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Abstract

Background: Osteosarcoma (OS) is the representative primary malignant bone tumor with the highest incidence. It
is known that malignant phenotypes of OS, such as proliferation, invasion, and metastasis, are significantly
influenced not only by characteristics of the tumor itself, but also by the surrounding microenvironment. In other
words, OS is considered to utilize cells in the vicinity of the tumor by changing the characteristics of these cells.
Direct intercellular contact is believed to be important for this phenomenon. In the present study, we hypothesized
that an interaction mediated by a humoral factor, requiring no cellular contact, might play a significant role in the
progression of OS.

Methods: We developed a new co-culture model, using OS cells and mesenchymal stem cells (MSCs) without
cellular contact, and found that both cell types expressed IL-8 at a high level, and FAK in OS cells was
phosphorylated leading to an increase in the metastatic potential of the tumor in the co-culture condition.

Results: It was revealed that OS cells formed a loop of signal cross-talk in which they released IL-8 as a paracrine
factor, stimulating MSCs to express IL-8, and received IL-8 released by MSCs to accelerate IL-8 expression in OS cells.
Administration of anti-IL-8 antibody resulted in the inhibition of FAK expression, its downstream signaling, and the
invasive potential of the OS cells, resulting in decrease in metastatic lesions.

Conclusion: The present study might lead not only to the clarification of a new molecular mechanism of invasion
and metastasis of OS, but also to the development of a new therapeutic strategy of blocking IL-8 in OS.
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Background
Normal cells adjacent to tumors are believed to be under
the influence of the tumor cells via direct contact. Indeed,
it has been demonstrated by use of various malignant tu-
mors that mesenchymal stromal cells surrounding the
tumor are affected by the tumor to consequently aid
tumor proliferation [1, 2]. The interaction is considered to
occur primarily between the tumor cells and directly con-
tacting cells [3]. However, if this interaction is mediated
by a humoral factor that can disperse to a wide range, it
might be remarkably advantageous for the environmental

improvements in tumor expansion including distant me-
tastasis. It is possible that the tumor cells that have suc-
cessfully acquired such ability to utilize humoral factors
spread selectively.
In the present study, we hypothesized that humoral fac-

tors might be involved in more efficient modification, by
OS cells, of the microenvironment and/or even the condi-
tion of the distal metastatic destination favorably for the
tumor. On the basis of this concept, we developed a co-
culture model of the human OS cell line MG63 and human
mesenchymal stem cells (hMSCs). We comprehensively
analyzed changes in mRNA expression in both cell lines of
independent culture and co-culture conditions by means of
cDNA array. The results demonstrated that the co-culture
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induced high expression of IL-8 in both cell lines, and that
IL-8 functioned as a ligand leading to the phosphorylation
of focal adhesion kinase (FAK) and activation of motility of
OS cells [4, 5]. We further found that the paracrine factor
IL-8 formed a signaling loop between OS cells and hMSCs,
leading to the tumor progression and metastatic spread.
Understanding the molecular mechanisms that drive meta-
static potential via communication by humoral factors be-
tween OS cells and hMSCs will be important for the
identification of new targets for prevention of metastasis.

Results
Higher expression levels of IL-8 in MG63 than in hMSCs
The genome-wide cDNA expression profiling using
MG63 was carried out to identify mRNAs specifically
expressed in this OS cell line. The array analysis showed
that the expressions of 6542 mRNAs in OS cells were
significantly changed (fold-change > 2.0) in comparison
with that in hMSCs. Among the 6542 mRNAs, 2801
were up-regulated, whereas 3741 were down-regulated
in MG63 cells compared to that in hMSCs. Regarding
humoral factors, the expression of IL-8 was most up-
regulated among the cytokines and growth factors. The
IL-8 expression level of MSC was 7.02 times greater
than MG63 monoculture (Fig. 1a), and the fibroblasts
MRC5 were 9.54 greater (Fig. 1b).

Up-regulation of IL-8 in hMSCs by co-culture with MG63
The cDNA array analysis demonstrated that the expres-
sions of 6903 mRNAs were significantly changed (fold-
change > 2.0) between hMSCs co-cultured with MG63 and
hMSCs alone. We found that 3914 genes were significantly
up-regulated, whereas 2989 genes were significantly down-
regulated in hMSCs co-cultured with MG63 compared to
that in hMSCs alone. Of the altered expression levels of
humoral factors in the co-cultured condition, IL-8 was the
most up-regulated among the cytokines and growth fac-
tors. The MSC IL-8 expression level increased 8.07 times
after coculture compared to MSC alone (Fig. 1c).

