% of the population was
positive for CD90 expression and >98% negative for CD45
surface molecules. The donor of the cells was a healthy
individual without metabolic or inherited disorders or other
diseases that might affect the current study. A signed consent
was obtained and the study was approved by the Institutional
Review Board of the Fourth Military Medical University.
In brief, human MSCs were isolated by density-gradient
centrifugation and cultured in low-glucose Dulbecco's modi-
fied Eagle's medium (DMEM, Gibco Laboratories, USA)
supplemented with 10% fetal bovine serum (FBS) (Hyclone),
100 U/ml penicillin and 100 ug/ml streptomycin at 37°C, in a
humidified atmosphere containing 5% carbon dioxide (CO,).
Culture medium was replaced by fresh medium twice a week.
Confluent cells were harvested for passage 3-6 with 0.25%
trypsin. The human osteosarcoma cell line 9607-F5M2
(F5M2) was grown in DMEM supplemented with 10% FBS
(Hyclone) (3). Conditioned medium (CM) was derived by
adding 1% FBS medium to cells at 80% confluence for 24 h.

Tumor xenografts in nude mice. Study protocols involving
mice were approved by the Animal Ethics Committee of the
Fourth Military Medical University. BALB/c nu/nu (nude
mice) from the animal center of the Fourth Military Medical
University, Xi'an, Shaanxi, China (approval ID: 2009043)
(four weeks of age, male) were divided into four groups (n=6
animals per group): control group, MSCs group, FSM2 group
and MSCs+F5M2 group. MSCs and F5M2 cells were resus-
pended in PBS at a final concentration of 1x107 cells/ml. MSCs
were labeled with 4 pg/ml chloromethyl-dialkylcarbocyanine
(CM-Dil, Dil) (Invitrogen) in pre-warmed PBS for 15 min at
37°C followed by an incubation for 15 min at 4°C. Cells were
washed with PBS and resuspended in PBS before they were
used. MSCs and/or F5M2 cells were injected into the caudal
vein of nude mice at a dose of 2x10° cells per mouse. After
6 weeks, mice were sacrificed with excess pentobarbital. The
number of pulmonary matastatic tumor nodules was counted
under a low-powered dissecting stereomicroscope. The lung,
liver, spleen, kidney and serum were harvested for further
analysis (11).
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Co-culture and Transwell assays. In direct co-culture studies,
MSCs were labeled with Dil (4 ug/ml). Then FSM2 cells and
MSCs (1x10° cells) were seeded and cultured in left and right
area separately and the cells had adhered after 12 h. Cells
were grown in DMEM supplemented with 1% FBS (Hyclone),
100 U/ml penicillin and 100 pg/ml streptomycin at 37°C, in
a humidified atmosphere with 5% CO, for 5 days. Then the
F5M2 cells and MSCs labeled with 5 pg/ml Hoechst (Sigma)
in pre-warmed PBS for 10 min at 37°C. The cells were washed
with PBS three times, then were fixed in buffered isotonic
formaldehyde (100 ml of 37% formaldehyde solution, 900 ml
distilled water, 4 g monobasic sodium phosphate and 6.5 g
dibasic sodium phosphate).

The invasive potential of the cells was measured in 6.5-mm
transwells with an 8-ym pore polycarbonate membrane insert
(Corning, NY), according to the manufacturer's instructions.
The top chamber filter was coated with 50 1 of diluted Matrigel
following the standard procedure and incubated at 37°C for
2 h. The lower chamber was filled with 600 ul of DMEM
containing 1% FBS as a chemoattractant. Cells were serum-
free-starved overnight and then harvested and resuspended in
migration medium (DMEM with 0.5% BSA). A suspension of
5,000 cells in 100 pl migration medium was then added into
each top chamber. After incubation for 16 h, the non-invading
cells that remained on the upper surface were removed with
a cotton swab. The invasive cells on the lower surface of
the membrane insert were fixed with 4% paraformaldehyde
for 30 min, permeabilized with 0.2% Triton X-100 at room
temperature for 15 min and then stained with 0.1% crystal
violet for 5 min. The number of cells on the lower surface,
which had invaded through the membrane, was counted under
a light microscope in five random fields at a magnification
of x100. Data were obtained from three independent experi-
ments. The procedure for the Transwell migration assay was
the same as for the Transwell invasion assay, except that the
filter of the top chamber was not coated with Matrigel.

