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Osteosarcoma is a kind of bone tumor with an extremely high malignant degree and often occurs in adolescents. Mesenchymal
stem cells are believed to play an important role in the microenvironment of osteosarcoma, but whether they promote or inhibit
the development of osteosarcoma is controversial. In this study, the coexpression of mesenchymal stem cells (MSCs) with
osteosarcoma cell MG63 was used to explore the effect of MSCs on MG63. We found that co-culture of MSCs with MG63 did not
affect the proliferation, invasion, and migration of MG63 cells, nor did it significantly affect the epithelial- and glial-mesenchymal
transformation of MG63 cells. Therefore, in this study, we obtained a new concept that MSCs neither promote nor inhibit the

occurrence and development of osteosarcoma.

1. Introduction

Osteosarcoma (OS) is a malignant bone tumor that tends to
occur in adolescents [1]. It is highly malignant and often
complicated by irregular bone growth and distant metastases
to the lungs and liver [2]. Despite advances in treatment, the
prognosis for patients with OS has not improved over the
past two decades. In the absence of metastasis, the 5-year
survival rate of OS patients is 65%, but 20% in the patients
with metastasis, and the survival time of patients with lung
metastasis is significantly reduced [2].

Studies have shown that the tumor microenvironment
(TME) and bone microenvironment play a crucial role in the
development and metastasis of osteosarcoma [3]. Paget
believes that the tumor microenvironment can provide
fertile soil for tumor cells to seed and promote tumor growth
and development [4]. The microenvironment of osteosar-
coma consists of bone cells, stromal cells, vascular cells, and
immune cells. Among them, bone cells include osteoblasts,

osteoclasts, and osteocytes, and stromal cells include mes-
enchymal stem cells (MSCs) and fibroblasts. Communica-
tion between osteosarcoma and the bone microenvironment
is mediated by a variety of cytokines and soluble growth
factors [5]. A study published in 2016 showed that MSCs can
enable osteosarcoma cells to acquire proliferation-promot-
ing antiapoptotic abilities. The study showed that compared
with the control group, the proliferation of osteosarcoma
cells in MSCs conditioned medium was significantly
accelerated and the ability to resist apoptosis was signifi-
cantly enhanced [6]. Other studies have shown that MSCs
can promote the growth and migration of osteosarcoma cells
by releasing vesicles [6, 7]. Interleukins, monocyte che-
motactic protein-1 (MCP-1), and chemokines released by
MSCs in the tumor microenvironment promote tumor
migration and invasion [8]. A large number of literature
studies have indicated that MSCs can act as sensors between
tumor cells and the microenvironment and they can be
involved in immune suppression, stimulation of
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angiogenesis, inhibition of apoptosis of cancer cells, in-
duction of epithelial-mesenchymal transformation, and
other links to promote tumor growth [9-11], but some
studies have shown that it can inhibit tumor growth by
inhibiting angiogenesis, AKT signaling, and Wnt signaling
pathway; but its role in the occurrence and development of
osteosarcoma is still unknown [12, 13].

MSCs are important sources of stem cell therapy in
regenerative medicine. Distributed in various tissues of the
body, bone marrow mesenchymal stem cells (BMSCs) have
shown good therapeutic effects in various degenerative
diseases in animal models and human clinical trials [14]. In
addition, MSCs have a good targeted transport effect and can
be used as vectors to target tumor growth sites and perform
effective clinical functions [15]. In order to further deter-
mine whether MSCs can be used as a carrier for the
treatment of OS, it is necessary to confirm whether MSCs
can promote or inhibit the occurrence and development of
OS. Therefore, we co-cultured MSCs with MG63 and tested
relevant indicators to determine the exact role of MSCs in
the growth of osteosarcoma.