Up-regulation of IL-8 in MG63 by co-culture with hMSCs
The cDNA array analysis further demonstrated that the
expressions of 7378 mRNAs were significantly changed
(fold-change > 2.0) between MG63 co-cultured with
hMSCs and MG63 alone. We found that 4117 genes
were significantly up-regulated, whereas 3261 genes were
significantly down-regulated in MG63 co-cultured with
hMSCs compared to that in MG63 alone. MG63 IL-8
expression level after coculture increased by 5.61 times
compared to MG63 alone (Fig. 1d).

Up-regulation of IL-8 in hMSCs and MG63 by IL-8
An increase in IL-8 mRNA levels was observed after re-
combinant IL-8 (rIL-8) administration to MG63 and

Fig. 1 The expression of IL-8 in mono-cultured and co-cultured osteosarcoma and normal cells. a Relative expression of IL-8 mRNA in hMSC and
MG63. b Relative expression of IL-8 mRNA in MRC 5 and MG63. c Changes in gene expression in hMSCs after the co-culture with MG63. d
Changes in gene expression in MG63 after the co-culture with hMSCs
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hMSC culture dishes. hMSCs treated with rIL-8 (399 ±
37%) and co-cultured with MG63 (464 ± 49%) showed
significantly higher IL-8 mRNA levels than those in
hMSCs alone (100%) (p < 0.01) (Fig. 2a). MG63 treated
with rIL-8 (492 ± 84%) and co-cultured with MG63 (544
± 53%) also showed significantly higher IL-8 mRNA
levels than those of MG63 alone (p < 0.01) (Fig. 2b). We
further performed immunoblot analysis to evaluate the
protein levels of IL-8 in these cells (Fig. 2c). Western
blot analysis showed that the expression levels of IL-8 in
MG63 were significantly increased with rIL-8 adminis-
tration (164 ± 6%) and MG63 co-cultured with hMSCs
(262 ± 11%) compared to levels with MG63 alone. IL-8
expression levels were significantly increased after rIL-8
administration to hMSCs (183 ± 18%) and hMSCs co-
cultured with MG63 (343 ± 27%) (p < 0.05) (Fig. 2d).
These observations suggested that a stimulation loop of
IL-8 expression might exist between MG63 and hMSCs.

Inhibition of IL-8 expression by anti-IL-8 antibodies
Blockade of the IL-8 communication loop using anti-IL-8
mAb resulted in reduced IL-8 levels in both MG63 and
hMSC in co-culture. Indeed, MG63 co-cultured with
hMSCs and treated with anti-IL-8 Ab showed lower IL-8
mRNA levels (39 ± 2.8%) than untreated MG63 co-cultured
with hMSCs (p < 0.05) (Fig. 3a). hMSCs co-cultured with

MG63 and treated with anti-IL-8 Ab exhibited lower IL-8
mRNA levels (43 ± 33%) than hMSCs co-cultured with
MG63 (p < 0.01) (Fig. 3b). Western blot analysis showed
that IL-8 protein expression levels in co-cultured MG63
and hMSCs were dramatically decreased with anti-IL-8 Ab
administration (p < 0.05) (Fig. 3c). IL-8 expression levels
were significantly decreased after nIL-8 Abs administration
to MG63 (34 ± 1.7%) and MG63 co-cultured with hMSCs
and treated with anti-IL-8 Ab compared to levels with
MG63 alone. IL-8 expression levels were significantly de-
creased after nIL-8 Abs administration to MG63 (28 ± 9.
7%) and MG63 co-cultured with hMSCs and treated with
anti-IL-8 Ab compared to levels with hMSCs alone (p < 0.
01) (Fig. 3d).

Effects of co-culture and IL-8 on MG63 cell growth
We next examined the effects of the co-cultured condition
and IL-8 on the proliferation of MG63 OS cells. The cell
growth at 48 h of co-cultured MG63 (3.99 ± 0.37 × 105

cells) was significantly increased in comparison to that with
MG63 alone (2.15 ± 0.25 × 105 cells) (p < 0.01) (Fig. 4a).
The cell growth at 48 h of co-cultured hMSCs (3.23 ± 0.
27 × 105 cells) was also significantly increased compared to
that with hMSCs alone (1.99 ± 0.22 × 105 cells) (p < 0.01)
(Fig. 4b). Furthermore, the cell growth of MG63 was
significantly increased by administration of rIL-8 at 10 ng/