Co-cultured cells were also analyzed in 36-mm transwells
with 3-ym pore polycarbonate membrane inserts (Corning,
NY) according to the manufacturer's instructions. The upper
and lower cultures were separated by a 3-um pore size poly-
vinylpyrolidone-free polycarbonate filter. Briefly, the lower
chambers were filled with 3 ml of DMEM containing 1% FBS
and 5x109 cells/ml in 200 u1 DMEM/1% FBS were added to
the upper or lower compartment. Chambers were incubated
in a humidified 37°C atmosphere with 5% CO, for 48 h. Cells
were then lysed and the proteins were extracted. VEGF and
CXCR4 protein expression was detected as detailed below.
Supernatants were collected for ELISA assay (3). Each experi-
ment was performed in triplicates.

For CXCR4 blocking, the CXCR4 inhibitor AMD3100
(Sigma-Aldrich), was incubated at a concentration of 10 yg/ml
1 h before and during the migration and co-culture assays.
SDF-1 neutralizing antibody (SDF-1 Ab, 0.6 ug/ml) was used
to specify neutralize SDF-1 (R&D Systems).

MTT assay. For assessment of cell proliferation, the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay was performed according to the manufacturer's
instructions (Sigma-Aldrich). The experiments were repeated
three times independently. Anti-human VEGF neutralizing
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Figure 1. Pulmonary metastasis of FSM2 in vivo in response to co-injection
with MSCs. (A) General observation of FSM2 pulmonary metastasis.
(B) Pathological analysis (H&E staining). (C) Nodules per lung. (D) ALP
levels in the blood. “P<0.01, compared to the control group. *P<0.05,
#P<0.01, compared to the FSM2 group. Black arrows, sites of metastasis
nodules. Results are expressed as means + SD (n=6).

antibody (VEGF Ab, 0.1 ug/ml) was used to specify neutral-
ized VEGF (Abcam, USA).

Immunohistochemistry. Cell slices were treated with 3%
hydrogen peroxide in methanol for 10 min, in order to inac-
tivate endogenous peroxidases, and were then incubated
with primary antibodies against VEGF or CXCR4 (Abcam)
overnight at 4°C. After rinsing with PBS, cells on the slices
were treated for 20 min with pre-diluted biotin-conjugated
broad-spectrum IgG secondary antibody (Gene Tech, China)
and then visualized using streptavidin-conjugated horseradish
peroxidase provided with the Real Envision detection kit
(Gene Tech), following the manufacturer's instructions. The
experiments were repeated three times independently.

ELISA assay. To determine the levels of VEGF secreted
in the CM from F5M2 cells or MSCs, cells were plated in
medium containing 1% FBS. After cells reached confluence,
supernatants were collected according to the manufacturer's
instructions. Media were analyzed by a commercially avail-
able sandwich VEGF ELISA kit (Invitrogen), according to
the manufacturer's instructions. Assays were performed in
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quadruplicates and the results were normalized for the number
of producing cells and reported as picograms (pg) of VEGF
per 1x10° cells per 48 h.

Western blotting. VEGF and CXCR4 protein expression was
detected by western blotting (13). As mentioned above, cells
were lysed and proteins were extracted. Protein samples
were subjected to sodium dodecyl sulfate polyacrylamide gel
eletrophoresis (SDS-PAGE) and transferred to polyvinylidene
difluoride membranes by a semi-dry transfer cell system (Bio-
Rad, Hercules, CA, USA). The membrane was probed with
mouse monoclonal antibodies against VEGF, CXCR4 and
[B-actin (internal control) (Abcam).

Statistical analysis. Data were obtained from at least three
independent experiments and presented as means + SD.
Comparisons between two groups were performed with the
Student's t-test, while statistical significance of mean differ-
ences among multiple groups were obtained by the analysis
of variance (ANOVA) followed by Dunnett's post-hoc test. A
P-value <0.05 was considered as statistically significant.

Results

MSCs promote osteosarcoma pulmonary metastasis. To
study the osteosarcoma interaction with MSCs on pulmonary
metastasis, we monitored the development of osteosarcoma
pulmonary metastasis in response to MSCs. Six weeks after
injection of F5M2 cells, with or without MSCs, into the caudal
vein, mice were sacrificed and the total number of osteosar-
coma pulmonary metastatic nodules per lung was calculated.
A remarkably higher number of tumor nodules was observed
after co-injection of FSM2 cells with MSCs compared to
F5M2 alone, as confirmed by histological examination of the
tumors (Fig. 1A-C). No metastases were found in the liver,
spleen or kidney (data not shown). Levels of alkaline phos-
phatase (ALP) in blood serum were measured at week 6 to
determine the progression of osteosarcoma metastasis (2). A
statistically significant increase of ALP levels was observed in
response to exogenous MSCs compared to the osteosarcoma
group (Fig. 1D). Six weeks after injection of Dil-labeled
MSCs, we found a large number of MSCs in the lung, which
correlated with an enhanced osteosarcoma pulmonary metas-
tasis (Fig. 2). We postulate that FSM2 cells were induced to
undergo pulmonary metastasis by components secreted by
MSCs or FSM2 cells, which could chemoattract each other,
leading to an intricate interaction between them and ultimately
to pulmonary metastasis.