2. Materials and Methods

2.1. Co-Culture of MSC and MG63. MG63 cell lines were
from Procell Life Science and Technology Co. Ltd. (CL-
0157). The isolation and purification of MSCs were de-
scribed in the literature [2]. Conventional culture in 6 cm?
dishes with DMEM medium (10569010, Thermo Fisher
Scientific, USA) supplemented with 10% fetal bovine serum
in a 37°C incubator. Trypsin (15400054, Thermo Fisher
Scientific, USA) was used for cell passage, then MSC and
MG63 were co-cultured at a 24 mm transwell with 0.4 ym
pore polycarbonate membrane insert (3412, Corning,
USA), and MSC was placed in the upper layer and MG63 in
the lower layer. Protein and RNA were extracted after MSC
and MG63 were co-cultured for 24 h at co-culture rations of
1:1and 1:2.

2.2. CCK-8. CCK-8 kit (C0038, Beyotime, China) was
used to detect the proliferation of MG63 cells in the
control group and co-culture group. Firstly, the number
of cells was determined. In the control group, 100 uL
MG63 cells were added into the lower layer of 96-well
TRANSWELL, and the number of MG63 cells was 2000;
in the co-culture group, 2000 MG63 cells were added into
the lower layer, 2000 MSCs cells were added into the
upper layer, and the total medium was 200 ul. After co-
culture for 24 hours, the culture dishes of the upper MSCs
cells were taken out. Then, CCK-8 solution was added
into two 96-well plates, respectively, and incubated in the
cell culture box for 1 h. Finally, the absorbance of the two
groups of cells was detected by an enzyme plate to de-
termine the number of cells.

2.3. Real-Time RT-PCR. MSCs and MG63 were co-cultured
in different proportions, and RNA was extracted from two
cells by trizol (15596026, Invitrogen) at a specified time. The
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purity and concentration were measured by NanoDrop2000.
Reverse transcription (ZR102, ZOMANBIO, China) was
performed according to company recommendations. RT-
PCR reactions consisted of 10ul 2xSYBR qPCR Mix
(ZF102, ZOMANBIO, China), 1 uL of both 10 uM forward
and reverse primers, 2 uL of cDNA, and 17 yL of H,O. The
primer sequence details are shown in Table 1. The results
were calculated via the 27T method.

2.4. Western Blot. After different proportions of MSC and
MG63 were co-cultured to a predetermined time, the su-
pernatant of the upper and lower chambers of the 6-well cell
culture plate was aspirated, and cells were cleaned twice with
PBS. A protein extraction kit (SD-001, Invent Biotechnol-
ogies, Inc, China) was used for protein extraction. Lysis
buffer was added and spilled on the ice for 5 min. Then, the
protein lysate was filtered through a centrifugal column and
placed into a centrifuge for 10 minutes under the condition
of 10000 rpm and 4°C, and the clear fluid in the collection
tube is the protein. NanoDrop 2000 was used to measure
protein concentration. After that, the protein was prepared
with a 5x loading buffer in proportion, and the sample was
performed using publishing protocols [16, 17] with anti-
bodies directed against a-smooth muscle actin (a«-SMA,
ab5694, Abcam, Cambridge, UK), E-cadherin (ab212059,
Abcam), N-cadherin (AF4039, Affinity), Slug (ab51772,
Abcam), Snail (ab216347, Abcam), and Vimentin (ab92547,
Abcam); the dilution of these antibodies was 1:1000, and
B-actin (ab8227, Abcam) and GAPDH (ab9485, Abcam)
ratio of these two antibodies was 1:100000.

2.5. Cell Migration Assay. In the control group, MG63 were
seeded in a 6-well plate alone. In the co-culture group, MG63
were seeded in a lower layer of the 6-transwell plate, and
MSCs were seeded in the upper layer of the 6-transwell plate
in different proportions. Then, a scratch was made through
the cell layer using a sterile micropipette tip, and in the co-
culture group, the scratch was just made in the lower layer.
Pictures of cell scratches were taken under a microscope at
Oh and 24h after scribing. The cell migration ability was
evaluated by measuring the change of scratch space distance.
The data were analyzed with Image-Pro Plus 6.0.