Fig. 2 Changes in IL-8 expression in MG63 and hMSCs induced by the co-culture condition and rIL-8 administration. a Changes in IL-8 expression in
MG63 were assessed by qRT-PCR. The co-culture and rIL-8 addition significantly increased the expression of mRNA of IL-8. (**) p < 0.01. b Changes in
IL-8 expression in hMSCs were assessed by qRT-PCR. The co-culture and rIL-8 addition significantly increased the expression of mRNA for IL-8. (**) p <
0.01. c Changes in IL-8 protein expression of intra-cellular hMSCs and MG63 were assessed by western blot analysis. The co-culture and addition of rIL-
8 increased the expression of IL-8 protein in MG63 and hMSCs. d The quantification of western blot analysis. Data represents represent the mean ± SD
of three independent experiments. p < 0.05 was considered to indicate significance: (*) p < 0.05, (**) p < 0.01
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ml (3.14 ± 0.32 × 105 cells) compared with 1 ng/ml (2.42 ±
0.35 × 105 cells) as determined by cell counting 48 h after
the administration (p < 0.05) (Fig. 4c).

Intensification of cell motility of MG63 by co-culture and IL-8
To confirm the influence of IL-8 on cell motility and inva-
sion, we performed a transwell motility assay using co-
cultured MG63 and hMSCs with or without rIL-8 and
anti-IL-8 Ab (Fig. 5a). MG63 cells after pulsing with rIL-8
(189.1 ± 12.5%) and MG63 after co-culturing with hMSCs
(201 ± 13.3%) showed statistically increased motility cap-
acity compared to MG63 alone (100%) (p < 0.01). MG63
co-cultured with hMSCs and with anti-IL-8 Ab (59.2 ± 11.
5%) presented a more impaired motility capacity than
those of MG63 co-cultured with hMSCs (201 ± 13.2%) in
comparison with MG63 alone (100%) (p < 0.05) (Fig. 5b).
The migration assay also demonstrated that MG63 co-

cultured with hMSCs (Fig. 5c). MG63 cells after pulsing
with rIL-8 (179.3 ± 11.6%) and MG63 after co-culturing
with hMSCs (196.9 ± 14.6%) showed statistically increased
migration capacity compared to MG63 alone (100%) (p <
0.01). Anti-IL-8 Ab (60.3 ± 9.9%) exhibited significantly
lower motility than that of MG63 co-cultured with
hMSCs (196.9 ± 14.6%) in comparison with MG63 alone
(100%) (p < 0.05) (Fig. 5d).

Changes in expression of FAK and its downstream factors
Since cell motility was remarkably enhanced in co-
cultured MG63 with hMSCs, and FAK is known to be a
key regulatory molecule for cell motility, immunoblot
analyses were carried out to investigate the expression of
FAK and its downstream factors (Fig. 6a). The protein
expression levels of the phosphorylated form of FAK
(147 ± 29.4%), paxillin (195 ± 9.6%), Src (138.2 ± 3.1%),

Fig. 3 Effects of neutralizing anti-IL-8 Ab on IL-8 expression in mono-cultured and co-cultured MG63 and hMSCs. a Changes in IL-8 expression in
MG63 were assessed by qRT-PCR. The addition of nIL-8 Ab to MG63 decreased the expression of IL-8 mRNA. b Changes in IL-8 expression in hMSCs
were assessed by qRT-PCR. The addition of nIL-8 Ab to hMSCs decreased the expression of IL-8 mRNA. c Changes in IL-8 protein expression in hMSCs
and MG63 were assessed by western blot analysis. The addition of nIL-8 Ab to MG63 and hMSCs decreased the expression of IL-8 protein in these cells.
d The quantification of western blot analysis. Data represents represent the mean ± SD of three independent experiments. p < 0.05 was considered to
indicate significance: (*) p < 0.05, (**) p < 0.01
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and Akt (143 ± 5.9%) in MG63 were elevated by the
presence of rIL-8. The protein expression levels of the
phosphorylated form of FAK (298 ± 25.3%), paxillin (223
± 11.2%), Src (209.6 ± 5.7%), and Akt (168 ± 14.1%) in
MG63 were elevated by the co-culture with hMSCs.
However, the expression levels of the phosphorylated
form of FAK (48.5 ± 9.6%), paxillin (31.4 ± 2.9%), Src (37
± 5.3%), and Akt (38.6 ± 4.3%) in MG63 were dramatic-
ally decreased with anti-IL-8 Ab administration com-
pared with MG63 alone cells. The expression levels of
the phosphorylated form of FAK (52.8 ± 10.4%), paxillin
(33.2 ± 1.5%), Src (45.6 ± 5.7%), and Akt (41 ± 1.8%) were
dramatically decreased in co-cultured cells with anti-IL-
8 Ab administration compared with MG63 alone (p < 0.
05) (Fig. 6b). Immunofluorescence analysis further re-
vealed that the phosphorylation levels of FAK and paxil-
lin decreased in anti-IL-8 Ab-treated MG63 cells
compared to those in mono- or co-cultured cells. These
data indicated that the phosphorylation levels of factors
related to cell motility were reduced in the anti-IL-8 Ab-
treated cells (Fig. 6c). The number of cells positive for
IL-8 expression was significantly increased in adminis-
tered with rIL-8 (46.3 ± 4.4 cells/mm2) or MG63 co-
cultured with hMSCs cells (69.8 ± 5.7 cells/mm2)
compared to MG 63 alone (34.5 ± 5.5 cells/mm2). The
number of cells positive for IL-8 expression was