MSCs enhance F5SM?2 cell migration in a co-culture model
system. To test whether MSCs have an impact on osteosar-
coma cell migration, we initially performed migration and
co-culture assays in which MSCs were plated in the bottom
chamber of a Corning chamber system. Our results showed that
the effect of MSCs on F5M2 cell migration was significantly
higher than that of 1% FBS. In addition, CXCR4 receptor
inhibitor AMD3100 (10 pxg/ml) decreased the effect of MSCs
on F5M2 cell migration (Fig. 3). SDF1-neutralizing antibody
(SDF-1 Ab, 0.6 mg/ml) also significantly inhibited the FSM2
cell migration (Fig. 3).
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Figure 2. Pulmonary metastasis of FSM2 in response to co-injection with Dil-
positive MSCs. (A) Pathological analysis (H&E staining). (B) Fluorescence
microscopy images. Red fluorescence, MSCs labeled with Dil.

F5M2 and MSCs cells were co-cultured as showed in
Fig. 4A. In the left and right panel of Fig. 4A, the MSCs or
F5M2 cells showed different cell shape and nucleus size
stained by hematoxylin. In Fig. 4B, Dil-labeled MSCs were
co-cultured with FSM2 cells. The FSM2 single cell or cell
clusters migrated from the FSM2 cell cluster to the MSCs
(Fig. 4B). Both MSCs and F5SM2 cell nucleus stained by
Hoechst 33258 showed blue cell nucleus, while the membrane
of Dil-labeled MSCs were red. The bright arrow indicates the
migrating FSM2 cells from F5M2 cell cluster to MSC cluster
(Fig. 4A and B). These results showed that FSM2 cells were
chemoattracted by MSCs and migrated towards them.

Enhanced VEGF expression by MSCs in the F5M2-MSCs
co-culture system. To study the possible mechanisms under-
lying the interaction between FSM2 and MSCs, we focused
our attention on the CXCR4/VEGF signaling pathway, which
is involved in the progression of many cancers (14-17). We
analyzed the expression of VEGF and CXCR4 in F5M2 cells
and MSCs by immunohistochemistry (Fig. 5A) and western
blotting (Fig. 5B and C). To assess the role of VEGF and
CXCR4 in the migration of osteosarcoma to MSC sites, we
performed Transwell assays using MSCs and CM from FSM2
cells in combination with the CXCR4 receptor inhibitor
AMD?3100 (10 ug/ml). In the FSM2-MSC co-culture model
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Figure 3. Migration of FSM2 towards MSCs. Transwell assays were per-
formed in triplicates. Cells were counted by light microscopy and the mean
cell number of five fields of each well was used for statistics. Results were
expressed as means + SD. “P<0.01, compared to the DMEM+1% FBS group.
#P<0.01, compared to the MSC group.

system, positive immunohistochemical stainings for VEGF and
CXCR4 are showed in Fig. SA. VEGF protein was detected in
the cytoplasm and membrane of MSCs. We observed that the
low basal VEGF expression of MSCs increased when MSCs
were co-cultured with FSM2 CM, using either Transwell
chambers or direct contact with FSM2 cells for 48 h. We also
found that the expression of VEGF was alleviated by the use
of the CXCR4 receptor inhibitor AMD3100 (10 pzg/ml) in the
MSCs plus FSM2 group. The VEGF expression of FSM2 was
not different in the three groups (FSM2, Transwell and direct
co-culture groups, data not shown).

CXCR4 expression was detected in the nucleus as well as
in the cytoplasm of F5SM2 cells. CXCR4 expression of FSM2
cells was not significantly increased in the FSM2+MSCs
group compared to the FSM2 group and in the presence
of exogenous VEGF (100 ng/ml). In addition, the CXCR4
expression of MSCs was not different in the three groups
(MSCs, Transwell and direct co-culture groups, data not
shown).