2.6. Invasion Assay. The well plate was coated with 100 ml
5% matrix adhesive and placed in the incubator for 2 h. After
blank culture for 12h, MG63 was digested and suspended
again, and the number of cells was determined; 150 ml cell
suspension containing 80,000 cells was added to each
chamber lined with matrix adhesive. In the control group,
blank minimum essential medium (MEM) was used in the
upper layer, and MEM containing 20% serum was used in
the lower layer. In the experimental group, the upper layer
was cultured with the blank medium of MSCs, and the lower
layer was also cultured with MEM containing 20% serum.
After 24 h of culture, the medium was discarded, the upper
compartment was fixed in methanol solution for 10 min, and
then stained in crystal violet (V5265, sigma) solution for
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TABLE 1: Primers used for RT-PCR.

Gene Forward Reverse

PCNA CAAGTAATGTCGATAAAGAGGAGG GTGTCACCGTTGAAGAGAGTGG
CCND1 TCTACACCGACAACTCCATCCG TCTGGCATTTTGGAGAGGAAGTG
MKI67 GAAAGAGTGGCAACCTGCCTTC GCACCAAGTTTTACTACATCTGCC
CTNNBI1 CACAAGCAGAGTGCTGAAGGTG GATTCCTGAGAGTCCAAAGACAG

Slug ATCTGCGGCAAGGCGTTTTCCA

Snail TGCCCTCAAGATGCACATCCGA
CDH2 CCTCCAGAGTTTACTGCCATGAC
ACTA2 CTATGCCTCTGGACGCACAACT

GAGCCCTCAGATTTGACCTGTC
GGGACAGGAGAAGGGCTTCTC

GTAGGATCTCCGCCACTGATTC

CAGATCCAGACGCATGATGGCA

10 min. The cells on the membrane of the compartment were
erased, and the cells under the membrane were left for
observation under the microscope.

2.7. Immunofluorescence. Immunofluorescence staining was
performed using published protocols with antibodies di-
rected against E-ca/a-SMA at a concentration of 1:200 [18].

3. Results

3.1. MSCs Had No Effect on Proliferation of MG63 Cells.
In order to test whether MSCs can promote tumor cell
proliferation, we performed CCK-8 assay and detected
proliferation-related indicators by PCR. The results of CCK-
8 showed that MSCs had no effect on the proliferation of
MG63. Then, we examined the changes of related gene
measurements at 6 h (Figure 1(a)), 12h (Figure 1(b)), and
24h (Figure 1(c)) after co-culture. However, contrary to
CCK-8 results, the results of gRT-PCR have shown that the
expression levels of PCNA, cyclin D, Ki67, and f-catenin
were different. After 6h of co-culture, compared with the
MG®63 group, the differences of proliferating cell nuclear
antigen (PCNA), cyclin D1 (CCND1), and catenin beta 1
(CTNNBL) in the two co-culture groups were not statisti-
cally significant (p > 0.05), while the expression of marker of
proliferation Ki67 (MKI67) in the two co-culture groups was
significantly downregulated compared with the MG63
group, which was statistically significant (p <0.05)
(Figure 2(a)). After 12h of co-culture, the expressions of
PCNA and MKI67 in the group that cultured MSCs and
MG63 at 1:2 and the expressions of CTNNBI in the group
where MSCs and MG63 were cultured in accordance with 1:
1 had no statistical significance compared with that in the
MG63 group (p>0.05), while the rest had statistical sig-
nificance (p <0.05) (Figure 2(b)). After 24 h of co-culture,
CCND1 and CTNNBI expressions in the MSCs and MG63
group cultured in accordance with 1:2 and MKI67 group
cultured in accordance with 1:1 were not statistically sig-
nificant compared with those of the MG63 group (p > 0.05)
(Figure 2(c)), while the rest were statistically significant
(p<0.05), and the specific reasons still need to be further
explored.

3.2. MSCs Had No Effect on the Migration and Invasion of
MG63. One of the most important factors in promoting the
recurrence and growth of osteosarcoma is its aggressiveness.