significantly decreased administered nIL-8 Abs with
MG63 (15.8 ± 2.4 cells/mm2) or MG63 co-cultured with
hMSCs cells administered nIL-8 Abs (18.5 ± 2.5 cells/
mm2) compared to MG 63 alone (p < 0.05). The number
of cells positive for p-FAK expression was significantly
increased administered with rIL-8 (50.5 ± 6.5 cells/mm2)
or MG63 co-cultured with hMSCs cells (68.5 ± 3.1 cells/
mm2) compared to MG 63 alone (32.2 ± 3.9 cells/mm2).
The number of cells positive for IL-8 expression was sig-
nificantly decreased administered nIL-8 Abs with MG63
(16.5 ± 2.1 cells/mm2) or MG63 co-cultured with hMSCs
cells administered nIL-8 Abs (18.5 ± 2.2 cells/mm2)
compared to MG 63 alone (p < 0.05). (Fig. 6d).

Inhibition of tumor metastasis in a nude mice xenograft
model by IL-8 suppression
We next investigated the efficacy of IL-8 silencing against
OS tumor metastasis in vivo (Fig. 7a). The suppression of
IL-8 by anti-IL-8 Ab in MG63 cells co-cultured with
hMSCs resulted in a significant decrease in the growth of
metastatic tumors in nude mice. MG63 cells after pulsing
with rIL-8 for 48 h (794.6 ± 42.1 mm3) and MG63 after co-
culturing with hMSCs for 48 h (904.4 ± 55.4 mm3) showed
statistically larger lung tumors in mice compared to MG63
alone (590.9 ± 50.8 mm3). On the other hand, MG63 cells
after administration of anti-IL-8 Ab (343.6 ± 47.8 mm3)

Fig. 4 Changes in cell growth of MG63 cells and hMSCs induced by co-culture conditions and rIL-8 addition. a Co-culture with hMSCs significantly increased
the cell growth of MG63 (MG63(Co)). (*) p< 0.05, (**) p< 0.01. b Co-culture with MG63 significantly increased the cell growth of hMSCs (hMSCs(Co)). (*) p<
0.05, (**) p< 0.01. c rIL-8 was administered to mono-cultured MG63. There was a significant increase in cell growth with rIL-8 at 10 ng/ml. (*) p< 0.05,
(**) p< 0.01
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and co-cultured MG63 treated with anti-IL-8 Ab (298.4 ±
55.9 mm3) showed statistically smaller lung tumors in mice
compared to MG63 alone. Immunohistochemistry analysis
using resected lung tumors demonstrated that the
expression of IL-8 and p-FAK was reduced in the anti-IL-8
Ab-administered tumor tissues (Fig. 7b). The number of
cells positive for IL-8 expression was significantly increased
in mice administered with rIL-8 (77.6 ± 6.5 cells/mm2) or
MG63 co-cultured with hMSCs cells (107.4 ± 8.4 cells/
mm2) compared to MG 63 alone (38.2 ± 5.8 cells/mm2).
The number of cells positive for IL-8 expression was

significantly decreased in mice administered nIL-8 Abs
with MG63 (17.7 ± 3.6 cells/mm2) or MG63 co-cultured
with hMSCs cells administered nIL-8 Abs (18.5 ± 3.1
cells/mm2) compared to MG 63 alone (p < 0.01). The
number of cells positive for p-FAK expression was sig-
nificantly increased in mice administered with rIL-8 (66
± 5.6 cells/mm2) or MG63 co-cultured with hMSCs cells
(96.1 ± 7.8 cells/mm2) compared to MG 63 alone (32.7 ±

4.4 cells/mm2). The number of cells positive for p-FAK
expression was significantly decreased in mice adminis-
tered nIL-8 Abs with MG63 (19.8 ± 4.6 cells/mm2) or
MG63 co-cultured with hMSCs cells administered nIL-8
Abs (18.3 ± 4.1 cells/mm2) compared to MG 63 alone (p
< 0.05). (Fig. 7c).