VEGF secretion from MSCs is modulated by F5M2. We
measured the levels of VEGF secreted by MSCs and FSM2
by ELISA (Fig. 6A and B) in the following groups: FSM?2 cells
(1.0x10° cells) alone, MSCs (1.0x10° cells) alone, co-culture
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Figure 4. Migration of FSM2 cells towards MSCs in a co-culture system. (A) Representatively histological staining (hematoxylin) of co-cultured FSM2 cells
and MSCs, the bright arrow indicate that the FSM2 cell or cell cluster migrate towards MSCs. (B) Dil-stained (red) MSCs and Hoechst-stained FSM2 and

MSC cells in co-culture system.

of F5M2 cells and MSCs (0.5x10° cells each) and F5M2 cells
treated with the CXCR4 receptor inhibitor AMD3100. MSCs
secreted very low levels of VEGF (Fig. 6A). We subtracted
from the amount of VEGF, in the final supernatant of
MSCs cultured in the conditioned medium. However, MSCs
co-cultured with FSM2 secreted higher levels of VEGF than
the F5SM2 or MSC groups (Fig. 6A). On the other hand, the
F5M2 plus MSC Transwell, or mixed group, secreted higher
VEGF levels, which were dramatically decreased upon treat-
ment with AMD3100 (10 pg/ml) (Fig. 6B).

We further studied the VEGF expression on the meta-
static tumor in vivo, positive immunohistochemical stainings
for VEGF was found in the plumonary metastasis sites of
the nude mice. We found VEGF higher expressed in the
tumor site as showed in Fig. 6C, and the VEGF-positive
staining was not statistically different between the FSM?2
and FSM2+MSCs groups. We also checked the serum VEGF
concentration in the control, MSCs, FSM2 and FSM2+MSCs
groups, and found the VEGF concentration was higher in the
F5M2 and FSM2+MSCs groups compared with the control
group, especially in the FSM2+MSCs group the VEGF
concentration was significantly higher than the FSM2 group
as showed in Fig. 6D.

VEGF promotes proliferation of FSM2 cells and MSCs. To
assess the possible role of VEGF on F5SM2 and MSC growth,
we performed MTT assays on cells stimulated with exogenous
VEGF (100 ng/ml). The results showed that VEGF significantly
increased the proliferation of FSM2 cells and MSCs (Fig. 7A
and B). After 3 days, the number of MSCs in the presence of
VEGF was ~20% higher than that in its absence. Similarly,
after 2 days, the number of FSM2 cells in the presence of VEGF
was ~10% higher than that in its absence. These data show that

VEGF modulates the proliferation of both FSM2 and MSCs.
Furthermore, we found the proliferation of FSM2 cells were
actually promoted in the co-culture condition, moreover we
also used the VEGF neutralizing antibody (VEGF Ab, 0.1 ug/
ml) to verify the VEGF effect on the OS cell proliferation
ability, and found the VEGF Ab could significantly inhibit the
F5M2 cell proliferation by ~30% as showed in Fig. 7C.

Discussion

Osteosarcoma is the most frequent primary bone tumor in
young adults and adolescents. Pulmonary metastasis occurs
in ~40-50% of the osteosarcoma patients (18), who present
an overall 5-year survival rate of only 28% (14). CXCR4
and its ligand, stromal cell-derived factor 1 (SDF-1), has
been found highly expressed in various cancer and play
important roles in tumorigenicity, proliferation, metastasis
and angiogenesis (19-24). It has been shown that CXCR4 also
plays an important role in the migration of hematopoietic
stem cells and downstream progenitors from, and their
retention within, the bone marrow. On the other hand,
CXCR4 inhibitors may be used to inhibit tumor growth and
metastasis and also to mobilize hematopoietic stem cells
from the bone marrow into circulation (7).

However, the underlying mechanisms under which MSCs
target osteosarcoma sites and promote osteosarcoma cell
growth and pulmonary metastasis are still unclear. It has
been demonstrated that MSCs within tumor stroma promote
metastasis (8). In our study, we found that MSCs were involved
in the emergence and growth of osteosarcoma pulmonary
metastasis (Fig. 2). An enhanced tumor cell number was
observed in response to the injection of MSCs and F5M2
compared to FSM2 alone. In our experiments, FSM2 single
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Figure 5. VEGF and CXCR4 protein expression in MSCs and F5SM2 in a co-culture model system. (A) Immunohistochemistry for VEGF and CXCR4.
(B) Western blotting for VEGF expression of MSCs. Results are expressed as means = SD. “P<0.01, compared to the MSCs group. #P<0.01, compared to the
MSCs+F5M2 CM group. ¥¢P<0.01, compared to the MSCs+F5M2 Transwell group (n=3). (C) Western blotting for CXCR4 expression of FSM2. Results are
expressed as means + SD, (n=3). There are no significant differences between the FSM2, FSM2+MSCs, MSCs+F5M2 Transwell and FSM2+VEGF groups.