Therefore, for exploring the effect of MSCs on the migration
and invasion function of MG63. We performed scratch and
invasion tests on the control group and co-culture group. At
first, we detect the migration function, the results show that
the MSCs did not enhance or suppress the MG63 motility
(Figure 3). Next, the impact of MSCs on the invasion ability
of MG63 was evaluated by analyzing the invasion charac-
teristics of osteosarcoma cells. We used transwell dishes to
detect the invasion ability of MG63, the cells of the control
group were cultured in a normal medium, and the culture
medium for cultured MSCs was collected and cultured for
the other group of cells. The number of MG63 in the lower
layer can be observed (Figure 3). The results showed that
MSCs had no effect on the invasion of MG63.

3.3. MSCs Did Not Affect the Activation of MG63 Epithelial-
Mesenchymal Transition (EMT). EMT plays an important
role in promoting tumor progression and metastasis. It has
been shown that osteosarcoma cells that undergo EMT
acquire invasive and metastatic characteristics [19]. There-
fore, we investigated whether MSCs could induce EMT of
MG®63 by evaluating the main regulators in the EMT process,
such as Snail, Slug, N-cadherin, E-cadherin, a-SMA, and
vimentin, which were used for immunofluorescence double
standard, and the results showed that there was no signif-
icant difference in the expression of a-SMA and E-cadherin
at 24 h with different co-culture ratios (Figure 4). The results
of western blot (Figure 4) and qRT-PCR (Figure 5) showed
that compared with MG63 alone, the protein expression
levels and gene expression levels of these indicators in MG63
cells co-cultured with MSC showed no significant changes
(p<0.05).

3.4. Effect of MSCs on MG63 Cytokine Release. In the TME,
the effect of MSCs on tumor cells is largely dependent on the
cytokines secreted by MSCs. Studies have shown that these
cytokines can stimulate tumor cells leading to tumor de-
velopment and metastasis by promoting migration and
immune escape [20, 21]. In osteosarcoma cells, cytokine
release is considered as a biomarker of tumor progression
[22, 23]. To investigate the effects of MSCs on MG63
secretome composition, the levels of secreted cytokines were
analyzed in two groups. The results have shown that there
are no significant differences between the control group and
the co-culture group in IL-4, IL-10, IL-17A, and TGF-$
(Figure 6).
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FiGure 1: MSCs had no effect on proliferation of MG63. (a) MSCs and MG63 were co-cultured for 6 h at different culture ratios. Data are
presented as the mean + SD. n = 3 per group. (b) MSCs and MG63 were co-cultured for 12 h at different culture ratios. Data are presented as

the mean+ SD. n=3 per group. (c) MSCs and MG63 were co-cultured for 24h at different culture ratios. Data are presented as the
mean + SD. n=3 per group.
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FiGgure 2: Continued.
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FIGURE 2: MSCs had no effect on proliferation-related genes of MG63. The mRNA levels of PCNA, CCND1, MKI67, and CTNNB1 in MG63
co-cultured with MSCs in different ratios at different times, measured by qRT-PCR. Data are presented as the mean + SD. n =3 per group.
(a) MG63 and MSCs co-cultured in 1:0, 1:1,and 1:2 at 6 h. (b) MG63 and MSCs co-cultured in 1:0, 1:1, and 1:2 at 12 h. (c) MG63 and

MSCs co-cultured in 1:0, 1:1, and 1:2 at 24 h.
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F1GURE 3: MSCs had no effect on migration and invasion of MG63. Migration experiment and invasion experiment of MSCs and MG63 in
different co-culture ratios at 24 h. Bar =50 ym. Data are presented as the mean + SD. n=3 per group.

4., Discussion

Osteosarcoma is a primary tumor with high recurrence and
metastasis, and these characteristics lead to poor prognosis
[24]. The standard treatment for OS is surgery, chemo-
therapy, and radiation [25]. With these treatments, the rate
of recurrence and metastasis of OS is still higher than 30%,
and the 5-year survival of patients with recurrence and
metastasis is lower than 25% due to the resistance of

chemotherapy drugs [26]. Therefore, it is imperative to
explore the broader pathogenesis of OS and thus explore
new therapeutic approaches.