Discussion
Since the pathology of malignant tumors involves vari-
ous normal cells in the vicinity and microenvironmental
factors [6, 7], it is insufficient to analyze only tumor cells
to understand the mechanisms of tumor progression
and metastasis. When considering how tumor cells
interact with their neighboring cells in vivo, particularly
in the establishment of metastasis, it is important to de-
termine the significance of signal cross-talk in the condi-
tion in which the parties are apart mutually. The present
study, using the co-culture system, aimed to identify
humoral factors that play a role in interactions between

Fig. 5 Effects of co-culture condition and administration of rIL-8 or anti-IL-8 Ab on motility of MG63. a The cell motility of MG63 was assessed in
each group at 48 h after the challenge with or without rIL-8 and neutralizing anti-IL-8 antibodies (nIL-8 Ab). b The amount of MG63 cells that
crossed the membrane was measured. A significant decrease in motility was found in the group given nIL-8 Ab. (*) p < 0.05, (**) p < 0.01. c The
cell invasion in MG63 was assessed in each group after 48 h. d The amount of the cells of which the membrane with Matrigel was crossed by
MG63 was measured. Decreased migration ability was found in the group administered anti-IL-8 Ab. (*) p < 0.05, (**) p < 0.01
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OS and its surrounding microenvironment, leading to
elucidation of the molecular mechanisms of interactions
with the vicinity cells, as well as the biological roles in
distant metastasis and others.
It has been reported that normal cells can be influenced

by humoral factors from tumors, which lead to the normal
cells acquiring a function to support the tumor cells [8, 9].
Thus, it is likely that genes changing their expression levels
in the co-culture condition might be the key players in the
cross-talk mechanism between tumor and normal cells. In
the present study, our data revealed that both MG63 cells
and hMSCs released IL-8 and influenced each other via an
IL-8 signaling loop, which caused possible changes in the
ecology of tumors. We believe that the results would con-
tribute towards elucidation of the molecular mechanisms of
tumor progression that occur in the microenvironment.
The results of cDNA array analyses demonstrated that

IL-8 mRNA expression was significantly increased in

MG63 co-cultured with hMSCs. Since elevated IL-8
within the microenvironment of many cancers is known
to enhance tumor progression [10], we further charac-
terized its role in response to IL-8 in hMSCs. Our data
suggested that up-regulation of IL-8 in co-cultured
hMSCs, as well as in co-cultured MG63 cells, may con-
tribute to the stimulation of some malignant potentials
of MG63.
We also analyzed the paracrine action of IL-8 between

MG63 and hMSCs in the co-cultured condition. When
rIL-8 was added to mono-cultured MG63 and hMSCs
separately, the intracellular protein production of IL-8 in
MG63 and hMSCs was up-regulated by the administration
of rIL-8, as in the co-culture condition, compared with
mono-cultured MG63 and hMSCs. The results suggested
that both MG63 cells and hMSCs might utilize IL-8 for
the production of IL-8 itself in a signaling loop in a para-
crine manner in the co-culture condition.

Fig. 6 Changes in expression of FAK and its downstream factors related to invasive potential. a Changes in phosphorylation and the expression of protein
factors relating to invasive potential were analyzed. Decreased phosphorylation of FAK, paxillin, Src, and Akt in MG63 cells was noted in the group
administered nIL-8 Ab. b The quantification of western blot analysis. Data represents represent the mean ± SD of three independent experiments. p< 0.05
was considered to indicate significance: (*) p< 0.05, (**) p< 0.01. c Immunofluorescence staining of cultured MG63 cells showed decreased phosphorylation
of FAK and paxillin in the group administered nIL-8 Ab. d The number of IL-8 and p-FAK positive cells per unit area. Data represents represent the mean ±
SD of three independent experiments. p< 0.05 was considered to indicate significance: (*) p< 0.05, (**) p< 0.01
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To confirm whether elevated IL-8 levels would mediate
the enhancement of the cancer activities in MG63 co-
cultured with hMSCs, we added a neutralizing antibody
against IL-8 (nIL-8 Ab) and observed the changes in bio-
logical characteristics of hMSCs co-cultured with MG63.
Interestingly, IL-8 mRNA and protein levels in co-
cultured MG63 were remarkably down-regulated by the
administration of anti-IL-8 Ab. The results suggested the
possibility of not only a paracrine but also an autocrine
system by which MG63 and hMSCs produce IL-8 by the
stimulation of IL-8 itself. Based on the results of using
neutralizing antibodies, an autocrine mechanism is
thought to be involved in both OS and MSC. MG63 nor-
mally releases more IL-8 than MSC, and it is thought that
it utilized both autocrine and paracrine mechanisms for
its own growth. In contrast to this, when IL-8 stimulus is
added to MSC, its own IL-8 production volume also in-
creases. The addition of nIL-8 Ab significantly inhibited
the motility of MG63 co-cultured with hMSCs. Our data