cell or F5M2 cell clusters migrated from the FSM2 cell
cluster to the MSCs cluster (Fig. 4A and B). Tumor-targeting
properties of stem cells have been previously reported (25)
and also in studies of tumor angiogenesis with hematopoietic
stem cells (26). Xu et al showed the human mesenchymal
stem cells (hMSCs) target osteosarcoma and promote its
growth and pulmonary metastasis (27). The study of Xu et al
(27) indicated SDF-1 and CCLS5 played essential roles in the
interaction between hMSCs and OS. Our data showed that
MSCs promote osteosarcoma pulmonary metastasis. The
mechanisms involved in VEGF from MSCs could promote
the OS growth. In addition, CXCR4 plays an important role in
regulating the VEGF of MSCs. A remarkable accumulation
of MSCs in pulmonary metastatic sites was observed after
injection with FSM2 cells through the caudal vein of mice.
Furthermore, we also provide evidence that the migration of
F5M2 was promoted in response to MSCs in the co-culture
model system, which was decreased upon treatment with
AMD?3100 (Fig. 3).

The expression of CXCR4 has been shown to be regulated
by VEGF (28). VEGF is also a known inducer of osteosar-
coma angiogenesis which could determine the vascular
endothelial cell activation, proliferation and migration (29).
VEGF induced the expression of CXCR4 via an autocrine
pathway (13). The study also showed that CXCR4 inhibi-
tion could reduce angiogenesis by inhibiting osteosarcoma
neovessel formation as well as cell migration and invasion
by decreasing the expression of conventional proangiogenic
VEGFA165 (30,31). Patients whose tumors exhibited a posi-
tive VEGF165 expression presented poor prognosis (11). The
study also found a significant correlation between the expres-
sion of CXCR4 and VEGF in osteosarcoma samples (32),
which suggested that the CXCR4/VEGF could be a predictor
of potential metastatic development in osteosarcoma (10). Our
data revealed that MSCs secrete very low levels of VEGF, but
with FSM2 conditioned medium the MSCs secreted higher
levels of VEGF (Fig. 6A). On the other hand, FSM2 plus
MSCs Transwell or mixed group secreted higher VEGF
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Figure 6. VEGF secretion in MSCs and FSM2 cells co-culture system and serum VEGF concentration of xenografts of nude mice. Supernatants were assayed
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F5M2+MSCs mixed group. (C) Representative positive VEGF immunohistochemistry staining of pulmonary metastatic tumor. (D) Serum VEGF concentra-
tion of mouse xenografts. “P<0.01, compared to the control group. #P<0.01, compared to the F5M2 group. Results are expressed as means + SD, (n=3).
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indicated time points using the MTT assay as described in Materials and methods (n=3; “"P<0.01). (B) Effects of VEGF (100 ng/ml) on F5M2 cell growth. (n=3;
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levels than the individual cell groups, which were dramati-
cally decreased upon treatment with the CXCR4 inhibitor
AMD3100 (10 ug/ml) (Fig. 6B). These results showed that
CXCR4 modulates the production of VEGF in MSCs.
Co-cultured with F5SM2 or treated with FSM2-conditioned
medium, MSCs expressed and secreted higher VEGF levels.
CXCR4 expression on F5M2 cells was, however, not signifi-
cantly increased in the co-culture model (Fig. 5B).

CXCR plays a central role in determining the target organ
where tumor cells metastasize (1,33), as well as the blood
supply via angiogenesis (30,34). CXCLs released from the
endothelium of target tissues (i.e., lung and bone) bind to their
receptors, CXCRs on tumor cells, which enables the metas-
tasis to the specific target tissues. Studies have indicated that
CXCR4 plays a role in regulating metastasis of many solid
tumors and their neovasculature (10,35-38). Moreover, there
is a correlation between the expression of CXCR4/VEGF
and blood-borne metastasis (35). Our data show that MSCs
secreted higher VEGF levels when co-cultured with FSM2
cells or transplanted with FSM2 cells in vivo (Fig. 6). In vitro
study we also found VEGF could increase the growth of both
F5M2 cells and MSCs.

Taken together, our data showed that MSCs interacted with
osteosarcoma cells and promoted osteosarcoma pulmonary
metastasis, in which the expression of CXCR4 by osteosar-
coma cells modulated the expression and secretion of VEGF
by MSCs. It suggested that CXCR4 mediated osteosarcoma
growth and pulmonary metastasis were promoted by MSCs
through VEGF.
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