MSCs in OS microenvironment are BMSCs; in humans,
they are adult pluripotent stem cells. BMSCs exist in the
whole life cycle and play an important role in the main-
tenance and repair of tissue homeostasis [27]. As MSCs
exist in a large number in the OS microenvironment and
have their unique therapeutic potential and physiological



CTRL

Journal of Oncology

Snail Slug N-cadherin
p=0.277 p=0.623 p=0.264
_ 13 — I _ A
g 12 g, T g 11
g 11 g - g 10 .
o o o
% 1.0 2 1.0 2 09
=) = =t
z 0 S 08 20
< < <
0.7 0.6 0.6
= - C 11 1:2 C 11 1:2 C I:11:2
actin - e -—e (One way ANOVA, (One way ANOVA, (One way ANOVA,
F=1.600) F=0.512) F=1.674)
N-cadherin | B 9 ve . w = " ” ~|
E-cadheri WW E-cadherin a-SMA Vimentin
-cadherin “*“
p=0.927 p=0.814 p=0.08
— Llq — 144 —o 1.05 4 —
w5 [ R | = |, ] g % oo
= = 1.2 =
- g 09 S S 0.95
Vimentin --n-----“| 2 0.8 2 1.0 o 2
207 9 = 090
& £ 038 £
GAPDH|“....---| 2 06 2 2 0.85
0.5 0.6 0.80
C 1:11:2 C 1:1 1:2 C 1:1 12
(One way ANOVA, (One way ANOVA, (One way ANOVA,
F=0.077) F=0.213) F=3.950)

FIGURE 4: MSCs had no effect on the EMT of MG63. (a) Co-expression of E-cadherin and a-SMA in MG63 cells was observed by IF staining.
Bar =50 um. (b) Levels of Snail, Slug, N-cadherin, E-cadherin, a-SMA, and vimentin in MG63 cells, measured by western blotting. Data are

presented as the mean + SD. n =3 per group.

functions, the related mechanisms of tumor microenvi-
ronment on the development of osteosarcoma have been
extensively studied. However, as an important part of the
tumor microenvironment, the role of MSCs on OS has not
been determined yet. Therefore, in this study, we simulated
the interaction between OS cells and MSCs in vivo, co-
cultured MG63 with MSCs, and explored the real effect of
MSCs on OS cells.

Many studies have expressed different views on the role
of MSCs in OS. Some studies suggest that MSCs promote the
occurrence and development of OS. Firstly, MSCs are
thought to be the source of OS [28], and deletion of TP53
and Rb genes is a common cause of the transition from
MSCs to OS cells [29]. Other studies have shown that MSCs
can promote the invasion and metastasis of osteosarcoma
cells. In in vivo experiments in rats, tumor formation and
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F1GURE 5: The co-culture of MSCs and MG63 had no effect on EMT-related genes. The mRNA levels of Snail, Slug, N-cadherin, and a-SMA
in MG63 co-cultured with MSCs in different ratios at different times, measured by QRT-PCR. Data are presented as the mean + SD. n =3 per
group. (a) MG63 and MSCs co-culturedin 1:0,1:1,and 1:2 at 6 h. (b) MG63 and MSCs co-culturedin1:0,1:1,and 1:2 at 12 h. (c¢) MG63

and MSCs co-cultured in 1:0, 1:1, and 1:2 at 24h.

growth rates were higher in COSINR (rat OS cells) alone
subcutaneously compared with COSINR co-implanted with
rat MSCs in the first five weeks. MSCs were then injected
intravenously at weeks 3 and 5 after COSINR cells were
inoculated subcutaneously. Although there was no signifi-
cant difference in subcutaneous tumor growth, the number
of pulmonary nodules in the MSCS injection group in-
creased significantly compared with those without MSC

injection [30]. In addition, gene expression profiles of MSC
were also analyzed, and the results showed that some genes
related to adhesion spots, cytokine receptors, and extra-
cellular matrix receptor pathways were highly expressed in
MSC, suggesting that MSC may participate in the occurrence
and development of OS and promote its invasion and mi-
gration through these pathways [30]. It has also been re-
ported that MSCs interact with OS cells, and OS cells also
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FIGURE 6: MSCs had no effect on cytokine release of MSCs. The concentration levels of IL-4, IL-10, IL-17A, and TGF-f in the medium were
measured by ELISA. Data are presented as the mean+ SD. n=6 per group.