was consistent with that of previous reports showing that
IL-8 is necessary for the mobility of tumor cells [11, 12].
On the other hand, rIL-8 significantly increased the ability
of invasion in MG63 in accordance with the previous
studies regarding metastasis in gastric cancer [13], colon
cancer [14], and head and neck squamous cell carcinoma
[15]. Invasive capability analysis was conducted via the
number of cells that passed through the Matrigel, which
has been evaluated as being related to metastatic capabil-
ity in other studies as well [16, 17]. Since IL-8 and its
downstream protein tyrosine kinases are involved in inva-
sion and metastasis, which could be suppressed by target-
ing IL-8 [18], our results in MG63 suggest the same
possibility for a therapeutic strategy for OS.
The factors controlling invasive potential of malignant

tumor cells include FAK. We verified whether or not IL-
8 was responsible for phosphorylation of FAK, and
found that FAK and its downstream molecules were
phosphorylated by rIL-8 as well as in the co-cultured

Fig. 7 Changes in the lung nodules and the expression of IL-8 and phosphorylated FAK in pulmonary metastatic lesions. a The group given nIL-8
Ab showed a significant suppression of the size of the pulmonary metastatic lesion. (*) p < 0.05. b Immunostaining of the tissues collected from
the pulmonary metastatic lesion. Decreased expression of IL-8 and phosphorylation of FAK was observed in the group administered nIL-8 Ab.
Original magnification, × 400; Scale bars: 50 μm. c The number of IL-8 and p-FAK positive cells per unit area. Data represents represent the mean
± SD of three independent experiments. p < 0.05 was considered to indicate significance: (*) p < 0.05, (**) p < 0.01
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condition in which invasive potential of MG63 in-
creased, and that those were inhibited by the neutraliz-
ing anti-IL-8 antibody administration. In addition, Akt
downstream of FAK underwent phosphorylation medi-
ated by IL-8, consistent with the results of cell prolifera-
tion. Our data suggested that the potential of invasion
and proliferation of OS cells might increase through IL-
8-induced activation of FAK and Akt signaling.
We further showed a reduction in the formation of

lung metastasis in mice xenograft models co-injected
with co-cultured MG63 and nIL-8 Ab. It has been dem-
onstrated that the blockade of IL-8 resulted in significant
anti-tumor effects in a xenograft model of cervical can-
cer [15]. Our study also showed an important tumor
suppressor role for MG63, whose partner’s IL-8 abrogate
via IL-8 neutralization, indicating that anti-IL-8 Ab
could efficiently attenuate the in vivo metastasis of
MG63 cells in collusion with hMSCs. Moreover, we con-
firmed significantly higher IL-8 release and FAK phos-
phorylation in metastatic lesions in the lung in vivo as
well as in vitro. The present study demonstrated that IL-
8 might be an important humoral factor for the meta-
static activity of OS cells.
IL-8 is one of the most essential factors for many im-

portant tumorigenic phenotypes including proliferation,
invasion, and migration. Increased expression of IL-8 is
correlated with poor prognosis [19, 20], and a high level
of IL-8 sustains cancer to be resistant to chemotherapy
[21]. We ascertained that IL-8 plays an extremely im-
portant role as a humoral factor in the progression of
osteosarcoma. That is, therapeutic strategies targeting
IL-8 may enable establishment of a different therapeutic
approach for cases resistant to current anti-cancer drugs.
To the best of our knowledge, our study is the first re-
port to show that IL-8 could be a therapeutic target of
human OS using a co-culture system with OS cells and
hMSCs. Although our notions will require further inves-
tigation, the cytokines induced by OS may coordinate
with cells in the vicinity and contribute to potentiating
the invasion and angiogenesis required in the tumor
microenvironment. Taken altogether, the present study
provides evidence of cross-talk by IL-8 between hMSCs
and OS cells.

Methods
Cell lines
The human osteosarcoma cell line MG63 was obtained
from RIKEN Cell Bank (Tsukuba, Japan). hMSCs were pur-
chased from TaKaRa Biotechnology (Otsu, Japan). Each line
was authenticated as to genotype and phenotype by the
source company. MG63 cells were cultured in Dulbecco’s
modified Eagle medium (DMEM) - high glucose (Invitro-
gen, NY, USA) with 10% FBS and 1% penicillin and
streptomycin. hMSCs were cultured with Mesenchymal

Stem Cell Basal Medium, Chemically Defined (MSCBM-
CD) with MSCGM-CD SingleQuats (TaKaRa Bio). The
cells were maintained at 37 °C in an incubator supplied
with 5% CO2 and passaged every 2 to 3 days.

Co-cultured condition
hMSCs and MG63 cells were seeded at 1 × 105 cells/well
individually during polymerization of the collagen type I
lattice and cultured on opposite sides of a 1-μm pore, six-
well cell culture insert (Becton Dickinson, Sparks, MD,
USA). Cells were incubated for 48 h at 37 °C and 5% CO2,
and total RNA was isolated from two inserts for each cell
type. All experiments were performed in duplicate.

RNA isolation
mRNAs were prepared from the triplicated cell cultures
using an RNeasy kit (Qiagen, Valencia, CA, USA) ac-
cording to the manufacturer’s instructions. The RNA
quality was ensured, before labeling, using an RNA 6000
Nano kit and a Bioanalyzer 2100 (Agilent, Santa Clara,
CA, USA).

Analysis of mRNA expression by cDNA arrays
GeneChip Genome HG U133 Plus 2.0 Array (Affyme-
trix) was used for mRNA expression profiling in MG63
and hMSCs. Biotinylated cRNA was synthesized from
total RNA using the 3’ IVT Express Kit (Affymetrix) ac-
cording to the manufacturer’s protocols. In brief, double
stranded cDNA was generated by reverse transcription
from 1 ng of total RNA using an oligo(dT) primer bear-
ing a T7 promotor. The double-strand cDNA was used
as a template for in vitro transcription to generate
biotin-labeled cRNA. After fragmentation, 12.5 μg of
cRNA was hybridized to the GeneChip array for 16 h.
The arrays were washed and stained using GeneChip
Fluidics Station 450 (Affymetrix) and then scanned with
the GeneChip Scanner 3000 (Affymetrix). The entire ex-
periment was performed twice. Array hybridization,
washing, and scanning of the slides were carried out ac-
cording to the manufacturer’s protocols. The microarray
numerical values were analyzed using the GeneSpring
GX 11.0 software, according to the RAM16 Algorithm:
quantile normalization, filter by flags (detected), and fil-
ter by expression on the normalized data (20.0–100.0th
percentile). Analysis of variance was used to determine
those probe sets that were significantly different between
the two groups. The gene list was filtered with a fold-
change cutoff of 2, resulting in the output of a list with
genes that had significant differential expression at 2-
fold or greater differences.

Recombinant IL-8 administration
rIL-8 (R&D Systems; Minneapolis, MN, USA) (10 ng/
ml) was administered to the culture medium. After 48 h
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of incubation following the administration, the cells were
harvested and processed for further analysis. The experi-
ment was repeated three times.

Neutralization of IL-8 function using anti-IL-8 antibody
Neutralizing monoclonal antibody targeting IL-8 (anti-
IL-8 Ab) was purchased from R&D Systems. The cell
lines were harvested 48 h after the administration of IL-
8 and anti-IL-8 Ab (100 ng/ml), then subjected to vari-
ous analyses. The experiment was repeated three times.

Cell proliferation assay
The cells were plated in 6-well plates (1 × 105 cells per
well), and were treated with or without rIL-8 and neu-
tralizing anti-IL-8 Ab. The concentrations of rIL-8
added to MG63 cells were 0, 0.1, 1, 10, 100 ng/ml. After
48 h of cultivation, the cells were counted using a TC10
Automated Cell Counter (Bio-Rad).

Quantitative real time PCR
Total RNA was extracted from prepared cultured cells with
TRIzol reagent (Invitrogen) and cDNA was synthesized ac-
cording to the manufacturer’s protocol (Roche). Quantita-
tive real-time PCR (qRT-PCR) was performed using a
Light Cycler 480 Probe Master System (Roche), and PCR-
specific amplification was conducted using the LightCycler®
Nano (Roche). The relative expression of IL-8 and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
calculated using the 2-(ΔΔCt) method method. The
primers and probe kits of IL-8 and GAPDH were obtained
from Applied Biosystems (Nagoya, Japan).