affect their microenvironment, causing MSCs to undergo
metabolic reprogramming and secrete more lactic acid, thus
turther promoting the metastasis of OS [31]. These are
different from our results, our results suggest that mesen-
chymal stem cells did not affect the proliferation and apo-
ptosis of osteosarcoma cells nor did they affect their
migration and invasion ability when OS cells were co-cul-
tured with MSCs. As for the difference between the results of
in vitro and reported in vivo experiments, we still need to
explore further whether there are other factors influencing
the microenvironment and the effect of MSCs on OS cells in
vivo.

At the same time, in vivo experimental results in other
articles supported that MSCs did not promote the growth and
reproduction of OS. It has been suggested that although MSC
is the source of a portion of OS cells, OS cells derived from
MSC do not have tumor properties and are highly similar to
normal MSCs [32], and it was also shown that MSC-derived
OS cells extracted from OS mice did not induce tumorigenesis
when injected into immunodeficient mice [32]. PI3K/AKT
signal can be abnormally high expressed in OS cells [33], and
the activation of this signal can promote the growth, pro-
liferation, and adhesion of cells [34]. Correlation analysis of
primary OS patients showed that the PI3K/AKT signal
transduction is significantly highly correlated with the poor
prognosis of OS [35]. Interestingly, in Cassibo’s sarcoma,
MSC can play an important antitumor role through exposure
to AKT-dependent inhibitory activity [12]. Different tumors
may have consistent effects. Therefore, MSCs may also inhibit
the occurrence and development of osteosarcoma cells by
inhibiting AKT signaling, but this needs to be further verified.
Related studies on glioma diseases have found that MSCs
have the ability to track tumor cells. MSCs were isolated from
healthy people and labeled with fluorescence and then in-
jected into the carotid artery of intracranial mice carrying
human glioma, and MSCs were found in brain tumors. In
addition, the survival rate of mice injected with MSCs was
significantly higher than that of glioma mice not injected with
MSCs [36]. Therefore, whether MSCs can be injected in vitro
to inhibit the progression of osteosarcoma in some ways is
our next research focus.

In conclusion, there are few studies on the effect of MSCs
on osteosarcoma cell growth. The interaction and com-
munication among MSCs, OS cells, TME, and stromal cells
are extremely complex and play a decisive role in the
progression or treatment of OS. Therefore, an in-depth study
of the role and mechanism of MSCs on OS can provide a
better clinical treatment direction for OS.

5. Conclusions

At present, the application of MSCs in tumor therapy is
attracting more and more attention. However, in OS cells,
the role of MSCs has shown different results in different
studies, mainly manifested as the promotion and inhibition
of MSCs on OS cells. MSCs affect tumor cells mainly
through cytokines and chemokines, stromal cells, and the
tumor microenvironment. In order to explore the specific
effects of MSCs on OS and the possibility of MSCs treating
0§, in this study, we used in vivo experiments to co-culture
MCSs and MG63 and detected the effects of MSCs on MG63
apoptosis, proliferation, migration, and invasion ability,
EMT progression signal. The results showed that the co-
culture of MSCs and MG63 had no significant effect on the
related functions of MG63. It is inconsistent with the pre-
vious result that MSCs can promote the occurrence and
development of OS. At present, there are two main direc-
tions for the treatment of OS by MSCs. One is to activate or
inhibit a certain target signaling pathway by the secretion
regulation of MSCs and secreting related cytokines to restrict
tumor growth. The second is to use MSCs as a carrier to
achieve targeted tumor therapy. In this study, it was found
that MSCs alone had no significant effect on OS through in
vitro experiments, but its therapeutic effect on osteosarcoma
as a carrier remains to be explored. Meanwhile, during the
evolution of OS, MSCs from different sources will be
recruited into TME, and the interaction between these MSCs
and tumor cells remains unclear and needs further study. In
general, MSCs have a broad application prospect in the
clinical treatment of tumors, and more experiments are
needed to study the molecular mechanism of its action on
tumor cells.
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