Cell motility and migration assays
For the motility assays, 5 × 104 cells were suspended in
the migration medium (medium without FBS), and were
plated in the top chamber without the Matrigel-coated
membrane (24-well insert; 8-μm pore size; BD Biosci-
ences). The lower compartment was filled with 600 μl of
a medium containing 30% FBS as a chemo-attractant.
Following incubation for 16 h at 37 °C and 5% CO2 in a
humidified incubator, the cells on the lower surface of
the filter were fixed in 4% formaldehyde for 20 min, then
stained with Giemsa stain for 10 min at room
temperature, and examined by light microscopy.

Western blot
Whole cell lysates were prepared from MG63 and
hMSCs, and cellular protein (15 μg) was resolved on a
precast 10% Tris–HCl Criterion 10-well gel (Bio-Rad) at
200 V (300 mAmp) for 30 min. Antibodies against IL-8
proteins (R&D Systems) were obtained from Abcam
(Cambridge, UK). Antibodies Rabbit anti - Human FAK
(#3285), paxillin (# 2542), Src (#2108), Akt (#4691), phos-
phorylated (p)-FAK (#3283S), p-paxillin (#2541), p-Src

(#5473), p-Akt (#4060), GAPDH (#5174), PARP (#9542),
and cleaved-PARP (#5625) were obtained from Cell Sig-
naling Technology (Tokyo, Japan). Immunocomplexes
were visualized with horseradish peroxidase-conjugated
anti-rabbit immunoglobulin G antibodies (GE Healthcare,
Tokyo, Japan), and blots were developed using an ECL
Plus system (GE Healthcare) with a ChemiDoc camera
(ImageQuant LAS 4000mini; GE Healthcare). Quantifica-
tion of western blot signals was performed by densitom-
etry with ImageQuant TL software (GE Healthcare). All
primary antibodies were used at a 1:1000 dilution.
Peroxidase-conjugated anti-Rabbit IgG secondary anti-
bodies (GE Healthcare) were used at a 1:2000 dilution.
Three independent experiments were performed for each
analysis, and the same experimental conditions were used
for all gels.

Immunofluorescence analysis
Immunohistochemistry was used to measure the levels
of p-FAK and p-paxillin in the cells. After PBS washing,
rehydrated culture dishes were incubated with primary
antibodies diluted at 1:200 in Ab Diluent (Dako Chem-
Mate; Dako, Japan) overnight at room temperature. For
staining with Alexa Fluor 488 anti-rabbit IgG (Invitro-
gen, Carlsbad, CA, USA), secondary antibodies were di-
luted at 1:300 in Ab Diluent and added for 60 min at
room temperature in the dark. Digital images were taken
on a BIOREVO microscope equipped with a confocal
microscopy system (BZ-9000, Keyence, Japan).

In vivo tumor-bearing nude mouse model
The experimental metastasis model was established by
injection of 1 × 106 cells suspended in 100 μl of normal
saline into the tail veins of nude mice. Five groups were
generated: (1) untreated MG63 cells (MG63) (n = 5); (2)
MG63 cells treated with rIL-8 (MG63 + rIL-8) (n = 5);
(3) MG63 cells co-cultured with hMSCs (MG63 +
hMSCs) (n = 5); (4) MG63 cells co-cultured with hMSCs
and treated by anti-IL-8 Ab (MG63 +MSCs + anti-IL-8
Ab) (n = 5); and (5) MG63 cells treated with anti-IL-8
Ab (MG63 + anti-IL-8 Ab) (n = 5). All mice were fed in
standard conditions with weight monitoring, and sacri-
ficed 6 weeks after the cell inoculation. All mice used in
this study were anesthetized with ketamine/xylazine or
isoflurane/oxygen for experiments. Tumor volumes were
measured using a micro-CT apparatus (R_mCT) which
allows us to obtain high-resolution CT images in small
living animals. The tumor volume of the lung nodule
was estimated using the formula: (π × long axis × short
axis × short axis)/6.

Statistical analysis
Statistical analysis was carried out using SPSS 22.0 software
(SPSS Japan Inc., Tokyo, Japan). A two-tailed Student’s t-
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test was used for the analysis of continuous variables. We
determined the differences among more than three groups
using a non-repeated measures analysis of variance
(ANOVA) and Scheffe test. Results were expressed as the
mean ± standard deviation, and p < 0.05 was considered as
statistically significant.
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